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PREFACE TO THE SECOND EDITION

This is the second edition of the Microcontroller Based Projects book. Therefore, it has all the materials covered
in the first edition, and also include 25 new projects with some new microcontrollers not covered in the first edi-
tion. This book, a collection of 51 microcontroller-based projects, which appeared in Electronics For You during
2001-2012 is brought out for the benefit of our new readers.

The book has been divided into five sections same as in the first edition viz : Security Systems, Domestic
Applications, Industrial Applications, Measurement, Display Systems and Robotics. However, many new projects
have been introduced in second edition.

The new features covered in this edition include:

1. Apart from the AT89C51, AT89C2051, AT89C52, AT8958252, ATmegal6, ATmega8535, PIC16F84,
MC68HC705K]J1, MC908JL16C, and MC68HC705J1A microcontrollers covered in first edition,
the new microcontrollers like MSP430G2231, PIC16F72, PIC16F877A, AT89552, Almega328, AT-
mega2560 and P89V51RD2 have been covered here

2. 'The projects based on Arduino, RFID(radio frequency identification), GPS(global positioning system)
and GSM (global system for mobile communications) are some of the main attractions in this edition.

3. 'This edition also covers iButton, CCTV controller, solar tracker, touchscreen controller, data acquisition
and logging and much more!

4. 'The source code download link is given at the end of each article

Although no textbook is perfect, each has unique features that makes it better than the other. This is one of
such books very much suitable for practicing engineers, electronics students, teachers and hobbyists.

The main strength of this book is its audience-centric approach, which we hope will make for an enjoyable
reading. It directly addresses the students, practicing engineers and hobbyists, giving the real-life examples and
orienting the strategies to practical applications. The book will not only serve as practical reference book for the
students but also help them to construct the projects required by the college/university.

Knowledge of Assembly, C or Basic programming language is not mandatory to use this book but readers with
all or any of these languages experience will be helpful. The only prerequisite for the readers is that they should
have the knowledge of basics of electronics including digital electronics in order to understand the working of the
projects and the microcontrollers described here.

Some of the projects described in this book are available at our associates M/s Kits'n'Spares in the form of
kits (including printed boards, components and source codes) at economical prices. More details can be found on
www.kitsnspares.com website.

'The joy of learning electronics comes through practice. A practical approach to learning is the easiest method
to master the subject in electronics. By going through the descriptions of the projects, readers may be able to
construct each projects without much difficulty. We hope that this book will serve as an ideal source for those
building stand-alone projects using 8-bit microcontrollers.

Additional Resources

All the source codes of the projects in this book are available on www.efymag.com website. EFY has forum and
websites for interacting with experts for problems related to electronics projects including the projects published in
EFY. One of the popular sites is EFY’s Electronics Design Community on Facebook. For microcontroller related
topic you can visit http://electronicsforu.com/newelectronics/microcontrollers/

For various other topics related to electronics you can visit EFY forum on http://forum.electronicstoru.com/
forum.php




About EFY Labs

EFY Group has modern lab setup for R&D and testing various electronics projects for
publications. All the projects published in EFY were tested at EFY Labs. Apart from this
online edition, all the print versions including Microcontroller-Based Projects (First edition),
Simple Projects You Can Make At Home, Electronics Pojects Volume 1 through 25, Chip-
Talk and Learn to Use Microprocessors books were compiled by EFY Labs.

About EFY Group

Electronics For You, South Asia’s most popular electronics magazine is one of the prod-
ucts of EFY Group. The Group currently offers a bouquet of specialised publications which
include—Linux For You, BenefI T, Facts For You and Electronics Bazaar—also enjoy a huge
readership, and have managed to attract non-technical readers with their simple language
and easy-on-the-eye design.

The Group also publishes directories and books, and organises several leading technol-
ogy events. Its web-portals, which include electronicsforu.com, efytimes.com, bpotimes.
com, linuxforu.com and eleb2b.com, have become leaders in their respective categories. The

EFY Awards, Open Source India (LinuxAsia), and Edutech Expo are three annual events
organised by the group.




Overview

The summary of each project covered in this book is given below.

1. Access Control System

It is an access control system that allows only authorized persons to access a restricted area. The system com-
prises a small electronic unit with a numeric keypad, which is fixed outside the entry door to control a solenoid-
operated lock.

2. PIC16F84-Based Coded Device Switching System

This project is based on PIC16F84 microcontroller chip used for preventing unauthorised access to devices
or solenoid-operated locks/electrical devices. Different passwords are used to access/operate different devices. So
each user can access respective devices by entering the device number followed by the password. When anyone
trying to access the device enters the incorrect password three times, the circuit sounds an alarm.

3. Secured Room Access System

This ATmega8535 microcontroller-Based digital is an access control system that allows only authorised
persons to access a restricted area. When someone tries to enter the restricted area by entering invalid passwords
continuously, the system locks itself and can be unlocked only by the master user. The system comprises a numeric
keypad, a solenoid-operated lock and LCD display.

4. RFID-Based Security System

A radio-frequency identification (RFID) based access-control system allows only authorised persons to enter
a particular area of an establishment. The authorised persons are provided with unique tags, using which they can
access that area.

5. Secure Digital Access System using iButton
Access control forms a vital link in a security chain. Here we describe a secure digital access system using
iButton that allows only authorised persons to access a restricted area.

6. A Remote Controlled 6-Camera CCTV Switcher

Here is a remote-controlled CCTV switcher circuit to monitor six cameras on a single or dual monitor/TV.

1. PIC Microcontroller-Based Electronic Lock

An electronic lock allows activation of an electric appliance only on entering the correct password. Here we
present such an electronic locking system in which a PIC16F877A microcontroller plays the role of the processing
unit.

8. Water-Level Controller-Cum-Motor Protector

It uses the AT89CS51 microcontroller as the main controller. It can be used to switch on and off the motor
depending upon the level of the water in the tank. The circuit also protects the pump against dry running and high
voltage fluctuations of mains supply. The status of water levels and voltages are displayed on an LCD display.

9. Eemottlalv Programmable RTC-Interfaced Microcontroller for Multiple Device
ontro
This project is based on AT89C52 Microcontroller and DS12887 Real-Time-Clock chips. It also includes
an 82C55 Programmable Peripheral Interface chip to program the switching operation of 24 electrical appliances.

10. Remote-Controlled Digital Audio Processor
This project is based on  AT89C51 microcontroller, TDA7439 audio processor and NEC format remote




control. It has four stereo input channels with a single stereo output with attenuation control, 80-step control for
volume and 15-step control for bass, midrange and treble. The processors in this system control various functions
of each channel and output them to the audio amplifier.

11. Solar Charger for Dusk-to-Dawn use

This AT89C2051 microcontroller-based solar charge controller has built-in digital voltmeter for battery
status indication on the LCD with various battery protection controls. This controller is suitable for 10-40W
solar panels.

12. Automatic Flush System

The project is used to automatically flush the fixture (in a toilet or urinal) when the user departs. It employs
the AT89C2051 microcontroller and an infrared sensor to detect a user approaching the fixture and then waits
until the user departs. It also flushes before the person departs if the person is present for more than the preset
time.

13. MSP430G2231-Based Temperature Indicator and Controller

The ambient temperature must be within certain limits for instruments to work properly. Temperature
measurement is important in industrial automation. This project is a temperature indicator cum controller using
low-power MSP430G2231 microcontroller from Texas Instruments.

14. Sun Tracker With Position Display

‘The solar panels are able to receive peak sunlight only for a short time period of the day because the sun keeps
on continuously moving from east to west during the entire day. This sun tracker circuit allows the solar panel to
track the sun’s position, ensuring maximum power generation.

15. Presence Sensing Lights Controller

Many a times we forget to switch off appliances like lights, fans and air-conditioner before leaving home.
"This leads to a considerable wastage of electricity apart from reducing the life of the appliances. This circuit allows
to turn on the light only when someone is inside the room.

16. Touchscreen Control for Wheelchair

Wheelchairs are used by people for whom walking is difficult or impossible due to illness, injury or disability.
Here we describe a microcontroller-based wheelchair, the speed and direction of which can be controlled from a
touchscreen.

17. RF-Based Multiple Device Control Using Microcontroller
Here we describe how to control electrical and electronic gadgets from a remote location using radio frequen-
cy (RF) transmission. An RF interface is used instead of infrared (IR) to avoid the drawbacks of an IR interface.

18. GSM-Based Borewell Water Level Monitor

This GSM-based system will automatically give the farmer an alert on his mobile phone when the water level
in the borewell drops below or rises to the threshold level for pumping. The user can also remotely switch on or
switch off the pump motor by sending an SMS from his mobile phone.

19. Wireless Water-Level Indicator
Using this system, you can remotely monitor the water level of an overhead tank that is placed up to 30 metres
away.

20. Make Your Own Digital Alarm Clock

Here we have described a microcontroller-based digital alarm clock. The time and alarm can be customised
by the user, and are shown on the liquid crystal display (LCD) of the system.



21. Wireless Equipment Control Using AT89C51

Here is a microcontroller-based wireless equipment controller that can switch on or switch off up to four
devices at a desired time interval set by the user in the transmitter.

22. Triggering Circuit for SCR Phase Control

Controllable triggering circuits are often needed to control the output voltage of SCR-/triac-based convert-
ers. In the present circuit, the firing angle of SCR is manually controlled through two pushbutton switches. The
PIC16F84 microcontroller is programmed to detect the zero-crossing instants of the two halves of the mains
input cycles as well as the signals received via pushbuttons switches.

23. Phase-Angle Control of SCR using AT 89C51

This article describes a microcontroller AT89C51-based phase-angle controller. The microcontroller is pro-
grammed to fire SCR over the full range of half cycles— from 0 to 180°—to get a good linear relationship between
the phase angle and the delivered output power. The phase angle is displayed on an LCD panel. LED indicators
are used for displaying the status of SCR.

24. Beverage Vending Machine Controller

This tea/coffee/soup vending machine controller uses Freescale’s MC908]L.16 microcontroller chip. The
controller is programmable and user-friendly. You can set the quantity of the beverages through a button switch
provided on the front panel of the controller as per your requirements. Thus, cups of any size can be filled at any
time.

25. AT89C51-Based DC Motor Controller

It is an AT89C51 microcontroller-based project capable of controlling the direction of rotation of a 6V DC
motor. Start, stop and change of direction of the motor controlled by push-button switches and indicated by LED
as well as in the LCD display. Time settings are possible for forward and reverse running of the motor.

26. GPS- and GSM-Based Vehicle Tracking System

It is an ATmegal6 microcontroller-based project for tracking a vehicle using global positioning system (GPS)
and global system for mobile communication (GSM)

217. Battery Bank Protector With Multiple Features

This project can monitor the charge level, voltage run time and temperature of your battery bank. It is based
on PIC16F877A microcontroller and a 16x2 LCD module.

28. Microcontroller-Based Intelligent Traffic Light System

It is an infra red based traffic light controller that detects the traffic movement. PR9V51RD2 is the heart of
the system. The firmware contains different traffic light intervals(red, yellow and green light delays in seconds)
depending on the vehicle count in a particular traffic lane.

29. RFID-Based Automatic Vehicle Parking System

The AT89S52 microcontroller is the heart of this project. The RFID reader installed at the entry gate detects
the RFID tags from the car owner. The firmware is designed such that RFID tag can be recharged. The entry gate
barrier opens only when the tag with sufficient balance is detected by the reader.

30. Microcontroller-Based Scientific Calculator
A scientific calculator gives you quick access to certain mathematical functions. This project is designed to
solve problems in science, engineering and mathematics.

31. Arduino-Based Vehicle Parking Counter

"This vehicle counter counts the number of cars and the vacant space available in a parking lot and shows the values




on a three-digit dual-colour display. The number of cars is shown in red colour and the space available in green colour.

32. Eight-Channel Data Acquisition & Logging System
The AVR microcontroller-based system described here does the job of acquiring the analogue data such as
temperature and sending it to a remote terminal for monitoring.

33. Programmable Industrial On-Off Timer With RF Remote

Some of the features of this project include: ‘on’ time and ‘off” time can be programmed (from 1 to 60 sec-
onds), repeat (or continuous) and single operation, fully remote-controlled within 100-metre range, user-friendly
front-panel controls and display panel with LCD, emergency stop buttons (on control panel as well as on remote),
provision of potential-free relay contacts for connecting any 230V AC at 10A or 28V DC at 10A device/applica-
tion.

34. Digital Thermometer-Cum-Controller

This standalone digital thermometer controls the temperature of a device according to its requirement. It also
displays the temperature on four 7-segment displays in the range of =55°C to +125°C. At the heart of the circuit
is the microcontroller AT'8958252, which controls all its functions. IC DS1821 is used as temperature sensor.

35. AT89S52-Based Industrial Timer

It is based on the AT89552 microcontroller that performs countdown operation starting from the digit 9999
(minutes/seconds) with four 7-segment displays showing the time left. The relay energises when the start switch is
pressed and remains On till the countdown reaches 0000. Four push-to-on switches are used to start/stop, select
either minutes or seconds, and set the initial value for countdown operation (using up and down keys).

36. Low-Cost LCD Frequency Meter

Frequency meters have always been expensive tools for the average hobbyists. Here is a compact and low-cost
LCD based frequency meter built around AT89C2051 microcontroller and liquid-crystal displays (LCDs), that can
measure up to 250 kHz. The LCD module used is a16 alphanumeric characters and two lines with backlight option.

37. Sophisticated But Economical School Timer

This versatile programmable school timer can be used to display real time clock as well as school bell timings
on four 7-segment LED displays. It can store about 20 bell timings and activates the bell through a relay at every
predetermined period. The project is based on MC68HC705]1A microcontroller.

38. RPM Counter Using Microcontroller AT 89C4051

Counting the revolutions per minute (RPM) of motors— determining the motor speed—is essential in the
field of industrial automation. Here is a project based on microcontroller AT89C4051 that measures the RPM of
a running motor and shows on an LCD.

39. Speedometer-Cum-Odometer for Motorbike

It is a digital speedometer-cum-odometer which can be installed on a motorbike. The circuit uses an
AT89C2051 microcontroller and displays the readout on a 16x2 LCD display. The speed is displayed in km/hour
and distance traveled in kilometers. It has self reset facility after completion of 99,999.9 km.

40. Traffic Light Count-Down Timer With Dual Colour Display

Here we describe a dual-colour traffic count-down timer that displays count-down time in either red or green
colour matching with the signal light.

41. Rank Display System for Race and Quiz Competitions
In a game like ‘fastest finger first’ quiz, the winner is the one who takes the least time in successfully complet-
ing the task given. Sometimes there may be two or more players who appear to complete the task in equal time



and difficult for the judge to announce the winner. Here is a circuit based on AT89C51 microcontroller that can
resolve the time-difference ambiguity and indicate correct ranking of all the participants on a 16x2 LCD module.
Ttis designed for a maximum of eight participants playing at a time.

42. AT89C51-Driven Data Display

This project shows how you can use the RS-232 serial link to transfer data from a control unit to a handheld
unit. Both the unit comprises of AT89C51 microcontroller to store the data. The data stored in the control unit, such
as someone’s birthday, is transferred to a handheld unit and displayed on the 16-character x 4-line type LCD screen.

43. Interfacing a Graphics LCD With The Microcontroller

Here is a project for interfacing a graphics LCD module with an AT8958252 microcontroller. The
graphics LCD used here is an SS24E12DLNW-E from UTC having a pixel size of 240x128 and is based on
T6963 controller IC. It can be used for graphics or text display in any combination, like one area of 240x64
for graphics and another arca of 240x64 for text. Also, the entire arca of 240x128 can be used cither for
graphics or text.

44, Versatile Programmable Star Display
Most of the running lights display circuits available in the market are not programmable. Here's a versatile
star display project that provides digital control of all the functions interactively and can be programmed for any

desired display sequence. It is built around Atmel’s AT89C2051 microcontroller to drive eleven incandescent light
bulbs/tubes.

45. AT89C51-Based Moving-Message Display

The circuit presented here uses 16 common-anode, single-digit, alphanumeric displays to show 16 characters
at a time using AT89C51 microcontroller.

46. LED Light Chaser for Five Lighting Effects

Light chaser circuits can be used to create lighting animation sequences. Here is one such application based
on AT89C51 microcontroller that generates five different lighting effects using 120 LEDs connected to 24 input/
output (I/O) lines of the microcontroller.

47. Interfacing Nokia Colour LCD with AVR Microcontroller
Here we describe how to use the colour LCD of a Nokia handset (model 6100, 7210, 6610, 7250 or 6220)
with Philips PCF8833 chipset through ATmega2560 ATMEL AVR microcontroller.

48. Cellphone-Operated Land Rover

Here is a robot with a mobile phone attached to it. You can control the robot from another mobile phone by
making a call to the mobile phone attached to the robot. The received signal is processed by the ATmegal6 AVR
microcontroller and control the motor drivers to drive the motors for forward or backward motion or a turn.

49. Automated Line-Following Robot

Itis an AT89C51 microcontroller-based self-operating robot that detects and follows a line drawn on the
floor. The path to be taken is indicated by a white line on a black surface. The control system senses the line and
manoeuvre the robot to stay on course while constantly correcting the wrong moves using feedback mechanism.

50. Arduino-Based RF Controlled Robot

Here we present a simple Arduino-board based robot that can be driven remotely using an RF remote control.

51. PC-Based Wireless Control for Toy Car

It is a P89V51RD2 microcontroller based project to show how you can control a toy car through your PC’s
serial port using a pair of ASK transmitter and receiver RF modules.
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AGGESS GONTROL SYSTEM

®m VINAY CHADDHA
S ecurity is a prime concern in our day-to-

day life. Everyone wants to be as much

secure as possible. An access-control
system forms a vital link in a security chain. The
microprocessor-based digital lock presented
here is an access-control system that allows
only authorised persons to access a restricted
area.

System overview

The block diagram of the access-control sys-
tem is shown in Fig. 1. The system comprises
a small electronic unit with a numeric keypad,
which is fixed outside the entry door to con-
trol a solenoid-operated lock. When an au-
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PARTS LIST

Semiconductors:
IC1(U1) - MC68HC705K]J1
microcontroller
1C2 (U2) - §T24C02 12C EEPROM
IC3 (MN1) - MIN1280 reset stabiliser
IC4 (Regl) - 7805 +5V regulator
T1,T2 - BC547 npn transistor
(Q1,Q2)
D1,D2 - 1N4007 rectifier diode
LED1 - Red LED
Resistors (all Va-watt, 5% carbon, unless stated
otherawise):
R1-R6 - 10-kilo-ohm
R7-R9 - 1-kilo-ohm
Capacitors:
Cl0ED - 33pF ceramic disk
C3,C4,
C6,C7 - 0.1pF ceramic disk
Cs5 - 10pF, 10V electrolytic
Miscellaneous:
Xtal (Y1) - 4MHz quartz crystal
PZ1 (BZ1) - Ceramic piezo buzzer
Conl - Power-supply connector
Con2 - 2-pin male/female Berg
connectors
- 7-pin male/female Berg
connectors
SW1-SW12 - Tactile keyboard switch
RL1(RLY1) -1C/0, 12V, 250-ohm
miniature relay

Microcontroller-Based Projects

Fig. 1: Block diagram of the access-control system

thorised person enters a predetermined number (password) via the
keypad, the relay operates for a limited time to unlatch the solenoid-
operated lock so the door can be pushed/pulled open. At the end of
preset delay, the relay de-energises and the door gets locked again. If
the entered password is correct the unit gives three small beeps, and
if the entered password is wrong it gives a longer beep of one second.

The system uses a compact circuitry built around Motorola’s
MC68HC705K]J1 microcontroller and a non-volatile ’°C EEPROM
(ST24C02) capable of retaining the password data for over ten years.

The user can modify the password as well as relay-activation time
duration for door entry. This version of software enables use of the unit
even without the [?°C EEPROM. (However, without EEPROM, the
password and relay-activation time duration will be reset to default
values on interruption of the power supply.)

Hardware details

Fig. 2 shows the access control circuit. Its main components are a
microcontroller, I?°C memory, power supply, keypad, relay, and buzzer.

Microcentroller. The 16-pin MC68HC705K]1 microcontroller from
Motorola has the following features:

* Eleven bidirectional input/output (I/0) pins

* 1240 bytes of OTPROM program memory

17
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Fig. 3: Flow-chart for
changing the password
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Fig. 4: Flow-chart for chang-
ing the relay-activation
duration
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Fig. 2: Schematic diagram of the access-control system
* 64 bytes of user RAM

* 15-stage multiple-function timer

Out of eleven /O pins, seven lines have been used for
the keyboard, one for the buzzer, one for relay operation,
and two (SCL and SDA, i.e. serial clock and serial data
lines) for communication with I’°C EEPROM.

PC memory. A two-wire serial EEPROM
(ST24C02) is used in the circuit to retain the password
and the relay-activation time duration data. Data stored
remains in the memory even after power failure, as the
memory ensures reading of the latest saved settings by
the microcontroller.

'This I*C bus-compatible 2048-bit (2-kbit) EEPROM
is organised as 256x8 bits. It can retain data for more
than ten years. Using just two lines (SCL and SDA) of
the memory, the microcontroller can read and write the
bytes corresponding to the data required to be stored.

(Note. For details of the microcontroller and pro-
gramming of I°C EEPROM, you may refer to the article
‘Caller ID Unit Using Microcontroller’ published in
April’99 issue of EFY and the article Remote-controlled
Audio Processor Using Microcontroller’ published in Sep.
'99 issuc of EFY also in Electronics Projects Vol. 20. The

Access Control System



information pertaining to [°C EEPROM is
available on ST Microelectronics’ Website.)

Power supply. The power supply unit
provides a constant 5V supply to the entire
unit. This is a conventional circuit using
external 12V DC adaptor and fixed 3-pin
voltage regulator 7805. Diode D1 is used
in series with 12V input to avoid damage
to the unit in case reverse voltage is applied
by mistake.

Keypad. A 12-key numeric keypad for
password entry is connected to the mi-
crocontroller. The keypad is also used for
modifying the default password as well as
relay-activation time period. To economise
on the use of I/O pins, we use only seven

Fig. 5: Actual-size, single-side PCB for the access-control system pins for scanning and sensing twelve keys.
without keypad (Main PCB) The keypad is arranged in a 3x4 matrix.

£
28
=17,
B

Fig. 6: Actual-size, single-side PCB for
the keypad

Fig. 7: Component layout for the PCB in Fig. 5
There are four scan lines/pins, which are set
in output mode, and three sense keys, which are used as input lines to the microcontroller.

At 5ms interval, the microcontroller sets one of the four scan lines as low and other three scan lines as high,
and then checks for the status of sense lines one by one. If any of the sense lines is found low, it means that a key
at the intersection of a specific scan line and sense line has been pressed.

Similarly, after 5 ms, the next scan line is made low and remaining three scan lines are taken high, and
again all three sense lines are checked for low level. This way the microcontroller can check whether any of the
twelve keys is pressed.

Due to the high speed of the microcontroller, status of different keys is checked in less than 100 ms and a key-
press is detected and identified. As the keys are pressed manually by the user, this delay of 100 ms is not noticeable.
The net result is that we save on I/O pins of the microcontroller by sacrificing almost nothing.

Relay. A single-pole double-throw (SPDT) relay is connected to pin 9 of the microcontroller through a driver
transistor. The relay requires 12 volts at a current of around 50 mA, which cannot be provided by the microcon-
troller. So the driver transistor is added. The relay is used to operate the external solenoid forming part of a locking

Microcontroller-Based Projects 19
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Fig. 8: Component layout for the PCB in Fig. 6

device or for operating any other electrical device. Normally, the
relay remains off. As soon as pin 9 of the microcontroller goes
high, the relay operates.

Buzzer. The buzzer is connected to pin 8 of the microcon-
troller. It beeps to indicate key and password entry. The buzzer
gives a small beep whenever a key is pressed. In the case of
a wrong password entry the buzzer gives a long beep, and in
the case of a right password entry it gives three short beeps.
The buzzer also gives short beeps as long as the relay remains
energised.

Operation

The complete design is based on two parameters: the password
and the relay-activation time duration. Both these parameters
can be changed without making any change in the hardware. The
user can change these parameters any number of times using the
keypad. The flow-charts for changing the password and relay-

MAIN LOOP

POWER ON

L

INITIALISE MICRO
CONTROLLER

I

READ PREVIOUS SAVED
PASSWORD & RELAY
ACTIVATION TIME
& SAVE IN RAM

'

SEARCH FOR THE

v

KEY PRESSED

'

IS KEY PRESS
TIMEOUT =07

NO

GIVE BEEP & GO
TOACTION ON
KEY PRESSED

YES

DECREMENT
KEY PRESS
TIME OUT

GO TO
‘WRONG ENTRY'

IS KEY PRESS
TIMEOUT =07

YES

IS RELAY
ACTIVATION
TIME=07?

DECREMENT YES
RELAY
ACTIVATION

TIME

IS KEY PRESS

TIMEOUT =07 RELAY OFF

Fig. 9(a): Flow-chart for the access-control systern, continued in Figs 9(b) and 9(c)
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Fig. 9(b): Flow-chart for the access-control system, continued from Fig. 9(a)

should be 5 volts.

activation time dura-
tion are shown in Figs
3 and 4, respectively.

Testing

Actual-size, single-
side PCBs for the
access control system
(without keypad) and
that of the keypad
are shown in Figs 5
and 6, respectively,
with their compo-
nent layouts in Figs
7 and 8, respectively.
During assembly en-
sure proper mating
of Con 3 (female) on
main PCB with SIP-
7 (male) connector
mounted on trackside
of keypad PCB. After
assembling the unit,
check various points
without inserting the
programmed micro-
controller and memo-
ry ICs as follows:

* Connect the ex-
ternal power source (a
DC adaptor capable
of delivering 200 mA
at 12V DC), ensuring
correct polarity.

* Check input
and output voltages
of regulator 7805.
Ensure that the in-
put voltage is 8-12V
DC from an external
source. The output
at pin 3 of the 7805

* Check 5 volts at pin 6 of the MCU (IC1) and pin 8 of the memory (IC2) with respect to ground pin 7 of

IC1 and pin 4 of IC2.

* Check relay operation by shorting pin 9 of the MCU socket to 5 volts using a small wire. Normally, the relay
would remain off. However, when pin 9 of the MCU socket is connected to 5V, the relay should energise.

* Check buzzer operation by shorting pin 8 of the MCU socket to 5 volts using a small piece of wire. Nor-
mally, the buzzer would be off. As soon as you short pin 8 of the MCU socket to +5V, the buzzer will produce a

continuous beep sound.

Microcontroller-Based Projects
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Fig. 9(c): Flow-chart for the access-control system, continued from Fig. 9(b)

* Physically check that only the capacitors of 27 to 33 pF are connected to crystal pins 2 and 3 of the MCU.
For a higher-value capacitor, the crystal will not work.

Operation

Switch off the supply and insert only the microcontroller. Ensure correct direction and correct insertion of all
the pins. Switch on the unit. On entering 1111 (default password) through the keypad, the relay will operate
for around 10 seconds (default time duration). Each key-press gives a short beep. The buzzer will also beep for
10 seconds when the relay is ‘on’. On entering some other code, say, 9999, the relay should not operate and the
buzzer should give a long beep.

Change the password and the relay time. Check the operation with new password and relay activation period.
Since there is no memory, the new password and relay time entered will be lost as soon as you switch off the unit.
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The next time you switch on the unit, the password is again set to 1111 and the relay time to 10 seconds as default
parameters.

Now insert the memory IC and change the password and the relay-activation time duration. On changing
the same, the new password and changed relay-activation time are saved in the memory, which will be recalled at
the next power-on. (Note. In case you have forgotten the changed password, you cannot operate the unit unless
you install a new/blank memory.)

Caution. Take care while connecting and using the live 220V wires.

The software

For software development the author has taken the help of Understanding Small Microcontrollers, MC68I1-
C705K]J1 Technical Data book, and In-Circuit Simulator User’s Manual. The development tools used include
WinIDE software for KJ1 (including editor, assembler, simulator and programmer), in-circuit simulator (referred
to as JICS board), and IBM PC with Windows OS and CD drive.

DOS-based programs can also be used for software development. So if you are comfortable with DOS or have
an old computer with limited hard disk capacity, you will still face no difficulty.

Program development steps. You can write the software by using the following steps:

1. Read and understand the microcontroller’s operation and instructions as well as the operation of WinIDE
software. (The help option of the software will clear most of your doubts.) You should also have a clear knowledge
of the logic sequence of the end-product operation. For this, you can make a flow-chart. (Flow-chart for this access
control system is shown in Figs 9(a)-(c). The corresponding software source code is given at the end of this article.)

2. Convert the flow-charts to source program in Assembly language making use of the instruction set of the
microcontroller and assembler directives. You can use any text editor for writing the same or use the text editor
of the Integrated Development Environment (IDE), which also includes assembler, simulator, and programming
software. The Assembly-level program is to be saved in a file with .asm extension.

3. Assemble the source code, i.e. convert the source code (file with extension .ASM) into object code (machine
language) using assembler/compiler tab of environmental setting in WinIDE. The object code will be in $19
format, i.e. the object code file will have extension .519. You can also choose options within the dialogue box to
generate listing file with extension .LST and .MAP file for source-level debugging. Thus if your source program
was titled ‘main.asm’, you will get main.s19, main.Ist, and main.map files after successtul assembly.

4. Simulate your program using the WinIDE software, JICS board, and the target board (the PCB with key-
board, memory, buzzer, etc). JICS board is connected to the computer through serial port (9-pin/25-pin) of the
computer. The target board is connected to JICS board through a 16-pin DIP header cable.

During simulation you may find that the program is not behaving properly. Assuming that your hardware is
okay, the most probable reason is an error in writing the software. So look for faults in your logic/code and rectify
them. You should be able to simulate complete functions without using the actual microcontroller chip.

5. Now, program the microcontroller with the developed and tested software. After programming the micro-
controller, insert it into the circuit and check all functions again.

Possible modifications

'The circuit can be modified to have more than one password, advanced functions like real-time clock, computer
connectivity via serial/parallel port to log data, and interfacing to a bar code reader instead of keypad for opening
the lock. These additions may entail using a different microcontroller with more memory and I/O pins, but using
essentially the same hardware configuration while writing a fresh program.

Note. The MIN1280 is attached to reset pin 9 of the microcontroller. If the MIN1280 is not available, you can
use only the RC circuit.

Download Source Code: http://efymag.com/Access_Control_System-Oct02.zip
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MAIN.ASM

'-**tﬁ***r*tttkkt**t*t***tt*t*tk*t***ttkf****k*

7 i PROJECT :— ACCESS CONTROL (GENERAL)
; ; VERSION E= 04

; ; STARTING DATE :- 09-10-2k day - monday

§:1IC S
KJ1

; HARDWARE :- 12 KEYS\1LED\1HOOTER\1MEMORY

; : HARDWARE REC. = 06=10-2k

+ ; FEATURES := ENTER PASSWORD TO CPEN DOOR

R R R R

org 0cOh
Ssetnot testing
Sinclude "stdjl.asm"
$include "ports.asm”
Sinclude "variable.asm"
key_word equ 14h
key wordl equ 28h
second last_kw equ Sh
last_key word equ 7Th
et buff db 2
org 300h
$include "iic.asm"
Sinclude "macro.asm"
$include "readkbd2.asm"
start: rsp

pREA KK KKK S kKR A KA Ak hhkxkkkxkxax TNITIALISE PORT ****

Ik kAKX K r Rk h kA hhhkkxhhhkk*

init_port ddra ;¢ initialise
port a

init port porta

init_port ddrb ;+ initialise
port b

init_port porthb

pREKA KAk krk kxR kkdkhkkxkkhkx e CLEAR MEMORY\INITIALISE
TIMER **kxkkkkkkhhkkhhkxhhkhhkhkhhkhkkxk Xk k k%

clear mem 77 clear Ram
init timer ;i initialise timer
chk_mem ;7 check EEPROM

i if bad mem flag = 1 then goto read_defval
; if bad mem flag = 0 then read values from eeprom

;
i

brset bad_mem, status, read_defval

;; program comes here when bad mem flag = 00

;:; at power on e _add & mem ptr = 00
sprKARRERTAKKAAKAKXRKXTRAN** READ VALUES FROM EEPROM
ok

kA kkkkr ko hh kA hk ok kx h ok h ok

;: read 2 byte password/entry time from EEPROM

read_mem_val clr mem_ptr

clr e_add
read nxt val: jsr get_eeprom info ;; read
from eeprom
lda e _dat ;; save read value in e dat
ldx mem_ptr ;i set index reg as pointer
sta password, x ;: save read value in

24

cmp +#0ffh :; if value read from EEPROM
is ff then
;¢ goto read def val

beq read defval
inc e _add 77 increment e_add
inc mem_ptr ;7 increment ptr
lda mem_ptr
cmp #max_iic_bytes :; is all 3 bytes read
bne read nxt val ;i if no goto read mem val
bra main_loop ;7 if yes goto main_loop
read defval: jsx read def val

JIEFKAXKIKAF KRR XXX AXNKK XA RAXN S MATN LOQP * ¥ X Ax*kxkxxkn*

e e sk e ke e e e ok ok e ke e e ke ok e e e e ok ok e e ke

;; after every one tick over call sensegkbd
i; after every half second over call chk_set_beep
;; after every second check kbd timeout\entry time

out

main_loop: brelr one_tick,tim status,main_
loop

beclr one_tick,tim_status

jsr kbd sense
chk _hs over brelr half sec,tim status,chk 1_
sec

belr half sec,tim_status

Isx chk_set_beep
chk_1_sec brelr one_sec,tim_status,ret act-
lsec

bclr one_sec,tim status

;¢ program comes here after every second over
; ANRAKEKARKKAAKAAKkAKA*x* DECREMENT KBD TIMEOUT

L R L R T R e

als_tstkbd tst kbd timecut ; AF
timeout = 0 then

beqg tst_eto ; goto check for
entry time

dec kbd_timeout ; else decrement
kbd time

tst kbd_timecut ; again chk kbd
timeout

bne tst_eto + if # 0 gote
tst_eto

jsr wrong_entry ; give wrong entry
signal

:%kkk***&*kw**k&*k*******« DECREMENT ENTRY TIME
ANKKKAKKKAFAARAKRAAARA A b hk Ah kA&

7+ check for entry time = 00

tst eto: tst entry time out e
timeout = 00 then

begq ret_actlsec ;i ret_actlsec

dec entry time out ; else decrement
timeout

tst entry time out ; again chk entry
time

bne ret_actlsec : 1f # zero goto
ret_actlsec

belr led arm,led port ; else ON led arm

ret_actlsec

kkkkkkhkkdkkkkkkkkkkk*k*** CHECK FOR KEY *****kxxks*

Ahkhhk Ak Ak A dhhh hnhhh bk k bk hk k&
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¢+ if new key found flag set then goto act kbd else
goto main_loop

chkbd brclr new_key found,status,ret_
chkbd ; if new key found then set

belr new_key found,status ; flag

jsr act_kbd ;i call act-
kbd

ret_chkbd imp main_loop

; else goto main loop

'-i*********t*i***i{************ ACTKBD J e g ok ko e e ek ok ok
KA Ak Ak hkkdhhr kb hkd bkt ke ok

;; set key press timeout to 10 seconds

act_kbd: lda #10t i
set key press timeout = l0Osecs

sta kbd_timeout

lda kbd_pos ; read kbd peos

'-t**ﬁt1****&-*.&*****‘******* KEY PROGRAM OK PRESSED
dr ok s ok de ok ok ok ok ok ok e ok ke e ok o ke ok ok ok ok o o ok

act_kbdl: cmp #k_pgm ok 78
pgm ok key pressed

bne act_kbd2 ; if no goto act_
kbd?2

jsr chk_po_status ¢ 1f yes call chk
po_status

bra ret_actkbd ; goto ret_actkbd

;i program here checks for po_password\po entry time
flag

;; if po_password\po_entry time flag = 1 and if some
other key press

accept pgm ok key then goto wrong entry

else goto chk _pgm_key

act_kbd2 brclr po_password,entry
status, chkdpoet

jmp wrong_entry
chkdpoet: breclr po_entry time,entry
status,chk pgm key

jmp wrong_entry

FRERE A KRR kR E kK Ik Rk hk kA kK

KEY PROGRAM PRESSED

d o g dedk Kk e ok A ok ke ok e ok ok ok ok ok ok ok ok o ok ok ok

chk _pgm_key: cmp #k_program g
is pgm_ok key press

bne act_kbd3 ; if no goto act_
kbd3

bset pgm_mode, status ; if yes set flag
of pgm_mcde

clr buff pointer i clear all pointers
clr entry status 7 clear entry status
clr kbd_timeout

bra ret_actkbd ; give beep while returning

'.t**t*****t**i****t******** OTHER KEY PRESSED gk ko
A Ik ARk khkkhk kk kA hhkr kA k&

;: check for password code

7i first chk for buff pointer is buffer pointer > 3
if yes then goto is it mode

:; else take first digit pressed in kbd_buff,second
digit in kbd buff+l

;i third digit in kbd buff+2 & fourth digit in
kbd_buff+3

act_kbd3 ldx is all 4
digit password enters

buff pointer iV
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cpx #3

bhi is_it_mode :: if yes then goto is_it_
mode

lda kbd_pos i; else store kbd pos in
kbd buff+ptr

sta kbd buff, x

inc buff pointer i; increment pointer

lda buff pointer ;i is it 4th digit te be
entered

cmp #4 ;1 1f no then return

bne ret_actkbd

; program comes here when all 4 keys entered
; check for valid code

;i if not valid code then give long beep and clear
buff pointer\kbd_timeout

;7 and return

i; else clear sys arm flag and give accp beep

jsr pack_buff ; call pack buffer

check for 4 key press
if it is equals to password then
return
if it is not equals to password then goto wrong
entry

;
ii
i
ii

lda  kbd_buff

cmp password

bne chkdmaster kw
lda kbd buff+l
cmp password+l
bne chkdmaster kw

;; PROGRAM COMES HERE WHEN 4 DIGIT CORRECT PASSWORD
IS ENTERED

brset  pgm_mode, status,ret_actkbd
bset led_arm, led_port ;
off led arm
lda entry time + set entry time out
sta entry_time_ out ;
jmp entry_over ;i call entry_over

here program checks for master key word
if key sequence entered is equals to first 4 mater
ey word then
e_key word flag is set
else
long beep is heard as wrong entry

T
S .

chkdmaster kw:

lda kbd_buff

cmp #key word Al
bne wrong_entry

lda kbd buff+l

cmp #key werdl 37 28
bne wrong_entry

bset es_key word,entry_status

bra ret_actkbd

;; program comes here when unit is in programming
mode and 4 digit password enters
ii if 4 digit entered # passwerd then goto wrong

entry

;i else return

XA lda kbd_buff ;
compare kbd buff with

cmp password ; password

bne wrong_entry ; if # goto wrong entry
lda kbd_buff+l ; if = compare kbd buff+l
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with

cmp password+1l ; password+l

bne wrong entry ; if # goto wrong
entry

ret_actkbd Jjmp quick_beep i

give small beep after esvery

key press
ret_actkbdl: rts
return

is_it_mode: CcpX #04 ¢ is
buffer pointer = 4

bne chkdparameters ; if # goto chkdpa-
rameters

inc buff pointer ; else increment

pointer

breclr es_key word,entry status,iiml
program comes here when key word entry is checked
check is 5th key press = 8 then return

goot wrong key and give long beep
lda  kbd_pos
cmp  #isecond last kw

next digit is 5
bne wrong_entry
jmp ret_actkbd
iiml:
;i key 1 is for entry time
i+ key 2 for password change

lda kbd_pos ; read kbd pos
cmp #01 ; is key 1 press
bne chk2 ; Lf # goto chk2

set_entry time bset es_entry time,entry status ;
set flag of es_entry time

bra ret actkbd ; return

chk2: cmp #02 R
key 2 press

bne chk3 i if # goto chk3

set_new password bset es_password,entry status ;
else set flag of es_password
bra ret_actkbd ; return

chk3:

;;*****k*****t********i**** WRONG ENTRY kkkhkkkkkkkkk

% d gk gk ok ok dede gk e ke ok e ok e e ok e ok e e ok ok ok ok

Wwrong_entry jsr long_beep

give long beep

jmp entry over 3
goto entry over

;; program comes here when buffer pointer is > 4

chkdparameters:
cpx #05 ;i if buff pointer >
5 then
bne meore_parameters ; goto more_param-
eters
inc buff pointer ; else increment
pointer
breclrx es_key word,entry
status, cdpl
lda kbd_pos
cmp $last key word H

last digit for master key word is 7
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bne wrong_entry
jmp master reset eeprom

cdpl:
ii program comes here when buff pointer = 6
77 check is it es_entry time = 1
iz if yes then store key press in last_key _val
£ set flag of po _entry time
ii return
Ee if no then goto chkies pw
brclr es_entry time,entry_

status, chkdes_pw

lda kbd_pos

sta et_buff

Jmp ret_actkbd
;; program comes here when buff pointer = 6 and
es_entry time = 0
; check es_password flag
i if flag set then
i save key press in kbd buff
; else goto wrong entry

v v we

more_parameters:
brclr es_entry time,entry
status, chkdes pw
bset po_entry time,entry status
lda kbd_pos
sta et_buff+l
tst et_buff
bne ret_actkbd
tst et buff+l
bne ret_actkbd
jmp wrong_entry
chkdes pw: brelr es_password,entry
status,wrong_entry
lda buff pointer ;
subtract buff pointer with &
sub #6
tax ; set subtracted val as pointer
lda kbd pos ; read kbd pos
sta  kbd buff,x i save in kbd buff+ptr
inc buff pointer ; increment pointer
lda buff_ pointer ; if pointer = 10
cmp #10t - 4
no then return
bne ret_actkbd
bset po_password,entry status ; else set po_pass-
word flag
bra ret_actkbd i return
entry table d b

5t,2,4,6,8,10t,12t,14¢t,16t, 18t

;; program comes here when pgm ok key press

i; chck is po_entry time flag = 1

:; 1f yes then

i set last key press as pointer

S5 take corresponding entry time from entry

table
ii and save in entry time
i goto com po_ret
chk po_status: brelr po_entry time,entry_
status, chkdpopassword
bclr po_entry time,entry status
jsr pack_et_buff
bra com_po_ret

program comes here when po_entry time = 0

£
~

Access Control System



; program here checks for po password
; if po password = 1 then
H call pack buff
: store change password in password variable
i store in eeprom
i call entry over
; give acc_beep
H return
h
brelr po_password,entry_
status, chkdmore

belr po_password,entry status
upd_password Ay s pack buff i
call pack buff
1lda kbd_buff ; save kbd buff in
sta password ; password
lda kbd_buff+l ; save kbd_buff+l in
sta password+l ; password+l
com_po_ret jsr store_memory ;
save changed parameter in eeprom
jsr entry over ; call entry over
jsr acc_beep ; give acceptance
beep
jmp ret actkbdl ; return
chkdmore bra wrong_entry 2

else give long beep

SUBROUTINES :-

P
piFEERKRKRKK KA KA KKK

;*ﬂ‘**'ﬁ******‘k************‘k*** ACCEPTANCE BEEP * ok kkok

A AR AR AR R A AKR AR AR XA R RR AT

77 give beep thrice

acc_beep jsr short beep
jisr short_delay
jsr short delay
jsr short beep
jsr short_delay
jsr short_delay
Jjmp short beep

;*i‘************************** ENTRY OVER J 3k %k ook ok ok ok ok ok ok
kkthkhkhhkhkhhkhkhhhkdthrhhbhhhhhkhhk it

i1 clear pointer\timecut\entry status\pgm mode flag

entry over: belr pgm_mode, status
elr buff pointer
cle kbd_timeout
clr entry_status
rts

3 % de sk e de %k g e gk e e g ok ok sk ok ok e e e ok ke ke SHORT DELAY o % ok gk o ok ok ok

kKA AT h Ak kR hk Ak kA hkkhkhhkk k k&

short_delay lda running_ticks
add fbeep time
sta delay temp
sd_wait lda delay temp
cmp running_ ticks
bne sd_wait
rts

;************t**i****t****’*** LONG ENTRY ok ok ok ok ok ok ok kok

AXEXAKAKR K AR AAKR AR XA KA AR KK X

; give this beep when wrong entry
; giva a long beep for around 1 sec
; stay here till 1 second is over

long beep lda fticks 1 sec

Microcontroller-Based Projects

sta buzzer time out

beclr buzzer,buzzer port
lb_wait: bsr delay

bsr toggle buzzer pin

tst buzzer_ time out

bne lb wait

bset buzzer,buzzer port

rts

;***t*****k****i*******i***** SHDRT BEEP

Ak hkkhrbkh bk bk dkhkhrkdb kb dddkhxrhhdkhdddd

#; this routine is called from accp beep and when
entry time # 0

; and after every key press

; beep for small time

; set buzzer time out = beep time

; wait untill buzzer time out # 00

e ve e e

quick beep:
short_beep lda tbeep_time
sta buzzer time out
beclr buzzer,buzzer port
sb_wait: bsr delay
bsr toggle buzzer pin
tst buzzer_time_out
bne sb wait
bset buzzer,buzzer port
rts

'-’-ﬁ*****************t****** TOGGLE BUZZER EIN e ok e ek
Ahkhkhkdkkhkhkhhhkdthkrhhrkdhkhhrrd
:: if buzzer time out # 00 then toggle buzzer pin
toggle buzzer pin:
brset buzzer,buzzer port,reset

buzzer

bset buzzer,buzzer port

bra ret_tbp
reset buzzer: belr buzzer,buzzer port
ret_tbp: rts

e KA Ak kA kR hk Ak hkh kb hkhok v ok ok ok kx DELAY FOR HALF MSEC
khkhkhkhrhhkhkhkhhkdhhhhrhkhkhhhhdhkhdkhxk

;i this delay is approximately = 439usec

ii 2t4+[(5t413)83)= 10998cycles

:; 998/.5 = 49%usec = .Smsec

delay: lda #83t
sta temp

wait_0: dec temp
tst temp
bne wait 0
rts

EREXKXAXKXKRKRXKXKX KRR XX XXX **% DACK BUFFER ***#%xxx%xx

sk e ke sk e ok ok ok e e ke ok ok ek ok ok ok ook ek e o ke

pack_buff lda kbd buff
lsla
lsla
lsla
lsla
ora kbd buff+l
sta kbd _buff
lda kbd_buff+2
lsla
1lsla
lsla
lsla
ora kbd_buff+3
sta kbd_buff+l
rts

gRAk Kk kkkhk Rk hhhhkxkkkkxhkhkckx STORE MEMORY ****kkskikx
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dek ko ko ok kk ok k ko ook ok owkokk ok k

;; store 2byte password in eeprom

store memory: brset bad mem, status,ret sm

clr e _add 77 clear
e_add

clr mem_ptr i; clear
mem_ptr
nxt_data:

;: read data from RAM location
;; and store it in memory

ldx mem_ptr ;7 set index register as ptr
lda password, x ;; read upper byte of pass-
word
sta e _dat 77 save in e_dat
jsr set_eeprom info ;; tx to eeprom
inc e_add ;7 increment address
inc mem_ptr 77 increment pointer
lda mem_ptr ;3 is all 3 bytes written
cmp #max iic bytes ;; if not goto nxt data

’

’
bne nxt data ;; else return

ret sm: xrts
JIRKXXXAXKXXKKKAKKKXTRKXXNXA TIMINT FHAXXXAXXXXXXAX KN

Fedkhdk kAR h R A ek ek Ak

timint: lda #def timer i
set tscr = 1l4h

sta tscr

bset one_tick,tim status ;; set flag for
One tick over

inc ticks ;¢ increment ticks
inc running_ticks

;2 if buzzer time out is not zero
;: then decrement buzzer timeout
; interrupt comes here afetr every 8.2Zmsec

tst buzzer time out
beq chk_half sec
dec buzzer_ time_out
chk_half sec: 1lda ticks i
compare ticks with

cmp #ticks_in hsec ;; ticks in half
sec

bne chkd4secover i: if 4 goto chk-
4secover

bset half_ sec,tim_status ;; set flag of

half sec over

chkd4secover lda ticks HH
compare ticks with
emp #ticks_1_sec i: ticks in one
second
bne ret_timint ;i if # then re-
turn
bset half sec,tim_status ;; set flag
of half sec
bset one_sec,tim status ;; set flag
of one sec
H clr running ticks
clr ticks ;+ clear ticks
dummy :
ret_timint: rti

;i start beep when entry or exit time is not zero
chk set beep tst entry time out
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beq ret_csb
jsr short_beep
ret _csb rts

;; master key word received
;7 1f key entered in following sequence then reset
EEPROm to default settings

i; Key word is 142587

default setting is that password entry will
change to 1111
master reset_eeprom:
bsr read_def val
jsr acc_beep B
give acceptance beep
Jjsx entry over
bra store_memory
read_def _val clrx
rdv_loop: lda def table,x
sta password, x
incx
cpx #max_iic_bytes
bne rdv_loop
rts
;: here program pack entry time from et buff\

et buff+l

7; lirst byte is in et_buff

i; second byte is in et buff+l
;i output to entry time var

;; for decimal selection multiply first number by 10t
and then add with next number

pack_et buff: lda et_buff
ldx #10t
mul
add et_buff+l
sta entry time
rts

;‘-i’**‘i***********i*********** DEFAULT TABLE ***%x%%%k*
Ak Ak A AR A A r kAR Ak A A A bk rhhkkhk

def table db 11h i password HH
change defult password from 1234 to 1111

db 11lh ; password+1l

db 10t ; entry time

org Tcdh

jmp start

org 7£1h

db 20h

org 7£8h

fdb timint

org 7fah

fdb dummy

org 7fch

fdb dummy

org 7feh

fdb start
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;: IIC_TX

+; function

bus

;:; input : iicibuff
;: output s to 1ic
;: variables: rega, regx
i; constants: scl

Y sda

i iicport
ii iicont
;; input in a register
byte iic: bset
set sda as cutput port
1ldx #8
bit_iic: rola

shift msb tc carry

transfer 5 bytes from iic_buff to iic

sda, iicont A

: count of 8 bits

;: on return sda is low and scl is low

;: variables

restart tx:

bsr
lda
bsr
bcs
i restart if carxy set
lda
bsr
bes
lda
bsr
becs

iic_counter,iic_buff (six bytes)

gen_start
#0a0h
byte iic
restart_tx

e add
byte iic
res cart._t:-c
e_dat

byte iic
restart_tx

i7 generate stop condition

;i sda is set as output
:: fisrt sda is cleared

and low
the scl is set high

then make sda high keeping scl high

bee sda_low i if no carry(msb
low)
sda_high: bset sda, iicport F)
carry set msb high
bra pulse_scl

sda_ low: bclr sda,iicport
pulse scl: bsr delay small i
delay

bset scl,iicport H

set scl high
bsr

belr

low

decx

bne

belr

making it input
bsr

bsr

bset

bsr

elec

carry

brclr

not recvd
sec

byte over:
set scl low
bsr

bsr

beclr

rts

input

delay small:
nop
nop
nop
nop
nop
rts

delay_small
scl,iicport

bsr

bit iic
sda, iicont

delay small
delay small
scl, iicport
delay small

; then scl is set
delay small

; is count over

; nc next bit

; leave sda high by

: normal - clear

sda,iicport,byte over ;error if ackn

bclr
delay small

delay small
sda, iicport

nop

; generate start condition

; first set sda then scl then

scl is high
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set carry
scl,iicport i

; error -

; leave with sda as

make sda low while

i; on return scl is high and sda is also high

gen_stop: bclr

bset sda,iicont
jse delay small
bset scl,iicport
bsr delay small
bset sda,iicport
sda and

rts

and output

gen start: bset

sda as o/p

bset sda,iicport
bsr delay small
bset scl,iicport
high
bsr delay small

belr

bsr

belr

rts

get eeprom_info
FF iiCArx
;i generate

:: transfer

start byte

:; if memory write e_add also
:; read one byte

;¢ and in iic_status

i generate stop byte

s& Anput iicbuff
i+ output = iicis:atus

save

:; variables
;i constants :
iie ri:
resta:t_rx:

rega, regx

bsr

lda
dev_addr: jsr
: sda is input on return

bcs

sda,iicport
; set sda as output

; leave with

; scl high

sda, iicont .
; and high

; scl also

sda, iicport
delay small
secl, iicport

address byte with bit 0 set to 1

(one byte- address of iic)

scl, sda,iicport, iicont

gen_start
#0a0h
byte iic

restart rx
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1lda e_add brset sda,iicport,iic_1 ; read data
jsz byte iic bit
; second byte as mem add iic 0 clc
bcs restart rx DIra read_iic
bsr gen_start sec
lda #0alh rola
jsr byte_iic jsr delay small
;7 sda is input on return ; delay
read ii ldx #8 belr scl,iicport
read iicbi bset scl,iicport ; and again low
; set scl high decx
; jsr delay small bne read iicbit
; delay sta eidat
H bclr scl,iicport bra gen_stop
; and again low
STDJ1.ASM
porta equ 00h pdrb equ 11h
portb equ 0lh tscr equ 08h
ddra equ 04h ter equ 05%h
ddrb equ 05h iscr equ Oah
pdra equ 10h copr equ 7£0h
VARIABLE.A
last_key val db 00 beep time equ 10t
entry status db 00
es_password equ i entry time out db 00
equ 2 hooter time equ 2
equ 3 hooter alarm tout db 00
PO_password equ q
es_key word equ 5 db 00
db 00
temp ib 00 db 00
active scan db 00
kbd_temp db 00
delay temp db 00 db 00
running ticks db 00 db 00
mem_ptr db 00 db 00
kbd timeout db 00 def timer equ 14h
buff pointer db 00
kbd _buff db 00,00,00,00 tim_status db 00
one_tick equ 7
status db 0o half sec equ 6
new key found equ 7} one_sec equ 5
key alarm equ 6 one_min equ 4
bad mem equ 5
sys_arm equ q mins db J0
pgm_mode equ 3 ticks_1 sec equ 2
ticks in hsec equ 6lt
password db 00,00 ;: stored ticks db 0
in eeprom max_iic bytes equ 3
entry time db 00 ;7 stored
in eeprom key scan_cntr db 00
buzzer time out db 00
READKBD2.ASM
table: db Oeh, 0dh, Obh, 07h sense line lda key por ; read
_scan_port egu porta key port
and #30h
;7 sense2 line is at irqg bil key found
ora #40h
kbd sense cmp #70h
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bne key found ; no ldx key scan_cntr ;
some key pressed output scan table to scan port cne by one
bra no_key found i lda scan_table, x
yes no ora key scan_port
key pressed sta key_scan_port
ret_sense_line
key found sta kbd_temp kbs_over rts
lda key port ; com—
pare key port with kbd table max_keys equ 12t
and #0fh i
remove unused line $if testing
ora kbd_temp max_debounce equ 1
clrx $elseif
max_debounce equ 3t
try_nxt_code cmp kbd_table, x $endif
beqg key matched iif equal goto key
matched
incx ;else increment in- ;7 codel pin
dex register ;7s5can0 bit pal ; 16
cmpx #max_keys ;compare it with iiscanl bit pal ;i 15
maximum keys ::scan2 bit pa2 ;14
bne try nxt_code iif not equal goto ;:scan3 bit pa3 2 LS
try nxt code ; ; sensel bit pad 12
s 7sensel bit pas Ll
no_key found ldx #0fh i iisense2 bit irg
key matched txa
iload accumulator with 'X' ;7 code 0 13-irq (pa3-pal)
cmp kbd _pos ;compare it with ;¢ code 1 16-12 (pal-pad)
kbd pos ;; code 2 16-11 (pal-pah)
beg ret kbs ;if equal return
cmp last_key ;compare it with i+ code 3 16-irq (pa0-irgqg)
last key ;: code 4 15-12 (pal-pad)
bne new_key ;if equal return 77 code 5 15-11 (pal-pa5)
inc same_key ielse gotc new key
& inc same ;2 code 6 15-irq (pal-irqg)
lda same_key ; for max debounce :: code 7 14-12 (pa2-pad)
load same key i3 code 8 14-11 (pa2-pa5)
cmp ffmax_debounce jcompare it with 4
bne ret_ kbs ;1if not equal goto i code 9 1l4-irqg (pa2-irq)
ret kbs ;i code 10 I3—12 (pa3-pad) i; key pro-
upd_key lda last_key gram
;load last key
sta kbd pos ;store it at kbd pos ;i code 12 13-11 (pa3-irq) ;i key pro-
cmp #0fh 7is it key release gram ok
beq ret_kbs ;yes-do not set flag
bset new_key found, status ;set bit of new key kbd_table db 0D57h ;7 code for
found in 00
bra ret kbs istatus and goto db 06eh i7 code for
ret kbs 01
db 05eh ;; code for
new_key sta last_key 02
clr same_Xey db 03eh i+ code for
bra kbs over 03
db 06dh ;7 code for
ret kbs lda kbd_pos 04
iload kbd pos db 05dh i7 code for
cmp #0£fh i 05
bne kbs_over : db 03dh ;: code for
06
change sense inc key scan_cntr db 06bh ;i code for
lda key scan_cntr 07
cmp #04 db 05bh i+ code for
blo csl 08
clr key_scan_cntr db 03bh ;i code for
09
csl: lda key scan_port db 067h ;i code for
and #0£f0h pgm key
sta key scan port H db 037h ;7 code for
reset all scan lines to zero on ports pgm ok key
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PORTS.ASM

k_program equ 10t

k_pgm ok equ 11t key port equ porta

scl equ 2 scan0 equ 0 : 16

sda equ 3 scanl equ 1 ;15

iicport equ portb scan?2 equ 2 ;7 14

iicont equ ddrb scan3 equ 3 Lol
32 1 6 5 4 3 sensel equ 4 12

2 1 0 sensel equ 5 F b |

def ddra equ Ocfh ;7 hoot led senl ;i sense2 equ irq ; irqg

sen0 scan3 scan2 scanl scan0

def porta equ 080h ;{7 active low hooter led port equ porta

and led led arm equ 6

;¢ at power on system armed led toggle led equ 40h

def ddrb equ Och iiox x X X

sda scl g x buzzer port equ porta

def_portb equ 00 buzzer equ 7

Smacro chk_mem bne next mm

belr bad _mem, status ;; clear flag bad_men Smacroend

jsr gen_start :; call gen start

lda #0a0h ;i send d

= QaCh ;+ intialise timer

jsr byte_iic ;:; to memory $macro init_timer

bec cm_over i+ of carry clear lda f;jefftimer

then return sta tser

bset bad_mem,status ;; if carry set cli

then set flag interrupt

cm_over ii $macroend

bad mem ;7 intialise porta , portb

Smacroend smacro init_port port
lda $def

;: clear memory from 0OcOh sta %1

Smacro clear mem Smacroend

ldx #0cOh ;clear memory

next mm clr X
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PIC16F84-BASED CODED

DEVICE SWITCHING SYSTEM

m VIJAY KUMAR P.

ere’s a microcontroller-based code lock
that can be used for preventing unau-
thorised access to devices or for solenoid-
operated locks/electrical devices. This code lock is
built around Microchip’s PIC16F84 microcon-
troller. Different passwords are used to access/
operate different devices. So the code lock can be
used as a multiuser code lock, where the users can
access respective devices by entering the device
number followed by the password. The password
can be changed by the user and no external back-
up supply is needed to retain the password. The
password length for each device can be between 4
and 15 digits, as desired by the user.
A buzzer has been added to provide suitable
feedback with respect to the data entered via the
keypad. The number of beeps indicates whether

Working model of PIC16F84-based coded device switching system

the data has been entered correctly or not. When anyone trying to access the device enters the incorrect password

three times, the circuit sounds an alarm.

4

BUZZER

KEY BOARD

Y

[o][][z]

RELAY1

SOLENOID OPERATED
LOCK/ELECTRICAL
EQUIPMENT

[E][]]s]

Y

PIC 16F84

Y

RELAY2

[e1[=]Le]

SOLENOID OPERATED
LOCK/ELECTRICAL
EQUIPMENT

CEE=

A 4

RELAY3

SOLENOID OPERATED
LOCK/ELECTRICAL
EQUIPMENT

Y

v

RELAY4

5V REGULATOR

A

SOLENOID OPERATED
LOCK/ELECTRICAL
EQUIPMENT

12V DC SUPPLY

Fig. 1: Block diagram of PIC16F84-based coded device switching system
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The alarm can be
configured to work in
two modes: auto-reset
and latch-up. In the
auto-reset alarm mode,
all the keys pressed are
ignored and the buzzer
keeps beeping continu-
ously for one minute,
and thereafter the code
lock resets automatically.

However, if you
want additional secu-
rity, you can enable the
latch-up mode. In this
mode the code lock
never switches to the
normal mode from the
alarm mode and the
only way to reset the
code lock is to interrupt
the power. When not in
use, the code lock goes
into sleep mode, and it
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.- wakes up if any key is pressed. This feature reduces the
RA2 =—e-[]o1 18] =—e RA1 power consumption by the microcontroller.
RA3 =[] 2 17 ] =—= RAD The main features of PIC16F84 microcontroller
RA4TOCKI =—=([]3 3 16[J=—OSCUCLKIN | are:
MCLR —=[] ¢ Q  15[)— OSCCLKOUT 1. Program and data memory are in separate
Ve —= [ 5 % 14[] =— voo blocks, with each having its own bus connecting to
RBO/INT =—=[] 6 E 13[] =—= RB7 the CPU
RB1 =—=[]7 12[] =—= RBEB 2. Reduced instruction set controller (RISC) with
RBEZz =[] 8 11[] =—= RBS only 35 instructions to learn
RE3 =—=[]9 10[) =—= RB4 3. 1024 words (14-bit wide) of program memory
4. 68 bytes of data RAM
Fig. 2: Pin details of PIC18F84 microcontroller 5. 64 bytes of data EEPROM

6. 8-bit wide data bus
7.15 special-function registers (SFRs)

PARTS LIST 8.13 input/output (I/O) pins with individual direction control
Semiconductors: 9. Code protection
IC1 - 7805 +5V regulator 10. Built-in power-on-reset, power-up timer, oscillator start-up
IC2 - PIC16F84 microcontroller frier
T1-T5 - BC547 npn transistor 11.P . i d
D1-D5 - 1N4007 rectifier diode s HOWEL-CaVINE SieCD Mode

LED1-LED4 - Red LED
Resistors (all Ye-watt, +5% carbon, unless stated Circuit description

otherwise):
R1 - 10-kilo-ohm Fig. 1 shows the block diagram of the microcontroller-based code
R2 - 4.7-kilo-ohm lock. Pin diagram of PIC16F84 microcontroller is shown in Fig. 2.
Eg:ﬁio :%IZZO_E?O"EOhm Basically, the circuit (shown in Fig. 3) comprises PIC16F84 micro-
R11-R14 - 1-kiloechrn controller (IC2), 4x3 matrix keyboard, relays and buzzer.
Cotoiturs: The microcontroller. PIC16F84 is an 8-bit CMOS microcontoller.
c1 - 470uF, 35V electrolytic Its internal circuitry reduces the need for external components, thus
€263 - 0.1F ceramic disk reducing the cost and power consumption and enhancing the system
C4,C5 - 33pF ceramic disk reliability. The microcontroller has two ports, namely, Port A and
Miscellanesus: Port B. Out of the available 13 bidirectional I/O pins of Ports A and
RL1- RL4 - 12V, 285-ohm, 1c/o relay B, seven pins are used for keyboard interfacing, four pins are used to
(OENS58 type 1C) drive the relays corresponding to the four devices and one pin is used
)Pf%\i- i ;?gggu:;};m to read the jumper status for selecting the alarm mode. One can reset
S1-512 - Push-to-on tactile switch the microcontroller only by interrupting the power.

The password is stored in the internal 64-byte EEPROM memory

of the microcontroller at addresses 0x00 through Ox3F. The memory

can be programmed and read by both the device programmer and the CPU when the device is not code protected.
It is non-volatile and can retain data for more than 40 years.

Four special-function registers are used to read and write the EEPROM. These registers are named as
EECONI1, EECON2, EEDATA and EEADR, respectively. Register EEDATA holds 8-bit data for read/write
and register EEADR holds the address of the EEPROM location being accessed. Register EECONI1 contains
the control bits, while register EECON?2 is used to initiate the read/write operation.

Oscillator. The internal oscillator circuitry of the microcontroller generates the device clock. The microcontroller
can be configured to work in one of the four oscillator modes:

1. External resistor-capacitor

2. Low-power crystal (oscillation frequency up to 200 kHz)

3. Crystal/resonator (oscillation frequency up to 4 MHz)

4. High-speed crystal/resonator (oscillation frequency up to 10 MHz)

In this circuit, the oscillator is configured to operate in crystal mode with a 4MHz crystal along with two
33pF capacitors.

34 PIC16F84-Based Coded Device Switching System
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2 0000
= I\ 1g Reset circuit. The built-in power-on reset cir-
K15 cuitry of the microcontroller eliminates the need

Fig. 3: Circuit diagram of PIC16F84-based coded device switching system  for the external power-on reset circuit. In the
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Fig. 5:Component layout for the PCB

circuit, MCLR pin is tied to V|, through resistor R1
(10 kilo-ohms) to enable power-on reset. The internal Fig. 6: Flow-chart of the main program
power-up timer (PWRT) provides a nominal 72ms

delay from power-on reset. This delay allows VDD to rise to an acceptable level when the microcontroller is powered
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LCK_UNLCK

Lock/unlock

I

Get Channel /
User No.

!

VERFY_PSWD

Verify User
Password

v

BEEP_THRICE

Beep three times
on verification
success

Call
KEY_SCAN

Any other key
is pressed?

Goto
Wrong key entry

WRNG_ENTRY

A

y

Switch ON the
corresponding
relay

RLY_OFF

Switch OFF the
corresponding

relay

BEEP_TWICE

BEEP_TWICE
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Fig. 6(a): Flow-chart for locking/unlocking the code lock

on. The oscillator start-up timer (OST) provides 1024-oscil-
lator cycle delay after the power-up timer delay is over. This
ensures that the crystal oscillator has started and is stable.

Power supply. The 12V DC supply for the circuit is ob-
tained from a 12V adaptor with 500mA rating. Any other
source such as a 12V lead-acid battery can also be used.
This 12V DC is used for operation of the relays used in the
circuit. The regulated +5V supply for the microcontroller is
derived using regulator IC 7805 (IC1). Diode D1 protects
the circuit from reverse supply connections. Capacitor C1
filters out the ripples present in the incoming DC voltage.

Keyboard. The 12-key matrix keyboard comprises 12 tac-
tile pushbutton switches arranged in four rows and three col-
umns as shown in Fig. 3. Data is entered via this keyboard.

Ports A and B of the microcontroller are bidirectional
I/O ports. ‘Three lines of Port A (RAO through RA2) are
used as the output-scan lines and four lines of Port B (RB4
through RB7) are used as the input-sense lines. Port B
of IC2 has weak internal pull-ups, which can be enabled
through the software. This eliminates the need for connect-
ing external pull-up resistors to pins 10 through 13. Resistors
R2 through R4 protect Port A’s output drivers from shorting
together when two keys of the same row are inadvertantly
pressed simultaneously.

In the scanning routine, initially all the scan lines are
made low and it is checked whether all the keys are in re-
leased state. If all the keys are in released state, the processor
is put into sleep (power-down) mode. The interrupt-on-
change feature of Port-B pins RB4 through RB7 is used to
wake up the processor from sleep.

When any key is pressed, one of the sense lines becomes
low. This change in the pin status causes an interrupt to wake
up the microcontroller (IC2) from sleep.

Now each scan line is made low while keeping the re-
maining scan lines in high state. After making a scan line
low, the status of the sense lines is read. If any of the sense
lines is found low, it means that a key at the intersection of
the current scan line and the low sense line has been pressed.
If no key is found to be pressed, the next scan line is made
low and again scan lines are checked for low state. This way
all the twelve keys are checked for any pressed key by the
microcontroller.

Since mechanical tactile switch keys are used, pressing
of a single key may be considered by the microcontroller as
pressing of many keys due to the bouncing of the keys. To
avoid this, the processor is made to wait up to a debounce
delay of 20 ms during the pressing or releasing of a key.
Within this debounce delay, all the bounces get settled out,
thus debouncing the key.

In sleep (power-down) mode, the device oscillator is

turned off and the microcontroller is placed in its lowest-current consumption state. Also note that the mi-
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password one by
one for
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Is
password entry
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Get Channel /
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v

BEEP_THRICE
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CONFRM_ERR
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Write into users Give a long Error
EEPROM Area Beep

Beep three times
on verification
success

!

Call NO
KEY_SCAN

BEEP_TWICE

Goto

BEGIN

Is L/U

Goto
proaesd 7 Wrong key entry NO

WRNG_ENTRY

Is new
password contains
digits
>15 or <3

Is CHG
pressed 7

Get digits of new
—| password one by
one

Goto

Wrong key entry

WRNG_ENTRY

Fig. 6(b): Flow-chart for changing the password of the code lock

crocontroller’s I/0
pin status remains
unaltered during
sleep mode.
Relays. To
turn on/off the
equipment or to
lock/unlock the
solenoid-operated
locks, four relays
(RL1 through
RL4) are provid-
ed—one for each
channel. Since
the current-driv-
ing capacity of
the port pins of
PIC16F84 (IC2)
is not enough to
drive the relays
directly, transistors
T2 through T5 are
used to boost the
current to drive re-
lays RL1 through
RL4, respectively.
The bases of
transistors T2
through T5 are
connected to Port-
B pins 6 through
9 (RBO through
RB3) through
base-current-
limiting resistors
R7 through R10,
respectively. The

equipment or solenoid-operated locks can be connected to the normally open (N/O) contacts of these relays.
Diodes D2 through D5 are used as freewheel clamp diodes. The series combination of a red LED (LED1 through

LED4) and a current-limiting resistor (R11 through R14) is connected across each relay coil.

Buzzer. Pin 2 (RA3) of IC2 is connected via resistor R6 and transistor T1 to piezobuzzer PZ1. The buzzer
gives a short beep when any key is pressed. In the case of a wrong data entry, the buzzer gives a long beep to
indicate the error. On successful password verification, it gives three short beeps, and after successful password
change, it gives two short beeps. When a wrong password is entered consecutively for three times, the buzzer

sounds an alarm.

Construction and testing

An actual-size, single-side, PCB layout for PIC16F84-based coded device switching system is shown in Fig. 4

and its component layout in Fig. 5.

The main circuit and the matrix keyboard can be assembled on separate PCBs. First check the assembled
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Is 12th key is
reached ?

Fig. 6(c): Flow-chart for password verification, device (channel) selection and key scanning

PCBs for proper
connections as
per the circuit
diagram. Then
connect the main
PCB to the ma-
trix keyboard
PCB using 7-pin
SIP connectors
and wires, ensur-
ing one-to-one
connection be-
tween the two
PCBs. Connect
the external 12V
DC supply with
the correct polar-
ity, without in-
serting the PIC
microcontroller
into the socket,
and follow these
steps:

1. Check
whether +5V
is available at
output pin 3 of
regulator IC1
(7805).

2. Now check
the availability
of +5V at pins
4 and 14 of IC2
before placing

IC2 into the
socket.
3. To check

the buzzer op-
eration, connect
pin 2 of IC2
socket to +5V
available at pin 3
of IC1. Now the
buzzer should
beep continu-
ously.

4. Check the operation of the four relays by connecting pins 6 through 9 of IC2 socket one by one to +5V.

5. Before placing jumper JP1, check the voltage at pin 3 of IC2 using a multimeter. The meter should read +5V
or logic 1. Now on placing jumper JP1, the meter should read OV or logic O at pin 3.

Now remove the supply and insert the programmed PIC16F84 microcontroller into the socket and switch on
the supply. After power-on, the buzzer beeps once to indicate that the microcontroller is ready to take the user
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data. Now you can lock/unlock or change the password as described below. Initially the four channels can be ac-
cessed using the default password 1234,

Operating procedure

For unlocking/switching on the equipment:

1. Press the lock/unlock button (L/U) on the keypad.

2. Now enter the device number by pressing the button corresponding to the device number. The valid device
numbers are 1 to 4. For example, if you want to access device No. 1 (RL1), press button ‘1.’

3. Now enter your password digits one by one. Note that the default password is ‘1234.

4.The buzzer gives three short beeps to indicate successful verification of the password. If the entered password
is incorrect, the buzzer gives a long beep to indicate error. To try again, repeat the procedure from step 1.

5.1f the entered password is correct, you can unlock or switch on device No. 1 by pressing button ‘1.”"When
you press the key, the relay corresponding to this device gets energised and it remains in this state until you lock/
switch it off again.

For locking/switching off the equipment:

Follow the aforesaid steps 1 through 4 and press button ‘0." Now the relay corresponding to the device you
want to turn off de-energises and it remains in this state until you unlock/switch it on again.

For changing the password:

1. Press the password change button (CHG) on the keypad.

2. Now press the device number.

3. Enter your current password.

4. On successful verification of the password, the buzzer gives three short beeps. If the entered password is
wrong, the buzzer will give a long beep. Now if you want to try again, repeat the procedure from step 1.

5. Enter your new password. The length of the password should be between 4 and 15 digits.

6. End the password entry by pressing again CHG button.

7. Again enter your new password for confirmation. On successful confirmation, your new password gets
replaced by the old password and the buzzer beeps twice to indicate successful password change. In case the
password entered for confirmation is wrong, the buzzer gives a long beep to indicate error and the old password
remains unaltered.

So whether you're locking, unlocking or changing the device, wrong password entry makes the buzzer to give a
long error beep and the users are required to start afresh from step 1. In case you forget the password of the device,
it can’t be controlled until you reprogram the microcontroller.

Mode of operation. When anyone fails to enter the correct password in three attempts, the code lock circuit
switches to alarm mode and the buzzer starts beeping continuously. All the keys pressed (for further attempts) are
ignored by the code lock during alarm mode.

Placing the jumper between pin 3 (RA4) of IC2 and Ground enables the auto-reset alarm mode. Whereas
removing the jumper enables the latch-up mode (see Fig. 3). If the auto-rest alarm mode is enabled, the code lock
automatically resets after about one minute. If the latch-up alarm mode is enabled, the code lock never resets from
the alarm mode until the user manually resets it by interrupting the power. Note that in the alarm mode the status
of device-controlling relays remains unaltered.

Software

The software is written in Microchip’s Assembly language. Fig. 6 shows the flow-chart for the program. In the
flow-chart, important labels and subroutine names used in the program are also mentioned within the correspond-
ing process boxes to enable easy understanding of the program. For instructions, you may refer to the PIC16F84
datasheet. The code is compiled and hex file is generated using MPLAB IDE. You can generate the hex file by
using the MPASM.exe assembler also. The hex file generated can be burnt into the microcontroller using any
PIC programmer that supports PIC16F84. We've used here PICburner to program the PIC. It was published in
EFY’s Sept. 2002 issue.
Download Source Code: http://www.efymag.com/admin/issuepdf/PIC16F84%20Device%20Switching.zip
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MPASM 03.20 Released

LoC

OBJECT CODE

VALUE

tingstearkx

2007

211F
211F

2120

2120

0001

0001 0002 0003

0004

0004

0001 0002 0003

0004

0004

0001 0002 0003

CODLOCK.ASM

CODLOCK

7-1-2004 16:25:54 PAGE 1

LINE SOURCE TEXT

00001
00002
00003

00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015

00001
00002

00136
00016
00017
00018

00019
00020
00021
00022
00023

00024
00025

00026
00027

00028
00029

00030
00031
00032
00033
00034
00035
00036
00037
00038
00039
00040

00041
00042

00043

00044

00045

00046
00047

00048

PEEE AR AR AR R AR

;TITLE: "MICROCONTROLLER BASED 4
CHANNEL CODE LOCK"

7 PROCESSOR PIC16F84

jOscillator:XT 4MHz crystal Oscillator

: Default passward:1234 for chl - ch4

; Author:VIJAYA KUMAR.P
i EMAIL:vijay_kum pfyahoo.co.in

R R L T R T P

#INCLUDE "pl6f84.inc" ;Header file
inclusion directive.
LIST

; PL6FB4.INC Standard Header File,

Version 2.00 Microchip Technology,
Inc.
LIST

; NOTE: This header file consists of
definations of all special function

; registers (5FRs) and their associated
bits.

srrexxxxksConfiquration bit set-

LIST P=PIC16F84 ;processor type

PIC16F84A

__CONFIG _XT 0SC
_CP_ON & _WDT_OFF

&_PWRTE_ON &

7 SETTING : XT oscillator mode,power up
timer ON, code protect on,watch dog
i timer OFF

; Defining Default passward. First time
after programming 16£84 you need

i to use default passward 1234 for all
4 channels.

ORG 0X2100 ;Starting adderss of
chl's passward

DE 1,2,3,4 ;default passward for
ch 1

ORG 0X210F
DE D'04" ;Default passward length =
4 diqits

ORG 0X2110 ;Starting adderss of
ch2's passward

DE 1,2,3,4 ;Default passward for
ch 2

ORG (X211F
DE D'04' ;Default passward length=4
digits

ORG 0X2120 ;Starting adderss of ch3's
passward

DE 1,2,3,4 ;Default passward for

ch 3
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213F
213F

0000
0000

Oms.

0004

0004

0001 0002 0003

0004

0004

0000000C
0000000D
0000000E
0000000F
00000010
00000011
00000012
00000013
00000014
00000015
00000016
00000017
00000018
00000015
00000020
00000021
00000022

00000023
00000024

00000030

00000040

00049
00050

00051
00052

00053
00054
00055
00056
00057
00058
00059
00060
00061
00062
00063
00064
00065
00066
00067
00068
00069
00070
00071
00072
00073
00074
00075
00076
00077
00078
00079
00080
00081
00082
00083
00084
00085
00086
00087
00088
00089
00090
00091
00092
00093
00094
00095
00096
00097

00098

ORG 0X212F
DE D'04" ;Default passward length=4
digits

CRG 0X2130 ;Starting adderss of chd's
passward

DE 1,2,3,4 ;Default passward for

ch 4

ORG 0X213F
DE D'04' ;Default passward length=4
digits

R AR TR AR AR AR TR AR AR R AR R R

#VARIABLE AND CONSTANT DATA
DECLARATIONS

; variables

DEL COUNT1 EQU 0X0C ;Counters used
to obtain software delay.
DEL_COUNTZ2 EQU 0X0D

DEL_COUNT3 EQU 0OXOE

KEY IN EQU OXOF
:Holds the value of pressed key.
KEY_NO QU 0X10

;Holds key no.

SCAN CODE EQU 0Xl11
code.

KB TEMP EQU 0X12 ;Temporary
variable to hold key value

RAM BUF1 _PNT EQU 0X13 ;Pointer reg
to RAM_BUF1

RAM BUF2 PNT EQU 0X14 ;Pointer reg
to RAM BUF2

7Holds scan

DIGIT COUNT EQU 0X15 jHolds no of
digits

PSD_DIGIT EQU 0X16 ;Holds passward
digit

NO_OF_ATTEMPTS EQU 0%17 ;Holds no
of attempts

CH_NO EQU 0X18 ;Holds channel/user
ne

EEADDR TEMF EQU 0X19 ;Temporary
store to hold EEPROM addr

NO OF BEEPS EQU 0X20 ;Holds the
number of beeps

BUZ_DEL_CNT EQU 0X21 ;Counters used
to obtain Imin delay

TEN_SEC_CNT EQU 0X22

ONE_MIN CNT EQU 0X23

NO_OF_DIGITS EQU 0X24 ;No of digits
in a passward

; constant data declarations

RAM BUF]1 EQU 0X30 ;Starting address
of RAM_BUF1
RAM BUF2 EQU 0X40 ;Starting address
of RAM_BUF2

PRRARNREAARRRRTARR LR AR KRR AR A EARRARN

; program starts from here as soon as
you switch on the code lock circuit.

ORG 0X0000
GOTO START

iReset vector

SERREE AR AR AI AR R A AR AR CA TR AE K

; Interrupt service routire ISR for
timer0 starts from here.
i This ISR is encountered for every
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0004
0004
upts
0005
0006
0007
0008
0009
000a
000B
000C
000D

000E
000F

0010

0011
0012

0013
0014
0015
0016
0017
0018
0019

001a
001B

0o1c
001D
001E
001F
0020

0021
0022

0023

0024

0025

0026
0027

0028
0029

42

1D0B
0009
1108
0BAZ
280D
0BA3
2810
2825
303F

0081
0009

30ce

00A2
0009

3010

0085
3001

0081
1283
1588
1388
3003

0097
0008

2013

216C

1185

2033

0092
3n0A
1903

1388

00099 ; NOTE:This ISR is used only to obtain

00100
00101
00102

00103
00104
00105
00106

00107

00108

00109

00110
00111
00112

00113
00114
00115
00116

00117
00118
00119
00120
00121
00122
00123

00124
00125
00126
00127
00128
00129

00130

00131

00132
00133

00134

00135
00136
00137

00138

00139
00140
00141
00142
00143
00144
00145
00146

00147

00148
00149

00150
00151

00152
00153

00154
00155
00156

1 minute delay.

ORG 0X0004 ;Interrupt vector
BCF INTCON,GIE ;Dissable all inter-

BTFSS INTCON,TOIF ;Is TOIF ==1?
RETFIE ;If No return form ISR
BCF INTCON,TOIF ;If YES clear it
DECFSZ TEN_SEC CNT,F ;Decrement
TEN_SEC_CNT and test if 0

GOTO LOAD_TMRO ;If !0 goto
LOAD_TMRO, if 0,

DECFSZ ONE_MIN CNT,F ;Decrement
ONE_MIN CNT and test if 0

GOTO LOAD_TEN_SEC ;If !0 goto
LOAD_TENS_SEC

GOTO RST ALARM ;If 0 goto RST_ALARM

LOAD TMR0 MOVLW OX3F ;Count for
50ms
MOVWF TMRO

RETFIE

LOAD_TEN_SEC MOVLW 0XC8
10sec
MOVWE TEN_SEC_CNT
RETFIE

;Count for

e e ey

INITIALISATION SUBROUTINE

This part of the program intialises
the required ports and SERs.

INIT CLRF STATUS ;Switch to bank{
CLRF PORTA ;Clear PORTA

CLRF PORTB ;Clear PORTB

BSF STATUS,RP0 :Switch to bankl
MOVLW B'11110000' ;Sets pins of
portb as iiiicooo

MOVWF TRISB ;Where i=input &
o=putput

MOVLW B'00010000" ;Sets pins of
porta as 000i0000

MOVWF TRISA

MOVLW 0X07 ;Enable weak internal
pull ups,

MOVWF OPTION_REG ;asigns prescalar
to TMRO with

1:256 ratio.

BCF STATUS,RP0 ;Switch to bank 0
BSF INTCON,RBIE ;Enable portb int on
change

BCF INTCON,GIE ;Dissable all the
interrupts

MOVLW 0X02 ;Max no of atempts = 3
MOVWE NO_OF_ATTEMPTS

RETURN  ;Return from sub routine

g AR R R R R R TR

The main program starts from here

START CALL INIT ;Call
initalizatien subroutine

CALL SHORT_BEEP :;Now the buzzer
beeps once

RST_ALARM BCF PORTA,3 ;Switch off
buzzer

here the program waits until L/U or
CHG key is pressed.

BEGIN CALL KEY SCAN ;Call kb
scanning routine

MOVWE KB TEMP ;W -->KB TEMP
XORLW OX0A ;W XOR H'OA' -->W
BTFSC STATUS,Z ;Is L/U key is
pressed ?

002a
0028
002C
002D
002E
002F

0030

0031
0032

0033
0033

0034
0035
0036
0037
0038
0039
003a
0038

003¢
003D

003E
003F
0040
0041
0042

0043
0044

0045
0046
0047
0048

0049
004A

004B
004c

28175
0812
3A0B
1903
28FB
2831

2825

2172
2826

3010
0585
0806
3970
3AF0
1D03
2833
205C
0806

100B
0053

3010
0585

0806
3AFF
1903

283E
206C

3000

0030
3010
0585

2058
0091

3907
0485

00157

00158
00159
00160

00161
00162

00163
00164
00165
00166

00167
00168
00169
00170
00171
00172

00173 ;

00174
00175
00176
00177
00178
00179
00180
00181
00182
00183
00184
0185

00186
00187
00138

00189

00130
00191

00192
00133
00134

00135

00136
00197
00198

00129
00200

00201
00202

00203
00204
00205

00206
00207

00208
00209
00210

GOTO LCK_UNLCK ;If yes goto
LCK_UNLCK

MOVF KB TEMP,W ;KB TEMP ——>W
XORLW 0X0B ;W XOR 03 -->W

BTFSC STATUS,Z ;Else Is CHG key is
pressed ?

GOTO CHG_PSWD ;If yes goto
CEG_PSWD

GOTO WRNG_ENTRY

;Give a long error beep on wrng key
GOTO BEGIN ;Else simply LOOP_HERE

JREREERRERARRAERIERRRRRTRIAR KR AR T LR

; the program control comes here when
any wrong data entry is made.

WENG_ENTRY CALL LONG_BEEP
GOTO BEGIN

Rk ko ko ek ke ke ok

; KEYBOARD SCANING ROUTINE

|

i This subroutine when called returns
the value of key pressed in

i w register and makes the buzzer to
beep once for every key press.

i This routine uses the wake up on key
press feature and reduces power

; consumption by the PIC while not in

use.
SEEREE R AR SRR AR AT RAAR R AR AR

KEY_SCAN

KEY_RELEASE MOVLW B'00010000'
:Clearing PORTA pins but

ANDWF PORTA,F ;Retaining the RA4
status

MOVF PORTB,W ;Read PORTB into W
reg

ANDLW B'11110000" ;Mask the lower
nibble

XORLW B'11110000' ;W Xor 11110000 --
>0

BTFSS STATUS, 2 ;Is all keys are
released ?

GOTO KEY RELEASE ;If not goto
KEY_RELEASE

CALL DEBOUNCE ;If yes debounce the
key

MOVF PORTB,W ;Clear previous
mismatch condition

BCF INTCON,RBIF ;Clear RBIF

SLEEP  ;Put the processor in Sleep
mode

ANY KEY MOVLW B'00010000' ;Clearing
PORTA pins but

ANDWF PORTA,F ;Retaining the RA4
status

MOVF PORTB,W ;PORTB -->W reg
XORLW OXFF ;W XOR OXFF -=->W reg
BTFSC STATUS,Z ;Is any key
pressed ?

GOTO ANY KEY ;If no goto ANY_KEY
CALL DEBOUNCE ;If yes debounce the
key

MOVLW 0x00

MOVWE KEY NO ;Initialise EKEY NO
to 0

FIND_KEY MOVLW B'00010000"

ANDWE PORTA,F ;Retaining the RA4

status

CALL SCAN TABLE ;Get the scan code

MOVWF SCAN”CDDE ;Move

SCAN_CODE to W reg

ANDLW B'00000111' ;Mask 5 MSB's

IORWF PORTA,F ;w --> porta while
; Retaining the RA4 status

PIC16F84-Based Coded Device Switching System



004D
004E

004F

0050

0051

0052

0053
0054

0055
0056
0057
0058

0059
005A

0058

005C
005D

005E

005F

0060

0061

0062

0063

0064

0065

0066

0067

0068

0069

006A

0068

006C
006D
006E
006F
0070
0071

0806
39F0

008F

0811

39F0

060F

1903
2858

0A%0
0810
3coc
1D03

2847
2833

216C

0810
0008

0810

0782

34E6

34E5

34E3

34D6

3405

3403

34B6

34B5

34B3

3476

3475

3473

301
008D
30F0
008c
0BSC
2870

00211
00212

00213

00214

00215

00216

00217
00218

00219
00220
00221
00222

00223
00224

00225

00226
00227
00228
00229
00230
00231
00232

00233

00234
00235
00236
00237

00238
00239
00240
00241
00242
00243
00244
00245
00246
00247
00248
00249
00250
00251
00252
00253
00254
00255
00256
00257
00258
00259
00260
00261

00262
00263

MOVF PORTB,W ;Read PORTB to W reg
ANDLW B'11110000' ;Mask the lower
nibble of PORTB

MOVWE KEY IN ;Move the key value to
key_in

MOVF SCAN_CODE,W ;SCAN_CODE -->

W reg

ANDLW B'11110000' ;Mask lower nibble
of scan code

XORWF KEY_IN,W ;compare read key
with scan code

BTFSC STATUS,Z ;Test for Z flag
GOTO RET ;If Z=1 goto RET else
continue

INCF KEY NO,F ;Increment key no
MOVE KEY NO,W ;KEY NO -->W REG
SUBLH 0X0C ; W - 12 -—>W

BTFSS STATUS,Z ;Test whether key
no=12th key

GOTO FIND KEY ;If no goto FIND KEY
GOTO KEY SCAN ;If yes goto start new
scan

RET CALL SHORT_BEEP ;Now the
buzzer will beep once

MOVE KEY NO,W ;Pressed Key no-->w
RETURN  ;Return from key scan

AR A I A F I A F R E AT AT IT A TS

+ LOOK UP TABLE FOR KEY CODE
+ This look up table is used by the
keyboard
scan subroutine and look up
; table returns the scancode in w
register
when called by placing kesy number
; in KEY _NO

,.tgtltik:uatldpitttntitttttittltiitttt

SCAN_TABLE MOVF EEY_NO,W ;KEY_NO
==>W reg
ADDWE PCL,F ;PCL+W -->PCL reg

RETLW B'11100110' ;Scan code for
key0

RETLW B'11100101' ;Scan code for
keyl

RETLW B'11100011' ;Scan code for
key2

RETLW B'11010110' ;Scan code for
key3

RETLW B'11010101' ;Scan code for
keyd

RETLW B'11010011' ;Secan code for
key5

RETLW B'10110110' ;Scan code for
key6

RETLW B'10110101' ;Scan code for
key?

RETLW B'10110011' ;Scan code for
key8

RETLW B'01110110' ;Scan code for
key9

RETLW B'01110101" ;Scan code for
L/U key

RETLW B'01110011" :Scan code for
CHG key

pEEARE RS Rk bty

7 DELAY FOR DEBOUNCING THE KEY
i This delay routine produces a key
board debounce delay of 20ms

pRAMARAAAREARE AR A ARk AA AR R Ak AA

DEBOUNCE MOVLW 0XIC

MOVHF [DEL COUNT2

KB_DZOOPI MOVLW OXFO
MOVWF DEL_COUNT1

KB_DLOOP DECESZ DEL COUNTI,E
GOTO KB DLOOP
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0072
0073
0074

0075

0076

0077
0078
0079
007

0078
007C

007D
007E

007F
0080

0081
0082
0083
0084

0085
0086

0087
0088
0089
008A
0088

008C

008D
008e
008F
0080
0091
0092
0093
0094
0095
0096

0097
0028
0099

008
0098

009cC
009D

0BBD
286E
oooe

20A1

20B4

0398
0818
0798
3003

0097
217D

2033

0092

3n01
1903

2887
0812
3800
1903

288A
2831

208D

2178

2826

2097

2178

2826

0818
0782
1406
0008
1486
0008
1506
0008
1586
0008

0818
0782
1006

0008
1086

0008
1106

00264
00265
00266
00267
00268
00269
00270

00271
00272
00273

00274

00275
00276
00277
00278

00279
00280

00281
00282

00283

00284
00285

00286
00287
00288
00289

00290
00291

00292
00293

00294
00295
00296

00297

00298
00299
00300
00301
00302
00303
00304
00305
00306
00307
00308
00309
00310
00311
00312
00313
00314
00315
00316
00317
00318
00319
00320
00321

00322
00323

00324
00325

DECFSZ DEL_COUNT2,F
GOTO KB_DLOOP1
RETURN

;1"’!&!!1‘!.*!” R AT A RAR AR AR R AR

; ROUTINE FOR LOCKING /UNLOCKING
; When you press L/U key the program

control cormes here.
;tttt*!l?‘*fﬁ! HEET A TR AR AR AR ER AR R

LCK_UNLCK CALL GET_CH NO ;Get
channel/user no

CALL VRFY PASHD ;Call verify
password

subroutine

DECF CH_NO,F :Decrement CH_NO

MOVF CH_NO,W ;CH NO -->W reg

ADDWF CH_NO,F ;CH_NO x 2 -->CH_NO
MOVLW 0X03 ;Rese: no_of attempts
to 3

MOVWE NO_OF_ATTEMPTS

CALL BEEP_THRICE ;Now the buzzer will
beep 3 times

SWITCH_RELAY CALL KEY_SCAN ;Call
Key scan subroutine

MOVWF KB_TEMP ;Store the key val in
KB_TEMP

XORLW 0X01

BTFSC STATUS,Z ;Is key 1 is

pressed ?

GOTO RLY OF ;If yes goto RLY ON
MOVF KB TEMP,W

XORLW 0X00

BTFSC STATUS,Z :Is key 0 is

pressed ?

GOTO RLY OFF ;If yes goto RLY OFF
GOTO WRNG ENTRY ;If no goto
WRNG_ENTRY

RLY ON CALL RLY_ON_TBL ;Call

RLY ON table

CALL BEEP_TWICE ;Now the buzzer will
beep twice

GOTO BEGIN ;Goto BEGIN

RLY OFF CALL RLY OFF TEL ;Call

RLY OFF table

CALL BEEP_TWICE ;Now the buzzer will
beep twice

GOTO BEGIN ;Goto BEGIN

PEEA R AR R R AR A AR AR AR AR A AR

; RELAY_ON_TABLE

f‘t*tit**ii!’?itlit!'iti*tti*'*ttttl’!t

RLY_ON_TBL MOVE CH_NO,W

ADDWE PCL,F

BSF PORTB,0 :Switches ON chl's relay
RETURN

BSF PORTB,1 ;Switches ON ch2's relay
RETURN

BSF PORTB,2 ;Switches ON ch3's relay
RETURN

BSF PORTB,3 ;Switches ON chd's relay
RETURN

EEE AR ATERT R RRE TR AR AR AT AR I AT R

i
i BRELAY OFF TABLE

Rt

i

RLY OFF_TBL MOVF CH_NO,W

ADDWE PCL,F

BCF PORTB,0 ;Switches CFF chl's
relay

RETURN

BCF PORTB,1 ;Switches OFF ch2's
relay

RETURN

BCF PORTB,2 ;Switches OFF ch3's
relay
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00%E
009F

00A0

00A1
00a2
00A3
00n4
00AS
00a6
00a7
00A8
00A9
00RA
00AB

00AC

00AD
00AE
00RAF
0080
0081
0082

0083

0008
1186

0008

0818
0782
0008
3400
3410
3420

3430

00326
00327

00328
00329
00330
00331

00332

00333

00334
00335
00336
00337

00338
00339
00340

00341
00342
00343
00344
00345

00346
00347
00348
00349
00350
00351
00352
00353
00354
00355
00356
00357
00358
00359
00360
00361
00362
00363
00364
00365
00366

00367
00368

00369

00370

00371

00372

00373

00374

RETURN
BCF PORTB,3 ;Switches OFF chd4's
relay
RETURN

PR ARX IR ERA T AR AX AR RATRXARRARR

# This sub routine is used to take
channel/user number and it also finds
the staring

: address of ch's/user's password
stored in EEPROM using Lookup table
and places it

; in EEADDR TEMP. This address will be
used by COPY_TO RAM subreutine.

AR EREARERIERH IR E R IR AR R RN T hR

GET_CH_NO CALL KEY_SCAN ;Ch/user
no ==>w

MOVWE CH NO ;[W] --> CH_NO

XORLW 0X00

BTFSC STATUS,2 :Is entered key is
0?2

GOTO WRNG_ENTRY ;If yes WRNG ENTRY
MOVE CH_NO,W ;If no CH NO -->H
SUBLW 0X04 ;Is entered key > 4 ?
BTFSS STATUS,C

GOTO WRNG_ENTRY ;If YES goto
WRNG_ENTRY

CALL EEADDR LOOKUP ;If no CALL
EERDDR look up table

MOVWE EEADDR_TEMP ; [W]
-->EEADDR_TEMP

RETURN

B e e

; LOOK UP TABLE FOR EEADDRESS

: This Lookup table returns the staring
address of the ch's/user's password
in

; EEPROM data memory when the channel/
user number is passed into it.

FERREARARE AR AR R AR AR AR R R

EEADDR_LOOKUP MOVF CH_NC,W
ADDWF PCL,F

RETURN

RETLW 0X00 ;Starting address of
chl's Passward

RETLW O0X10 ;Starting address of
ch2's Passward

RETLW 0X20 ;Starting address of
ch3's Passward

RETLW 0X30 ;Starting address of
chd's Passward

FERKERREREARRRRRRRER TR R AR RRRAR R R AR AR

; SUBROUTINE TO VERIFY PASSWARD

H

i This subroutine copies the passward

saved in EEEROM into RAM_BUF1 then

reads the

; passward digits entered by the user
and stores into RAM BUF2 then
compares

; RAM BUF1 with RAM BUF? digit by
digit,

7 Returns to the called program if the
match occures for all the digits. On
mismatch it

i gives an long error beep and
decrements the NO OF ATTEMPTS by one.
if

i NO_OF ATTEMPTS == 0 switches the
code lock into alarm mode. and
further

: key presses will be ignored.The
codelock comes to the normal working
after 1 minute.

00B4
00BS
00B6
00B7
0088
0089
00BA

00BB
00BC

00BD
00BE
00BF
00co
ooc1

ogc2
00Cc3

00c4

00¢5
ooce
00c?
oocs
00cy
ooca
00CB

ooce
0oco

00CE
00CF

0000
0001
oop2
00D3
00D4
00D5
ment
00D6
0007
00D8

00D9

00DA
00DB

00D
00DD

00DE
00DF

20EB
3030
3ECF
0084
0800
0024
0095

3040
0084

2033
0080
3c09
1C03
2831

OAE4
0BS5S

28ED

3030
0093
3040
0094
0824
0095
0813

0084
0800

0096
0814

0084
0816
0600
1p03
28DA
0A%3
0A94
0B95
28CB

0008

2172
0897

2826
1585

1A05
28EA

00375
00376
00377

00378
00379
00380

00381
00382
00383
00384
00385

00386

00387
00388
00389
00330

00391
00332
00323

00334

00335
00396

00337

00338
00399
00400

00401
00402
00403

00404
00405

00406
00407

00408
00409

00410
00411

00412
00413
00414
00415
00416
00417
00418
00419
00420
00421
00422
00423
00424
00425

00426
00427

00428
00429

i NOTE:the NO OF ATTEMPTS will not be
; decremented if the jumper is placed
} between RA4 and Gnd and hence will

not switch into the alarm mode.
'-*liitl!l'it!tlrl!iitliltttliﬁlt*tttlit

VREY_PASWD CALL COPY TO RAM ;Call
COPY_TO_RAM sub routine

MOVLH RAM BUF1

ADDLW OXOF ;Initialize FSR to
MOVWE FSR ;the end of RAM BUF1
MOVE INDF,W ;[INDF] -->W

MOVWE NO_OF DIGITS ;[W]

-->NO_OF DIGITS

MOVWE DIGIT COUNT ; [W]
-->DIGIT_COUNT

MOVLW RAM BUFZ ;Initialise FSR to
MOVWF FSR ;the starting of RAM BUF2

SCAN_NXT BYTE CALL KEY SCAN ;Call
scan key routine

MOVWE INDF; [W]-->INDF

SUBLW 0X09

BTFSS STATUS,C ;Is L/U or CHG key
pressed ?

GOTO WRNG_ENTRY ;If yes goto
WENG_ENTRY

INCF FSR,F ;Increment FSR by 1
DECFSZ DIGIT COUNT,F ;Decrement
DIGIT COUNT by one,is it 02

GOTO SCAN NXT BYTE ;If no go back to
SCAN_NXT BYTE

COMPARE MOVLW RAM BUF1

;FAM BUFL pointer initialisstion
MOVWF RAM_BUF1_PNT

MOVLNW RAM_BUFE

MOVWE RAM BUF2_PNT ;RAM BUF2
pointer initialisation

MOVF NO_OF DIGITS,W

MOVWE DIGIT COUNT

i [NO_OF DIGITS] =-=-> DIGIT_COUNT

COMP_CONT MOVF RAM BUF1_PNT,W

i [RAM_BUF1_PNT] -->W

MOVWE FSR ; [W]-—>FSR

MOVE INDE,W ;passward digit —> w
reg 1 by 1

MOVWE PSD_DIGIT ;([W] -->BSD_DIGIT
MOVE RAM BUF2_PNT,W

i [RAM_BUF2_PNT] -—>W

MOVWE FSR; (W]-->FSR

MOVE  PSD_DIGIT,W ;[PSD_DIGIT] -->W
XORWE INDF,W ;([W] xor [RAM BUF2]
-->W

BTFSS STATUS,2 ;Is 2==1 ?

GOTO WARN ;If no goto WARN

INCF RAM BUF1_PENT,F ;If yes incre-

RAM_BUF1_PNT by 1

INCF RAM BUF2_PNT,F ;Increment

REM BUF2_PNT by 1

DECFSZ DIGIT COUNT,F ;Decrement
DIGIT COUNT by 1, is it 0 ?

GOTO COMP_CONT :If no goto compare
nxt digit

RETURN; If yes Return back

WARN CALL LONG_BEEP ;Make a long
beep

DECFSZ NO_OF_ATTEMPTS, F;Decrement
NO_OF_ATTEMPTS,is it D ?

GOTO BEGIN ;If no goto BEGIN
ALARM BSF PORTA,3 ;Switch ON the
buzzer

BTFSC PORTA,4 ;Is the jumper placed?
GOTO LATCH ALARM ;If not goto

latch alarm

PIC16F84-Based Coded Device Switching System



00EOQ
00E1
00E2
00E3
00E4

00ES
00E6

00E7
00E8

00E9

00EA

00EB
00EB

00EC

00ED
00EE

00EF
00F0
00F1
00F2
00F3
00F4
00F5
00F6
00F7
00F8
00F9

00FA

1108
1688
3006
0043
30c8

00a2
303F

0081
1788

28E9

2BEA

3030

0084

3010
0095

0819

0089

00430
00431
00432

00433

00434

00435

00436

00437
00438
00439

00440

00441
00442
00443

00444
00445

00446
00447
00448
00449

00450
00451

00452
00453

00454
00455
00456
00457
00458

00459
00460
00461
00462

00463

00464
00465

00466

00467
00468
00469

00470
00471
00472
00473
00474
00475
00476

00477

00478
00479
00480
00481
00482
00483
00484

00485

i If yes auto reset after 1 min

;!tf‘?ttt!nttfrtt!R!“ttt!'k'ttt'!!!ttl

7 program now inactivates the codelock
for 1 minute

7 Inin = luS({instuction cycle) x
256 (prescalar count) x(195)tmr0
counts x200 x6

; count to be loaded in TMRO = (256
-195) +2 =H'3F"

; 2 is added pecause after moving a
value to TMRO reg the actual

7 incremetation of TMRO delays by 2
TMRO clock cycles.

ONE_MIN_DEL BCF INTCON,TOIF ;Clear
TMRO interrupt flag

BSF INTCON,TOIE ;Enable TMRO
interrupt feature

MOVLW 0X06 ;Count for one minute
MOVWF ONE_MIN_CNT

MOVLW 0XC8 ;Count required to cbtain
10s delay

MOVWF TEN_SEC_CNT

MOVIW O0X3F ;Count required to
obtain 50ms delay

MOVWE TMRO

BSF INTCON,GIE

INFI_LOOP GOTO INFI_LOOP ;Simply
loop here until 1 min

; The program control comes here only
if the jumper is not placed.(see
ckt dia)

LATCH_ALARM GOTO LATCH_ALARM
+Simply lopp here until manual reset
; by power interruption.

PEREEERARARARE R SRR AR R RA R R AR A

+ ROUTINE TO COPY EEPROM CONTENT
TO RAM
PREEEEIETER R EEAE AT EA AR HEAERHE A

COPY_TO RAM
MOVLWRAM BUF1 ;Initialize FSR to
the

MOVWE FSR ;Staring address of
RAM_BUF1

MOVLW D'l6'

MOVWE DIGIT_COUNT ;NO_OF_DIGITS
= 16 digits

MOVF EEADDR TEMP,W

+ [EERDDR TEMP] -=> W

MOVWF EEADR; [W] -->EEADR

COPY_NXT BYTE BSF STATUS,RPO
;Select bankl

BSF EECONL,RD ;Enable Read mode
BCF STATUS,RP0 :Select bank(
MOVF EEDATA,W ; [EEDATA]-->w
MOVWE INDF ; [W]-->INDF

INCF FSR,F :Increment FSR by 1
INCF EEADR,F ;Increment EEADR by 1
DECFSZ DIGIT COUNT,F ;Decrement
DIGIT COUNT by 1,is it 0 2

GOTO COPY NXT BYTE ;If no goto
COPY_NXT_BYTE

RETURN; If yes return

;ttttiltrtttttt"'l’ttltt*tti*ittl'tt*t

7 ROUTINE TO CHG PASSWARD

i

7 The program control comes here when
you press CHG key.First this
subroutine asks

; for channel no then cld passward if

Microcontroller-Based Projects

00FB
00FC
00FD
00FE

00FF
0100

0101
0102
0103
0104
0105
0106
0107
0108
0109
010a
0108
oLoc
010D
010E
010F
0110
0111

0112
0113
2

0114
0115

0116
0117

201
20B4
217D
3003

0097
3040

0084
01n4
2033
0080
0092
3A0A
1903
2831
0812
3A0B
1903
2910
0AR4
0RB4
2903
0824
0095

3c03
1803

2831

0824

3CoF
1C03

digits?

0118
0119

0L1A
011B

011C
011D
OL1E
0L1F
0120
0121
0122

0123

2831
2178

3030
0084

2033
0080
3C09
1C03
2831
0AB4
0B95

291C

00486

00487 ;

00488
00489
00490
00491
00492
00493
00494

00495
00496

00497

00498
00499
00500

00501
00502
00503
00504
00505

00506
00507
00508
00509
00510

00511
00512

00513
00514

00515

00516
00517

00518
00519

00520
00521

00522
00523
00524
00525
00526
00527
00528
00529
00530
00531
00532
00533
00534

00535

i

’

P

the entered information is correct,
it takes the

new passward.then again takes the new
passvard for confirmation. on
confirmation

on confirmation success cld pasward
will be replaced by the new passward.
On

confirmation error the old passward
will not be altered.

B

CHG_PSWD CALL GET CH NO ;Get the
user/channel no

CALL VRFY_PASHD ;Veryfy the old
passward

CALL BEEP_THRICE ;Beep thrice on
verificatin success

MOVLW 0X03 ;Reset NO_OF ATTEMPTS
to 3

MOVWE NO_OF_ATTEMPTS

MOVLW RAM BUF2 ;Initialise FSR to
the

MOVWE FSR ;Starting address of
RAM_BUF2

CLRF NO_OF DIGITS ;NO_OF DIGITS=0

GET_NXT BYTE CALL KEY SCAN ;Call
key scan routine

MOVWF  INDF; [W] -->INDF

MOVWF KB_TEMP ;W] --> KB_TEMP
XORLW 0X0A

BTFSC STATUS,Z ;Is L/U key pressed ?
GOTO WRNG_ENTRY ;If yes goto
WRNG_ENTRY

MOVF KB_TEMP,W ;If no KB_TEMP-->W
XORLW 0X0B

BTFSC STATUS,Z ;Is CHG key pressed ?
GOTO PROCEDE ;If yes goto PROCEDE
INCF NO_OF DIGITS,F ;If no increment
NO_OF DIGITS by 1

INCF FSR,F ;Increment FSR by 1
GOTO GET NXT BYTE ;Goto
GET_NXT_BYTE

PROCEDE MOVF NO_OF DIGITS,W ;[NO
OF DIGITS] -->W

MOVWF DIGIT_COUNT ; (W]
-->DIGIT_COUNT

SUBLW 0X03 ;Is new password

BTFSC STATUS,C ;contains < 4 digits

GOTO WRNG_ENTRY ;If yes goto
WRNG_ENTRY

MOVF NO_OF DIGITS,W ;If no W

--> NO_OF_DIGITS

SUBLW D'15' ;Is new password

BTFSS STATUS,C :contains --> >15

GOTO WRNG_ENTRY ;If yes goto
WRNG_ENTRY

CALL BEEP_TWICE :If no beep twice
MOVLY RAM BUF1 ;Initialise FSR to the
MOVWE FSR ;starting address of
RAM_BUF1

GET_NXT BYTE2 CALL EKEY SCAN ;Call
scan key rcutine

MOVWE  INDF: [W] -->INDF

SUBLR 0X09 ;[RW] - 0x09 -->W
BTESS STATUS,C :Is L/U key is
pressed ?

GOTO WRNG_ENTRY :If yes goto
WRNG_ENTRY

INCF FSR,F ;If no increment FSR
by 1

DECFSZ DIGIT_COUNT,F ;Decrement
DIGIT COUNT by 1,is it 0 ?

GOTO GET_NXT BYTE2 ;If yes goto
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GET_NXT BYTE2 0156 0BS5S 00591 DECFSZ DIGIT COUNT,F ;Decrement
00536 DIGIT COUNT byl ,is it 0 ?
0124 3030 00537 MOVLW RAM BUF1 ;RAM BUF1_PNT 0157 2945 00592 GOTO WR EEPROM ;If NO go to write
initialisation next digit.
0125 0093 00538 MOVWF RAM_BUF1_PNT 0158 1683 00593 BSF STATUS,RPO0 ;If yes select bank0
0126 3040 00539 MOVLW RAM_BUFZ ;RAM BUF2_PNT 0159 1108 00594 BCF EECON1,WREN ;Dissable Write mode
initialisation 0153 1283 00595 BCF STATUS,RP0 ;Select bank0
0127 0094 00540 MOVWF RAM_BUF2_PNT 0158 217D 00596 CALL BEEP_THRICE ;Beep thrice
0128 0824 00541 MOVF NO_OF DIGITS,W ;[No of digits] 015C 2826 00597 GOTO BEGIN ;Goto BEGIN
=50 00598
0129 0095 00542  MOVWF DIGIT_COUNT ; [W] 015D 2172 00599 CONFRM ERR CALL LONG_BEEP ;Give a
~-=>DIGIT_COUNT lcng beep on confirm Error
00543 015E 2826 00600 GOTO BEGIN ;Goto BEGIN
0123 0813 00544 CONFRM_PSD MOVF RAM BUF1 _PNT,W 00601
012B 0084 00545 MOVWF FSR ;[RAM BUF1_PNT] -->FSR 00602
012C 0800 00546 MOVFE INDF,W ;[RAM BUFL]-->W 00603 ;rrtskbhbhakasmrtanredhrbhhhbhnbrbssss
012D 0096 00547 MOVWF PSD_DIGIT ;[W]-->ESD DIGIT 00604 ; DELAY SUBROUTINE FOR BUZZER ON
012E 0814 00548 MOVF RAM BUF2_PNT,W BND OFF TIME
;[RAM_BUE‘Z_FNT! ..-)w 00605 ‘viiti*tkitt*tittt*tit*txiiiil’tl’t*ttti1
012F 0084 00549 MOVWE FS5R; [W]-->FSR 015F 0821 00606 BUZ_DELAY MOVF BUZ_DEL CNT,W
0130 0816 00550 MOVF PSD DIGIT,W ;[PSD_DIGIT] -->W 0160 00€C 00607 MOVWF DEL_COUNT1
0131 0200 00551 SUBWF 1INDF,W ;[W]-[RAM BUF2]-->W 0161 3040 00608 BUZ_LOOP1 MOVIW 0X40
0132 1D03 00552 BTFSS STATUS,Z ;Is 0162 008D 00609  MOVWF DEL_COUNT2
[RAM_BUF1]==[RAM BUF2] 2 0163 30FE 00610 BUZ_LOOP2 MOVLW OXFE
0133 295D 00553 GOTO CONFRM_ERR ;If no goto 0164 00SE 00611 MOVWF DEL_COUNT3
CONFRM _ERR 0165 O0BEE 00612 BUZ_LOOP3 DECFSZ DEL_COUNT3,F
0134 0R93 00554 INCE RAM BUF1 ENT,F ;If yes 0166 29€5 00613 GOTO BUZ_LOOP3
increment RAM BUF1_PNT by 1 0167 0BED 00614 DECFSZ DEL _COUNTZ,F
0135 0R9%4 00555 INCF RAM BUF2_PNT,F ;Increment 0168 29€3 00615 GOTO BUZ_LOOP2
RAM_BUF2_PNT by 1 0169 0BEC 00616 DECFSZ DEL_COUNTI,F
0136 0B95 00556 DECFSZ DIGIT_COUNT,F ;Decrement 0162 2961 00617 GOTO BUZ_LOOP1
DIGIT_COUNT by 1,is it 02 016B 0008 00618 RETURN
0137 292A 00557 GOTO CONFRM_PSD ;If no goto DUGLY. FAEREARRERL AR AR ESREREALL ARSLEERE NN LRSS
CONFRM_PSD 00620 ; SUBROUTINES TO SOUND BUZZIER
0133 3{)4“ 00558 MOVLW RAM_BUFZ ;If YE5 palnt to the 00621 ;tiii*tl’tit*titt**ilti*tl"iititt*il’tt'
0139 3EOF 00559  ADDLW OXOF ;end of RAM_BUF2 00622
013a 0084 00560 MOVWF FSR 016C 3001 00623  SHORT BEEP MOVIW 0X01 ;Subroutine
0138 0824 00561  MOVF NO_OF DIGITS,W ;Store the no of to produce a short beep
digits 016D 00A1 00624 MOVWF BUZ_DEL CNT
013c 0080 00562 MOVWF INDF ;in the password at the 016E 1585 00625 BSF PORTA,3
end of 016F 21S5F 00626 CALL BUZ_DELAY
013D 3040 00563 MOVLW RAM BUF2 ;RAM BUF2 0170 1185 00627 BCF PORTA,3
013E 0084 00564 MOVWF FSR 0171 0o0C8 00628  RETURN
00565 00629
013F 3010 00566 START_EE WR MOVLW D'l6' ;No of 0172 300A 00630 LONG BEEP MOVLW OXOA ;Subroutine
bytes to write = 16 to produce a long beep
0140 0095 00567 MOVWF DIGIT_COUNT 0173 0021 00631 MOVWF BUZ_DEL CNT
0141 0819 00568 MOVE EEADDR TEMP,W ;Set initial 0174 1585 00632 BSF PORTA,3
EEPROM address 0175 215F 00633 CALL BUZ_DELAY
0142 0089 00569 MOVWF EEADR 0176 1185 00634 BCF PORTA, 3
0143 1283 00570 BCF STATUS,RPD ;Select bank0 0177 008 00635 RETURN
0144 1388 00571 BCF INTCON,GIE ;Dissable all 00636
interrupts 0178 3005 00637 BEEP_TWICE MOVLW 0X05
00572 0179 0021 00638  MOVWF BUZ_DEL_CNT
0145 0800 00573  WR_EEPROM MOVF INDF,W ;[INDF] 017A 215F 00639 CALL BUZ_DELAY
-=> W 0178 3002 00640 MOVLW 0X02 ;Subroutine to produce
0146 0088 00574 MOVWF EEDATA ;W -->EEDATA 2 short beeps
0147 1683 00575 BSF STATUS,RP0 ;Select bankl 017c 2982 00641 GOTO BEEP NOW
0148 1508 00576 BSF EECON1,WREN ;Enable write mode 00642
0149 3055 00577 MOVLW O0X55 017D 3005 00643 BEEP_THRICE MOVLW 0X05
014a 0089 00578 MOVWE EECON2 ;H'55' must be written 017E 0021 00644 MOVWF BUZ_DEL_CNT
to eeconl 017F 215F 00645 CALL BUZ_DELAY
014B 30AA 00579 MOVLW OXAA ;to start write sequence | 0180 3003 00646  MOVLW 0X03 ;Subroutine to produce 3
014C 0089 00580 MOVWE EECON2 ;followed by H'AA' short beeps
014D 1488 00581 BSF EECON1,WR ;Set WR bit to start 0181 2982 00647 GOTO BEEP_NOW
writing 00648
00582 0182 0020 00649 BEEP NOW MOVWE NO OF BEEPS
014E 1EO08 00583  POLL_EEIF BTFSS EECON1,EEIF ;Is 0183 3004 00650 BEEP AGAIN MOVIW 0X04
write complete ? 0184 0021 00651 MOVWF BUZ_DEL CNT
014F 294E 00584 GOTO POLL_EEIF ;If no goto POLL_EEIF 0185 215F 00652 CALL BUZ_DELAY
0150 1208 00585 BCF EECON1,EEIF ;If yes clear EEIF 0186 216C 00653  CALL SHORT_BEEP
bit 0187 0B20 00654 DECFSZ NO_OF BEEPS,F
0151 1988 00586 BTFSC EECONL,WRERR ;Is WRERR is set? 0188 29€3 00655 GOTO BEEP_AGAIN
0152 2945 00587 GOTO WR_EEEROM ;If set write again 0189 008 00656 RETURN
0153 0A84 00588 INCF FSR,F ;Increment FSR by 1 00657
0154 1283 00589 BCF STATUS,RP0 ;Select bank0 00658 END :The progam ends here
0155 0A89 00590 INCF EEADR,F ;Increment EEADR by 1
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SEGURED ROOM ACCESS SYSTEM

m ASHAY MATHUR

ecurity is a prime concern in our day-to-day life. And access control system forms a vital link in a security

chain. The microcontroller-based digital lock presented here is an access control system that allows only

authorised persons to access a restricted area. When someone tries to enter the restricted area by entering
invalid passwords continuously, the system locks itself and can be unlocked only by the master user.

The system comprises a small electronic unit with a numeric keypad, which is fixed outside the entry door to
control a solenoid-operated lock. When an authorised person enters a predetermined number (password) via the
keypad, the relay energises for a limited time to unlock the solenoid-operated lock, so door can be pushed/pulled
open. At the end of the preset delay, the relay de-energises and the door gets locked again. A prompt message is
displayed on the LCD module.

Circuit description

The system uses a compact circuitry built around AVR microcontroller ATmega8535. The ATmega8535 is a low-
power CMOS 8-bit microcontroller based on the AVR-enhanced RISC architecture. It provides the following
features: 8 kB of in-system programmable Flash memory with read-while-write capabilities, 512-byte EEPROM,

/c D1-D6 = 1N4007

S1 X1
ONJOFF
SWITCH
230V QuT i
|
L ST
‘ se Li.] NO
i ON/OFF 47002 |
SWITCH
S b o o, piED! D6 "ﬁc
X1 =230V AC NiMH = POWER m ALY
PRIMARY TO 0-8V, 500mA BATT. I' BC5438
SECONDARY TRANSFORMER . &
J—? c2 _L T 2o
0.1p— I 1K g [e]
5 4 o
R8
ol 53 47K
CONTRAST o o 5 IC3
Am EE S 9 1030 a2 PAO M;IT"’E
40
A | | 12 PD7 L I 2 |
ce %aﬂﬁz o =
{ }22p 3 0 PD6
PCa
o 19| P05
PCS IC2
pcs| ATMEGA 18/
po7|® 8535 i) Pos X %’ o+ X7 ¥ .,.R,.“, HOWid
S A7 29 516 S17 S18 5519
%100:1 Peolse PD2 97 y y y
PC1 18 $12 391513 3, S14 4 2515 ROWS
23 15 PD1 Sy y y ROW
Pe2|. . Y+Sa %39 4510 yésu “W"_‘ w2
PC3 14| PRO VLT 2 . AT v rows
vo | pa| ps| b6 | 07 [Rs|rRwEN = i ot o s oot
12 3 11 12 13 14 4 5 6 A1 - 10K
16 16x2 AL1 =5V, 1C/O RELAY
—115 LCD MODULE —
= *REFER TEXT

Fig. 1: Secured Room Access System
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Fig. 2: A single-side, actual-size PCB layout for secured room access system
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512-byte SRAM, 32 general purpose 1/0
lines, 32 general-purpose working registers,
three flexible timer/counters with compare
modes, and internal and external interrupts.
'The built-in power-on-reset circuitry of the
microcontroller eliminates the need for ex-
ternal power-on-reset circuit.

Switch S3 is used to reset the system,
which is accessible only to the master user.
Port D (PDO through PD7) is interfaced
with the numeric keypad. Port C is inter-
faced with a 16-x2-line LCD. Four pins
(PC4 through PC7) of Port C are used as
data lines for the LCD module and three
lines (PCO through PC2) are used for con-
trolling the LCD. Pin 40 (PAO) of port A is
connected to the relay driver circuit through
optocoupler MCT2E (IC3) and transistor
by

When port pin PAO goes high, the
internal transistor of IC3 drives transistor
T1 into saturation and relay RL1 energises.
As the solenoid valve is connected through
normally-closed (N/C) contact of the relay,
the solenoid coil de-energises and the gate
is locked. An 8MHz crystal is used with
two 22pF capacitors for providing clock.
Preset VR1 is used to adjust the contrast of
the LCD.

The 230V, 50Hz AC mains is stepped
down by transformer X1 to deliver a second-
ary output of 9V, 500 mA. The transformer
output is rectified by a full-wave bridge
rectifier comprising diodes D1 through D4,
filtered by capacitor C1 and regulated by IC
7806 (IC1). Use adequate heat-sink for 7806
as the solenoid draws a high current. LED1
glows when power is ‘on’ and resistor R6 acts
as the current limiter.

A 16-key numeric keypad for password
entry is connected to the microcontroller.
'The keypad is also used for password change
and application of master password when
required. To economise the use of I/O pins,
we have used here only eight pins for scan-
ning and sensing 16 keys.

The keypad is arranged in a 4x4 matrix.
‘There are four scan lines/pins, which are set

in output mode, and four sense keys, which are used as input lines to the microcontroller.
At a small time interval, the microcontroller sets one of the four scan lines as low and the other three scan
lines as high. Then it checks for the status of sense lines one by one at the intersection of a specific scan line and
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sense line to find out if any key has been pressed.
Similarly, after a small time interval, the next scan line is made low

PARTS LIST

L s Z = Sr.’mi(mtdm.’fm'.’

and remaining three scan lines are taken high, and again all three sense 1C1 - 7806 6V regulator
lines are checked for low level. This way the microcontroller checks 1C2 = ATm832353g AVR

. . microcontroller
which of the 16 k_eys is pressed. ' - 1C3 - MCT2E optocoupler

Due to the high speed of the microcontroller, the status of differ- T4 - BC548 npn transistor
ent keys is checked in less than 100 ms and a key press is detected and D1-Dé - IN4007 rectifier diode
identified. As the keys are pressed manually by the user, this delay of LED1 = Smm light-emitting diode
100 ms is not noticeable. The net result is that you save on I/O pins of {;‘f’i{‘:‘” (all ‘%"“’““’135&‘.’1""’1’}‘1’”)-'
the microcontroller by sacrificing almost nothing. - RS i l—l;.ﬂo?c-)ﬁmm

When a person wants to enter the room, he enters the 6-digit Ré - 470-chm
password, say 123456.”If the password matches successfully, the gate is R7 - 100-ohm
unlocked for 15 seconds. VR - 10-kilo-ohm preset

Capacitors:

If you want t? change! the user pass.word (123456) and enter the Ct - 10004F, 25V electrolytic
master password 291279," the system will ask you to change the user ¢ - 0.1F ceramic disk
password. On successfully entering the password, pin A0 of port A C3,C4 - 22pF ceramic disk

becomes high for 15 seconds, because of which transistor T1 starts Miscellaneous:

conducting through the emitter of the optocoupler and the relay ener- X1 - 230V AC primary to 9V,

gises. The connection between the solenoid lock and the power supply frg?]zg_;f:fndary
is broken and the door is unlocked for 15 seconds. 51,52 - On/off switch

An actual-size, single-side PCB for secured room access system S53-519 - push-to-on tactile switch

. . . . . . . e, - 8 MHz crystal
(Fig. 1) is shown in Fig. 2 and its component layout in Fig. 3. _P - 6V,1C/O relay
Batt. - 4.8 volt rechargeable
battery
SDﬂWare - LCD module 16 X 2 line
2 s ; T - 6vol d solenoid
The software for the AVR microcontroller is written in ‘C’ language and Io‘cE e

compiled using Code Vision AVR ‘C’ compiler. Since this compiler does
not have library functions for the keypad, place kbd.h’ file in the INC
folder of the installation folder and ‘kbd.lib’in the LIB folder of ‘cvavr’ folder. This file is included in the program
and the same can be used.
Download source code: http://www.cfymag.com/admin/issuepdf/Access%20Control.zip

SOURCE PROGRAM

#asm led gotoxy (5+i,1);

.equ _ lcd port=0xl5 Icod puts£(™*7); itt:}

fendasm ) while (i<®);

eeprom long int pass_store= 123456, master_ password= delay ms (100);

291279; pass value=pass[5]+ 10*pass[4]+ 100*pass([3]+

#include <mega8535.h> 1000*pass[2]+ 10000*pass[1l]+ 100000*pass([0];
#include <lcd.h> |

#include <stdio.h> void pass_change ()
#include <delay.h> {
#include <kbd.h> lcd clear(); lcd gotoxy(0,0):;

#define relay PORTA.D lcd putsf ("Enter New %);
led _gotoxy(0,1);

Int Gk, Fail=0; lcd_putsf (“Password:”):

long int id_value, pass_value, pass[6]; delay_ms (50); k=0;
bit match=0; do{
void password () delay ms(50) ;

{i=0; while(!kbd_read()) (}
do{ i=kbd_read() ;

delay ms (50) ; if (j<11)

while(!kbd read()){} {if (j==10) j=0;
j=kbd_read() ; pass[k]=j;

if (§<11) ket

{if (j==10) §=0; pass[i]l=]:

Microcontroller-Based Projects

led gotoxy(9+k,1);

49



led putsE(t*4)G)

} while (k<6) ;
pass_value=pass[5]+ 10*pass[4]+ 100*pass[3]+
1000*pass([2]+ 10000*pass[1]+ 100000*pass[0];
pass_store=pass_value;

id value=pass_store;
delay ms (100);

if (pass_value==id value) {lcd_clear():
led_putsf ("Password changed”);}
else {lecd clear();

led putsf (“VWerify failed”);}
delay ms (300);}

void unlock()

{

:elay=~relay;lcd_clear();
led_gotoxy(1l,0);

lcd_putsf (“Door Unlocked”) ;
lcd gotoxy(2,1);

led_putsf (“Please enter”):
delay ms (300);

for (k=0;k<20; k++)
{led_clear();

delay ms (50);
lcd_gotoxy(1,0);

led _putsf (“Door Unlocked”) ;
led_gotoxy(2,1):

led putsf (“Please enter”);
delay ms (50):}

relay=~relay; return;

I

void main ()

{

PORTA=0x00;

DDRA=0xFF;

kbd_init ();

led_init (16):

lcd_clear():

lcd gotoxy(4,0);

lcd_putsf (“Welcome!”) ;
delay ms (100) ;

labell: lecd clear():

lcd gotoxy(1,0);

lcd putsf (“Enter Password:”);

delay_ms (50) ;
password() ;
if (pass_value==pass_store) {
match=1;
}
else if (pass_value==master password) ({
match=1;
pass_change () ;
match=0;
fail=0;
goto labell;
}
else {match=0;
}
if (match==1)
{
match=0;
fail=0;
delay ms(100);
unlock() ;
goto labell;
}
else
{
lecd_clear();
lcd_putsf(“Invalid Password”):
match=0;
fail=fail+l;
delay ms (200);
if (fail==3)
{
lcd_cleart);
lcd_gotoxy(1,0);
lcd putsf(“Contact System “);
led gotoxy(1,1);
led putsf (“Administrator”);
1
else
{
goto labell;
}
}
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RFID-BASED SEGURITY SYSTEM

m BIKRAMJEET WARAICH

radio-frequency identification (RFID) based access-control system allows only authorised persons to enter
a particular area of an establishment. The authorised persons are provided with unique tags, using which

they can access that area.

The system is based on microcontroller AT89C52 and comprises an
RFID module, an LCD module for displaying the status and a relay for
opening the door. Fig. 1 shows a user trying to open the door by placing
an RFID tag near the RFID reader.

Radio-frequency identification

You might be familiar with RFID systems as seen in access control, con-
tactless payment systems, product tracking and inventory control, etc.
Basically, an RFID system consists of three components: an antenna or
coil, a transceiver (with decoder) and a transponder (RF tag) electroni-
cally programmed with unique information.

Fig. 2 shows a typical RFID system. In every RFID system, the
transponder tags contain unique identifying information. This informa-
tion can be as little as a single binary bit or a large array of bits repre-
senting such things as an identity code, personal medical information
or literally any type of information that can be stored in digital binary
format.

The RFID transceiver communicates with a passive tag. Passive tags
have no power source of their own and instead derive power from the
incident electromagnetic field. Commonly, at the heart of each tag is
a microchip. When the tag enters the generated RF field, it is able to

draw enough power from the field to access its internal memory and Fig. 1: a user is trying to open the docr by plac-

transmit its stored information. When the transponder tag draws power ing an RFID tag near the RFID reader

in this way, the result-
ant interaction of the RF
fields causes the voltage at
the transceiver antenna to RFID READER

drop in value. This effect is D
e g N i B |

utilised by the tag to com-
municate its information ~ RECEIVED DATA TRANSCEIVER

to the reader. The tag is
able to control the amount P
of power drawn from the / <

field and by doing so it
can modulate the voltage
sensed at the transceiver
according to the bit pat-
tern it wishes to transmit.
Antenna. Fig. 3 shows
the internal diagram of a Fig.2:Atypical RFID system

MODULATED RF FIELD
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typical RFID antenna. An RFID antenna consists of a coil with one or more windings and a matching network.
It radiates the electromagnetic waves generated by the reader to activate the tag and read/write data from it.
Antennae are the conduits between the tag and the transceiver which control the system’s data acquisition
and communication. These are available in a variety of shapes and sizes. Often, the antenna is packaged with the
transceiver and decoder to become a reader, which can be configured either as a handheld or a fixed-mount device.
The reader emits radio waves in ranges of anywhere from 2.54 cm (one inch) to 30 metres or more, depending
upon its power output and the radio frequency used. When an RFID tag passes through the electromagnetic zone,
it detects the reader’s activation signal. The reader decodes the data encoded in the tag’s integrated circuit (silicon
chip) and the data is passed to the host computer for processing.
Tags (transponders). Fig. 4 shows the internal structure of a typical RFID tag. An RFID tag comprises a micro-
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WIRE
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CHIP
PAD
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MATERIAL

CHIP

L
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chip containing identifying
information and an anten-
na that transmits this data
wirelessly to the reader.
At its most basic, the chip
will contain a serialised
identifier, or licence plate
number, that uniquely
identifies that item, similar
to the way many bar codes
are used today.

There are three types
of tags: active, passive and
semi-passive.
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Fig. 5: Circuit of the RFID-based security system

52

RFID-Based Security System




Passive tags have |
no internal power
source. These draw
their power from
the electromagnetic
field generated by the
RFID reader and then
the microchip can
send back information
on the same wave.
The reading range is
limited when using
passive tags.

Active transpond-
ers have their own
transmitters and pow- O
er source, usually in

the form of a small !
battery. These remain Fig.6: An actual-size, single-side PCB for the RFID-based security system

in a low-power ‘idle’

state until they detect

; RFID BASED SECURITY SYSTEM = ey
the presence of the O e oo Ioooooooooooooooﬂ O
RF field being sent J1-J2=JUMPER UIRE 4
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the tag leaves the area . oo

of the reader, it again

powers down to its XTAL
idle state to conserve ¥, 5 |
its battery. As a re-
sult, active tags can be
detected at a greater
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range than passive 38 (| o — p
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only the microchip.

These have no trans-
mitter. They rely on
altering the RF field
from the transceiver to transmit their data.

There are three ways for data encoding into tags:

1. Read-only tags contain data, which is pre-written onto them by the tag manufacturer or distributor.

2. Write-once tags enable a user to write data to the tag one time in production or distribution processes.

3. Full read-write tags allow new data to be written to the tag as needed and later other data can be rewritten
over the original data.

RF transceiver. The RF transceiver is the source of the RF energy used to activate and power the passive
RFID tags. It may be enclosed in the same cabinet as the reader or it may be a separate piece of equipment. When
provided as a separate piece of equipment, the transceiver is commonly referred to as an RF module. The RF
transceiver controls and modulates the radio frequencies that the antenna transmits and receives. The transceiver
filters and amplifies the back-scatter signal from a passive RFID tag.

Fig. 7: Component layout for the PCB
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Circuit description PARTS LIST
o
Fig. 5 shows the circuit of the RFID-based security system. The compact 'Isglrwn e - ATS9C52 microcontroller
circuitry is built around Atmel AT89C52 microcontroller. The AT89C52 ¢, - 7812, 12V regulator
is a low-power, high-performance CMOS 8-bit microcomputer with 8 13 - 7805, 5V regulator
kB of Flash programmable and erasable read-only memory (PEROM).It 1C4 - RFID reader module
has 256 bytes of RAM, 32 input/output (I/O) lines, three 16-bit timers/ T1 - BC558 pp transistor
counters, a six-vector two-level interrupt architecture, a full-duplex serial EZ . K B§5377npn Frﬁans:js‘n:;-
port, an on-chip oscillator and clock circuitry. The system clock also plays k- S OUE eeticr dioele
ionif e ) il ; 11 " LED1-LED3 - 5mm LED
a significant role in operation ol the microcontroller. ) LCD ~ 16-character, 2-tine
.d AE ll'Oigzl?KIthquaftz CryStal ](-{On%eCted 1 plns 1.8 and _13 grg_ Resistors (ﬂ]] ‘V#-wﬂ!t, +50% carbon unless
vides basic clock to the microcontroller. Power-on reset is provided by /i superwice):
the combination of electrolytic capacitor C4 and resistor R1. Switch gy r7 e P
S1 is used for manual reset. Port pins P2.0 through P2.7 of the mi- R2,R3 - 330-ohm
crocontroller are connected to data port pins DO through D7 of the R4,RS - 1-kilo-ohm
LCD, respectively. Port pins P3.7 and P3.6 of the microcontroller are Ré - 33-ohm
connected to register-select (RS) and enable (E) pins of the LCD, Capacitors:
respectively. Read/write (R/W) pin of the LCD is grounded to enable €1 - 1000pF, 25V electrolytic
for write operation. C2,C3 - 0.1pF ceramic disk
e . ) s g C4 - 10pF, 16V electrolytic
All the data is sent to the LCD in ASCII format for display. Only g
: : : 4 C4,Cs5 - 22pF ceramic disk
the commands are sent in hex form. Register-select (RS) signal is used 1
s . scelianeous’
to distinguish between data (RS=1) and commapd (RS—O). I.’reset VR1 o - 230 AC primary to 15V,
is used to control the contrast of the LCD. Resistor R6 limits the cur- 5001aA secondcy
rent through the backlight of the LCD. Port pins P3.0 (R, ) and P3.1 ar e

(T,) of the microcontroller are used to interface with the RFID reader. 81 - Push-to-on switch

When an authorised person having the tag enters the RF field gen- X, - 11.0592MHz crystal
erated by the RFID reader, RF signal is generated by the RFID reader RL1 - 12V, 1C/O relay
to transmit energy to the tag and retrieve data from the tag. Then the F#! ) g;‘:;’g’:‘zz”
. . . - = a.g
RFID reader communicates through R, | and T, | pins of the microcon 1SV ioorlnie scisior

troller for further processing. Thus on identifying the authorised person,
port pin P3.2 goes high, transistor T2 drives into saturation, and relay
RL1 energises to open the door for the person. Simultaneously, the LCD shows “access granted” message and port
pin P1.7 drives piezobuzzer PZ1 via transistor T'1 for aural indication.

If the person is unauthorised, the LCD shows “access denied” and the door doesn’t open. LED2 and LED3
show presence of the tag in the RFID reader’s electromagnetic field.

To derive the power supply, the 230V, 50Hz AC mains is stepped down by transformer X1 to deliver a sec-
ondary output of 15V, 500 mA. The transformer output is rectified by a full-wave rectifier comprising diodes D1
through D4, filtered by capacitor C1 and regulated by ICs 7812 (IC2) and 7805 (IC3). Capacitor C2 bypasses the
ripples present in the regulated supply. LED1 acts as the power indicator and R2 limits the current through LED1.

An actual-size, single-side PCB for RFID-based security system is shown in Fig. 6 and its component layout in
Fig. 7. Assemble the circuit on a PCB as it minimises time and assembly errors. Carefully assemble the components
and double-check for any overlooked error.

Software

The software for this project is given at the end of this article. It is written in ‘C’ language and compiled using Keil
pVision4 compiler. The finally obtained “.hex’ code is burnt into the microcontroller using a suitable programmer.
The program is easy to understand.

Download source code: http://www.efymag.com/admin/issuepdf/RFID-Based-Security-System.zip

Note: The complete kit of this project is available with Kits'n'Spares.
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#include<reg51.h>
sbit RS=P3"7;
sbit EN=P3"6;

)
unknown () ;
DelayMs (2000) ;

sbit R=P3"2; // for relay bz=0;

sbit bz=P1~7; // Eor piezo buzzer DelayMs (2000) ;
void Rxmsg (void) ; bz=1;

void lecdinit (void) ; DelayMs (1000) ;
void lcdData(unsigned char 1); ledinit () ;

void lcdcmd (unsigned char k);
void DelayMs(unsigned int count);
void sucessRx(void);

void unknown(void) ;

volid display(unsigned char s, t);:
void welcome (void) ;

void main ()

{

unsigned char i=0;

unsigned int j=0;

unsigned char c¢[15];

DelayMs (100) ;
welcome () ¢

]

)

void sucessRx ()
{

unsigned int i=0;

unsigned char c[]="ACCESS GRANTED

lecdemd (0x01) ;
DelayMs (10) ;
lcdemd (0x80) ;

TMOD=0x20; // Configure the serial DelayMs (10) ;

port to 9600 baud rate while(c[i]!="\0")
TH1=0xFD; {

SCON=0X50; lcdData (c[1i]);
TR1=1; Aot

R=0; ]

ledinit () ;
welcome() ;

bz=1; {

while (1) unsigned int i=0;

{ unsigned char c[]="ACCESS DENIED”:
back: lcdemd (0x01) ;

for (i=07i<15;i++) //command to DelayMs (10) ;

recv data
{
cl[i]l=0xFF;
}

while (RI==0); it+;

for(i=0;i<15;i++) //command to J

recv data |

{ e e e e e e e e e e —
j=0; // Led initialization subroutine
while (RI==0) e
{ void lcdinit (void)

if (7>=1000) {

goto timeout; lcdemd (0x38B) ;

5 st DelayMs (250) ;

} ledemd (0x0E) ;

c[1i]=SBUF; DelayMs (250) ;

RI=0; ledemd (0x01) ;

} DelayMs (250) ;

timeout: lcdemd (Cx06) ;

for (i=0;1i<15;i++)

if (e[ && c[i+l]=="E’ && c[i+2]=="0" &&
&§& c[i+4]=="7' && c[i+5]=="C’ &&
(o] [ && c[i+47]=="0" && c[i+B]=="3" &&
c[i+8]=="C")

// RFID code

{

sucessRx () ;

DelayMs (1000) ;

R=1:

bz=0;

DelayMs (1000)
R=0;

bz=1;

DelayMs (1000)
ledinit()
DelayMs (100) ;
welcome() ;
goto back:

}
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)

void unknown (void)

lcdcmd (0x80) ;
DelayMs (10) ;
while(c[i]!="\0’
{

lcdData(c[i]);

DelayMs (250) ;
ledemd (0x80) ;
DelayMs (250) ;

void lcdData(unsigned char 1)
{

P2=1;

RS=1;

EN=1;

DelayMs (1) ;

EN=0;

return;

void lcdemd (unsigned char k)
{

w,

25



P2=k;

RS=0;

EN=1;
DelayMs (1) ;
EN=0;
return;

void DelayMs (unsigned int count)
{ //f mSec Delay 11.0592 Mhz
unsigned int i;
while (count) {
i = 115;
value
while (i>0)
==y
count——;
}
}
void welcome (void)

// Keil v7.5a

// 115 exact

{

unsigned int i=0;

unsigned char c[]="WELCOME TO RFID”;
unsigned char d[])="SECURITY SYSTEM”;

ledemd (0x01)
DelayMs (10);
lcdemd (0x80) ;
DelayMs (10);
while(c[i] !="\0")
{

lcdData (c[i]):
1++;

}

ledemd (0xc0) ;
i=0;
while(d[i]!="\0")
{

lecdData(d[i]);
Tk

}

}
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SECURE DIGITAL ACCESS
SYSTEM USING IBUTTON

= CHIRUTKAR HARSHADKUMAR GOVINDRAO AND DR H.N. PANDYA
q ccess control forms a vital link in a security chain. Here we describe a secure digital access system using

iButton that allows only authorised persons to access a restricted area.

The iButton is used here as a key to the access control system. Its unique identification (ID) number is
used for authorisation. On detection of an authorised iButton, the system allows access. Thereafter, an automated
lock key locks the system again. The system is permanently halted after five repeated false attempts. A service
control unit built around an AVR microcontroller is interfaced to the iButton with 1-wire protocol for authentica-
tion of user validation of data.

iButton DS1990A

Here we have used the iButton DS1990A from Dallas Semiconductor (MAXIM). Its block diagram is shown
in Fig. 1.

An iButton is a chip housed in a stainless-steel enclosure (refer Fig. 2). The electrical interface is reduced to the
absolute minimum, i.e., a single data line plus a ground reference. The energy needed for operation is taken from
the data line. The DS1990A serial number iButton is a rugged data carrier that acts as an electronic registration
number for automatic identification. It contains a unique ROM code that is 64-bit long as shown in Fig. 3. The
first eight bits are a 1-wire family code. The next 48 bits are a unique serial number. The last eight bits are a cyclic
redundancy check (CRC) of the first 56 bits.

Data is transferred serially via the 1-wire protocol, which requires only a single data lead and a ground return.
‘The iButton DS1990A provides the additional 1-wire protocol capability that allows the search ROM command
to be interpreted by the DS1990A.

Circuit description
Fig. 4 shows the circuit of the secure digital access system using iButton. The circuit is built around an ATmegal6
microcontroller.
1- WIRE > .
I The ATmegal6 is an
(. \ 8-bit microcontroller
r T o S W N based on the AVR en-
: CHIP | hanced RISC architecture
: DATA IN : that executes powerful
i | e—— + , instructions in a single
[ i < i clock cycle. It has 16kB
K,L_ § CONTROL z : in-system programmable
! . Inf Fl-l ’ |
: 3 POWER = :
i = ,
I |
i - DATA OUT | |
) |
—
Fig. 1: Block diagram of iButton Fig. 2: A typical iButton chip

Microcontroller-Based Projects 57



MSB o flash program memory with read-while-
write capabilities, 512 bytes of EEPROM,

8-BIT 8-BIT FAMILY 1kB SRAM, 32 general-purpose input/
CRC CODE 48-BIT SERIAL NUMBER CODE (01H) output (I/0) linfs, 32 g}(:nel:al-purgose
working registers, three flexible timers/
counters with compare modes, internal and
external interrupts, a serial programmable
USART, a byte-oriented two-wire se-
rial interface,

MSB LSB MSB LSB MSB LSB

Fig. 3: 64-bit lasered ROM

DSH De" PZ1=PIEZO BUZZER a4 programina-
T o p (e o= . ‘L = b}e watchc}og
. Lsk [dok Tu 16V — 14,16V timer with
sbo POWER T 010 = v+|*  gpivremaLe| | internal oscil-
1 n
' c2 | RST. l__+ T conecror| | 12tor, an SPI
) our 01y | pz; o = serial port and
2 b IC1 “WM 4 six software-
¥y
2 7';3:6 2} com 0211 ATMEGATS | ooy 1|, o5 selectable
é y =) MAX232 pov;er-savmg
4 modes.
araiil le YN ES R Py
c1 R2 1161; 1ezobuzz-
1900u | gc 1K 55 B9 U b - er PZ1 is used
6 .
548 PD4 I = as an audible
R3 indicator for
& D7 true, fake, ran-
<C
= 4 dom touches
< RESET
@ 1 I and system
z c4 : .
IC5 e 51 2 ‘15 L o Be halt. It is con
100000 iBUTTON| 4+ 1C2 16V 548 trolled from
X1 = DS1990A = F RL1 in PDé
s pC817 6V,1C/0 port pin
33y AL of the micro-
¢ 230VAC__ CBE controller with
sonz ' | the help of
X1 = 230V AC PRIMARY TO 9V, 300mA - IE p o
SECONDARY TRANSFORMER — i
Fig. 4: Circuit of the secure digital access system using iButton The iButton

socket is con-

nected to port
pin PD2. Pull-up resistor R1 is used as required from the 1-wire protocol. Port pin PD4 controls the relay
operation through optocoupler PC817 (IC2). The door locking mechanism, say, for a slide door, is connected
to the contacts of relay RL1, which closes after some time automatically.

Whenever someone attempts to gain access by touching the iButton (IC5) using his own iButton, the firmware
inside the AVR reads its unique ID and matches with the ID in the firmware. If the ID matches, port pin PD4
goes high, the internal LED of the optocoupler (IC2) glows and relay RL1 energises for the predefined time.
Simultaneously, the buzzer sounds to indicate grant of access.

Thereafter, relay RL1 de-energises. The buzzer gets the PWM signal to produce sound from port pin PD6
of the microcontroller. The 1-wire communication is done through interrupt port pin PD2 (INTO0), so the AVR
does not have to poll the pin but respond when any change in signal is detected on the interrupt pin. Switch S1
is used for manual reset.

Port pin PD1 of the microcontroller is used to interface with the hyper terminal of the PC through RS-232
interface MAX232 IC (IC3) for iButton verification and checking. The microcontroller provides a transmit
channel for serial data transfer. Transmit data pin (TXD) is specified at port pin PD1. The microcontroller is
connected to T1 IN (pin 11) of MAX232.T1 OUT (pin 14) of IC3 is connected to pin 2 of the COM port
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connector. The signals
provided on these
pins are TTL-level
and must be boosted
and inverted through
a MAX232 converter

P

to comply with the
RS-232 standard.
The MAX232 has
two internal charge
pumps that convert
+5V into +10V (un-
loaded) for RS-232
driver operation. The
first converter uses
capacitor Cé6 to dou-

X

Fig. 5: An actual-size, single-side PCB for the secure digital access system using iButton

ble the +5V input to
~ Ay ACCESS CONTROL USING i BUTTON A BABBEBGBBEEEAOGSBAOEBEAASANGE
+10V on capacitor C8 O priihailbil ioh : ,C P N0
at pin 2. The second " IEleE
converter uses capaci- CO =7 Shisaite 31 Rl E0,1C/0
tor C5 to invert +10V Ll ‘ i °
to —lov On Capacitor llllllllllllllllllll
: €4=€8=1u, 16V 3220
C4 at pin 6. SU HC E—CE=oCE g
5@

The power sup- D2 o 3(533'_' @ @@ @Dm R2 Rl 5K
ply for this circuit is ?906 ' : & +

. AL : I ]
derived from 230V, o _ Ll o0
50Hz AC mains. b

1c2

Transformer X1 steps LERL 0033 5 PC817 O
down 230V, 50Hz

AC mains to deliver
a secondary output
of 9V, 300 mA. The
transformer output is rectified by a full-wave rectifier comprising diodes D1 through D4, filtered by capacitor C1
and regulated by IC 7806 (IC4). Capacitor C2 bypasses the ripples present in the regulated supply. LED1 acts as
the power indicator and R5 limits the current through LED1.

Fig. 6: Component layout for the PCB

Construction and testing

An actual-size, single-side PCB for the secure digital access system is shown in Fig. 5 and its component lay-
out in Fig. 6. Assemble the circuit on a PCB as it minimises time and assembly errors. Carefully assemble the
components and double-check for any overlooked error. Connect the assembled circuit to the COM port of the
computer. The iButton access code and message is transferred is to the PC through the COM port using the
Hyper Terminal program. For interfacing of the Hyper Terminal, refer EFY Oct. 2010 issue.

Software

The software for this project is given at the end of this article. It is written in ‘Basic’language and compiled using
BASCOM-AVR compiler. The source program is well commented and easy to understand.

Burn the finally obtained Intel hex code file into the AVR’s flash memory using a suitable programmer. The
microcontroller uses an 8MHz internally generated clock. To activate, program fuse bytes as follows:

Fuse low byte = D4
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Fuse high byte = 99

The source program is developed quickly with the help of the
BASCOM-AVR library function. The lwrest, lwread and 1wwrite
functions are used for checking the presence of 1-wire device, reading
of the unique ID of iButton and writing to the 1-wire device, respec-
tively. Sound function is used for generating the beep sound from the
buzzer. The iButton is connected to hardware interrupt pin INTO so
that any change on the pin can be detected and further processing for
1-wire done.

The program execution starts by initialising the input/output
ports, the interrupt pin and its level of detection. Global interrupts
are enabled and the interrupt service routine is ready to be executed
when any interrupt is received. As soon as the normal program
cxecution is interrupted, an interrupt is issued and the control of
execution enters the interrupt service routine, where iButton is
given reset command first and then the ROM command to fetch
the unique ID of the iButton. This fetched ID is compared with
the unique ID programmed in the firmware. If there is 2 mismatch
between the two IDs, a fake parameter counter is incremented and
the relay connected to port PD4 de-energises. If the two IDs match,
the relay connected to port PD4 energises and simultaneously the
buzzer connected to port PD6 sounds. If the unique ID is wrong
sequentially five times, the system enters the major warning state
where the buzzer sounds continuously and it can only be stopped by
resetting the system.

Download source code: http://www.efymag.com/admin/issuepdf/
Secure%20Digital%20Access%20System%20Using%20iButton.zip

PARTS LIST

Semiconductors:

IC1 - ATMegal6 microcontroller

IC2 - PC817 optocoupler

1C3 - MAX232 RS-232 driver

1C4 - 7806, 6V regulator

I1C5 - DS1990A iButton

b - BC548 npn transistor

D1-D7 - 1N4007 rectifier diode

LED1 - 5mm LED

Reststors (all Ye-watt, +5% carbon):

R1 - 5-kilo-ohm

R2 - 1-kilo-ohm

R3 - 220-ohm

R4 - 10-kilo-ohm

R5 - 330-ohm

Capacitors:

Cl - 1000uF, 25V electrolytic

C2 - 0.1pF ceramic disk

C3 - 3.3pF, 16V electrolytic

C4-C8 - 1pK, 16V electrolytic

Miscellaneous:

il - 230V AC primary to 9V,
300mA secondary
transformer

RL1 - 6V, 1C/O relay

PZ1 - Piezobuzzer

S1 - Push-to-on tactile switch

9-pin D-type female

connector

1WIRERESET.BAS

¢$regfile = “mlédef.dat” Codel (3) = &H83
$hbaud = 9600 Codel (4) = &HO7
$crystal = 8000000 Codel (5) = &H13
Shwstack = 32 Codel (6) = &HOO
‘' default use 32 for the hardware stack Codel (7) = &HOO
$swstack = 64 Codel (8) = &HIE

'\ default use 10 for the SW stack

$framesize = 20
* default use 40 for

the frame space Enable Int0

On Int0 IntQ0 _int
Enable Interrupts

‘flag for number of attempts

Config Portd = Output ‘enable the interrupt
$1lib “mcsbyte.lbx” E=20

Config Coml = 9600 , Synchrone = 0 , Parity = None ,

Stopbits = 1 , Databits = B8 , Clockpol = 0 W = 65000

Config lwire = Portd.2 Do

‘use this pin Set Portd.4
Config Int0 = Low Level

Dim Ar(8) As Byte , A As Word , I As Byte , E As
Byte , W As Word

Dim Codel (B)as Byte

Dim Flag As Bit

Loop
Int0_int:

Disable IntO

‘initially the relay is off

Disable Interrupts

“iButton Access Code:”;

‘flag for correctness Flag = 0
‘Code (8 Byte) = {&HO1l ,&HDD , &E83 , &HO7 , &H13 , Wait 1
&H00 , &HOO , &HILE} lwreset
Codel (1) = &HO1 ‘reset the device
Codel (2) = &HDD Print
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If Err = 0 And E <= 6 Then
‘check DS1990A is present
lwwrite &H33
‘present, read cocde
‘read ROM command
Ar(1) = lwread(8)
For I =1 To 8
Print Hex(ar(i)):;
‘print output
Next
Print
For I =1 To 8
If Ar(i) <> Codel (i) Then
Set Portd.4
Flag = 0
‘access not allowed
For A = 10 To 1000
Sound Portd.6 , 4 , A
Next
Print “Access Code Not Match:Access
Denied”;
Erint
E=E+ 1
Erint E;
Brint M:%:
Exit For
Else
Flag = 1
End If
Next
If Flag = 1 Then
E=0
Print Err:

Reset Portd.4
‘access allowed

Sound Portd.6 , 10 , 50000
‘siren on port PD6

Print “--Access Allowed”;

Print

Wait 2

End If

Else
Set Portd.4
‘access not allowed
For A = 50 To 500
Sound Portd.6 ,
Next
Print “Rejected”;
Prant
If E = 5 Then
‘5 attempts of correctness
Do
Sound Portd.6 , 4 , W
‘SOUND pin, duration, pulses

W=W+1
If W > 1000 Then
W =10
End If
Loop
End If
End If
‘End If
Enable Int0
Enable Interrupts
Return

1, A
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REMOTE-CONTROLLED
6-CAMERA CCTV SWITGHER

= S. DAS GUPTA

losed-circuit television (CCTV) uses video cameras to transmit

signals to specific monitors. It differs from broadcast television

in that the signal is not openly transmitted, though it may em-
ploy point-to-point wireless links. CCTV is often used for surveillance
in areas that need security, such as banks, casinos, shops, departmental
stores and airports or military installations.

Here is a remote-controlled CCTV switcher circuit to monitor six
cameras on a single or dual monitor/TV. The salient features of this
switcher are:

1. Cameras: Six cameras with one-way audio (audio incoming only)

2. Operation: Fully remote-controlled (infrared commander)

3. Front display: LCD to display the camera selected and all other
functions/parameters

4. Camera selection: Manual (you can select any camera of your
choice by pressing number keys or camera up/down keys on the remote)
and auto (the switcher selects the cameras one by one and holds videos
of each camera till the preprogrammed time)

5. Auto mode: You can change ‘on’ time of each camera (hold time)
individually through the remote. Time can be programmed from 0 to
255 seconds.

6. Camera bypass: You can set any camera in bypass mode by enter-
ing 0-second ‘on’ time for cameras which you want to bypass or don't
want to watch during auto mode.

7. Audio: One-way audio. In this model, you can hear the audio
from the camera

selected by the L
switcher. MCLR/VPP 1 RB7/PGD
8. Video: Two RAO/ANO 2 RE6/PGC
video-out RCA RAT/ANT Il 3 RB5
sockets with 75- RA2/AN2 [l 4 RB4
ohm impedance RA3/AN3VREF Il 5 RB3
1Vp-p are available RA4TOCK! Bl & o ARz
at the rear panel RAS/AN4 Bl 7 E ABY
of the master unit. Ves 8 5 —
You can conoekt osci/cLk1 Il 9 o VDD
two monitors in SEEECLKE -
these sockets. RCO/TIOSO/T1CK1 RC7
9. Other fea-
tures: Wide in- iUl Oat e
put voltage range, RC2/CCP1 RC5/SDO
long-range infrared ERRe L RCACRVSRA
remote command-

er, microcontroller-
based design sup-
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Fig. 1: Pin configuration of PIC16F72 microcontroller in

PDIP package

PARTS LIST

Semiconductors:

IC1 - PIC16F72 microcontroller

IC2-IC4 - CD4066 quad bilateral CMOS
switch

IC5 - UTC820 power amplifier

T1-Té - BC547

ICeé - 78512 voltage regulator

1C7 - 7805 voltage regulator

e - 4MHz crystal

D1-D4 - 1N4007 diode

LED1-LED6 - LED, 5mm red

LED7 - LED, 5mm green

IRx - TSOP1738 IR receiver

Resistors (all Ya-watt, 5% carbon uniess stated
otherwise):

R1 - 10-kilo-ohm

R2, R13 - 2.2-kilo-ohm

R3-R8 - 470-ohm

R9, R10 - 75-chm

R15 - 47-ohm, 1-watt

R11,R16 - 47-chm

R12 - 1-ohm

R14 - 1-kilo-ohm

R17-R22 - 1-kilo-ohm

VR1 - 10-kilo-ohm

VR2 - 10-kilo-ohm, log,
potmet&r

C apau’!un =

C1 - 1000pF, 35V electrolytic

C2 - 220pF, 40V electrolytic

3,10, G13,

C16 - 100yF, 25V electrolytic

C4.C5 - 33pF ceramic

Cs, C8,C14,

C18 - 0.1pF mylar

C7,C9 - 47pF, 16V electrolytic

&4 5L - 680pF ceramic

Ci12 - 22pF, 25V electrolytic

C15 - 220pF, 25V electrolytic

C17 - 10pF, 25V electrolytic

Miscellaneous:

X1 - 0-15V, 2A secondary
transformer

51 - DPDT rocker switch

SK1-SK6 - 5-pin DIN socket

SK7, SK8 - RCA socket

LCD - 16x2 LCD with backlight

Remote - No. 6710V00079B (type LG TV)

LS - 8-0ohm, 6.4cm speaker

CON1 - 7-pin bergstrip connector
(male/female)

CON2-CON7 - 2-pin SIP connector

(male/female)
- 12-pin bergstrip connector
(ma]l.‘/fcmalc)

CONS8
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Fig.2: CCTV switcher circuit
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ported with CMOS digital integrated circuits,
i ; ; TABLE |
liquid-crystal display to monitor the status and

bilateral digital MOS switches for switching the Pln DEta“s 0' ccw camera DIN socket

analogue video/audio signals from cameras Socket  Camera Signal  Swilch (IC)  Enable pins to

At the heart of the circuit is Microchip’s microcontroller
Lo microcontrallcr, which controls all gy camerat | Video | S2a(c4)  Port (RC7)-pin 18
© unctions described 11 The design. 18 P gy Camera-1 | Audio  S2b(IC4)  Port (RC7)-pin 18

configuration is shown in Fig. 1.

SK2 Camera-2 Video S3a (IC4) Port (RC6)-pin 17

. . SK2 Camera-2 Audio S3b (IC4) Port (RC6)-pin 17

The circuit SK3 Camera-3 =~ Video  S$4a(IC3)  Port (RC5)-pin 16
Fig. 2 shows the main control circuit of the SK3 Camera-3 Audio S4b (IC3) Port (RC5)-pin 16
camera switcher. In this circuit, PIC16F72 = gk4 Camera-4 Video S5a (IC3) Port (RC4)-pin 15
microcontroller controls all the functions such SK4 Camera-4 Audio S5b (IC3) Port (RC4)-pin 15

a interfacing/inicalising the LCD 1o dis~ g5 | cameras | Video | S6a(C2) | Port(RC1)-pin 12
play a° the cesired Characters on e SCroetl, [ gy | Camera-5 | Audio | S6b(C2) | Port (RC1)-pin12

decoding the RC-5 command on pressing the . )
required keys of the remote control and provid- SKE Camer6 | Video S7a(IC2) Port (RCD)-pa 11

ing high logic to enable corresponding bilateral SK6 Camera-6 Audio S7b (IG2) Port (RC0)-pin 11
CMOS analogue switches

to connect the video signal TABLE Il

from cameras to the video- Truth Table for Port C

output socket and audio .

signzis tiothis power ampii- PORT . RC7  RC6  RC5 RC4 RC1 RCO Camera-ON

fier of the corresponding = Port C 1 0 0 0 0 0 Camera-1

camera selected from the pytg 0 1 0 0 0 0 Camera-2

remote. Here we have used  p 4 o 0 0 1 0 0 0 i

the remote control of an Port C 0 0 0 1 0 0 r—

LG TV (remote code No.

6710V00079B). It is read- = FO1tC i f 0 . | ! TR
0 0 0 0 0 1 Camera-6

ily available in the market. Port €

A remote sensor is
connected to port RBO (pin 21), called interrupt port, of the controller and the software initialises interrupt rou-
tines along with timer-0 interrupt to decode the RC-5 command. The RC-5 protocol was described in March
2007 issue of EFY, so it is not discussed here.

Any transmission from the remote consists of two start bits, one toggle bit, 5-bit address and 6-bit command.
Here we have not used the 5-bit address. A biphase-modulated bit can be thought of as two separate bits that are
always the inverse of each other. A logical zero is represented by a ‘10" pattern on the IR input, while a logical one
is represented by a ‘01’ pattern. That is basically used to decode the received message.

Toggle bit is a particular property of the RC-5 protocol. This bit changes polarity every time you press a
key and will remain unchanged as long as you hold the key. That enables the receiver to detect released keys,
which helps to eliminate key bounces. We have also used this bit to detect so that if any key is kept pressed
for a long time, the routine detects the command once, keeps the value in a general-purpose register called
‘passdummy’ (refer to ‘.asm’ file), and does not process and store any further command till the remote key is
released. The stored RC-5 command value in register ‘passdummy’ is used to perform the necessary function
given in the source code.

The LCD shows the camera number selected from the remote and mode of operation (auto/manual).

For camera-hold time set for auto mode and other display text information, please see the LCD screenshot in
Fig. 3. Use of the LCD makes the project more user-friendly.

All the cameras are to be connected to SK1 through SK6 (5-pin DIN connector) as shown in the circuit
diagram. The extreme right and left pins are for 12V positive and negative supply (to be fed from the regulated
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PAGE 1

ELECTRONICS
FOR YOU

PAGE 2

6-CAMERA
CCTV SWITCHER

PAGE 3

CAMERA : 01 MANUAL
TIME : 005 SEC

PAGE 4

CAMERA : 01 (AUTO)
TIME : 005 SEC

PAGE 5

CAMERA : 01 (EDIT)
TIME : 005 SEC

After switching on the circuit using the main ‘on'/'off’ switch,

page-1 appears on the LCD and welcome message is displayed for
five seconds. After five seconds, the screen jumps to the next

page (page-2).

Page-2 displays the product details, i.e., name of the product. This
page also indicates that the switcher is in standby mode and all
the cameras are ‘off.’

On pressing the power on/off key on the remate, page-3 appears on
the LCD, showing which camera is selected by the switcher, in

which mode itis operating and the time set for the selected camera
for auto mode operation. Here the page shows that camera-1 is
selected and the switcher is in manual mode. You can now select the
desired camera manually from the remote. On pressing again the
same key on the remote, the switcher jumps to page-1 and then
page-2, and kept in standby mode.

On pressing the auto/manual key from the remote, the switcher
changes the mode page from manual to auto. Page-4 appears and
the switcher selects the cameras from camera 1 through

camera 4 automatically. To return to manual mode, press the
same key once again. In this mode, the time value also decrements
at the rate of 1 sec and when the time value reaches zero, the
switcher jumps to the next camera.

On pressing the edit key on the remote, page-5 appears on the screen

and allows you to edit the time of the cameras for auto mode operation.

Select the camera first and then change or set the time. Once the
setting is complete, press the same key again to go back to page-3.

Fig. 3: Screenshots of LCD

D1-D4 = 1N4007 IN IC6 |out v ICT |our +5v
' 1785123 1 7805 3
2 2
DI D2 COM coM  +| ca
$ 1001
230V AC 25V
MAINS
ot +
¥ 0
¥ 1&10” +12V
St b D3 D4 cz |+
0 X1 35V 2200 —
O_A 40V T

SECONDARY TRANSFORMER

X1 =230V AC, PRIMARY TO 15V, 2A

: 0
= GND

Fig. 4: Circuit for requlated power supply

power supply of the main
switcher) for the built-in
camera module. The 12V
power supply is perma-
nently connected to all the
cameras. Audio and video
signals from the cameras
are selected using switch
pairs $2a-S2b through
S7a-S7b (built inside IC2
through I1C4) and fed to
the audio power amplifier
and video output sockets,
respectively.

Each IC has four
CMOS bilateral switches
for transmission or mul-
tiplexing of analogue or
digital signals. It is pin-
to-pin compatible with IC
CD4016, but has much
lower ‘on’ resistance, which
is relatively constant over
the input signal range.

Video and audio sig-
nals from SK1 (camera
1) are connected to S2a
and S2b, respectively,
and both the enable pins
(to switch on both the
switches) are shorted out
and connected to port
RC7 (pin 18) of the mi-
crocontroller. Similarly,
audio and video signals
from SK2 through SKé
are connected to IC2
through 1C4 and then to
Port C of IC1 as shown
in Table 1.

Enable pins of switch pairs S2a-52b, S3a-S3b, S4a-S4b, S5a-55b, S6a-S6b and S7a-S7b of IC2 through IC4
are shorted to each other and fed to the corresponding port of Port C as shown in Table I. The microcontroller
provides high logic at Port-C pins to switch on a particular camera. The truth table for Port C is shown in Table II.

Immediately after switching on the mains, the standby LED (LED7) connected to Port-C pin RC3 glows
and the LCD shows the welcome page (refer to the LCD screenshot).

On pressing the power key on the remote, the standby LED turns off and the LCD shows which camera is
‘on,’in which mode it is now and default hold time for the corresponding camera in ‘Auto’ mode.

As described above, pins of Port C (RC0, RC1, RC4-RC7) are connected to IC2 through I1C4 for selecting
the camera to be switched on. LED1 through LED6 are used to check the logic status of Port C. Pressing keys ‘1’
through ‘6’ on the remote makes the corresponding LEDs (LED1 through LED6) glow, indicating ‘on’ condition
of the cameras (CAM-1 through CAM-6).

Microcontroller-Based Projects
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Here a 16-character,

o
2-line LCD is used in il é R15
4-bit mode. Data lines D4 il i)
through D7 of the LCD
are connected to Port-B d_ 202105
pins RB4 through RB7. 5 T v
Enable (EN) and reset 7 . =
(RS) pins are connected to +| c18
RB2 and RB3 pins, respec- ci3 % 010?;+ IC5 _"]:‘1205%
tively, and the read/write 1000 =l T uUTC820 =
(R/W) pin is connected ——}- 5 i
to ground as we have used l 3 - S
the LCD in writing mode o o ?&J FROM
only. Preset VR1 (10-kilo- ] s ? s SWITCHER
ohm) is used for setting the | '3 an 1K g T e
LCD character contrast. sl A ez Lt el
0.1p 22y
T 25v T

Power supply =
4, Sioople it for» T8 Fig. 5: Circuit diagram of power amplifier
lated supply (shown in Fig.
4) is used here. The +12V
regulated output is used to power all the six cameras, IC2 through IC4 cB i 1 ah RIPPLE
and IC5 and fed to another 7805 voltage regulator (IC7) to get the regu-
lated +5V output for the microcontroller (IC1) and the LCD. BOOT

The current rating of the transformer should be around 2A, de- e Il 2 71 sTRAP
pending on the current consumption of the cameras. Use a good-quality
heat-sink for both the regulators. INPUT [ 3 s jJjli] vcc
Power amplifier GNDH 4 SF ouTPUT
A simple power amplifier (see Fig. 5) is used to amplify the sound

signal from the cameras and hear it on a small speaker.

The audio power amplifier is built around IC UTC820 (IC5). Fi9.6:Pin diagram of UTC820 audio power
UTC820 is a monolithic integrated circuit audio amplifier delivering 4" iler
an output of 1.2 watts at 9V on an 8-ohm speaker load with 10 per cent
total harmonic distortion (THD) and good ripple rejection. It is designed for audio-frequency class-B amplifier
with a wide operating supply voltage range of 3V to 14V and minimum external components.

The pin configuration of IC UTC820 is shown in Fig. 6. Components at pin 2 of the IC5 decide closed-loop
voltage gain (dB) of the amplifier. Here a 47-ohm resistor (R11) and a 22pF capacitor (C12) are used and, with
these values, about 45dB closed-loop voltage gain is achieved. You can reduce the component values for more
gain but it’s not required here as maximum gain of 75 dB is possible. Capacitor C10 (100pF) connected between
pins 5 and 7 of IC5 is used for bootstrap and improving the low-frequency signal. The amplifier output at pin 5
is connected to the speaker via C13. The audio signal from the cameras is fed to input pin 3 of the IC via volume
control VR2 (10-kilo-ohm), capacitor C17 and resistor R13. Here the output power is limited to about 500 mW

at 8-ohm load approximately, so use of a good-quality 6.4cm speaker is reccommended.

Functions of remote control keys

The functions of various remote keys are shown in Fig. 7.
Power on/off key. Press it once to switch on the switcher and press again to turn off or keep the switcher in
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standby mode and vice versa. (AC mains should be ‘on’ in both the cases.)
Camera selection key. Select any of the six cameras manually by pressing any of the numerical keys ‘1’
through ‘6’ once. For example, to select camera-3 press ‘3’ on the remote, and to select camera-5 press ‘5 on the

remote.

Auto/manual. By default, the microcontroller sets the mode of selection to manual. (In that case, you have to
select the cameras by pressing the number keys or the camera up/down keys.) To change to automatic selection
(auto) mode, press ‘Mute’ key and the switcher selects the cameras one by one automatically. Pressing this key
again will return the mode of selection to manual, and vice versa.

Camera up key (PRA key). By pressing the camera-up key, the switcher selects the next camera. For example,
if the LCD is showing camera-2, pressing this key once makes the switcher jump to camera-3. Each successive
pressing of this key will make the switcher jump to the next camera.

1 2 3
® & o | ..
SELECTION
4| |5 BI KEY (1-6)
7 8 9
PSM 0 SSM
I I l POWER ON/OFF
[ MENU
POWER .
. MUTE
AUTO/MANUAL
m—— CAMERA-UP KEY
9 — TIME SET-UP KEY
W— CAMERA-DN KEY
NGO
U
TIME SET-DN KEY
ARC SLEEP EYE |TV/AV
TIME EDIT KEY
a a o @&
Il SOUND PICTURE
NOTE: ALL THE
UNMARKED KEYS
OF THE REMOTE
fLUREC ARE NOT USED
IN THIS
APPLICATION
6710V00079A
CCTV SWITCHER REMOTE COMMANDER FUNCTION

Fig. 7: Remote control of LG TV
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Camera down key (PRV key). By pressing the camera-
down key, the switcher selects the preceding camera. For
example, if the LCD is showing camera-4, pressing this key
once makes the switcher jump back to camera-3. On each
successive pressing of this key, the switcher jumps back to
the previous camera.

Time set up/down key (Vol+/Vol- key). In auto mode,
the switcher selects the cameras one by one and the picture
of the selected camera is held up for a certain time. By de-
fault, the microcontroller sets this hold time as 5 seconds.
You can change this time for each camera individually
from 0 to 255 seconds.

To change this time, press the edit key (TV/AV) once.
The switcher goes to the edit mode. Select the camera (for
which you want to change the time) by pressing the camera
up/down key. On each successive pressing of the time set
up key, the time increments up to 255 seconds maximum.

On each successive pressing of the time set-down key,
the time decrements up to zero. If you set 0-second time
for any camera, the switcher bypasses this camera during
selection in auto mode. For example, if you set the time as
0-second for camera-3, in auto mode, the switcher selects
camera-1, camera-2, camera-4, camera-5 and camera-6.
Here the switcher bypasses camera-3. This function is useful
if you want to skip certain cameras.

Edit key (TV/AV). To change the camera hold-up time
for ‘auto mode,’ enter ‘edit’ mode first by pressing this key
once and then set the desired time by pressing the time up/
down key as described above. To exit edit mode after setting
the time, press the same key on the remote once again. The
controller goes back to manual mode.

Testing and troubleshooting

After assembling the circuit without microcontroller, apply
the power using ‘on’/oft” switch S1. Check the DC voltage
at pin 3 of regulator IC7. It should be +5V. Check the same
voltage at pins 1 and 20 of the base of IC1.

Now, switch off the power, insert the microcontroller in
its base and recheck all the connections from the PCB to
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the LCD and IR sensor TSOP1738.
On applying the power, page-1 and
page-2 text should display on the
LCD screen. Using the remote,
switch on the switcher and change
the functional status on the LCD by
referring to CCTV switcher remote
commander (shown in Fig. 7) and
LCD screenshots (shown in Fig. 3).

Adjust VR1 for maximum con-
trast on the LCD. If you don't get any
output on the LCD, troubleshoot as
follows:

1. No output on the LCD. Switch
off the power and check continuity
between the LCD and various pins
of IC1 and regulator IC as shown in
the schematic diagram. If the con-
nections are Ok, switch on the power,
vary VR1 and check the voltage at pin
3 of the LCD (0V to 5V).

2. No backlight on the LCD.
Check the voltage at pin 15 (+5V)
and pin 16 (OV) of the LCD.

3. Page 1/page 2 is shown on the
screen but the remote commander
doesn’t work (nothing happens on
pressing functional keys of the remote).
Check the supply at pin 2 of the IR
sensor. It should be +5V. If +5V is
available at pin 2, check the voltage at
pin 3 of the IR sensor. If there is no
voltage at pin 3, replace the IR sensor
or check the PCB, etc for shorting.

Once the LCD shows page-1
and page-2 text properly and the re-
mote commander is working, switch
off the power and then switch it
on again using S1. Now the LCD
should show page-1 and page-2 as
shown in Fig. 3. At the same time,
pin 14 of the MCU should go high
(+5V) and the power standby LED
should glow. Now press ‘Power’ key
on the remote. Pin 14 of the MCU

Fig.8: Actual-size, single-side PCB for the remote-controlled 6-camera CCTV switcher
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Fig.9: Component layout for the PCB

should go low and the standby LED should turn off, and vice versa, on pressing the same key again. If this
doesn’t happen, replace the microcontroller.

Connect LED1 through LED6 to connector CON1. Press ‘Power’ key on the remote to switch on the
switcher. Page-3 text should appear on the LCD, showing camera-1 is ‘on,’” the switcher is in manual mode and
the default time of camera hold for auto mode. At the same time, Port-C pin RC7 should go high and LED1

should glow. Select other cameras cither by pressing keys 1 through 6 or camera up/down keys of the remote
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and check whether the corresponding LEDs (LED1 through LED6) are glowing (refer to Port-C truth table).
Simultaneously, page-3 should show the corresponding camera number accordingly. If the LEDs don't glow
according to the truth table, replace the microcontroller.

When camera-1 is selected, the LCD should show camera-1 and LED1 should glow. If the monitor does not
show the video of camera-1, or you hear no audio from the power amplifier, check 5V logic at pins 5 and 6 of IC4.
If there is no voltage at these pins, check the availability of 0.6V at the base of transistor T5, +5V at its emitter and
+12V at its collector. Follow the same procedure for all other cameras and their corresponding switching circuits.

Software

The source program is written in Assembly language and compiled using MPASM tool suite. The explanation of
the Assembly source code is available on the link given below.

Construction

A single-side, solder-side PCB layout for the microcontroller-based remote-controlled six-camera CCTV switcher
is shown in Fig. 8 and its component layout in Fig. 9.

Connect CCTV cameras in the sockets provided (SK1 through SK6). Also connect the LCD and
remaining components (as shown in Fig. 2) and +5V and +12V from the power supply circuit. Now a
welcome message will appear. Press ‘Power’ key on the remote to start the switcher.

Download source code: http://www.efymag.com/admin/issuepdf/Microcontroller%20Based%20CCTV%20

Switcher.zip
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PIC MICROCONTROLLER-BASED
ELEGTRONIC LOCGK

® ANSHUMAN BEZBORAH

n electronic lock allows activation of an electric appliance only on entering the correct password. Here
we present such an electronic locking system in which a PIC16F877A microcontroller plays the role of
the processing unit. The MCU is interfaced with a 4x4 matrix keypad and a 16x2 LCD to form the user
interface. Using this circuit, you can make any electrical appliance password-protected. It can also be used as an

4x4 MATRIX KEYPAD

Fig. 2: Power supply circuit
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PARTS LIST

Semiconductors:

sections: input (4x4 matrix keypad), processing unit (PIC16F877A
MCU), appliance controller (relay driver), display (16x2 LCD), and
power supply.

IC1 - PIC16F877A microcontroller . L.

c2 - 7805 voltage regulator PIC16F8774 MCU. The PIC16F877A is an 8-bit microcontroller
IC3 - 7806 voltage regulator based on reduced instruction set computer (RISC) architecture. It has
LED1 - 5mm Light-emitting diode 8kx14-bit flash program memory, 368 bytes of RAM and many other
o =L Ginde internal peripherals like analogue-to-digital converter, USART, timers,
D2-Dé - IN4007 dm‘_ie synchronous serial port, compare captures and pulse-width modulation
T1 - SL100 transistor

Resistors (all Ya-watt, 5% carbon unless stated

modules, EEPROM and analogue comparators.
The job of the MCU in this project is to receive signals from the input

ﬁi’:’;ﬁm - 47-kilo-ohm device (keypad) and take corresponding actions. Whenew.:r any key is
RO Heh ol pressed on the keypad, the software program in the MCU identifies the
R11 - 10-kilo-ohm pressed key and accordingly turns on or turns off the appliance. Simulta-
R12 - 470-ohm neously, it also displays a message on the LCD screen.

VR1 e #x4 matrix keypad. A 4x4 matrix keypad is used to give commands
Capacitors: and the password to the MCU. It consists of 16 keys (52-517) arranged
C1 - 1000pF, 25V electrolytic in the form of a square matrix of four rows and four columns. Each
e j e key in the matrix is labeled according to the operation assigned to it.
C4.’ e - Hpbcerinit 'The connections from the pin-outs of the keypad to the MCU pins are
Mmoo N el shown in Fig. 1. Rows 1 through 4 are connected to pins RB3, RB2,
}XCEM ) 230V1gy;iimﬁy :)tgigv‘ RB1 and RBO of Port B of the MCU, respectively. Columns 1 through

60D A serondiny 4 are connected to pins RB4 through RB7 of Port B, respectively.
transformer 16x2 LCD. A Hitachi HD44780 16x2 LCD is used to display
- HD44780-hased 16x2 T.CD various messages. It also displays an asterisk mark (*) for each digit
RL1 - 6V, 1C/O relay of the password entered. Control lines EN, RW and RS of the LCD
515517 = Push:to-on tactile switch module are connected to pins RA1, RA2 and RA3 of Port A of the
MCU, respectively. Commands and the data to be displayed
e +6V are sent to the LCD module in nibble mode from Port D of
1C/O RELAY i the MCU. The higher four data bits of the LCD (D4 through
NG D7) are connected to the lower nibble of Port D (RDO

5 through RD3) of the MCU.
1N4007 Relay driver. RC2 pin of Port C of the MCU is interfaced
with the relay driver circuit (shown in Fig. 3) to switch on or
o D1 PRt switch off the AC load (appliance). A relay driver circuit is
bl nothing but a simple electronic circuit that drives an electro-
2 SLT1‘00 l mechanical relay. In this project, a 6V, single-changeover relay
e 10K _| POWER is used for switching the appliance ‘on’ or ‘oft.” Transistor SL100
il SUPPLY | plays the role of the relay driver.

Whenever the user enters the correct password, RC2 pin
goes high (RC2=1). Consequently, transistor SL.100 is triggered
to energise the relay and the appliance turns ‘on.” When RC2
is low (RC2=0), the appliance turns ‘off.’ Free-wheeling diode 1N4007 protects the relay driver circuit from the
reverse voltage developed in the relay coil.

You can also use optocoupler MCT2E to isolate the relay driver circuit from the microcontroller circuit.
Whenever the user enters the correct password, RC2 pin goes high (RC2=1) and the internal LED of the MCT2E
IC glows, which, in turn, triggers the internal transistor of MCT2E.

Power supply. Fig. 2 shows the power supply circuit. The 230V AC mains supply is stepped down to 9V AC
using step-down transformer X1. The output from the secondary of the transformer is rectified by a bridge rectifier
comprising diodes D3 through D6 and filtered by capacitor C1. The filtered output is regulated by ICs 7805 and
7806 connected in parallel to obtain the required 5V and 6V, respectively.

Fig. 3: Relay driver circuit
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Software Functions of Various Keys of the
The software code is written in ‘C’ language and Kavpad and Their Labe"ng

compiled using Hitech C compiler in MPLAB IDE. F¥TS " Row  Column \ Label ‘ Operation/digit entry

MPLAB IDE is a very powerful software develop-

ment tool for Microchips MCUs. It can be downloaded 1 d 1 ! D_'g!t ‘1'
from www.microchip.com free of cost. It consists of 2 1 2 2 Digit ‘2
tools like text editor, assembler, cross compliers and 3 1 3 3 Digit “3'
simulator. Hitech C compiler is meant for Microchip’s 4 1 4 Nil No operation allotted
PIC10/12/16 series of MCUE . Its Lite edition comes for 5 2 1 4 Digit ‘4’
free with newer versions of MPLAB IDE like MPLAB ¢ 2 2 5 Digit ‘5’
v8.2 or vS.fB, and it can also be downloaded for free from 7 5 3 6 Digit ‘6’
www.htsoft.com.
The tasks performed by the software are: . ‘ 2 Lock :}%C:;l;it;r:geo”
1. Identify the key 9 3 1 Digit ‘7’
2.'Take the action allotted to the identified key 10 3 5 g Diit ‘6’
The key identification is done by identifying the row g =
and the column to which the key belongs. Fig. 1 shows " 3 3 9 Digit*9
how the keypad is connected to Port B of the MCU.The 12 3 4 New  Change the password
lower nibble of Port B is declared as output pins (scan 13 4 1 C Clear or backspace
lines) and the upper nibble is declared as input pins 14 4 2 0 Digit ‘0
(return lines). The number OFh is written to Port B so 15 4 3 Go Should be pressed after
that the lower four bits become high and the upper four entering the password
bits become low. 16 4 4 Open  Open the lock (asks for
Whenever a key is pressed, the upper nibble pin password when pressed)

(return line) of Port B, to which the column conraining

the key is connected, goes high. Thus the column is identified. Column identification is done using a switch-case
block in the main program. On identifying the column, the rowfind(int) function is called, which does the job of
row identification. To identify the row, scan lines are made low one by one in sequence and status of the return
line corresponding to the key is checked. If it becomes low, the key belongs to that scan line or row. The row and
column numbers are stored in two global variables ‘row’ and ‘col.” A key debouncing delay of 20 ms is provided in
the program by calling the DelayMs(20) function.

After identifying the key, the action( ) function is called in the main program, to perform the action corre-
sponding to the identified key.

The detailed procedure for developing the project using MPLAB IDE, compiling the same using Hitech C
compiler and burning the executable hex file to the microcontroller was explained in ‘Construction’ section of
EFY’s May 2010 issue.

The above description is available in a file named ‘lock.c.” Functions led_init( ), led_goto(int), led_clear( )
and led_putch(char) are defined in a file named ‘led.c’ and the DelayMs(int) function is defined in the delay.c
file. Add all the three ‘C’ files—lock.c, led.c and delay.c—as source files to the MPLAB IDE project. Save the
project file as ‘Elock.mcp.’ Set configuration bits properly before building the project. Select the oscillator as
XT and disable all other features like watchdog timer, power-up timer and brownout detection. After success-
fully building the project, the Elock.hex file is generated. Burn it into the chip using a suitable programmer,
e.g., MPLAB ICD2.

Testing

Once the program is burnt into the chip and the hardware setup is ready, the user can test the system. When the
power supply is switched on, message “Welcome” is displayed on the LCD screen. The default password set in
the program is 1234.

To turn on the appliance, press ‘Open’ key. The system will ask for the password. Enter the password as 1234

72 PIC Microcontroller-Based Electronic Lock



and press ‘Go.” The appliance should
turn on (RC2=1) and the message
“Password Accepted” should be dis-
played for two seconds followed by the
message “Lock Open.”

To turn off the appliance, press
‘Lock.” The appliance should immedi-
ately turn off (RC2=0) and the message
“Lock Closed” should be displayed on
the LCD screen.

To set a new password, press ‘New’

key. The system should ask for the cur-
rent and new passwords. Press ‘Go’ each
time after you enter the four-digit pass-

word. The message “Password Saved”

should appear for two seconds, followed
by the message “Welcome.” Now you
can turn on the device by pressing
‘Open’ and then entering the new pass-
word that you have set. Key ‘C’acts like
‘Backspace’key in a PC’s keyboard.

Construction

A single-side, solder-side PCB layout
for the PIC microcontroller-based
electronic lock is shown in Fig. 4 and
its component layout in Fig. 5.

Connect the 4x4 matrix keypad and
16x2 LCD to PIC16F877A microcon-
troller as shown in Fig. 1. Complete the
remaining connections also as shown
in Fig. 1. Connect the appliance to
be controlled to RC2 (pin 17) of Port
C through the rclay-driver circuit as
shown in Fig. 3. Connect 6V power
supply from the power supply circuit to
the relay driver circuit. The 5V supply
required by the microcontroller is ob-
tained from the 7805 regulator output.

Download source code: http://www.
efymag.com/admin/issuepdf/Elec-
tronic%20Code%20Lock%20code%20
new.rar

Fig. 4: Actual-size, single-side PCB for the PIC microcontroller-based electronic lock
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Fig.5: Component layout for the PCB
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WATER-LEVEL CONTROLLER-
GUM-MOTOR PROTECTOR

® GURSHARANJEET SINGH KALRA

households. As a result, water keeps overflowing until we notice the overflow and switch the pump off.
As the OHT is usually kept on the topmost floor, it is cumbersome to go up frequently to check the
water level in the OHT.
Here’s a microcontroller-based water-level controller-cum-motor protector to solve this problem. It controls
‘on’and ‘off” conditions of the motor depending upon the level of water in the tank. The status is displayed on an
LCD module. The circuit also protects the motor from high voltages,

low voltages, fluctuations of mains power and dry running. PARTS LIST

Semicarzdurtars:

Many a time we forget to switch off the motor pushing water into the overhead tank (OHT) in our

. . . i IC1 - LM324 quad op-amp
Circuit desc"ptlon 1C2 - AT89C51 microcontroller
Fig. 1 shows the circuit of the microcontroller-based water-level con- 1C3 - PC817 optocoupler

1C4 - 7805, 5V regulator

troller-cum-motor protector. It comprises operational amplifier LM324, T1.T4 - BOSID son wacaistar

microcontroller AT89C51, optocoupler PC817, regulator 7805, LCD s - ST100 ptrnsistor

module and a few discreet components. D1-D14 2 IN4607 rectifier dicde
The AT89C51 (IC2) is an 8-bit microcontroller with four ports (32 Resistors (all Ye-suatt, 5% carbony):

1/0 lines), two 16-bit timers/counters, on-chip oscillator and clock cir- gy Ra g7, - '

cuitry. Eight pins of port-1 and three pins of port-3 are interfaced with R11, R12 - 1-kilo-ohm

data and control lines of the LCD module. Pins P3.0, P3.1 and P3.6 R3,RY - 560-kilo-ohm

are connected to RS (pin 4), R/W (pin 5) and E (pin 6) of the LCD, R4,RS5, R8 - 2.7-kilo-ohm

respectively. Pin EA (pin 31) is strapped to Vec for internal program E?O ) igg:zgg
executions. Switch S2 is used for backlight of the LCD module. R13 - 100-0hm
Power-on-reset is achieved by connecting capacitor C8 and resistor R14 S S
R14 to pin 9 of the microcontroller. Switch 51 is used for manual reset. R15-R17 - 100-kilo-ohm
The microcontroller is operated with a 12MHz crystal. Port pins R18-R20 - 2.2-kilo-ohm
P2.0 through P2.2 are used to sense the water level, while pins P2.3 and R21, R22 g ,
; RNWI1 - 10-kilo-ohm resistor
P2.4 are used to sense the under-voltage and over-voltage, respectively. it
Pin P3.4 is used to control rela)" RL1 with the help of optocoupler Ip3 VRI1, VR2 - 470-ohm preset
and transistor T5 in the case of under-voltage, over-voltage and differ- VR3 - 10-kilo-ohm preset
ent water-level conditions. Rela}' RL1 operates off a 12V supply. Using S
switch S3, you can manually switch on the motor. C1-C3 - 1000uF, 35V clectrolytic
The LM324 (IC1) is a quad operational amplifier (op-amp). Two of C4 - 220uF, 16V electrolytic
its op-amps are used as comparators to detect under- and over-voltage. €5,C6 - 33pF ceramic disk .
In normal condition, output pin 7 of IC1 is low, making pin P2.3 of C7 - 100pF, 35V Clcc“"l}'_“‘
C8 - 10pF, 16V electrolytic

IC2 high. When the voltage at pin 6 of N1 goes below the set reference
voltage at pin 5 (say, 170 volts), output pin 7 of N1 goes high. This high Miscellancous:

output makes pin P2.3 of IC2 low, which is sensed by the microcon- v S L
. [ 500mA secondary
troller and the LCD module shows ‘low voltage. e
In normal condition, pin 1 of N2 is high. When the voltage at pin2 R11 - 12V, 1C/O relay
of N2 goes above the set voltage at pin 3, output pin 1 of N2 goes low. X, - 12MHz crystal
S1 - Push-to-on switch

This low signal is sensed by the microcontroller and the LCD module
shows ‘high voltage.’
Presets VR1 and VR2 are used for calibrating the circuit for under-

52,83 - On/off switch
- LCD module (1x16)
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and over-voltage,
respectively.

The AC mains
is stepped down
by transformer X1
to deliver a sec-
ondary output of
12V at 500 mA.
The transformer
output is recti-
fied by a full-wave
bridge rectifier
comprising diodes
D5 through DS,
filtered by capaci-
tor C2, and used
for the under- and
over-voltage de-
tection circuitry.

The trans-
former output is
also rectified by a
full-wave bridge
rectifier compris-
ing diodes D1
through D4, fil-
tered by capacitor
C1 and regulated
by IC4 to deliver
regulated 5V for
the circuit.

When wa- g
ter in the tank AN
rises to come in =
contact with the
sensor, the base of
transistor BC548
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high signal drives '“l"*-li ) . o @ I
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into saturation 2lzlzzlzR Izl B 3 2‘|‘9
and its collector ,
goes low. The low o E i; 8R 52 §3
signal is sensed by Wl g . & quwl T3
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Fig. 2: Actual-size, single-side PCB laycut of water-level controller-cum-motor protector
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Fig. 3: Component layout for the PCB

Microcontroller-Based Projects

size, single-side PCB for
the water-level controller-
cum-motor protector (Fig.
1) is shown in Fig. 2 and
its component layout in
Fig. 3.

Operation

When water in the tank is
below sensor A, the motor
will switch on to fill water
in the tank. The LCD
module will show ‘motor
on.” The controller is pro-
grammed for a 10-minute
time interval to check the
dry-run condition of the
motor. If water reaches
sensor B within 10 min-
utes, the microcontroller
comes out of the dry-run
condition and allows the

! 'motor to keep pushing

water in the tank.

The motor will remain
‘on’ until water reaches
sensor C. Then it will
stop automatically and
the microcontroller will
go into the standby mode.
The LCD module will
show ‘tank full’ followed
by ‘standby mode’ after a

| few seconds. The ‘standby

mode’ message is displayed
until water in the tank
goes below sensor A.

In case water does not
reach sensor B within 10
minutes, the microcon-
troller will go into the dry-

| running mode and stop

the motor for 5 minutes,

| allowing it to cool down.

| The LCD module will

show ‘dry-sump1.’

After five minutes, the
microcontroller will again
switch on the motor for
10 minutes and check the

I



status at sensor B. If water is still below sensor B, it will go into the dry-running mode and the LCD module will
show ‘dry-sump2.’

'The same procedure will repeat, and if the dry-run condition still persists, the display will show ‘dry-sump3’and
the microcontroller will not start the motor automatically. Now you have to check the line for water and manually
reset the microcontroller to start operation.

In the whole procedure, the microcontroller checks for high and low voltages. For example, when the voltage
is high, it will scan for about two seconds to check whether it is a fluctuation. If the voltage remains high after two
seconds, the microcontroller will halt running of the motor. Now it will wait for the voltage to settle down. After
the voltage becomes normal, it will still check for 90 seconds whether the voltage is normal or not. After normal
condition, it will go in the standby mode and start the aforementioned procedure.

Practical applications

This controller is useful for single-phase operated motor-pumps and the pumps that suck water from the ground
water tank. A small push-to-off manual switch in series with sensor A can also make it useful for pumps that suck
water from Jal Board’s supply. Because of the particular timing of this water supply, the controller must be switched
on within the timing of the water supply and switched off when water is not being supplied.

When the controller is ‘on’ during the supply timings, it will wait for the tank to get empty before starting the
motor. However, you can also start the motor using the pushbutton. The motor will turn on ignoring the status of
the water level and will go through the aforementioned procedure.

Sensor positions in the tank

Four non-corrosive metallic sensors are installed in the tank as shown in Fig. 1. Sensor COM is connected to
Vee supply from the circuit. Sensor A detects the empty tank to start the motor. Sensor B detects dry-running
condition of the motor and sensor C detects the full tank to stop the motor. Make sure thart sensor B is around 2
cm above sensor A to check the dry-running condition properly.

Calibration

Care must be taken when calibrating for under- and over-voltages. Always calibrate when the relay is in ‘on’ posi-
tion. If you calibrate in the standby mode, it will trip at a voltage nearly 10 volts lower than the set voltage due to
the loading effect.

Software

The source code is written in Assembly language and assembled using 8051 cross-assembler. The generated Intel
hex code is burnt into microcontroller AT89C51 using a suitable programmer. The software is well-commented
and easy to understand. All the messages are displayed on the LCD module.

Download source code: http://www.efymag.com/admin/issuepdf/Waternew.zip

WATER.LST

PAGE 1 0031 1200A0 6 LCALL
WR_LCD
1 0034 740F 7 MOV A,
2 #0FH
$MOD51 0035 1200A0 8 LCALL
0000 02002F 3 START: LJMP WR_LCD
MAIN PGR ;GO TO MAIN PROGRAMME 0032 7406 9 MOV A,
002F 4 ORG 002FH $06H
002F 7438 5  MAIN PGR: MOV A, 003B 1200A0 10 LCALL
¢ 38H ; INITIALIZE LCD WR_LCD
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003E 7401
#01H

0040 1200R0
WR_LCD

0043 7480
BBOH

0045 120020
WR_LCD

0048 7453
#53H

004A 1200C0
LCD_RAM
004D 7454
#54H

004F 1200C0
LCD_RAM
0052 7441
#41H

0054 1200C0
LCD_RAM
0057 744E
BAEH

0059 1200C0
LCD_RAM
005C 7444
B44H

005E 1200C0
LCD_RAM
0061 7442
fa2H

0063 1200C0
LCD_RAM
0066 7459
#59H

0068 1200C0
LCD_RAM
006B 74B0
#0BOH

006D 1200C0
LCD_RAM
0070 74C0
#0COH

0072 1200R0
WR_LCD

0075 744D
#4DH

0077 1200C0
LCD_RAM
007A 744F
BAFH

007C 1200C0
LCD_RAM
007F 7444
#44H

0081 1200C0
LCD_RAM
0084 7445
#45H

0086 1200C0
LCD_RAM
0089 02010A
SCAN

000

00R0H

00AC 1200F0
SETT

00A3 F590
P1,A

00AS C2BO

tEal

12

13

14

15

;WRITE DATA TO LCD

16

;i.e.,” STANDBY-MODE”

ihgf

18

19

20

21

22

23

24

25

26

2T

28

29

30

31

32

;OR SECOND LINE

33

:ENTER DATA AGAIN

34
35
36
37
38
i)
40
41
;GO TO 010AH

42

43

#JUME TO 9TH POSITION

WR_LCD:

MOV A,
LCALL
MOV A,
LCALL
MOV A,
LCALL
MOV A,
LCALL
MOV A,
LCALL
MOV A,
LCALL
MOV A,
LCALL
MOV A,
LCALL
MOV A,
LCALL
MOV B,
LCALL
MOV A,
LCALL
MOV A,
LCALL
MOV B,
LCALL
MOV A,
LCALL
MOV A,
LCALL
LJIMP

ORG

LCALL

;CHECK FOR READY STATUS OF LCD

44

MoV

;MOVE CONTENTE OF A TO PORT 1

45
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CLR

P3.0 ;WRITE COMMANDS TO LCD

0027 C2B1 46 CIR P3.1
00A9 D2B6 47 SETB
P3.6

00AB C2B6 48 CLR P3.6
00AD 22 49 RET
+RETURN TO PROGRAMME

00co 50 ORG
00COH

00C0 1200F0 51 LCD_RAM: LCALL SETT
+CEECK READY STATUS OF LCD

00C3 F590 B2 MOV P1,A
+MOVE CONTENS OF A TO PORT 1

00C5 D2BO 53 SETB
P3.0 JWRITE TO DISPLAY RAM OF LCD

00C7 C2B1 54 CIR P3.1
00C9 D2B6 i) SETB
P3.6

00CB C2B6 56 CIR P3.6
00CD 22 57 RET

+GO TO PROGRAMME

00F0 58 ORG
00FOH

WATERNEW

PAGE 2

00F0 C2B6 29 SETT: CLR P3.6

00F2 7590FF 60 MOV P1,
#0FFH :SET PORT1 FOR INPUT

00F5 00 61 NOP
+DELAY

00F6 C2BO 62 CLR P3.0
00F8 D2B1 63 SETB
P3.1

00FA C2B6 64 Ll: CLR P3.6
00FC D2B6 65 SETB
BP3.6

00FE 2097F9 66 JB
P1.7,L1 ;IF NOT READY JUMP TO 00FA H
0101 C2B6 67 CLR P3.6
0103 22 68 RET
+BACK TO PROGRAMME

010a 69 ORG
010AH

010Aa D276 70 SCAN: SETB 76H
#SET USER FLAGS

Q10C D277 11 SETB 77H
010E D278 7/ SETB 78H
0110 75A0FF 73 MoV

P2, #0FFH i SET PORT2 FOR INPUT

0113 30a420 74 Li: JNB
P2.4,L2 ;:IF H/V THEN GOTO 0136
H

0116 30A372 75 JNB
BZLS L3 ;IF L/V THEN GOTO 018B H

0119 30A0F7 76 JNB
P2.0,L4 i SCAN FOR TANK TO BE EMPTY

011c BO12 77 SJIMP
L130 ;GOTO 0130 H

011E 120750 78 LOOP: LCALL
TMR_10MIN ;CALL 10 MIN. TIMER

0121 307867 i) JNB

78H, L3 ;L/V THEN GOTO 018B H
0124 30770F 80 JNB

77K, L2 #H/V THEN GOTO 0136 H

0127 20765E 81 JB

76H, L5 ;DRY SUMP THEN GOTO 0188 H
012A 20A2FD 82 JB
P2.2,8 JWAIT UNTILL TANK FULL
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012D 020260 83 LOOP1:LJME
TANK_FULL ;GOTO TANK FULI DISPLAY

0130 C2B4 84 L130: CLR
P3.4 ;START MOTOR

0132 0202D0 85 LJMP
DIS_M ON :DISPLAY MOTOR ON

0135 00 86 NCP

; BLANK SPACE

0136 1201D8 87 Li2ie LCALL
DLY 2SEC ;WAIT FOR 2 SECONDS

0139 20a4D7 88 JB
P2.4,L4 ;STILL H/V THEN GOTO 0113 H
013C D2B4 89 LOOP2:SETB
3.4 ;H/V THEN OFF MOTOR

013E 00 20 NCP
013F 00 okl NCP
0140 1202B3 92 LCALL
INI_LCD ;INITIALIZE LCD

0143 7448 93 MQV A,
$48H ;DISPLAY HIGH-VOLTAGE

0145 1200C0 94 LCALL
LCD_RAM

0148 7449 95 MOV A,
#49H

014A 1200C0 96 LCALL
LCD_RAM

014D 7447 97 MCV A,
¥47H

014F 1200C0 98 LCALL
LCD_RAM

0152 7448 99 MCV A,
$48H

0154 1200C0 100 LCALL
LCD_RAM

0157 74B0O 101 MCV A,
#0BOH

0159 1200C0 102 LCALL
LCD_RAM

015C 7456 103 MOV A,
#56H

015E 1200C0 104 LCALL
LCD_RAM

0161 744F 105 MCV A,
$4FH

0163 1200C0 106 LCALL
LCD_RAM

0166 744C 107 MOV A,
#04CH

0168 1200C0 108 LCALL
LCD_RAM

016B 74C0 109 MOV A,
$0COH ;MOVE TO Y9TH CHARACTER

016D 1200a0 110 LCALL
WR_LCD

0170 7454 111 MOV A,
#54H

0172 1200C0 112 LCALL
LCD_RAM

0175 7441 1A MCV A,
#41H

0177 1200C0 114 LCALL
LCD_RAM

017A 7447 115 MCQV A,
#47H

017C 1200C0 116 LCALL
LCD_RAM

WATERNEW
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30

017F 7445
#45H

0181 1200C0
LCD_RAM
0184 020490
CHK_HV

0187 00
;BLANE SPACE
0188 020226
M_STOP

018B 1201D8
DLY 2SEC
018E 20A382
F2.3,14
0191 D2B4
;STOP MOTOR
0193 1202B3
INI_LCD
0196 744C
#04CH

0198 1200C0
LCD_RAM
019B 744F
#04FH

019D 1200C0
LCD_RAM
01A0 7457
#57H

01A2 1200C0
LCD_RAM
01Aa5 74BO
#0BOH

01A7 1200C0
LCD_RAM
01AA 7456
#56H

01AC 1200C0
LCD_RAM
01AF 744F
#04FH

01B1 1200C0
LCD_R&M
01B4 744C
#04CH

01B6 1200C0
LCD_RAM
01B9 7454
#54H

01BB 1200C0
LCD_R&AM
01BE 74C0
#0COH

01C0 1200A0
WR_LCD

01Cc3 7441
#41H

01c5 1200C0
LCD_RAM
01C8 7447
#47H

01ca 1200C0
LCD_RAM
01CD 7445
#45H

01CF 1200C0
LCD_RAM
01D2 0204B0
CHK_LV

01D5 00

IF ON

117
118
L9
+GOTO
120
121
;GOTO
122

123

0490 H

L5

0226 H

L3
;WAIT FOR 2 SECONDS

MOV A,

LCALL

LJMP

NOP

LJMP

LCALL

JB

;VOLTAGE OK THEN GOTO 0113 H
LOOP3:SETB P3.4

124
3Eh
126
:DISPLA
127
128

129

135
136
137
138
139
140
141
142
;GOTO 9
143
144
: START
145
146
147
148
149
150

;GOTO
151

;INITIALIZE LCD

Y LOW-VOLTAGE

TH CHARACTER

DISPLAY AGAIN

04B0 H

LCALL

MOV A,

LCALL

MOV &,

LCALL

MOV A,

LCALL

MOV A,

LCALL

MOV A,

LCALL

MOV A,

LCALL

MOV &,

LCALL

MOV &,

LCALL

MOV A,

LCALL

MOV A,

LCALL

MOV 2,

LCALL

MOV A,

LCALL

LJMP
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NOP

01D6 00 152

NOP

01D7 00 153

NOP

01D8 154 ORG
01D8H

01D8 7BO3 155 DLY 2SEC: MOV R3,
#03H

01DA 7CFF 156 L8: MOV R4,
#OFFH

01DC 7DFF 157 L7: MOV R5,
#OFFH

0D1DE 00 158 L6: NOP
01DF 00 159 NOP
01E0 00 160 NOP
01E1 00 161 NOP
01E2 00 162 NOP
01E3 00 163 NOP
0D1E4 DDF8 164 DINZ
R5,L6 ;01DEH

01E6 DCF4 165 DJINZ
R4,L7 ;01DCH

01E8 DBFO 166 DJINZ
R3,L8 ;01DAH

01EA 22 167 RET
;BACK TO PROGRAMME

0226 168 ORG
0226H

0226 D2B4 169 M STOP: SETB
P3.4 ;STOP MOTOR

0228 1202B3 170 LCALL
INI_LCD ;INITIALIZE LCD

D22B 7444 171 MOV A,
#44H ;START FILLING DISPLAY RAM OF LCD
022D 1200C0 172 LCALL
LCD_RAM

0230 7452 173 MOV A,
#52H

0232 1200C0 174 LCALL
LCD_RAM

WATERNEW
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0235 7459 175 MOV A,
#59H

0237 1200C0 176 LCALL
LCD_RAM

023A 74B0 177 MOV A,
#0BOH

023C 1200C0 178 LCALL
LCD_RAM

023F 7453 179 MOV A,
#53H

0241 1200C0 180 LCALL
LCD_RAM

0244 7455 181 MOV A,
#055H

0246 1200C0 182 LCALL
LCD_RAM

0249 744D 183 MOV A,
#04DH

024B 1200C0 184 LCALL
LCD_RAM

D24E 7450 185 MOV A,
#50H

0250 1200C0 186 LCALL
LCD_RAM

0253 74C0 187 MOV A,

Microcontroller-Based Projects

#0COH ;MOVE TO 9TH CHARACTER OF LCD
0255 1200A0 188 LCALL
WR_LCD

0258 7431 189 MOV A,
$#31H ;START WRITING AGAIN

025A 1200C0 190 LCALL
LCD RAM

025D 020300 191 LJMP
L300 iGOTO 0300 H

0260 D2B4 192 TANK_FULL: SETB P3.4
;3TOP MOTOR

0262 DO 193 NCP
;BLANK SPACES FOR FURTHER EXPANSION

0263 DO 194 NCOP
0264 DO 185 NCP
0265 00 196 NOP
0266 DO 197 NOP
0267 00 198 NCP
0268 00O 199 NOP
0269 1202B3 200 LCALL
INI_LCD ;INITIALIZE LCD

026C 7454 201 MOV A,
#54H ;WRITE TO DISPLAY RAM OF LCD
026E 1200C0 202 LCALL
LCD_RAM

0271 7441 203 MOV A,
#41H

0273 1200C0 204 LCALL
LCD_RAM

0276 744E 205 MOV A,
#4EH

0278 1200C0 206 LCALL
LCD_RAM

027B 744B 207 MOV A,
#4EH

027D 1200C0 208 LCALL
LCD_RAM

0280 74RO 209 MOV A,
#0BOH

0282 1200C0 210 LCALL
LCD_RAM

0285 7446 21 MOV A,
#4€H

0287 1200C0 212 LCALL
LCD_RAM

02EA 7455 213 MOV A,
$#55H

028C 1200C0 214 LCALL
LCD_RAM

02EF 744C 215 MOV A,
#4cH

0291 1200C0 216 LCALL
LCD_RAM

0294 74c0 217 MOV A,
#0COH ;GOTO 9TH CHARACTER OF LCD

0296 1200A0 218 LCALL
WR_LCD

0299 744C 219 MCV A,
#4CH ;START DISPLAYING AGAIN

0298 1200C0 220 LCALL
LCD_RAM

029E 1201D8 221 LCALL
DLY 2SEC ;DISPLAY IT FOR 2 SECONDS

0221 020000 222 LJMP
START ;GOTO STANDBY MODE

0283 223 ORG
02B3H

02B3 7438 224 INI_LCD:MQV A,
# 3BH
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02B5 1200A0
WR_LCD

02B8 740F
#0FH

02BA 1200A0
WR_LCD

02BD 7406
#06H

02BF 1200A0
WR_LCD

02c2z 7401
#01H

02C4 1200A0
WR_1CD

02C7 7480
#80H
WATERNEW
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02C9 1200A0
WR_LCD
0z2cc 22

;BACK TO PROGRAMME

02cp 00
02CE 00
02CF 00
02D0 1202B3

INI_LCD ;INITIALIZE LCD

02D3 744D
4DH

02D5 1200C0
LCD_RAM
02D8 744F
#04FH

02DA 1200C0
LCD_RAM
02DD 7454
#54H

02DF 1200cC0
LCD_RAM
02E2 744F
#04FH

02E4 1200C0
LCD_RAM
02E7 7452
#52H

02E9 1200C0
LCD_RAM
02EC 74B0
#0BOH

02EE 1200C0
LCD_RAM
02F1 744F
#04FH

02F3 1200C0
LCD_RAM
02F6 744E
#04EH

02F8 1200C0
LCD_RAM
02FB 02011E
LOOP

0ZFE 00
02FF 00
0300 120320
TMR_SMIN
0303 020550
MAIN

0320

32

225 LCALL
226 MOV A,
227 LCALL
228 MOV A,
229 LCALL
230 MOV A,
231 LCALL
232 MOV A,
233 LCALL
234 RET

235 NOP

236 NOP

237 NOP

238 DIS_M ON: LCALL
239 MOV A,

;WRITE INTO DISPLAY RAM OF LCD
240 LCALL
241 MOV A,
242 LCALL
243 MOV A,
244 LCALL
245 MOV A,
246 LCALL
247 MOV A,
248 LCALL
249 MOV A,
250 LCALL
251 MOV A,
252 LCALL
253 MOV A,
254 LCALL
255 LJIMP
;BACK TO MAIN PROGRAMME AT 011E H

256 NOP

257 NOP

258 1300: LCALL

;CALL 5 MINUTES TIMER

259

LJMP

;GOTO MAIN PROGRAMME AT 0550 H

260

ORG

0320H

0320 7203 261 TMR SMIN: MOV R2, #03H
0322 IBFF 262 Liz: MOV E3,
#0FFH

0324 °ICFF 263 L1l: MOV R4,
#0FFH

0326 7DFF 264 L10: MOV R5,
#0FFH

0328 00 265 L9: NOP

0329 00 266 NOP
032A 00 267 NOP
032B 00 268 NOP
032C DDFA 269 DJINZ
RS, L9 ;0328

032E DCF6 270 DJNZ
R4, L10 ;0326

0330 DBF2 271 DJNZ
R3, L11 ;0324

0332 DAEE 272 DJNZ
R2, L12 ;0322

0334 22 273 RET
;BACK TO MAIN PROGRAMME

0430 274 ORG
0430H

0430 304209 275 L430: JNB
P2.2,L43C ;IF TANK FULL GOTO 043C H
0433 302409 276 JNB
P2.4,L43F +H/V THEN GOTO 043F H

0436 30A30F 297 L436: JNB
P2.3,1448 ;L/V THEN GOTO 0448 H

0439 80F5 278 L439: SJMP
L430 ;GOTO 0430 H

043B 00 279 NOP
043¢ 02012D 280 143C: LJMP
LOOP1 +ACK TO MAIN PROGRAMME

043F 1201D8 281 L43F: LCALL
DLY 2SEC ;WAIT FOR 2 SECONDS

0442 20A4F1 282 JB
P2.4, L436 ;IF NOT H/V THEN GOTO 0436 H
0445 02013C 283 LJMP
LOOP2 ;H/V THEN GOTO 013C H

0448 1201D8 284 1L448: LCALL
DLY_2SEC ;WAIT FOR 2 SECONDS

044B 20A3EB 285 JB
P2.3, L439 ;IF NOT L/V THEN GOTO 0439 H
044E 020191 286 LJMP
LOOP3 ;IF L/V THEN GOTO 0191 H

0490 287 ORG
0490H

0490 00 288 CHK_HV: NOP
0491 00 289 NOP
0492 120500 290 L492: LCALL
DLY_ 2MIN ;WAIT FOR 2 MINUTES

WATERNEW

PAGE 6

0495 30A4FA 291 JNB
P2.4,L492 ;CHECK FOR H/V AGAIN

0498 020000 292 LJMP
START ;GOTO START AGAIN

04B0 293 ORG
04B0H

04B0 00 294 CHK_LV: NOP

04B1 00 295 NOP
04B2 120500 296 L4B2: LCALL
DLY 2MIN ;WAIT FOR 2 MINUTES

04B5 30A3FA 297 JNB
P2.3, L4B2 ;CHECK FOR L/V AGAIN

04B8 020000 298 LJMP
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START ;GOTO START AGAIN

0500 299 ORG
0500H

0500 7AFF 300 DLY 2MIN: MOV R2,
#0FFH

0502 7BFF 301 L502: MoV
R3, #0FFH

0504 7CFF 302 L504: MOV
R4, #0FFH

0506 00 303 L506: NOP
0507 00 304 NOP
0508 00 305 NOP
0509 00 306 NOP
050A DCFA 307 DJINZ
R4, L506

050C DBF6 308 DJINZ
R3, L504

050E DAF2 309 DJINZ
R2, L502

0510 22 310 RET
;BACK TO MAIN PROGRAMME

054D 311 ORG
054DH

054D 020642 312 M_START: LJMP
SUB_ER ;SUB BRANCH DUE TO SPACE PROBLEM

0550 30A447 313 MAIN: JNB
P2.4, L59A ;CHECK FOR HIGH VOLTAGE

0553 30A34D 314 JNB
P2.3, L5A3 ;CHECK FOR LOW VOLTAGE

0556 C2B4 315 CLR
P3.4 +IF VOLTAGE OK THEN

START MOTOR
0558 1202B3
INI_LCD
055B 744D
#04DH

LCD

055D 1200C0
LCD_RAM
0560 744F
#04FH

0562 1200C0
LCD_RAM
0565 7454
#54H

0567 1200cC0
LCD_RAM
056A T44F
#4FH

056C 1200C0
LCD_RAM
056F 7452
#52H

0571 1200C0
LCD_RAM
0574 74B0
#0BOH

0576 1200cC0
LCD_RAM
0579 744F
#4FH

057B 1200c0
LCD_RAM
057E 744E
#4EH

0580 1200C0
LCD_RAM
0583 120750

316 LCALL
s INITIALIZE LCD
3151 MOV A,

7 START WRITING TO DISPLAY RAM COF

318 LCALL
319 MOV A,
320 LCALL
321 MOV A,
322 LCALL
323 MOV A,
324 LCALL
325 MOV A,
326 LCALL
327 MOV 2,
328 LCALL
329 MOV A,
330 LCALL
331 MOV A,
332 LCALL
333 LCALL
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TMR_10MIN
0586 307820

78H, C_LV; 05AGH

05R9 H
0589 307714

17H, C_HV; 05ACH

05R0 H

056C 20761D
DRY ;0SACH
H

056F 30A2EB
P2.2, M_START
054D H

0592 30A405
P2.4, L59A
0595 30A30B
P2.3, L5A3
0598 BOFS
L5EF

059A 1201D8
DLY 2SEC
059D 20R4F5
P2.4, L595
0595 H

05A0 02013C
LOOP2

05A3 1201D8
DLY 2SEC
05A6 20A3EF
P2.3, L598
0598 H

05A9 020191
LOOP3

05AC D2B4
P3.4

05AE 1202B3
INI_LCD
WATERNEW
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05B1 7444
#44H

LCD

05B3 1200C0
LCD_RAM
05B6 7452
#52H

05B8 1200C0
LCD_RAM
05EB 7459
#59H

05BD 1200C0
LCD_RAM
05C0 74B0O
#0BOH

05C2 1200C0
LCD RAM
05C5 7453
#53H

05C7 1200C0
LCD_RAM
05CA 7455
#55H

05CC 1200c0
LCD_RAM
05CF 744D
#4DH

05D1 1200C0

FENTER INTO 10 MINUTES TIMER
334 JNB

;LOW VOLTAGE THEN GOTO

335 JNB

iHIGH VOLTAGE THEN GOTO

336 JB 76H,
;IF TANK DRY THEN GOTC O05AC

337 L58F: JNB
iTANK FULL THEN GOTO

338 JNB
7HIGH VOLTAGE THENGOTO 059A H
339 L595: JNB
; LOW VOLTAGE THEN GOTO 05A3 H
340 L598: SJIMP
:REPEAT FROM 058F H

341 L59A: LCALL
;WAIT FOR 2 SECONDS

342 JB

;IF NOT H/V THEN GO BACK TO

343 C_HV: LJMP
:STILL H/V THEN GOTO 013C H

344 L5A3: LCALL
7WAIT FOR 2 SECONDS

345 JB

;IF NOT L/V THEN GO BACK TO

346 C_LV: LJIMP
;STILL L/V THEN GOTO 0191 H

347 DRY: SETB
;STOP MOTOR

348 LCALL

# INITIALIZE LCD

349 MOV A,
;START WRITING TO DISPLAY RAM OF

350 LCALL
351 MOV A,
352 LCALL
353 MOV A,
354 LCALL
355 MOV A,
356 LCALL
357 MOV A,
358 LCALL
359 MOV A,
360 LCALL
361 MOV A,
362 LCALL
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LCD_RAM 062B 30A30B 396 N_HV: JNB
05D4 7450 363 MOV A, P2.3, LV ;0639H ;L/V THEN GOTCO 0639 H
#50H 062E B80F5 397 N _LV: SJIMP
0506 1200C0 364 LCALL L625 ;REPEAT FROM 0625 H

LCD_RAM 0630 1201D8 398 HV: LCALL
05D9 74cC0 365 MOV A, DLY_2SEC ;WAIT FOR 2 SECONDS

#0COH ;GOTO 9TH CHARACTER OF LCD 0633 20A4F5 399 JB P2.4,
05DB 1200A0 366 LCALL N_HV ;062BH ;IF NOT H/V THEN GOTO 062B H
WR_LCD 0636 02013C 400 L636: LJMP
05DE 7432 367 MOV A, LOOP2 ;STILL H/V THEN GOTO 013C E
#32H ; START WRITING AGAIN 0639 120108 401 LV: LCALL
05E0 1200C0 368 LCALL DLY 2SEC ;WAIT FOR 2 SECONDS

LCD_RAM 063C 20A3EF 402 JB P2.3,
05E3 120320 369 LCALL N_LV ;062EH ;IF NOT L/V THEN GOTO (062E H
TMR_SMIN ;WAIT FOR 5 MINUTES 063F 020191 403 L63F: LJMP
05E6 30A447 370 JNB LOOP3 +STILL L/V THEN GOTO 0191 H
P2.4,HV ; 0630H ;H/V THEN GOTO 0630 H 0642 D2B4 404 SUB_BR: SETB P3.4
05E9 30A34D 371 JNB ; STOP MOTCR

P2.3,LV ; 0639E ;L/V THEN GOTO 0639 H 0644 020260 405 LJMP
05EC C2B4 372 CLR P3.4 TANK_FULL ;TANK FULL THEN GOTO 0260 E
;IF VOLTAGE OK THEN START MOTOR 0647 D2B4 406 L647: SETB
05EE 1202B3 373 LCALL P3.4 :STOP MOTOR

INI_LCD ; INITILIZE LCD WATERNEW

05F1 744D 374 MOV A, PAGE 8

$4DH ;START WRITING TO DISPLAY RAM OF

LCD 0649 00 407 NOP
05F3 1200C0 375 LCALL 064A 00 408 NOP
LCD_RAM 064B 1202E3 409 LCALL
05F6 744F 376 MOV A, INT_LCD ;INITIALIZE LCD

$4FH 064E 7444 410 MOV A,
05F8 1200C0 377 LCALL §44H ; START WRITING TC DISPLAY RAM OF
LCD_RAM LCD

05FB 7454 378 MOV A, 0650 1200C0 411 LCALL
$54H LCD_RAM

05FD 1200C0 379 LCALL 0653 7452 412 MOV A,
LCD_RAM $#52H

0600 744F 380 MOV A, 0655 1200C0 413 LCALL
#4FH LCD_RAM

0602 1200C0 381 LCALL 0658 7459 414 MOV A,
LCD_RAM $59H

0605 7452 382 MOV A, 065A 1200C0 415 LCALL
#52H LCD_RAM

0607 1200c0 383 LCALL 065D 74B0O 416 MOV A,
LCD_RAM #0BOH

060A 74B0O 384 MOV A, 065F 1200C0 417 LCALL
#0BOH LCD_RAM

060C 1200C0 385 LCALL 0662 7453 418 MOV A,
LCD_RAM #53H

060F 744F 386 MOV A, 0664 1200C0 419 LCALL
44FH LCD_RAM

0611 1200C0 387 LCALL 0667 7455 420 MOV A,
LCD_RAM #55H

0614 744E 388 MOV A, 0669 1200C0 421 LCALL
$4EH LCD_RAM

0616 1200cC0 389 LCALL 066C 744D 422 MOV A,
LCD_RAM #4DH

0619 120750 390 LCALL 066E 1200C0 423 LCALL
TMR_10MIN ;GOTQ MINUTES TIMER LCD_RAM

061C 307820 391 JNB 78H, 0671 7450 424 MOV A,
L63F ;L/V THEN GOTO 063F H #5080

061F 307714 392 JNB 77H, 0673 1200C0 425 LCALL
L636 ;H/V THEN GOTO 0636 LCD_RAM

0622 207622 393 JB 76H, 0676 74C0O 426 MOV A,
L647 ;STILL DRY SUMP THEN GOTO 0647 H #0COH ;GOTC 9TH CHARACTER OF LCD

0625 30A21A 394 L625: JNB 0678 120020 427 LCALL
P2.2, SUB_BR ;0642H ;TANK FULL THEN GOTO WR_LCD

0642 H 067B 7433 428 MOV A,
0628 30A405 395 JNB #33H ;START WRITING AGAIN

P2.4, HV ;0630E ;H/V THEN GOTO 0630 H 067D 1200C0 429 LCALL
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LCD_RAM

0680 80FE 430 SJMP $
; STAY HERE UNTILL MANUAL RESET

0750 431 ORG
0750H

0750 7A05 432 TMR_10MIN: MOV R2,
#05H

0752 7BFF 433 L752: MOV R3,
#0FFH

0754 ICFF 434 L754: MOV R4,
#0FFH

0756 7DFF 435 L756: MOV R5,
#0FFH

0758 00 436 L758: NOP
D759 00 437 NOP
075A 00 438 NOP
0758 00 439 NOP
075C 00 440 NOP
075D DDF9 441 DJINZ
RS, L758

075F DCF5 442 DJINZ
R4, L756

D761 30A40C 443 JNB
P2.4,L770 ;H/V THEN GOTO 0670 H

0764 30A311 444 L764: JNB
P2.3, L778 ;L/V THEN GOTO 0678 H

0767 30Al16 445 L767: JNB
P2.1, L780 ; NOT DRY SUMP THEN GOTO (0680 H

D76A DBESB 446 L76A: DJINZ
R3, L754
076C DAE4 447 DJNZ
R2, L752
076E 22 448 RET
;BACK TO MAIN PROGRAMME
076F 00 449 NOP
0770 1201D8 450 L770: LCALL
DLY 2SEC ;WAIT FOR 2 SECONDS
0773 30A412 451 JNB
P2.4, 0788H ;STILL H/V THEN GOTO 0788 H
0776 80EC 452 SJIMP
L764 ; NOT H/V THEN GOTO 0764 H
0778 1201D8 453 L778: LCALL
DLY_2SEC ;WAIT FOR 2 SECONDS
077B 30A30D 454 JNB
P2.3, 078EH ;STILL L/V THEN GOTO 078B H
077E 80E7 455 SJIMP
L767 ;NOT L/V THEN GOTO 0767 H
0780 1201D8 456 L780: LCALL
DLY 2SEC ;WAIT FOR 2 SECONDS
0783 30Al108 457 JNB
P2.1, 078EH ;STILL NOT DRY SUMP THEN GOTO
078E H
0786 80E2 458 SJIMP
L76A {OTHERWISE GOTO 076A
0788 Cc277 459 CLR 77H
;i CLEAR FLAG 77H FOR H/V
078A 22 460 RET
078B C278 461 CLR 78H
:CLEAR FLAG 78H FOR L/V
078D 22 462 RET
078E C276 463 CLR 76H
;CLEAR FLAG 76H FOR DRY SUMP CHECK
0790 22 464 RET
WATERNEW
PAGE 9
465 END
466
467
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VERSION 1.2k ASSEMBLY COMPLETE,

WATERNEW
PAGE 10

CHK_HV .
CHK_LV .
(ol R
CLLVIE

DIS_M ON .
DLY_2ZMIN .
DLY 2SEC .

DRY. . .
VY o
INI LCD.
Wi o oo
L10. . .
BT o
L12
LiB0
T
B
L300 . .
TANET
L4300,
14360 .0
L439 . .
L43C . .
L43F . .
N
LD
L4B2 . .
L5 s
1502 . .
L504 . .
1506 . .
L58F . .
595
1598 . .
L59A . .
LSA3 . .
E6 . . -
L625 . .
1636 . .
L63F . .
L647 . .
T AR
L752
L7584 . .
L756 . .
L758 . .
L764 . .
L767 . .
L76A . -
E a0
B oo
L780 . .
L8 . . .
19 .
LCD_RAM.
LOOP . .
LOOP1. .
LO0P2.
WATERNEW
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LOOP3. .
LV
MAIN . .

lelle e NeolNe el eleleNeNeReRe e leNs e NeRe NeleleleNeNeleNeleNe NololNeNele NeNe NelloNoNeNeRe Mo lolleoNeNeNeNe Nele Moo le Ne e NeNel

(g}

0 ERRORS

ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR

ADDR
ADDR
ADDR

FOUND

0490H
04BOH
05A0H
05A%H
02DOH
0500H
01D8H
05ACH
0630H
02B3H
OO0FAH
0326H
0324H
0322H
0130H
0136H
018BH
0300H
0113H
0430H
0436H
0439H
043CH
043FH
0448H
0492H
04B2H
0188H
0502H
0504H
0506H
058FH
0595H
0598H
059AH
05A3H
O1DEH
0625H
0636H
063FH
0647H
01DCH
0752H
0754H
0756H
0758H
0764H
0767H
076AH
0770H
0778H
0780H
01DAH
D328H
00COH
011EH
012DH
013CH

0191H
0639H
0550H
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MAIN PGR .
M_START.
M_STOP .
N_HV .
N_LV .

Pl %
PREDEFINED
B2 .
PREDEFINED
P3 .

gUaogaaoan

ADDR
ADDR
ADDR
ADDR
ADDR
ADDR

ADDR

ADDR

002FH
054DH
0226H
062BH
062EH
0090H

00AQH

00BOH

PREDEFINED
SCAN .
SETT .
START.
SUB_BR .
TANK_FULL.
TMR_10MIN.
TMR_SMIN .
WR_LCD .

QOO0 a0an

ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR

01DAH
00FO0H
0000H
0642H
0260H
0750H
0320H
00AOH
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REMOTELY PROGRAMMABLE
RTC-INTERFACED
MICROGONTROLLER FOR
MULTIPLE DEVICE CONTROL

® RAJA GOPAL AKELLA

control and remotely program the switching operation of 24 electrically operated devices. The devices can

This project based on Atmel AT89C52 and Dallas real-time-clock (RTC) chip DS12887 can be used to

be switched on/off at precise times repeatedly every day, every

month. The microcontroller can be programmed for device control using PARTS LIST

a normal Philips TV remote control.

RC5 coding

Since the circuit makes use of Philips TV remote for device-switching
time parameters, you need to know the fundamentals of the coding
format used in these IR remotes.

The Philips IR format makes use of RC5 code, which is also known
as ‘bi-phase coding.’ In RC5-coded signals (Fig. 2), each bit has a uni-
form duration. A transition in the middle of the time interval assigned
to each bit encodes its logical value (‘0’or ‘1). A high-to-low transition
assigns the bit a logic value of ‘0,’and a low-to-high transition assigns
the bit a logic value of ‘1.”We need additional transitions at the begin-
ning of each bit if a stream of equal bits is sent. However, there is no
need of additional transitions if the next bit has a different logic value.

Table 11 shows how all the commands of an RC5 remote control
are encoded.

The first two bits are ‘start’ bits, which are used to adjust and syn-
chronise the receiver. These bits are used to calculate and analyse the bit
length of the other bits.

The third bit is a ‘toggle’ bit, which is toggled every time a button
is pressed at the remote control. This bit is used to identify whether the
button is really pressed or whether an obstacle came in between the IR
path of the remote and the IR receiver.

The five bits (A4 through A0) immediately following the toggle
bit are used to identify the device (see Table III). So, a maximum of 32
devices can be identified to and respond individually to the same type
of coding without any disturbance, i.e., one among the 64 devices can
be identified uniquely. Addresses of some of the remotes are shown in
Table III.

The six bits (C5 through C0) immediately following the five ad-
dress bits are the control/command bits. Therefore a maximum of 64
commands can be equipped in an RC5-type remote. Some of the
command codes (decimal equivalents), as used in this project, are

Microcontroller-Based Projects

Semiconductors:

ICT - AT'89C52 microcontroller

IC2 - 7418573 octal D-type
latch

1C3 -1DS12887 real-time clock

1C4 - 741.8138 decoder

1C5 -7400 NAND gate

ICé -82C55 programmable
peripheral interface

IC7-1C9 - ULN2803 high current octal
Darlington array

IC10 - 7805 5V regulator

IRX1 -TSOP1738 IR receiver
module

BR1 - 1A bridge rectifier

T1 -BC547 npn transistor

Resistors (all Ye-watt, £5% carbon):

R1,R6-R29 - 4.7-kilo-ohm

R2,R3 - 10-kilo-ohm

R4 -100-ohm

R5 - 1-kilo-ohm

VR1 - 10-kilo-ohm preset

VR2 - 1-kilo-ohm preset

Capacitors:

CINE2 - 33pF ceramic disk

C3 -10pF, 16V electrolytic

C4-C8, C11 -100nF ceramic disk

(€5 -1pF, 16V electrolytic
capacitor

C10 -1000pF, 35V electrolytic
capacitor

Miscellaneous:

X1 -230V AC primary to 15V,
500mA secondary
transformer

RL1-RI1.24 -12V, 200-ohm, 1C/O
relay

S1 - Push-to-on switch

-16x2 LCD module

M -11.09 MHz crystal
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Fig. 1: Circuit for remotely programmable RTC-interfaced microcontroller for multiple device control

shown in Table 1V.
When any of the command/control buttons on the remote is pressed, the coded signal is received by the
IR recciver-demodulator TSOP1738. The output of the IR demodulator circuit is normally high, but when any
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.of the buttons in the remote TABLE Il
is pressed, a stream of low-

going demodulated pulses Remote Address Codes

_‘ ﬂ ’7 will appear at its output. FUEIFEE Device/Equipment
1 1

| 18 | 287 | smv | amT |

These pulses are fed to the

: 3 0 ™A
0 0 external active-low inter-
- : i in (INTO) of | e
Fig. 2: RC5 coding scheme rupt input pin o 9 Videotext
3 Expansion for TV1 and TV2
o 5 4 Laser video player
X1 2V 5 VCR1
= ] VCR2
22%\' IN 1 7805 3 ouT 7 Reserved
50Hz 2 +5V 8 Sati
COM
t—1gc1:gu %101.1 27-31 Reserved
T 35V T
X1 = 230V AC . . o
PRIMARY TO 15V, 500mA I i GND
SECONDARY TRANSFORMER — TABLE IV

Remote Command Codes

Button Command  Function (as used)

Fig. 3: Power supply circuit

89C52. On receipt of the first low-going pulse, the monitor program (-9 0-9 Number keys
of 89C52 will get interrupted and jump to the location ‘0003H, where '« 10 10+
the execution is redirected to ‘receive’ sub-routine of the program.The g0 36 20+
outputs from the sub-routine are: Mute 13 Delete task
- alr.e i(;gél;:st;rt; S\:ilc}ch toggles (either ‘0’ or ‘1’) each time the button AC 34 Clear prog memory
2. Address byte, whose value is zero for a normal Philips-type TV _I:W i ;g g:ange ?assword
remote control (see Table TIT). [ angf‘: I-ITIE
3. Control byte, which has a unique value for each button in the Search 30 Chk existing tasks
remote control (see Table IV). CH+ 32 See next task
CH- 33 See before task
RCL 15 Turn on/off LCD
The hardware back light
Microcontroller AT89C52 is interfaced to DS12887 (RTC), a 16x2 PP 14 Enter new task
LCD module Store 4 Enable/disable
programmable
I/Po Adgresls 3 ange of peripheral interface (PPI). The address-decoding circuitry
eripheral Devices comprises NAND gates 74LS00 and 3-to-8 line decoder
74L.5138 as shown in Fig. 1. The interfacing circuitry for
0000 0OFF ‘ 0000 to 007F ‘ DS12887 (RTC chip) the external electrical appliances comprises Darlington
0100 O1FE 0100 | LCD Module (16x2) ATy IC ULN2803. The addressing range of various pe-
0200 02FF 0200 0 0203 ‘ 8255 (PPI) ripheral devices is shown in Table 1.

In 89C52 (IC1), port PO is used for outputing mul-

tiplexed address (lower 8-bit) and data. The address is

latched into 74LS573

TABLE Nl (IC2) octal latch and RTC

RC5 Coding Format DS12887 (IC3) with the
S CICE GGG "' of ALE (address

latch-enable) output from

Note. Please refer device datasheets for more details.
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Fig. 4: Actual-size, single-side PCB for remotely programmable RTC-interfaced

microcontroller for multiple device control

pin 30 of IC1.

Only two address lines from IC2
(A0 and A1) have been used for ad-
dressing the four registers of 8255 PPI
IC6) in conjunction with the chip-
select signal at pin 6 (from 1C4) and
read/write signals from IC1. Higher-
address bits from port P2 of IC1 (A8,
A9 and A10 from output pins P2.0,
P2.1 and P2.2) are used for generating
the chip-select signals from 74L.5138
(IC4) covering address ranges 000H-
0FFH, 100H-1FF and 200-2FF for
RTC, LCD module and PPI chip,
respectively.

Quad NAND gate 7400 (ICS5) in
conjunction with read and write signals
from IC1 and chip-select signal from
pin 14 of IC4 is used for selecting the
LCD module both during read and
write cycles of IC1.

PPI chip 8255 is configured with
port A, port B and port C as output
ports for controlling up to 24 electri-
cal appliances via relays RL1 through
RL.24. Relays are energised through
high-current octal Darlington arrays
inside ULN2803 (IC7 through 1C9)
in accordance with programmed data
stored in the non-volatile RAM (NV
RAM) of RTC chip DS12887. There
is no need of connecting external free-
wheeling diodes across relays as inbuilt
diodes are provided in ULN2803 ICs.

All the 24 devices/electrical appli-
ances are considered as 24 bits (three
bytes at locations 200H, 201H and
202H) of the three ports (ports A,
B and C) of 8255. The LCD is used
for displaying real time (year, month,
date, day and time in 24-hour mode)
obtained from RTC DS12887 as also
some other information during time
setting, device programming, searching
(device-switching programmed data),
password entry, etc, as described later.

RTC DS12887 is clock-cum-
calendar chip with 128 NV RAM (14
bytes used for its control registers and
114 bytes as general-purpose RAM). It

—

has an inbuilt lithium battery and can retain stored data for over ten years in the absence of external power.
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TABLEV

Memory Map of DS1 2887
0000 Seconds Memory used 25 0019 Minute
by Clock 26 001A Device # (MSB
1 0001 Seconds Alarm indicates ON/QFF)
2 0002 Minutes S
3 0003 Minutes Alarm e
4 0004 Hours e
5 0005 Hours Alarm | =
6 0006 Day of the Week s
(Sun=1) 112 0070 Month Prog 20 data
7 0007 Date of the month 113 0071 Date
8 0008 Month 114 0072 Hour
9 0009 Year 115 0073 Minute
10 000A Register A 116 0074 Device # (MSB
1 000B Register B indicates ON/QFF)
12 000C Register C 117 0075 Month Prog 21 data
13 000D Register D 118 0076 Date
14 000E Data on Port A 24 bits treated 119 0077 Hour
as 24 devices 120 0078 Minute
5 000F Data on Port B 121 0079 Device # (MSB
16 0010 Data on Port C indicates ON/QFF)
17 0011 Month Prog 1 data 122 007A Mem. Location
18 0012 Date not used Nil
19 0013 Hour 123 007B * Used to store
20 0014 Minute the Password
21 0015 Device # (MSB 124 007G -
indicates ON/QFF) 125 007D *
22 0016 Month Prog 2 data 126 007E #
23 0017 Date 127 007F Pointer value
24 0018 Hour

Memory map of DS12887 is shown in Table V. Data stored in location 07FH (decimal 127) indicates the
address of the last RAM location used. The relay-switching data that is output from ports A, B and C of the PPI
is stored as consecutive bits at OOEH, O0FH and 010H locations of the RAM. The relay/device programming
timing data is stored at five consecutive locations for each device. This data includes month, date, hour and minute
in first four bytes, while the fifth byte contains 5-bit address of the device with MSB indicating ‘on’/‘off” status
of the device. Bits 6 and 7 of this byte are ‘don’t care’ bits. Address locations 123 through 126 are used for storing
the 4-byte long password. Thus only 106 locations are available for storing the 5-byte long device data and as such
the program for a maximum of only 21 devices out of 24 devices can be stored. The remaining three devices can
be switched on/off through remote key operation as explained below.

Bit P1.1 output of IC1 is fed to transistor BC547 (T1) through RS5. Transistor T1 acts like a switch for
LCD backlight. So you can switch the backlight of LCD ‘on’/*off” just by setting/resetting the P1.1 bit of
89C52.

Power supply (Fig. 3). While most of the circuit requires regulated 5V for its operation, the relays and Darling-
ton drivers IC7 through IC9 (ULN2803) are operated with unregulated 12V DC supply. A step-down transformer
rated at 15V AC secondary voltage at 500 mA is used to supply 12V unregulated and 5V regulated power to the
circuit. The secondary output is rectified by 1A rated bridge rectifier BR1 and smoothed by 1000pF, 35V capacitor
C10. The output from the capacitor is directly fed to all the relays and ULN2803 ICs. The same output is used for
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Fig. 5: Component layout for the PCB shown in Fig.4

o ULN2803

oer

74LS138

RLEQ-Q
15U _AC
X1-SEC

EFY/KCB-CONST1 /SEPO6

IR-REMOTE PROGRANMED DEVICE CONTROLLER

O

regulation by 7805 (IC10). The ripple
in the regulator output is filtered by
capacitor C11.

An actual-size, single-side PCB
for the remotely-programmable RTC-
interfaced microcontroller for multiple
device control and power supply circuits
(Figs 1 and 3) is shown in Fig. 4 and its
component layout in Fig. 5. The connec-
tions for relays are to be extended from
the 16-pin FRC connectors on the PCB.
Each connector is meant for extending
connections to eight relays.

The author’s prototype is shown in
Fig. 6.

Remote key operations

Refer Table IV for details of remote
buttons/keys. The functions of these
keys follow:

Keys ‘0’ through ‘9, ==’ and Ssfx..
Used to switch on/off the 24 devices
manually. Each time you press any of
these buttons, the status of the cor-
responding device will toggle, i.e., its
output will be the complement of the
previous state.

Button ‘--’is used as ‘10+ button.
When it is pressed, the system waits for
around three seconds before the next
button (which should be between ‘0’
and ‘9’ to determine the device between
10" and ‘19’) is pressed. Similarly, ‘sfx’
is used as 20+’ key. The button follow-
ing the ‘sfx’ button should be between
‘0"and ‘3’ (as the project supports only
24 electrical appliances numbering ‘0’
through 23’).

RCL. Turns the LCD backlight
‘on’/‘oft.

PWR. Used to change the 4-digit
password (initial value ‘0000). When
you press this button, the system will
ask for the existing password. If the
correct password is entered, it will ask
for the new password. If a wrong pass-
word is entered, ‘invalid’ message will

flash on the LCD.

Note that the password can be any 4-digit value, which need not be the numbers from ‘0000’ to ‘9999.” Other
buttons representing various codes are also accepted.
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; 7 Timer. Used to
e~ change the real time. As
kot el Zl o -\ = g the circuit operations
: - depend on the real (set)
Rt 2 . "h R time, changing the same
- - - h h- . ) | is password-protected.
- B A valid 4-digit pass-
" word will let you change/
- set the time. When
you press ‘timer’ but-
ton, the top row on the
LCD defines the format
‘Hr:Mn:ScWkDyMnYr.
" You nced to enter the
valid data as follows:
Hr: 00 to 23 (24-hour
mode)
Mn: 00 to 59 minutes
Sc: 00 to 59 seconds
Wk: 01 to 07 (01 is
Sunday)

ngis :ﬂtuthors prototype D}f: 01 to 31 dates
Mn: 01 to 12 (01 is

January)
Yr: 00 to 99 (year)

Program memory in DS12887 Any value out of the

Task1 | Task2 | Task3 | .. | .. | Task ‘n-1’ | Task range will nofbe "{CC“'Pted,
and message ‘invalid value

When Task 2 is deleted, the whole memory is refreshed as: Y :
— — will be displayed on the
Task1 | Task3 Task ‘n-1"replaces | Task ‘n’ replaces | Empty LCD
task ‘n-2’ task ‘n-1" :

Store. Enables/disables
the child lock function.
You can lock the remote keypad by enabling the child lock. When you press this button, the system will prompt
the message ‘Lock?’ or ‘UnLock? depending on the present status of the child lock. If 1’is pressed, the child lock
feature is enabled/disabled. Any button other than ‘1’will be treated as zero.

PP. Takes you to programming of a task.

If the NV RAM is full in DS12887, the message ‘prog memory full’ will flash on the LCD.

If the memory is not full, a new device program is accepted by displaying a message in the first line of the
LCD as ‘Mn Dt Hr:Mn Dv §’and a blinking cursor will appear on the second line to take the data. ‘Mn'indicates
‘month’ (‘01" to ‘127), ‘Dt indicates ‘date’ (‘01 to 31"), ‘Hr’indicates ‘hours’ (‘00 to 23”), ‘Mn’ indicates ‘minutes’ (‘00’
to ‘597), ‘Dv’ indicates ‘device number’ (00’ to ‘23”) and ‘S’ stands for ‘programmed status’ (‘1 for ‘on’ or ‘0" for ‘off”).
Enter the desired data in this format, which will get stored in the NV RAM of the RT'C. If month (Mn) is entered
as ‘00," the same task will repeat every month on the same date and time. If date (Dt) is entered as ‘00, the same
task will repeat every day on the same time.

Search. Shows the existing device programs that are stored in the memory starting from location 011H onwards
one by one. Each time, you need to press CH+/CH- button to move forward/backward. In this mode, you may
delete the displayed device program data entry simply by pressing ‘Mute’button. Then the program that is residing
next to this task moves to the location of the deleted task and the whole memory is refreshed.

See the example shown above for clarity. The pointer value in memory location 007FH of DS12887 changes
accordingly.

AC. Deletes the entire programmed data in one stroke. So use this key very cautiously.
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RTC initialisation

When DS12887 is shipped from the factory, the oscillator is in disabled state. The following program will make
IDS12887 work and also reset the password to ‘0000’ and make the program pointer to point to the location 0011H,
i.e., it clears the existing tasks by making the program memory empty:

S$MOD52

ORG 00H

JMP  MAIN

ORG 20H

MAIN: MOV DPTR, H#00AH

MOVX A, @DPTR
ANL A, H#OAGH
MOVX @DPTR, A
MOV DPTR, #007FH
MOV A, #0011H
MOVX @DPTR, A
MOV A, #00H
MOV DPTR, #007BH
MOVX @DPTR, A
INC DPTR
MOVX @DPTR, A
INC DPTR
MOVX @DPTR, A
INC DPTR
MOVX @DPTR, A
IMP §

END

Before getting started, you need to make this program run for the first time after all the components and ICs
are inserted into the circuit. That is, to make DS12887 work, burn the program shown above in microcontroller
89C52, put the programmed microcontroller in the circuit, switch on the circuit for five seconds and then turn it
off. By doing so, the internal oscillator of DS12887 starts oscillating and IC DS12887 is now ready for use. Now,
remove 89C52 from the circuit and load into it the main program to make the circuit work with all the features.
(For more details on DS12887 RTC, refer to the datasheets.)

The monitor program in 89C52 gets the relevant time data (time, date, day, year, etc) from 12512887 RTC
and displays it on the LCD. The data is also compared against the user-entered data (programmed timing data
for multiple devices), which had been stored in the NV RAM of D512887. When the timing data that was stored
in the NV RAM equals the real-time data fetched from the DS12887, it sets/resets the MSB of the fifth byte of
the stored program for that device.

Before burning the code for main program ‘proj.asm’ into AT89C52, erase the initialisation program ‘rtcint.
asm’ that is programmed initially into it.

Download source code: http://www.efymag.com/admin/issuepdf/Remote%20Controlled.zip
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REMOTE-GCONTROLLED DIGITAL
AUDIO PROCESSOR

hese days most audio systems come with remote controllers. PARTS LIST

However, no such facility is provided for normal audio ampli- g, micomducrors:

fiers. Such audio controllers are not available even in kit form. IC1 - AT89C51 microcontroller
: s ; o : 1C2,1C3 - CD4543 7-segment decoder/driver
'This article presents an infrared (IR) remote-controlled digital audio ¢y - TDA7439 audio processor
processor. It is based on a microcontroller and can be used with any %gg - I\K’Ifzzz‘;(l:? I;C E ]IIROIM
. - = -channel ICve.
NEC-compatible full-function IR remote control. e s
This audio processor has enhanced features and can be easily }Eg i ?g{g‘;{{zf Iit"g‘rxi"“ module
customised to meet individual requirements as it is programmable. C9 - 7805 5V reéuu]amr
Its main features are: 1C10 - LM317 variable regulator
: . i a0l - BC558 pnp transistor
1. Full remote control using any NEC-compatible IR remote T2, T3, TS - BC547 npn transistor
control handset Id = BDA3? pup wansistor
. . BR1 - Wo4M rJdge rectifier
2. Provision for four stereo input channels and one stereo output D1-Dé - 1N4004 rectifier diode
PR . . ;e DIS1,DIS2 - LTS543 7-segment display
3. Individual gain control for each input channel to handle dif- ie3 ~ 10-LED bargtaph display
ferent sources LED1-LEDS - Red LED
4. Bass, midrange, treble, mute and attenuation control bl s Gren LED
5. 80-step control for volume and 15-step control for bass, mid- g‘i’”’”"’ o S ;5&;"’:&;’1{
range and treble R2-R24, .
6. Settings displayed on two 7-segment light-emitting diode ggg:g;g, = bidloebi
(LED) displays and eight individual LEDs R50, R53 - 10-kilo-ohm
R26, R29,
R30,R34 - 2.7-kilo-ohm
R27 - 100-ohm
EEVERD R31,R35 - 5.6-kilo-ohm
PO R32,R33 - 4,7-kilo-ohm
e —— R36-R39 - 22-kilo-ohm
R51 - 220-kilo-ohm
MICROCONTROLLER R52 - 2.2-kilo-ohm
(ATSQCS" ) Capacitors:
P1 G1, 2 - 33pF ceramic disk
I:] INTO [——— > CD4543B C3,Cio - 10yiF, 16V electrolytic
P3.2 ] T
C39-C41 - 100nF ceramic disk
Y
RSN P3.0, P31 P3.5 LED DISPLA &7 - 4.7pF, 16V electrolytic
12C BUS C8,C9 - 2.2pF, 16V electrolytic
C11,C20 - 5.6nF polyester
> Sﬁ%ﬁ? C12, €19 - 18nF polyester
C13,C18 - 22nF polyester
C14,C17 - ]00nI<Ppolyester
C21-C28 - 0.47uF polyester .
C29-C32 - 4.7uF, 25V electrolytic
EEPROM C33,C34 - 10pF, 25V electrolytic
4602 C35 - 1000uF, 25V electrolytic
C36 - 4700pF, 25V electrolytic
C37,C38 - 0.33pF ceramic disk
MONITOR . C42 - 470pF 25V electrolytic
AUDI%SE.?&ESSOR :> KA2281 Miscellaneous:
AUDIO INPUT X1 - 230V AC primary to 12V, 1A
(4 STERED) secondary transformer
GAIN, BASS, VOICE, TREBLE STEREQ RL1 - 9V, 1600, 2 C/O relay
VOLUME ADJUST, 4 STEREO IN :{> POWER e - 12MHz crystal
1 STEREO OUT, MONITOR OUT AMPLIFIER sf*'s7 - Push-to-on switch
S8 - On/Off switch
Remote - Creative’s remote (NEC-

compatible format)
Fig. 1: Block diagram of the remote-controlled digital audio processor
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D5

X1 = 230V MONITOR 1N4004

AC PRIMARY TO 9V, 1A
/ SECONDARY TRANSFORMER D2
Lo ° 1N4004
S8 D IN IC8 ouT +9V
ON/OFF 1 7800T 3 o
5 SWITCH 5 TOPIN 3 OF
% cas - A can IC4
£ 230V AC coM 1
2 50Hz 0.33p T T 00n
z
= ¢ ¢ - o
D4 AGND
No——— 1N4004
<
Ne————— .

o IN IC9 ouT Vee +5V
=2 T 1 7805T 3 0
B N/C 5
oY N/Q D6 < caf =L L cap £l G35
25 2s0v AC 4 144004 %g;ﬁ 033y coMm 1000 —r 10004
Bt R, T T 25V

2 ¢ NIC RL1 . 0

o— | = DGND
RL1 =9V, 2000 | 1N4004
2C/0 RELAY T4 RS3 | 4
BD139 10K f
15 ( } L
BC547 IN IC10 ouT +3V
g 3 LM3M17T 2 0
FRONT VIEW FRONT VIEW FRONT VIEW 1 R51 —— C41
B X.?ll: ADd 2200 ~T 100n
LM RS0, 10K
L |acT3 PGND
547
1|23 : 0
ADJ IN o
S ok STANDBY

Fig. 3: Power supply

7. Stereo VU level indication on 10-LED bar display

8. Full-function keys on-board for audio amplifier control
9. All settings stored on the EEPROM

10. Standby mode for amplifier power control

Circuit description

Fig. 1 shows the block diagram of the remote-controlled digital audio processor. The system comprises Atmel’s
AT89C51 microcontroller (IC1), TDA7439 audio processor from SGS-Thomson (IC4) and I12C bus compatible
MC24C02 EEPROM (ICS5). The microcontroller chip is programmed to control all the digital processes of the
system. The audio processor controls all the audio amplifier functions and is compatible with 12C bus. All the
commands from the remote control are received through the IR sensor. The audio amplifier can also be controlled
using the on-board keys.

Microcontroller. The function of the microcontroller is to receive commands (through port P3.2) from the
remote handset, program audio controls as per the commands and update the EEPROM. A delay in updating the
EEPROM is deliberately provided because normally the listener will change the value of a parameter continu-
ously until he is satisfied.

The 40-pin AT89C51 microcontroller has four 8-bit input/output (I/O) ports.

Port 0 is used for indicating through LEDs the various functions selected via the remote/on-board keys.

Port 1 drives the 7-segment display using 7-segment latch/decoder/driver IC CD4543.

Port 2 is pulled up via resistor network RNW1 and used for manual key control.

Pins P3.0 and P3.1 of the microcontroller are used as serial data (SDA) and serial clock (SCL) lines for the
12C bus for communicating with the audio processor (TIDA7439) and EEPROM (MC24C02). These two lines
are connected to pull-up resistors, which are required for I2C bus devices. P3.2 receives the remote commands
through the IR receiver module. Pin P3.4 is used for flashing LED9 whenever a remote command is received or
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Fig. 4: Combined actual-size, single-side PCB for the remote-controlled digital audio processor (Fig. 2) and power supply (Fig. 3)

any key is pressed.

The microcontroller
also checks the func-
tioning of the mem-
ory (MC24C02) and
the audio processor
(TDA7439). If it is not
communicating with
these two ICs on the
I2C bus, it flashes the
volume level on the
7-segment displays.

Memory. 1C
M(C24C02 is an 12C-
bus compatible 2k-bit
EEPROM organised
as 256x8-bit that can
retain data for more
than ten years. Vari-
ous parameters can bC
stored in it.

To obviate the loss
of latest settings in the
case of power failure,
the microcontroller
stores all the audio set-
tings of the user in the
EEPROM. The mem-
ory ensures that the
microcontroller will read
the last saved settings
from the EEPROM
when power resumes.
Using SCL and SDA
lines, the microcon-
troller can read and
write data for all the
parameters.

For more details on
I2C bus and memory
interface, please refer
to the MC24CO02 data-
sheet. Audio parameters
can be sct using the
remote control handset
or the on-board keys as
per the details given un-
der the ‘remote control’
section.

Audio processor. 1C
TDA7439 is a single-
chip I2C-bus compat-
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Fig. 5: Component layout for the PCB of Fig. 4

ible audio controller
that is used to control
all the functions of the
audio amplifier. The
output from any (up to
four) stereo preampli-
fier is fed to the audio
processor (TDA7439).
The microcontroller
can control volume,
treble, bass, attenu-
ation, gain and oth-
er functions of each
channel separately. All
these parameters are
programmed by the
microcontroller using
SCL and SDA lines,
which it shares with
the memory IC and
the audio processor.

Data transmis-
sion from the mi-
crocontroller to the
audio processor (IC
TDA7439) and the
memory (MC24C02)
and vice versa takes
place through the two-
wire 12C-bus interface
consisting of SDA and
SCL, which are con-
nected to P3.0 (RXD)
and P3.1 (TXD) of
the microcontroller,
respectively. Here, the
microcontroller unit
acts as the master and
the audio processor
and the memory act
as slave devices. Any
of these three devices
can act as the trans-
mitter or the receiver
under the control of
the master.

Some of the condi-
tions to communicate
through the I2C bus
are:

1. Data validity:
The data on the SDA
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line must be stable during the high period of the clock. The high and low states of the data line can change only
when the clock signal on the SCL line is low.

2. Start and Stop: A start condition is a high-to-low transition of the SDA line while SCL is high. The stop
condition is a low-to-high transition of the SDA line while SCL is high.

3. Byte format: Every byte transferred on the SDA line must contain eight bits. The most significant bit (MSB)
is transferred first.

4. Acknowledge: Each byte must be followed by an acknowledgement bit. The acknowledge clock pulse is
generated by the master. The transmitter releases the SDA line (high) during the acknowledge clock pulse. The
receiver must pull down the SDA line during the acknowledge clock pulse so that it remains low during the high
period of this clock pulse.

To program any of the parameters, the following interface protocol is used for sending the data from the
microcontroller to TDA7439. The interface protocol comprises:

1. A start condition (S)

2. A chip address byte containing the TDA7439 address (88H) followed by an acknowledgement bit (ACK)

3. A sub-address byte followed by an ACK. The first four bits (LSB) of this byte indicate the function selected
(e.g., input select, bass, treble and volume). The fifth bit indicates incremental/non-incremental bus (1/0) and the
sixth, seventh and eighth bits are ‘don’t care’bits.

4. A sequence of data followed by an ACK. The data pertains to the value for the selected function.

5. A stop condition (P)

In the case of non-incremental bus, the data bytes correspond only to the function selected. If the fifth bit is
high, the sub-address is automatically incremented with each data byte. This mode is useful for initialising the
device. For actual values of data bytes for each function, refer to the datasheet of TDA7439.

Similar protocol is followed for sending data to/from the microcontroller to MC24C02 EEPROM by using
its chip address as ‘AOH’.

Power supply. Fig. 3 shows the power supply circuit for the remote-controlled digital audio processor. The AC
mains is stepped down by transformer X1 to deliver a secondary output of 9V AC at 1A.The transformer output is
rectified by full-wave bridge rectifier BR1 and filtered by capacitor C42. Regulators IC8 and IC9 provide regulated
5V and 9V power supplies, respectively. IC10 acts as the variable power supply regulator. It is set to provide 3V
regulated supply by adjusting preset VR1. Capacitors C39, C40 and C41 bypass any ripple in the regulated outputs.
This supply is not used in the circuit. However, the readers can use the same for powering devices like a Walkman.

As capacitors above 10 pF are connected to the outputs of regulator ICs, diodes D3 through D5 provide
protection to the regulator ICs, respectively, in case their inputs short to ground. Relay RL1 is normally energised
to provide mains to the power amplifier. In standby mode, it is de-energised. Switch S2 is the ‘on’/‘off” switch.

Software
The software was assembled using Metalink's ASM51 assembler, which is freely available for download. The source

code has been extensively commented for easier understanding. It can be divided into the following segments in
the order of listing:

1. Variable and constant definitions

2. Delay routines

3. 1R decoding routines

4. Keyboard routines

5. TDA7439 communication

6. MC24C02 communication

7.12C bus routines

8. Display routines

9.1R and key command processing

10. Timer 1 interrupt handler

11. Main program

On reset, the microcontroller executes the main program as follows:

1. Initialise the microcontroller’s registers and random-access memory (RAM) locations.
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2. Read Standby and Mute status from the EEPROM and initialise TDA7439 accordingly.

3. Read various audio parameters from the EEPROM and initialise the audio processor.

4. Initialise the display and LED port.

5. Loop infinitely as follows, waiting for events:

* Enable the interrupts.

* Check the monitor input for AC power-off. If the power goes off, jump to the power-oft sequence routine.

* Else, if a new key is pressed, call the DO_KEY routine to process the key. For this, check whether the
NEW_KEY bit is set. This bit is cleared after the command is processed.

* Else, if a new IR command is received, call the DO_COM routine to process the remote command. For this,
check whether the NEW_COM (new IR command available) bit is set. This bit is cleared after the command is
processed.

* Jump to the beginning of the loop.

6. Power-off sequence. Save all the settings to the EEPROM, and turn off the display and standby relay.

Since the output of the IR sensor is connected to pin 12 (INTO) of the microcontroller, an external interrupt
occurs whenever a code is received. The algorithm for decoding the IR stream is completely implemented in the
‘external interrupt 0" handler routine. This routine sets NEW_COM (02H in bit memory) if a new command is
available. The decoded command byte is stored in ‘Command’ (location 021H in the internal RAM). The main
routine checks for NEW_COM bit continuously in a loop. Timer 0 is exclusively used by this routine to determine
the pulse timings.

Decoding the IR stream involves the following steps:

1. Since every code is transmitted twice, reject the first by introducing a delay of 85 milliseconds (ms) and
start timer 0. The second transmission is detected by checking for no-overflow timer 0. In all other cases, timer
0 will overflow.

2. For second transmission, check the timer 0 count to determine the length of the leader pulse (9 ms). If the
pulse length is between 8.1 ms and 9.7 ms, it will be recognised as valid. Skip the following 4.5m:s silence.

3.To detect the incoming bits, timer 0 is configured to use the strobe signal such that the counter runs between
the interval periods of bits. The value of the counter is then used to determine whether the incoming bit is ‘0°,1’
or ‘Stop.”This is implemented in the RECEIVE_BIT routine.

4. If the first bit received is ‘Stop,” repeat the last command by setting the NEW_COM bit.

5. Else, receive the rest seven bits. Compare the received byte with the custom code (C_Code). If these don't
match, return error.

6. Receive the next byte and compare with the custom code. If these don’t match, return error.

7. Receive the next byte and store in ‘Command.’

8. Receive the next byte and check whether it is complement value of ‘Command.’ Else, return error.

9. Receive ‘Stop’ bit.

10. Set NEW_COM and return from interrupt.

Other parts of the source code are relatively straightforward and self-explanatory.

Remote control. The micro-controller can accept commands from any IR remote that uses NEC transmission
format. These remote controllers are readily available in the market and use pPD6121, PT2221 or a compatible
IC. Here, we've used Creative’s remote handset.

All the functions of the system can be controlled fully using the remote or the on-board keys. By default, the
display shows the volume setting and LEDs indicate the channel selected. LEDY glows momentarily whenever a
command from the remote is received or any key is pressed.

Function adjustments are detailed below:

1. Volume: Use Vol+/Vol- key to increase/decrease the volume. The volume settings are shown on the two-digit,
7-segment display. Steps can be varied between ‘1’ and ‘80.

2. Mute and Standby: Using ‘Mute’and ‘Standby’ buttons, you can toggle the mute and standby status, respec-
tively. If ‘Mute’ is pressed, the display will show ‘00.” In ‘Standby’ mode, the relay de-energises to switch off the
main amplifier. All the LEDs and displays, except LED9, turn off to indicate the standby status.

3. Input Select: To select the audio input source, press ‘Channel’ key until the desired channel is selected. The
LED corresponding to the selected channel turns on and the input gain setting for that channel is displayed for
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five seconds. Thereafter, the volume level is displayed on the 7-segment display.

4. Input Gain set: Press ‘Gain’ key. The LED corresponding to the channel will start blinking and the gain value
is displayed. Use Vol+/Vol- key to increase/decrease the gain for that channel. Note that the gain can be varied
from ‘1"to “15.”If you press ‘Gain’ key once more, and no key is pressed for five seconds, it will exit the gain setting
mode and the volume level is displayed.

5. Audio: Press ‘Audio Set’ (Menu) key to adjust bass, middle, treble and attenuation one by one. Each time
‘Audio Set’ key is pressed, the LED corresponding to the selected function turns on and the function value is
displayed. Once the required function is selected, use Vol+ and Vol- to adjust the setting. Bass, middle and treble
can be varied from ‘07 to ‘7. Values ‘0’ through ‘7’ indicate ‘Boost’ and ‘00’ through ‘07’ indicate ‘Cut.” Attenuation
can be varied from ‘0’ to ‘40.’

Construction

The circuit can be easily assembled on any PCB with IC base. Before you install the microcontroller, memory and

audio processor in their sockets and solder the IR receiver module, make sure that the supply voltage is correct. All

parts, except the audio processor (TDA7439), require 5V DC supply. The audio processor is powered by 9V DC.
Download source code: http://www.efymag.com/admin/issuepdf/ Audio%20Processor.zip
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SOLAR GHARGER
FOR DUSK-TO-DAWN USE

® ARUN KUMAR VADLA

As the sources of conventional energy deplete day by day, resorting to alternative sources of energy like solar
and wind energy has become need of the hour.

Solar-powered lighting systems are already available in rural as well as urban areas. These include solar lanterns,
solar home lighting systems, solar streetlights, solar garden lights and solar power packs. All of them consist of
four components: solar photovoltaic module, rechargeable battery, solar charge controller and load.

In the solar-powered lighting system, the solar charge controller plays an important role as the system’s overall
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Fig. 1: Circuit of microcontroller-based solar charger
. o T ; - ” BC BS O
success depends mainly on it. It is considered as an indispensable link between the | | 557 20
solar panel, battery and load. IRF
‘The microcontroller-based solar charge controller described here has the follow- i
- : o
ing features . ' gem goa | ||
1. Automatic dusk-to-dawn operation of the load FR3 ZAS o322
2. Built-in digital voltmeter (0V-20V range) 8 2 R AZS
: o
3. Parallel- or shunt-type regulation z m

4. Overcharge protection
5. System status display on LCD
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Fig. 2: Pin configurations of
BC547,B5170 and IRF540

103



PARTS LIST

Semiconductors:

IC1 - AT89C2051 microcontroller
2 - ADCO0831 analogue-to-digital
converter
IC3 - MCT2E oprocoupler #
IC4 - 7805, 5V regulator 2
Al - BC547 npn transistor P
2 - BS170 n-channel MOSFET &
T3 - IRF540 n-channel MOSFET oy
D1 - 6A4 rectifier diode g
D2-D4 - 1N4007 rectifier diode g
ZD1 - 7.5V zener diode a
Resistors (all Y-watt, +5% carbon): é
R1 - 8.2-kilo-ohm
R2 - 1.2-kilo-ohm
R3, R4, R6-R11 - 10-kilo-ohm
R5 - 20-kilo-ohm
R12 - 330-ohm G
Capacitors: Fig. 3: A single-side, actual-size PCB layout for microcontroller-based solar charger
€1 - 100pF, 63V electrolytic
C2 - 100pF, 16V electrolytic
E31C7 - 0.1uF ceramic disk O LOAD M - O
C4,C9 - 10pF, 16V electrolytic EFY.,SUNIL. SOLAR.SEPT-09
Cs5,Cé6 - 33pF ceramic disk ALL-P =
C8 - 0.01pF ceramic disk ¥ Al g“[’ s
Miscellaneous: LA 14213146 5 4 3 2 1
S1 - On/off switch L= ] _ 0000 ?cg oooM o
S2 - Push-to-on switch si| (D o : =
RL1 - 12V,1C/O relay | 0 PR 98995600 bmp- o JUT
Xt - 12MHz crystal Bﬁ AT8SC 2051 - -
LCD - 16x2 line display ¥ o @ -] 000 - e
Solar panel - }g:[f)uw =N 100U c%@ C535E,6=-m 8
: BATT m“ XTAL 121 "0 [0c=0] o
- : - 1C4 AR o~~~ 0 (O] AN

6. Deep-discharge protection D © - - Hl: 8

7. Low battery lock I\ - » 0" _ 080 Vo

8. Charging current changes to ‘pulsed’ O e, - ,38857127 OT O

= . .u 8. 155, BC547
at full charge

9. Low current consumption

10. Highly efficient design based on
microcontroller

11. Suitable for 10-40W solar panels for 10A load

'The circuit of the solar charge controller is shown in Fig. 1. It comprises microcontroller AT89C2051, serial
analogue-to-digital converter ADC0831, optocoupler MCT2E, regulator 7805, MOSFETs BS170 and IRF540N,
transistor BC547, LCD and a few discrete components. Component description is given below.

Microcontroller. Microcontroller AT89C2051 is the heart of the circuit. It is a low-voltage, high-performance,
8-bit microcontroller that features 2 kB of Flash, 128 bytes of RAM, 15 input/output (I/O) lines, two 16-bit
timers/counters, a five-vector two-level interrupt architecture, a full-duplex serial port, a precision analogue com-
parator, on-chip oscillator and clock circuitry. A 12MHz crystal is used for providing the basic clock frequency.
All /O pins are reset to ‘1’as soon as RST pin goes high. Holding RST pin high for two machine cycles, while
the oscillator is running, resets the device. Power-on reset is derived from resistor R1 and capacitor C4. Switch
S2 is used for manual reset.

Serial ADC. The microcontroller monitors the battery voltage with the help of an analogue-to-digital

Fig.4: Component layout for the PCB

converter. The ADCO0831 is an 8-bit successive approximation analogue-to-digital converter with a serial I/O
and very low conversion time of typically 32 ps. The differential analogue voltage input allows increase of the

104 Solar Charger For Dusk-To-Dawn Use



common-mode rejection
and offsetting of the ana-
logue zero input voltage. In
addition, the voltage refer-
ence input can be adjusted
to allow encoding of any
smaller analogue voltage
span to the full eight bits
of resolution. It is available
in an 8-pin PDIP package
and can be interfaced to the
microcontroller with only
three wires.

\
LOAD ON,

LCD module. The sys- LOAD OFF, DEACTIVATE _DISPLAY
tem status and battery volt- g LOADON

age are displayed on an
LCD based on HD44780
controller. The backlight
feature of the LCD makes
it readable even in low light
conditions. The LCD is
used here in 4-bit mode to
save the microcontroller's

port pins. Usually the 8-bit

: : . START 5 MINUTES TIMER
mode of interfacing with HIGH _—~RORT PIN P34
a microcontroller requires Sty
eleven pins, but in 4-bit
NO YES
mode the LCD can be ;ss'yms | GeT AoC vALUE

interfaced to the micro-
controller using only seven
pins.

INITIALISE

A

GET BATTERY VOLTAGE
AND DISPLAY ON LCD

<
y

IS
DUSK OR DAWN
?

A

4
i
r

YES IS BATTERY

FULL CHARGE
?

h 4

DISPLAY “BATTERY FULL,"
DE-ENERGISED RELAY

.

F 3

NO

» GET ADC VALUE

IS BATTERY
DISCP:I?AHGE

YES

LOAD OFF, DISPLAY “LOW
BATTERY”, ENTER LOCK

DISPLAY BATTERY

DISPLAY BATTERY

Solar panel. The solar
panel used here is meant to
charge a 12V battery and
the wattage can range from
10 to 40 watts. The peak unloaded voltage output of the solar panel will be around 19 volts. Higher-wattage panels
can be used with some modifications to the controller unit.

Rechargeable battery. The solar energy is converted into electrical energy and stored in a
tery. The ampere-hour capacity ranges from 5 Ah to 100 Ah.

Dusk-to-dawn senser. Normally, in a solar-photovoltaic-based installation—for example, solar home lighting
system, solar lantern or solar streetlight—the load (the light) is switched on at dusk (evening) and switched off
at dawn (morning). During daytime, the load is disconnected from the battery and the battery is recharged with
current from the solar panel. The microcontroller needs to know the presence of the solar panel voltage to decide
whether the load is to be connected to or disconnected from the battery, or whether the battery should be in charg-
ing mode or discharging mode. A simple sensor circuit is built using a potential divider formed around resistors
R8 and R9, zener diode ZD1 and transistor T1 for the presence of panel voltage.

Charge control. Relay RL1 connects the solar panel to the battery through diode D1. Under normal condi-
tions, it allows the charging current from the panel to flow into the battery. When the battery is at full charge
(14.0V), the charging current becomes ‘pulsed.’ To keep the overall current consumption of the solar controller
low, normally-closed (N/C) contacts of the relay are used and the relay is normally in de-energised state.

Load control. One terminal of the load is connected to the battery through fuse F1 and another terminal of

Fig. 5: Flow-chart of the source program

12V lead-acid bat-
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the load to an n-channel power MOSFET T3. MOFETs are voltage-driven devices that require virtually no drive
current. The load current should be limited to 10A. One additional MOSFET is connected in parallel for more
than 10A load current.

Circuit description

Basically, there are two methods of controlling the charging current: series regulation and parallel (shunt) regula-
tion. A series regulator is inserted between the solar panel and the battery. The series type of regulation ‘wastes’a
lot of energy while charging the battery as the control circuitry is always active and series regulator requires the
input voltage to be 3-4 volts higher than the output voltage. The current and voltage output of a solar panel is
governed by the angle of incidence of light, which keeps varying.

Parallel regulation is preferred in solar field. In parallel regulation, the control circuitry allows the charging
current (even in mA) to flow into the battery and stop charging once the battery is fully charged. At this stage, the
charging current is wasted by converting into heat (current is passed through low-value, high-wattage resistor);
this part of the regulation dissipates a lot of heat.

In this project, we have used parallel regulation technique but instead of wasting the charging current as heat,
we have made it pulsed and applied to the battery to keep the battery topped-up.

After power-on, the microcontroller reads the battery voltage with the help of the ADC and displays the
values on the LCD. It monitors the input signal from the dusk-to-dawn sensor and activates the load or charging
relay RL1 accordingly. The digital voltmeter works up to 20V. As Vref of the ADC is connected to VCC (5V),
the input voltage to the ADC cannot exceed +5V. A potential divider is used at pin 2 of the ADC (IC2) using
resistors RS, R6 and R7 to scale down the voltage from 0V-20V to 0V-05V. The ADC output is multiplied four
times and displayed on the LCD as battery voltage.

When the solar panel voltage is present, the dusk-to-dawn sensor provides a signal to the microcontroller,
which then displays ‘charging’ message on the LCD. During charging, the battery voltage is continuously moni-
tored. When the voltage reaches 14.0V, the microcontroller interrupts the charging current by energising the relay,
which is connected to MOSFET BS170 (T2), and starts a 5-minute timer. During this stage, the LCD shows
“battery full.”

After five minutes, the relay reconnects the panel to the battery. This way, the charging current is pulsed at the
intervals of five minutes and the cycle repeats until the panel voltage is present.

When the panel voltage falls below the zener diode (ZID1) voltage of the dusk-to-dawn sensor, the micro-
controller senses this and activates the load by switching on MOSFET T3 via optocoupler IC3 and “load on”
message is displayed.

In this mode, the microcontroller monitors for low battery. When the battery voltage drops below 10 volts, the
microcontroller turns off the load by switching off MOSFET T3 and “battery low—Tload off” message is displayed.

Normally, when the load is switched off, the battery voltage tends to rise back and the load oscillates between
‘on’ and ‘off” states. To avoid this, the microcontroller employs a hysteresis control by entering into a ‘lock’ mode
during low-battery state and comes out of the lock mode when the dusk-to-dawn sensor receives the panel volt-
age (the next morning). During lock mode, the microcontroller keeps converting the ADC value and displays the
battery voltage on the LCD.

Construction and testing

Pin configurations of transistor BC547, MOSFET BS170 and MOSFET IRF540 are shown in Fig. 2. An actual-
size, single-side PCB for the microcontroller-based solar charger is shown in Fig. 3 and its component layout in
Fig. 4. Wire the circuit on the PCB. Prior to inserting the programmed microcontroller into the PCB, check for
soldering mistakes like shorts, and for proper connections using a multimeter. Mount power MOSFET IRF540N
on a suitable heat-sink. Before switching on the controller unit, connect the leads of the battery, load and solar
panel at appropriate places on the board.

Switch on the unit and the message “Solar Charge Controller—-EFY”is displayed on the LCD for two seconds.
The system status messages are displayed on line 1 of the LCD and the battery voltage is displayed on line 2. A
small graphic representing the battery status is also displayed on line 2 of the LCD.

EFY note. 1. If the unit is switched on without the solar panel connected, the “Battery Low—Load Off”
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message is displayed irrespective of the battery voltage. The display changes to “charging” as soon as the panel is
connected.

2. There will be slight variation in the voltage displayed because of the tolerance levels of potential-divider
resistors in the ADC section and Vref of the ADC being directly connected to VCC (the output of 7805 has an
accuracy of 2-5 per cent) instead of dedicated temperature-compensated voltage reference.

Software

The source program for the project is written in Assembly language and assembled using Metalink’s ASM51 as-
sembler, which is freely available on the Internet for download. It is well commented for easy understanding and
works as per the flow-chart shown in Fig. 5. The hex file ‘solar.hex’is to be burnt into the microcontroller.

Download source code: http://www.efymag.com/admin/issuepdf/Microcontroller%20Based%205o0lar%20
Charger.zip

SMOD51 JMP COUNTDOWN
; LCD 4-BIT MODE CONNECTIONS MAIN: MOV SP, #50H
RS EQU Pl1.7 ;LCD REGISTER SELECT MOV P3, #0FFH
MOV P1, #0FFH
LINE CLR CHG RL
EN EQU P1.6 ;LCD ENABLE LINE CLR LD RL
DB4 EQU P1.5 ; LCALL PWR DELAY
DB5 EQU P1.4 ; LCALL INIT
DB6 EQU P1.3 ; SETB CLK
DB7 EQU P1.2 ; SETB DO
; ADC0831 CONNECTIONS SETB CS
CS EQU P3.0 SETB DYI
CLK EQU P3.1 MOV VAL1, #00H
DO EQU P3.2 MOV VAL2, #00H
;INPUT & OUTPUT MOV VAL3, #00H
MOV FLAGS, #00H
DYI EQU P3.4 ; SOLAR PANEL VOLTAGE LOADCHAR: MOV BUF, #40H
LCALL CMD
SENSCR MOV DPTR, #RCHAR
CHG_RL EQU P3.5 ; CHARGING CONTROL REP: CLR A
MOVC A, @A+DPTR
RELAY J% SCREEN1
LD RL EQU P3.7 ; LOAD CONTROL RELAY MOV BUF, A
DSEG LCALL DAT
INC DPTR
ORG 0020H SJMP REP
SCREEN1: MOV BUF, #80H
VALLl: DS 1 LCALL CMD
VAL2: DS 1 MOV DETR, #MSG1
VAL3: DS 1 HERE : CLR A
ADC_VAL: DS 1 MOVC A, @A+DPTR
BUF: DS 1 J2Z NEXT
CNT1: DS 1 MOV BUF, A
CNT2: DS 1 LCALL DAT
IMG: DS 1 INC DPTR
FLAGS: DS 1 SJMP HERE
OCF BIT FLAGS.0 ; OVER CHARGE FLAG NEXT: MOV BUF, §0COH
LBF BIT FLAGS.l ; LOW BATT FLAG LCALL CMD
CSEG MOV DPTR, #MSG2
HEREL: CLR A
ORG 0000H MOVC A, @A+DPTR
JMP MAIN JZ OVER
MOV BUF,A
ORG 000BH ;Timer Interrupt0 LCALL DAT
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INC DPTR
SJIMP HERE1
OVER: LCALL ONE_SEC_DELAY
LCALL ONE_SEC_DELAY
LCALL CLEAR
MOV BUF, #0COH
LCALL CMD
MOV DPTR, ¥MSG7
CIR A
MOVC A,@A+DPTR
JZ CONVERT
MOV BUF,A
LCALL DAT
INC DPIR
SJMP HERE2
CONVERT: LCALL DDELAY
CLR CS ; INITIATE CONVERSION
SETB CLK
CLR CLK ; FIRST CLOCK
SETB CLK
CLR CLK ; SECOND CLOCK
MOV A,#00H ; CLEAR A
MOV R5,#08H ; 8 CLOCK PULSES
AGAIN: MOV C, DO
RLC A
SETB CLK
CLR CLK
DJINZ R5,AGAIN
SETB CS
MOV ADC_VAL,A
MOV B, #79D
MUL AB ; PRODUCT IN AB
MOV R1,B ; HIGH BYTE IN B
MOV R2,A ; LOW BYTE IN A
LCALL HEX2BCD
MOV VAL1,R7
MOV VAL2,RE
MOV VAL3,R5
LCALL SENDVAL2LCD
CHECK: JNB LBF,CHECK2 ; SEE IF ANY FLAGS ARE
SET ,i,e LOW BATT FLAG OR BATT FULL FLAG
JB DYI,CONVERT
JNB OCF, PROCEED
JB DYI,NIGHT
SJMP CONVERT
JB DYI,NIGHT
CLR LD_RL ; OFF LOAD
CLR LBF ; CLEAR LOW BATT FLAG
MOV A,VAL2 ; SEE IF BATT.IS FULL
XRL A, #04H
JZ FULLCHG
CLR CHG_RL ;

HERE2 :

CHECK2 :

PROCEED:

CONNECT BATT. TO

PANEL
MOV DPTR, #MSG4 ; DISPLAY CHARGING
MSG
MOV IMG, #00H
LCALL SENDSTAT2LCD
LJMP CONVERT
FULLCHG: SETB OCF

i SET OVERCHARGE
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SETB CHG_RL ;DISCONNECT BATT .FROM
PANEL

MOV THO, #03CH ;s START 5 MIN TIMER
HERE

MOV TLO,#O0BOH ;DISCONNECT BATT FROM
PANEL

MOV CNT1,#200D
MOV CNT2,#30D
SETB ETO
SETB TRO
SETB EA
MOV DPTR, #MSG5S ; DISPLAY BATT.FULL
MSG
MOV IMG, #01H
LCALL SENDSTAT2LCD
LJMP CONVERT

NIGHT: CLR CHG_RL ; RECONNECT BATT.
TO PANEL
CLR TRO ; STOP TIMERO INCASE ITS
RUN-
NING

CLR OCF ; CLEAR OVER CHARGE FLAG
SETB LD_RL ; CONNECT LOAD TO BATT.
MOV A,VALL
XRL A, #00H
JZ LOWBAT
MCV DPTR, #MSG3 ; DISPLAY LOAD ON MSG
MOV IMG, #02H
LCALL SENDSTAT2LCD
LJMP CONVERT
LOWBAT: SETB LBF

CLR LD_RL i DISCONNECT LOAD FROM
BATT.
Mov DPTR, #MSG6 ; DISPLAY BAT.OW AND

LOAD OFF MSG
MOV TMG, #03H
LCALL SENDSTAT2LCD
LJMP CONVERT
SENDVAL2LCD: MOV BUF, #0C7H
LCALL CMD
MOV A, VAL
ORL A, $30H
MOV BUF, A
LCALL DAT
MOV A, VAL2
ORL A, #30H
MOV BUF, A
LCALL DAT
MOV BUF, #/."
LCALL DAT
MOV A, VAL3
ORL A, #30H
MOV BUF,A
LCALL DAT
RET
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SENDSTAT2LCD:
LCALL CMD
HERE3: CLR A
MOVC A, @A+DPTR
Jz PICT
MOV BUF,A
LCALL DAT
INC DETR
SJMP HERE3
PICT:
LCALL CMD
MOV BUF, IMG
LCALL DAT
BACK: RET

’-*i****t**i***i***********i******

; TIMERO ISR (5 MINUTES TIMER)
§ Rk sk de ok ok ok ek g ek ok ek sk ok ok e e ok ok ok ek ok ok ok
COUNTDOWN : CLR TRO
MOV THO, #03CH
MOV TLO, #OBOH
SETB TRO
DJINZ CNT1, BACK2
MOV CNT1, #200D
DJINZ CNTZ, BACK2
CLR TRO ; OFF 5 MIN TIMER
CLR ETO

MOV BUF, #080H

MOV BUF, #0CEH

CLR OCF ; CLEAR OVER CHARGE FLAG
RE-CONNECT BATT

CLR CHG RL ;
PANEL
BACK2: RETI
Hex2BCD: MOV R3,#00D
MOV R4, #00D
MOV R5, #00D
MOV Ré&, #00D
MOV R7, #00D
ACALL H2B
RET
H2B: MOV B, #10D
MOV A,R2
DIV AB
MOV R3,B ;
MOV B, #10 ; R7,R6,R5,R4,R3
DIV AB
MOV R4,B
MOV RS, A
CJNE R1,#00H,HIGH_BYTE
HIGH BYTE
SJMP ENDD
HIGH BYTE: MOV A, #6
ADD A,R3
MOV B, #10
DIV AB
MOV R3,B
ADD A, #5
ADD A,R4
MOV B, #10
DIV AB
MOV R4,B
ADD A, #2
ADD A,R5
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CHECK

TO

FOR

MOV B, #10
DIV AB
MOV R5,B
CJNE R6, #00D,ADD_IT
SJME CONTINUE
ADD IT: ADD A,R6
CONTINUE: MOV R6,A
DJNZ R1,HIGH BYTE
MOV B, #10D
MOV A,R6
DIV AB
MOV R6,B
MOV R7,A
ENDD: RET
ONE_SEC_ DELAY: MOV RO,#10D ; One second
delay routine
RZ3: MOV R1, #100D
RZ1: MOV R2, #250D

RZ2: NOP
NOP
DJNZ R2,RZ2
DJNZ R1,RZ1
DJNZ RO,RZ3
RET
PWR _DELAY: ; 15 mSec DELAY FOR LCD TO INTIALIZE AF-

TER POWER-ON
MOV R4, #100D
H2: MOV R3,4250D
Hl: DJNZ R3,Hl
DJNZ R4,H2
RET
2**k*x*T,CD SUBROUTINES**** %% xx
CMD: PUSH ACC ; SAVE ACCUMULATOR
SETB EN
CLR RS ; SELECT SEND COMMAND
MOV A,BUF ; PUT DATA BYTE IN ACC
MOV €, ACC.4 ; LOAD HIGH NIBBLE ON
DATA BUS

MOV DB4,C ; ONE BIT AT A TIME
ING.
MOV C, ACC.5 ;
MOV DBS,C
MOV C, ACC.6
MOV DB6,C
MOV C, ACC.7
MOV DB7,C
CLR EN
NOP
SETB EN ;

MOV C,

BIT MOVE OPERATOINS

FULSE THE ENABLE LINE
ACC.0 ; SIMILARLY, LOAD LOW
NIBBLE

MOV DB4,C

MOV C, ACC.1

MOV DBS5,C

MOV C, ACC.2

MOV DB6,C

MOV C, ACC.3

MOV DB7,C
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CLR EN
NOP
SETE EN ; PULSE THE ENABLE LINE
LCALL MSDELAY
POP ACC
RET
; *REXRALCD SUBROUTINES* **** %%
DAT: PUSH ACC ; SAVE ACCUMULATOR
SETE EN
SETBE RS ; SELECT SEND DATA
MOV A, BUF ; PUT DATA BYTE IN ACC
MOV C, ACC.4 ; LOAD HIGH NIBBLE ON
DATA BUS

MOV DB4,C ; ONE BIT AT A TIME
us-
ING...
MOV C, ACC.5 ;
MOV DBS5,C
MOV C, ACC.6
MOV DB, C
MOV C, ACC.7
MOV DB7,C
CLR EN
NOP
SETB EN ;

MOV C,

EIT MOVE OPERATOINS

PULSE THE ENABLE LINE
ACC.0 ; SIMILARLY, LOAD LOW
NIBBLE
MOV DB4,C
MOV C, ACC.1
MOV DB5,C
MOV C, ACC.2
MOV DB6,C
MOV C, ACC.3
MOV DB7,C
CLR EN
NOP
SETE EN ; PULSE THE ENABLE LINENOP
LCALL MSDELAY
POP ACC
RET
;H****XLCH SUBROUTINESH *#% %%
CLEAR: MOV BUF, #01H
LCALL CMD
RET
j****x**,CD SUBROUTINES*******
DDELAY: MOV R5,#41D ; 4.1 mS DELAY
QT2: MOV R6, #50D
QT1: DJNZ R6,QT1
DJNZ R5,QT2
RET
j***%**1,CD SUBROUTINESk****%x*
MSDELAY: MOV RS, #26D
QT22: MOV R6, #50D
QT11: DJNZ R6,QT11
DJNZ RS,QT22
RET
jRA*XAXLCD SUBROUTINES* %% k%
INIT: MOV BUF, #30H ; FUNCTICON
SET - DATA BITS, LINES, FONTS
LCALL CMD

ACALL DDELAY ;INITIAL DELAY 4.1MSEC
MOV BUF, #30H ; FUNCTION SET -
DATA BITS,
LINES, FONTS
LCALL CMD
ACALL DDELAY ;INITIAL DELAY 4.1MSEC
MOV BUF, #30H ; FUNCTION SET - DATA
BITS, LINES, FONTS
LCALL CMD
ACALL DDELAY ;INITIAL DELAY 4.1MSEC
MOV BUF, #28H ii2 LINES 5X7, 4 =BT
MODE
LCALL CMD
MOV BUF, #0CH ; DISPLAY ON
LCALL CMD
MOV BUF, #01H ; CLEAR DISPLAY, HCOME
CURSOR
LCALL CMD
MOV BUF, #06H ; SET ENTRY MODE
LCALL CMD ; INCREMENT CURSOR RIGHT,
NO
SHIFT

RET

ORG 0320H
MSG1: DB ' SOLAR CHARGE ‘,00H
MSG2: DB ' CONTROLLER-EFY ', 00H
MSG3: DB ' LOAD ON ‘,00H
MEG4: DB ' CHARGING ‘,00H
MSGS5: DB ' BATTERY FULL ‘,00H
MSG6: DB ‘BAT.LOW-LOAD OFF’,00H
MSG7: DB ‘Volts: ',00H
ORG 0400H
RCHAR: DB 03P 30D TR 3N 7D 33D
17D,31D i
CHARGING

DB {0 SR I 5 B PR S Lo e e B o i o B 1 Bl o
31D, 31D ; FULL

DB 3ip,31nD,14D,04D,04D, 140D,
31D, 31D ; LOAD

DB 04 DI, 8 3 WD ST EDS ST TSR By 1 T D,
170, 31D ; LOW
BATT

DB J LD, 31D 3ALD 3 B 3 By 31D,
31D, 31D

DB R e G o S 1 R e G ) e [
31D, 31D

DB 31Dl 31D, 31D, 31D, 31D 31D,
31D, 31D

DB NS LD S DS RS SR SELED S S D
31D, 31D, 00H
END
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AUTOMATIC FLUSH SYSTEM

®m K.S. SANKAR

n manual flush systems, the user presses
Ia button, which opens a flush valve al-

lowing mains-pressure water to flow
into the bowl, or sometimes the user presses
directly a flush lever (a handle connected
to a flushometer). The valve contains a
pneumatic mechanism that closes it after
a preset time.

Today, manual flush system has been
replaced with a sensor-operated system that
automatically flushes the fixture when the
user departs.

The microcontroller-based automatic
flush system presented here uses an infra-
red sensor to detect a user approaching the
fixture, then it waits until the user departs.

PARTS LIST

Semiconductor:

1C1 - 7805, 5V regulator

1C2 - AT89C2051
microcontroller

1C3 - CD4050 hex non-
inverting buffer

Tl - BC548 npn transistor

IRX1 - TSOP1738 IR receiver
module

D1-D5 - 1N4007 rectifier diode

LEDI-LEDS - 5mm LED

IR LED1,

IR LED2 - IRLED

Resistors (all #%-watt, +5% carbon):

R1,R11-R14 - 330-ohm

R2 - 220-ohm

R3-R8 - 10-kilo-ohm

R9 - 4.7-kilo-ohm

R10 - 150-ohm

R15 - 1.2-kilo-ohm

Capacitors:

C1 - 1000pF, 25V electrolytic

C2,C3 - 10pF, 16V electrolytic

C4,C5 - 22pF ceramic disk

Miscellaneous:

X1 - 230V AC primary to
7.5V, 300mA secondary
transformer

RL1 - 6V, 1C/O relay

51,52 - On/off switch

S3 - Push-to-on switch

BATT. - 6V battery

- Solenoid (operated
with 6V)

Microcontroller-Based Projects

Fig. 1:Installation of the automatic flush system

A solenoid is used to actuate the flush from a 6V power supply with
battery backup inside the unit that also powers the sensor circuit.
This flush system is fully controlled by a microcontroller. It also
flushes before the person departs if the person is present for more
than the preset time (5 minutes).

Installation of this microcontroller-based automatic flush system
is shown in Fig. 1. The IR transmitter LED and the IR receiver mod-
ules are mounted side by side such that when the user approaches
the mechanism, the IR receiver module receives the IR signal re-
flected off the person. A solenoid-operated water valve is used in the
system.

Circuit description

Fig. 2 shows the circuit of the microcontroller-based flush control
system. It is built around Atmel 89C2051 microcontroller that
controls the process of automatically flushing the toilet.

The AT89C2051 is an 8-bit microcontroller with 2 kB of
flash-based program memory, 128 bytes of RAM, 15 input/
output lines, two 16-bit timers/counters, on-chip oscillator and
clock circuitry. A 6MHz crystal is used for providing clock. Port
pins P1.0 through P1.4 of the microcontroller are connected to buff-
ers N1 through N5 of CD4050 via 10-kilo-ohm pull-up resistors,
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respectively.

All the input/output
(I/O) pins are reset to
‘1’ as soon as RST (pin
9) goes high on pressing
switch S3. Holding the
RST pin high for two
machine cycles while the
oscillator is running resets
the device. Power-on-reset
is achieved by capacitor
C2 and resistor R9.

Pin 12 (P1.0) of
microcontroller IC2
provides the 38kHz clock
frequency, which is buff-
ered by N1 to drive the
two parallel IR-LEDs.
These IR-LEDs act as the
infrared signal transmit-
ter. Resistor R10 limits
the current through the
LEDs. Port pins P1.1,
P1.2,P1.3 and P1.4 are
used for indication of

D1-D4 = 1N4007

s1 =
ON/OFF 52 = ON/OFF SWITCH
ANTTCH IC3 (N1-N6) = CD4050
230V IN IC1
AC 1 7805 3
50Hz
. 6V
I 48 m%'o o 33952 SOLENOID
Iy
RL1 = 6V
25V )
= X1 = 230V AG T . LED1 1C/O RELAY
PRIMARY TO 7.5V, 300mA l
SECONDARY TRANSFORMER C6 R5-R8=10K
S3=PUSH-TO-ONSwiTcH | O-'¥
It ;
53 % 10K HS% % > R8
<
T 20
msT]
_— P1.4
N0 | ¢ 16 !
1c2 s |213
ATB89C2051
1 |12
P1o},, .| B

1D

R14

C4 i Xt == C5

22p T 6 MHz * 22p

3300

i\
LEDS

Srmvony Jan rcrve i reosr]

Fig. 2: Circuit of microcontroller-based flush control system

standby, alert, active and flush, respectively. Port pin P1.4 also drives relay RL1 through transistor T1. Diode D5
acts as a free-wheeling diode. The solenoid coil operated off 6V is connected to the contacts of relay RL1.
External interrupt 0 (INTO) is used to receive the reflected IR signal. INTO (pin 6) of the microcontroller is
pulled up with resistor R3 and connected to pin 3 of TSOP1738 IR receiver module.
Pin 2 of TSOP1738 is pulled high with resistor R2, while pin 1 is grounded. In the IR receiver module
TSOP1738, the PIN diode and the preamplifier are assembled on the lead frame, and the epoxy package is de-

EFY,DEC-

06 -SUNIL AFLUSH SYSTEM

Fig. 3: Actual-size, single-side PCB of microcontroller-based flush control

system
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signed as an IR filter. The demodulated output
from the receiver module can be directly de-
coded by the microcontroller.

"The IR-LEDs continuously transmit the IR
signal and standby LED2 is always ‘on.” When
any person comes near the IR-LEDs, the IR
receiver module receives the reflected IR signal
and alert LED3 lights up. If the alert LED
glows for 5 seconds, the active LED (LED4)
lights up, indicating that the circuit is now
ready to flush. This 5-second time allows for
validation of the pot use by the person. When
the person goes away, the flush is activated for
10 seconds, which is indicated by LEDS. If the
person is there for more than 5 minutes, the
system flushes once and the software goes back
to waiting for the object to move away.

The 5V regulated power supply for the cir-
cuit is provided by a conventional circuit. The
AC mains is stepped down by transformer X1

Automatic Flush System



to deliver a secondary output of 7.5V, 300mA,
which is rectified by a full-wave rectifier com-
prising diodes D1 through D4, filtered by
capacitor C1 to eliminate ripples and regulated
by IC 7805 (IC1) to provide regulated 5V
power supply for the circuit. LED1 acts as the
power indicator. Relay coil and solenoid coil
are powered by 6V unregulated power supply.
A 6V rechargeable battery is used for power
backup.

An actual-size, single-side PCB for the
microcontroller-based automatic flush system
(Fig. 2) is shown in Fig. 3 and its component
layout in Fig. 4.

The software

The software for flush system is written in
‘Basic’ language and compiled using Bas-

com-8051 version. The demo version of

Bascom-8051 is available on website

download&gid=166&Itemid=54.

@F e ““"O’D RL1
< q O g RESE

- o 0

8053 Ri¢ |©@ N0/ N/C

Iﬁﬁoi O T1 a

Icl C6 (- (-] 0/E/N 57g E
.ILJIi

*D1-05=1N4007 R3-R8=10K

(::) EFY/DEC-06 -SUNIL-FLUSH SYSTEM @&

6y,1C.0
o

R11-R14=330t

Fig.4: Component layout for the PCB

‘www.meselec.com/index.php?option=com_docmand&task =doc_

First, instruct the compiler to use 89C2051.dat for microcontroller AT89C2051 by statement ‘$regfile.” After
this, instruct the compiler to override the crystal frequency options setting by statement ‘$crystal.” Then declare the

variables as bits, bytes and words. Initialise port-1 to ‘0’and port-3 to ‘1. (Port-3

acts as the input port.) Enable

the interrupt after initialisation. Now write the subroutine ‘Fn38Ké6' to generate 38kHz frequency for transmis-

sion of the IR signal.

Standby LED glows when external interrupt INTO'is high, i.e., there is no interruption of IR transmission.
When INTO goes low, i.e., the transmission is interrupted, alert LED glows. After 5 seconds, active LED lights
up. When the person moves away (no interrupt) within 5 minutes, the system flushes for 10 seconds. Otherwise,
it flushes every 5 minutes if the person is there. ‘Wait’ and ‘waitms’ statements provide the delay in seconds and
milliseconds, respectively. Delay time basically depends on the crystal frequency.

Download Source Code: http://www.efymag.com/admin/issuepdf/Flush%20System.zip

Sregfile = “B89c2051.dat”

' the micro controller’s include tile
$crystal = 6000000

‘6 mhz crystal used

' define variables below

Dim J As Byte

Irrecd As Bit , I As Byte

Dim K As Byte

L As Bit

Declare Sub Fn38ké6 (pericd As Byte)
Dim Period As Word

Irrecd = 0

Dim

' another name for port pl.0
Irport Alias P1.0

' make all ports 0

P1 =20

P3 = 255

' make port-3 high for interrupt to work

Microcontroller-Based Projects

' on interrupt - call int0_int fuction
On Int0 IntC int

Set Tcon.0

‘' int enabled

Enable Interrupts

Begl:
* show standby mode on port-1 (yellow led on)
P1.1 =1

‘ enable the int0 to work now

Enable Int0

Call Fn38ké 100

' call the subroutine to send out a beam
' of IR at 38khz freq

1

int would have taken place if ir recd
Disable IntQ

' disable the int now

' check if int occured

If Irrecd = 0 Then
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' no int occured End If
' so go back to standby mode Waitms 100
P1.1 = 0 Next J
* flash standby led Next I
Waitms 100 ' time period over so flush
' wait for ( 1/10th of a second) * or object has moved away within 5 minutes
Goto Begl Pl.4 =1
End If ' flush led and buzzer on for 10 seconds
‘' here int recd Wait 5
‘ wait for about 5 secs to get into alert mode Wait 5
' ir beam should be reflected for this period of § Pl =0
secs ‘' all leds off
Irrecd = 0 ' get back to start
Pl.2 = 1 Waitms 100
'V alert led on now Gote Begl
‘below for loop will work for approx 5 seconds Nothing:
For J = 1 To 30 ‘' no ir recd during the 5 min alert period
Irrecd = 0 '\ so object has moved away
Enable Int0 ‘ go back to start
Call Fn38k6 100 Pl =0
' call the subroutine to send out a beam of IR at Waitms 100
38khz freqg Goto Begl
' int would have taken place if ir recd ‘\ =-=-=-=-subroutines below =-=-=-=-=-=-=
Disable Int0 Sub Fn38k6 (period As Word)
' check if int occured ' parameter 1000 = 1 second approx
If Irrecd = 0 Then * function to oscillate a port pin at 38,000 times
' no int occured a sec
' so out of loop - reflective object gone Dim Ii As Byte , Jj As Byte , Kk As Byte
Goto Nothing Dim Periods As Word
End If Periods = Period / 100
Waitms 100 IL =0
Next J While Ii < Periods
' here ir has been recd for 5 secs Incr Ii
' so turn on flush for 10 seconds Jj =0
‘After Object Has Moved Away While Jj < 5
' wait for obect to move away Incr Jj
‘below for loop will work for approx 5 minutes Kk = 0
P1.3 = 1 While Kk < 255
For & = 1 To 35 Incr Kk
' active led on Irport = 1
For J = 1 To 60 NOP
Irrecd = 0 Irport = 0
Enable Int0 NOP
Call Fn38k6 100 NOP
* call the subroutine to send out a beam of IR at Wend
38khz freqg Wend
' int would have taken place if ir recd Wend
Disable IntO End Sub
Rem The Interrupt Handler For The Int0 Interrupt
‘' check if int occured Int0_int:
If Irrecd = 0 Then ' program comes here if int0 occurs
' no int occured Frreodi=al
‘' so out of loop - reflective object gone ‘' just set a flag and get back
Exit For ‘' let the main program handle the flag condition
' get out of the FOR loop Return
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MSP430G2231-BASED
TEMPERATURE INDICATOR
AND CONTROLLER

= SANI THEO AND LALIT PRAKASH VATSAL

he ambient temperature must be within certain limits for instruments to work properly. Therefore tem-
perature is the most measured process variable in industrial automation. Temperature indicators and con-
trollers are now becoming common even in home appliances. For instance, air-conditioners have built-in

temperature indicators.

PARTS LIST The ambient temperature at any place keeps varying during different
times of the day and night. So here we describe a project based on MSP430
Semiconductors: " T .
Ic1  MSP430G2231 microconmoller  Microcontroller that indicates the ambient temperature and controls home
1C2,1C3 - CD4511 BCD-to-7-segment appliances such as a cooler or a fan at a predetermined temperature. Three
1C4 § gggéa)ésf“r‘gul _ 7-segment displays are used to display the temperature.
Ti - SL100 npn transistor Main features of this controller are:
ZD1 - 3.3V zener diode " el ’
LEDI,LED2 - Smm light-emitting diode 1. It also indicates the temperature.
D1 - 1N4007 rectifier diode 2. It employs MSP430 with internal temperature sensor.
Lo : ';ng;i Ez‘t”d".l’s;’l‘;;“"d“' 3.The MSP430 is a small but 16-bit device.
DIS2, DIS3 - LT543 common-cathode, 4. Low power consumption
e e A 5. Development tools are easily available.
= riage rechiner module
Resistors (el dmwatts £5 per fjt i) 'This temperature indicator and controller uses minimal components.
A= s 5 " N % o 3 =
R1 - 680-ohm It is to so simple that even a hobbyist can build it without much effort.
- T No special tools are needed to build this project. All the ICs used here
R4-R18 — 680-ohm are available in DIP packages. So no special placement tools are needed.
R13,R20 = 470-ohm The cost of components is minimal and parts are commonly accessible.
Capacitors:
C1 - 1000pF, 35V electrolytic
C2 - 0.1pF ceramic disk = H . gn
s ” 104, 16V dectolytic Circuit description
;‘(71"“"”“""”"" - 230V AC primary to 12V, Fig. 1 shows the block diagram of the temperature indicator and
250mA secondary transformer controller using MSP430G2231 microcontroller, 7-segment displays,
i e eae CD4511 display drivers, power supply, relay and relay driver. The circuit
= 5 ! relay < = i
is shown in Fig. 2.
MS8P430G2231 microcontroller. The heart
12:&:?,?52 |y DC gi%g'l‘-‘:TEo v of the circuit is a 14-pin MSP430G2231 micro-
o DIS3  DIS2 DISTY | controller. Texas Instruments’ MSP430 family of
‘ 17 71| 1177 || ultra-low-power microcontrollers consists of sev-
L0 [0, | L0 || eral devices featuring different sets of peripherals
yY targeted for various applications. The architecture,
RELAY ; +T combined with five low-power modes, is opti-
A ! 4 mised to achieve extended battery life in portable
¢ MSP430G2231 —p| CD4511| | CD4511 measurement applications. The device features a
MICROCONTROLLER . N
e powerful 16-bit RISC CPU, 16-bit registers and
DEVICE f constant generators that contribute to maximum
{EOOLFR) code efficiency. The digitally controlled oscillator

Fig. 1: Block diagram of low-power temperature indicator and controller

using M5P430G2231 microcontroller
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(DCO) allows wake-up from low-power modes

to active mode in less than 1 ps.
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X1 =230V AC PRIMARY TO 12V, 250mA

SECONDARY TRANSFORMER AN
DIS3 DIS2 R18 I DIS1
6800 e
IC4 |our 8 dp|5 2
IN Y L %
1 7806 3 o| N o
J:n . 4
6800 e
COM. = 1 by ‘amm
d d f a
0-1u A\ 2, , i all ' '
LED1 4 N 2 'O
- 4 6 7 10
- EER ¢ bl a ¢
BR1 = 1A BRIDGE R11R14R13[R14R15 R16| R1
it Bl R4 |Rs| rR8| R7| R8| RS|R1 R4-R17 = 68002
R2 g
4702 12|P27 9610 1 12 13 14 1 g 10 11 12 13 14 15
16 16
. R - aal P26 1o Ic2 ic3
,_} l_‘% 1 7lP15 |4 CD4511 CD4511 5 |
1%3.1 - o Ll 8 5 42 1l 7.8
i RST
¢ 10 Ic1 L
MSP430G2231 | 5
P
o
ZD1 P1.2 D1 &
51-|o 3.3VT 4 1Ng007 | RL1=12V, a
P11 1CIORELAY | |8
3 o
NC—@ P1.0
11 2
pl N R19, 4700
L T Re0. 4700 LED2 T Lo ON
GND SL100 230V AC
S

Fig. 2: Circuit diagram of the low-power temperature indicator and controller

The MSP430G2x21/G2x31 series is an ultra-low-power mixed-signal microcontroller with a built-in 16-bit
timer and ten input/output (I/O) pins. The MSP430G2x31 family members have a 10-bit analogue-to-digital con-
verter (ADC) and built-in communication capability using synchronous protocols (SPI or I?C). For configuration
details you may refer to the datasheet. Typical applications include low-cost sensor systems that capture analogue
signals, convert them into digital values and then process the data for display or transmission to a host system.

Power supply. The circuit requires a 12V DC supply. For this, a 230V AC primary to 12V, 250mA secondary
transformer is used. The bridge rectifier rectifies the AC signal and the capacitor further filters it before feeding
to 7806 regulator IC. The 12V supply is directly given to the relay for switching on/off the device. The 6V output
from 7806 voltage regulator is used to drive the display section. This 6V is also reduced to 3.3V using zener diode
ZD1 to drive the MSP430G2231. LED1 indicates the presence of power supply in the circuit.

Relay. As the I/O pin of the MCU cannot drive a relay, a transistor is used for this purpose. LED2 provides
a visual indication of the relay status. Electrical appliances such as coolers or fans can be switched on/off through
the relay. Glowing of LED2 will indicate the ‘on’status of the electrical device connected across relay RL1.

Input switch. Here reset switch S1 is the only input switch. Press it momentarily whenever there is incorrect data
display. Note that there is no control input switches for the temperature setting. The program code is fixed at 29°C.
That is, if the temperature reaches 30 degrees, your electrical appliance (cooler, fan or AC) connected to this circuit
will turn on automatically. If you want to change the temperature setting, you need to change the code as explained
below in the software section.

Display. DIS2 and DIS3 display the temperature in digits from 00 to +99. Temperature is commonly measured
either in degree centigrade or Fahrenheit. This project displays temperature in degree centigrade. DIS1 is wired
for displaying the degree centigrade symbol (°C). CD4511 is a BCD-to-7-segment display driver. IC2 and IC3
drive DIS3 and DIS2, respectively.

Software program

The code for the microcontroller is written in ‘C’ language in Code Composer Studio version 5 (CCS v5) inte-
grated development environment (IDE). CCS is a complete, Eclipse-based IDE that supports all the MSP430
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microcontroller devices.

Code Composer Studio. When using
CCS with an MSP430 MCU, a unique
and powerful set of plug-ins and tools
are made available to fully leverage the
MSP430 microcontroller. Free and paid
versions are available for download from
Texas Instruments’ website www.ti.com/
tool/cestudio-msp430. There are two op-
tions in the free version, each of which has
some limitation:

1. 16kB code-limited version. It has
no time limit but supports firmware up
to 16kB size only. All the MSP430 de-
vices are supported.

2. 180-day time-limited wversion. It
has no code-size limit but is available
only for 180 days (with registration). All
the MSP430 devices are supported.

'The code for this project is 3kB only,
so you can use any of the above free ver-
sions.

Operation of CCS. 1. Start Code
Composer Studio (CCS) by double-
clicking the icon on the desktop or
selecting it from the Windows Start
menu. When CCS loads, a dialogue
box will prompt you for the location
of a workspace folder. Browse to “C:\
MSP430_LaunchPad\WorkSpace” and
do not tick the “Use this as the default
...” checkbox. Click ‘OK.”The workspace
is saved automatically when CCS is
closed.

2. Click ‘New Project’ option. A
project contains all the files you will
need to develop an executable output file
(.out) which can be run on the MSP430
hardware. To create a new project, click
“File—»New—CCS Project.” In ‘Project
Name’ field, type “Temperature_Indica-
tor.” Uncheck “Use default location” box.

3. Next, select the appropriate device
family, variant and connection type from
the pull-down list. This will select the
appropriate linker command file and
runtime support library. Set the basic
build options for the linker and com-

piler, and set up the target configuration.

§385388, BYTRXRL,
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O

Fig. 3: An actual-size, single-side PCB for the MSP430G2231-based temperature

indicator and controller
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Fig. 4: Component layout for the PCB

4. Click ‘Finish.” A new project has now been created. The ‘C/C++ Projects’ window contains Temperature_In-
dicator. The project is set as ‘Active’ and the output files are located in ‘Debug’ folder. At this point, the project does
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not include any source file. The next step is to add the source files to the project.

5. To add a source file to the project, right-click “Temperature Indicator’ in ‘C/C++ Projects’ window and
select New—Source File. Name the source file as main.c and click ‘Finish’ button. An empty window will open
for the main.c code. You can enter the code here. We have used the original source code that is designed for the
MSP430G2231 and included in the link given below.

6. Click ‘File—Open File’ and navigate to ‘C:\MSP430\EFY\Files.’ Open the “Temperature_Indicator.txt’ file.
Copy and paste its contents into main.c. Save main.c by clicking ‘Save’ button in the upper left side of the CCS
window.

7. Click ‘Build’ and watch the tools run in ‘Console’ window. Make sure that no errors are listed in ‘Problems’
window. The program output with ‘.out’ extension will be generated in ‘Debug’ folder.

Programming hardware tool setup. In this step, you flash/program the MCU. You need a pro-
grammer for that. Either use the TI LaunchPad or the TI EZ430 dongle as a programmer.
The Web link to LaunchPad is:

http://processors.wiki.ti.com/index.php/MSP430_LaunchPad_ %28MSP-EXP430G2%29?DCMP=launch
pad&HQS=Other+PR+launchpadwiki-pr

‘The link to EZ430 is:

http://focus.ti.com/docs/toolsw/folders/print/ez430-f2013.html

Burning the code into MSP430 is straightforward with MSP430 LaunchPad and CCSv5 as explained below.

MSP430 LaunchPad setup. The LaunchPad board includes a preprogrammed MSP430G2231 device that is
already located in the target socket. When the LaunchPad is connected to your PC via USB, the demo starts with
an LED toggle sequence. The on-board emulator generates the supply voltage and all of the signals necessary to
start the demo. The driver installation starts automatically. If prompted, allow Windows to install the software
automatically.

At this point, the on-board red and green LEDs should be in a toggle sequence. This lets you know that the
hardware is working and has been setup correctly. Now, copy and paste the temperature_Indicator.txt file as ex-
plained above in Step 6 under operation of CCS section.

Note that CCS can automatically save the modified source files. Once the code is compiled successfully as
mentioned in the step above, you can load the code into the MCU using the LaunchPad board.

Open ‘Debug’ from ‘Run’ menu, connect the board and download the code to the target (flash device). Click ‘Debug’
button (green bug). The ‘Debug’icon in the upper right-hand corner indicates that you are now in ‘Debug Perspective’
view. If download is successful, carefully pull up the chip with forceps from the board and place it in your circuit.

Temperature conversion. The conversion and calculation are mainly based on the ADC resolution and refer-
ence voltage. The microcontroller used here has a 10-bit ADC, which means there are total 1024 divisions for
the entire span.

The MSP430G2231 contains a temperature-sensitive resistor (thermistor) connected to the ADC. The ther-
mistor changes resistance with temperature, changing the voltage input to the ADC. The ADC compares the
variable voltage with the reference voltage. The 10-bit ADC on the MSP430(G2231 returns a number between 0
and 1023. For example, with an analogue input of 1 volt and the LaunchPad’s reference voltage of 1.5 volts, the
ADC returns 682 because 1/1.5 = 0.666 = 682/1024. The same method is applied in the project.

Construction and testing

An actual-size, single-side PCB layout of the MSP430G2231-based temperature indicator and controller is shown
in Fig. 3 and its component layout in Fig. 4.

The ambient temperature is captured by the inbuilt temperature sensor of MSP430G2231. When the ambient
temperature reaches 30 degrees, the cooler connected across relay RL1 is switched on automatically and the dis-
plays shows 30°C. If you want to change the temperature setting, change the value ‘29’ in the code ‘if(InCelsius>29)’
to the value as per your requirement:

1
‘P20UT = (BIT7):
P1OUT |- BIT4;
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For example, if you want the cooler to turn on at 25 degrees, change the value in the code to 24 Compile it
and burn the code into the MCU using the LaunchPad. Next time, your appliance will turn on when the tem-
perature reaches 25 degrees.

Download source code: http://www.efymag.com/admin/issuepdf/MSP430%20Temperature%20Indicator-
Controller.zip
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SUN TRACKER WITH POSITION
DISPLAY

= PRINCE GUPTA AND SANI THEO

is that the sun is not stationary as it keeps moving from east to west. The solar panels are able to receive
peak sunlight only for a short time period of the day when the sun is directly facing the solar panels. Dur-
ing rest of the day, they get only partial sunlight.
To address this problem, here is a sun tracker device that allows the solar panel to track the sun’s position,
ensuring maximum power generation.

The power generated from solar panels cannot be directly used in many applications. One of the key reasons

Circuit description

The block diagram of the sun tracker with position display is shown in Fig. 1.The circuit (shown in Fig. 2) is built
around ATmegal6 microcontroller, common-cathode 7-segment displays to indicate the position of the panel,
ULN2003 high-voltage and high-current Darlington array IC, bipolar stepper motor and CD4511 display driver.

The circuit requires a 12V battery or 12V DC power supply. The working of the circuit is simple. A sensor
is used to receive the sun rays and the signal is processed through a microcontroller to rotate the solar panel
towards the maximum sunlight using a stepper motor. A light-detecting resistor (LDR) acts as the sensor. The
resistance of the LDR varies from zero to a few mega-ohms depending upon the sunlight intensity falling on
it. In absolute darkness, it offers the highest resistance, while the resistance dramatically drops when the LDR
is exposed to a light source such as sunlight. Using this feature, the microcontroller has been programmed to
control the stepper motor such that the solar panel rotates towards the maximum availability of the sun rays.

'The main controlling device is the ATmegal6 microcontroller. It is used to process the signal received from
the sensor. It has an in-built analogue-to-digital-converter (ADC) available through port A. LDR1 is connected
to port PAQ as shown in Fig. 2. The in-built ADC converts an analogue input voltage received from LDR1
into a 10-bit digital value through successive approximations. The conversion starts by writing a logical ‘1’ to
the ADC start conversion bit. This bit stays high as long as the conversion is in progress and will be cleared by
the hardware when the conversion completes.

The digital values can be anywhere between 0 and 1023 depending upon the analogue input received from the
sensor. A threshold value

> is set by the user usin
Ponsssomney | [ =111 79 || i || icand i method such
— = =, that the stepper motor is
7 ,-'. ,-'. L’. stationary when the sun
il r i — is directly facing towards
ULN2003 I | S oISz 123 | the panel. This is the point
ki < where the solar panel gets
ATmegal6 | . maximum energy from the
R By M;ﬁgffgg':> £PAti3 sun. The analogue input
is detected from time to
PC4-PCT time. Whenever it reaches
— (00 below a threshold level, the
L1-L4 = STEPPER MOTOR COIL program instructs the step-
s~ per motor to advance by
one step so that the panel
Fig. 1: Block diagram of sun tracker with position display gets a much broader view

120 Sun Tracker with Position Display



+12VINPUT

Ic2
1 7805

o R LN [i
= - vvvv—N—i
2 La i Bz L] leien g
T 0dp A2 R3| R4| R5| R 16 3 4 R15
| S L AMA— 1
c1 33 30 10 = 2= 1
P L 1 il a0 ?M- 1,\“0,_'( e 4 14 W — g
a0 ——AAMA—
g 2__Lis 2 8213 29 |PC7 6 JC& 13, | 1o
5613 |, 13 s PB3f 25 |PCB , CD4sM 12— AW\— b |DIs3
22 1 | ULN2003, PB4l 27 |PC5 2 10— WW— ¢
| 26 [PC4 1 e AW— d
2 2%k Ic1 EREE— Wb e
1 9 1;:‘“ ATMEGA16 e o | [ l R15-R21=470Q
c3 i\
229” =1 i 3‘15%—'
{ | <13 25/PC3 6 14 —AMA— 9
c4,22p :;s:f 2afPC2 > . z-; =
S i 232 1 CD4511 12?:«».\/\,4 TODIS2
19 PCO 10}-FZE A~ ¢
o + . c PD8 |0 22 z lrer 5
s1 — 10y == R7( R8[ R9 |R10 Rz YWV~
it 16V — 21 1|80 s W
R22-R28 = 4700
i , : | DIS1-DIS3 = H103 COMM CATHODE
R7-R10 = 10K 7-SEGMENT DISPLAY
. AMA-
B R37,3300
R11 i 3415—M—R29 g L e
R12.V.v‘v.v 6 14 —W—Rw 9110 — e 10 — 1 ad —
AAN- 2 Ic4 13 ﬁw_a o 7 237
R13 R32 blg Yo b | (i bl Jamm
W\ 1 12 5]
ity | gy ||
R i 1B 9] 2V’ o 20 n |- 2%’
R11-R14 = 10K o |- B3Samn—=2l1 3 e 3 8 i
8 Dis2
i i DIS1 s DIS3
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of the sun. As the sun moves
from east to west, so does AXIS OF
. ROTATION
the panel. But after nine
hours, on the next day, the /
panel will return to the same
position facing towards east, _d
waiting for the sun. -

In this project we have
used a stepper motor with
step angle of 7.5 degrees
per step. The torque of the
motor depends on the size
of the solar panel you are
going to use. High torque
is used for heavy load. IC
ULN2003 is used to drive

AZIMUTH

Fig. 3. Polar-type single-axis system

the stepper motor. As the motor advances, the position angle of the panel
that is being displayed on the 7-segment displays is also incremented. IC
CD4511 acts as a BCD (binary-coded-decimal) to 7-segment decoder. To
display the digit properly, you need to have at least nine pins. But using a
CD4511, we required just four pins of the MCU.
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Fig. 4.Panel tilt and orientation during
summer and winter
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Mounting the solar panel

The panel is mounted on a single-axis system. It is called a single-axis
tracker as the mechanism rotates in only one plane around a single
axis. The axis can be oriented such that the panels stand up at a tlt
(called a polar axis) or lie flat (called a horizontal axis). Horizontal axis
is more suitable for small latitudes (locations in the tropics and closer
to the equator, i.e., southern India), whilst polar axis is more suitable
for larger latitudes (locations far from the equator, i.e., northern India).
This system tracks the sun from east to west during the day. The project
described is a polar-type single-axis tracking system as shown in Fig. 3.
The solar panel is tilted upward toward the south, at an angle ap-
proximately equal to the latitude of the location, to capture more energy
from the sun. The correct tilt angle varies with the time of the year when
the system is being used, and the latitude of the site (refer Fig. 4).
Latitude can be found in a standard map or from the Internet. But
how will you know at which angle you will get the maximum output?
There are free software available on the Internet to determine the tilt
angle for your site. One such software is PVWatts available on www.
nrel.gov/rredc/pvwatts/site_specific.html. It allows installers to easily
develop estimates of the performance of panel installations. It allows
you to select a location and choose your own system parameters like

PARTS LIST

Semiconductors:

IC1 - ATmegal6 microcontroller

I1C2 - 7805, 5V regulator

IC3 - ULN2003 high-current
Darlington transistor array

IC4-IC6 - CD4511 BCD-to-7-segment
driver

LDR1 - 5mm light-dependent resistor

LED1 - 5mm light-emitting diode

DIS1-DIS3 - H103 common-cathode

7-segment display

Resistors (all Ya-watt, £5 per cent carbon):

Fig. 5.5olar module (without LDR) mounted on the
support system (courtesy: www.livingonsolar.com)

R1 - 680-ohm
R2 - 100-kilo-ohm
R3-R14,R36 - 10-kilo-ohm
R15-R35 - 470-ohm
R37 - 330-ohm
Capacitors:
C1 - 470pF, 25V electrolytic
C2 - 0.1pF ceramic
C3-C4 - 22pF ceramic
Cs - 10pF, 16V electrolytic
Miscellaneous:
S1 - Tactile switch
size, electric cost, array type, X, - 16MHz crystal oscillator
£ tilt angle and azimuth angle. - 7.5-degree bipolar stepper
motor
Toe pan‘cl cati b Moyt - Contraption for LDR1
ed on a diagonal support L i il
| pipe along with a television - Solar module mounting
antenna rotator using U- system
- 12V battery

bolts (refer Fig. 5). Antenna
rotors are usually powered by
DC stepper motors. The stepper motor is a special type of motor de-
signed to move slowly and precisely. The motor has a gear-shaped metal
disk in the middle surrounding the rotor and several electromagnets
surrounding the rotor.
The LDR sensor is mounted on the panel itself. You need to make
a contraption to hold the LDR and fix it on the panel (refer Fig. 6). For
this, you can use a pen cap or any hollow opaque object of suitable size
to hold and cover the LDR. You can also use a marker pen for the same.
Remove the felt inside it and insert the LDR.

TRANSPARENT
LDR SOLAR PANEL
PEN \
(OPAQUE) DIAGONAL
SUPPORT
(a) LDR CONTRAPTION N

LDR CONTRAPTION Make sure that both ends of the marker pen are
open. Insert the LDR into the pen from one end
and cover the other end with a transparent mate-
rial. Mount the contraption firmly on the solar
panel using glue such that the LDR receives the
sun rays through the transparent material. Note
that proper contraption is required to protect the

LDR from rain and also allow the sun rays to fall

SUPPORT

e

GROUND BASE
(b) MOUNTING LDR CONTRAPTION ON THE PANEL

on the LDR from top only. This ensures proper
working of the tracking system.

Fig. 6:LDR sensor is mounted on the panel by making a contraption to

hold the LDR
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An actual-size, single-side PCB layout of

the sun tracker with position display is shown
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in Fig. 7 and its
component layout
in Fig. 8. Note that
the LDR should
not be mounted on
the PCB. Extend
two shielded wires
from the PCB to
the contraption for

the LDR.

Software
program

The ‘C’ code is writ-
ten using AVR
Studio and the hex
code is burnt into
the MCU using Po-
nyProg2000.

The ‘C’ code is
designed with the
reference angle set
to 30 degrees with

respect to the di- Fig. 7: An actual-size, single-side PCB for the sun tracker with position display
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After nine hours, the Fig. 8: Component layout for the PCB
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program instructs the motor to return to 30 degrees position facing east. When sun rises in the morning, the system
begins to receive signal through the sensor again, the motor rotates and the same process repeats.

Note that the angle displayed is just to let you know the position of the panel. For example, at 5 pm, the panel
should be at an angle of about 140 degrees, but if the display shows 60 degrees, there is something wrong in the
tracking mechanism and the panel is not facing the sun. This will alert you to check the problem and correct it.

On cloudy days, the solar panel still produces energy as there is still light, although its performance is obviously
reduced. In such situations, the solar tracker will orient itself optimally to pick up the most reflected ambient light.
Once the sun starts shining again, it will re-orient itself to face it.

The project can be further modified to use two stepper motors. The first motor will drive the panel. The second
motor should be mounted with the sensor on the shaft rather than on the panel as in this case. The motor with
the sensor can be made to rotate continuously and track the sun. The advantage is that there will be automatic
tracking of the sun in a more precise way within few seconds on a cloudy day.

Download source code: http://www.efymag.com/admin/issuepdf/Sun%20Tracker%20With%20Position%20
Display.rar
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PRESENGE SENSING LIGHTS
CONTROLLER

®m SANJIB BHUIYA

any a times we forget to switch

oft appliances like lights, fans

and air-conditioner before
leaving home. This leads to a considerable
wastage of electricity apart from reducing
the life of the appliances.

Here is a circuit that solves this prob-
lem by sensing the absence of occupants
in a room and automatically shutting the
power ‘off.” It turns on the power again
when someone enters the room. The same
circuit can be used for a particular appliance
also, say, air-conditioner.

The circuit presented here is a micro-
controller-based automatic room light con-
troller. The microcontroller along with op-
amp LM324 is wired with two IR sensor
units to count the number of persons going
inside the room and the number of persons
coming out. When the number of persons
inside the room is zero, it automatically dis-
connects the power. When someone enters
the room, the counter increments and the
power to the room is restored. The number
of persons inside the room is displayed on
a seven-segment display.

Circuit description

The block diagram of the presence sensing
lights controller is shown in Fig. 1 and
the circuit in Fig. 2. To derive the power
supply for the circuit, the 230V, 50Hz AC
mains is stepped down by transformer X1
to deliver a secondary output of 12V, 500
mA. The transformer output is rectified
by a full-wave rectifier comprising diodes
D1 through D4, filtered by capacitor C1
and regulated by IC 7805 (IC1). Capaci-
tor C2 bypasses the ripples present in the
regulated supply. Regulated 5V is used to
power the circuit, except relay RL1.

=

. |
enTRANCE [Py
ROOM

AT89C51
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o
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Fig. 1: Block diagram of presence sensing lights controller

<

R9
2200

coMm. | Dis3 coml Dis2 com.[ DIS!
38 38 38
dj
._.p_5 '7.3_. ﬂ.s' '.',.a _95, ,7
- - (=5
910’ 's! Em’ 6f% 510’ ’si’
4" N 4D u 4" N
9 1 2 4 9 1 2 4 g 12 4
< < f d cl < < e e < < < DR E
R32
Z03 3 $5%3 $33
il 2
o
' ~
w0
w
Allw
WA
i
-1 nlolof<lolalc|o|nfeln] <ol gl o|rn el < o o -
me'EEEEEEEEEEEEEEEE_’EEEEEEE
323334 35 36 37 38 39 17 16 15 14 13 12 1110 8 7 6 5 4 3
31
IC3
40 AT89C51
a1 2 9

VR1.10K |co(N1, N2)= &

LM324 o

o

P21
RST

4700

COM.

2

ouTt

7805

ic1 |

R2
BC548
10002 O
{ € l ¥
R3 R5 < H " cs
10K = 10p,16V < X1=
1000 0KE ) 2 —
C RB T PRIMARY
= 5 8.2K TO
(NS e 12V, 500mA
R IR VR2 ° ; SECONDARY
Tx2 Rx2 10K D5 = 1N4007 RELAY | TRANSFORMER
LED1 A% o
i) T
01
R1 u 230V AC

Infrared transmitter-receiver pairs Fig.2:Circuit of presence sensing lights controller
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TX1-RX1 and TX2-RX2 are mounted on the sides of the entrance door—one pair inside and the other pair
outside the room. The transmitters and the receivers are to be mounted on the opposite frames of the door such
that light from the infrared transmitter falls directly on the infrared detector on the other side (refer Fig. 1). Cover
the infrared receivers with a mask to protect these from ambient light.

Infrared signals from IR TX1 and IR TX2 continuously fall on IR RX1 and IR RX2, respectively. The signals
detected by RX1 and RX2 are fed to inverting input pins 2 and 6 of comparators N1 and N2, respectively. Normally,
the comparator outputs at pins 1 and 7 are high, which are given to microcontroller port pins P2.0 and P2.1, respec-
tively. When someone passes through the door, the infrared beams are interrupted and the comparator outputs go
low. Microcontroller AT'89C51 increments/decrements the count depending on the direction of movement.

Microcontroller AT89C51 is the heart of the automatic room light controller. It is an 8-bit microcontroller
with 4 kB of flash programmable and erasable read-only memory (PEROM), 128 bytes of RAM, 32 input/output
(I/0) lines, two 16-bit timers/counters, a five-vector two-level interrupt architecture, a full-duplex serial port, on-
chip oscillator and clock circuitry. Power-on-reset is provided by the combination of resistor

o i R6 and capacitor C3. Switch S1 is used for manual reset.
548 A 12MHz crystal along with two 33pF capacitors provides the basic clock frequency to
7805 microcontroller AT89C51. Three seven-segment displays (DIS1 through DIS3) are interfaced
T with the microcontroller through Port 0, Port 1 and Port 3, which are used to display the
N | ouT e number of persons inside the room. Port 0 is pulled high with resistor network RNW1. Port

COM. pin P2.7 drives relay RL1 to control the power.

Fig. 3: Pin details of When somebody enters the room, the comparator outputs go low and port pin P2.7
7805 and BC548 goes high. Transistor T1 drives into saturation to energise relay RL1. Diode D5 acts as a

Q O HIZE oy AUTOMATIC ROOM LIGHT CONTROL SYSTEM O

DIs3 Dis2

00000 00000 00000

Kij 2tz )
inelR) | SRR

ATESCS1 ( 13

Q000000000 O0ODO0OODO0O0O0OO

RNWI1
1 [0J00 000000

Fig.4: An actual-size, single-side PCB for the presence sensing lights Fig. 5: Component layout for the PCB
controller
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free-wheeling diode. Resistors R9 through R32 are used to limit the
current through segments of the 7-segment display. Presets VR1 and
VR2 are used to set the threshold voltage of comparators N1 and N2,
respectively.

Construction

An actual-size, single-side PCB for the automatic room light control-
ler is shown in Fig. 4 and its component layout in Fig. 5. Assemble
the circuit on the PCB to save time and minimise assembly errors.
Carefully assemble the components and double-check for any over-
looked error. Use IC bases for microcontroller AT89C51 and op-amp
LM324. Before inserting the ICs, check the supply voltage.

Both the IR transmitter-receiver pairs should be placed approxi-
mately 50 cm apart. Align the IR transmitter and IR receiver such
that these directly face each other.

Software

The software for the automatic room light controller is written in ‘C’
language and compiled using the Keil pVision4 compiler. Burn the
generated hex code into the microcontroller by using a suitable pro-
grammer. It is well commented and easy to understand.

Download source code: http://www.efymag.com/admin/issuepdf/

Auto%20Room%20Light%20Controller.rar

PARTS LIST

Semiconductors:

IC1 - 7805, 5V regulator

IC2 - LM324 quad operational
amplifier

IC3 - AT89C51 microcontroller

T - BC548 npn transistor

D1-D5 - 1N4007 rectifier diode

DIS1-DIS3 - LTS 542 common-anode

7-segment display
IR TX1,IRTX2 - Infrared transmitter
IR RX1, IR RX2 - Infrared detector

LED1,LED2 - 5mm LED

Resistors (all Ye-watt, 5% carbon):

R1 - 470-ohm

R2,R3 - 100-ohm

R4,R5 - 10-kilo-ohm

R6 - 8.2-kilo-ohm

R7 - 1-kilo-ohm

R8 - 680-ohm

R9-R32 - 220-ohm

VR1, VR2 - 10-kilo-ohm preset

RNWI1 - 10-kilo-ohm resistor network

Capacitors:

C1 - 1000pF, 35V electrolytic

C2 - 0.1pF ceramic disk

C3 = 10pF, 16V electrolytic

C4,C5 - 33pF ceramic disk

Jw;)ll’n’lﬂﬂl.‘ou!f

X1 - 230V AC primary to 12V,
500mA secondary
transformer

S1 - Push-to-on tactile switch

e - 12MHz crystal

RL1 - 12V, 1C/O relay

LIGHT.C

#include <REGX51.H> {
void display(unsigned int);
sbit contrel=P277;

sbit in=P270;

sbit out=P2"1;

void main (void)

{

unsigned int z=0; //set counter at zero

P1=0XCO0; //display zero in
all 7segnent display
P3=0XCO0;
P0=0XCO;
P2=0X03;
control=0;
while (1) //repeat forever }
{ }
if (in==0) // is anybody going

inside {

while(in==1);

while (in==0) ;

//decrease the
counter

z--=;

display(z);
//display no of person
if (z==0)
// counter=0?

{

control=0;

//turn off light

}

void display(unsigned int m)

{ unsigned int digit[10]={0XC0,0XF9, 0XA4, 0XB0O, 0X22

while (out==1);
while (out==0);

z++; //increase the i=m%10;
counter j=m/10;

display(z); k=m/100;

//display nc of person j=j-k*10;

,0x92,0x82, 0XF8, 0X80, 0X90} »
unsigned int i,j,k:

control=1; //turn Pl=digit[i]; //display 1lsb
on light P3=digit[j]l:; //display middle digit
} PO=digit[k]: //display msb

else if(out==0) //is anybody }

coming outside
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TOUGCHSCREEN CONTROL FOR
WHEELGHAIR

® SACHIDANANDA SAHU

wheelchair is a chair with wheels, designed to be a replacement for walking. The device comes in variations
where it is propelled by motors or by the seated occupant turning the rear wheels by hand. Wheelchairs

re used by people for whom walking is difficult or impossible due to illness, injury or disability.
Here we describe a microcontroller-based wheelchair the speed and direction of which can be controlled from

a touchscreen. The wheel-

TOUCHSCREEN

chair moves by means of a

=

geared motor. Fig. 1 shows
the block diagram of the
touchscreen-controlled
wheelchair. The system
includes a resistive touch-
screen, microcontroller

+ +
WHEEL
CHAIR

= a MCU

i/\l ATMegai6
MOTOR
DRIVER

i x

POWER SUPPLY

and motor driver circuit.

The touchscreen

Fig. 1: Block diagram for the touchscreen control for wheelchair

SPACER DOT i)

GLASS OR ACRYLIC -
BACKING PANEL

CONTROLLER DETERMINES
TOUCH COORDINATES

[=—— POLYETHYLENE FILM

§*—— TOP CIRCUITLAYER

ITO CONDUCTIVE
COATING
ITO CONDUCTIVE
BOTTOM CIRCUIT LAYER - COATING

TOUCH CREATES CONTACT
BETWEEN RESISTIVE CIRCUIT
LAYERS, CLOSING A SWITCH

Fig. 2: Typical touchscreen layers (Courtesy: www.tci.de)
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The touchscreen is an

electronic visual display
that can detect the presence and location of a
touch within the display area. It is sensitive to
the touch of a human finger, hand and passive
objects like stylus (refer Fig. 2). It is a two-di-
mensional sensing device which is made of two
sheets of material separated by small spacers.

"There are three main touchscreen technolo-
gies: resistive, capacitive and surface acoustic
wave.

Resistive touchscreen. The resistive touch-
screen consists of a flexible top layer made of
polyethylene and a rigid bottom layer made of
glass. Both the layers are coated with a conduct-
ing compound of indium-tin oxide (ITO) and
then spaced with spacers. When the monitor is
operational, an electric current flows between
the two layers.

When a touch is made, the flexible screen
presses down to touch the bottom layer. A
change in electrical current is hence detected
and the coordinates of the touch point are
calculated by the controller and parsed into
readable signals for the operating system to
react accordingly.

The 4-wire resistive touchscreen uses

Touchscreen Control for Wheelchair
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Fig. 3: Circuit for touchscreen control for wheelchair

both the layers to calculate the axes information of the touch.
Touch measurement is a two-step process. The x-coordinate of
the touch point is calculated by creating a voltage gradient on
the flexible layer. The y-coordinate is determined by creating
a voltage gradient along the bottom layer.

Capacitive touchscreen. Capacitive touchscreen is the most
popular and durable touchscreen technology used all over
the world. It consists of a glass panel coated with indium-tin
oxide—a capacitive (conductive) material. Capacitive systems
transmit almost 90 per cent of light from the monitor. In
surface-capacitive screens, only one side of the insulator is
coated with a conducting layer.

When the monitor is operational, a uniform electrostatic
field is formed over the conductive layer. Whenever the user
touches the screen with a finger, conduction of electric charges
over the uncoated layer results in the formation of a dynamic
capacitor. The computer or the controller then detects the
position of touch by measuring the change in capacitance at
the four corners of the screen.

Surface acoustic wave touchscreen. Surface acoustic wave
touchscreen contains two transducers (transmitting and receiving) placed along the X-axis and Y-axis of the monitor’s
glass plate along with some reflectors. The waves propagate across the glass and reflect back to the sensors.

When the screen is touched, the waves are absorbed and a touch is detected at that point. These reflectors
reflect all the electrical signals sent from one transducer to another. This technology provides excellent throughput
and image clarity.

Fig.4: An actual-size, single-side PCB for the touchscreen
control for wheelchair

Circuit description

Fig. 3 shows the circuit for the touchscreen control for wheelchair. It comprises microcontroller ATMegalé (IC1),
motor driver L293D (IC2), regulator 7805 (IC3), resistive touchscreen and a few discrete components.

The ATmegal6 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced RISC architecture.
The AVR core combines a rich instruction set with 32 general-purpose working registers. All the 32 registers are
directly connected to the arithmetic logic unit, allowing two independent registers to be accessed in one single
instruction executed in one clock cycle. This architecture is more code-efficient.
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‘The Almegal6 has the following features: 16 kB of in-
system programmable Flash program memory, 512 bytes
of EEPROM, 1kB SRAM, 32 general-purpose input/
output (I/O) lines, 32 general-purpose working registers,
three flexible timers/counters with compare modes, internal
and external interrupts, a serial programmable USART, a
byte-oriented two-wire serial interface, an 8-channel 10-bit

I1CL

O DI-D4=1N4148
M
r i %

RNHL 10K
[06660]
TOUCHSCREEN

07128

°"V\/V'° Zol

10K é O analogue-to-digital converter (ADC), an SPI serial port, and
o six software-selectable power-saving modes.
< The microcontroller has an 8-channel ADC. Port A of the
microcontroller is multiplexed with the 8-channel ADC. Port
f RIOTA : : ; :
m&yur'rJ EE]STECTH 1705%‘ pins PAO through PA3 of microcontroller are interfaced with
== POER | pins 1 through 4 of touchscreen. The touchscreen uses four
h . . . channels (ADCO through ADC3). The resistive-type touch-
O R aEE A PATE et BT O screen used here is quite cheaper than capacitive touchscreens

and also easy to use.
Fig. 5: Component layout for the PC8 When the touchscreen is touched, its resistance changes
depending on the position of the touch. The touch input is in
?ﬁ the form of analogue values of the voltage relative to the point of touch.
A B This is processed in microcontroller ATMegal6 using the ADC.

The ADC converts the analogue values of the touchscreen into 10-
bit digital equivalent form. This digital data is then processed to find
the exact position of the touch and perform the corresponding action
like left turn, right turn, forward movement and reverse movement with
the help of motor driver L293D. Switch S1 is used for manual reset.

Motor driver L293D is interfaced with the microcontroller’s port
B. Port pins PB0 and PB1, and PB2 and PB3 of the microcontroller
control motors M1 and M2, respectively. Motor drivers are enabled in
pairs. When enable input pins 1 and 9 of IC2 are high, the associated

Fig. 6: Author's prototype drivers are enabled and their output pins 3 and 6 and pins 11 and 14,
respectively, are active and in phase with the inputs. With the proper
PARTS LIST data inputs, each pair of drivers forms an H-bridge reversible drive,
S suitable for motor applications.
emiconductors: x & % 5
IC1 - ATMegal6 microcontroller Motors M1 and M2 rotate in forward direction (clockwise) when
IC2 - 1.293D motor driver port pins PB1 and PB3 are high. Motors M1 and M2 rotate in reverse
IC3 . 78045, f" ol direction (anti-clockwise) when port pins PBO and PB2 are high.
E};DDI4 i ;ﬁ;;;;mcmg inile A 12V DC battery is used to power the circuit. IC 7805 provides
e regulated 5V supply to the circuit. Capacitor C1 bypasses ripple from
Riasors (ull Yo toGres 85 gt s corhun)s the Izeg%llated supply. LED1 acts as the power-‘on’ indicator and resistor
R1 - 470-ohm R1 limits the current through LED1.
R2-R4 - 10-kilo-ohm
RNW1 - 10-kilo-ohm = 5
it Construction and testing
C1 = 0-1F ceramic disk An actual-size, single-side PCB for the touchscreen control for wheel-
Miscellancous: chair is shown in Fig. 4 and its component layout in Fig. 5. Assemble
S1 - Push-to-on tactile switch b cirend PCE 253 st A d bl Carehilll
S2 B Oa/ Eawih the circuit on a as 1t minimises time and assem y CITOrIS. arc y
M1, M2 - 50-rpm geared DC motor assemble the components and double-check for any overlooked error.
BATT. - 12V, 7Ah battery Use IC bases for IC1 and 1C2. Before putting the microcontroller and

other ICs on the PCB, check the correct supply voltage. Suitable con-
nectors are provided on the PCB to connect geared motors M1 and M2.
Connect the motors and power the circuit with 12V battery. Now the circuit is ready for use. For instance,
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when you touch the forward arrow on the touchscreen, both the motors rotate in forward (clock-wise) direction
simultaneously. Fit the motors properly with the wheels and the touchscreen near the hand to control the move-
ment of the wheelchair.

Software

The source program is written in ‘C’ language and compiled using AVR Studio to generate the Intel hex code.
The generated hex code is programmed into the chip using a suitable programmer. The code is well commented
and easy to understand.

The device is shipped with CKSEL=“0001" and SUT="10". The default clock source setting is therefore IMHz
internal RC oscillator with longest startup time. To activate the internal oscillator, program the fuse bytes of the
microcontroller as follows:

Fuse low byte = D4

Fuse high byte = 99

Download source code: http://www.efymag.com/admin/issuepdf/Touchscreen%20Controlled%20Wheelchair.zip

TOUCH.C

#¥include<avr/io.h> //header file for channel selection
#include<util/delay.h> //header file {
void Drive Motor (unsigned char LEFT,unsigned char ADMUX= (1<<REFS0) | (1<<ADLAR) |channel;
RGHT) //For MOTOR delay ms (10);
{ ;etutnTADCH);
if (RGET==0)//if right == 0 then right motor }
int main()// Main function
{ {
PORTB&=~ BV (1) ; DDRB=0x0£f; //for motor PB -(0,1,2,3) connected to motor
PORTB&=~ BV (0) ; driver
} adc_init()://adc initilized

will stop

if (RGHT==1)//if right == 1 then right motor unsigned char x,y://for storing value of x & y co-
will go forward ordinate

{ while (1)

?ORTBS=~_BV(1): {

PORTB|=_ BV (0); _delay ms(20);
} DDRA=0x05;//00000101
if (RGHT==2)//if right == 2 then right motor PORTA=0x01; //00000001for x init
will go backward x=read_adc_channel (3);
{ _delay_ms (20);
PORTB |=_BV(1) ; _delay ms(20);
PORTB&=~_ BV (0); DDRA=0x0a;//00001010
} PORTA=0x08; //00001000//for y init
if (LEFT==0)//if left == 0 then left motor y=read_adc_channel (2) ;
_delay ms(20):
{ if (x>57 && x<140 && y>150)//forward
PORTB&=~ BV (2); {
FORTB&=~_BV(3);
i }

Drive Motor(l,1); //PORTB=0b00001001;

if(LEFT==1)//if left == 1 then left motor else if (x>57 && x<140 && y<60)//backward
will go forward {

{ Drive Motor(2,2); //PORTB=0b00000110;

PORTB&=~_BV(2); )

PORTB |=_BV (3); else if (x<70 && y>80 && y<130)//left
} {

if (LEFT==2)//if left == 2 then right motor Drive Motor(2,1); //PORTB=0b00000101;
will go backward }
{ else if (x>150 && y>80 && y<130)//right
PORTB|=_BV(2); {

PORTB&=~ BV(3);
J
1

Drive Motor(1,2); //PORTB=0b00001010;

}

void adc_init(void) //for adc initilization

{

ADCSRA= (1<<ADEN) | (1<<ADSC) | (1<<ADATE] | (1<<ADPS2) ;
SFIOR=0x00;

}

unsigned char read_adc_channel (unsigned char channel) //

else//stop

{

Drive Motor (0,0); //PORTB=0b00000000;
H

)

J
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RF-BASED MULTIPLE
DEVICE CONTROL USING
MICROCONTROLLER

m AZARUDEEN ANIFA

ere we describe how to control electrical and electronic gadgets from a remote location using radio fre-
quency (RF) transmission. An RF interface is used instead of infrared (IR) to avoid the drawbacks of an

IR interface. Besides, RF has a
longer range. The signal is transmitted
by an RF transmitter and received by
an RF receiver to switch on or switch
off the desired device. This system can
be used to control up to fifteen devices.

Fig. 1 shows the block diagram
for RF-based multiple device control
using microcontroller. Signals from
the keypad are fed to microcontroller
AT89C2051, which, in turn, is inter-
faced to the RF transmitter through

KEYPAD (S1-S16)

=

MCU
AT89C2051

\|i ANT.

TRANSMITTER

T

ENCODER

POWER SUPPLY

T ANT.

encoder HT12E. The microcontroller RECEIVER H
continuously reads the status of the = RELAY 3
MCU DRIVER sl 4s
keys on the keypad. _ AT89C51 AND 2 | DEVICES
When any key is pressed, data is DECODER A E L 3
passed to the encoder and then to the H
RF transmitter from where it is trans- x z
. . . 3 POWER SUPPLY + +
mitted. The RI receiver receives this
dara and gives it to the RF decoder. The
g Fig. 1: Block diagram for RF-based multiple device control using microcontroller
Y
IN "Ilggs SouT ‘
s21 = TT R1 5 ?Jii\
RNW1 1.1M @ R 16V |
BATI‘+ %?PB e W 3302!1 RST
v SWITCH (2 13 |4 [5 (6 |7 [6 |0 S = | b
1 0 18 15 15 1234 Yo, —— C2,33p
& olz] gl ALY
i 3l<|>|2 5 oM == ea. a3 L
& < st ‘
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Fig. 2: Transmitter circuit with SM TX-433 RF module (TX1)
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may lie between 1.5 kHz and 7 kHz
depending on the resistor value used
between oscillator pins 15 and 16.

'The internal oscillator frequen-
cy of decoder HT12D is 50 times
the oscillator frequency of encoder
HT12E. The values of timing resis-
tors connected between pins 15 and
16 of HT12E and HT12D, for
the given supply voltages, can be
determined from the graphs given
in the datasheet of the respective
chips. The resistor values used in
the circuit here are chosen for ap-
proximately 3kHz frequency for
encoder HT12E and 150 kHz for
decoder HT12D ata V, of 5V.

Decoder HT12D receives
data from HT12E on its D, pin
serially. If the transmitted address
matches the address of the decod-
er four times in succession, valid
transmission pin (V) becomes g'—g
high. The data from pins ADS8 5@
through AD11 of the HT12E | °/®
appears on pins D8 through D11
of the HT12D.

4

M)
i

I e

E08ZNIN

RX1

AT8SCH1 [~

Transmitter unit

Fig. 2 shows the transmitter p:s
circuit with SM TX-433 RF 708
module (TX1). TX1 is an AM/ m
ASK transmitter module operat- 1 :

5 .

ing at 433 MHz AT89C2051 is i U
a low-voltage, high-performance

CMOS 8-bit microcontroller. It Fig. 7: Component layout for the PCB in Fig. 6

has 2 kB of Flash, 128 bytes of

RAM, 15 input/output (I/O) lines, two 16-bit timers/counters, a five-vector two-level interrupt architecture, a
tull-duplex serial port, a precision analogue comparator, on-chip oscillator and clock circuitry.

Power-on reset is provided by the combination of resistor R3 and capacitor C1. Switch S17 is used for manual
reset. A 12MHz crystal along with two 33pF capacitors provides the basic clock frequency for operation.

The receiver address to be transmitted can be set with the help of 8-way DIP switch S18. Port pins P1.0
through P1.7 of the microcontroller are interfaced with the keypad. Pins P3.0 and P3.2 through P3.5 are inter-
faced with TE pin and data inputs AD8 through AD11 of encoder HT12E.,

When all switches (S1 through S16) are opened on the keypad, the microcontroller pulls the TE pin as well as
data input pins AD8 through AD11 to logic 1. If any switch is closed, the microcontroller pulls the corresponding
data pin along with TE pin to logic 0. When switch S1 is closed, the microcontroller makes pin 10 (ADS) and pin
14 (TE) of encoder HT12E low, and logic 0 is transmitted through TX1. The other data pins of encoder HT12E

will be in logic 1 state in this case. LED1 glows to indicate transmission enabled.

ULN2003

O 00
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Fig. 8: An actual-size, single-side PCB for relay section

O
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Fig. 9: Component layout for the PCB in Fig.8

Keys and Corresponding

51
82
S3
54
S5
S6
S7
S8
89
S10
S11
512
§13
S14
§15
S16

Device Activated
0001 P1.1 1
0010 P1.2 2
0011 P1.3 g
0100 P1.4 4
0101 P1.5 5
0110 P1.6 6
0111 P1.7 7
1000 P3.0 8
1001 P3.1 9
1010 P3.2 10
1011 P3.3 11
1100 P3.4 12
1101 P3.5 13
1110 P3.6 14
1111 P3.7 15
0000 P1.0 Reset all
devices

Microcontroller-Based Projects

Receiver unit

Fig. 3 shows the receiver circuit with SM RX-433 RF module. AT89C51
is a low-power, high-performance CMOS 8-bit microcontroller. It has 4
kB of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit timers/counters,
five-vector two-level interrupt architecture, a full-duplex serial port, on-
chip oscillator and clock circuitry.

Power-on reset is provided by the combination of resistor R5 and
capacitor C6. Switch 520 is used for manual reset. A 12MHz crystal
along with two 33pF capacitors provides the basic clock frequency to
microcontroller AT89C51.

Address lines of the encoder (IC1) and the decoder (IC4) should be
identical for data reception in the receiver. Here addresses are made identi-
cal through switches 518 and S19. When any of the keys on the keypad is
closed, the corresponding data pin of the decoder goes low. When any data
is received, valid transmission pin (V.,) goes high as indicated by LED2.

Data outputs D8 through D11 of HT'12D are connected to port
pins P0.0 through P0.3 of the microcontroller. The microcontroller
receives the decoded data and controls the corresponding relay through
relay drivers ULN2003 and ULN2803. The device to be controlled is
connected to the relay contacts. Unregulated power supply is used for
relays.
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Power supply

The 230V AC mains is stepped down by transformer X1 to deliver a
secondary output of 6V, 500 mA. The transformer output is rectified by a
full-wave rectifier comprising diodes D6 through D9, filtered by capacitor
C8 and regulated by IC 7805 (IC8). Capacitor C7 bypasses the ripples
present in the regulated supply. LED3 acts as the power indicator and R6
limits the current through LED3.

Software

Programs for the microcontrollers are written in BASIC and compiled
using BASCOM Basic compiler for 8051 family. These are supported by

Windows OS. The microcontrollers of the transmitter and receiver units

are programmed with source programs ‘Remote.bas’ and ‘Receiver.bas,’

respectively. The bas codes are converted into hex codes using the above
compiler. The hex codes are burnt into the respective microcontrollers
using a suitable programmer.

Construction and testing

An actual-size, single-side PCB for the transmitter circuit (Fig. 2) is
shown in Fig. 4 and its component layout in Fig. 5. The PCB for the
receiver circuit excluding relay section (Fig. 3) is shown in Fig. 6 and its
component layout in Fig. 7. The PCB for relays RL8 through RLL15 con-
nected to load 8 through load 15 is shown in Fig. 8 and its component
layout in Fig. 9. You can use another PCB for relays RL1 through RL7
to connect load 1 through load 7. Suitable connectors are provided on the
PCB. The receiver PCB is interfaced with the relay PCB by connecting
CON1 to CONS5, and CON2 to CON6.

PARTS LIST

Semiconductors:

1C1 - HT'12E encoder

1E2Z - AT89C2051 microcontroller

1C4 - HT12D decoder

IC5 - AT89C51 microcontroller

ICé - ULN2003 relay driver

IC7 - ULN2803 relay driver

1C3,1IC8 - 7805, 5V regulator

D1-D5 - 1N4148 switching dinde

D6-D9 - 1N4007 rectifier diode

LED1-LED3 - 5mm LED

Resistors (all Ya-watt, £5% carbon):

R1 - 1.1-mega-ohm

R2 - 330-ohm

R3,R5 - 10-kilo-ohm

R4, R6 - 470-ohm

R7 - 51-kilo-ohm

RNW1, RNW2 - 10-kilo-ohm network resistor

Capacitors:

C1,Cé6 - 1uF, 16V electrolytic

C2-Cs - 33pF ceramic disk

C7 - 0.1pF ceramic disk

C8 - 1000uF, 25V electrolytic

Miscellaneous:

X1 - 230V AC primary to 6V,
500mA secondary
transformer

RL1-RL15 - 6V, 1C/O relay

S1-517, S20 - Push-to-on tactile switch

§18, 519 - 8-way DIP switch

S§21 - On/off switch

X‘l‘m.l ’ xr.\[,z - 12MHz cry: stal

X1 - 433MHz RF transmitter
module (ASK)

RX1 - 433MHz RF receiver module
(ASK)

After assembling the transmitter, receiver and relay sections on the respective PCBs, pull pin 1 of both HT12E
and HT12D to ground. LED2 connected to V.. pin of the decoder should glow, indicating that a valid signal has
been received. 255 sets of transmitter-receiver pairs can be used within the same area, each with a unique address.
Alternately, we can also control 255 receivers with a remote control by changing the address. Now your RF-based

multiple device control system is ready for use.

Download source code: http://www.efymag.com/admin/issuepdf/RF%20Based%20Multi%20Device%20

Control.zip
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GSM-BASED BOREWELL
WATER-LEVEL MONITOR

® GURUNATH REDDY

f the water level in a borewell drops below the threshold level for pumping, its pump motor may get air-locked

or even burn out due to dry running. It is

inconvenient for farmers to walk all the
way to their fields at night just to switch the
pump motor ‘off.” Besides, he may never get to
know the problem.

This problem can be solved by using this
GSM-based system that will automatically
give the user a call on his mobile phone when
the water level in the borewell drops below or
rises to the threshold level for pumping. The
user can also remotely switch on or switch off
the pump motor by sending an SMS from

PIPE

POWER RELAY | o 4
SUPPLY [ *] oRIvER || RELAY || MOTOR
AT89C51 =1

AAX (=3

Mcu Q0 O

b GSM 000

= MODEM |[ANT. [000

1 GND l CELLPHONE

BOREWELL

Fig. 1: Block diagram of GSM-based borewell water-level monitoring system
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his mobile phone. The system is simple, reliable,

portable and affordable.

Circuit description

Fig. 1 shows the block diagram of the GSM-
based borewell water-level monitoring system.
Fig. 2 shows the complete circuit. It comprises
the power supply section, water-level sensor
circuit, microcontroller, MAX232 driver, relay
driver and GSM modem. The GSM board has a
valid SIM card with sufficient recharge amount to
make outgoing calls.

The circuit is powered by regulated 5V DC.
The 220V, 50Hz AC mains is stepped down by
transformer X1 to deliver a secondary output of

TABLE |

Motor, Mobile and LED Status for Different Water Levels

Full Above pointA | On

Empty Below pointA | Off

Power supply
Power saving
Frequency bands

SMS

SIM interface
External antenna
Two serial interfaces

138

Call from modem = On SMS operation to turn on/off

the motor

Call from modem | Off SMS operation not allowed

TABLE Il
Key Features of SIM300 Series

Single supply voltage of 3.4V-4.5V
Typical power consumption in SLEEP mode: 2.5 mA

> SIM300 tri-band (EGSM 900, DCS 1800, PCS 1900). The band can be
set by AT COMMAND, and default band is EGSM 900 and DCS 1800

» Compliant to GSM Phase 2/2 +
> MT, MO0, CB, text and PDU mode
» SMS storage: SIM card

» Supports transmission of SMS alternatively over CSD or GPRS. User can
choose the preferred mode

Supported SIM card: 1.8V, 3V
Connected via a 50-ohm antenna connector or antenna pad
» Serial port 1: Seven lines on the serial port interface

> Serial port 1 can be used for CSD FAX, GPRS and sending AT command
of controlling module

» Serial port 1 can use multiplexing function, but you cannot use serial
port 2 at the same time

> Autnbauding supports baud rate of 1200 to 115,200 bps
> Serial port 2: Two lines on serial port interface, /TXD and /RXD
> Serial port 2 used only for transmitting AT command

12V, 250 mA. The trans-
former output is rectified
by bridge rectifier BRI,
filtered by capacitor C1
and regulated by IC 7805
(IC3). Capacitor C2 by-
passes ripples from the
regulated supply. LED1
acts as the power-‘on’ in-
dicator. Resistor R1 lim-
its the current through
LED1.

The AT89C51 mi-
crocontroller is connected
to the water-level sensor
circuit, relay driver and
MAX232. The microcon-
troller is programmed to
take necessary actions. The
mobile number used in the
GSM modem is included
in the code before burning
the code into the micro-
controller.

The water-level sensor
circuit comprises transis-
tor T1 (BC548) as sensor
driver and water sensors
A and B dipped into the
borewell along with the
pipe. Sensor A is dipped
to the threshold point for
pumping and sensor B is
dipped below the pipe to
the bottom of the borewell.

GSM-Based Borewell Water-Level Monitor



When water in the borewell fills to
the threshold level, it is sensed by sen-
sor A and you get a call on your mobile
phone. Now you can turn the motor ‘on’
by sending the SMS “motorl1 on” from
your mobile phone to the SIM number
in the GSM modem. You can also turn
the motor ‘oft’ by sending the SMS “mo-
torll off”.

Sensor A is connected to the base of
transistor T1 (BC548). When there is a
high voltage at the base, T'1 conducts and
a low voltage is available at its collector.
This low signal is fed to pin 12 (port
pin p3.2) of the MCU. Similarly, for a
low voltage input at the base, T'1 stops
conducting and a high voltage signal is
available at its collector. So pin 12 of the
MCU gets a high signal input. The high
or low voltage signal at pin 12 is moni-
tored and processed by the program in
the MCU, and decision to turn the mo-
tor ‘off” taken when the water level dips
below sensor A.

Pin 3 (port pin p1.2) of the MCU is
the output pin. It is connected to relay-
driver transistor T2 (BC548) and LED?2.
T2 drives relay RL1, which, in turn, acti-
vates the motor. LED2 glows to indicate
the motor-‘on’ status.

When water level in the borewell
dips below sensor A, the conducting
path between sensors A and B breaks.
Hence a signal is received by the mi-
crocontroller. The microcontroller turns
the running motor ‘off”and makes a call
to the user’s cell phone through a GSM
modem to indicate that the water level
is too low to pump the

fossssnsafdonsnnnnnns

Fig.4: An actual-size, single-side PCB for the GSM-based borewell water-level
monitoring system
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Fig. 5: Component layout for the PCB

water and the motor has
been switched off. In this
way, the motor is protected
from airlocks and burnouts
due to dry running. The
status of motor, water level
and LED2 are shown in
Table I. The GSM mo-
dem used in this project
is SIM300 V7.03 (refer
Fig. 3). Its key features are

listed in Table I1.
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TABLE Il
List of Commands

AT Check whether the serial interface
and GSM modem are warking
ATEQ Turn echo ‘off’ when there is less

traffic on serial line

AT+CNMI | Display the new incoming SMS

AT+CPMS | Select SMS memory

AT+CMGF = SMS string format—how they are

compressed

AT+CMGR = Read the new message from a

given memory location

AT+CMGS = Send message to a given recipient

AT+CMGD = Delete message

GSM modem SIM300 V7.03
The GSM module is a specialised type of modem which accepts a SIM

card and operates on a subscriber’s mobile number over a network, just
like a cellular phone. Basically, it is a cellphone without display. Mo-
dem SIM300 is a triband GSM/GPRS engine that works on EGSM
900MHz, DCS 1800MHz and PCS 1900MHz frequencies.

GSM modem is RS232-logic-level compatible, i.e., it takes -3V to -15V
as logic ‘high’ and +3V to +15V as logic ‘low’. MIAX 232 is used to convert
TTL into RS232 logic level and vice versa. Hence MAX232 is a voltage-level
converter used between the microcontroller and the GSM board.

'The signal at pin 11 of the microcontroller is sent to the GSM mo-
dem through pin 11 of MAX232. This signal is received at Pin 2 (RX)
of the GSM modem. The GSM modem transmits the signal from Pin
3 (TX) to the microcontroller through MAX232, which is received at
pin 10 of IC1.

PARTS LIST Software program

Semiconductors:

IC1 - AT89C51 microcontroller

1C2 - MAX232 driver

IC3 - 7805, 5V regulator

BR1 - 1A bridge rectifier

1,12 - BC548 npn transistor

LED1,LED2 - 5mm light-emitting diode

D1 - 1N4007 rectifier diode

Resistors (all Y%-watt, +5 per cent carbon):

R1 - 1-kilo-ohm

R2, R6 - 470-ohm

R3, R4 - 10-kilo-ohm

R5 - 100-kilo-ohm

Capacitors:

C1 - 1000uF, 25V electrolytic

C2,C4-C7 = 0.1pF ceramic

C3 - 10pF, 16V electrolytic

C8,C9 - 22pF ceramic

Miscellaneous:

X1 - 220V AC primary to 12V,
250mA secondary
transformer

RL1 - 12V, 1C/O relay

S1 - Tactile switch

W - 11.0592MHz crystal

GSM modem - SIM300 V7.03 modem

- Two water-level steel sensor

rods

The software program is written in ‘C’ language and compiled using
Keil software. The AT commands listed in Table III are used in the code
to receive the mobile signal. The hex code of the program is burnt into
the MCU using Flash Magic software.

Construction and testing

An actual-size, single-side PCB layout of the GSM-based borewell water-
level monitoring system is shown in Fig. 4 and its component layout in Fig. 5.

For testing the circuit, proceed as follows:

1. After assembling all the components on the PCB, connect TX
and RX pins of the GSM modem to pins 13 and 14 of MAX232, re-
spectively. Insert a valid SIM in the card holder of the GSM modem.

2. Connect ground pin of the GSM modem to the ground rail of
the circuit.

3. Use two single-strand (hook-up) wires as sensor A and sensor B. (In
the actual application, use of steel rods as sensors is recommended.) Hang
the sensors into a bucket or mug such that sensor A is above sensor B.

4. Pour water into the bucket until the water level reaches sensor A.

5. Now switch on the circuit. You should get a call on your mobile
phone. This indicates that you can turn the motor ‘on.’

6. Send SMS “motorl11 on” from any mobile phone to the SIM in
the modem to turn the motor ‘on’. You can also turn the motor ‘off” by
sending “motor11 oft” message from any mobile phone.

7. Now remove water from the bucket until the water level in the

bucket dips below sensor A. The motor should automatically switch off and you should receive a call from the
modem simultaneously alerting you that the borewell (bucket in this case) is empty and the motor has been

switched off.

After testing the above steps, you can install the system in the borewell by inserting sensors A and B into the
pipe with sensor B placed at the bottom of the borewell as shown in the circuit. Your borewell monitoring system
is now ready for use. The author’s prototype is shown in Fig. 6.

Download source code: http://www.efymag.com/admin/issuepdf/GSM%20Based%20Borewell%20Water%20

Level%20Monitor_May12.zip
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WIRELESS WATER-LEVEL
INDIGATOR

® ROBIN CHALANA

sing this system,

you can remotely

monitor the water
level of an overhead tank
that is placed up to 30 me-
tres away. The system fea-
tures an RF transmitter-
receiver pair, doing away
with the need to run wires
from the roof to ground.
The transmitter is placed
near the tank with sensors
inside the tank to moni-
tor the level of water. The
sensed level is streamed
wirelessly through the RF
transmitter. This is received
by the receiver unit placed
remotely and decoded to
indicate the water level
on an LCD. It also has a
buzzer that beeps when
the water level drops be-
low one-fourth level or
when the tank is about to
overflow.

When the tank is
quarter-, half- or three-
quarters-full, the percent-
age of the water level is
flashed on the LCD. The
system is developed using
an EFY-KnS 8051 devel-
opment board which is
available from EFY asso-
ciates Kits'n'Spares (KnS)
for Rs 500.

EFY-KnS' 8051 de-
velopment board

Fig. 1 shows the block dia-
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Fig. 1: Block diagram of EFY-KnS 8051 development board
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gram of EFY-KnS 8051 development board. It
consists of a 40-pin IC socket, four 8-pin berg-
strip male connectors, 9-pin serial COM port
connector, MAX232 driver, 16-pin connector for
the LCD and 5V regulator. Some other features
of the board include:

1. Power LED with an on/off switch

5V ANTENNA

2. Reset LED with a reset switch. This LED

is also used as a programming-status indicator.
EFY-KnS 3. A 5-pin male connector (not shown here)
8051 for 5V DC supply. The voltage is regulated to 5V

DEVELOPMENT using voltage regulator IC 7805.
BOARD 4. Eleven jumper wires (16cm each) for con-
necting the LCD

Data and control pins of the LCD are not

LCD1| | permanently connected to the microcontroller.
Lsﬁé So you can use any of the controller ports to
connect the LCD using jumper wires.

Circuit description

Fig. 2 shows the circuit of the transmitter. It op-
erates off 5V DC and consists of a sensor assem-
bly, encoder HT12E (IC1) and RF transmitter
Fig. 3: Testing of receiver circuit using development board module (TX1). The sensor assembly consists of
four BC547 npn transis-

. tors (T'1 through T4), each

4-bit Code, Message and Buzzer Status e, . s

for Different Water Levels el-sensor metal strip cor-

responding to one of the
four water levels—25 per
cent, 50 per cent, 75 per

Less than 25 per cent 0000 Water level low Buzzer rings for two minutes

- cent and 100 per cent. The
25 per cent 1000 Water level 25 per cent — SRS, G BT REGENE
50 per cent 1100 Water level 50 per cent = stainless-steel metal strips.
75 per cent 1110 - Water level 75 per cent — The receiver circuit too
100 per cent 1111 Water level 100 per cent Buzzer rings for two minutes operates off 5V DC. It is

assembled and tested on

EFY-KnS 8051 development board as shown in Fig. 3. Mount the buzzer (PZ1), HT12D and RX1 on a general-

purpose PCB or breadboard. Connect decoder HT'12D (IC2), piezobuzzer (PZ1) and LCD1 to the development

board. The output of the RF receiver (RX1) is fed to data input D, (pin 14) of decoder HT12D. A red LED
(LED1) is connected to VT pin (pin 17) of the decoder through R7.

Data is processed by P89V51RD2 microcontroller mounted on the development board. The program is writ-

ten in Assembly language and assembled using ASM51 cross-assembler. Burn the code into the microcontroller
using the on-board RS-232 serial COM port.

How it works?

The water level in the tank is sensed by the sensor assembly, which is connected to 4-bit data lines (AD8 through
AD11) of encoder HT12E (IC1) through transistors. Depending on the water level in the tank, BC547 transistors
(T1 through T4) conduct to generate a 4-bit code (refer the table). The 4-bit code so generated is encoded by en-
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coder HT'12E. The encoded data is fed to pin 2 of RF transmitter TX1,
which transmits it serially at 433 MHz through the antenna connected
to its pin 1.The transmission range of TX1 module is about 30 metres.

The 4-bit signal from the transmitter is received by the antenna
of the RF receiver (RX1). LED1 glows to indicate thar a valid signal
is received. The 4-bit output from decoder HT12D is processed by
the microcontroller to generate an 8-bit code. The microcontroller’s
output is fed to data input lines of LCD1, which, in turn, shows the
water level in percentage.

At an intermediate water level, say, 25 per cent of the tank capacity,
LCD1 shows the message “Water level 25 per cent. When the tank is
full, the buzzer rings for two minutes, while LCD1 shows “Water level
100 per cent. The 4-bit code, message and buzzer status for different
water levels are shown in the table.

Software

In the program, first LCD1 and buzzer are initialised followed by the
reset, read-write and enable pins of LCD1. Then LCD1 shows ‘EFY’in
the first line and “Water Level’ in the second line. The program further
enters a loop to check which of the five values is true—less than 25 per

PARTS LIST

Semiconductors:

1IC1 - HT12E encoder

IC2 - HT12D decoder

T1-T5 - BC547 npn transistor

LED1 - Smm light-emitting diode

LCD1 - 16x2 line LCD module

TX1, RX1 - 433MHz RF module

Resistors (all Yo-watt, +5 per cent carbon):

R1-R4, R8 - 10-kilo-ohm

R5 - 750-kilo-ohm

Ré6 - 33-kilo-ohm

R7 - 330-ohm

R9 - 1-kilo-ohm

VR1 - 10-kilo-ohm preset

Capacitors:

(il - 10nF ceramic disk

C2,C3 - 33pF ceramic disk

Miscellaneous:

X - 11.0592MHz crystal

S1 - Push-to-on switch

PZ1 - Piezobuzzer

Board - EFY-KnS 8051 development
board

cent, 25 per cent, 50 per cent, 75 per cent or 100 per cent. The percentage is displayed in the second line after
‘Water Level.”The piezobuzzer is timed to sound for two minutes for the 100 per cent full condition and less than

25 per cent full condition.

This circuit can also be modified to work as a water-level controller system. When the water level is low, the
microcontroller can be programmed to start the motor pump. When the tank is full, the same can be made to

stop the motor.

Download source code: http://www.efymag.com/admin/issuepdf/Wireless%20Water%20Level%20Indicator.zip
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MAKE YOUR OWN
DIGITAL ALARM GLOCK

= ATISH GUPTA

ime management is very important in today’s fast-paced life. An alarm clock helps you manage your time
effectively by alerting you of appointments or other important tasks.
Here we have described a microcontroller-based digital alarm clock. The time and alarm can be cus-
tomised by the user, and are shown on the liquid crystal display (LCD) of the system.

Circuit description

Fig. 1 shows the circuit of the microcontroller-based digital alarm clock. It comprises microcontroller AT89C51,
an LCD module, regulator 7805 and a few discrete components.

Microcontroller AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4 kB of
Flash programmable and erasable read-only memory (PEROM). It has the following standard features: 4 kB of
Flash, 128 bytes of RAM, 32 1/0O lines, two 16-bit timers/counters, five-vector two-level interrupt architecture,
a full-duplex serial port, and on-chip oscillator and clock circuitry. In addition, the AT89C51 is designed with
static logic for operation down to zero frequency and supports two software-selectable power-saving modes. The
idle mode stops the CPU while allowing the RAM, timers/counters, serial port and interrupt system to continue
functioning. The power-down mode saves the RAM contents but freezes the oscillator, disabling all other chip
functions until the next hardware reset.

The system clock also plays a significant role in operation of the microcontroller. An 11.0592MHz quartz
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Fig. 1: Circuit of microcontroller-based digital alarm clock
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Fig. 2: Flow chart

crystal is connected to pins 18 and 19, to provide basic clock to the mi-
crocontroller. Power-on reset is provided by electrolytic capacitor C3 and
resistor R1. Switch S1 is used for manual reset. The clock time is shown
on the LCD.

Port pins P1.0 through P1.7 of the microcontroller are connected to
data pins DO through D7 of the LCD, respectively. Port pins P3.7, P3.6
and P3.5 are connected to register-select RS, read-write R“W and enable
E of the LCD, respectively. Port pins P1.0 through P1.7 are pulled high
by resistor network RNW1, while port pins P3.5 through P3.7 are pulled
high by resistors R6 through RS, respectively.

All the data is sent to the LCD in ASCII format for display. Only the
commands are sent in hex form to the LCD. Register-select RS signal is
used to distinguish between data (RS=1) and command (RS=0). Using
preset VR1 you can control the contrast of the LCD.

Switch on the power to the system and enter the current time with
the help of switches S2 through S4. ‘Up,’ ‘down’ and ‘enter’ switches are
connected to pins P2.7, P2.6 and P2.5 of microcontroller AT89C51, re-
spectively. Using ‘up’ switch, you can increase the numeral values of hours,
minutes and seconds, respectively, for time or alarm setting, while ‘Down’
switch can be used to decrease the values. The current time or alarm time
set using up/down switches is accepted on pressing ‘enter’ switch. The time
is set and displayed in 12-hour (a.m./p.m. format).

Using ‘alarm’ switch connected to pin P2.4 of the microcontroller

you can activate or deactivate

the alarm function. When the
e Snn e alarm is activated, enter the
new alarm time in the same

IC1 - AT89C51 microcontroller
IC2 - 7805, 5V regulator way as the current time. The
il - BC547 npn transistor message “Alarm Active” is
D1-D7 - 1N4007 rectifier diode displayed on the second line of
LEI_)I ~ommLED the LCD with current running
Rm..ttar: -(all%—*watr, +5% carbon, unless time on first line of the LCD.
E:ig;d)' - 10-kilo-ohm Every second, current time is
R9 - 2.2-kilo-ohm compared with the alarm time.
R10 - 330-ohm When current time matches
R11 - 15-ohm, 3-watt with alarm time, pin P3.3 of
e - lo'k‘l°[;°hm i the microcontroller goes high
VR _J;St_‘l:;:_ohm fieact to drive the transistor into

. saturation. Piezobuzzer PZ1
Capacitors: .
C1,C2 - 33pF ceramic sounds until you press the
C3 - 10uF, 16V electrolytic alarm switch (S5) to deactivate
C4 - 1000pF, 35V electrolytic the alarm.
G5 - 330k, 25V electrolytic The 230V, 50Hz AC mains
kA O (i centis is stepped down by transformer
Miscellanerus _ X1 to deliver secondary output
gl : iggv Ak e Gl of 12V, 500 mA. The trans-

mA secondary i -
i bnnes former output is rectified by

§$1-585 - Push-to-on tacktile switch a full-wave rectifier compris-
KXrar - 11.0592MHz crystal ing diodes D1 through D4,
PZ1 - Piezo-.clecrric buzzer filtered by capacitor C4 and
LCD module - 16x2 line LCD

regulated by IC 7805 (IC2). A
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9V rechargeable battery is used
for battery backup. The battery O
is charged through diode Dé.

Diode D7 is reverse-biased ‘o_.p
when the supply is present. The cogeooconce
battery powers regulator 7805

to provide regulated 5V sup-
ply for the circuit in absence
of mains supply. Capacitor C6
bypasses the ripples, if any, in
the regulated supply. LED1
acts as the power indicator and
resistor R10 limits the current

through LED1.

Software

The software program is written
in Assembly language and as-
sembled using cross-assembler

R2-R7= 10K 09108 _ —

ASMS51. Burn the generated O lb%ggﬁ-ﬁw S5O
Intel hex code into the micro- D; I M a2 M amnr
controller using a suitable pro- | = @-NDN-—@ @5 = ARAAAAEAAAAAAAAAAAACL

CO 33uU
grammer. The software works
as per the flow-chart shown in Ed ATEICS! IC1
Fig. 2. B 1DK

When the microcontroller gu ﬂc ....................

starts on pressing reset switch % : L] DS;;L‘,LLZ
el . G3

S1, it initialises the stack point- C"‘ TR % /um 10K 0910B l(]u@ 2:292‘!
er and the LCD to display the 1000u REsETig
message. The stack pointer, RNHL | LOK

as a part of the RAM, stores I ‘iﬁi? FERARREYE

the return address of the main O I 0000000000000
program from subroutines.

To initialise the LCD, the -

silcinecntrolles seiids 4 St of Fig. 4: Component layout for the PCB

commands to the LCD. The

led_initialize subroutine in the software is used to initialise the LCD. The delays for the LCD are provided by
nested loops instead of the timer. These delays are used to provide timing delays at various locations of the soft-
ware. The values for the loops are calculated according to the crystal frequency and the machine cycles taken by
the respective instructions.

Initially, set the current time using switches. The internal timers of the microcontroller are used to provide one-
second delay for the digital clock. The hex values fed to timer-1 registers TH1 and TL1 make timer-1 provide a
delay of 10ms according to 11.0592MHz crystal. With some internal software logic, one-second delay is formed
using 10ms delay of timer-1. Timer-1 is configured in 16-bit mode for the desired operations through TMOD
register. Thus current time is updated every second.

'The software of the digital clock is interrupt-based. Whenever timer-1 overflows, an interrupt is generated by
the microcontroller. This interrupt is provided by the interrupt service routine at vector 001BH. The jump com-
mand written at this vector initiates the intr_service routine. All the functioning of the digital clock with alarm
is controlled by this service routine.

By default, all the ports act as output. The software makes port pins P2.4 through P2.7 of the microcontroller

Fig. 3: An actual-size, single-side PCB for the microcontroller-based digital alarm ciock
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act as input. The software also handles the functioning of all the switches—up, down, enter and alarm. Pooling
and identification of switches and limits for up and down too are provided by the software.

Construction and testing

An actual-size, single-side PCB of the microcontroller-based digital alarm clock is shown in Fig. 3 and its compo-
nent layout in Fig. 4. Use 1C base for microcontroller AT89C51. Also, use a heat-sink with voltage regulator 7805
(IC2) to avoid any damage to the circuit. Check continuity between respective connections using a multimeter.

Initially, by varying preset VR1, set the contrast level for proper display on the LCD. If the reading or display
is not steady, check for loose connections or dry soldering joints.

Download source code: http://www.efymag.com/admin/issuepdf/Make_Your_Own_Alarm_Clock.zip
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WIRELESS EQUIPMENT
CONTROL USING AT89C51

= DR A.A. BHASKAR, DR H.N. PANDYA AND S.J. OZA

four devices at a desired time interval set by the user in the transmitter. ‘The devices can be controlled

I I ere is a microcontroller-based wireless equipment controller that can switch on or switch off up to

remotely from a distance of up to 30 metres from the transmitter. In the transmitter, an LCD mod-
ule is used to show the device numbers and preset control time for

RF Module Specifications

the devices (00 to 99 seconds). Concepts of wireless RF communica-

tion and automation with AT89C51 microcontroller are used here.
‘The system is small, simple, cost-effective and good for wireless

control of home appliances or industrial instrumentation.

The system comprises a transmitter and a receiver as described below.

Transmitter section. Fig. 1 shows the block dia-
gram of the transmitter section.

Four pushbutton switches (S1 through S4) are
used as inputs to select the devices and set the time-
out in the transmitter section. These are designated as
up, down, enter and run keys, respectively. The time-
out data is transferred over the RF wireless link to the

Frequency of operation 434 MHz
Modulation ASK
Range 9.14 metres Block diagram
Power Supply 5V (RX)
3Vto 12V (TRX)
HT
16X2 LC‘IlD DISPLAY ENC&ZD%R
LS
? A4
TRX-434
AT89C51 RF
MICROCONTROLER TRANSMITTER
MODULE  |RFOUT

b b

UP DOWN ENT RUN
INPUT KEYS 'SWITCHES

Fig. 1: Block diagram of transmitter section for wireless equipment
control
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Fig. 2: ASK concept for the RF transmitter module
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receiver section.

The 8-bit AT89C51 microcontroller is the main
controlling part of the transmitter section. It is
connected to the LCD module, input switches and
encoder IC (HT12E). The device control program is
stored in the memory of the microcontroller to control
the devices as per the time-out settings done through
input switches S1 through 54.

A two-line, 16-character LCD module shows the
status of the main program that is running inside the
microcontroller.

The HT'12E is an 18-pin DIP package encoder IC
that encodes 4-bit data and sends it to TRX-434 RF
transmitter module.

The TRX-434 RF transmitter module uses a
digital modulation technique called amplitude-shift
keying (ASK) or on-oft keying. In this technique,
whenever logic ‘1’ is to be sent, it is modulated with
carrier signal (434MHz). This modulated signal is then
transmitted through the antenna. The waveforms in
Fig. 2 depict the ASK concept. The main specifications
of the RF module are shown in the table.

Receiver section. Fig. 3 shows the block diagram

Wireless Equipment Control Using AT89C51



of the receiver section.

'The 12V DC supply, used along with a 5V regulator, can be provided by a 12V battery or power adaptor.
The RX-434 radio receiver module receives the ASK signal from TRX-434.The HT12D decoder demodulates
the received address and data bits. IC CD4519 is a quadruple two-input multiplexer that selects the appropriate

data bits to control the devices.

The ULN 2003 relay driver consists of seven npn Darlington pairs that feature high-voltage outputs with
common-cathode clamp diodes for switching the inductive loads. The collector-current rating of a single Dar-

lington pair is 500 mA.
7805
re 48 o +—{FoWeR
SUPPLY
o h 4 A v 4
e RX-434
RF o] HTi2D o CD4519 <| ULN2003
RECEIVER ”| DECODER »| MULTIPLEXER »{ RELAY DRIVER
RFIN| MODULE j |
RELAY-4 RELAY-3 RELAY-2 RELAY-1
(DEVICE-4) (DEVICE-3) (DEVICE-2) (DEVICE-1)

Fig. 3: Block diagram of receiver section for wireless equipment control

Circuit description

Transmitter circuit. Fig.
4 shows the transmitter
circuit. The microcon-
troller reads the input data
from switches S1 through
S4 at its port-2 pins 21
through 24 and displays
it on the LCD. Port 3
provides read data to the
encoder IC HT12E at
pins 10 through 13. The
microcontroller is pro-
grammed to control input

+5 Vee

0
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she Q
P1.4 5 QQ P2.0 *31
P13 = 2 o O0—4
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LD et
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Fig. 4: Transmitter circuit
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Fig. 5: Receiver circuit
and output data.

When the pushbutton switches (S1 through S4) are open, logic ‘0’is
constantly fed to the respective port pins of the microcontroller. When
any of the buttons is pressed, logic ‘1’is fed to the respective port pin of
the microcontroller.

'The device control program stored in the memory of the microcon-
troller activates and executes as per the functions defined in the program
for respective input switches.

Data inputs AD8 through AD11 (pins 10 through 13) of HT12E
are connected to the microcontroller. Pins 1 through 8 (A0 through A7)
of the IC are address inputs. Shorting the address pins using switches
to either Vee or Gnd enables different address selections for data trans-
mission. Here we have connected them to 5V. Since address pins are
connected to 5V, the address is set to 255d (in decimal). If you were to
connect all the address pins to ground, the address would be 000d. Thus
there are 256 possible addresses available. So you can set up switches to
control one or more of the encoder address pins.

Pin 14 is a transmit-enable (TE) input pin. The encoder will send
data only when pin 14 is connected to ground. Whenever a button is
pressed, logic ‘0" is sent to this pin through the microcontroller, thus
activating it and enabling transmission.

Pin 17 is the data-out (D, ) pin that sends a serial stream of pulses
containing the address and data. It is connected to the data input pin
of the TRX RT module.

The time-out control is set using input keys S1 through S4 to turn
on/off the devices at predetermined time. The default time for all the
devices is ‘00’ seconds. So using ‘up’ key you can increment time by one
second, and using ‘down’ key you can decrement time by one second

down. At the same time, the LCD module shows the current status of increments and decrements.
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When the time-out for a device is set, press
‘ent’ key so that the program control transfers
to the next device for time-out settings. In the
same way, the remaining three time-out settings
\\. must be done before pressing ‘run’ key. When
‘run’key is pressed, it executes the device control
program subroutine in the microcontroller and
the program automatically collects the time-
out information entered by the user and sends
the processed data to encoder IC HT12E. The
encoder IC sends the data to D, (pin 2) of the
RF transmitter module. The data is transmitted
by the TRX-434 module to the receiver section
through the antenna.

Receiver circuit. Fig. 5 shows the receiver
circuit. The RF receiver (RX-434) module can

receive the signal transmitted by the transmitter
Fig. 7: An actual-size, single-side PCB layout of transmitter circuit for o a distancs ofup to 9 metres (30 feet). The
wireless equipment control

range can be increased up to 30 metres using a
good antenna.

xTALl €2 €3 a2l D__pin of RX-434 RF module is connected

O i} X CR) (2 to D, pin of decoder IC HT12D (IC4). D,, pin
@ i i a4 102 oi-be=in4148 & | of IC4 receives address and data bits serially
5 from the RF module. Decoder 1C4 separates

data and address from the received informa-
tion. It accepts data only if the received address
matches with the address assigned to encoder
IC1 (HT12E). We have used ‘1111 as the per-
manent address for communication. Pins 1
through 8 of IC4 are address pins and therefore
256 possible addresses are available. The address
on the encoder and decoder ICs must match for

= 50409 =
-Q 4R12-R19=4. /K | ED2 DATA RNW1 JUK N lg-l
a
1

5U Sl Up S“r RUN

030—1(]—0

ofis. the data to be valid.
= The HT12D decoder receives serial addresses

and data from the encoder that are transmitted
by a carrier signal over RF medium. The decoder
compares the serial input data three times con-
tinuously with its local addresses. If no error or
unmatched codes are found, the input data codes
are decoded and transferred to the output pins. V'T pin (valid transmission) goes high to indicate a valid transmis-
sion, The HT'12D provides four latch-type data pins whose data remains unchanged until new data is received.

Data pins D8 through D11 (pins 10 through 13) of the decoder send 4-bit data to CD4519 multiplexer ICS5.

CD4519 multiplexer. This IC provides four multiplexing circuits with common select inputs (S, and S)); each
circuit contains two inputs (An, Bn) and one output (On). It may be used to select 4-bit information from one
of the two sources.

There are eight input lines (AO through A3 and B0 through B3), of which four (A0 through A3) are per-
manently connected to Vec through resistor R19, while the rest four (BO through B3) are connected to the data
output lines of the decoder (IC4).

The select inputs can be connected to either Ve or VT pin (pin 17) for latch or momentary mode-selection
section. Jumper switch (JS) is used to select between latch and momentary operation. When latch mode is selected,

Fig. 8: Component layout for the PCB in Fig. 7
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data present at the output pins is latched, i.e., they remain the same and the respective relay energises until the
next change is made in the mode selection. When momentary mode is selected, data present at the output pins
is available as long as VT pin remains active-high. As soon as VT pin becomes active-low, the respective relay
de-energises.

'The latched output data from multiplexer CD4519 is fed to relay driver IC ULN2003, to control up to four
devices through the relays (RL1 through RL4). VT pin is connected to LED4 through IC6 to indicate the status
of VT signal when it is active-high.

Software program

The software flowchart programmed in the microcontroller of the transmitter section is shown in Fig. 6. It is writ-
ten in Assembly language and compiled using ASM51 software to generate the hex code. The hex program can
be burnt into the AT89C51 microcontroller by using any standard programmer available in the market. We have
used TopVicw programmer from Frontline Electronics to program the microcontroller.

The software program is designed to accept the input from the user

PARTS LIST as well as control the devices. It identifies the key pressed and displays

the key code on the LCD module.

Semiconductors:

IC1 _FITI0F éncader In the program, the LCD module is initialised first. As soon as the
IC2 S ATSIES Emicrocontroller time-out is set, all the four devices turn on initially, then a particular
IC3 - 7805 5V regulator device turns off at preset time. In this project, the time-out range is 00
IC4 - HT12D/SM5172 decoder o 99 seconds, which can be easily modified to extend the time duration
&5 - CD4519 multiplexer
1Cé6 - ULN2003 relay driver
TRX-434 - 434MHz RF transmitter
module
RX-434 - 434MHz RF receiver
module
LED1-LED8 - 5mm light-emitting diode
D1-D10 - 1N4148 signal diode
Resistors (all Yi-watt, 5% carbon):
R1, R2,R17,
R20-R24 - 1-kilo-ohm
R3 - 680-kilo-ohm
R4-R11 - 10-kilo-ohm network
(RNW1) resistor
R12-R15 - 4.7-kilo-ohm
R16 - 1.2-kilo-ohm :
R18, R19 - 47-kilo-ohm Fig. 9: An actual-size. single-side PCB layout of receiver circuit for wireless
VR1 - 47-kilo-ohm preset equipment control
Capacitors: 2
- i ! ANT. 3 2 v =
Gos o Of 0T o % o885 eBeg O
c4 J000uF, 25V electroly mooo 0000 £
Cs ) 0 lp;(:;:ramicc b RIZ = LED3 RZD-ReasLr: oﬁo :liSHDEQ %\\ g vavam«r
=W (&} (=] o~
Co - 470nF ceramic :_K mmum 1C4 1N.,?L%0—{)|—0‘5"5 = RSM i
Miscellaneous: : - s p R0 -0
LCD1 - 16x2 line LCD display . - -
S1-S5 - Tactile switches e 4 I ()
XN - 11.0592MHz crystal 47K = a3Ee)]
IS - Jumper switch f nL2[E0]
- Antenna - - [ § L [EO]
- 4x2-pin berg strip male and Riag 75 @1c5 :
female connectors RX-WIRELESS EQPT CONTROL ICs O
- 12V DC supply
- 5V DC supply Fig. 10: Component layout for the PCB in Fig. @
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in the delay subroutine of Assembly code.
Port 0 is configured as output port and interfaced with the RF module through encoder IC1. Port 1 is used
for LCD interface and port 2 is used for the input from push-to-on switches.

Circuit operation

When the system is switched on, the startup message “press any key” appears on the LCD screen. When any key is
pressed by the user, the LCD displays the message “to set time out press ent!”. Pressing ‘ent’ key displays the following
messages on the LCD with a cursor blinking near the first device ‘D1_T":

D1_T= D2_T=

D3_T= D4 _T=

Use ‘up’and ‘down’ keys to set the time for controlling the devices. The set time for each device on the LCD
screen looks like this:

D1_T=10 D2_T=20

D3_T=30 D4_T=40

Now press ‘ent’ key followed by ‘run’ key. A device control subroutine executes and sends the data to the RF
module, which transmits the data through ANT antenna. You can set maximum of 99 seconds as the control time
for the device. If you set it to 00, a particular device is turned on for infinite time.

Construction

An actual-size, single-side PCB layout of the transmitter for wireless equipment control using microcontroller is
shown in Fig. 7 and its component layout in Fig. 8. The actual-size, single-side PCB layout for the receiver circuit
is shown in Fig. 9 and its component layout in Fig. 10.

Download source code: http://www.efymag.com/admin/issuepdf/Wireless%20Equipment%20Control.zip
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TRIGGERING CIRGUIT FOR
SCR PHASE CONTROL

®m SUKESH RAD M.

ontrollable triggering circuits are often needed to control the output voltage of SCR-/triac-based convert-
ers. An SCR-/triac-based converter can handle DC voltages as high as 300V, which can be obtained by
direct rectification

of the mains AC voltage.

‘The output voltage of such

a converter can be con- TRIGPULSE 2

trolled by controlling the SCRBASED - ISOLATION
; IRCUIT

phase angle of conduction <« IRIGPULSE 1

by adjustable delay of the
firing/triggering voltage to

the SCRs during each half s
le of the input mains ZERO > :> ShL
REE o P CROSSING MICRCONTROLLER DigEERY
supply. DETECTOR >
5 5 -VE
In the present circuit, HALF

the firing angle of SCRs
is manually controllable
through two pushbut- 230V FIRING ANGLE
ton switches, however the CONTROL
same could be changed
to program mable con- Fig. 1: Functional block diagram of the microcontroller-based single-

trol by making use of phase SCR-based trigger controller

the feedback obtained by

sampling the output voltage across the load. This would need addition of a sampling-cum-feedback circuit and
corresponding changes in the software.

The principle

"The phase control of the firing angle is referenced to zero-crossing point of each half of the input 50Hz AC mains
waveform. A pulse is generated at zero-crossing instant of each half cycle. The duration of half cycle for 50Hz
mains is 10 ms (corresponding to 180° traverse time). By delaying the triggering/firing instant of each of the two
SCRs by a maximum duration of 10 ms with respect to the zero-crossing pulses, we can control the output of the
converter as desired.

Circuit description

Fig. 1 shows the functional block diagram of the microcontroller-based single-phase SCR-based trigger controller.
Single-phase AC mains supply is connected to the SCR-based converter and zero-crossing detector blocks. The
output pulses corresponding to zero-crossing points of both the positive and negative half cycles of mains 50Hz
supply from the zero-crossing detector block are fed to the microcontroller. The delayed triggers from the micro-
controller after isolation via the isolation block are provided to the converter block for phase control of SCRs. The
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Fig. 2: Circuit of the microcontroller-based single-phase SCR-based trigger controller

output of the converter block is fed to the load. The firing-angle-control block increases or decreases the delay in
generation of the triggering levels with respect to a preset (middle) position.

The microcontroller additionally provides the information relating to trigger delay for display purposes. The
complete schematic of the microcontroller-based triggering circuit for SCR phase control is shown in Fig. 2. The
triggering waveforms for SCR1 and SCR2 are shown in Fig. 5.

The complete circuit can be divided into zero-crossing detector, microcon-troller, trigger isolation, AC-to-DC
converter and power supply sections.

Zero-crossing detector section. This section comprises step-down transformer X1, diodes D1 through D4,
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Fig.4: Input at P1 and P3 and output at P2 and P4

transistors 1’5 through
T8 and a few other
passive components.
While top half of this
circuit detects the
zero-crossing point of
one half of the input
signal, the bottom half
section detects the
Z€ro-crossing point
of the other half cycle.

When the top
side of X1 secondary
goes positive, tran-
sistor T8 conducts
and its collector volt-
age falls. Capacitor
C7 charges up to-
wards this low volt-

age almost

ACX instantly via
/\ diode D4
I I

AC : 180° 360° :' :M.n"=l and hﬁnce
INPUT : \/ : : no change
TRIGGER : ! : ! ! is noticed
e ! at the base/
il ] i .. | collector of
p—— ' i transistor

PULSE 2 90° 1 %
: | . ] T : Towards
| | | i | the end of
R R R RN the half cy-
LOAD 11 cle, the col-

Fig. 5: Triggering waveforms for SCR1 and SCR2

by the microcontroller.

PARTS LIST

Semiconductors:

IC1 - NE556 dual timer

1C2 - PIC16F84 microcontroller

1C3 - 7415154 4:16 decoder

1C4,1C5 - MOC3021 opto-isolator

1C6 - 7805 5V regulator

T1-T8 - BC548 npn transistor

SCR1,SCR2 - 2P4M silicon-controlled
rectifier

D1- D7 - 1N4007 rectifier diode

D8, D9 - BY127 rectifier diode

LED1-LED18 - 5mm red LED
Resistors (all Ye-watt, 5% carbon):
R1,R2,R8, R9,

R28, R29, R32,

R33, R40, R41 - 2.2-kilo-ohm
R3,R4, R6,R7 - 22-kilo-ohm

RS - 20-kilo-ohm

RNW1 (R10-R18)

RNW?2

(R19-R27) - 220-ohm

R30, R31 - 330-ohm

R34, R35 - 1.2-kilo-ohm

R36, R37 - 10-kilo-ohm

R38, R39 - 1-kilo-ohm

Capacitors:

C1-G3 - 10pF, 16V electrolytic

C4,C5 - 33pF ceramic disk

C6-C8,C12 - 0.1pF ceramic disk

c9 - 1000pF, 35V electrolytic

C10,C11 - 0.01pF ceramic disk

Miscellaneous:

Ry - 4MHz crystal

X1 - 230V AC primary to 7.5V-
0-7.5V, 500mA secondary
transformer

§1-S3 - Push-to-on switch

lector voltage of transistor T8 rises towards the positive
supply rail. Now diode D4 acts as almost open and the

capacitor charges via resistor R37. Thus C7-R37 com-
bination acts as a differentiating network to produce
about 1ms pulse at the collector of T6 towards the end of the half cycle. Similar pulse is produced at the collector
of transistor T5 towards the end of the next half cycle.

The positive-going differentiated pulse at the base of transistors T6 and negative-going square-wave at their
collectors are shown in Fig. 4. These zero-crossing pulses are used as reference for generation of delayed triggers

Note that the step-down transformer is common to the zero-crossing detector section and the power supply

section.

Microcontroller section. The microcontroller used here is PIC16F84 from Microchip. The 4MHz crystal con-
nected across its pins 15 and 16 provides the clock. The pins are used for input/output as follows:

1. PBO, PB3 (input): Used for sensing the output from increase and decrease pushbuttons.

2. PB1, PB2 (output): Used for triggering pulses for SCR1 and SCR2 (via the isolating section).

3. PB4, PB5 (input): From the zero-crossing section.

4.PB6, PB7 (output): Inhibit/enable signal for the 4:16 decoder and enable/inhibit signal for the phase-angle-
indicating LEDs (LED17 and LED18).
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Fig. 6: Actual-size, single-side PCB of the microcontroller-based single-phase
SCR-based trigger controller

output line of the decoder.

5.PA0O,PA1, PA2, PA3 (all output): Used
as inputs for the 4:16 decoder for phase-
angle-indicating LEDs (LED1 to LED16).

The microcontroller is programmed to
detect the zero-crossing instants of the two
halves of the mains input cycles as well as
the signals received via pushbuttons labeled
as ‘Inc Angle’and ‘Dec Angle.” After detect-
ing these signals, the microcontroller outputs
properly delayed trigger levels to control the
triggering/firing angle of the SCRs via the
isolation section. These delayed trigger levels
will trigger SCR1 during the first half cycle
and SCR2 during the second half cycle to
provide the desired phase control.

The ‘Inc Angle’ and ‘Dec Angle’ buttons
make use of NE556 dual timer configured as
dual monostable. Each of the two buttons,
when depressed momentarily, triggers the re-
spective monostable multivibrator associated
with the depressed button to provide a pulse
of 1ms duration. The monostables take care
of the switch debouncing problems.

‘The output of one of the monostables is
connected to PBO line of the PIC. Similarly,
the output of the other mono is connected to
PB3 line of the PIC. If the PIC senses logic
‘1" at PBO, the ‘incfir’ function (as shown in
the source code of the program) is made to
run. Similarly, the ‘decfir’ function is called
when PB1 senses logic ‘1.” After completing
either of these routines, the microcontroller
does the job of indicating the firing angle
via LEDs connected at the output of 4:16
decoder IC3 as explained in the succeeding
paragraph.

A 4-bit BCD value is passed through lines
PAO through PA3, which is decoded using
the 4:16 bit decoder. Since the output of the
decoder is active-low, the output pins of the
decoder are connected to the cathodes of the
respective LEDs via current-limiting resistors,
while the anodes are all strapped to Vee (5V)
to light up the LED connected to the active

As the firing angle difference between the LED:s is ten degrees, we require 18 LED:s to represent firing angle
from 0 to 180°. The output of the 4:16 decoder is connected to 16 LEDs and the rest two LEDs are connected to
lines PB6 and PB7 of the PIC. When the latter LEDs (LED17 or LED 18) glow, the 4:16 decoder is inhibited
(disabled) to avoid glowing of multiple LEDs at the same time for the same angle. Hence EO and E1 of the 4:16
decoder are controlled by PB6 and PB7 lines. So when any of these two port lines is high, it deactivates the de-
coder. Transistor is used to augment the signal from PB6 and PB7 lines to light up the additional LEDs (LED17
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and LED18).

Trigger isolation section. The AC-to-DC
converter section comprising the SCRs and
diodes employs mains 230V AC supply,
while the maximum permissible voltage levels
for the microcontroller pins are limited to
only a few volts. Hence the lines carrying
trigger pulses from the microcontroller to the
converter section must be isolated to avoid
high voltages reaching the microcontroller
in the event of SCRs’ failure. As a simple and
effective isolating device, opto-SCR driver
MOC3021 is used here, whose output can
directly drive an SCR. Two such isolators are
used for the two triggering signals (one for
each SCR).

AC-to-DC conwverter section. This section
employs two diodes (BY127) and two SCRs
(2P4M) arranged as a rectifier bridge. At any
given time (after firing angle is reached), only
one SCR and one diode (in cross formation)
will conduct to provide the rectified output
across the load.

Power supply section. The regulated 5V
supply for the circuit is provided by the
conventional regulator circuit shown in Fig.
3. As stated earlier, step-down transformer
X1 is common for zero-crossing and power
supply sections. It steps down AC mains to
deliver the secondary output of 7.5V-0-7.5V
AC. The transformer output is rectified by
the full-wave rectifier, filtered by capacitor
C9 and regulated to 5V by regulator 7805.
Capacitor C12 bypasses any ripple in regu-
lated output.

A single-side, actual-size PCB layout of
the main circuit, including its power supply,
is shown in Fig. 6 and its component layout
in Fig. 7.

The software

The source code for the program (Firing.asm)

is appended at the end of article. The configuration word that determines the device configuration is set to select
the low-power (LP) mode for the crystal oscillator, power-up timer is enabled ( PWRTE_ON) to provide a 72ms
delay at power-on, code-protect bits are enabled (_CP_ON) and watch-dog timer is disabled ( WDT_OFT) since

its application is not required in this project.

Ports are initialised to be input or output ports as indicated in the description of the microcontroller section.
All the port lines (except PA4, pin 3) are fully utilised for different purposes as described under the microcontroller

section.

The program performs the functions of sensing the zero-crossing instances at PB4 and PB5 lines and delaying
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the control signals at PB1 and PB2 for firing of SCR1 and SCR2. It also checks lines PB0 and PB3 for depres-
sion for incrementing and decrementing the firing angle and takes action for incrementing or decrementing the
stored value by a value that corresponds to 10° step-size. The program displays the current firing angle through

lines PAQ through PA3, PB6 and PB7 via 18 LEDs to accommodate 180°.
Download Source Code: http://www.efymag.com/admin/issuepdf/Firing%20circuit.zip

Include <pl6f84A.INC> AND INDICATIONG 170th
LIST P=picl6f84A ; Processor type PICL6F84A DEGREE
btfsec store, 0
__CONFIG LP OSC & PWRTE ON & CP ON & WDT OFF goto bel
cblock 0x10 return
temp bel: bcf PORTE, 6
store bsf PORTB, 7 ; DISABLING THE 4:16 DECODER
str AND INDICATIONG 180th DEGREE
stk return
endc
org 0x00
goto start delayl: s DELAY
org 0x05 PROGRAM FOR FIRING
start: ANGLE
moviw 0x04 movEf store, 0
movwf store incfsz store, 1
movliw 0x00 decfsz store, 1 +TO CHECK
bsf STATUS,RPO WHETHER
movwf TRISA ;ALL PORTA ANGLE IS ZERO OR NOT.
LINES ARE goto skipl
MADE goto skip
OUTPUT skipls movwf stk
movlw 0x39 i PORTB back: movlw Oxbb ;DELAY OF
LINES ARE CONFIGURED AS DESCRIBED 0.55mSEC
movwf TRISB ; IN THE ARICLE movwi temp
becf STATUS, RPO loop: decfsz temp, 1
bcf PORTB, 1 goto loop
bcf PORTE, 2 decfsz stk,1
bcf PORTE, 6 goto back
bef PORTE, 7 skip: return
up: nop
upl: btfsc PCRTB, 4 1 ZERO CROSSING inctime:
DETECTION OF AC incf store,1 ; INCREAMENT FIRING
HALF CYCLE ANGLE BY 10 DEGREE.
goto upl movlw 0x13
bsf PORTB, 2 movwf str
call delayl ;FIRING ANGLE DELAY movf store, 0
bcf PORTE, 1 ; SIGNAL TO OPTCOUPLER subwf str,1
up2: btfsc PORTB, 5 :ZERC CROSSING DETEC- decfsz str:l
TION OF ANOTHER AC HALF CYCLE goto next
goto up2 movlw 0x11 ;KEEPING THE ANGLE SAME
bsf PORTE,1 WHEN IT REACHES 180 DEGREE
call delayl movwf store
bcf PORTB, 2 next: return
btfse PORTB, 0 ;CHECKING THE
LOGIC HIGH FCR
INCREMRNTING ANGLE dectime:
call inctime movE store, 0 + DECREAMENTING THE ANGLE
btfsc PORTB, 3 ;CHECKING THE BY 10 DEGREE.
LOCGIC HIGH FOR movwi Str
DECREMRNTING ANGLE incfsz Ll
call dectime decfsz str,1l ;CONDITION FOR
movf store, 0 KEEPING ANGLE
bcf PORTE, 6 AT ZERO IF IT STILL
bcf PORTB, 7 DECREASED
btfsc store, 4 goto bb
call conv goto decs
movwf PORTA bb: decf str,0
goto up goto dwn
decs:movlw 0x00
dwn: movwE store
conv: 7CONTROLLING THE FIRING return
ANGLE OF 170 AND 180 DEGREE
bsf PORTB, 6 DISABLING THE 4:16 DECODER end
160 Triggering Circuit For SCR Phase Control



PHASE-ANGLE CONTROL OF SCR
USING AT89C51

ilicon-controlled rectifiers (SCR) are solidstate semiconductor devices that are usually used in power switch-
ing circuits. SCR controls the output signal by switching it ‘on’ or ‘off,’ thereby controlling the power to

m A.M. BHATT

the load in

context. The two
primary modes
of SCR control
are phase-angle
fired—where a
partial waveform
is passed every
half cycle—and
ZEro-crossing
fired—where a

o1 D4 o614
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D2 D3 . COM +|
= c2
(13:, 67 470
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TO 9V, 500mA : é :
SECONDARY D1-D8 = 1N4007
TRANSFORMER

g

portion of the
complete wave-

Fig. 1: Power supply and zero-crossing detector circuits
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Fig. 2: Circuit diagram of phase angle control of SCR using AT89C51
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- forms is passed to regulate the power.
e /_W\ In the phase-angle controller, the firing pulse is
o * | delayed to turn on the SCR in the middle of every
5V I I " half cycle. This means that every time a part of an
WAVEFORM i
AT AC cycle is cut, the power to the load also gets cut.
gy ' | To deliver more or less power to the load, the phase
WAVEFORM angle is increased or decreased, thereby controlling
ke — DAY . | the throughput power.
PULSES i | | There are several ways to control the firing an-
R : — gle of SCR. This article describes a microcontroller
. | AT89C51-based phase-angle controller. A microcon-
AT'E : l‘ |, | troller can be programmed to fire SCR over the full
OUTPUT : range of half cycles—from 0 to 180°—to get a good
DAL 3 r\ ]’\ linear relationship between the phase angle and the
: ;'| delivered output power.
PuLsEs P e '. o Some of the features of this microcontroller-
AT D' " based phase-angle controller for SCR are:
R—— ] t 1. Utilises the zero-crossing detector circuit
PULSES " 2. Controls the phase angle from 0-162°
s = o Y 3. Displays the phase angle on an LCD panel
wi’b’éﬁglm ‘," \ I\ 4. LED indicators are used for displaying the
r 7 ' Tt | status of SCR
Ba¥ LW 5. Increases or decreases the phase angle with
intervals of 18°
Fig. 3: Waveforms observed at various points in Fig. 1 and Fig. 2 and Basically, the zero-crossing detector circuit in-
SCR output waveforms terrupts the microcontroller after every 10 ms. This
interrupt commands the microcontroller to generate
some delay (in the range of 1 ms to 9 ms). The user can increase or
TABLE | decrease the delay in intervals of 1 ms using switches. The SCR is then
Role of fired through the opto-coupler. This repeats after every 10 ms.
Different Switches
m Circuit description
To switch SCR on/off The complete circuit is divided into two sections:
32 Increase delay by 1 sec 1. The zero-cross detector section
s3 Decrease delay by 1 sec 2."The control section

‘Ihe zero-cross detector section. Fig. 1 shows the circuit diagram of
the zero-crossing detector and the power supply. The main sections of the circuit are a rectifier, regulated power
supply and zero-crossing detector. The 230V AC mains is stepped down by transformer X1 to deliver the second-
ary output of 9V, 500 mA. The transformer output is rectified by a full-wave bridge rectifier comprising diodes
D1 through D4 and then regulated by IC 7805 (IC3). Capacitors C2 and C3 are used for bypassing the ripples
present in the regulated 5V power supply. A capacitor above 10puF is connected across the output of the regulator
IC, while diode D6 protects the regulator IC in case their input is short to ground. LED5 acts as the power-on
indicator and resistor R5 limits the current through LEDS5.

This regulated 5V is also used as biasing voltage for both transistors (T'1 and T2) and the control section. A
pulsating DC voltage is applied to the base of transistor T1 through diode D5 and resistors R1 and R2. When the
pulsating voltage goes to zero, the collector of transistor T1 goes high. This is used for detecting the pulse when the
voltage is zero. Finally, the detected pulse from ‘C’is fed to the microcontroller of the control section.

The control section. Fig. 2 shows the circuit diagram of the control section for the phase-angle control of SCR.
It comprises a microcontroller AT89C51, opto-coupler MCT2E, LCD module and a few discrete components.
Port 0 (P0.0 through P0.7) of AT89C51 is used for interfacing data input pins DO through D7 of the LCD
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Fig. 4: Actual-size, single-side PCB for the phase angle control of SCR using AT89C51

EFY -SUNIL -PHASE -NOV. =09

R c
O “BCs42 4 1k0 12 O
e LEEIl] (EDz, LED3 T

R1ORIRER/

E° [Si “ i~ i
o5 Bg BC542 % ane
=} LCD & A (]
(a]o]ajo[o[a]o]o/o[o]oo[o[0] LED4 POTRES
1 LCOL oD

53 DECs4 RST SCR1 o

& N XTAL =2

0] O] O
(@ o)
163 Tz o
o9 €5 Ot

4209 C2 330F ° @ conz

o <ID78C3 @) srer| | Ce It
O 1 e e 1 =JUMPER O

LOAD B
-]

GND
=)
. mn-

33p 33p

Fig. 5: Component layout for the PCB

module. Port pins P2.6,
P2.5 and P2.7 of the mi-
crocontroller control the
registers select (RS), read/
write (R/W) and enable
(E) input pin of the LCD
module, respectively. Preset
VR1 is used for control-
ling the contrast of the
LCD module. Push-to-
on switches S1, S2 and
S3 are connected with
the pins P1.0, P1.1 and
P1.2 through diodes D9,
D10 and D11, respectively.
External interrupt pin
INTO (P3.2) of the mi-
crocontroller is connected
to S1, 52 and S3 through
D12, D13 and D14,
respectively. The role of
different switches is shown
in Table 1.

The output of the ze-
ro-crossing detector from
‘C’ is fed to the external
interrupt pin INT1 (P3.3)
of the microcontroller.

Port pin P2.0 is con-
nected with pin 2 of the
opto-coupler (MCT2E).
The output pin 5 of
MCT2E is used for trig-
gering the gate of SCR
TYNG604. The anode of
SCR is connected to the
load (bulb) with the 230V
AC supply.

A 12MHz crystal
along with capacitors C5
and C4 are connected to
the microcontroller pins
18 and 19 to provide the

basic clock to the microcontroller. Power on reset is derived by using capacitor Cé and resistor R6. Switch S4 is

used for a manual reset.

The operation

The complete operation can be well understood with the help of waveforms in Fig. 3.
1. The waveform at point ‘A'is a fully rectified wave that is fed to the base of T1.

2. When the base voltage falls below 0.7V, transistor T1 is switched off, pulling the output higher. This
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PARTSLIST results in a very short positive pulse, which is available at the collec-

. tor, (at point ‘B’) as shown in the second waveform.
Semiconductors:

IC1 - AT89C51 microcontroller 3. As this positive pulse is inverted by transistor T2, it produces
1C2 - MCT2E opto-coupler one negative pulse of the same width at ‘C."This is shown as the third
1C3 - 7805, 5V regulator waveform.
T1,T2 - BC547 npn transistor 4. This negative pulse is fed to the interrupt pin (INT1) of the
SCR1 - TYN604 SC_R ) microcontroller, which acts as an interrupt for the microcontroller.
D1-D14 - 1N4007 rectifier diode g 5% ¢
LED1-LEDS - Smm LED The microcontroller then generates a positive pulse on P2.0 (at point

. ‘D’) after some delay. This turns ‘off” the internal LED of the opto-
Resistors (all %-watt, 5% carbon): ik " P
R1 R4 A Ll coupler (MCT2E) and a positive pulse is produced at output ‘E’.
R2 T This is used for triggering (fire) SCR1.

ggering

R3 - 4.7-kilo-ohm 5. Depending on the time delay in between the interrupt and the
R5,R7-R11 - 330-ohm pulse on port pin P2.0 of the microcontroller, the SCR is fired in the
R6,R12 - 10-kilo-ohm

middle of the half-wave cycle.

g _ Aol st 6. Two different waveforms—one for 4 ms delay and the other for
gip“‘“’“: - 14,25V clectrolytic 8 ms delay—are shown in Fig. 3. In the case of 4ms delay, the output
Ca - 470,F, 16V clectrolytic positive cycle of the AC wave is 60 per cent of the input. Therefore,
C3 - 0.1pF ceramic disk nearly 60 per cent of the power is delivered to the load (the dotted line
C4,C5 - 33pF ceramic disk shows part of waveform that has been cut). In the second case of 8 ms
Cé - 10uF, 16V electrolytic delay, the output cycle is 20 per cent of the input cycle, so only 20 per
Miscellaneous: cent of the power is delivered to the load.
X1 - 230V AC primary to 9V, This change in delay is done using switches S1 and S2. Different
fﬁ?}’;}irﬁfndary LEDs are used for indicating different functions as shown in Table II.
S1-S4 S Rl sk 'The diodes D12 through D14 are connected in such a manner that
X, - 12MHz crystal whenever any of the three push-to-on switches are pressed, it generates
LCD Module - 16x2 line LCD an external interrupt INTO.
When switch S1 is pressed for the first time, it enables external
TABLE Il interrupt INTT and displays the message ‘SCR on.” So after every

. . 10 ms, external interrupt INT1 is generated which starts the entire

Cha“ge in De|a\! Usmg operation. Pressing switch S1 again disables external interrupt 0

Push-to-on Switches and the message ‘SCR off’ is displayed. The complete SCR opera-
g play P P

m Indication tion gets shut off.

On pressing S2, the delay increases by 1 ms (firing angle will shift

LED1 SCRon by 18°) and firing of SCR is delayed by 1 ms. The power delivered to
LED2 SCR off the load is also decreased by 10 per cent. The maximum delay that can
LED3 Blinks when delay is increased  be applied is 9 ms which will delay firing by an angle of 162°. When
LED4 Blinks when delay is decreased = the limit is reached, it is indicated by LED3 and a message ‘Max.

phase angle’is displayed on the LCD. The glowing of the bulb goes
off.

Similarly, when S3 is pressed, the delay is decreased by 1 ms and the load current increases by 10 per
cent. The minimum delay is O ms, which means a full positive cycle is applied. However, when the limit is
reached, it is indicated by LED4 and a message ‘Min. phase angle’is displayed.

An actual-size, single-side PCB for phase-angle control using SCR is shown in Fig. 4 and its component
layout in Fig. 5.

Software program

The software code for this project is written in ‘C’ programming language and compiled using the Keil pVision3
compiler. After compilation, the final .hex code is downloaded to the microcontroller using a suitable programmer.
The source program is well commented and easy to understand.

The main function initialises the timer, ports and LCD. Finally, after enabling the external interrupt 0, it enters
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into a continuous loop.

Int0 function is an interrupt function and is automatically called when any of the three switches S1 through
S3 is pressed.

1. If switch S1 is pressed, it checks if it is pressed for an even/odd number of times. Accordingly, it either
switches ‘on’ or switches ‘oft” the SCR. Basically, it enables/disables external interrupt 1. The state of the SCR
is displayed by a message on the LCD and an indication comes on LED1 and LED2 also.

2. If switch S2 is pressed, the delay is increased by 1 ms and the angle is increased by 18°. The light intensity
of the bulb also increases. If the limit is reached, the message is displayed on the LCD.

3. For switch S3, the operation remains the same as with S2, but the delay is decreased by 1 ms and the angle
is decreased by 18°.

Intl function is also an interrupt function and is automatically called when the zero-crossing detector gives
the pulse after every 10 ms. It feeds one pulse to the gate of the SCR after the desired delay (set by switch S2 and
S3).The pulse applied is indicated on LED1.

writecmd function sends the command byte to the LCD. It takes one argument byte and sends it to

ort P1
¥ writedata function sends data bytes to be displayed on the LCD. It also takes one argument byte and sends it
to port P1.

writestr function writes a whole string (message) on the LCD. It takes the pointer as an argument that points
the address of the first character of the string. Then through the pointer, it sends all the characters, one by one,
to port PO.

pbusy function checks the status of the busy flag of the LCD. If the flag is set, it means the LCD is not ready
and the programs remain within the loop. When the flag is reset, it means the LCD is ready and the program
comes out of the loop.

keydly function, used for key debouncing, is the fix delay by approximately 100 ms.

delay function is a variable delay generated by timer 0. The basic delay is of 1 ms, which is rotated in the loop
from 1 to 9 times to generate a minimum of 1 ms and a maximum of 9 ms delay.

display function separates each digit of the angle and converts them into an equivalent ASCII number, before
sending it to the LCD, one by one, for display.

Download Source Code: http://www.efymag.com/admin/issuepdf/Phase%20Angle%20Control%20Using%:20
AT89C51.zip

finclude<reg5l.h> for (x=0;x<100; x++)
#include <string.h> for (y=0;y<1000; y++) ;
sbit rs = P2%5; // rs pin of 1CD }
sbit en = P2°7; // en pin of LCD void decangle () //decrease delay by lms
sbit rw = P2"5; // rw pin of LCD {
sbit b = P0*7; // busy flag EX1=0; //irst disable all interrupts
sbit ledl = P2*1; led3=1; // indication on LED
sbit led2 = P22; writecmd(0xCO) ; // set next line of LCD
sbit led3 = P2"3; if (d1>0)
sbit ledd = P2"4; {
sbit pulse = P2°0; di-=; // decrease delay

d2-=18; [/ decrease display angle by 18
unsigned int dl=0; writestr(™angle:”); // show it on LCD
unsigned int d2=0;: display (d2) ;
unsigned int ¢=0; writestr(™ deg. “);

} // display message

void writecmd(unsigned char a); // function initializations else if(d1==0) writestr("Min phase angle “);
void writedata(unsigned char b); // if max limit is reached
void busy(void); led3=0; // indication OFF
void writestr(unsigned char *s); EX1=1; // enable interrupts before leaving
void dely(void): }
void incangle(void); void incangle() // increase delay by 1 ms
void decangle(void); {
void delay(int d); EX1=0; // all other things remains same as above
void display(unsigned int z); writecmd(0xCO) ;

ledd=1;
void keydly(void] //key debounce delay if (d1<9)

{ {
unsigned int x,y; dl++;
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BEVERAGE VENDING MAGHINE
CONTROLLER

m VINAY CHADDHA

everage vending machines are commonplace at

railway stations, airports, fast-food restaurants

and even in companies. Press a switch and the
machine delivers a hot cup of your favourite drink.

This looks quite a simple operation but has a very
complex logic behind it: It involves use of twelve pre-
cision timers and four counters apart from physical
devices like display, solenoid and motor to deliver water
and premixed tea/coffee/soup powder in exact quantity
for better taste and in exact sequence.

This has become possible because of the use of
microcontrollers, which allow compact size, higher reli-
ability, lower cost and multiple functionalities.

This tea/coffee/soup vending machine controller
uses Freescale’s

The prototype of beverage vending machine controller developed
by the author
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Fig. 1: Block diagram of the beverage vending machine controller
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vending
machine
controller.
It comprises
the follow-
ing sections:
power sup-
KI ply, micro-
g[ 2 controller,
relays, relay
driver, al-
phanumeric
display,
E keyboard
cezonce and mem-
ory. The
power sup-
ply circuit
is shown in
3 z(22/2|2/2) Fig. 2.

T h e
control unit
uses low-
cost, read-
ily available
compo-
nents. The
tempera-
ture control
<0 section has
not been
g included in

% 28 the design

as the parts

required are
expensive
and not eas-
ily available.
However,
a low-cost
thermostat
used in wa-
ter heaters
can be used
in the unit.

Power
supply. 'The
relays need
12V DC
and the
microcon-
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Fig. 3: Circuit of the beverage vending machine controller
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> PARTS LIST

YRR T T T

AimwE SeCaEsmEINsERDR

Semiconductor:

[y | 1C1 - 7812,12V regulator
biisac =) 1C2 - 7805, 5V regulator
[y o R T—————— 1C3 - 24C02 I’C memory
fo g == — — L 1C4 - MC908JL16C
| i Bl Mo e e ol b s e ot s o A s microcontroller
= IC5 - ULN2003 relay driver
B ik <20 D1-D8 - 1N4148 switching diode
e o e 1 » e LED1-LED8 - 5mm light-emitting
Bt e AR diode
' = =k BR1 - 1A bridge rectifier
_ : [ ] ! Resistors (all Ye-watt, +5% carbon):
: o i R1 - 4.7-kilo-ohm
i : R2,R3,R5, R6,
- o R7,R8,R11 - 10-kilo-ohm
= - S R4 - 10-mega ohm
—— | | Poem R9 - 10-ohm
R10 - 1-kilo-ohm
R12-R18 - 100-ohm
Capacitors:
(el - 2200pF, 35V electrolytic
C2,C4,Cs,
C7,C11,C12 - 0.1pF ceramic
3,6, €8 - 10pF, 25V electrolytic
C9,C10 - 33pF ceramic
C13-C19 = 0.01pF ceramic
Miscellaneous:
X1 - 230V AC primary to 15V,
1A secondary transformer
51 - On/off toggle switch
52-§5 - Push-to-‘on’ switch
(4-pin)
RL1-RL7 - 12V, 1/CO relay
e e Pease et vy KaL el
ettt o — s bl
o et F1 - 0.5A fuse
1.5."'.'.".’_""_"2.'2.'.:.,...-. e o F2 - 1.5A fuse
_7::"._"' wee ol wivnd 8 SOL1-SOL7 - Solenoid valve
g ‘ . LCD - 16x1 liquid-crystal
display

Screenshot 2: The PROG08SZ programming environment

troller and memory need 5V DC for operation. Bridge rectifier, capacitive filter and regulator ICs 7812 and 7805
are the standard parts used in the power supply.

Micracontroller. We need individually settable timings for the seven relays and multiple time delays between
the operation of these relays, i.c., the water inlet relay should operate only when water has to be dispensed. All
these functions, though possible using discrete components, are best handled by Freescale’s MC908]L16 micro-
controller.

Relays. Selection of each beverage requires two solenoid valves, one for premix powder and another for water
outlet. The solenoid valves are operated through relays. That is, for three beverages, we need six solenoids and six
relays to operate them. The water heater tank is not connected to the source of water as this may increase the power
consumption. The water inlet is opened for some time after one cup is filled to allow small quantity of water to be
filled again in the tank. This requires one more solenoid. So a total of seven solenoids are required.

To activate these high-current solenoids, sugar-cube type relays are used. These are cheap and used in low-cost
UPS for PCs. The relays need around 100mA, 12V supply to operate.

Relay driver ULN2003. The microcontroller cannot drive 12V, 100mA relays directly and needs a buffer. This
can be easily achieved using BC547 transistors and a few resistors. However [C ULN2003 has been used to drive
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Fig. 4: An actual-size, single-side PCB layout for the beverage vending machine controller

the relays.

Alphanumeric display.
The operator needs a vi-
sual interface for setting the
various parameters and the
status of the input switches
pressed. LED displays will
not be visible in brightly-lit
places, so LCDs are the best
choice. Character size is not
a constraint as the machine
is to be operated from a close
distance. A standard-size,
16-character, single-line al-
phanumeric LCD has been
used here. It is readily avail-
able and commonly used in
industrial applications and
PCO monitors.

Keyboard. We need at
least four keys: two for bev-
erages (one each for tea and
coffee), one for half or full
cup, and one for hot water.
Tactile key switches have been
used here. These are low-cost
and readily available.

Memory. The control unit
doesn’t have a battery backup
system and will lose the set
data when power fails. So a
provision has to be made to
ensure that the unit recalls the
s€t parameters when power
resumes. This is achieved by
using a small-size 24C02
memory, which is commonly
used in electronic goods like

TV sets.

Circuit description

Fig. 3 shows the circuit of the
vending machine controller.
Power supply. 'The power
supply circuit comprises a
15V, 1A step-down trans-
former, filters, 12V DC regu-
lator 7812 (IC1) for relays

and 5V DC regulator 7805 (IC2) for microcontrollers (see Fig. 2). Fuse F1 protects against surge current in the

event of short circuit.
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Microcontroller. The
O T0- SOL2 0 To-SOL4 8 TO=SOLE O MC908JL.16 microcontroller
ool 2. en ‘i ] (also called the MC68H-

055 © = R W ioor WU= C908JL16) from Freescale

Semiconductor, Inc. (for-
HMOU2 MUY LEDB HOUS | enod &
oo 90 ofoo 0 ‘Fite

merly Motorola) has 28 pins

Fl 0.5A
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© O]
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X1-PRIM
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2 -
3 &% sce-1c-120 &= scR-1c-120 &= sc-ic-12y - & V_Vlth 23 general-purpose I/O
2 % % lines, 16 kB of flash memory
w
3 > 5 -},\ > o |. to store program and 512
o p ! I o 55 bytes of RAM. It utilises
&
2 3 el 87" & | an HCO08 CPU core and
28 e 9 2B S} ° provides a cost-effective re-
= T v o o) @
3 o= oSl 0—;_5—019 T0-S8L7 | programmable flash memory.
z o]+ i ot B i
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& ‘:! EF G, 5o | alities, making it an all-in-
g HOU3 I fove epsd MOUZ | ¢og + € | one control IC.
° w2 . (5] . .

S &= scR-1c-12U B= son-ic-12U - KX sce- L9 0 ? The device is a part of
= @x P = . .
z \ Qi & L Qi £y the growing JL Family that
5 = g #| ¥2  includes multiple clock op-
x Py o J g | tions, keyboard interrupts,
N - . .
8 %{@b low-voltage inhibit and a
@ . -
3 d | watchdog timer. In particu-
505 ° § | lar, the MC908JL16 has a
o > built-in serial communica-
= = . .

= >  pooonnoc tions interface module, mas-
a T - = . .
b ter mt-cr-mtegrated circuit
s - <oml (I2C) interface and 10-bit
z ¢ @I ;i

& x analogue-to-digital converter
N — . .

- f 8%@ o (not used in this program)..
- 13 The MC908JL16 is
o é a low-cost, high-perfor-

mance, 8-bit microcontroller
unit. It uses the enhanced
M68HCO08 central pro-
cessing unit (CPUO8) and
is available with a vari-
ety of modules, memory
sizes, package types, etc. Its
datasheet is available on
Freescale’s website ‘www.
freescale.com.’

Relays. 'The 12V, 1/CO
relays are capable of switch-
ing up to 7A, 220V AC
loads. Across each relay con-
tact, metal-oxide varistor
Fig. 5: Component layout for the PCB (MOV) and resistor-capac-

itor (RC) snubber circuit
have been added to reduce noise generated by sparking at relay contacts at the time of switching. Fuse F2 used
for protection against surge current can be replaced with another higher-current fuse as per the requirement of
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the solenoid used.

Relay driver. 'The relay driver ULN2003 with seven outputs is capable of sinking 500mA on each output.
Inputs are TTL. CMOS-compatible and outputs are fed to relay coils directly. With this driver, no free-wheeling
diode is required across the relay coils. Datasheets are included in the CD.

Display. 'The display GDM1601A used here is a 16x1 alphanumeric LCD based on Hitachi HD44780 LCD
controller. It is interfaced to the microcontroller using four data lines (D7 through D4) and two control signals
(RS and E). Complete details of HD44780 are available on the Internet.

Keyboard. It has four push-to-on switches (S2 through S5) connected to the microcontroller using five lines,
of which four are shared with LCD data lines as shown in Fig. 3.

Memory. EEPROM 24CQO2 permanently stores information like different timings, options for
switches and count of cups filled. It is connected to the microcontroller using two lines, namely, serial data
(SDA) and serial clock (SCL). Technical details of I*C bus and the memory have been covered earlier in EFY.
(Refer to articles ‘Access Control’in EFY Sept. 2002, ‘Set-Top Converter’in EFY June '97, ‘Caller ID’ in EFY
April’99 and ‘Remote-Controlled Audio Processor Using Microcontroller’ in EFY Sept.’99).

An actual-size, single-side PCB layout for the beverage vending machine controller is shown in Fig. 4 and
its component layout in Fig. 5.

The software
The software has been developed in ‘C’ language using Metrowerks’ Code Warrior ‘C’ compiler. A 16kB free

version of the compiler is available on the website ‘www.metrowerks.com’

The program in ‘C’ is written on the MC68HCY08JL8, which is equivalent to the MC68HC908]L16,
except that the MC68HC908]L8 has only 8kB flash memory and 256 bytes of RAM. A specially developed
programmer board along with PROGO08SZ software (www.pemicro.com) has been used for programming the
microcontroller chip.

Seven program modules have been used for this project: ‘disp.c,”‘fic.¢,” ‘main.c, ‘initled.c, ‘sense_kbd.c,” ‘timer.c’
and ‘utils.c.’

The software is developed in two stages: First, basic common input/output (I/0) routines are developed to
display information on the LCD, read or write data from a specific memory location, scan the keyboard input
(check which key has been pressed) and switch on the relays. Next, logic/program specific for this function is
developed. This is more or less a translation job where you convert the end-product requirement in ‘C’ language
so that it performs as expected.

CodeWarrior. The CodeWarrior 5.2 integrated development environment (IDE) includes compilers, linkers,
source-code browser, debugger, editor and rapid application development tool set (see Screenshot 1). You can use
it to edit, navigate, examine, compile and link code throughout your software development process. You can also
configure options for code generation, project navigation and other operations.

If you have this IDE tool, just copy the relevant files from the EFY-CD into your PC. Open the project file
‘tea_coffee.mep.”When the source code is compiled, a “.s19’ file is generated in ‘bin’ folder of the directory where
the original source code is located. This file is equivalent to the hex code in other programming tools.

Programmer. The PROGO08SZ version 2.12 is a programmer for EEPROM/EPROM modules internal
to a Motorola HCO8 processor. It communicates to the processor’s monitor mode (MONO8) via one of P&E
Microcomputer Systems’ hardware interfaces that is designed to work with the monitor mode. Alternatively, the
MONOB circuitry can be built directly into the end user’s hardware. The PROGO8SZ programming environment
is shown in Screenshot 2.

The connection dialogue appears initially. We have used ‘class-3 direct serial-to-target W/Mon08 serial port
circuitry’ option for the programmer board used for programming. Next, select the serial port, tick the box corre-
sponding to the ‘ignore security failure and enter monitor mode’ and then click ‘contact target with this setting...’
'The ‘power cycle dialogue’ box appears. Now switch off the programmer board.

Switch on the programmer board again and press ‘ok.” Select the device and open ‘.s19’ file under ‘File’ menu
to program into the chip.
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Operations of the unit

Each switch performs dual functions as follows:

Switch  Normal mode Setting mode
S2 Tea Reset

S3 Coffee Increment

54 Soup or half/full Decrement

S5 Hot water Setting/next/OK

Setting mode. Normally, this mode is used only once to set various parameters as per the specific require-
ment, say, the size of the cup. This can be done by following a simple procedure. Switch off the controller unit.
Press switch S5 (marked as ‘hot water’) for the settings mode

and switch on the unit. Follow the instructions on the LCD.  Message Displayed on Pressing

Press switch S5 again for the desired option. Pressing switches Switches S2 ihrnugh S5
S3 and S4 will increment or decrement the value (in seconds),
respectively. Switch pressed Message displayed

The program has an option for a half or full cup $2for dispensing tea Serving tea
of the beverage. S4 can be used for either ‘soup’ or §3 for dispensing coffee Serving coffee
‘half/full’ option in the setting mode. When ‘OPT3’is selected, 4 for dispensing soup Soup or half/full depending
S4 will function as a switch for dispensing the soup. When on the setting
‘half/full’ option is selected, S4 will function as a switch for 85 for dispensing hot water  Hot water
filling up the cup to half or full. For dispensing tea and coffee,
two time settings are required, i.e., premix-dispensing time and water-dispensing time. These can be adjusted
as per specific requirements, say, quantity and strength (flavour) of the beverage.

Dispensing of tea has an extra function of brewing (optional). In this mode, water is dispensed for a second,
then stopped to allow mixing of the powder with water, and dispensed again after some time. This timing can be
set through the ‘brew time’ option.

Common setting for tea/coffee/soup. The time for activation of the water solenoid valves can be set to allow
hot water to be dispensed through the common outlet.

After dispensing, some water remaining in the pipes cools off. In the next dispensing, this water is dispensed
along with hot water from the water heater. So a provision is made to automatically flush the cold water out from
the pipes at regular intervals. The time interval to flush out the cold water can be set by the user. For example, if
you set ‘Flush To’ as ‘010 m,’i.e., 10 minutes as the time duration for which nobody uses the machine, message
“flush required” will be displayed. The user will have to press switch S5 to flush the water out.

Apart from this, there are time settings for delay, refill, etc. The delay time is the time interval between the
consecutive dispensing of water and premix powder. Refill time is the time for refilling water into the water heater.
Relay RL7 energises through pin 10 of IC5 to refill water in the heater.

After you are done with settings, switch off the power supply for about 30 seconds to allow complete discharge
of the filtering capacitor used in the power supply section. Switch on the unit again and it is now ready for use.
The display will show “have a nice day.”

Download Source Code: http://www.efymag.com/admin/issuepdf/Vending%20Machine.zip
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AT89C51-BASED
DC MOTOR CONTROLLER

® A.M. BHATT

otion control plays a vital role in industrial automation. Manufacturing plants in industries like chemical,

pharmaceutical, plastic and textile, all require motion control. And it may be a flat-belt application, flow-

control application or mixing of substances. Different types of motors—AC DC, servo or stepper—are
used depending upon the application. Of these, DC motors are widely used because controlling a DC motor is
somewhat easier than other kinds of motors.

The motion of a DC motor is controlled using a DC drive. DC PARTS LIST

drive changes the speed and direction of motion of the motor. Some

of the DC drives are just a rectifier with a series resistor that converts Somiconductors: :

i . ;i . IC1 - AT89C51 microcontroller
standard AC supply into DC and gives it to the motor through a switch 1¢; - 741504 hex inverter
and a series resistor to change the speed and direction of rotation of 1C3 - NE555 timer
the motor. But many of the DC drives have an inbuilt microcontroller 1C4 - L.293D motor driver
that provides programmable facilities, message display on LCD, precise %gg . ;ggz z“; 'Eg“iaz"r

i = : - - , 6V regulator
control and also protection for motors. US}ng the DC drive you can 1, T, S REE 4l i taticistor
program the motion of the motor, i.e., how it should rotate. D1-Dé - IN4007 rectifier diode

Here are some of the features of this DC motor controller: LEDI-LED5 - 5mm LED
1. Controlled through microcontroller AT89C51 Resistors (all Yi-watt, =5% carbon):
2. Message displayed on the LCD module R1 - 10-kilo-ohm
3. Start, stop and change of direction of the motor controlled by 2R3 = Aeklozohm
y o R6-R10,
pushbutton switches and indicated by LED R12.R13 - 220-0hm
4. Changes the running mode of the motor to continuous, revers- R11 S 'Liloobm
ible or jogging VR1, VR2 - 10-kilo-ohm preset
5. Changes the speed of the motor Capacitors:
6. Time settings are possible for forward and reverse running of €1 - 10pF, 16V electrolytic
the motor C2,C3 - 33pF ceramic disk
C4,C7,C8 - 0.1pF ceramic disk
C5 - 0.01pF ceramic disk
= = TP Cé6 - 1000uF, 25V electrolytic
Circuit description _ E i
Miscellaneous:
Fig. 1 shows the circuit of the microcontroller-based DC motor con- X1 - 230V AC primary to 9V,
troller. At the heart of the DC motor controller is microcontroller 500mA secondary
AT89C51. Port pins P0.0 through P0.7 of the microcontroller are G
interfaced with data pins DO through D7 of the LCD module, re- i rria i
mterraced wit ata PlﬂS l'OHg O [ - moaule, re RL1 _ 6V, 1C/O rt:]ay
spectively. Port pins P3.0, P3.1 and P3.2 control the LCD operation RL2 - 6V,2C/O relay
through enable (E), register-select (RS) and read/write (R/W) pins, M - 6V DC motor
5§1-59 - Push-to-on switch

respectively. Contrast of the LCD is set by preset VR1. Port pins P1.0
through P1.7 are connected to switches S1 through S8 for performing
the various operations.

Power-on reset signal for the microcontroller is generated by the combination of capacitor C1 and resistor R1.
Switch S9 provides manual reset to the microcontroller. A 12MHz crystal provides the basic clock frequency to the
microcontroller. Capacitors C2 and C3 provide stability to the oscillator. EA pin (pin 31) of the microcontroller
is connected to 5V to enable internal access. Port pins P2.0 through P2.3 of the microcontroller are used for LED
indication of run, stop, clockwise and anti-clockwise rotation. Port pins P2.4 through P2.6 are connected to the
inputs of inverters N3, N2 and N1 of 74LS04 (IC2). The output of inverter N3 is used to trigger pin 2 of NES55

timer.

LCD module - 16x2 line
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D306 = 1N4007 166 our Functions of

x‘ - -
T ' 7806 515, | Different Switches
oy [ov | | ETENCEE
o 2 R10 v St To start motar
l com o C8E= 52 To stop the motor
T o & \ 0.1 S3 Change the direction
23% Ags Eggmnv | 25V : ”T JLEDS ° S4 Change the mode
SECONDARY L GND
TRANSFORMER = :(55 ::cmase Spee:d
ecrease spe
Fig. 2: Circuit of the power supply S7 Increase time

. Decrease time
of motor driver

© O [ [ [© 1.293D. OUT1
START STOP DIRECTION MODE RESET atid OUT 3 of LIYID diive motor M
LCD PANEL .
Fig. 2 shows the power supply circuit. The

SPEED Cgﬁ'l!gi%-[?.gﬁ 230V AC mains is stepped down by trans-
. . - former X1 to deliver the secondary output of
LED INDICATIONS 9V, 500 mA. The transformer output is recti-

TIME MOTOR DIRECTION fied by a full-wave bridge rectifier comprising

RUN STOP CLOCKWISE ANTICLOCKWISE diodes D3 through D, filtered by capacitor

INCREASE DECREASE O © o o C6 and then regulated by ICs 7805 (IC5) and
7806 (1C6). Capacitors C7 and C8 bypass the

Fig. 3: Proposed panel arrangement for the DC motor controller ripples present in the regulated 5V and 6V

power supplies. LED5 acts as a power-‘on’
indicator and resistor R10 limits the current through LED5.
'The proposed panel arrangement for the microcontroller-based DC motor controller is shown in Fig. 3.
An actual-size, single-side PCB for the microcontroller-based DC motor controller is shown in Fig. 4 and its
component layout in Fig. 5.

Operation

The eight pushbutton switches are connected for eight different functions as shown in the table.

When 51 is pressed, the microcontroller sends low logic to port pin P2.5. The high output of inverter N2 drives
transistor T1 into saturation and relay RL1 energises. So the output of NE555 is fed to inputs IN1 and IN2 of
L293D through both the contacts of relay RL2. Now at the same time, after RL1 energises, the microcontroller
starts generating PWM signal on port pin P2.4, which is fed to trigger pin 2 of NE555 through inverter N3. The
base frequency of the generated PWM signal is 500 Hz, which means the time period is 2 ms (2000ps). The output
pulse width varies from 500 ps to 1500 ps. The R-C time constant of the monostable multivibrator is kept slightly
less then 500 ps to generate exactly the same inverted PWM as is generated by the microcontroller.

When switch S2 is pressed, port-pin P2.5 goes high and RL1 de-energises to stop the motor.

When switch S3 is pressed, relay RL2 energises. Pin IN1 of motor driver L293D receives the PWM signal
and pin IN2 connects to ground. As a result, the motor rotates in one direction (say, clockwise).

When switch S4 is pressed, relay RL2 de-energises. Pin IN2 of motor driver L293D receives the PWM signal
and pin IN1 connects to ground. The motor now rotates in opposite direction (anti-clockwise).

When switch §3 is pressed, different modes are selected in cyclic manner as given below:

1. Continuous mode. The motor rotates continuously with the set speed in either direction

2. Reversible mode. The motor reverses automatically after the set time

3. Jogging mode. The motor rotates for the set time in either direction and then stops for a few seconds and
again rotates for the set time. It is also called ‘pulse rotation’
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Switches S5 and S6 are used
to set the speed of the motor,
either in increasing order or
decreasing order, in continuous
mode only.

Switches S7 and S8 are used
to set the time either in increas-
ing order or decreasing order.

W

Software

The program is written in ‘C’
language and compiled using
Keil puVision3 compiler. It is
well commented and easy to
understand. The program has
three major sections: initialisa-
tion and key press, display and
motor control.

Initialisation and key press.
It consists of the main function
that initialises timers, ports,
LCD module and LED indi-
cation and then waits for key
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O press. When any key is pressed,
the program calls that particular

I function.
Fig. 4:A single-side, actual-size PCB layout for the microcontroller-based DC motor controller In the main function, first

the ports are initialised as in-
put/output, then the LCD is initialised and cleared. At power-on reset or manual reset, message “DC motor
controller” is displayed on the LCD and LED1 through LED4 turn off. When start switch S1 is pressed, mes-
sage “Motor Start” is displayed for a second, and then the mode and current speed are displayed. Run LED and
clockwise-direction LED are ‘on.” Now the program waits for key press. When any key is pressed, the program
jumps to one of the functions (start, direction, mode, etc).

Display. It uses the following functions:

1. ‘writecmd’ function sends command byte to the LCD. It takes one argument byte and sends it to P0.

2. ‘writedata’ function sends data byte to be displayed on the LCD. It also takes one argument byte and sends
it to PO.

3. ‘writestr’ function writes the whole string (message) on the LCD. It takes pointer as an argument that points
address of the first character of the string, then through the pointer it sends all the characters one by one to PO.

4. ‘busy’ function checks the status of the busy flag of the LCD. If the flag is set, the LCD is not ready and the
program remains within the loop. When the flag is reset, the LCD is ready and the program comes out of the loop.

Motor control. 1t uses the following functions:

1. ‘start’ function starts motor rotation in one of the modes (continuous, reversible or jogging). The mode is
selected by mode-selection flag ‘m.” As explained earlier, in continuous mode the motor keeps rotating with the
set speed. In reversible mode, the motor changes direction automatically after the set time. In jogging mode, the
motor rotates for the set time, stops for a few seconds and then rotates.

2.'stop’ function stops rotating the motor and displays the message on the LCD module. This is indicated by
glowing of the stop LED.

3. ‘direction’ function increments the counter by ‘1’every time and checks whether the count is even or odd. If
the count is even, it selects clock-wise direction, and if the count is odd, it selects anticlockwise direction. This is
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Fig. 5: Component layout for the PCB

also indicated on direction CLK and
ACLK LEDs.

4. ‘mode’ function changes
modes in cyclic manner. It increases
mode-selection flag ‘m’ every time.
If m=0 it selects continuous mode,
if m=1 it selects reversible mode and
if m=2 it selects jogging mode. If
m-=3 it is reset to ‘0’ again and selects
continuous mode and likewise.

5. ‘incspeed’ function increases
the width of the pulse by 100 ps. The
generated PWM is of 500 Hz. That
means total time is 2 ms=2000 ps.
The width of the pulse is varied from
500 ps to 1500 ps in steps of 100 ps.
To display the speed, the variable is
first converted into speed factor ‘1’to
‘9’ and then into ASCII.

6. ‘decspeed’ function is the same
as ‘incspeed’ but here the width of
the pulse is decreased by 100 ps.

7.‘inctime’ function increases the
reversible time of the motor by one
second. It increases the variable in
multiples of 20. To display it on the
LCD module, it is first divided by
20 and then converted into ASCII.

8. ‘dectime’ function is the same as ‘inctime’but it decreases reversible time by one second.

Delay. It uses the following functions:

1. ‘*keydly’ function generates a fix delay of around 50 ms for key debouncing.

2. ‘delay’ function generates a variable delay by timer 0. The basic delay is of 100 ps. It is rotated in loop from
five to 15 times to generate minimum 500ps and maximum 1500ps delay.

3. ‘time’ function again generates a variable delay by timer 1. The basic delay is of 50 ms. It is rotated in mul-
tiples of 20 from 20 to 180 to generate minimum 1-second and maximum 9-second delay.

Download source code: http://www.efymag.com/admin/issuepdf/Microcontroller%20Based%20DC%20
Motor%20Controller.zip

#include<reg5l.h>
Finclude <string.h>

sbit
sbit
sbit
shit
sbit
sbit
sbit

rs = P3"1;
en = P370;
rw = P3"2;
b = PO"7;
led1=P2"0;
led2=P2"1
led3=p2°2;

indicator

sbit
tion
sbit
sbit
sbit

led4=P2"3;
indicator
PWM=P2"4;
RL1=P2"5;
RL2=P2"6;

unsigned int x=10;
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// rs pin of LCD
// en pin of LCD
// rw pin of LCD
// busy flag

// run indicator

/{ stop indicator
// clockwise direction

// anticlockwise direc-

// PWM output
// relay 1 pin
// relay 2 pin

// ontime

void mode (void) ;

void busy (void):

unsigned int r=0;
void start(void):

unsigned int y=10; // offtime
unsigned int m=0; // mode
unsigned int d=0; // direction
unsigned int t=100; // time

// run flag
// function initilization

void direction (void);
void incspeed (void);

void decspeed (void) ;

void inctime (void):

void dectime (void);

void time (unsigned int);
void delay(unsigned int);
void keydly (void) ;
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void writecmd (unsigned char a) // send command

to LCD
{
busy () ; // check busy flag
rs = 0; /! select command regis-
ter
w = 0; // write enable
PO = a; // send byte to LCD
en = 1; // apply strobe pulse
en = 03

}

void writedata (unsigned char b) // send data to

LCD
{
busy () ¢ /! check busy flag
rs = 1; /! select data register
w = 0; // write enable
PO = b; // write enable
en = 1; /! send byte to LCD
en = 0; /! apply strobe pulse
)
void busy () /! check busy flag of LCD
{
en = 0; // disable display
PO = OxFF; // PO as input
rs = 0; /! select command regis-
ter
w = 1; /! read enable
while (b==1) [/ if busy bit is 1
{
en=0; // remain withine loop
en=1;
]
en=0;

}
void writestr(unsigned char *s)
message to LCD
{

// send string

unsigned char 1,i;
1 = strlen(s);
for(i=0;i<l;i++)

/! get length of string

{
writedata(*s);
// till the length of string
s++;
// send characters cne by one
}
}
void start()

{

/! start rotating motor

if (m==0)
// for m—0 start continuous mode
{

RL1=0; /! switch on RL1
r=1; /! set run flag
P1=0xFF; // send all 1's to Pl

while (P1==0xFF)
// till no key is pressed
{

ledl=1;
// indication on run LED
PWM=1;
// send high logic to PWM pin
delay(x);
// on time delay
PWM=0;
// now send low logic to PWM
delay(y):

// off time delay

180

m=1 start

/
//
7tk

/

/f
1
il

/I
I/
ot
/1
I

}

else if(m==1) // for
reversible mode
{
r=13

set run flag

P1=0xFF;
send all 1's to Pl

while (P1==0xFF)
till no key is pressed

ledl=1; // run LED=1
led3=1;
led4=0;
PWM=1; // send high on PWM pin
RL2=1; // select one direction
RL1=0; // switch on RL1
time(t); // wait for desired time
RL1=1; // switch off RL1
led1=0; // run LED=0;
time(20);// wait for 1 sec
ledl=1; // again run LED=1
led3=0;
ledd=1;
RL2=0; // select other direction
RL1=0; // switch on RL1
time(t); // wait for desire time
RL1=1; // switch off RL1
ledl=0; // run LED=0
time(20); // wait for 1 sec
}
PWM=0;
else if(m==2)
for m=2 start jogging mode
{
r=1;
reset run flag
P1=0xFF;

send all 1"s to P1
while (P1==0xFF)
till no key is pressed

ledl=];

PWM=1;
send high on PWM pin

RL1=0;
switch on RL1

time (t);
wait for 1 sec

RL =]z
switch off RL1

PWM=0;
send low on PWM pin

ledl=0;

time (20) 7

void direction() // alter the direction
{
keydly() ; // key debounce delay
d++; // increment count
if ((d%2)==0) // check for even or odd
{
led3=1; // indicate on LEDs
led4=0;
RL2=1; // switch ON / OFF RL2
}
else
{
led3=0;
led4=1;
RL2=0;
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}
}
void mode ()
{
keydly () ;
writecmd (0x80) ;

// change mode of rotation

// key debounce delay

// display message on first line first column

mt+;
// increment count

if (m==3) m=0;

if (m==0)

// if it is 3 reset it

{ writestr(“mode:continuous “);

// otherwise display mode
time (15) ;

else if (m==1)

{writestr (*mocde:reversible “);

time (15):
i
else if (m==2)

{writestr (“*mode:jogging 3

time (15);
}
}
void decspeed/()
{

int z;
keydly ()
writecmd (0xCO) ;
LCD
if (y<14)
width
{
x==;
y++;
itean to

// 1 to 10 scale and ASCII
writestr (“speed:

// diaplay speed on LCD
writedata(z);
writestr (™

}
else if(y==14)

writestr (“min speed: 9

// increase speed

// key debounce
// select second line on
// if not max pulse

// increase it convert
z=y~-5+0x30;
5

I

")

// if max speed display message

}
vold incspeed()
{
int w;
keydly () ;

// increase speed

writecmd (0xC0); // key debounce

// if not minimum width

{

w=y-5+0x30;

if (y>6)

// decrease it

// do same as above

writestr (“speed: “);

writedata(w);
writestr (™

J
else if (y==6)

writestr (“max speed: 1

display message
1

void inctime()
{
int p;
keydly (),
writecmd (0xC0) ;

if (£<180)
{

e
™); // if min speed
// increase time

// key debounce delay

// if not max time
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t+=20; // increase it by 1 sec
p=t/20;
p=p+0x30;

/! convert it in to ASCII

writestr (“time: “); // display it
writedata(p);
writestr (™ sec *)5

}

else if (t==180)
writestr (“max time:

// if max time display message

}

void dectime ()

{

9 sec”);

// decrease time

it

keydly () // key debounce delay

writecmd (0xCO} ;

if (£>20) // if not min time

{

t-=20; // decrease it
qg=t/20;
g=q+0x30;

// do same as above
writestr (“time:
writedata(q);
writestr(“ sec

R

)
}
else if (t==20)
writestr (“min time: 1 sec”);
// 1f min time display message
}
void keydly () // key debounce delay
{
int a,b;
for (a=0;a<50;a++)
for (b=0;b<1000;:b++);
}
void time (unsigned int c)
// change time in seconds
{

int k;
TL1 = 0xAF; // use timer 1
TH1 = 0x3C; // to generate
50 ms delay
TR1 = 1; // start timer
for (k=0; k<=c;k++) // rotate loop
in multiples of 20
{
while (TF1==0) ; // wait till
timer overflow
TF1 = 0; // reset the
flag
TL1l = OxAF; // reload it
TH1 = 0x3C;
}
TR1 = 0; // stop timer

void delay(unsigned int cl) // change time in micro
seconds
{

int a;

THO=0x9B; // select timer 0

TLO=0x9B; // to generate 100 micro
second delay

TRO=1:; // start timer

for (a=0;a<cl;a++) // rotate loop between 5
to 15
{
while (TF0==0) ; // wait until
timer overflow
TF0=0; // reset the flag

}
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TRO=0; // stop timer

}
void main()
{
TMOD=0x12; // timerl in 16 bit,timer 0 in 8
bit auto reload mode

P2=0xE0; // LEDs off,
relays OFF

P0O=0x00; // PO, P3 output
ports

P3=0x00;

writecmd (0x3C) ; // initilize LCD

writecmd (0x0E) ;

writecmd (0x01) ;

writecmd (0x84) : // display mes-
sage

// DC motor controller in
// center of LCD

writestr (*DC Motor”);
writecmd (0xC3) ;
writestr (“Controller”);
agin:P1=0xFF; // Pl as input port
while (P1==0xFF) ; // wait
any key press
loop:switch (P1)
{
case 0OxFE:
keydly ()
writecmd (0x01) ;
writestr (“motor start”);
time (50); // wait for 2.5 sec
writecmd (0x80) ;
writestr (“*mode:continuous
current mode and speed
writecmd (0xC0) ;
writestr (“speed: 5

until

// for first key
// key debounce

“):// display

) 1

ledl=1; // Run LED ON

led2=0; // stop LED OFF

led3=1; // clockwise
direction ON

led4=0; // anticlockwise
direction OFF

start(): // sart rotating
motor

break;

case 0xFD: // for second key

keydly(): // key debounce

r=0; // run flag reset

writecmd (0x01) ;

writestr (“motor stop”):// display message

ledl=0; // Run OFF
led2=1; // stop LED ON
led3=0; // clockwise direction

OFF
led4=0;
tion OFF
PWM=0;
RL1=1;
break;
case 0OxFB:

mode () ;

if (r==1) start();
if run flag is set

case 0xF7:
direction() ;

if(r==1) start():;

// anticlockwise direc-

// low logic to PWM pin
// relayl off

// for third key
// select mode
// jump to start

break;
// for fourth key

// change direction

// jump to start if run flag is set

break;
case 0xEF:

incspeed();

if(r==1) start();
flag is set

break;

case 0xDF:

decspeed () ;

if (r==1) start():

// jump to start if run flag is

break;
case 0xBF:

inctime () ;

1f (r==1) start():
flag is set

break:

case 0x7F:

dectime () ;

if (r==1) start():
flag is set

break;

1

if (r==1) goto loop:

set jump of key detect
else goto agin;
}

// for fifth key

// increase speed

// jump to start if run
// for sixth key

// decrease speed

set

// for seventh key

// increase time
// jump to start if run

// for eigth key
// decrease time

// jump to start if run

// if run flag is

// if not jump to again
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GPS- AND GSM-BASED
VEHICLE TRACKING SYSTEM

m LALIT PRAKASH VATSAL, PRINCE GUPTA AND SANI THEO

resented here is a microcontroller-based project for tracking a vehicle using global positioning system (GPS)
and global system for mobile communication (GSM).

This is a cheaper solution than a two-way GPS communication system wherein communication is done
in both ways with GPS satellites. This project uses only one GPS device and two-way communication is achieved
using a GSM modem. GSM modem with a SIM card used here implements the same communication technique
as in a regular cellphone.

‘The system can be mounted or fitted in your vehicle in a hidden or suitable compartment. After this installa-
tion, you can easily track your vehicle using your mobile phone by dialling the mobile number of the SIM attached
to the GSM modem. You will automatically get the location of the vehicle in the form of an SMS (short message)

on your mobile phone.

PARTS LIST This system allows you to track your vehicle anytime and anywhere.

Soico T Fetor Whether you own a company with a fleet of hundreds of vehicles or
IC1 - 7805, 5V regulator you have expensive piece of equipment and you want to keep an eye on
1C2 - ATMegal6 microcontroller them, this tracking system can inform you of the status without you
IC3 - MAX232 converter having to be actually present on the site.
LED1 S Fig. 1 shows the block diagram of the GPS- and GSM-based ve-
Resistors (all Yo-wvatt, +5% carbon): hicle tracking system.
R1 - 680-ohm
R2 - 10-kilo-ohm
Gidaciturs: Applications and benefits
€1 - 0.1pF ceramic . . . . )
C2,C3 ) 22:F e 1. You can locate your stolen vehicle easily using your mobile without
C4-C8 - 10pF, 16V electrolytic any extra cost.
Miswelleassis EFY note. Since we have started us- ‘:‘( It can be us'fd li(l)r
- Tactile swi : r rrying v
3 Tretle agitch ing gEDA Open Source software to ~ "U¢<S cartying valuable
L e draw circuit diagrams and PCB pat- ~ E°0% 1© keep track of
BATT. - 9V PP3 battery hedi 9 ook <l ’?7 ; the status of delivery and
GSM modem - SIM300 lems, the giagrams mayleoK UGty | 1o.4tion of the truck at
GPS module - iWave different. Tt Gxine,
3. The device en-
> \WANT sures vehicle security and
[ DC REGULATED | 5v == smooth fleet management.
POWER SUPPLY |- ] Gl O 4. You can easily install
" GND R _ it in any vehicle such as
“\P/ANT cars, boats and motorbikes.

V2 ; : An SMS will inform you

ATMEGA16 | MAx232 = : :
MICROCONTROLLER |- \{ CONVERTER [€— GFSMODULE ;tft?;::rry ;}l_linv:hl?;{;:
' ' 5. You can also use it
- to keep tab on your driver.
It reduces vehicle abuse
and ultimately results in

significant cost-savings for

CELLPHONE
(GSM)

Fig. 1: Block diagram of the GPS- and GSM-based vehicle tracking system
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Fig. 2: Circuit of a GPS- and GSM-based vehicle tracking system

individuals, fleet owners and the like.
Before delving into the detailed working of the project, let’s discuss some basics of GPS and GSM technolo-
gies.

GPS

GPS is a space-based satellite navigation system. It provides location and time information in all weather condi-
tions, anywhere on or near the Earth. GPS receivers are popularly used for navigation, positioning, time dissemi-
nation and other research purposes.

The GPS consists of satellites that orbit the earth. These satellites are geosynchronous with an orbital period
that is the same as the Earth’s rotation period. So they maintain exactly the same position with respect to the earth
below them. All the GPS satellites transmit radio signals, which are then captured by a GPS receiver and used to
calculate its geographical position. A minimum of four satellites may be required to compute the four dimensions
of XY, Z (latitude, longitude and elevation) and time. GPS receiver converts the received signals into position
and estimates time and some other useful information depending on the application and requirements.

GPS determines the distance between a GPS satellite and a GPS receiver by measuring the amount of time
taken by a radio signal (the GPS signal) to travel from the satellite to the receiver. To obtain accurate information,
the satellites and the receiver use very accurate clocks, which are synchronised so that they generate the same code
at exactly the same time.

If accuracy is important, you need GPS with a wide-area augmentation system (WAAS) capability. This is a
satellite service providing additional correction information to the GPS receiver in order to increase its accuracy.

Before purchasing a GPS receiver, it’s good to know the protocols supported by it. Some popular protocols
for GPS receivers are:

NMEA 0183. An industry-standard protocol common to marine applications defined by National Marine
Electronics Association (NMEA), USA. NMEA provides direct compatibility with other NMEA-capable devices

such as chart plotters and radars.
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TSIP (trimble standard interface protocol). A
binary packet protocol that allows the designer
to configure and control the GPS receiver for
optimal performance in any number of applica-
tions.

TAIP (trimble ASCII interface protocol).
Designed specifically for vehicle tracking ap-
plications. It is a bidirectional protocol using
simple ASCII commands with the associated
ASCII responses.

GSM modem
GSM is a standard set developed by the Euro-

pean Telecommunications Standards Institute
(ETSI) to describe technologies for second-
generation (2G) digital cellular networks.

A GSM modem is a specialised type of
modem that accepts a SIM card and operates
over a subscription to a mobile operator just like Fig. 3:iWave GPS module
a mobile phone.

GSM modems are a cost-effective solution
for receiving SMS messages because the sender
is paying for the message delivery. To perform
these tasks, a GSM modem must support an
extended AT command set for sending and re-
ceiving SMS messages, as defined in the ETSI
GSM 07.05 and 3GPP TS 27.005 specifica-
tions.

It should also be noted that not all phones
support this modem interface for sending and Fi9-4:5IM300 GSM modem
receiving SMS messages, particularly most smartphones like the Blackberry, iPhone and Windows mobile devices.

Circuit description

Fig. 2 shows the circuit of a GPS- and GSM-based vehicle tracking system. It consists of a microcontroller, GPS
module, GSM modem and 9V DC power supply. GPS module gets the location information from satellites in the
form of latitude and longitude. The microcontroller processes this information and sends it to the GSM modem.
The GSM modem then sends the information to the owner’s mobile phone.

ATmegal6 microcontroller. ATmegal6 microcontroller (IC2) is the heart of the project that is used for interfac-
ing to various hardware peripherals. It is a low-power CMOS 8-bit microcontroller based on the AVR enhanced
RISC architecture.

ATmegal6 microcontroller is interfaced serially to a2 GPS module and GSM modem. The GPS module outputs
many data but in this project only the NMEA data is read and processed by the microcontroller. The processed
data is sent to the user’s mobile through a GSM modem.

This project design implements RS-232 protocol for serial communication between the microcontroller, GPS
and GSM modem. A serial driver IC MAX232 (IC3) is used for converting RS-232 voltage levels into TTL
voltage levels.

The user’s mobile number should be included in the source code written for the microcontroller. Thus the user’s
mobile number resides in the internal memory of the MCU.

iWave GPS module. In this project, we have used the iWave GPS module (refer Fig. 3). GPS always trans-
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Fig. 5:An actual-size, single-side PCB for the GPS- and GSM-based vehicle

tracking circuit
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Fig. 6: Component layout for the PCB

mits the data to the microcontroller. Transmit
pin TXD of GPS is connected to the micro-
controller via MAX232. NMEA defined an
RS-232 communication standard for devices
that include GPS receivers. The iWave GPS
module supports the NMEA-0183 standard
that is a subset of the NMEA protocol. It
operates in the L1 frequency (1575.42 MHz)
and provides information with accuracy of up
to 10 metres in open sky. Antenna should be
placed in the open space and there should be
at least 50 per cent space visibility.

GSM modem. In this project, we have used
SIM300 GSM modem (refer Fig. 4). GSM
modem transmits and receives the data. Mo-
dem SIM300 is a tri-band GSM/GPRS engine
that works on frequencies EGSM 900 MHz,
DCS 1800 MHz and PCS 1900 MHz.

Transmit pin TXD and receive pin RXD
of GSM modem are connected to the micro-
controller (IC2) via MAX232 (IC3). Port pin
PDO (RXD) and port pin PD1 (TXD) of the
microcontroller are connected to pins 12 and
10 of MAX232, respectively.

Power supply. ‘The circuit is powered off
a 9V battery. 7805 regulator (IC1) is used to
convert 9V into 5V. The microcontroller and
MAX232 are powered by 5V. LED1 indicates

the presence of power supply.

Software program

The program for the microcontroller is writ-
ten in ‘C’ language and compiled using AVR
Studio. The user’s mobile number should
be included in the source code in order to
receive the call from the SIM card used
in the GSM modem. The hex code of the
program is burnt into the MCU using Po-
nyProg2000 software. You can use any other
suitable tool for the same.

GPS module with 9600 baud rate is used
to receive the data from the satellites, which is
defined in the software. The software is devel-

oped to decode the NMEA protocol. This protocol includes a set of messages that use ASCII character set and
have a defined format that are continuously sent by the GPS module to the interfacing device.

The GPS module or receiver provides data in the form of ASCII comma-delimited message strings. Each
message starts with a dollar sign ‘' (hex 0x24) and ends with <CR><LF> (hex 0x0D 0x0A).

The software output protocol message includes global positioning system fixed data (GGA) and geo-
graphic position latitude/longitude (GLL). In this project, we will use GGA only.

Note that the latitude and longitude information are both represented in the ‘degrees, minutes and decimal

186

GPS- and GSM-Based Vehicle Tracking System



minutes’ format as ddmm.mmmm. However, most mapping applications require longitude and latitude to be ex-
pressed in decimal, degrees, in ‘dd.dddddd’ format with a corresponding sign (negative for south latitude and west
longitude). So some kind of conversion is required in the software if you want a particular format.

The NMEA standard explains how each message string is formed with a dollar sign ($) leading each new GPS
message.

For example: $GPGGA,002153.000,3342.6618,N,11751.3858, W
where $GPGGA is the GGA protocol header, 002153.000 is UTC time in hhmmss.ss format, 3342.6618 is the
latitude of the GPS position fixed data in ddmm.mmmm format, 11751.3858 is the longitude of the GPS position
fixed data in dddmm.mmmm format, and ‘N’ stands for North and ‘W’ for West.

With this data you can find out the exact location using a map or you can use freely available software to
check the location.

Construction and testing

An actual-size, single-side PCB layout of the GPS and GSM-based vehicle tracking circuit is shown in Fig. 5
and its component layout in Fig. 6.

Assemble the components on the PCB with IC bases for ATmegal6 and MAX232. Burn the code into the
MCU and mount it on the PCB. Insert the SIM card with sufficient balance in the GSM module. Connect the
circuit as shown in Fig. 2.

Testing

1. Connect the circuit to GPS and GSM modem as shown in Fig. 2.

2. Switch on the circuit and you will see LED1 glow.

3. Switch on the GPS module and wait for 10-15 minutes for initialisation.

4. Switch on the GSM modem.

5. Dial the mobile number in the GSM modem. After two rings, the ringing stops automatically. Wait for a
few seconds. You will get an SMS alert in your mobile.

6. Check your SMS inbox. You will see the latitude and longitude data in the form of SMS text.

7. Open a standard map and locate the point on the map. You can also enter latitude and longitude values
in a software such as on http://www.latlong.net/Show-Latitude-Longitude.html or any other suitable software.

Further applications

This system can also be used where the information is not needed so frequently and the subject has to be tracked
at irregular time periods, such as monitoring of adolescents by parents, in research to track animals in the jungle,
coordinating search and rescue efforts, and mapping trails and exploring new terrains.

Download source code: http://www.efymag.com/admin/issuepdf/GPS%20and%20G SM%20Vehicle%20Track-
ing%20System.rar
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BATTERY BANK PROTECTOR
WITH MULTIPLE FEATURES

®m SRIRAM V. AND ARUNMUTHUPANDIAN C.

e prime function of a battery management system is to provide the necessary monitoring and control to
he p funct f a battery o t syst to provide th y toring and control t
protect the battery bank from out-of-tolerance ambient or operating conditions, saving the user from the

consequences of battery failures.

'The microcontroller-based battery bank protection system described here can monitor the charge level, volt-
age, run time and temperature of your battery bank. It is designed around PIC16F877A microcontroller and also
provides battery protection against high temperature and dry-run. The system is very useful for I'T firms, computer

laboratories, colleges and schools.

Circuit description

The block diagram for microcontroller-based battery bank protector
is shown in Fig. 1. The microcontroller senses the signals from three
battery sensing units, temperature sensor and AC mains sensing unit.
It controls the supply to the appliances and displays corresponding
information on the LCD. The power supply section powers the com-
plete circuit. The keyboard is used for time setting and can also mute
the buzzer. Real-time clock (RTC) provides the timing inputs.

Microcontroller. PIC16F877A is a low-power, high-performance,
CMOS 8-bit microcontroller. Its main features are 8kB flash, 256
bytes of EEPROM, 368 bytes of RAM, 33 input/output (I/O) pins,
10-bit 8-channel analogue-to-digital converter (ADC), three tim-
ers, watchdog timer with its own on-chip R-C oscillator for reliable
operation and synchronous I’C interface.

RTC DS 1307. Timing inputs are generated by RTC DS1307. It
is a low-power, real-time, full binary-coded decimal clock/calendar
having 56 bytes of non-volatile static random-access memory (RAM).
Address and data are transferred serially via a two-wire, bidirectional
bus. The clock/calendar provides seconds, minutes, hours, day, date,
month and year information. Battery (BATT) is connected at pin 3 to

+
> | 16x2 LCD | |+
PIEZO
BUZZER MCU HTC
e :> PIC16F877A <:> "
SENSING
UNIT
| 4_"
— < :: SWITCH
SENSE f
POWER SUPPLY

Fig. 1: Block diagram for microcontroller-based battery bank protector
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PARTS LIST

Semiconductors:

IC1 - LM35 temperature sensor

IC2 - PIC 16F877A microcontroller

[E€3 - DS1307 RTC

IC4 - 7805, 5V regulator

LED1 - Smm red LED

D1-D20 - 1N4007 rectifier diode

T1-T3 - BC547 npn transistor

Resistors (afl %-watt, 5% carbon):

R1,R3,R5,R7 - 33-kilo-ohm

R2, R4, Ré, RS,

R15-R21,R25 - 10-kilo-ohm

R9,R10,R11,

R12,R13 - 5-kilo-ohm

R14 - 1-kilo-ohm

R22, R23,R24 - 2.2-kilo-ohm

R26 - 470-ohm

VR1 - 10-kilo-ohm preset

Capa(;iars:

C1-Cs5,C11 - 10pF, 16V electrolytic

Cé,C9 - 0.1pF polyester

C7,C8 - 22p ceramic

C10 - 1000pF, 35V electrolytic

Miscellaneous:

$1-85 - Push-to-on switch

RLI1, RL2 - 12V, 1C/O relay

X’T,\I.l - 4MHz

XAt - 32.768kHz

X1 - 230V AC primary to 15V,
500mA secondary
transformer

LED - 16x2 LCD

BATT. - 3V battery

BZ1 - Piezobuzzer

Battery Bank Protector With Multiple Features
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Fig. 2: Circuit of microcontroller-based battery bank protection

provide battery backup.

Data is transferred be-
tween the microcontroller
and the RTC using two
wires (from the I°C bus),
one of which serves as the
clock line (SCL) and the
other as data line (SDA).
The RTC is driven by an
external 32.768kHz crystal.
Pins 5 and 6 of DS1307 are
pulled high by resistors R20
and R21 and connected to
pins RC4 and RC3 of the
microcontroller, respectively,
for serial communication
between the RTC and the
microcontroller.

LM35. The LM35
is a temperature sensor
whose output voltage is
linearly proportional to
degree Celsius (centigrade)
temperature. Its low output
impedance and linear out-
put make interfacing easy.
It is rated to operate over
a temperature range of
-55°C to 150°C. TIts other
important features include
linear +10.0mV/°C scale
factor and current drain of
less than 60 pA.

Power supply. The
230V, 50Hz AC mains is
stepped down by trans-
former X1 to deliver a sec-
ondary output of 12V, 500
mA. The transformer out-
put is rectified by a bridge
rectifier comprising diodes
D14 through D17, filtered

N

O BC
547

7805

1
IN

2|3
out CBE
comMm

Fig. 3: Pin configurations of 7805
and BC547
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by capacitor C10
and regulated by
IC 7805 (IC4).
Diode D18 is
used to isolate the
filtered voltage
from the mains
sensing voltage.
Diodes D11, D12
and D13 prevent
unregulated sup-
ply from passing
to the batteries
when AC mains
is ‘on’. Capaci-
tor C9 bypasses
the ripples, if any,
in the regulated
power supply.
LED1 acts as the
power-on indica-
tor. Resistor R26
limits current
through LED1.
Relays RL1
and RL2. Relays
RL1 and RL2 are
operated through

12V unregulated
supply. These are
driven by transis-
tors T2 and T3, respectively. Port pins RCO and RC1 of microcontroller PIC16F877A drive transistors T2 and
T3 into saturation to energise relays RL1 and RL2, respectively, to operate the appliances either on AC mains or
battery backup.

Buzzer. Port pin RC2 of microcontroller PIC16F877A drives transistor T1 into saturation to ring the pi-
ezobuzzer (PZ1).

Battery and mains voltage sensing circuitry. The battery sensing circuit for BANK1 is a voltage divider circuit
made by resistors R1 and R9. The output of the voltage divider is filtered by the combination of resistor R2 and
capacitor C2. This signal is fed to ADC channel RA1 of microcontroller PIC16F877A. Diodes D1 and D2 protect
the microcontroller ports from voltage spikes. Similarly, outputs of the sensing circuits of BANK2 and BANKS3,
and mains voltage, are fed to ADC channels RA2, RA3 and RA4 of the microcontroller, respectively.

Display. A two-line, 16-character alpha-numeric liquid crystal display (LCD) is used to show the messages.
Data lines DO through D7 of the LCD are connected to port B of PIC 16F877A. Register select (RS), control
(R/W) and enable (E) lines are connected to port pins RDO, RD1 and RD2 of the microcontroller, respectively.
Preset (VR1) is used to set the contrast of the LCD for proper display.

Switches. Switches S1 (SCRL), S2 (Inc), S3 (Dec), S4 (Set) and S5 (Mute) are interfaced to port pins RC5,
RD7, RD6, RD5 and RD4 of microcontroller PIC16F877A to set the real-time clock and mute the buzzer. To
set the time and date, press ‘Scroll’ switch S1. The display will show ‘Hour. Press ‘Set’ (S4) switch and change the
hours value using increment switch S2 or decrement switch S3. Again, press ‘Set’ switch (S4). The display will show
‘minute.’ Change the minutes value by using the increment and decrement keys and then again press ‘Set’ switch.

The display shows AM/PM. Select cither AM or PM using increment/decrement switch and press ‘Set’ (S4). Now

Fig.4: An actual-size, single-side PCB for the microcontroller-based battery bank protector
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Fig. 5: Component layout for the PCB

TEMP: 043 deg C
TIME : 11:43 PM

Fig. 6: Temperature and
time display on the LCD

BAT1,
DRY RUNNING

Fig. 9: Indication for
battery power below 60
per cent

BAT-1 POWER:899%
BAT-2 POWER:099%

Fig. 7: Power indication of

battery banks 1 and 2

BATTERY RUN TIME
00:08 (MMM:SS)

Fig. 10: Battery run time

tection is shown
in Fig. 4 and its

component layout in Fig. 5. Assemble
BAT-3 POWER:#99% the circuit on a PCB as it minimises time
MAINS VOLT:286V  2nd assembly errors. Carefully assemble
the components and double-check for
any overlooked error. Use proper IC
base for the microcontroller and RTC.
Before inserting the ICs, check all the

Fig. 8: Power indication of
battery bank 3 and mains
voltage

supply voltages.

When power is switched on, the “microcontroller-based bat-
tery bank protection” message is displayed on the LCD along
with a short beep from piezobuzzer PZ1.The battery temperature
is sensed by LM35 and displayed on LCD (refer

D "N TREALT|

g a0

Fig. 6). Simultaneously, the real time is read from

RTC IC DS1307 and displayed on LCD (refer
Fig. 6).

When the battery temperature rises above

I8

= s Tome =
L3} -
- -
WAEE il
i oy
"N we
wr -y
o arr

Fig. 11: Configuration bit

Microcontroller-Based Projects

50°C, the piezobuzzer sounds an alarm continu-
ously and both the relays de-energise to cut off the
power to appliances.

The display can be scrolled down to check the

power of batteries 1 and 2. Powers of batteries 1
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and 2 are sensed by the ADC of the microcontroller. The ana- . .

logue input is converted into 8-bit digital data by the ADC. Header Files Used in the Program

The sensed battery power is displayed on the LCD in terms |~ e ‘ T

of percentage (refer Fig. 7). N ; 5 ' :
‘The display can be scrolled down again to check the volt- #include “delay.c Generate a time delay

ages of battery-3 and mains. The analogue input is converted #include “i2c_bath” Configure master/slave port

into 8-bit digital data by the ADC. The mains voltage is #include “lcd_bath”  Contains the display subroutine

sensed from the unfiltered output of the bridge rectifier. The = #include “adc_bath”  Contains the analogue-to-digital

sensed battery-3 and mains voltages are displayed on the ~ conversion data

LCD (refer Fig. 8). If any battery bank (say Battery Bank 1) void control(void) ~ Control real-time monitoring
goes down below 60 per cent, it is displayed on the LCD as process

indicated in Fig. 9. Piezobuzzer PZ1 sounds continuously if void key(void) Check the status of the

all battery banks go below 60 per cent. pushbutton and set the real time

When the mains fail, the microcontroller shifts the appli-
ances from mains to battery supply through relay RL2.

‘The display scrolls down further to show the changeover time—real time at which the supply changes from
mains to battery supply (refer Fig. 10).

Software

‘The program is written in ‘C’language and compiled using HI-TECH PICC compiler to generate hex code. The
generated hex code is burnt into the microcontroller using a suitable programmer with configuration bit setting.
The set configuration bit is shown in Fig. 11.

When the system is switched on, the main program initiates the LCD. The display scans every five seconds,
showing all the parameters. The control subroutine monitors all the parameters at the background without interrup-
tions. CLRWDTY( ) is used to reset the watchdog timer. If the microcontroller cannot reset the watchdog timer to
the particular time period, an internal reset can be generated to reset the microcontroller to avoid malfunction. The
header files used in this program are shown in the table.

Download source code: http://www.efymag.com/admin/issuepdf/Microcontroller%20Based%20Battery%20
Bank%20Protection.rar
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MICROCONTROLLER-BASED
INTELLIGENT TRAFFIC
LIGHT SYSTEM

raffic light intervals are fixed independent of the traffic movement. So sometimes large red-light delays
cause traffic congestion. Here is a microcontroller-based intelligent traffic light system that reduces the
possibility of traffic jams caused by traffic light delays to an extent.

The block diagram of the microcontroller-based intelligent traffic light system is shown in Fig. 1. The system
has two infrared (IR) module pairs comprising IR transmitters and receivers (TX1-RX1 and TX2-RX2). The
IR transmitters are placed on the roadside facing the IR receivers that are placed on the opposite side of the
road. The two IR module pairs are placed about a metre apart so that the system can differentiate the vehicles
from smaller-width objects like individuals.

The IR modules are situated far from traffic lights and activate when a vehicle passes the road between the trans-
mitter and the receiver. The microcontroller controls the modules and counts the number of vehicles passing the road.
Based on the vehicle count, the microcontroller firmware generates three traffic profiles—low, medium and high.

The microcontroller firmware contains different traffic light intervals (red, yellow and green light delays in
seconds) for different traffic profiles. After calculating the traffic profile depending on the number of vehicles
passing through the IR system in a predefined controlling interval (e.g., one minute), it further controls the timing
of traffic lights. After the controlling interval lapses, the vehicle count
is re-initialised to zero to calculate the traffic profile again in the next
controlling interval. The firmware of the system also allows the user to

| ATISH GUPTA

PARTS LIST

Semiconductors:

1C1 - 7805 regulator change the trafhic profiles, vehicle counts, traffic light delays for each
IC2 - P89V51RD2 microcontroller  profile and controlling interval.
T1-TS - BC337 npn transistor Here the system allows control of only one traffic light. Multiple
D1-D7 - 1N4007 rectifier diode i liohisin i b lled b alised
LED1 Ll B D) trathic lights 1n different areas can be controlled by a centralised system.
TX1, TX2 - IRLED Further development includes recording of traffic profiles for the whole
I&? - ;’142}'"1 thl):ggmiﬁmf day, which can be further analysed to determine trafhic conditions in
S ) ; o ) different areas of the city at a specific time. Based on the analysis, the
eststors (ail Ya-walt, £5 per cent carbon, . . 3 .
R1 i ccntrallsfed system can also updatc. the traffic lights delays, profiles and
R2-R7 B 0 kilo ok controlling interval of any traffic light.
R8-R12 - 1-kilo-ohm
R13,R14 - 47-chm . . . .
RIS - 100-ohm Circuit description
VR1 - 10-kilo-ohm preset
Capacitors: Fig. 2 shows the circuit of the microcontroller-based intelligent traffic
C1 - 1000yF, 25V electrolytic light system. It comprises microcontroller P89V51RD2 (IC2), regulator
C2 - 0.1pF ceramic
C3,C4 - 33pF ceramic
Cs - 10pF, 16V electrolytic ' I 16x2 LCD I
Miscellaneous:
X1 - 230V AC primary to 6V, 9 MCU 4
500mA secondary transformer o P89V51RD2 Q—I POWER SUPPLY]
o . [
S1-54 - Push-to-on tactile switch
X1 - 11.0592MHz crystal IR TX2 [IR RX2|
RL1-RL3 - 5V, 1C/O relays IR TX1 'TIRRX1 |
B1 - 60W, 230V green bulb T KEYPAD
B2 - 60W, 230V yellow bulb |
B3 - 60W, 230V red bulb

Microcontroller-Based Projects

Fig. 1: Block diagram of the microcontroller-based intelligent traffic light system
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337 16
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P3.3 23 0 O
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P3.1 11 22 e 830 fo
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Hil P3.0 21| P29 0 o
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TRANSFORMER S R7 |Re [Rs L
el T8 T6, T7 = L14F1
— " et - T1-T5 = BC337
= RX2 B1-B3 = 60W, 230V

Fig. 2: Circuit diagram of traffic light controller

IC 7805 (IC1), five BC337 transistors (T1 through T5), two L14F1 phototransistors (T6
O BC and T7), an LCD module, and a few discrete components. Pin configurations of IC 7805
337 and transistor BC337 are shown in Fig. 3.
7805 The 230V, 50Hz AC mains is stepped down by transformer X1 to deliver a secondary
3 output of 6V, 500mA. The transformer output is rectified by a full-wave rectifier comprising
out gge | diodes D1 through D4, filtered by capacitor C1 and regulated by IC 7805. Capacitor C2
bypasses the ripples, if any, in the regulated supply. LED1 acts as the power-on indicator.
Fig. 3: Pin details of Resistor R1 limits the current through LED1.
7805 and BC337 The microcontroller is the heart of the system. It is an 8-bit, 40-pin, low-power,
high-performance device with in-system programming (ISP) and in-application pro-
gramming (LAP) features. It has 64 kB of Flash, 1024 bytes of internal RAM, 32 input/output lines, three
16-bit timers/counters, eight interrupt sources with four priority levels, serial peripheral interface (SPI) and
enhanced UART, programmable counter array with pulse-width modulation and capture/compare functions,
programmable watchdog timer, on-chip oscillator and clock circuitry. In addition, it supports two software-
selectable power-saving modes—idle mode and power-down mode.

The system clock plays a significant role in the microcontroller’s operation. A 11.0592MHz quartz crystal is
connected across pins 18 and 19 of the microcontroller to provide it basic clock frequency. Capacitors C3 and
C4 connected to the crystal maintain the resonance. Power-on reset at pin 9 is provided by the combination of
capacitor C5 and resistor R2. Switch S1 is used for manual reset.

Port pins P3.0 and P3.1 of the microcontroller control IR transmitting LEDs TX1 and TX2 through
transistors T5 and T4, respectively. Port pins P3.2 and P3.3 receive the detected signal from the collector of

1
IN

2

COM.
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phototransistors T7 and T6, respectively. Phototransistors T6 and T7
conduct on receiving IR signals from TX2 and TX1 and provide a
low output at pins P3.3 and P3.2 of the microcontroller, respectively.

Fig. 4: Display on the LCD Whenever any vehicle comes in between the IR transmitters and

receivers, T6 and T7 stop conduct-

CRESTART D« - o ing to provide a high signal to port

pins P3.3 and P3.2 of the microcon-

I e ST | troller, respectively, indicating the

v presence of a vehicle between the IR

| L S e (e | modules. The microcontroller counts

the number of vehicles between

(_mamseTiver | IR transmitting LEDs and photo-

PERD TRAFFIO PROFILE transistors by detecting the number

AND CONTROL 'I‘EELESAJYAL of high signals at its pins P3.2 and

& P3.3. Traffic profile is computed by

START SYSTEM. the microcontroller in a predefined

MAKE P3.0 AND P3.1 B o
HIGH FOR IR LED delay (controller interval) according
VEHICLE"COUNT—O to the vehicle count.
»{ INITIALISE CONTROLLING The microcontroller controls
uroar= ] [ uoaTe profLE red, yellow and green lights (con-
APPLY TRAFFIC LIGHT its pi

Y TRAFFIC L e el nected to its pins P3.6, .P3.5 and

RED. YELLOW & GREEN P3.4, respectively) according to the

y traffic profile. The trafhc lights are

TRANSISTOR, A connected to the microcontroller’s
OQUTPUT AT P3.2| CONTROL PROFILE Aol

output pins through relays. Transis-
tor T3 drives relay RL3 for the red
light. Similarly, yellow and green
lights are controlled by pins P3.5
and P3.4 through relays RL2 and
RL1 driven by transistors T2 and
T1, respectively. D5, D6 and D7 act
as free-wheeling diodes for protec-
tion of respective relays.

TRAFFIC DELAYS OR
CONTROLLING
INTERVAL

INCREASE
VEHICLE
COUNT BY
ONE

DEACTIVATE
TIMER AND IR LED
CONFIGURATION

MODE

| INCREASE TIME | The system information is dis-
played on the LCD. Port pins P1.0
[ GroATE DisPLAY | through P1.7 of the microcontroller

are connected to data port pins DO
through D7 of the LCD. Control
pins register-select (RS), read /write
(R/W) and enable (E) are connected
to port pins P2.7, P2.6 and P2.5,
| CALCULATE TRAFFIC PROFILE BASED | respectively. All the data is sent to

ON VEHIGLE COUNT the LCD in ASCII format and the

commands in hex format. Preset

LOW MEDIUM HIGH
TRAFFIC PROFILE| | TRAFFIC PROFILE | | TRAFFIC PROFILE VR1 connected to pin 3 of the LCD
allows contrast control.
READ LOW READ MEDIUM READ HIGH ; :

PROFILE PROFILE TRAFFC| | PROFILE TRAFFIC Fig. 4 shows a traffic profile dis-

TRAFFIC LIGHT LIGHT DELAYS LIGHT DELAYS ;
DELAYS FROM | | FROMMEMORY | | FROM MEMORY played on the LCD. L1 in the first
b 18 i line of the LCD indicates the lane
or location where this system has
Fig. 5: Software flow-chart been installed. The next character (R,
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Fig.6:An actual-size, single-side PCB for the microcontroller-based intelligent traffic light

system
O ) ENTER  DOWN upP
By AL 3¢ D¢ O
6 e e PP
c1 m o-~~0IC . . .
1000u OH—om 0 R5 10K S4 53 ] 011 2B
co DL
= D4
D3
60 faC 110K

16 B3 XTal =11.0592MHz 13 AL
E1 X R3,R4=10K | 10U )

“ R13,R14=47E .

2l mq 0L -D4=1N4007
,,. 7 3 T1-T6=BC337 S1

. RB~AAD A O
= - B L saavars - SIE LCD J2 R

31100 = JRESET
a2 1K 1H000000000000000|0F;

INTELLIGENT TRAFFIC LIGHT SYSTEM

Q s TE, T7=L14F1 J1=J4=JUMPER WIRE

T

Fig. 7: Component layout for the PCB

Y or G for red, yellow or green) in-
dicates red as the currently-running
traffic light. The next three digits
indicate the remaining time (in
seconds) of the current traffic light.
The next three characters (LOW,
MED and HIG for low, medium
and high) show the current traffic
profile based on the number of
vehicles that passed through the IR
transmitter-receiver pairs in the last
controlling interval.

The second line of the LCD
starts with the system running
time in hours, minutes and sec-
onds. Next is the number of ve-
hicles that have passed through
the traffic light’s IR sensor system.
Based on this vehicle count and
traffic profile, the system applies
traffic delays for the next control-
ling interval.

The IR sensor system is in-
stalled before the traffic light, say,
500 metres away from the traffic
light. Applying the traffic profile
and respective traffic delays based
on the previous controlling interval
helps the system to manage traffic
congestion to some extent.

Switches ‘Up,” Down’ and ‘En-
ter’ connected to pins P2.0, P2.1
and P2.2 of the microcontroller, re-
spectively, allow the user to change
the traffic profile, vehicle count,
traffic delays in respective profiles
and controlling interval. ‘Up’switch

is for increasing and ‘Down’ switch is for decreasing the default values of system parameters. The default parameter
values for different traffic profiles and parameter ranges are shown in Tables I and II, respectively. The value set by
the user using ‘Up’ and ‘Down’ switches is accepted only after pressing ‘Enter’ switch. The system can be made to

enter configuration state by pressing ‘Enter’ key while running.

Software

The source program for the microcontroller-based intelligent traffic light system is written in Assembly language
and assembled using A51 assembler. The generated hex code is burnt into the microcontroller using a suitable
programmer. Flash Magic programmer can also be used to burn the hex code through a serial cable. The program

works as per the low-chart shown in Fig. 5.

The default values of system parameters like traffic profile, vehicle count and traffic delays for respective profile
are stored at memory location 2000H. The two-digit controlling interval is stored at memory location 2080H.
Storing the traffic vehicle count/traffic delays and controlling interval in two separate blocks allows separate
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updation of the required parameter. Whenever the configu-
ration parameters are changed through switches and LCD
interaction, different memory blocks are erased and updated
parameters written to the same.

Sub-routine ‘erase_config’ erases memory blocks 2000H
through 207FH, which are used for storing the traffic profiles,
vehicle counts and traffic delays for respective profiles. Sub-
routine ‘erase_cntrlint’ erases memory blocks 2080H through
20FFH, which are used for storing the controlling interval.
Sub-routine ‘write_flash’ handles writing any byte stored in
the accumulator to any memory location.

Timer TO of the microcontroller is configured to roll-
over at a delay of 10 milliseconds. The roll-over is handled
by ‘intr_service’ interrupt service routine. One-second delay
formed by 10-milliseconds delay of timer TO is used to man-
age the functionality of the entire system.

Construction and testing

An actual-size, single-side PCB for the microcontroller-

based intelligent traffic light system is shown in Fig. 6 and its
component layout in Fig. 7. Assemble the circuit on a PCB as it
minimises time and assembly errors. Carefully assemble the compo-
nents and double-check for any overlooked error. Use proper IC base
for the microcontroller. Before inserting the ICs, check the supply
voltage. Align infrared LEDs and photo-transistors such that these
directly face each other. Cover the photo-transistor with a mask to

TABLE |

Default Parameter Values

Parameter

Vehicle count for low profile

Vehicle count for medium profile
Vehicle count for high profile

Red light delay for low profile
Yellow light delay for low profile
Green light delay for low profile

Red light delay for medium profile
Yellow light delay for medium praofile
Green light delay for medium profile
Red light delay for high profile
Yellow light delay for high profile
Green light delay for high profile
Control interval

Vehicle count
Traffic lights delays
Control interval

protect it from light. Using preset VRI1, set the LCD contrast for

proper display.

Values

05 vehicles
10 vehicles
15 vehicles
011 seconds
006 seconds
009 seconds
010 seconds
006 seconds
011 seconds
008 seconds
005 seconds
013 seconds
01 minute

TABLE Il
Parameter Ranges

Parameter  Range

00 to 99 vehicles
001 to 999 seconds
01 to 99 minutes

Download source cede: http://www.efymag.com/admin/issuepdf/Const-2_Microcontroller%20Based%:20

Traffic%20Light%20System.zip
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RFID-BASED AUTOMATIC
VEHICLE PARKING SYSTEM

®m BIKRAMJEET WARAICH

adio-frequency identification (RFID) is an automatic identification method wherein the data stored on
RFID tags or transponders is remotely retrieved. The RFID tag is a device that can be attached to or in-
orporated into a product, animal or person for identification and tracking using radio waves. Some tags

Fig. 1: Automatic vehicle parking system
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Fig. 2: Internal diagram of a typical RFID antenna
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can be read from several metres away, beyond the line
of sight of the reader.

RFID technology is used in vehicle parking sys-
tems of malls and buildings (refer Fig. 1). The system
normally consists of a vehicle counter, sensors, display
board, gate controller, RFID tags and RFID reader.

Presented here is an automatic vehicle parking system

- using AT'89S52 microcontroller.

RFID system fundamentals

Basically, an RFID system consists of an antenna or
coil, a transceiver (with decoder) and a transponder (RF
tag) electronically programmed with unique informa-
tion. There are many different types of RFID systems
in the market. These are categorised on the basis of
their frequency ranges. Some of the most commonly

- used RFID kits are low-frequency (30-500kHz), mid-

frequency (900kHz-1500MHz) and high-frequency
(2.4-2.5GHz).

RFID antenna. Fig. 2 shows the internal diagram
of a typical RFID antenna. The antenna emits radio
signals to activate the tag and read/write data from/to
it. It is the conduit between the tag and the transceiver,
which controls the system’s data acquisition and com-
munication.

Antennae are available in a variety of shapes and
sizes. These can be built into a door frame to receive tag
data from persons or things passing through the door,
or mounted on an inter-state tollbooth to monitor the
traffic passing by on a freeway. The electromagnetic
field produced by the antenna can be constantly present
when multiple tags are expected continually. If constant
interrogation is not required, a sensor device can acti-
vate the field.

Often the antenna is packaged with a transceiver
and decoder to act as a reader (interrogator), which can
be configured either as a handheld or a fixed-mount
device. The reader emits radio waves in the range of
2.5 cm to 30 metres or more, depending upon its
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power output and the radio frequency used. When an RFID tag passes
through the electromagnetic zone, it detects the reader’s activation sig-
nal. The reader decodes the data encoded in the tag’s integrated circuit
(silicon chip) and communicates to the host computer for processing.

Tags (transponders). Fig. 3 shows the internal structure of a typical
RFID tag. It comprises a microchip containing identifying informa-
tion about the item and an antenna that transmits this data wirelessly
to the reader. At its most basic, the chip contains a serialised identifier
or licence plate number that uniquely identifies that item (similar to
bar codes). A key difference, however, is that RFID tags have a higher
data capacity than their bar code counterparts. This increases the op-
tions for the type of information that can be encoded on the tag; it may
include the manufacturer’s name, batch or lot number, weight, owner-
ship, destination and history (such as the temperature range to which
an item has been exposed). In fact, an unlimited list of other types of
information can be stored on RFID tags, depending on the application’s
requirements.

. RFID tag can be placed on individual
items, cases or pallets for identification
> 16x2LCD | < purposes, as well as fixed assets such as trail-
ers, containers and totes. There are different
’:._] A%ggsa <: RF:‘?OFB%J}-IIJEEH P typels rﬁf tadgs with varying c‘:apabilities:
. Read-only tags contain such data as a
MOTOR <: INFRARED serialised tracking number, which is pre-written
DRIVER <: &l hese by the tag manufacturer or distribu-
MODULE s y g

) tor. These are generally the least expensive tags
as no additional information can be included
when they move through the supply chain. Any
update to the information has to be maintained
in the application software that tracks the

stock-keeping unit’s movement and activity.

2. Write-once tags enable the user to write data once in the production or distribution process. The data may
include a serial number or lot or batch number.

3. Full read-write tags allow new data to be written to the tag—even over the original data—when needed. Ex-
amples include the time and date of ownership transfer or updating the repair history of a fixed asset. While these are
the most costly of the three tag types and impractical for tracking inexpensive items, future standards for electronic
product codes (EPCs) appear to be headed in this direction.

Other features of the tag include:

Data capacity. The capacity of data storage on a tag can vary from 16 bits to several thousand bits. Of course,
the greater the storage capacity, the higher the price of the tag.

Form factor. The tag and antenna structure can come in a variety of physical form factors and can either be
self-contained or embedded as part of a traditional label structure (termed as ‘smart label,” it has the tag inside
what looks like a regular bar code label).

Passive and active. Passive tags have no battery and broadcast their data only when energised by a reader. It means
these must be actively polled to send information. Active tags broadcast data using their battery power. This means
their read range is greater than passive tags—around 30 metres or more, versus 5 metres or less for most passive tags.

The extra capability and read range of active tags, however, come at a cost. These are several times more ex-
pensive than passive tags. Today, active tags are much more likely to be used for high-value items or fixed assets
such as trailers, where the cost is minimal compared to item value and very long read ranges are required. Most
traditional supply chain applications, such as the RFID-based tracking and compliance programmes emerging in
the consumer goods retail chain, use the less expensive passive tags.

Fig. 3: Internal structure of typical RFID tag

POWER SUPPLY

Fig. 4: Block diagram of RFID-based automatic vehicle parking system
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Fig. 5: Circuit of the automatic RFID-based automatic vehicle parking system

Frequency range. Like all wireless communications, there are a variety of frequencies or

0 spectra through which RFID tags communicate with readers. Again, there are trade-offs
547

among cost, performance and application requirements. For instance, low-frequency tags are
cheaper than ultra-high-frequency (UHF) tags, use less power and are better able to pen-

b etrate non-metallic substances. These are ideal for scanning objects with high water content,
IN | |olJT ShE such as fruit, at close ranges.

7805
7812

COM UHFs typically offer longer range and can transfer data faster. But these use more power
Fig. 6: Pin details of and are less likely to be effective with some materials.
7805, 7812 and BC547 Electronic product code (EPC) tags. EPC is an emerging specification for RFID tags, readers

and business applications. It represents a specific approach to item identification, including an

emerging standard for the tags—with both the data content of the tag and open wireless communication protocols.

RF transceiver. RF transceiver is the source of RF energy used to activate and power the passive RFID tags. It

may be enclosed in the same cabinet as the reader or it may be a separate piece of equipment. When provided as

a separate piece of equipment, the transceiver is commonly referred to as an RF module. RF transceiver controls

and modulates the radio frequencies that the antenna transmits and receives. The transceiver filters and amplifies
the backscatter signal from a passive RFID tag.

How this vehicle parking system works

Fig. 4 shows the block diagram of the RFID-based automatic vehicle parking system.
To get started with RFID-based automatic vehicle parking system, the vehicle owner has to first register
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Fig. 7: An actual-size, single-side PCB for the RFID-based automatic vehicle parking system
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Fig. 8: Component layout for the PCB

the vehicle with the parking owner and get the RFID tag. When the car has to be parked, the RFID tag is
placed near the RFID reader, which is installed near the entry gate of the parking lot. As soon as the RFID
tag is read by the reader, the system automatically deducts the specified amount from the RFID tag and the
entry gate boomer opens to allow the car inside the parking area. At the same time, the parking counter
increments by one. Similarly, the door is opened at the exit gate and the parking counter decremented.

The system also offers the facility to recharge the amount for each RFID tag. No manual processing is involved.
In addition, the system provides security.

Circuit description

Fig. 5 shows the circuit of the RFID-based automatic vehicle parking system. The circuit can be divided into
different sections:

Power supply. Connector CON1 (refer Fig. 8), diodes D1 through D4, capacitor C1, and voltage regulator
ICs 7805 (IC1) and 7812 (IC2) form the power supply section of the automatic vehicle parking system. CON1
is a three-pin connector that provides 15V AC or DC power supply to the circuit. In case of 15V AC, diodes D1
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through D4 form a bridge rectifier to rectify the AC supply. Capacitor
C1 filters out the ripples from the rectified output. ICs 7805 and 7812

Semiconductors:

PARTS LIST

provide regulated +5V and +12V, respectively, to the circuit. +5V is used joq - 7805, 5V regulator
to operate the microcontroller, LCD, RFID and IR sensor circuit and 1C2 - 7812, 12V regulator
+12V operates the motor. 1C3 - AT89S52 microcontroller
; : ; 1C4 - LM358 dual- ional

AT89S52 microcontroller. AT89S52 is a low-power, high- arifer Rt
performance CMOS 8-bit microcontroller with 8kB Flash memory. RFID reader - 9-pin 125kHz RFID reader
It is compatible with the industry-standard 80C51 instruction set LED1,LED2 - 5Smm light-emitting diode

. iy IR LED1,
and pin-out. Tbe on-chip Flash allows tl.le program memory to be ik St i
reprogrammed in-system or by a conventional non-volatile memory diode
programmer. Other features include 256 bytes of RAM, 32 input/ IRD1,IRD2 - Smm infrared receiver diode
output lines, watchdog timer, two data pointers, three 16-bit timers/ D1-D4 = IN4007 rectifier diode
T1 - BC547 transistor

counters, a six-vector two-level interrupt architecture, a full-duplex
serial port, on-chip oscillator and clock circuitry.

Connectors CON2 through CON4. CON2 and CON3 are two-pin

Resistors (all Ya-watt, 5% carbon):

R1

- 470-ohm

R4, R6,R8,R10 - 220-ohm

connectors that connect the 12V DC motors to the circuit for control- R2,R9 - 10-kilo-ohm
ling the entry and exit gate boomers. CON4 is a ten-pin dual-in-line 3 - 100-0hm
_ R5,R7 - 1-mega-ohm
female connector that connects the RFID reader module to the circuit. 2
” ) 9 .~ VR, VR2 - 100-kilo-ohm preset
L293D motor driver. H-bridge DC motor driver L293D (IC5) vrs3 - 10-kilo-ohm preset
operates the DC motors to open the door or barrier for entry into and Capacitors:
exit from the parking lot. Two high-current motor drivers can be used €1 - 1000pF, 35V electrolytic
in place of L.293D and 12V DC motors to control the entry and exit &2 =10pF, 16V elocarolynic
sdl C3,C4 - 22pF ceramic
gates, respectively. . . ) Cs - 0.1pF ceramic
LM358 op-amp. Dual-operational amplifier LM358 (IC4) is gsed Aiellomecur:
as a voltage comparator to compare the output of the IR sensors witha 1LcD1 - 16x2 LCD display module
fixed threshold voltage in order to know whether the IR beam is inter- CON1 - DC connector
rupted or not. CON2,CON3 - Two-pin berg strip male
. . - . . connector
IR transmitter and receiver. Two IR transmitter-receiver pairs are cons - 9-pin berg strip female
used. The IR LEDs are connected in forward-biased condition to the connector
+5V power supply through 220-ohm resistors. These emit IR light, PZ1 - Piezobuzzer
- : . & X - 11.0592MHz crystal
which is interrupted when an object comes into its way to the IR re- &7 s
. - . ; . 51-S3 - Tactile switch
ceiver. The IR receiving photodiodes are connected in reverse-biased M1, M2 DG motor
condition to +5V power supply through 1-mega-ohm resistors. When X1 - 230V AC primary to 15V,

the IR light falls on the photodiodes, their resistance changes and so
does their output. This output is compared with a fixed voltage to give

500mA secondary transformer

a digital output to the microcontroller in order to judge the entry and exit of the vehicles.

LCD display. L.LCD1 is a two-line, 16-character, alpha-numeric liquid crystal display. Data lines DO through
D7 of the LCD are connected to port 2 of AT89552 (IC3). Reset (RS) and enable (E) control lines are connected
to port pins P3.6 and P3.7, respectively. Control lines control data flow from the microcontroller to LCD1.

When power is switched on, LED1 glows to indicate the presence of power in the circuit and LED2

glows to indicate the presence of RFID reader. Simultaneously, the ‘Automatic RFID Car Parking’ message
is displayed on LCD1 along with a short beep from piezobuzzer PZ1. Transistor BC547 drives the buzzer.
Pin details of 7805, 7812 and BC547 are shown in Fig. 6.

When a car crosses the IR LED1-D1 pair installed at the entry gate, the gate boomer does not open until an
RFID tag is placed near the RFID reader. After the tag is placed near the reader, the gate boomer opens for three
seconds and closes automatically. If the initial recharge amount was Rs 900, the LCD display shows 'Vehiclel
Amount’in the first line and ‘Deducted 100’in the second line, followed by ‘Balance Amount’in the first line and
‘800’in the second line. It is then followed by display of ‘Number of Cars’in the first line and ‘001’ in the second
line. If the parking lot is full, the message “Parking is Full, Sorry for Inconvenience” is displayed on LCD1.

When a car leaves the parking area and crosses the IR beam between IR LED2 and D2 at the exit gate, the vehicle
count decreases by one. The LCD shows the number of cars in the parking lot along with “Thanks for Visiting” message.
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Software

The program (parking.c) for the microcontroller is written in C and compiled using Keil software to generate the
hex code. The program coding starts with ‘#include<reg51.h>"and #include<string.h>" header files. The microcon-
troller port pins are defined using ‘sbit’ function for interfacing with the surrounding peripherals. The entry gate
motor is controlled using ‘sbit START_POINT=P143; code.
‘The LCD is initialised using the following code:
void lecdinit (void)
{
lcdemd (0x38) ;
DelayMs (250) ;
lcdemd (0x0E) ;
DelayMs (250) ;
ledemd (0x01) 7
DelayMs (250) ;
lcdemd (0x06) ;
DelayMs (250) ;
ledemd (0x80) 7
DelayMs (250) ;
}

Construction and testing

An actual-size, single-side PCB layout for the RFID-based automatic vehicle parking system is shown in Fig. 7
and its component layout in Fig. 8. Burn the hex code into the AT89S52 microcontroller using a suitable program-
mer and then mount the microcontroller on the PCB. Install IR LED1-D1 pair at the entry gate such that these
face each other. Similarly, install IR LED2-D2 pair ar the exit gate.

For testing, switch on the circuit, interrupt the infrared beam between IR LED1 and IR D1 with your hand
or some other opaque object and then remove it, and place the tag near the reader. The LCD should show the
message as described earlier in ‘How this vehicle parking system works’ section. An amount of Rs 100 should be
deducted for every interruption of the IR beam. The card can be recharged by pressing the pushbutton switches
(52 and S3) provided in the circuit. Pressing switch 52 recharges the card with Rs 900 and pressing switch S3
recharges it with Rs 500.

Similarly, interrupt the IR beam at the exit gate. LCD1 should show the number of cars in the parking lot
along with “Thanks for Visit’message. No amount should be deducted at the time of exit.

Download source code: http:// www.cfymag.com/ admin/ issucpdf/ Const-1_RFID%20Based%20Automatic%20
Vehicle%20Parking%20System.zip

//Automatic RFID Based Vehicle Parking System void lcdData(unsigned char 1);

ftinclude<reg5l.h> void lcdemd(unsigned char k);

#include<string.h> void buzzer(unsigned int time);
void DelayMs (unsigned int count);

sbit START_POINT=F1"3; void display(unsigned char s,t,u);

sbit TERMINATE POINT=P1"4; void Welcome (unsigned char c[],unsigned char d[]};
void ConvertAndDisplay(unsigned int valuel,unsigned

sbit S1=P3"2; char c[]);

sbit S2=P373; void dcMotor():;

sbit recl=P171; void main(

sbit rc2=P1"2; {

unsigned char i=0, j=0, result=0;
sbit BUZZPORT=P1"7; unsigned int count;

unsigned char c[15];

sbit RS=P3"7; unsigned char d[]="42006B1BBg§”;
sbit EN=P3"6;

signed int amount2=900;

void ledinit () ;
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TMOD=0x20;

// To configure the se-

rial port at 9600 baud rate

TH1=0xFD;
SCON=0X50;
TR1=1;

s1=1;
S2=l

BUZZPORT=0;
START_POINT=0;

TERMINATE POINT=0;

ledinit () ;

Welcome ("AUTOMATIC RFID”,”CAR FARKING”);

DelayMs (1000) ;7

while (1)
{

known:

while (Sl==1 && S2==1);

if (52==0)
{

NisiLt®)

for Visit”);

)

if (81==0)

{

while (S1==0) ;
for(i=0;i<12;i++)
{

c[i]=0xFF;

)

while (RI==0) ;

for(i=0;i<12;i++)
recv data

{

j=0;

while (RI==0)

{

if (j>=1000)
gote timeout;
DelayMs (1) ;
J44;

]

c[1i]=SBUF;
RI=0;

]

timeout:

i=strnemp(c,d,10)

while(S2==0);
if (count>0)
{

count--;

ConvertAndDisplay (count, “Thanks for

DelayMs (1000);
goto known;
else
{
count=0;
ConvertAndDisplay (count, "Thanks

DelayMs (1000)

goto known;

//command to

if (result==0 && count<10)

204

{
ledinit () ;

Welcome (“WEHICAL]1 Amount “, ”Detected:100%) :

DelayMs (1000) ;
amount2-=100;

if (amountz2>0J)

{

ConvertAndDisplay (amount2, "Balance Amount”);

dcMotor () 7

}
else

{

amount2=0;

Welcome (“WEHICALl1 Amount “,”BALANCE NIL");

buzzer (500) :

Welcome (“Recharge Your”,"”Card Please”);

while (rcl==1&&rc2==1);
{ if (rcl==0)
{
while (xcl==0) ;
amount2=900;
Welcome (“Card
amount 9007):
)
if (rc2==0)
{
while (rc2==0) ;
amount2=500;
Welcome (“Card is
5007):
1
}
}
if (amount2==400)
{

Welcome (“VEHICALL Amount ™,”BALANCE LOW");

buzzer (200) ;

}
DelayMs (1000) ;

count++;
ledemd (0x01) ;
DelayMs (10) ;

ConvertAndDisplay (count,“Number of Cars”);

goto known;

}
else

{

Welcome (“Parking is Full”,”Sorry for

Inconvenience”) ;
buzzer (500) ;
DelayMs(1000) ;
goto known;

}

}

i

}

void Welcome (unsigned char c[],unsigned char d[])

{

unsigned int i=0;

lecdemd (0x01) 2
DelayMs (10);
ledemd (0x80) ;
DelayMs (10);

i=0;
while(c[i]!="%0")
{

ledData(c[i]):
i++;

}

lcdemd (0xcO) ;
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DelayMs (10) ;

i=0;
while(d[i]!="\0")

{
lcdData(d[i]);
Lok

)

)

void ConvertAndDisplay(unsigned int
char c[])

{

unsigned int i,a=0,3j;
unsigned char dl,d2,d3;
for (i=0;i<valuel;i++)
a=a+l;

lcdemd (0x01) »

DelayMs (10) ;

lcdemd (0x80) ;

DelayMs (10) ;

valuel,unsigned

3=0;
while(c([j]!="\0")
{

lcdData(c[j]):
St

}
dl=a%10;
a=a/l0;
d2=a%10;
a=a/10;
d3-a%l0;

//digits before desible point

ledemd (0xcD) ;
DelayMs (10) ;

display(dl,d2,d3):

void ledinit (void)

{

lcdcemd (0x38) ;
DelayMs (250) ;
lcdemd (0x0E) ;
DelayMs (250) ;
lcdemd (0x01) ;
DelayMs (250) :
lcdemd (0x06) ;
DelayMs (250) ;

void lcdemd(unsigned char k)
{

P2=k;

RS=0;

EN=1;

DelayMs (1) ;

EN=0;

return;

void DelayMs (unsigned int count)
{ // mSec Delay 11.0592 Mhz
unsigned int i:
while (count)
{
1= 1153

// Keil v7.%5a

7 A15
value
while (i>0)
i==;
gount—:

)

void dcMotor ()

{
START_ POINT=1;
TERMINATE POINT=0;
DelayMs (400) ;
START_POINT=0;
TERMINATE POINT=0;
DelayMs (2000) ;
START POINT=0;
TERMINATE POINT=1;
DelayMs (400)
START_POINT=0;
TERMINATE_POINT=0;

)

void display(unsigned char s,t,u)
{

5=s5+0x30;

equivalent ASCII value
t=t+0x30;

u=u+0x30;

//Move the cursor to position 5 on LCD
DelayMs (50) ;

exact

//convert each digit to

lcdemd (0x80) ; lcdData (u) ; //Display the
DelayMs (250) ; digits one by one on LCD
} DelayMs (50) ;

lcdData(t) ;
e e S S S S S P S P ST DelayMs (50) ;
// Lecd data display lcdData(s) ;
e e e e e e e e e e DelayMs (50)
void lcdData(unsigned char 1) )
{
P2=1; void buzzer (unsigned int time)
RS=1; 1
EN=1;
DelayMs (1) ; BUZZPORT=1;
EN=0;
return; DelayMs (time) ;
}

BUZZPORT=0;
B ]
// Lecd command
L ittt L L L b b
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MICROCONTROLLER-BASED
SCIENTIFIC CALGULATOR

= BODHIBRATA MUKHOPADHYAY

scientific calculator gives you quick access to certain mathemati-
cal functions. Basically, it’s an electronic calculator designed to

PARTS LIST

Semiconductors:

olve problems in science, engineering and mathematics. IC1 - PIC18F4580 microcontroller
Here we present a microcontroller-based scientific calculator. Its 1C2 - 7805 5V regulator
main features are: Resistors (all Va-awatt, £5% carbon):
1. Out of the 20 switches on the 5x4 matrix keypad, seven are for Rl = 10-lalo-ohm
: & ; : " R2-R5 - 1-kilo-ohm
mathematical operations, performing 17 mathematical functions. That ¢, L e
is, one switch can perform more than one mathematical function; for vRr1 - 10-kilo-ohm preset
example, a single switch for sine, cosine and tangent functions, and a  gapacitors:
single switch for log and In functions. 01,E2 - 22pF ceramic disk
2. It performs operations on signed numbers. C3 - 0.1pF ceramic disk
3. The calculs I e . — . . el - 2.2pF, 16V electrolytic
. 'The calculator accepts four digits for integer place and two digits
for decimal place. The output has a total of eight digits for integer and Miscelaneous: e
. 5 5 i 4 . A §1-521 - Push-to-on tactile switch
decimal places but the maximum number of digits in decimal place is g5y - On/off switch
limited to four. LCD - 16x2 line LCD module
4.'The program is written such that inputting wrong data is made X, - 20MHz crystal
difficult. For example, while inputting an integer, it will not accept any PATE IV bty
R1
02?1 — ng ‘ 32 11 5 | P23
RESET | HiL
ouT 521 wlem 12[3 AL
3 Sl N o OUT
IC2 |COM y 1+ i MciR | 7o Mala)
7805 1Tcq
2.2p,16V RAOQ
1|N RC1 16 2
l S22 RCOJEe RE4 317)’0O 315)'01 slg/%’gt‘ szg%'UA
e s Lot e 3
RC5
) 4  PIC18FA580 S s AR <
T BATT. RD4 - -
= v - — 27
RE2 59,%'0/‘ 310,%'0" 511,%'0"‘ 812/%'0/‘
RDS| 5o 35 - o
* ADG RB1 Ssoyo/' Seoyofl 57%'0/. Sa/%' o
= = =/)' =/)' y)r p &
1000 AD7) 30 g3l Fe0_Sio o] s2%o o s3% o] sa’o o]
RS |RW|E |D4 |Ds (D6 | D7 12 13 14 31

15 2 4 5 6 11 12 13 14

<

gt- 3 16X2 LCD ”_>|<ng
20MHz

1 16 -

VR1 c1 c2
10K 22p 22p

R2 R3 R4 RS
1K 1K 1K 1K

Fig. 1: Circuit of the microcontroller-based scientific calculator
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Fig. 2: An actual-size, single-side PCB for the microcontroller-
based scientific calculator

SCIENTIFIC CALCUCATOR O611B

O LCD..MUDULE
[oeococoo oooooﬂ
161 14131211 \3 201

13 38

6 IOD J1-J4=JUMPER

ICL

PIC1EF 4580

R‘I_)IK

z;aagﬁiéémm@:uw
el =2 COLIEO000
“..'{.-JLJHLJ“
il
§) 0RO Ex T

Fig. 3: Component layout for the PCB
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| operator function even if you press the operator switches.
Error will of course occur if the answer is out of range.

Circuit description

Fig. 1 shows the circuit of the microcontroller-based sci-
entific calculator. Microcontroller PIC18F4580 is at the
heart of this calculator. It has 32 kB of enhanced Flash
programmable memory, five bidirectional input/output
ports, four timers, 11-bit analogue-to-digital converter, two
comparators and is also capable of serial communication. It
offers different oscillator options to provide the basic clock
frequency.

Power-on reset is provided by the combination of resis-
tor R1 and capacitor C4. Switch S21 is used for manual
reset. A 20MHz crystal connected to pins 13 and 14 pro-
vides the basic clock to the microcontroller. Port pins RD4
through RD7 of the microcontroller are connected to data
port pins D4 through D7 of the LCD module, respectively.

The microcontroller drives the LCD in 4-bit mode and
sends the data in two nibbles (4-bit parts) for display on
the LCD. Port pins RC0, RC1 and RC5 are connected to
read/write (R/W), register-select (RS) and enable (E) of
the LCD, respectively, to control the LCD operation. Preset
VR1 is used for contrast control of the LCD.

The 5x4-martrix keypad is interfaced to microcontroller
PIC18F4580
through its port
pins. Its five rows
are connected to

Keypad Details

1 1 five pins of Port
S2 2 B (RBO through
S3 3 RB4) and four
54 4 columns to four
S5 5 ins of Port A2

p f Port A
S6 6 (RAO through
S7 7 RA3). Key de-
S8 8 bounce tech-
89 9 nique is used
S10 0 to eliminate
S11 +/- false l'ﬁeyvprcss
512 AC detection. The
313 ADD/SUB microco}?trillei'
S14 MUL/DIV Scaaé‘s Ctorft,lfa’"
s15 POW/SQR/SQRT e R
s16 INV/EXP i ol
S C : and identify the
7 B key pressed by
alf LOGAN the user. Eight
519 SIN/COS/TAN out of 20 keys
520 ASIN/ACOS/ATAN

(S1 through S20
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. L

(b) The sign bit *'S" is replaced with "+ sign

(c) After the first operand is inputted the
word ‘operator’ shows up

(d) The operator is division */*, so it requires
the second operand

(e) -23 is the second operand data. The
letter "E’ indicates the user to press the
execute button now

() The result displayed

Fig. 4: User manual of the calculator for division
of two numbers
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switches) can perform more than one function at a time.

IC 7805 (IC2) provides regulated 5V to the circuit. Capacitor C3
bypasses ripples, if any, in the regulated supply.

An actual-size, single-side PCB for the microcontroller-based
scientific calculator is shown in Fig. 2 and its component layout in
Fig. 3. Assembling the circuit on a PCB minimises time and assem-
bly errors. Carefully assemble the components and double-check for
any overlooked error. Use bases to avoid damage to ICs due to direct
soldering and over-heating.

Functions of different keys

Functions assigned to different switches on the keypad are shown in
the table. Fig. 4 shows the user manual of the calculator for division of
two numbers.

The “+/—"key is used to give sign to the number. It works only when
the cursor is below letter ‘S’ displayed on the LCD. If it is pressed once
“+’sign is displayed, and if it is pressed twice -’sign is displayed.

Digits 0 through 9 on the keypad have the same functions as in a
normal calculator. You can enter digits only when the cursor is below
digit ‘0’ displayed in the LCD. When you press a number key, ‘0’ dis-
played on the LCD changes to the number pressed.

After the first data is inputted, the calculator shows word ‘operator’
in the second line of the LCD. There are seven operator keys. When an
operator key is pressed once, its first operator value is displayed. When it
is pressed again, the second operator value is displayed. Pressing the key
for the third time displays the third operator (if it is present) or again
the first operator. So by repeatedly pressing a key, the mathematical
operator on the LCD can be changed. The user can enter an operator
by pressing the respective key as many times as needed and then leave
the keypad for a finite time gap. After that time, the calculator will ac-
cept only the operator shown on the LCD and reject any other operator
from the keypad.

If the mathematical operator requires only one operand, wait for
some time after setting the operator. An ‘E’ will be displayed in the
second row of the LCD. Press the execution key to see the result. If the
mathematical operator requires two numbers, you will need to enter the
second operand after setting the operator. After inputting the second
operand, wait for some time until letter ‘E’ is displayed in the second
row of the LCD. Press the execution key to see the result.

If the answer to any mathematical operation goes out of range, the
LCD shows ‘Error’ message.

The ‘AC’key can be pressed at any time to clear the display and reset
the whole system.

Software

The source program of this scientific calculator is written in ‘C’language
and compiled using MPLAB IDE. The program is well commented and
easy to understand. MPLAB IDE and MPLAB C18 must be installed

before compilation of the program. Fig. 5 shows the configuration

Microcontroller-based Scientific Calculator



bits setting of microcon-

" troller PIC18F4580. Set

= ==

Sl i we tawEnt] RExau. e

Omba e [ T L L T the configuration bits be-
- fore compiling the source
program and check before
T burning the code into the

- BT S s microcontroller.
@ mE e T (e A software called
- . S let T s o ‘Microchip Application
wa w Tt Maestro’ is used to gener-
P S ate the xled.h and xled.c
J I S e files to interface the LCD.
s | Paewhese . In the main program,
T m Semee e e only library routines have
o W Fimtizs been called for writing

3
iv

to the LCD. The Micro-
chip Application Maestro
Modules is available on
website ‘http://wwl.mi-
crochip.com/downloads/
en/DeviceDoc/mpam-

modulesv103.zip’. Af-

Tadis Bemd Vebdasd WX THVE Tl
Vamiw seme prEeess o peE LTERE sy
Tar e e Bremes @ AEEE Famaies

"
"R
]

ter installation, run the
P s Microchip App.hcanon
i S R Maestro application and
s Eaelewiome lect XLCD for C L
T e e IR c o P I o select or an-
A?h—n-.-n“:-'" :il o “'_"‘T:'Jﬂ? aoe’ (refer Fi 6)
1o ol 1 3 IW"--‘T.."“W gu g g' v
D ﬁ.._._: Lz‘.‘..’.;m:‘:&* Configure the LCD
P bt 1 by et by selecting different pa-
W e Pl 14 Bty AP b MG x . z
o S| TR S - e rameters like interfacing
| R SO - mode, data port and con-
" trol pins (RS, R/W, E).
T L | After the configuration
Nah e e e W i .
S ————| 15 donc, click ‘Generate
T e Code’ icon. Save the gen-
et R p .
s o e erated files in the same di-
EE"&‘ o am rectory as the source pro-
ey v R IR < ! e drwperderp gram MPLAB. Both the
xled.c and xled.h files are

added in the workspace
Fig. 6: Microchip Application Maestro screenshot of MPLAB. ‘XLCDec.

readme’and XLCD.DEF’
are also generated. XLCDc.readme’ contains names of all the library routines. Before compiling the program, some
delay subroutines need to be written in the xlcd.c files in order to add delays required for the working of the LCD.

The program works as per the flow-chart shown in Fig. 7.

In the program, header files for ‘timers, ‘delays,’ ‘lcd’ and ‘math’ have been used. First, configure Port A pins
as digital input. The LCD is initialised for 4-bit mode, display on, cursor on, blink off, etc. The first operand is
displayed in the first line of the LCD with the help of the function ‘input_number.” The word ‘operator’ displayed
in the second line of the LCD means that the program is waiting for an operator from the user. Pressing an
operator switch displays the operator on the LCD. At this time, no switch other than the operator switch will
work.

Microcontroller-Based Projects 209



Operator switches are time-multiplexed. That means an operator switch allows you to perform more than one
function. When an operator switch is pressed once, it displays the first operator function. Pressing it again soon
after displays another operator at the same position of the LCD. A switch can have two-three operators.

After you select the desired operator, leave the keypad. After a small period of time, the program will
understand which operator has been selected. Flag variable ‘f is
used to find out the number of times a switch is pressed. Its initial
value is 0. When an operator key is pressed, the flag variable’s value
changes from O to 1. If the same switch is pressed again, the pro-
gram comes to know through the flag variable that the same switch
is pressed for the second time and changes the flag variable value

MAKE PORT A
AS INPUT

from 1 to 2, depending on the number of operators related to that '
switch. Now the LCD shows the second operator function of the MAKEEI
R ROWS HIGH
switch.
A number is given to each operator to understand which operation v

is selected or which operation has to be performed. This number is
stored in variable ‘ope.” For example, “+" has ‘ope’ value of 1, ‘- has ‘ope’
value of 2, ‘log’ has ‘ope’ value of 10 and so on. When the program ac-
cepts the operator, the word ‘operator’ in the second line of the LCD
is erased.

Now the program checks whether the given mathematical opera-

tor requires another operand or not. If it requires another operand, the
above process repeats. The only difference is that now the second line e
of the LCD, not the first COUNTING JOMAN
. . - - OVEH
line, is used for inputting = e
the data. - NO]NOT
. COUNTING
After the operand and T
the operator are entered, INPUT FIRST COLUMN
OPERAND
the program takes some
time to read the data from y
INPUT
the LCD ':md then pfarform OPERATOR
mathematical operation on
it. It checks the value of
‘ope’ to know which math- - WAIT FOR
ematical operation has to DEJOANGE
be performed. After per- VAH'{,ABLE v
i i READ
formu'fg the mathemani:al’ S b
operation, it shows letter ‘E
on the right side of the sec- INPUT SECOND
: OPERAND
ond line of the LCD. Now —
if you press the execution v
ail¥ B ] DETECTS
key, the rcaglt is shown in PlrEle g
the second line of the LCD. AND
Pressing the execution key Wzl
before letter ‘E’ is displayed OPERATION v
: : : RETURN ON
in the LCD will not give + G
any result. DISPLAY iﬁ‘[’)\‘
If ‘AC’ key is pressed RESULT COLUMN
while executing the code,
the LCD gets cleared and CEND
the program starts executing Fig, 7: Flow-chart of working of scientific
from the beginning. calculator Fig. 8: Flow-chart of keyboard subroutine
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After letter ‘E’ is shown on the LCD, only ‘EXC’ and ‘AC’ keys
work.

Keyboard subroutine. This subroutine uses the keys debounce
technique and works as per the flow-chart shown in Fig. 8. When the
keyboard function is called, the program waits for any key to be pressed
and returns to its position (column and row values). The value of the row
and the column matches with the value of the 5x4 matrix of the matrix
array ‘key_pad [5][4] declared in the program.

Row reading.

1. Starting with the top row, the microcontroller makes each row
high at a time and then reads the columns. If the data read is all zeros,
no key in that row is activated and the program moves to the next row.

2. It makes the next row high, reads the columns and checks for
any high.

3.This process continues until the row having a key pressed is iden-
tified, i.e., reading of the column returns a non-zero value.

4. After identification of the row in which the key has been pressed,
the program finds out which column the pressed key belongs to.

Column reading. The microcontroller reads the data at Port A and
masks its lower bit.

Variables ‘row’ and ‘column’ are global, and they can be used from
anywhere in the program. For reading a switch which has more than
one operation, timer1 is started before entering the function ‘keyboard(
Fig. S: User mantial of the calculator for square ).”The program goes on reading the keyboard until timerl stops count-
natural log (Ln) and tan inverse ing. When timerl finishes counting, it returns from the function.

Key multiplexing is done with the help of the timer. At first, the
timer is initialised to 16 bits and “TMROIF" is set to 0. The timer starts counting only when a value is written to
it. After it finishes counting, “TMROIF’ becomes 1. This timer is used only for those keys which perform math-
ematical operation. For keys other than operator keys, it does not start counting. But at the press of any operator
key, “‘WriteTimer0(50000) is used to write value to the timer and the timer starts counting. If the same key is
pressed again before the timer completes counting, the second value of the key gets accepted and the timer value
is again set to 50000. The process goes on. This way, key multiplexing is done and a single key can perform more
than one operation.

‘Read from LCD’subroutine. This subroutine reads numbers from the LCD and returns them as signed,
double-data type. The cursor goes to the LCD location (given by the user) from where the data is to be read.
‘The program reads the number, sign and decimal point from the LCD one by one, and stores them in string
array ‘ch[i].” Then it converts the string array into signed, double-data type ‘ans’ using function ‘atof{ )’ and
returns the value of ‘ans.” Now the microcontroller has the number that was typed into the LCD and any
mathematical operation can be performed on it.

‘Write result to LCD’ subroutine. This subroutine writes the result to the LCD. It receives the LCD location
where the data is to be written, the signed floating point number and the number of places to be displayed after
the decimal point.

This function also displays word ‘Error’ on the LCD if the result of any mathematical operation is out of range
or mathematically incorrect.

Input number subroutine. This function takes operand inputs for mathematical calculations. For mathematical
operations requiring two operands (like addition and subtraction), it is executed twice. For mathematical opera-
tions requiring a single operand (like log), it is executed only once. It first takes the input of the sign bit, then the
integer part followed by the decimal part.

The function uses time multiplexing of the sign (+/-) switch with the help of timer0. When ‘+/= switch is
pressed once, the LCD shows ‘+’. When it is pressed again within a short period of time, the LCD shows *-.
Pressing it further shows “+’.

(c) Tan inverse of a numiber
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After reset, ‘SO000” is shown on the LCD.
Initially, the cursor is at ‘S.” At this time, no
switch other than “+/-" works. This ‘+/-" switch
is time-multiplexed, and either ‘+' or =’ can be
displayed at the same location of the LCD.

As you input ‘+" or - from the keypad, the
cursor moves to the next position. The four zeros
(0000) allow you to input the 4-digit number
from the keypad. The digits are taken one by
one. Then ‘.00’ is displayed on the LCD, allow-
ing you to input digits in decimal places as well.
Pressing the ‘AC’ key while executing the code
clears the LCD and the program starts execut-
ing from the beginning.

Fig. 9 shows the user manual of the cal-
culator. Fig. 10 shows the author’s working
prototype.

Download source code: http://www.efymag.
com/admin/issuepdf/Microcontroller%20
Based%20Scientific%20Calculator.rar

Fig. 10: Working prototype of scientific calculator
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ARDUINO BASED
VEHIGLE PARKING GOUNTER

= VINAY CHADDHA

his vehicle counter

counts the number of

cars and the vacant
space available in a parking
lot and shows the values on a
three-digit dual-colour display.
The number of cars is shown in
red colour and the space avail-
able in green colour.

The circuit design is the
same as for the “Traffic Light
Count-Down Timer with
Dual-Colour Display’ project
described under Measurement
Section. So if you already have
this project, you don't have to
buy or assemble a new Arduino
board. Just by burning the park-
ing_counter code given in this
article into the ATmega328
microcontroller, the functioning
of the board can be changed to
a vehicle parking counter. For
parts-list, circuit description
and AVR programming using
Arduino IDE, refer to Page
No. 264.

Fig. 1 shows the block
diagram of the Arduino based
vehicle parking counter.

Vehicle loop detector

Almost all parking lots in

buildings or malls use loop detectors buried inside the road to detect the movement of vehicles crossing the gates.
They detect the vehicles but ignore the gate crossing by humans, bicycles, etc. Usually, these detectors are part of

.. ArELAY2|...,
. S WIRE LOOP

S =
°° VEHICLE
. DETECTOR
0 0—
I DIS3 DIS2 DIS1
3 OO O
2 - TD62783 = = -
o , , B , ' N , '
— UE-l -’ § -’ § - 5
P1 =
%2 P2 < —
L | TLcse16

Fig. 1: Block diagram of Arduino based vehicle parking counter

EXIT LOOP

RESET LOOP

RESET LOOP

Fig. 2: A typical two-way gate system with boom barriers

electronic oscillator circuits. The loop detector circuitry and its description are not included here. However, its
basic concepts are described here to give you some idea about how the loop detector works along with the vehicle

parking counter.

A typical two-way gate system with boom barriers is shown in Fig. 2. When you approach a vehicle parking
boom gate, you may notice a rectangular scar where the road surface has been cut with a saw and then re-sealed.

This is the sensor loop. The loop consists of one or more turns of wire buried in the roadway and connected to an
electronic circuit which can detect a vehicle passing over it.
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The boom barrier is

Jumper Settings for Different Modes of Operation raised by pressing a switch

to allow vehicles cross the
gate. The boom barrier

Setting Red Open Close Setting the parking lot capacity automartically lowers down
Vehicle-In ~ Red Open Open Showing the number of vehicles inside the parking  after the vehicle crosses
Vacancy Green  Close Open Showing the space available in the parking lot the gate.

Vehicle loop detector connections to parking counter

Fig. 3 shows a typical preformed loop with extension cable. The two ends of the loop wire
are connected to the loop extension cable, which, in turn, connects to the vehicle detector
consisting of an electronic circuitry enclosed in a box.

The detector powers the loop causing a magnetic field in the loop area. A base fre-
Fig. 3: Typical preformed — qyency is established when there is no vehicle over the loop. When a vehicle crosses the
adg Wi eRenson cabie loop, the resonant frequency of the loop increases. This increase in frequency is sensed
and, depending on the design of the detector, causes a normally-open
relay to close. The relay will remain closed until the vehicle leaves the
loop and the frequency returns to its base level. The relay activates
the control devices such as an audio intercom system, gate motor and
vehicle counter.

Fig. 4 shows a typical dual-channel loop detector. It has two relays.
One relay energises when the vehicle enters the parking area and the
other energises when the vehicle exits the parking lot. The normally-
open (N/O) terminals of these relays are connected to the parking
counter.

Circuit operation

In case you do not have access to loop detectors, the circuit can be tested
using switches 51 and S2 in place of the relays (see Fig. 1).

There are three modes of operation, which can be selected using
jumpers P1 and P2 as shown in the table.

When jumper P1 is kept open and P2 is closed to ground, the
mode of operation is ‘setting.’ Set the parking lot capacity (say, 999)
using switches S1 and 52, wait for ten seconds and switch off the
circuit. The parking space capacity is now stored in the internal
Fig.4:A typical dual-channel loop detector EEPROM of ATmega328. Setting mode is required only once dur-

ing installation in a new parking lot.

When jumpers P1 and P2 are kept open, the circuit operates in vehicle counting mode. Here the display
shows the number of vehicles inside the parking lot. When the vehicle count reaches 90 per cent of the maxi-
mum capacity of the parking lot, the display will start blinking. So if the maximum count is set at 60, as soon
as the vehicle count is 54 or more the display starts blinking. This feature can be used to put ‘parking full’sign
and stop entry of vehicles except the priority vehicles.

When jumper P1 is closed and jumper P2 is opened, the circuit operates in vacancy counting mode. The display
turns green to shows the total number of vacant spaces available in the parking lot.

Installation of the parking counter

One vehicle detector is installed at the exit gate and the other at the entry gate. Connections are simple. Switch
S1 is connected to N/O contact of the relay at the exit gate and S2 to N/O contact of the relay at the entry gate.
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Every time a vehicle crosses the entry gate, the count increments by 1, and when a vehicle crosses the exit gate

the count decrements by 1.

During normal operation, jumpers P1 and P2 should be kept open. These may be replaced with suitable push-
to-on switches during installation. The operator can use jumpers P1 and P2 as per the modes listed in the table to
check the capacity and space available in the parking lot.

Download source code: http://www.efymag.com/admin/issuepdf/ Arduino%20Based%20Parking%20Counter.rar
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EIGHT-CHANNEL DATA
AGQUISITION & LOGGING SYSTEM

= DEVESH SAMAIYA

to a safe value is important. Supervisory and control systems are used to monitor the temperature and other

physical parameters on a centralised machine whereby one can monitor and control the remote devices. The
AVR microcontroller-based system described here does the same job of acquiring the analogue data and sending
it to a remote terminal for monitoring.

Fig. 1 shows the block diagram of the eight-channel data acquisition and logging system using AVR micro-
controller and Fig. 2 shows the author’s prototype. The key features of this system are:

1. The software is user-friendly and written in VB 6.0.

2. Data is acquired through serial port of the PC and displayed on the screen of the PC monitor.

3. Precise analogue signal conversion using AVR analogue-to-digital converter with 10-bit resolution.

4. All data acquired by the system is logged into a database for future reference with date and time of sampling.

5.The internal analogue-to-digital conversion (ADC) channels of the AVR are used to acquire real-time data
in the form of analogue signal. The data is sent to the PC via UART channel.

I n environments like factories, power plants and transformers in electricity substations, controlling temperature

Circuit description

Fig. 3 shows the circuit of the eight-channel data acquisition and logging system using AVR. At the heart of the
circuit is ATMega32 AVR microcontroller from Atmel.

The ATMega32 microcontroller has 32 kB of flash program memory, 2 kB of SRAM, internal analogue-to-
digital converter (ADC) with 10-bit resolution, internal EEPROM and full-duplex UART channel. This data
logger uses ADC channels of the AVR to acquire real-time data in the form of analogue signal and sends this data

to the PC via UART

channel.
TEMPERATURE 10-BIT ANALOGUE- CALIBRATION OF PC SOFTWARE .
SENSORS > TO-DIGITAL »| “voLTAGETO |—»| uART »| TO ACQUIRE AND LOG Vee (pm 10) and
CONVERTER (AVR) TEMPERATURE DATAWITHTIMINGS [ | 11/ (pin 30) of the
i

AVR are connected
to +5V for operation.
By default, this AVR
works with the internal RC oscillator at 1 MHz.
Here, fuse bits of the AVR are set to operate an
external oscillator. We have used an external stable
crystal oscillator to run at a frequency of 16 MHz.

The AVR has internal power-on reset facility.
Resistor R2 (10-kilo-ohm), capacitor C5 (10pF)
and switch S1 make up the external reset circuitry.
Switch S1 allows you to reset the system at run
time.

Analogue reference voltage pin V. (pin 32) is
connected to the variable terminal of the 10-kilo-
ohm preset. Using this preset, you can adjust the
ADC reference voltage.

We have used all the eight channels of the 10-
Fig. 2: Author’s prototype bit ADC for acquiring the analogue voltage propor-

Fig. 1: Block diagram of eight-channel data acquisition and logging system
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Microcontroller-

output on the dashboard

Based Projects

Temperature sensor. Temperature sensor LM335 from National Semiconduc-

tors has been used in this project.
Its pin details are shown in Fig. 4.

LM335 has a breakdown
voltage directly proportional to
absolute temperature at 10 mV/'K
with less than 1-ohm dynamic
impedance. The device operates
over a current range of 400 pA
to 5 mA with virtually no change
in performance. LM335 can be
used in any kind of temperature
sensing application over the tem-
perature range of —=55°C to 150°C.
Low impedance and linear output
make it easier to interface with
the readout and control circuitry.
It is not internally calibrated for
degree Celsius ("C), so you need
some external circuitry in the
form of a 10-kilo-ohm preset and
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a 1-kilo-ohm
pull-up resis-
tor as shown
in Fig. 5.
Calibra-
tion. Calibra-
tion is done
carefully to
map voltage
values exactly
into tempera-
ture in degree
Celsius. Cali-

bration proce-

O dure is simple.
Voltage values

are measured
for different

temperatures

Fig. 7: A single-side, actual-size PCB layout for eight-channel data acquisition and logging system
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Fig. 8: Component layout for the PCB 100°C. Most

of all, it has a
linear output. The voltage across the output terminal of LM335 is 2.982V at 25°C.

This microcontroller works with T'TL digital logic, while the RS-232 standard specifies different voltage levels
of the digital logic. So you need a signal-level converter for communication between the microcontroller and the
PC over RS-232 port.

Signal-level conversion. MAX232 is used as the signal-level converter. For voltage-level conversion, four
electrolytic capacitors (10pF, 16V) are used with MAX232.

There are eight input lines (INO through IN7) through which analogue inputs are fed into the circuit. The
analogue input is converted into digital level by the AVR and transmitted to the PC through the 9-pin, D-type
serial com port connector. Here, we have used only three pins of the connector (Rx, Tx and Gnd) for communica-

tion with the PC.

PC GUI software
The graphic user interface (GUI) displays on the dashboard the stored data with date and time of logging. This
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PARTS LIST

can be useful to analyse the trend of change in temperature. The soft-
ware dashboard has eight blocks for displaying data of eight different

Semiconductors:

IC1 - MAX232 RS-232 converter ~ analogue channels.

1C2 - 7805, 5V regulator The GUI software is written in Visual Basic and has MSComm

IC3 - Atmega32 AVR ActiveX controls for communication with the serial port of the PC.
microcontroller It is programmed to scan real-time incoming data from the external

IC4 - LM335 temperature sensor b rdware. The entire working logic is asynchronous; it doesn’t matter

LED1 - 5mm light-emitting diode

Resistors (all Ye-watt, +5% carbon):

which channel has what data. The software can capture the data from
a particular channel and put it into an appropriate location in the da-

g;l, ::g(_)];;l;zhm tabase. A special protocol is used to synchronise the software with the
R3-R10 - 1-kito-ahin hardware in order to make the program identify the data and channel
VR1, VR2 - 10-kilo-ohm preset number currently active on the serial port. The microcontroller first

sends the channel number followed by the current captured data on

Capacitors:

C1-C5 - 10pF, 16V electrolytic the channel.

C6,C7 - 33pF ceramic The software is calibrated such that it shows the temperature

Miscellneous: directly in degree Celsius by multiplying a calibration constant with

Xiaa - 16MHz crystal oscillator the incoming analogue voltage.

CON1 - 9-pin D-type female The software is configured to work with fixed values such as
i ‘com1’ for the serial port and ‘9600’ for the baud rate by default. But

BATT. - 9V PP3 battery F asily confi : k with diffe ial 5 (lk

$1 - Pash o omewiich you can easily conligure it to work wit ilerent serial ports (like

com2, com3 or com4) and baud rates.
The software can save data of the different input channels into a
‘daq.mdb’ database with time and date of each channel input data. Start/
stop buttons are provided to start or stop the logging activity any time by the user. The GUI program output is
shown in Fig. 6.

Construction

A single-side, solder-side PCB layout of the circuit for eight-channel data acquisition and logging is shown in
Fig. 7 and its component layout in Fig. 8. A 9V PP3 battery is used to power the circuit. 9V is converted into
5V using a 7805 regulator. The glowing of LED1 indicates the presence of 5V supply in the circuit. The circuit
acquires analogue data from the eight channels through INO through IN7 inputs. The analogue temperature data
at INO channel is acquired from LM335 temperature sensor (IC4). Temperature calibration for IC4 is done using
a 10-kilo-ohm preset (VR2). The remaining inputs can be fed from external temperature sources.

Assemble the temperature sensor along with preset separately on a small general-purpose PCB for each
channel. Extend two wires from each of the general-purpose PCBs to the respective input points (IN1 through
IN7) in the main PCB. Two-pin SIL male and female pair connector may be used for connecting the PCB to the
general-purpose PCB for each channel input. As shown in Fig. 5,a 10-kilo-ohm preset is used for calibration of
each temperature sensor.

Calibrate each temperature sensor (LM335) before connecting the circuit to the PC. After calibration is done,
install the sensors at appropriate locations or on the device whose temperature is to be monitored. (All the relevant
files of the GUI software are stored in ‘EFYproject/VB Project’ folder of ‘D’ drive.) Now, run the datalogger8chnl.
exe GUI software and click ‘start’ button to start the data acquisition and logging process. If data display on the
dashboard is not proper, press reset switch S1 momentarily, or switch off the power supply and then switch it on.
Using preset VR1, adjust ADC reference voltage such that it is exactly 5V across pin 32 of IC3.

Microcontroller firmware

The main.c source code for ATMega32 (given at the end of this article) is written in ‘C.’ It is compiled using avr-
gec cross-compiler to generate hex code. Avrdude is used to burn hex code into the ATMega32 microcontroller.
WinAVR is a free software development tool for AVR series microcontrollers hosted on the Windows plat-
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form. It has avr-gec, avr-liboc, avr-binutils and avr-dude within one package. Linux users have to install these
components separately. For details of AVR programming hardware and software, visit ‘www.electroons.com’
Download source code: http://www.efymag.com/admin/issuepdf/Datalogger%208-channel.zip

#include<avr/io.h>
#include<util/delay.h>

void UART_transmit (unsigned char data)
{
while (! (UCSRA &
UDR=data;
)

(1<<UDRE)) ) :

void adc getdata (void)
{
unsigned int temp;
unsigned char ch=0;
while (1)
{
for (ch=0;ch<8;ch++)
{
ADMUX=0x00+ch; // Selecting Channels
ADCSRA=0xE7; // ADC free running mode,
prescaling division factor
temp=(ADC) * (48) ;
temp=temp/10;
temp=temp-2280;
temp=temp/10;
_delay_us (1000} ;
UART transmit (ch+’'0’); // Sending channel number
for synchronization

128

_delay ms(10);

UART transmit (temp) ; Ll
value

_delay ms (1000);

}

int main(void)

{

DDRA=0x00;
PORTA=0x00;

UCSRA=0;
UCSRB=1<<TXEN;
UCSRC=1<<URSEL
bit, a stop,
UBRRH=0;
UBRRL=103; //

// UART transmit encble
1<<UCSZ1 | 1<<UCSZ0;

none parity

for 9600 baud at 16MHz

adc_getdata();

return 0;

Sending temperature

// 8 data
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PROGRAMMABLE INDUSTRIAL
ON-OFF TIMER WITH RF REMOTE

= A.M. BHATT

n most of the modern manufacturing and processing industries, there is complete industrial automation

through sophisticated hardware and software like programmable logic controller (PLC), distributed control

system (DCS), and supervisory control and data acquisition (SCADA). Microcontroller-based embedded
systems play major role in industrial automation. One such widely used system is the programmable timer. The
major applications of programmable timer are as follows:

1. Initiating the process after desired time

2. Switching on/off the process after predetermined time

3. Providing delay in between processes

4. Applying input to on/off type open-loop control system

Depending upon the requirement of process, one can set the time

PARTS LIST of programmable timer. As the time period expires, the timer will either

Semiconductors:

IC1 - AT89C51 microcontroller

IC2 - HT'12D decoder

1C3 - 741521 four input AND
gate

IC4 - 7805, 5V regulator

IC5 - HT12E encoder

T1 - BC337 npn transistor

T2 - BC547 npn transistor

D1-D5 - 1N4007 rectifier diode

Dé6-D13 - 1N4148 switching diode
LED1-LED3 - 5mm LED
LCD - 2-line and 16-character LCD

- 433MHz ASK transmitter-
receiver module

Resistors (all Ya-watt, £5% carbon):

R1 - 10-kilo-ohm

R2,R3,R7 - 1-kilo-ohm

R4 - 3.9-kilo-ohm

R5 - 47-kilo-ohm

R6, R8 - 330-ohm

VR1 - 10-kilo-ohm preset

Capacitors:

C1,C2 - 33pF ceramic disk

C3 - 1pF, 16V electrolytic

C4 - 1000pF, 25V electrolytic

Cs - 0.1pF ceramic disk

Miscellaneous:

X1 - 230V AC primary to 12V,
500mA secondary
transformer

e - 12MHz crystal

51-55, 510-S14 - Push-to-on tactile switch

Sé, 57 - SPDT switch

S8 - 4PDT toggle Switch

59 - SPST toggle switch

RL1 - 12V, 1 C/O relay

Microcontroller-Based Projects

trigger or shut the process. Earlier there were mechanical timers that
used gear assembly (same as wall clock) and mechanical contacts. But
the problem with these was that due to mechanical parts and move-
ments, they were not durable. Electronic timers have become very
popular as these have more functionalities and long operating life.

A simple electronic timer can be made using a single IC 555 in
monostable mode that can switch on/off the process after desired time.
Also, in chain process (where the end of first process starts second
process and so on), one can use a number of such monostable blocks
to make a sequential timer. But these circuits do not include additional
features like digital display, system failure indication, remote operation
and alarms. Since the precision and accuracy of these timer circuits
depend upon the value of the resistor-capacitor components that may
deviate, we might not get the exact and precise timing. To enhance the
programmable timer for generating precise timing and additional fea-
tures, microcontrollers (embedded controllers) are used with peripheral
devices.

Some of the features of programmable industrial on/off timer pre-
sented here include:

1. Time set from 1 to 60 seconds (can be extended)

2. ‘On’ time and ‘off” time can be programmed (from 1 to 60 sec-
onds)

3. Repeat (continuous) and single operation

4. Fully remote-controlled within 100-metre range

5. User-friendly front-panel controls and display panel with LCD

6. Emergency stop buttons (on control panel as well as on remote)

7. Provision of potential-free relay contacts for connecting any

230VAC at 10A or 28V DC at 10A device/application

Circuit description

The complete hardware circuit is divided into two sections—program-
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S6-S7

PUSH-TO-ON SWFI'Cll-I

ON/OFF SWITCH

S!:

4PDT GANGED SWITCH

S8 (A, B, C, D)

SPDT SWITCH

$1-85

Fig. 1: Circuit diagram of programmable industrial on/off timer

mable timer main circuit and
remote control transmitter and
receiver units. The main circuit
is a fully-functional standalone
unit with front-panel con-
trol switch and LCD display.
Remote control transmitter
and receiver are add-on units.
The receiver outputs are con-
nected with respective control
input pins of main circuit.
Receiver output facilitates user
to program and control timer
operation using remote within
100-metre range.

Main circuit. Fig. 1 shows
the circuit diagram of in-
dustrial on/off timer. The
circuit comprises microcon-
troller AT89C51 (IC1), LCD,
transistors and a few discret
components. The data pins
DO through D7 of LCD are
connected with port pins P2.0
through P2.7 of microcon-
troller AT89C51. The control
pins register select (RS), read/
write (R/W) and enable (E)
are connected with port P3
pins P3.0, P3.1 and P3.2,
respectively. Preset VR1 is
connected with pin 3 of LCD
for contrast control. Switches
S1 through 54 are connected
to port pins P1.0 through P1.3
by 4PDT toggle switch S8.
Two single-pole double-throw
(SPDT) switches S6 and S7
are connected at P3.5 and
P3.6. Switch S6 selects for ei-
ther remote or keypad control,
and switch S7 selects control
for either repeat or single
mode operation. Port pin P3.7
drives relay through transistors
T1. Diode D5 acts as free-
wheeling diode for relay RL1.

Power-on reset is provided
by the combination of resistor
R1 and capacitor C3. Switch

S5 is used for manual reset or
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emergency stop func-
tion. A 12MHz quartz
o or° crystal along with two
00000000 3?opF capacitors pro-
vides clock pulse to
the microcontroller
AT89C51.

The 230V, 50Hz
AC mains is stepped
down by transformer
X1 to deliver a sec-
ondary output of 12V,
500mA. The trans-
former output is rec-
tified by a full-wave
rectifier comprising

Fig. 2: An actual-size, single-side PCB for the industrial timer circuit

diodes D1 through D4,

O ONZOFF TIFER ™ 0S11B, ¢ S4 ENT 53 DEC..S2.INC LCD—MODULE filtered by capacitor C4
D1-05=1N4007 Hﬂ t@j raﬁ ﬁ@: gggglﬂogg???gg End regulated by .IC
W % . y 7805 (IC4). Capacitor
s ki (@ T
L o present in the regulat-
i AT8ICS1 b ke ed supply. LED1 acts

SU AC as the power indicator
AT S
02 °0 PP U OO OOOOO0D00T N and R7 limits the cur-
7 2 T Rl | rent through LED1.

f
u@ ) An actual-size,

c2| f@
o ﬂ single-side PCB for
59

7 IOI E E‘ig BCE? the programmable in-
RESET OOOOI‘ O dustrial on/off timer is
ANT.

AF RECETUER 5€ 78 shown in Fig. 2 and its

component layout in
Fig. 3: Component layout for the PCB in Fig. 2 Fig. 3. Assemble the

circuit on a PCB as it
minimises assembly time and errors. Carefully assemble the components and double-check for any overlooked
error.

Operation. The functions of all keys are given in Table 1. The mode selection switch S7 selects either repeat
or single mode. Single mode allows user to run the timer operation in ‘on’ time and off’ time sequence once. In
repeat mode of operation, the timer repeats ‘on’ time and oft’ time sequence continuously. During this cycle if this
switch is changed to single-mode, the timer stops as the cycle completes. Also, if the emergency stop (ES) button
is pressed during any mode of operation the timer operation will stop.

The step-by-step operation when the main circuit is powered is as follows:

1. The ‘enter on time’ message is displayed on LCD

2. User has to enter the desired time by incrementing/decrementing time using ‘Inc.’(52)/Dec.’ (S3) keys

3. After pressing the ‘Enter’ (S4) key the user will be prompted to enter ‘off” time

4. Using the same S2 and S3 keys, the ‘off’ time may be entered and the ‘Enter’key pressed

5. Press Start’ message is displayed as the user enters the time

6. After pressing ‘Start’ (S1) key the operation starts

7. The relay is energised and the device remains on till the ‘on’ time counts down to 0. After that the relay is
de-energised and the device turns off. It remains in this state till ‘off” time counts down to 0

8. If the timer is operating in the repeat mode the cycle will repeat continuously and device will be switched

Microcontroller-Based Projects 223



BC BC
337 547
1
IN

CBE

CBE

)

7805

2|3
ouTt

COm.

Fig.4: Pin configurations of BC337,BC547 and 7805

on and off after required time intervals. In this mode if the operation
has to be stopped then either switch 57 has to be toggled or ES button
has to be pressed
9.If the timer is operating in single mode then as one on-off time
cycle completes, the timer stops working. One has to enter ‘on’ time and
‘oft” time again to re-start operation

10. For remote control operation, port pins P1.0 through P1.3 of
microcontroller AT89C51 are changed to D11 through D8 of HT12D,

TX1= AP
433MHz | 1pANS. » i
R9 MITTER 3 3500
1M 12 84 : ]
BATT. ™
(2] k=] B9 P4
54 I} B4 9V =
A0118 16 15 5;8__‘ N
Al = LED3
2 Dout =
A2 17 D13 D12D11 | S14 wellem ES/
i 3 14f7g ¢ ;} e J RESET
D9 $13
Ad 5 HT12E 13 b o 3120 o—e
AD10 D8 = el ;
AS | o 12 P o 5 o¢HH
a8 | 111409 D7 SH;I;_0 DEC.
|
A7 ADS D6 $10 mim | EEER
8 9 10 1 0 O—e
T D6-D13 = 1N4148

Fig. 5: Circuit diagram of RF transmitter

St
S2
S3
S4
S5
S6
S7

start

Inc. time
Dec. time
enter

ES
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TABLE |

Functions of Push Buttons

Start
Inc. time
Dec. time
Enter
ES (RST)

Control selection

Mode selection

‘ Starts timer operation

Increments time set by 1 sec. max limit is 60
‘ decrements time set by 1 sec. min limit is 1

Used to enter time set value
‘ Emergency stop or system reset.

Selection of either remote or keypad control

I Selection of either repeat or single control

TABLE Il

Status of Data Input Pins and the
Codes Transmitted

S0 s PO s =y

St —a FEOW o~ P

Sl —a P B

—b ) ek bk bk

m m O o

respectively, using four-pole double-throw
(4PDT) switch S8. Also, switch S6 connected
to port pin P3.5 is changed to remote position
to set remote operation mode.

Remote control transmitter and receiver cir-
cuit. Remote control transmitter and receiver are
made using readily available encoder (HT12E)
and decoder (HT12D) chips.

Transmitter circuit. Fig. 5 shows the cir-
cuit diagram of transmitter consisting of two
main components—encoder HT12E (ICS5)
and radio frequency transmitter module
433MHz (TX1). All the address pins AO
through A7 are tied to ground to set address
‘00h.” A one mega-ohm resistor is connected
between oscillator pins 15 and 16 of HT12E.
D, pinl7 of HT12E is connected with

input of ASK transmitter (TX1). Switches
S10 through S13 are connected with data
input pins AD8 through AD11 of HT12E
in such a way that when you press any key,
TE pin is automatically grounded. Key S14
is directly connected between TE pin and
ground as shown Fig. 5. LED3 is connected
for indication of pressing the switch. An
actual-size, single-side PCB for RF trans-
mitter is shown in Fig. 6 and its component
layout in Fig. 7.

Operation. When you set the address and
data inputs on HT'12E and pull down TE pin
low, that address and data are serially trans-
mitted through D ;.. pin 17 of HT12E. Here
the address is already set to ‘00h.” Now as any
key is pressed, respective data pin goes low and
TE pin is grounded. Status of data along with
8-bit address is serially transmitted through
ASK transmitter. ASK transmitter modulates
these data signal with 433MHz carrier and
transmits it through antenna. Table II shows
the status of data input pins and the codes
transmitted for a particular switch.

Receiver circuit. Receiver circuit is included

in Fig. 1. All the address pins of decoder

Programmable Industrial On-Off Timer With RF Remote



HT12D (IC2) are connected to ground to set same address ‘00h’ as on
the transmitter. Data output pins D8 through D11 are connected to mi-
crocontroller (IC1) through contacts of 4PDT switch S8. Also, all four
outputs are given as input to 4-input AND gate. The output of AND
gate is connected to reset input pin 9 of microcontroller AT89C51 of
main circuit. VT pin of HT12D drives LED2 through transistor T1
for indication of data reception. A 51-kilo-ohm resistor is connected
between oscillator pins 15 and 16 of decoder HT12D. Output signal of
ASK receiver (RX1) is connected with D pin 14 of HT12D.
Operation. ASK receiver receives 433MHz carrier signal and de-
modulates the address and data before giving it to decoder HT12D.
HT12D receives these bits serially through D, pin 14 and compares

Fig. 6: An actual-size, single-side PCB for RF
transmitter

the address. If received address and set address match, the data will
be latched on pins D8 through D11 of decoder HT'12D. The VT pin
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17 becomes high momentarily as data is latched. This is indicated by
LED2. If AD11 pin goes low by pressing start switch (S1) of the trans-
mitter side, only D11 pin 13 at the receiver side becomes low and all
other pins become high. Since D11 pin is connected to port pin P1.0
of microcontroller AT89C51, it gives the start signal. Data is received
similarly for D8,1D9 and D10. When ES key is pressed all data pins D8
through D11 are high. So at the receiver side all the pins become high.
That makes the output of AND gate high, which is given to the reset
pin 9 of microcontroller.

Because there is a latch action at D8 through D11 outputs, all
A through D inputs to AND gate remain high till any other key is
pressed at the transmitter. This will continuously apply reset signal to
microcontroller AT89C51. To remove reset condition, one SPST (59)

Fig. 7: Component layout for the PCB in Fig. 6

Remaote Time repeat
keppad {xl @ no repeat
~—
fabela]-oypod
' . . Remou

Fig. 8: Proposed arrangement for remote con-
trol and front panel for industrial on/off timer

Microcontroller-Based Projects

is used in between to make and break the direct connection. Open
switch S§9 will break the connection and reset pin will not get high
logic from the AND gate. Now, after starting the operation, to activate
ES from remote, press the switch again to make the connection. Fig. 8
shows the proposed arrangement for front panel and remote control for
industrial on/off timer.

Software

The program is written in ‘C’ language and compiled through Keil
pVision4 compiler. The program is well-commented and easy to under-
stand. Complete program is divided in twelve different functions. Out of
these twelve functions, four functions are for LCD handling, four for timer
operation, two delay functions, one interrupt function and the last one is
the main function.

LCD handling functions. The various functions are as follows:

‘writecmd’ function. It sends command byte to LCD by taking one
argument byte that is sent to port PO

‘writedata’ function. It sends data byte to be displayed on LCD. It also
takes one argument byte and sends it to PO

‘writestr’ function. It writes the whole string (message) on LCD tak-
ing pointer as an argument that points address of first character of string.
Through the pointer it sends all the characters one by one to port PO

‘busy’ function. It checks the status of busy flag of LCD. If the flag is
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set that means LCD is not ready and program remains within loop. When flag is reset that means LCD is ready
and program comes out of loop

Delay functions.

‘keydly’ function. It generates key debounce delay of around 0.1 second using ‘for loop’ statement twice

dlylsec’ function. It generates approximately one second delay using ‘for loop’

Interrupt function.

‘takeinput’ function. This interrupt function handles external interruptl. It just saves the status of port P1
whenever external interrupt1 occurs

Timer operation functions.

Start’ function. It starts the timer operation by sending high logic to port pin P3.7 and energising the relay. The
countdown time is displayed on LCD as ‘Device ON.”Then it sends low logic to port pin P3.7 and de-energises
the relay. Again countdown time is displayed as ‘Device OFF.’ It then checks the status of port pin P3.6.If it is
high the cycle repeats continuously and if it is low the operation stops

Inctime’ function. It increments ‘ontime’ or ‘offtime’ variables till maximum limit (60 second) is reached. To
display the variable on LCD the value must be in ASCII format. So first two digits are separated and then con-
verted into equivalent ASCII values using array named ‘ascii.’ This array includes ASCII values of all 0 to 9 digits

Dectime’ function. It is similar to ‘Inctime’ function. The difference is that it will decrement ‘ontime’ or ‘offtime’
variable till minimum limit (1 second) is reached

‘Enter’ function. It changes the messages on LCD as ‘Enter OFF time:, ‘Press Start,’ etc. It is also used to enter
‘ontime’ and ‘offtime’ variables, alternatively.

Main function. It first initialises LCD and then displays message ‘Enter ON time:." It then checks the status
of port pin P3.5 of microcontroller. If port pin P3.5 is high, it means timer operation is controlled through key-
pad and if it is low the timer operation is controlled through remote. It waits in continuous loop till any key is
pressed from keypad or remote. As the key is pressed, the function is detected and it calls the particular function
corresponding to that key like ‘Start, ‘Inctime, ‘Dectime’ or ‘Enter.

Download source code: http://www.efymag.com/admin/issuepdf/Programmable%20Industrial%20on-off%20
Timer%20With%20RF%20Remote.zip

TIMER.C

finclude <reg5l.h> function for key debounce delay

finclude <string.h> {

sbit rs = P340; // declare int y,z;

P3.0 as rs pin for (y=0;y<50; y++)

sbit en = P372; // declare p3.2 as en- for(z=0;z<1000;z++) ;

able pin }

sbit rw = P37l // declare p2.6 as void writecmd(unsigned char a)

read/write pin {

sbit b = P2°7; // busy busy () ; i
flag check for LCD is busy or not

sbit op=P3"7; // output pin rs = 0; I/
sbit pin=P3"6; // input pin clear rs pin for command

for repeat no repeat mode rw = 0; 1/
sbit rmt=P3"5; // input pin clear rw pin to write

for remote or keypad operation P2 = a; 1
unsigned char ascii[10] = {0x30,0x31,0x32,0x33,0x34 send command character
,0x35,0x36,0x37,0x38,0x39}; en = 1; Lif
unsigned char data byte; strob LCD

unsigned int i=0;j=0, k=0,ontime=0,0fftime=0,t1=0,t2 en = 0;

=0, tmpl, tmp2, flag, sflag; }

void writecmd(unsigned char a); // function to void writedat (unsigned char b)

send command to LCD {

void writedat (unsigned char b); // function to busy ()7 1/
send data to LCD check for LCD is busy or not

void busy(): /7 rs = 1; L
function to check LCD is busy or not set rs pin for data

void writestr(unsigned char *s); // function to rw = 0; LY
write string on LCD clear rw pin to write

void keydly () // P2 = b; 1/
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send data character

en = 1; 4l
strob LCD

en = 0;
}
void busy ()
{

en = 0; Lt
disable display

P2 = OxFF: //
configure PO as input

rs = 0; //
clear rs pin for command

rw = 1; il

set rw pin to read
while (b==1)

en=0; Ll

strobe LCD till P0.7 is 1
en=1;
en=0;
}
void writestr (unsigned char *s)
{

unsigned char 1,1i;

l = strlen(s); I/l
get the length of string

for(i=0;i<l;i++)

writedat (*s) ; s
write every char one by one
s++;
}
void inctime()
t2=0; /7
minimum limit flag cleared
if (k==1) // check to
increase ontime or offtime

{
if(offtime<60) offtime++; //
increase offtime till 60
else
{

writecmd (0xCO) ;
writestr (“60-
// if it is €0 display message
tl=1;
// and set max limit falg

max limit “);

}
i=offtime/10; /1
separate upper and

j=offtime%10; // lower dig-

by =

}

else fits e

ontime-offtime flag not 1

{

if (ontime<60) ontime++; Al
increase ontime till 60

else
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writecmd (0xCO0) ; // same as above

writestr (“60-
max limit “);

tl=1;

}
i=ontime/10;
j=ontime%10;
}

if ((t1==0) && (t2==0))
limit is not reached
|

[/ if max

writecmd (0xCO) ; i
print ontime/offtime sec

writestr (“press en-
ter:”");

writedat (ascii[i]):
// as one by one digit

writedat (ascii[j])
writestr (™ “);

}
void dectime ()
// similar to above function
t1=0;
if (k==1)
{
if(offtime>1) offtime--;
if (offtime<=1)
{

writecmd (0xCO) ;

writestr (*01-
min limit “);

t2=1;

}
i=offtime/10;
j=offtime%10;

else
{ if (ontime>1l) ontime--;
if (ontime<=1)

{

writecmd (0xCO) ;

writestr (“01-
min limit “);

t2=1;

}

i=ontime/10;

j=ontime%10;

}

if ((t1==0)&& (t£2==0)
{
writecmd (0xCO) ;
writestr (“press en-
rer s

writedat (ascii[i]);

writedat (ascii[j]):
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writestr(® ™);

}

void enter() 2l
enter ontime & offtime and
{ {4
display message
kt+; 1/
increase count to enter off time
if (k==1) [/ first time

{
writecmd (0xB0) ;
writestr (“Set OFF time and”): //
display message and
writecmd (0xCO0) ; //
show wvalue 00
writestr (“press enter:”);
writedat (0x30);
writedat (0x30);
i=j=0;
}
else if (k==2)
// second time
{
writecmd (0x01) ; //
clear LCD screen and
writestr (“Press start”);
// display message

sflag=1; 1/
set start flag
k=0;
// reset counter
}
}
void delaylsec() i,

generate delay of exact 1 sec

{

int x;
TL1 = 0xBF;
TH1 = 0x3C;
TR1 = 1;

for (x=0;x<=20; x++)
{
while (TF1==0) ;

TF1 = 0;
TL1 = 0xBF;
TH1 = 0x3C;
}
TR1 = 0;
}
void start()
{
int a,b;
tmpl=ontime; //

save ontime and offtime values
tmp2=offtime;

back:writecmd (0x80);

writestr (“Davice ON: “); ’/
display message
op=1;
// switch ON relay
for (a=tmpl;a>0;a--)
// start countdown
{
i=a/10;
j=a%10;
writecmd (0x8B);

writedat (ascii[i]);
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// change the display digits

writedat (ascii[jl);
// on LCD after

delaylsec();
// every sec

op=0; I’
switch OFF relay
writecmd (0x80);
writestr (“Device OFF:");
for (b=tmp2;b>0;b-~)
// start countdown again
{
i=b/10;
3=b%10;
writecmd (0x8B) ;
writedat (ascii[il]):;
// display digits after

writedat (ascii[j]);
delaylsec() ;
// 1 sec delay
}

if(pin==1) goto back; it
repeat continuously for repeat mode
else

// otherwise

flag=1;
// set flag

ontime=0; [/
clear ontime and offtime

offtime=0;

// and stop operation

}

take input from Pl when interrupt arrives
}

main ()
{

TMOD=0x10;

P3=0x68; (i
set keypad operation and repeat mode

P2=0x00; I/
as output

writecmd (0x3C); /I

Initialize LCD

writecmd (0x0E) ;
bgin: writecmd (0x01); I/
clear display

writestr(“Set ON time and”);
// display message and

writecmd (0xCO);

writestr (“press Enter:”);

writedat (0x30); I/
value as 00

writedat (0x30);

IT1=1;
// enable interrupt on falling edge

IE=0x84; I
enable ext interrupt 1

flag=0;

// clear flag for entering values
sflag=0; 1/

void takeinput() interrupt 2 // for remote
operation mode
{
byte=P1; //

P2
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start flag cleard
agin:P1=0xFF;
as input

// P1

byte=0xFF;
// initialize byte variable

if (rmt==1) while (P1==0xFF); // for keypad
mode check status of Pl

else while(byte==0xFF) ; Vi
for remote mode check byte content

if (rmt==1) byte=P1l:
// if keypad mode save input in byte

switch (byte)
// compare the content of byte

{
case 0OxFE:
// for 1st key

if (sflag==1)
start():// if start flag is set start

else
// operation else

writeemd (0xCO) ; // display message

writestr (“time is not set”):;

flag=1:
break;
case OxFD:
inctime();
// for 2nd key increase time
break;
case OxFB:
dectime():
// for 3rd key decrease time
break;
case 0xF7:
enter () ;
// for 4th key enter values
break;

}
keydly () ;
// key debounce delay
if (flag==0) goto agin;
// till start button is not pressed change and
else goto bgin; il
enter values otherwise start operation again
}

Microcontroller-Based Projects
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DIGITAL THERMOMETER-
GUM-CONTROLLER

m K.S. SANKAR

his standalone digital thermom- eter controls the temperature of a device according to its requirement. It
also displays the temperature on four 7-segment displays in the range of =55°C to +125°C. At the heart
of the circuit is the microcontroller AT8958252, which controls all its functions. IC DS1821 is used as

temperature Sensor.

IC DS1821

Dallas Semiconductor’s IC DS1821 is one-degree precision temperature sensor in a 3-pin pack like a transistor
with single-wire communication protocol. It can operate as a standalone thermostat with user-programmable
trip-points (set-points) or as an 8-bit temperature sensor with a single-wire digital interface. The open-drain DQ_
pin functions as the output for thermostat operation and as the data input/output (I/O) pin for single-wire com-
munication. The single-wire interface lets user access the non-volatile memory (EEPROM) thermostat trip-point

registers (TH and TL), status/configuration register and temperature register.
When configured as standalone thermostat, temperature conversions start immediately when power is switched

on. In this mode, the DQ_pin becomes active when the temperature of
1C DS1821 exceeds the limit already programmed in the TH register,
and remains active until the temperature drops below the limit pro-

PARTS LIST

Semiconductors:

grammed in the TL register. IC1 -AT8958252
The DS1821 uses Dallas’ exclusive single-wire bus proto- lEnsony o .
i o i . IE20E3 -CD4511 7-segment driver
col that implements bus communication with one control signal. IC4 -CD4050 non-inverting
) . buffer
Temperature sensor functionality IC5 -DS1821 temperature
: e P s : : o sensor
The core fimcnor%ahty ot.IC D51.821 is its proprietary dlrect-to—thltal 1C6 7805, 5V regulator
temperature sensing, which provides 8-bit (1°C increment) centigrade T1 NI :

: ., s pn transistor
temperature readings over the range of =55°C to +125°C. D1-D5 -1N4007 rectifier diode
‘This circuit measures temperature by counting the number of clock DIS1-DIS4  -Common-cathode,

cycles generated by an oscillator with a low temperature coefficient dur- i 7-segment display
ing a gate time-period determined by a high temperature-coefhcient LED1, LED2 '3;2‘;2 light-emitting
oscillator. )
The low-temperature-coefficient counter is preset with a base ﬁ?fﬁzﬂ (e %—wa-ti,ox-]Sﬂ??orﬁgc:;:) i
count that corresponds to =55°C. If the counter reaches ‘0’ before the R5-R23,
gate period is over, the temperature register, which is preset at -55°C, R25-R28 -330-ohm
is incremented by one degree, and the counter is again preset with a R24 -5-kilo-ohm
starting value determined by the internal slope accumulator circuitry R29 . -1-kilo-ohm
91’ DS1821. The preset counter value is unique for every temperature g‘{f"’“‘"’”’ 10004, 25V electrolytic
increment and compensates for the non-linear behaviour of the oscil- , - 0.1uF ceramic disk
lators over temperature. C3 -10pF, 16V electrolytic
At this time, the counter is clocked again until it reaches ‘0.’ If the C4,C5 -22pF ceramic disk
gate period is not over when the counter reaches ‘0, the temperature Miscellanesus:
register is X1 -230V primary to 7.5V,
P — 300mA secondary
: ; transformer
again. This ‘ S1-54 - Push-to-on switch
process of | & -On/off switch
presetting RL1 -6V, 150-ohm, 1C/O relay
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Fig. 1:Circuit of digital thermometer-cum-controller

the counter, counting down
to ‘0, and incrementing the
temperature register is rcpcated
until the counter takes less time
to reach ‘0" than the duration
of the gate period of the high-
temperature-coefficient oscilla-
tor. When this iterative process
is complete, the value in the
temperature register will indi-
cate the centigrade temperature
of the device.

Operating modes

The DS1821 has two operating
modes: single-wire mode and
thermostat mode. The power-
‘on’ operating mode is deter-
mined by the user-program-
mable T/R bit in the status/
configuration register: if T/R
= 0 the device works in single-
wire mode, and if T/R =1 the
device works in thermostat
mode. The T/R bit is stored in
the non-volatile memory
(EEPROM), so it will re-
tain its value when the
device is powered down.
Single-wire mode. The
DS1821 is supplied by the
manufacturer in single-wire
mode (T/R=0). In this mode,
the DQ_pin of the DS51821
is configured as a single-wire
port for communication with
a control unit (microcontroller)
using the protocols described
in the single-wire bus system
section of the datasheet. These
communications can include
reading and writing the high
and low thermostat trip-point
registers (TH and TL) and the
configuration register, and read-
ing the temperature, counter
and slope accumulator registers.
Also in this mode, the micro-

controller can initiate and StOp temperature measurements as described in the operation—measuring temperaturc

section of the datasheet.

The TH and TL registers and certain bits (THEF, TLF, T/R, POL and 1SHOT) in the status/configuration
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register are stored in the non-volatile EE- , S oS E e e
PROM memory, so these will retain data = °
when the device is powered down. This iy FEMREALAATED

X1

allows the registers to be preprogrammed | 4 ,Jes lour
when the DS1821 is to be used as stan- | 4C o]
dalone thermostat. coM el
Writing to these non-volatile regis- O-wT
. o
ters can take up to 10 ms. To avoid data A | |

corruption, no write action to the non- PRIMARY TO 7.5V, 300mA
: L ; SECONDARY TRANSFORMER

volatile memory should be initiated while
a write to the non-volatile memory is in  Fig.2: Power supply circuit
progress. Non-volatile write status can be
monitored by reading the NVB bit in the status/configuration register:

If NVB=1, a write to EEPROM memory is in progress.

If NVB=0, the non-volatile memory is in idle state.

UH

Circuit description

Fig. 1 shows the circuit of the temperature controller using Dallas DS1821 temperature sensor. Microcontroller
AT8958252 is interfaced to DS1821 temperature sensor, three 7-segment displays and relay RL1. Port P1 of IC1
is used to output the data on the segment display. Port pins P1.0 through P1.3 and port pins P1.4 through
P1.7 are connected to IC3 and IC2, respectively. ICs CD4511 (IC3 and IC2) receive the BCD data and
provide the compatible code for 7-segment displays DIS2 and DIS3.

Port pins P3.4 and P3.5 are used for ‘b, ¢’ and ‘g’ segments of DIS4 through buffers N1, N2 and N3,
respectively. Segments ‘b’and ‘c’ become active when temperature exceeds 99°C. Segment ‘g’ becomes active
when temperature goes below 0°C. This indicates ‘-’ sign for negative temperature. DIS1 is used in reverse
direction for indication of °C. Segments ‘a,”‘b,’ ‘¢’ and ‘dp’ (decimal point) are made permanently high with
resistors R19 through
R22 to indicate °C.

Port pins P3.1
through P3.3 of IC1

2

are connected to S2, j

S3 and S4 switches for ]

‘up,” ‘down’ and ‘dis- 01"" 1N 08 0
play’ respectively. These

pins are pulled high

through a 10-kilo-ohm “n!@ 8" (((F}

resistor. Switches S1
through S3 are used
for setting/changing
the temperature. When
the set temperature
is exceeded, the relay
connected to port pin
3.7 through a transistor
is latched on. Switch
S1 is used as a reset
switch. Power-‘on’ reset .
is achieved by capacitor qoooooooogoococeconone
C3 and resistor R4. O

Port pin P3.0 of
IC1 receives the data Fig.3:Actual-size, single-side PCB layout for digital thermometer-cum-controiler

Y3T1T0YLNOJ ¥3L3IWOWHIHL-TINNS-20LJ0-A43
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—— B from temperature sen-
(O | sor DS1821. Pin 17

R | (P3.7) of IC1 is con-
nected to the base of
transistor T1 through
buffer N4. The signal
from port pin P3.7
drives relay RL1. Di-
ode D1 is used as a
free-wheeling diode
and LED2 is used for
relay-‘on’ indication.
The device is connect-
ed through contacts
of RL1. Resistors R5
through R22 and R26
through R28 limit the
current through the
7-segment display. A
12MHz crystal is used
for microcontroller

O clock.

Fig. 2 shows the

Fig. 4: Coamponent layout for the PCB in Fig. 3 circuit of power sup-

ply. The AC mains is
stepped down by transformer X1 to deliver a secondary output of 7.5V at 300 mA. The transformer output
is rectified by a full-wave bridge rectifier comprising diodes D2 through DS, filtered by capacitor C1 and
regulated by IC6. Capacitor C2 bypasses any ripple present in the regulated output. Regulated 5V is used for
circuit operation and unregulated 6V is used for the relay.
An actual-size, single-side PCB for temperature controller (Fig. 1) including its power supply (Fig. 2) is
shown in Fig. 3 and its component layout in Fig. 4.

The software

The software for the temperature controller is compiled using Bascom51 version. The demo version of Bas-
com-8051 is available on website ‘www.mcselec.com/download_8051. htm.’

First, define the crystal speed and include the header file for microcontroller. Initialise all ports to ‘0.’
Timer-0 is used as an internal counter and increments by a second. This is used here for timing delays. Pin P3.0
of the microcontroller is configured for single-wire communication. Normally, DQ_pin (single-wire bus) of
DS1821 is high. Through DQ, the device gets its power to perform tasks.

When the microcontroller waits for the event through single-wire bus, it issues a reset command. Then DQ_
goes low for some time. This resets the device and it acknowledges a pulse and then follows the microcontroller.
The communication on the single-wire bus is initiated by the microcontroller, and issued by low time slots on a
normally-high DQ line, issued by the device.

Declare the variables as bits, bytes and words. Define the various port pins as per the connections. Set the
maximum temperature to ‘40" as default. Subroutines ‘dispset’ and ‘disptemp’ are used for display preset and real
temperature, respectively. The source program is well commented for easy understanding.

Download source code: http://www.efymag.com/admin/issuepdf/ Temp-contr%20code.zip

TEMPR.BAS

‘ tempr.bas 22-8-06
‘ ds-1821 chip with 12 mhz xtal

' by K.S.Sankar www.mostek.biz for EFY Magazine
‘' written in embedded basis- Bascom-51
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' Language downloaded from http://www.mcselec.com hol-
land

‘' p3.0 =data wire

' 1 wire communication with Dallas temperature sen-—
sor DS1821

‘ small PR35 Package,
more details

' Temperatures are in degres when >-1 , <12§%

* for temperature <0 , 256 - tempdegree will give

* from -55 to -1

' count range

Ve e = = === === - DH++++++++++++

PE=55 =54 =3 =2 =X QN 2830025

Y201 2020 253 254 255 01 2 3 ...125

3 pin , see data sheet for

' port pl-yellow
* = two 7seg display thru two 4511 bcd-7decoder ics

' port-p3 blue

' p3.0= 1 wire interface

' p3.1= increase set value
' p3.2= decrease set value
* p3.3= display set value

‘' p3.4= ‘1’ for hundreds
' p3.5= ‘-’ minus segment for negative

' p3.7= relay out

‘define xtal speed
Serystal = 12000000
Sregfile = “89s8252.dat”
‘select chip used

Pl =
PO =
P2 =
P3 =
‘all ports off

(=J= el

P3 = &B01001110
' input port high for switches
' declare function used

Declare Sub Fniseg(_i As Byte)
Dim _i As Byte

Config Timer0 = Timer , Gate = Internal , Mode = 2

‘TimerQ use timer 0
‘Gate = Internal no external interrupt
‘Mode = 2 8 bit auto reload

' set t0 internal interrupt
12mhz xtal

On Timer0 Timer O overflow int
Load Timer0 , 250

Priority Set Timer0Q

Enable Interrupts

Enable Timer0

' do not start timer0 here

4000 times a sec with

Config lwire = P3.0
‘use P3.0 for 1 wire communication

Dim Sec_count As Byte

Dim Clock word As Word

Dim I As Byte , J As Byte

Dim Tempdegree As Byte , Stat_buf As Byte , Disp_temp
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As Byte

Dim Settemp As Byte , Set disp temp As Byte
Dim Set mode As Bit

Dim Ans As Byte

Dim Comp temp As Byte , Comp_set As Byte

Relay out Alias P3.7
Sw_set_up Alias P3.1
Sw_set_down Alias P3.2
Sw_set_disp Alias P3.3
SWw_in port Alias P3

Display port Alias P1

' set default max temperature for relay to activate
Settemp = 40
Set_mode = 0

Begin:

lwreset
lwwrite &HOC

' write status
lwwrite &B01000010

Y continue convertion
lwreset
lwwrite &HEE

' start conversion
lwreset
lwwrite &HAA

' get temperature
Tempdegree = lwread()
lwreset

Gosub Disptemp

Rem check if set keys pressed
V if pressed stay in set loop for 3 seconds
V after inactivity and display will be in flicker mode

Ans = &B01001110 And Sw_in port
If Ans <> &B01001110 Then

' some input key pressed

Start Timer0

Sec_count = 0

Set mode = 1

Begin2:

Whid I c NIl

If Sec_count >= 3 Then
Set_mode = 0

Exit While

End If

If Sw_set_up = 0 Then
Sec_count = 0
Settemp = Settemp + 1

Ve - - - - - - - - - - O4++++++++++++
' =55 =54 -3 =2 -1 0123 ...125
201 202 253 254 255 0 1 2 3 ...125

' plus range

If Settemp <= 200 Then
If Settemp >= 125 Then
Settemp = 125

* limit + reached

End If

End If
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If Sw_set _down = 0 Then
Sec_count = 0
Settemp = Settemp - 1

A O+++++++++++++
V=l =l = sl grl2sdienil2s
Y201 202 2563 254 255 0 1 23 _.J135

If Settemp < 201 Then
If Settemp >= 200 Then

Settemp = 201

' (-55 degrees)
‘' limt exceeded
End If

End If

If Sw_set disp = 0 Then
Sec_count = 0
End If

Gosub Dispset
Wend

Stop Timer0
End If

A O+++++++++++++
SE=550-510=3 -2 -1 004 2030005125
‘201 202 253 254 255 0 1 2 3 ...125

* check if real temperature is higher than set value
' add 55 to both sides to avecid negative errors for
comparison

' byte variable dces not support (-) values

Comp_ temp = Tempdegree + 55

Comp_set = Settemp + 55

Vrr ' 1f Tempdegree >= Settemp Then
If Comp_temp >= Ccmp_set Then
Relay out = 1

‘relay on

Else

Relay out = 0

‘relay off

End If

Goto Begin
V —==-=-=-=-=-=-=- gubroutines below-----
Disptemp:

Disp_temp = Tempdegree

Rem display real temperature
' display on 7 seg

P3.4 = 0
P3.5 = 0
Voo o e e e O+++++++++++++
v -55 =54 -3 -2 -1 0123 _..125

1201 202 253 254 255 0.1 2 3 ...125

If Tempdegree >= 100 Then

If Tempdegree <= 125 Then

Disp temp = Tempdegree - 100
P3.4 =1

' switch on hundred segment b/c
End If

End If

If Tempdegree >=
Disp temp = 256
P3.5 = 1

' switch on minu
End If

201 Then
- Tempdegree

s [-] segment g

Call Fn7seg(disp_temp)

Return
Dispset:
Rem display pres

Set_disp_temp =
P3.4 = 0
P3.0l = 0
I =ESE=0aR=1 i

Y201 202 253 25
If Settemp >= 10
If Settemp <= 1
Set_disp_temp =
P3.4 = 1

* switch on hun
End If
End If

If Settemp >= 20
Set_disp_temp =
P3.5 = 1

' switch on minu
End If

Set_mode = 1

Call Fniseg(set_.
Waitms 50

Return
Vemmem—=e=—= fyn

Sub Fn7seg(_ i As
Dim _ans As Byte
‘ display on two
_ans = Makabcd(_
Display_port = _;
If Set mode = 1
‘' if in set mode
Display port = 2
' blankout the d
Waitms 10

' turn it on aga
Display port =
Waitms 10

End If

End Sub

' interrupt subr
Timer O_overflow_
' program comes
‘' with a 12mhz x
Incr Clock_word

If Clock word >
Clock word = 0
Incr Sec_count
End If

Return

End

' prog size = 91
‘' end of program

et temperature
Settemp

= = = =D+ tttEbtbbbt
2 =1 [ i Ll e B e
4 255000 TR e k2D
0 Then
25 Then

Settemp - 100

dred segment b/c

0 Then
256 - Settemp

s [-] segment g

disp_temp)

ction belowW==== = == =
Byte)

7 seg
i)
ans
Then

make display flicker
55
isplay

in

ans

outine —-———-—-—-————————
inE:

here 4000 times a sec
tal

4000 Then

4 bytes
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AT89S852-BASED
INDUSTRIAL TIMER

B JAYARAMAN KIRUTHI VASAN

ndustrial timers can be con-structed using discrete compo-nents including up/down counters and timers.

However, to incorporate various facilities like setting the count, start, stop, reset and display, these circuits

would require too many ICs and discrete components.

A microcontroller-based industrial timer can be programmed and used as a timer, counter and time totaliser.
Here is a simple design based on 40-pin Atmel AT89552 microcontroller that performs count-down operation
up to 9999 minutes/second with four 7-segment displays showing the actual time left. The relay energises as you
press the start switch and remains on till the countdown reaches ‘0000." Four tactile, push-to-on switches are used
to start/stop, select either minutes or seconds, and set the initial value for countdown operation (using ‘up’ and
‘down’ keys).

Circuit description

Fig. 1 shows the circuit of the microcontroller-based industrial timer. The microcontroller is Atmel AT89S52
(IC1), which is a 40-pin device with 8 kB of program flash memory, 256 bytes of RAM, 32 I/O lines, Watchdog
timer, two data pointers,
three 16-bit timer/coun-
ters, a six-vector two-level | unresulaten
interrupt architecture, a -
full-duplex serial port, on- 14007
chip oscillator and clock
circuitry. The power-down
mode saves the RAM con-
tents but freezes the oscilla-
tor, disabling all other chip
functions until the next
interrupt or hardware reset
is activated.

OM. COM. OM. COM.
<% 3% pDisa 35| DIS3 2% | pis2 36| DIST

R18
AN

f
[)

o "

i [ ) (O s
Port PO of microcon- £l 0ty [ 81 40 giP00 -
= - =1 = B/ AN
troller AT89S52 is config- °|. % Sz 3= %’a 2 a7(E0-2 8L avwv—t |2
w ) N So 7] S P0.3 71 AAAA 2
o s5 < 36 WW\ =
ured for segments of the P14lg 55004 saww—s |
i 15 (Fdo 411 9]
7-segment display. Port 0 F18l® Sa[Pos 4 3 |
i : o Aon e 51717 IC1 gp|Po7 3L AN 2
is an 8-bit open-drain bidi- nor|8 ATB9SS2 | :
. . """'—'V\N\f—
rectional I/0 port. Port 0 is 2% b # b T
pulled up with 10-kilo-ohm - 25| P24 ‘; é 3
P23 ApaA—|
resistor network RNW1. g R12 Eﬁﬁ
Port pins P0.0 through g E 241722 AW e of
s A1 ﬁ
P0.6 are connected to pins = | & 20 s
) ¢ 3 o L= Q (=} P242W\ﬁ u
of segments ‘a’ through ‘g -|o'|°'|<.. 'Io R10 ;‘3“
s4 s1

via resistors R2 through 1,8
R8, respectively. Port P0.7

is connected to decimal via
resistor RY. Resistors R2
through R9 are used as cur-
rent limiter for various seg- Fig. 1: Micracontroller-based industrial timer

AN

23
18 18
Xrar R10-R13 = 4700 \-'/
2 |:| c3
by

C:
33 |3 asp R14-R18 = 8.2K
5 XTaL = 20MHz

I T1-T4 = BC557

DIS1-DIS4 = SP5501 OR LTS642
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SECONDARY TRANSFORMER

l][}

P 4 BR1=1A
0
56 X1 I
o UNREGULATED
SWITCH e
230V wn| 1C2 | 45V
7 - BR1 + 1 7805 32 0
50Hz 2
~ _“c5 .| COM c6
| | 1000y —— 0.1y =
25V
o GND
X1 =230V AC . 0
PRIMARY TO 7.5V, 350mA

Fig. 2: Power supply circuit

ments of displays,
respectively.

Port 2 is used
to control DIS1
through DIS4.
Port 2 is an 8-bit
bidirectional 1/0
port with internal
pull-ups. When
port-2 pin is low,
the transistor con-

ducts and provides supply to the common pin of 7-segment display.
Port pins P2.5 through P2.2 control DIS1 through DIS4 with the help
of transistors T1 through T4, respectively.

‘The microcontroller drives the 7-segment displays in multiplex
mode. This helps in reducing current consumption while maintaining
the brightness of the display. For driving the displays, timer 2 inside

the microcontroller is used. It enables display of each digit every two

milliseconds.

For driving the displays, the microcontroller uses port-0 to send
the segment outputs. It selects the corresponding unit’s, ten’s, hundred’s
and thousand’s displays through P2.5, P2.4, P2.3 and P2.2, respectively.

Four pins of port 1 are used for various switches like select, up,
down and start/stop. Port 1 is an 8-bit bidirectional I/O port with
internal pull-ups. Switches S1 through 54 are connected to pins 5

m
B |
<
N
@
o
E
=
\
=
e
3
]
N
P
c
Z
m
I
o
N

Fig. 3: An actual-size, single-side PCB layout for the microcontroller-based industrial
timer including power supply
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PARTS LIST

Semiconductor:

IC1 - AT89S52 micrcontroller

IC2 - 7805 5V regulator

T1-T4 - BCS557 pnp transistor

TG - BC547 npn transistor

BR1 - 1A bridge rectifier

D1 - 1N4007 rectifier diode

DIS1-DIS4 - LTS542 common-anode
display

Resistors (all Ye-watt, +5% carbon):

R1,R14-R18 - 8.2-kilo-ohm

R2-R9 - 270-ohm

R10-R13 - 470-ohm

RNW1 - 10-kilo-ohm resistor
network

Capacitors:

€1 - 10pE16V clectrolytic

E2.€3 - 33pF ceramic disk

C4,Ch - 0.1pF ceramic disk

Cs - 1000pF, 25V electrolytic

Miscellaneous:

X1 - 230V AC primary to 6V,
350mA secondary
transformer

MG - 20MHz crystal

RL1 - 6V,1C/O relay

51-85 - Push-to-on switch

S6 - On/off switch

through 8 of the microcontroller and
used for select, up, down and start/stop
functions, respectively.

Pin P3.7 controls relay RL1. When
pin P3.7 goes high, transistor T5 is
driven into saturation and relay RL1
energises. Diode D1 serves as a free-
wheeling diode. Any appliance can be
connected with contacts of relay RL1.

Power-on-reset is achieved by con-
necting resistor R1 and capacitor C1 to
pin 9 of the microcontroller. Other ends
of the capacitor and resistor are con-
nected to Vee and ground, respectively.
Switch S5 is used for manual reset. The
microcontroller is operated with the
clock derived from a 20MHz crystal
oscillator.

Power supply. Fig. 2 shows the cir-
cuit of the power supply. The AC mains
is stepped down by transformer X1 to
deliver a secondary output of 7.5V at
350 mA. The transformer output is
rectified by a full-wave bridge rectifier
BR1, filtered by capacitor C5 and regu-

lated by IC2. Capacitor C6 bypasses
any ripple present in the regulated

AT89S552-Based Industrial Timer



output. Unregulated power supply is

_  EFY,SUNIL-IND. TIMER.JUNE-O7
used for relay RL1. _ Dil-STISEP‘gq DIS% | . OIS3 DIS2 /DISl O
An actual-size, single-side PCB
layout for the microcontroller-based
industrial timer (Fig. 1) including
power supply (Fig. 2) is shown in Fig.
3 and its components layout in Fig.4.
QZ R9=270E SU,lCzU

R | Tﬁ 659 @55

Switch on the circuit using using ON/
OFF switch S6. The microcontroller
is reset by power-on-reset and then RNN19
timer is in seconds mode. The ‘select’
key selects the mode between ‘seconds’ 100
and ‘minutes.’ This is displayed as ‘0’
for seconds and ‘1’ for minutes on g
the hundred’s digit display (DIS3), RES%ET
respectively.

Up’ key increments the time set-
ting in seconds and minutes.

Sc22 PCoss  BCS57 BLBS7....BOB4B
T3 R3O !

RID-RI3= @~ r0RI2

R

5
AC 7.5V

‘Down’ key decrements the time

setting in seconds and minutes. O C4 RO S 60006 010 0.0 9
After setting the desired time with

the help of ‘up’ and ‘down’ keys, press  Fig. 4: Components layout for the PCB

‘start’ key. This energises the relay. The

timer counts down for the set time and once the display becomes zero, the relay de-energises. The timer will stop

before preset time by pressing ‘start’key again.

Software

The source program is written in ‘C’language and compiled with Keil Microvision 3 IDE. It is well commented
and easy to understand. Download C51V808A.EXE from ‘www.keil.com/demo/eval/c51.htm." This file is a freely
available and self-extracting setup program for Keil Microvision 3 IDE.

Normally, when there is no interrupt, the microcontroller executes ‘while’ loop in the main function. Here
it scans the keys and acts according to the key pressed.

Two interrupts are enabled in the software, namely, timer 0 and timer 2. Timer O counts milliseconds,
which are then accumulated to seconds or minutes according to the user selection. Timer 2 drives the displays
in multiplex mode.

For time counting, timer 0 is initialised by the void Timer0_init(unsigned char TimerOh,unsigned char
Timer0l) function. Timer 0 interrupts the microcontroller every millisecond.

When interrupted by timer 0, the microcontroller executes the void isr_t0(void) function wherein it in-
crements two counter variables, namely, TimerOCounter and LedCounter. TimerOCounter is responsible for
counting the number of milliseconds elapsed and increments the minutes/seconds counter according to the
mode selected (‘seconds’ or ‘minutes’ count). Once the set value is reached, the timer-0 interrupt is disabled and
time counting stops.

'The LED counter makes the dot LED of the unit’s digit flash every second once.

Display-driving process is taken care of by the built-in timer 2. Timer 2 is initialised by the void Timer2_
init(unsigned char Timer2h,unsigned char Timer2l) function.

Timer 2 gives an interrupt to the microcontroller to switch on the common pin of each 7-segment display
for every two milliseconds. When an interrupt occurs, the void isr_t2(void) function is executed and the mi-
crocontroller returns to ‘while’loop in the main function.

Download Source Code: http://www.efymag.com/admin/issuepdf/Industrial%20Timer.zip
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SOURCE PROGRAM

/**%* Tnclude Files ***/
finclude <At89x52.h>

/*** RENAMING OF PORTS ****/
#define SegPort PO
f#define DigPort P2

/* CODE FOR LIGHTING EACH SEGMENT OF THE SEVEN SEG-
MENT LED DISPLAY */

#define seg_a Oxfe

#define seg b Oxfd

#define seg_c 0xfb

#define seg_d 0xf7

#define seg e Oxef

#define seg f Oxdf

#define seg g Oxbf

#define seg dot 0x7f

/* SEVEN SEGMENT CODE FOR EACH NUMBER FROM 0 TO 9
,DOT AND SPACE */

#define NUM 0 (seg a & seg b & seg c & seg d & seg_e
& seg f)

fdefine NUM 1 (seg_b & seg_c)

#define NUM 2 (seg a & seg b & seg d & seg e & seg g)
fdefine NUM 3 (seg a & seg b & seg c & seg d & seg_gQg)
#define NUM_4 (seg_b & seg_c & seg_f & seg_g)

#define NUM 5 (seg a & seg ¢ & seg d & seg f & seg g)
#define NUM 6 (seg_a & seg_c & seg_ d & seg_e & seg_f

& seg_g)
idefine NUM 7
tdefine NUM_8
& seg f & seg _gqg)
fdefine NUM 9
& seg_g)
#define NUM DOT (seg_dot)
#define NUM_SPACE OXff;

(seg_a & seg b & seg_c)

(seg_a & seg b & seg c & seg d & seg e

(seg_a & seg b & seg c & seg d & seg f

const unsigned char hex_table([] =

{

NUM 0,NUM_1,NUM 2,NUM_3,NUM 4, NUM 5,NUM_6,NUM 7,
NUM_8,NUM_9,NUM_DOT

bi

/* ADDRESS FOR SELECTING THE COMMON PIN OF THE DIS-
PLAY FOR EACH DIGIT */

#define UNITS Oxdf

#define TENS Oxef

f#define HUNDS 0xf7

f#define THS O0xfb

/* RELOAD VALUE FOR TIMER2 FOR INTERRUPT DURATION OF
2 MILLISECONDS */

fdefine TIMER2H72M5 0x£2

#define TIMERZL 2MS 0xfb

/* RELOAD VALUE FOR TIMERO FOR INTERRUPT DURATION OF
1 MILLISECOND */

#define TIMEROH 1MS 0xf9

#define TIMEROL 1MS Ox7e

/* VECTOR VALUE FOR TIMER INTERRUPT */

#define TIMEROVECTOR 1

#define TIMER2VECTOR 5

/* MINUTES AND SECONDS CONSTANTS */

240

#define SEC 999
#define MIN (60 * SEC)
/* VARIABLES DEFINITION */
unsigned char Units;
unsigned char Tens;
unsigned char Hunds;
unsigned char Ths;
unsigned int TimerOCounter=0;
unsigned char DisplayCounter=0;
unsigned int LedCounter=(0;
unsigned char TimeDig;
unsigned int OneSecCount=0;
unsigned int SetSec=0;
unsigned char OneMinCount;
unsigned char key;
unsigned char KeyCount;
unsigned char Mode;
/* FUNCTION PROTOTYPES */
void Timer0O_init (unsigned char TimerOh,unsigned char
Timer0l);
void Timer2 init (unsigned char TimerZ2h,unsigned char
Timer2l);
void Display(unsigned char Digit);
void IntToSevSeg(unsigned int TimeTemp) ;
void KeyDebounce (unsigned char dly]);
void Keyscan (void);
/* RENAMING FORT PINS FOR EASY USAGE */
sbit RELAY = P3"7;
sbit SEL = P1°4;
sbit UP = P1%5;
sbit DN = P1%6;
sbit STRT = P1°7;
/* MAIN FUNCTION */
void main (void)
{
RELAY = 0;
Timer2_ init (TIMER2H_2MS, TIMER2L_2MS) ;
Timer(O_init (TIMEROH_1MS, TIMEROL_1MS} :
TRO=0;
EA=]1;
while (1)
{
if (TRO==0) IntToSevSeqg (SetSec) ;
else if( (TRO==1) &&
IntToSevSegq (CneSecCount) ;
Keyscan () ;

(TimerOCounter==0) )

switch (key)
{
case 4:

if (5etSec>0)

if (TR0==0)

OneSecCount = SetSec;

AT89552-Based Industrial Timer
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SegPort = Tens;

break;

case 2:
DigPort = HUNDS;
SegPort = Hunds;
break;

case 3:

DigPort = THS;
SegPort = Ths;
break;

/* INTEGER VALUE TO SEVEN SEGMENT CONVERSION FUNC-
PION *7
void IntToSevSeg(unsigned int TimeTemp)
{
TimeDig = TimeTemp/1000;
TimeTemp =-=(TimeTemp/1000) *1000;
if (TimeDig==0)
{
Ths=NUM_SPACE:
}
else
{
Ths = hex table[TimeDig];
}
TimeDig = TimeTemp/100;
TimeTemp -=(TimeTemp/100)*100;
if ((Ths==0x£ff) && (TimeDig==0) )
{
Hunds=NUM_SPACE;
}
else
{
Hunds = hex_table[TimeDig];
}
TimeDig = TimeTemp/10;
TimeTemp -=(TimeTemp/10)*10;
if ((Hunds==0xff) && (TimeDig==0))
{
Tens=NUM_SPACE;
}
else
{
Tens = hex_table[TimeDig];
}
TimeDig = TimeTemp%10;
Units = hex table[TimeDig]:
}

/* Interrupt Routines */

/* Drives LED Displays */
void isr_t2(void) interrupt TIMER2VECTOR
{

DisplayCount
if (DisplayCo
Display(Disp
TE2 = 0;

/* Counts Second
void isr t0(void
{

THO

er++;//Increments every 50 ms.
unter>3) DisplayCounter=0;
layCounter) ;

s *f

) interrupt TIMEROVECTOR

TIMEROH_1MS;

TLO = TIMEROL_1MS;

TF0=0;
TimerOCounter++;
LedCounter++;

//Counts every lmsec.

if (LedCounter<200)

Units= Units & NUM_DOT;

else if( (LedCounter>=200) && (LedCounter <99%9)

else

if (Mode==0)
{

Units = Units | 0x80;

LedCounter=0;

if (TimerOCounter>SEC)

Count=0;

}
else if (Mode==1)
{

if (Timer0Cou

{

TimerOCounter=0;

OneSecCount--;

if (OneSecCount==0)
{
//OneSec-

TRO=0;
RELAY = 0;
}

inter>MIN)

{

TimerOCounter=0;

OneSecCount--;

if (OneSecCount>MIN)
{
OneSecCount=0;
TRO=0;
RELAY = 0;
}

/**t**t*k*t***i***t END ******t*k*i**ti**/
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LOW-COST LCD
FREQUENCY METER

m K.S. SANKAR

requency meters have always been ex- JESHNEIINS Important Instructions Used in the
pensive tools for the average hobbyists. e

Now, with microcontrollers and liquid- - _ . .
crystal displays (LCDs) having become very é CtONFIGLCDPIN. This instruction stores the pin usage in your program:
yn ax:

economical and popular, it is possible to build  SoNFIG LCDPIN = PIN

a compact and low-cost LCD-based frequen-  Example:
cy meter that can measure up to 250 kHz. CONFIG LCDPIN = PIN, DB4= P1.1, DB5=P1.2, DB6=P1.3, DB7=P1.4,
A sample photo of the LCD module is E=P1.5,R8=P1.6 . .

I i P 1. These modles axe available Note. LCD-module pin names are as used in Fig. 3. ' ‘
s sl 2. CONFIG LCD. This instruction is used for configuring the LCD display
in 14- and 16-pin configurations. The 16- type:
pin module has a backlight option. Popular Syntax:

(,ONI'IG LCD = LCD type
LCD type can be one of the following:
40x4, 40x2, 16x1, 16x2, 16x4, 20x2 or 20x4
or 16x1a or 40x4a.
Note, Default 16x2 is assumed. The 16x1a LCD display is a special one. It
is intended for the display that has the memory organised as two lines of
eight characters. The 40x4a LCD display is also a special one. It has two
ENABLE lines.
Example:
CONFIG LCD = 40x4
LCD “Hello” instruction is used for displaying ‘Hello' on the LCD screen.
FOURTHLINE instruction selects line No. 4 of the screen for subsequent
instruction,

B LCD “4” displays ‘4 on the screen
Fig. 1: A Typical LCD module END
3. CONFIG TIMERG, TIMER1. 'This instruction is used for configuring
timer-0 or timer-1.

Program with Examples

TABLE | S
CONFIG TIMERx = COUNTER/TIMER, GATE=INTERNAL/EX-
Pin Details of |.M1 6200 TERNAL, MODE=0/3
c Remarks:
Pin No. Descri
- phos] 1L L - TIMERxTIMERO or TIMERI1.
1 Gnd 5 RIW COUNTER will configure TIMERx as a COUNTER and
2 Vee 6 E TIMER xf['lll configure -
IMERx as a TIMER.
- e Jiuds SR A TIMER has built-in clock input and a COUNTER has external
4 HS ]5 & 16 LED BLA & K clockinput_
GATE INTERNAL or EXTERNAL. Specify EXTERNAL to enable gate
controlwith the INT input.
o= . 1\s>( LCD | MODE Specify timer/counter mode 0-3. See the datasheet for more details.
VO—» E
| T’ a0 Example:
e— |3 CONFIG TIMER0=COUNTER, MODE=1, GATE=INTERNAL
DeaT % COUNTERO = 0 instruction resets counter 0
31— oaven START COUNTERO enables the counter to start counting
e DELAY ‘wait a while
Pt ey | PRINT COUNTERO instruction prints the counter count.
Eoa} END

Fig. 2: Functonal diagram of the LCD module
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Fig. 3: Circuit of the frequency meter

brands are Lampex and Hantronix. Note the pin numbers before sol-

dering to the circuit.

In this project, the LCD module used is Lampex LM16200 with 16
alphanumeric characters and two lines with backlight option. Pin details

TABLE Il
LCD Connections Used for
4-Bit Data Mode

LCDdisplay ~ Port  Pin

DB7 P17 14

DB6 P1.6 13

DB5 P1.5 12

DB4 P14 1

E P13 6

RS P1.2 4

RW Ground 5

Vss Ground 1

Vdd +5 volt 2

Vo 0-5 volt 3
244

of this module are given
in Table I. A functional
diagram of the module is
shown in Fig. 2.

However, you may use
any branded or unbranded
2-line, 16-character LCD
module for this project. The
10k potentiometer, which
controls the contrast of the
LCD module, works best
when its wiper contact is
nearer to ground potential.

Circuit description

Fig. 3 shows the circuit
of the frequency counter

PARTS LIST

Semiconductors:
1IC1 - 7805 5V regulator
J&2 - AT89C2051 microcontroller
1C3 - CD4050 hex buffer
T1 - BC547 npn transistor
D1-D4 - 1N4007 rectifier diode
D5 - 1N4148 switching diode
LED1 - 5mm LED
Resistors (all Ya-watt, 5% carbon):

- 1-kilo-ohm
R2,R4, R6-R9 - 10-kilo-ohm
R3 - 4.7-kilo-ohm
R5 - 150-chm
C?)acifor::
& - 1000yF, 25V electrolytic
€2,C8, 7 - 0.1|.11!:l ceramic disk
C4,C5 - 22pF ceramic disk
Cé - 10uF, 16V electrolytic
Miscellaneous:

- 230V AC primary to 9V,
250mA secondary
transformer

S1 - On/Off switch

S2 - EESM}I_]E?-OU switch
- z

Xou - 16x2 LCD

Low-Cost LCD Frequency Meter



Csmar D
S

DEFINE VARIABLES
INITIALISE PORTS

v

CONFIGURE LCD
CONNECTIONS

v

CONFIGURE TIMERO
AS A COUNTER

v

SET TIMERO INT
SUBROUTINE

including the power
supply. The micro-
controller used is
AT89C2051, which
features 2 kB of
Flash, 128 bytes of
RAM, 15 input/out-
put (I/O) lines, two
16-bit timers/coun-
ters, a five-vector
two-level interrupt

architecture, a full-
duplex serial port, a
precision analogue
START COUNTER D TO COUNT comparator, an on- Fig. 5: Actual-size, single-side PCB layout for frequency meter
EXTERNAL PULSES ON PORT 3.4 _ 3
T chip oscillator and
clock circuitry.

ENABLE
INTERRUPTS

ONE SECOND ACCURATE O EFY./SUNI L/E’SEG/FEBUS RE-RY=10K

DELAY LOOP Port-1 is used G) o =lu
. 1c1 C6 oy
v to drive the LCD esees
RFTER ONE SECOND in 4-bit mode with a8 ouT
: e R
1 10-kilo-ohm pull- o

DISPLAY THE COUNT ON
LCD AS FREQUENCY

RESET VARIABLES

Fig. 4: Flow-chart of the frequency-
counting program

up resistors. The
24MHz crystal used
gives a processing D4
speed of 2 million
instructions per sec-
ond (MIPS).

Timer-0 is used
as an external counter to count the input pulses.
Transistor T1 amplifies the input signal, while non-
inverting gate N1 (1/6 CD4050) serves as a buffer for Fig. 6: Component layout for the PCB
coupling the amplified pulses to input pin 8 (P2.4) of
timer-0.

A software gate of one-second duration is used to count the number of pulses corresponding to the frequency
of the input signal source. The count value is read and displayed on the 2-line, 16-character LCD module. The
flow-chart of the frequency-counting routine is shown in Fig. 4.

A conventional power supply circuit comprising a step-down transformer followed by a bridge rectifier,
smoothing capacitor and 5V regulator is used to power the circuit. Capacitor C2 (0.1uF) filters ripples in the
output of the regulator and LED1 shows the supply status. To test the circuit, connect any pulse generator output
to the probe and check the frequency displayed on the LCD screen.

The LCD module is used in the 4-bit data interface mode, wherein only data pins DB4 through DB7 are used
for data transfer. The configuration used is shown in Table II.

An actual-size, single-side PCB for the LCD frequency meter (Fig. 3) is shown in Fig. 5 and its component
layout in Fig. 6.

O EFY/SUNIL/FREW/ t148€

The software
The software is compiled using the demo version of BASCOM-8051, which can be downloaded from website

‘www.mcselec. com.’

Syntax of some of the important instructions used in the program is shown in the box along with examples.
The BASCOM compiler provides special instructions for use and display of data on the LCD module.

F