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Who should read this : 
To begin we  would like to say that this tutorial would seem fairly 
amateurish to the advanced robotics fanatic. But a PC based solution 
is the easiest, least time consuming, most inexpensive method so we 
present our experiences which we went through when we built our 
first robot (suc cessfully ;-)). 

In other words, advanced designers should probably give it the once 
over and that’s about it. If you are in the first year or second year and 
have a passion for building things that move and want to enter 
competitions of an advanced level then please read on. 

This tutorial is geared towards first and second year engineering 
students and it is they who would find it most beneficial. 

Secondly, we hope that after you read this material and build your 
first autonomous robot, you would naturally move on to a more 
powerful microcontroller/microprocessor based robot because of the 
obvious handicaps that a PC based robot. 

Disclaimer 
Like any other project of a large nature some element of risk is 
always involved no matter how carefully you follow the guides. So we 
just like to say that don’t come threatening us if your PC is wrecked 
because we didn’t wreak ours so we cannot take any responsibility 
for any mishap or untoward incidents occurring out of reading this 
text. All material is given in good faith and we hope that it would be 
useful. 

Any corrections and suggestions are most welcome by contacting the 
authors using the Query link on  the website. 



How a parallel port works 
The parallel port is a simple interface that can be found on every 
computer since the prehistoric age to the latest. It is very easy to 
program the parallel port because it involves simply checking the bits 
on certain lines (to check for sensors) and mak ing certain other bits 
on or off (for the motors). 

But a parallel port is a very delicate device and can be easily 
destroyed. So we suggest that you use an old PC that is being ju nked 
or buy a ISA/PCI socket that can be used as an extra parallel port. 
These can be inserted into any compatible PC ensuring that you don’t 
damage your onboard port. 

A PC may have up to 3 Parallel Ports. Each port is referred to by its 
I/O address. To find yours you can check: 
1. The BIOS 
2. The start up screen 
3. Control Panel->System->Device Manager->Ports->Printer Port 
 ->Res ources 
The commonly used address may be: 
1. 0378-037F 
2. 0278-027F 
3. 0379 etc. 
Some of the addresses are input addresses and some are output. We 
will get to that part in the programming bit. 

Also if you are using a PC running only Windows XP tough luck-you 
will not be able to directly program parallel port pins using XP. So 
either get Windows 98/95 or use a DOS bootable floppy/CD and 
install C++ on your C: 
We used Windows 98 on a Pentium 2 @ 300Mhz. We installed a 
separate ISA Card so as not to damage the onboard port and also 
because we could double the number of control pins !  (We had 10 
input pins and 16 output pins, see below) 



 

 To find the pin number simply look at the parallel port. The number 
will be lightly engraved next to the pin or use the above diagram as a 
reference. 

1. The blue pins are the output pins which can be used to control the 
motors. Although we can use any of them it is preferable to use pins 
2-9 as the rest are used for specialized printer functions. Either 0V or 
+5  VDC appears on these lines when controlled by the program. 

2. The 5 red pins are input pins and we can use all of them to connect 
the sensors. Note that Pin10 is complemented.  Howev er on s ome 
computers Pin 10 needs  to be grounded for operation  of the port so 
you may only have 4 input lines. 

3. The green pins are unused but they MUST be shorted and 
connected to the common ground. This is essential. 

You will need a male 25-Pin DB-5 connector to connect to the port of 
your PC which is female. This is available for Rs. 5 but you will need 
to solder wires to it. It would be better if you buy a connector which 
can be used for your printer and then cut off the end which you are 
not using. This can be available for Rs.30 and will save a lot of 
trouble. 

Strip off the wires on the loose end such that the wires 2-9 and 
10,11,12,13,15 remain. The wires inside the connector  are VIBGYOR 



 

and light shades. Use a multimeter to decode the colour code 
(Connect one end of the multimeter to the connector pin and find out 
the colour code and pin code for each wire. To simplify your task here 
are the colour codes (generally they will be the same just check) : 

For I/P Pins : 
10-Brown 
11-Red 
12-Orange 
13-Yellow 
15-Green 

Find out the colour code for pins 2,3,4 (we will only need 3 output 
pins) and pin 18-25 (only one wire). 

Another import point to note is that you can damage your port if you 
draw too much current from it (sourcing) or send too much current in 
it (sinking). 

For the motor control: 
Obviously we cannot drive a motor directly as a motor draws 1-2 A 
current on full load so we use a transistor as a s witch for switching a 
relay. 
A relay is an electromechanical s witch. When you apply a certain 
voltage at two terminals it behaves like a DPDT switch. 

Go in for a 5 Volts  DC relay 
with dual double pole (Rs. 
25 each). You will need 3. 

What this means is that 
when  0V appears across  1- 
2 then 3-4 and 6-7 is 
shorted (separately) and 
when +5Vdc appears 
across 1-2 then 3-5 and 6- 
8 is shorted (separately). 
Your relay may have 



 

 

different connections so check with a multimeter. In this diagram 3 
and 6 are the poles. 

The circuit for the motor interfac e is shown below. 
Note  that you  can use C1740 / BC547  / SL100 transistors. Of these 
C1740 has (Rs.12) very fast switching capabilities . SL100 has (Rs.7) 
higher current ratings and BC547 is the cheapest (Rs.2). We suggest 
that you use SL100 but keep a few BC547 ‘s handy. 

The reversed biased diode across the relay is ABSOLUTELY 
necessary as the switching action of the relay produces back emf 
which must be blocked. 

You may use the buf fer or diode D1 or both. But in case the relay 
does not s witch then eliminate one of them. 

Motor I nterface 

You will need to build 3 such circuits (above) and connect them to 
pins 2,3,4 s eparately. To protect your PC further use an optoisolator 
before the buffer.(for more on optoisolators see sensors). If you are 
using an o ptoisolator then you  can eliminate the diode D1. 
Connections for the relay are straight forward. Just remember that the 
+12V DC supply you use must be isolated from the PC. Use a 
dependable 500mA DC Adaptor with selectable voltage ratings. 



 
 

Initially use +4.5v for the connections then increase the voltage as 
the sensors cope with the change in speed. 

On the left side use two +12V DC motors of 30-45rpm and similarly 
for the right side (Rs.150 each x4). Short the M+ and M- terminals to 
each other of the t wo left side motors (SEPARATELY !) and similarly 
for the right side. See the connections as per the diagram. 



 

Operation : 
The motors will operate only when relay of pin 4 is turned on (i.e. 
when pin4=1). Left Motor will go forward when pin2=0 and right motor 
will go forward when pin3=0. These directions are valid only if you 
have connected the motors properly. If they rotate in the opposite 
direction then simply reverse the M+ and M- connections on the Left 
and Right Relay as applicable. 

Pin4  Pin2 (Left Motor) Pin3 (Right  Motor) 
 All Motors Off 0  X  X 
Forward 1  0  0 
360 Right 1  0  1 
360 Left 1  1  0 
Backwards 1  1  1 

A great way to check the motors is by 
using a free program called Parmon (by 
Fred Bulback). Although you need not 
use it, it is the most helpful program for 
troubles hooting. It also gives you a list 
of all the ports and their addresses and 
lets you turn on/off pins at the click of a 
button and gives you status of the 
sens ors. Very helpful. 

Your motor table may be different, please do not use the one given 
above as a de-facto standard. 

A circuit using 4 relays-two controlling the left motors and two 
controlling the right motors can also be used. It will give you a wider 
turning radius along with the above modes of  operation. You may use 
such a method if required but it will increase the complexity of the 
circuit. 



Sensor Circuits 
The sensor is an essential feedback element of the robot wit hout 
which autonomous control is impossible. 
They are of many types (some are listed below) : 

1.LDR Sensors 
These sensors are cheap but face problems s uch are light 
interference and slow response. (We initially used these but later 
switched to IR sensors) 

2.IR Sensors 
The are  extremely cheap, do not require a  relay for  operation and  are 
blazingly fast. Also light interference is minimized. 

3.Ultrasonic Sensors 
4.Distance Measurement Sensors 
5.Colour Sensors 
6.Proximity Sensors 
7.Camera’s 

3,4,6,7 are beyond our scope so we  wont discuss them at all. 
LDR sensors are very unreliable however if you wish to use them the 
following text applies to them as well but will require serious changes 
and addition of relays (at your own risk). 
Colour sens ors can be made very easily using LDR’s, light filters and 
comparators. You can fin d thes e circuits anywhere on the Internet. 
For a good colour sensor circuit check out: 

http://www.tronicszone.com 
http://www.thomasadams.org/robots/index.htm 



 

 

IR Sensors 
IR Sensors consist of an optocoupler pair (transmitter and receiver). 
The words photodiode, phototransistor, IR Receiver LED are used 
interchangeably. 

 The Tx is white in colour and 
Rx is Blue/Black in colour. 
This may not always be true. 
We have come across the 
exact opposite colouring 
also. Check with the dealer. 
The leads are identified like 
a normal LED. 

They are available for 
Rs.12 – 22 per pair 

An interesting device is the 
QRB1133/4 which is a Tx/Rx 

in one package specially designed for sensor robots. 

Transmitter Circuit: 
Transmitter circuit is a simple LED biasing circuit. To find out more 
about LED Biasing visit: 
http://home.cogeco.ca/%7Erpaisley4/CircuitIndex.html#index 
or search for Metku LED Calcu. 

 Note that +Vcc that we used is 
3V to prolong the life of the led. 
R can be found from the 
websites mentioned above. 
We used 
R= 470-680  ÷  (0.5W) for 1 LED 
R=220  ÷ (1 W) for 2 LED’s etc 



 

 

A better way is to use a  500  ÷  preset so that you can very easily 
adjust the s ensitivity. 

We suggest that you use 2x1.5V batteries to power the LEDs or use 
+5vDC (for convenience) and change the value or R. 

Use a camera phone or a webcam or a digicam to check if the LED’s 
are working ! 
Check that they are not burning too bright nor too dim. 

Receiver Circuit 
The receiver circuit is  a simple circuit  using the transistor in the Cutoff 
and Saturation region. 

 Receiver circuit 



 

The values given above are only indications and will require 
extensive trial and error to determine the right sensitivity for 
operation. We used a 470K preset so that we c ould easily adjust the 
sensitivity. 

We used BC547 transistor and for the buffer we used optoisolator 
MCT2E and 4N27. If you do not use an optoisolator you can easily 
damage your parallel port. It is recommended that you use a buffer 
74LS244/245 to drive the optoisolator which is c onnected to the PC 
port. 

 Optoisolator  MCT2E 

You can connect 4/5 such circ uits to the parallel port pins 
10,11,12,13,15 each requiring its own optoisolator and buffer. If you 
are connecting it to pin 10 then note that the logic  will be inverted. 
(You can us e a inverting buffer if you want similar logic) 

You can connect many receiver leds in parallel to increase the length 
of the operating region. But the values of the resistors will change 
along with their Power ratings. 

Optoisolators can also be used for the motor drivers to protect your 
PC further. 

You can use a 74LS148 priority encoder if you want to increase the 
number of inputs available (but only one at a time). 

Another circuit to increase the number of inputs is given below. It 
uses  a MUX or DECODER to allow scanning of inputs. The inputs 
appear one at a time at a very fast rate on the input pins by selecting 
the line using output lines 4-9. Software code must be written for this 
type of logic to decode the Inputs. 



 

 

 
 

The placement 
details are 
given on th e left 

This completes 
the hardware 
portion of the 
tutorial. 



 

 

Hardware Tips 
1.Connecting the power supply properly is essential for safe long 
term operation the following diagram shows you how to obtain power 
from your PC SMPS. 

NEVER Draw +12V to run the motor from the PC SMPS. It may get 
damaged or the PC may reboot. Only use the +5V Supply (to avoid 
the problem of unmatched ground) 

Connect the GND of the Molex connector (you 
will have to open the cabinet) to pin 18-25 of 
the parallel port use the +5V wherever 
required (just don’t short it or the PC will 
reboot). 
Again DO NOT use the +12V from here. Use 
a separate Adapt er and DO NOT short that 
GND with this GND. 

2. If you are new to circuit designing then we suggest that you use a 
breadboard (Rs.80 – Rs  160). We used one because of its great 
conv enience and mounted it along with the circuit on the robot. 

3. These are the wires that you would need to transfer to the robot: 
1. +12V DC 
2. GND for 1 
3. +5V DC 
4. GND for 3 (separate from 2) 
5,6,7. Pins 2,3,4 
8,9,10,11,12. Pins 10,11,12,13,15 
13. Pin 18-25 (shorted together) and connected to 4 

You will require at least 13 wires-so buy a 25 strand ribbon wire of 
good qualit y (Rs. 8-10 /meter) 

4. It has been out experience that even after proper biasing relays do 
not switch. That has to do with an inherent problem in a relay (200 ÷ 
impedance) that it requires a high switching current. It can be solved 
by using a Darlington Configuration. 



 

 

Use two SL100 transist ors for 
this configuration as they 
provide good heat dissipation. 

You will need to change the 
biasing to meet the demands 
of the new configuration. 

If the transistors do not heat up 
at an alarming rate then you 
can be assured that the biasing 
will perform. 

Read on for the programming s ection. 



Programming Section 
This program was written for a competition where we performed quite 
substantially and so we present the program in an  abbreviated 
version: 

#include <dos.h> 
#include <stdio.h> 
#include <conio.h> 

#define porto 0x378          //Output port was 0x378 
#define porti 0x379            //Input port was 0x379 
                                         //Find the port number in Device Manager 

int m=0,lt=0,rt=0,w=0;       //Define global sensors 

void forward(){ 
outportb(porto,0x4);          //Code for go forward, output to porto 
}                                      // i.e. D7-D0 = XXXXX100 //Don’t cares are 0 

void reverse(){ 
outportb(porto,0x7); 
} 

void stopall(){ 
outportb(porto,0x0); 
} 

void right(){ 
outportb(porto,0x5); 
} 

void left(){ 
outportb(porto,0x6); 
} 

void sensor(){                         // Read sensors from input port, porti 
int a=0; 
a=inportb(porti); 



//printf("%d\n",a); 
int r=0,q=a,n=0; 
do{ 
r=q%2;                                    //Convert t he value to binary 
q=q/2; 
n++; 
if (n==8) m=r;                         // Connected to pin10 
if (n==6) lt=!r;                        //Connected to pin11 
if (n==5) rt=! r;                       //Connected to pin12 
if (n==4) w=!r;                       //Connected to pin13 
//printf("%d-%d\n",r,n); 
}while(n<=8); 
} 

int dy(float a){                        // Delay function 
delay(a*1000); 
return 1; 
} 

void lc (){                                 //This is a function for line follow until 
sens or();                                //an intersection 
if (m==1) return; 
if (lt==1) {left();dy(0.15);} 
if (rt==1) {right();dy(0.15);} 
forward(); 
return; 
} 

void gostr()                          //Go straight while sensor m=0 
{ 
 do 
  { 
   lc(); 
  }while(m==0); 
  stopall(); 
} 

You can define any number of functions that you require: 
Such as counting mirrors, checking for obstacles, making decisions 
etc 



A portion of the main program is given below: 

main(){ 
clrscr(); 
gosect=2; 
goto sect; 
p1: 

   forward();                      // This portion is for the initial phase of the 
   do                                // track at the c ompetition 
    {                                  // Yours may be completely different 
     lc 1(); 
    }while(m==0); 
    forward(); 
   dy(1.5); 
   left(); 
   dy(1.5); 
   do 
    { sensor(); 
    }while(lt==0); 

 p2:                                // It will enter phase2 after completing phase1 

  do 
   { 
    lc1();     if(m==1) {  secta=1;break;} 
    }while(w==0); 
  reverse(); 
  dy(0.75); 
  right(); 
  dy(0.4); 
  forward(); 
  dy(0.2); 
  right(); 

We leave you here to develop your own logic and may it be the best 
anyone can offer. 



We hope you enjoyed reading this small effort as much as we 
enjoyed creating it. 

Any suggestions  and corrections will be welcomed wholeheartedly. 

Shail Desai - 9821540347 

Emad Parkar - 9820696334 

Parag Mehta - 9820595969 


