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ABSTRACT
The obstacle detection is based on IR sensors, which detect the obstacle and the microcontroller acquires the
data. According to the programmable logic placed in the controller, it decides where the robot should turn. It
would then give input to motor driver, which would in turn direct the motors to control the movement of the
robot. Apart from that we will use a 12v battery to power the robot along with microcontroller.
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INTRODUCTION
Robot: A robot is a machine that carries out a particular action automatically, as per the command by the
controller, which is the brain of the robot. A robot works on basic four characteristics:
i. Sensing: Typically sensing the environment with the help of sensors, for example, IR sensors,
Ultrasonic sensors, etc, that allows the robot to be aware of it's environment.

ii. Motion: Also, it needs to move in the environment either autonomously or by human control, hence,
enabling it to transverse it's movement by rolling over wheels (which driven by a motor).

iii. Power: A power source is needed which can drive the robot, by generating a power circuit for the
respective components with the help of ICs and batteries.

iv. Intelligence: The robot needs to take it's own decision for performing the respective task based on the
input, to generate the desired output, and this can be done with the help of artificial intelligence, which
can be fulfilled by micro-controllers like Arduino, PIC, AT89C51, ARM etc.

Obstacle Avoidance:

Obstacle avoiding robot is a robot which motions according to the output of the sensors used and autonomously
moves in an unknown environment without colliding with the surrounding objects. It reciprocates rotational
motion of the wheels into linear motion hence covering certain distance. Basically, it will run around in the
environment and if it detects an obstacle, it will deviate from its path by either taking a left, right or reverse
motion. In the project, three IR sensors have been used which are interfaced with the PIC advanced micro-
controller (P1C18f4520), along with interfacing the motors, which are driven by L293D motor driver circuit.
The input of the presence of obstacle to the sensors will be computed using the Infrared LED transmitter and the
receiver, which will generate digital output which is fed into one pin of the microcontroller and it drives the
motor in forward or reverse direction to maintain the stability position of robot.
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Figure 1.1: The obstacle avoiding robot prototype

MATERIALS AND METHODS

Hardware Required:
Metal Chassis: A high quality powder coated metal chassis for robotic cars it can easily be used in differential
drive mode (2 wheels, 1 castor wheel) or skid steel mode (4 wheels). The metal body contains a lot of perforated

holes for easily mounting of PCB and other parts.

figure 1.2: Metal chassis used

DC motors: The motors which moderate rpm (200-500 rpm) are advisable. The motors with too high rpm, will
result into clash of obstacle because it will take time to decide the command when the obstacle is right in front

of the sensor. The motors with less rpm can be used but it will just increase the processing time.
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figure 1.3: DC motor
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L293D (motor driver IC): This IC is used for two reasons, firstly the back emf generated by the motor can
damage the pins of micro controller. Secondly, for easy interfacing of the motor with the controller. It has two
enable pins, and four input pins and four output pins. As shown in the figure 1.4:

Enable 1,2 i Vol
Input | Input 4
Output | & Output 4
GND GND
GND d GND
Output 2 Output 3
Input 2 Input 3

Vee 2 Enable 3.4

figure 1.4: L293D pin out configuration

IR sensor module (Each containing IR receiver and IR transmitter):
The specifications for the module are:

. 10-12cm range

. Potentiometer for maximum range setting

. Can be used to differentiate between black and white (Can be used for line sensing)
. Onboard LED indication for detection

. Works on 5V or 3.3V input

. TTL compatible output

Apart from IR, there is a scope of using other sensors but that should be used according to the budget of project
are as follow:

a) Infrared sensors

b) Common radar

c) Microwave-based radar

d) Digital cameras

e) Laser

f) Combination of digital cameras and laser

PIC Development board: The development board comes with chip in slot PIC16 or PIC18 can be used. There
are port pins which can easily be connected to the sensor using jumper wires. It has its provision of power
source circuitry which converts ac to dc. ICSP pins are also the part of the board.

~

' N
figure 1.5:P1C Development board used

PIC USB ICSP Programmer: USB PIC Programmer supports onboard programming through ICSP of any PIC
microcontrollers from Microchip. It is supported in all operating systems including Windows 2000, XP, Vista &
Windows 7. Use it with RKI-1681 Programming socket for easy operation with any standard 8/14/18/28/40 pin
DIP PIC microcontroller.

12V 7Ah Lead Acid battery:

It is used in order to make the robot mobile, and working. Since there are so many power soaking components
12v is needed.
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B. Software Requirement:

Solidworks and Ansys to analyze the chassis and motion of the robot

Compiler: MPLAB X IDE and Mikrochip for controller PIC

Program loader: PICkit2 software, which loads the hex file to the memory of controller

SELECTION OF PIC
There are two categories to classify the Central Processing Unit into, Microprocessors and Microcontrollers.
The basic difference between a micro processor and micro controller is that, a micro processor has external
RAM, ROM, and external input-output pins, whereas, for a microcontroller, RAM, ROM, timers and input-
output pins are inbuilt on the chip itself, hence making it compact and less power consuming. And when a
microcontroller is used for only a specific task then it is known as embedded system, that is, the ROM on the
chip is burnt with only a specific task, for example, a printer as it gets the data and prints it. This is the main
reason why do we prefer microcontroller over microprocessors.
There are several microcontrollers like PIC, Arduino and so on, which act as the brain of the computer, hence,
performing a task based on the input and carrying out internal calculations to generate delay in a process. The
project that we have made is on PIC Advanced microcontroller, but the project can be made on 8051 IC as well,
but the reason for not making the project on that chip was the absence of internal ADC or DAC, or the CCP
module which can be used for building more applications on same robot, hence, the project was carried out on
PIC 18f4520. The Arithmetic Logic Unit (ALU) performs all the arithmetic tasks, and saves the final result
either in the working register (WREG) or in the file register, depending upon the destination bit at the end of the
code. There are different registers assigned with different tasks, for performing different operations with the
help of interrupts. The specifications of the PIC 18f4520 microcontroller is as follows:
a. ROM: The address bus being 20bit, out of which 16bit is used and the rest 4bit are unused,
hence, 2720. the ROM memory being 2 Megabytes.
. RAM: The RAM memory is 4096 bytes or 4 Kilo bytes.
c. 1/O Pins: There are 36 input- output pins on the development board, out of which there are
five different PORTSs (A, B, C, D, E), ADC, DAC pins etc.
d. Timers: There are 4 internal timers which is used for generating delay, also it can be used as a
counter.
e. ADC: It is a 10 bit ADC, hence, having a higher resolution than 8bit controllers, giving a
precise and accurate output.

Criteria for choosing a microcontroller:
e It must meet the task efficiently and in a cost effective way along with further requirements

such as:
e  Speed
e  Power consumption
e  The amount of ROM and RAM on the chip.
e  The number of 1/0 Pins on the chip.
e  Cost per unit.

e Packaging
The code that has to be burned on the chip, should have the compiler which supports C language, and how easy
is it to make the connections of the microcontroller with the components. The library files should be readily
available, for the better use of the controller.
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figure 1.6: Algorithm logic chart

The three IR’s which are connected to the controller’s pin will give logic level high when an obstacle is present
in the range and logic level low when an obstacle is not present.

Accordingly if we take any given sensor, if we assume that it gives logic high each time an obstacle is present in
its path and vice-versa when obstacle is not present. We can form a truth table with eight different outcomes as
shown in the table. The actions which need to be taken by the robot in order to avoid the obstacle are listed.

The two dc motors which are interfaced with the controller are provided with certain logic level which is
mentioned in the table, as per the actions.

The algorithm we used is as shown in the flowchart (figure 1.7). When an obstacle is present on the centre of the
robot, and no other sensor is detecting any obstacle in there region of coverage, the robot initially moves back
for certain delay interval. Then it takes right turn, as it can be witnessed in the flowchart for that particular
condition. The back command is necessary, for the cases when sensor have a small region of coverage like for
example IR sensor. Some of the IR sensors have can detect obstacle if they lie in range of 10cm. The absence of
the back command and making the robot to take sharp right or left turn can lead to collision. It’s due to the lapse
rate or the processing time needed by controller to implement the action for a given condition as programmed.
Also there are few seconds which are wasted while the motor driver takes to give signal to the dc motor. Once
the back command gets over, required actions are given by controller. The algorithm is designed in such a
manner that the robot takes sharp left turn or right turns, for that the ends of DC motor is given the signal in the
manner shown in the table.
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MOVE FORWARD

Figure 1.7 Flowchart
TECHNICAL ISSUES
[1] Initially when program was dumped on the controller, and connections were made the motors weren’t
working. Since such a problem persisted, we started troubleshooting stepwise.

«  The motors must be checked using a battery and resistor to limit the current going to motor.

*  Next step check whether the motors are running through the motor driver. Give High and low on two
input pins of the motor driver, and high on enable pin. Do not forget to give 5V (Vcc) supply to the IC
and 12V (Vcc2).Vee? is used for powering motor because 5V is not capable to do so.

»  Check whether Vcc2 is constant dc source. Use lithium acid battery.

«  When motor and motor driver are working satisfactorily, now check the output pins of the controller.

* Put a led for each output, and check whether the controller is giving the required output to run the
motors.

*  When an error was generated in dumping the program, the connections were studied and tried again.

[2] Choosing the correct Hex file to upload
After making changes, check if the right hex file is being uploaded.

IMPROVEMENTS

This algorithm included only three sensors, which are placed in 90° with respect to each other, pointing at
different directions. We can include a fourth sensor placed at the back end of robot. This shall give more number
of outcomes and better precision. When the robot is between two objects, with one object in front and other
behind. The fourth sensor can be quite useful. The other improvement can be using IR sensors with bigger
range(>10cm) or ultrasonic sensors. Ultrasonic sensors are capable of calculating the distance between the
obstacle and the sensor. The output given by the sensor is different and a different algorithm can be employed in
order to get smooth obstacle avoidance. Obstacle Avoidance Robot can also be modified to become line
follower, by using IR line array in the bottom of the metallic chassis. With the same number of components it
can also be made into wall hugger. The algorithm differs by the latter but can be programmed easily.
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APPLICATIONS
This device has application in surveying different landscapes and mapping them. it can also be used in
commercial devices like

Automated lawn mower

Smart room cleaner

Obstacle Detection for a Mining Vehicle
Driverless vehicles running along beams
Obstacle detecting system for a motor vehicle
Autonomous cleaning robot

CONCLUSION

This device brings out all that has been written in books to life and gives on an opportunity to test this
mechanical and electronics and programming skills. This kind of projects also provides robot construction
experience to beginners. This technology has application everywhere from industry to home appliances all that
is required is to implement it correctly to get the best out of it.
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