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Abstract: Line follower Robot is not something that is new in the field of robotic® L@ some Add On
features it can really some a little more handy and efficacy of the set up can be ml&?j d by many folds.
Line Follower Robot is a mobile machine that can detect and trace the availablgvhitg path which is drawn
on the blackened surface. Robot should read for identifying its position in so % by sensing via infrared
sensors. If we can provide this line following robot with some secu '@tures like smoke sensing
capabilities, anti-breaching facilities, over heating sensors and fre ﬁ, the system will be highly
beneficiary to the society. We have tried to put here a prototype el of¥he design which has run quite
according to our expectations. Moving from here, the next phd%yi jmplement the system in a real life
scenario.
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1. Intro@ion

[ ]
Line-following robots with pick-and place e?llities are commonly used in manufacturing plants.
These move on a specified path to pick thec % ts from specified locations and place them on to some
desired locations. Basically, a line-follow g roNet is a self-operating robot that detects and follows a line

drawn on a floor.

From the industrial point of view, lin@ﬂowing robot has been implemented in semi to fully autonomous
plants. In this environment, thise ®bots function as materials carrier to deliver products from one

manufacturing point to anoge re rail, conveyor and gantry solutions are not possible. Security systems
have gained a high level4f Mportance since occupational hazard is on the rise. There are numerous
reasons for which we ried our best to implement security system in the Automated Line Follower

Robot. The major regs f using security system is in case of an emergency situation. Basically, the system
includes alarm tlygt\will trigger a warning when there is something dangerous or unwanted like fire,
intruders, or e elt occurs.

Fig. 1: A model of the Line Follower Robot.
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Fig. 2: The Big Picture.

2. Outline of the Robot o

2.1. Design: The robot should be streamlined in shape in order to increase its speed momentum. Our
main motive is that the robot should possess the capability of moving freely in {{lgiy®tions i.e. it can take
a 360° rotation about its horizontal axis if necessary. In case of four wheelerg™e gétenance of the stability
is difficult at the turning points of the trailer. Therefore, in order to k jgh the high stability we are
using two wheels along with a free-wheel which is placed at the c@ntre’oNggavity of the chassis of the car.

The free-wheel helps in smooth rotation of the robot at the tygni oigts of the track. When one wheel
t
@
t

moves in clockwise direction and other moves in anticlockwise when there is a possibility of sharp
turns ahead. It also helps in reduction of friction due to smy tact surface area with the ground as
compared to the two wheels which have a larger contact ar he ground and hence results in greater

friction. Moreover, the time taken by a combination of t s along with a free-wheel to turn around is
lesser comparing to the time taken by a four-wheeler to . We supposedly feel that the rear side of the
robot should not be heavier to the front sid rgbot and the vice-versa. It will lead to imbalance

conditions and hence will incur problem, i fo g the track. Similarly if the chassis is heavier as
compared to the combination of the wh IN *wheel, then also it will lead to imbalance of the centre
of mass.

2.2. Selection of Sensors: Many typ@ sor like Infrared LEDs, Photodiodes, Photo Transistors, Opto-

couplers, LDRs and other optoelectroMggs#fensors can be used to detect the white track on the black surface.
But here we are using Infrared I'BDs ® detect the path. This sensor generally consist of two LEDs, one acts
as transmitter and the othego ts as receiver. The main reason of selecting IR LEDs over other Opto-

electronic sensors is due
acts as a perfectly bla
receiver cannot re

th®olour combination of the path which is black and white. Since, black path
y surface which absorbs the IR radiation emitted by IR transmitter so the IR
he radiation from the transmitter but in case of white path, the opposite
phenomenon tak ce i.e. the IR receiver receives the radiation from the IR

transmitter an: it detects the path. As the LDR is dependent on the intensity of light and due to its
nonlinear characteristic it is less efficient as compared to IR LEDs. Also if huge current passes through the
LDR then it gets heated up and burns out.

Moreover, with respect to other Optoelectronic sensor the lifespan of the IR LED is much higher and is cost
efficient and reliable.

2.3 Placement of Sensors: In order to achieve successful navigation, the number of sensors used and
location on which sensors are placed play an important role. Inadequate number of sensors would result in
a reduction of sensor resolution and could even prevent the robot from following a line. Based upon the test
pitch requirement, it was deduced that the sensor array would require more than 2 sensors. To enable
efficient line following capabilities, a minimum of 2 sensors is required (refer to figure 1(c)). However, 2
sensors are not enough to distinguish a single line from a junction; hence various possible arrangements
were looked into. This is shown in figure 1.
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Referring to figure 1(a) and 1(b), the matrix and line configuration would be possible solutions to achieve
junction detection. However, looking into the matrix configuration and relating it back to the ALF
movement on the test pitch, this configuration uses too many sensors. For example, there are 8 sensors
located on top of the vertical line which is superfluous for line navigation purposes. In addition to that,
there are also 4 sensors located in a vertical fashion on the extreme left and right of the sensor array which
in this is supposed to function as junction detection. This also is considered to be too much for junction
detection.
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Fig. 3: Different types of sensor array t
(a) Matrix type sensor array, (b) Single line sensor array, (c) Ba51 sor configuration

3. Motion Control of &lﬂ)t

3.1. Sensor Placement for Turning: Just as a driver needs t hen to turn into a junction, the robot
also needs to know when to turn when it reaches a junch oint. Exact placement of the sensor will
ensure a smooth transition when turning into a junctio t will know when to turn depending on the
location of the sensors. Thus it is very important that placement of the sensors correspond to the
method of turning. There are two turnlng tl’at were tested on as explained in the following
subsection:

3.1.1. One motor moving forward and er motor stationary (Method I): Referring to figure 3,
this method requires the sensors be plage ‘= half the length of the distance between the left and right
wheel. At this point, when the robot fyfns into the junction it will enter the line exactly on the line. Hence
the sensor array will be perpendjcula’™th respect to the line after the go-degree turn is completed. This
will ensure smooth transition f orf® line to another when turning junctions as illustrated in figure 4.

Direction of motion >

Fig. 3: Location of sensors for 9o° turn.
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° Q
Fig. 4: Sensor placement for 9o° turn using Method I. \,

[ J
3.1.2. Both motors moving in opposite directions (Method II): For Met Jthe robot will have the
best turning point if its sensors detect the junction exactly in between it eels. Figure 5 shows how
the robot will turn for Method II, also called a point-turn.

°
Sensors

Line

. 5: Location of sensors for 9o° turn using Method II.
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Fig. 6: Block Diagram of Automated Line Following
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RobotMotor Drive Logic:
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Fig. 7: Final Control Element Circuit
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4. Security System
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Fig. 8: Block Diagram of Additional Features to Enhan owfity

detector, temperature sensor for fire alarm and a buzzer systemgfo ngation. Smoke Detector: To detect
iz

The Line Follower Robot is supplemented with some Add On secgrity feSgures viz. smoke detector, touch
f ti
excess smoke in the environment and activate the alarm if it is d e

Touch Detector: When any unauthorized person touches % ot, an alarm is activated. Temperature
Sensor: It is used to give readout of the room temperatl.% Activate Alarm If Temperature Goes Above
45°c.

[ ]
Buzzer: Every security system must conta'n%@\ circuit that will be activated on the detection of

intrusion or fire.
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Fig. 10: Smoke Detection Circuit
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Fig. 1: Touch Detection Circuit
[ ]

5. Limitations and Precaution b

a) Choice of line is made in the hardware abstraction and canftot b&nged by software.

b) Calibration is difficult, and it is not easy to set a perfectgal PY

¢) Lack of a four wheel drive, makes it not suitable for a ro tepdin.

d) Use of IR even though solves a lot of problems pertaipi nterference, makes it hard to debug a
faulty sensor.

e) Lack of speed control makes the robot unstable
f) The robot must be capable of following a line.

g) It should be capable of taking various dAgr feurns

h) It must be prepared of a situation hm into a territory which has no line to follow. (Barren
land syndrome)

i) The robot must also be capable of MlloWng a line even if it has breaks.

j)  The robot must be insensitive to nmental factors such as lighting and noise.
k) It must allow calibration of t darkness threshold.
1) Scalability must be a primary¥a#fcern in the design.

m) The color of the line mus\no®be a factor as long as it is darker than the surroundings

6. Scope of Betterment and Advancement

A number of imprgye ts can be made done by increasing the number of sensors and changing the
algorithm accords and we are working on them and trying to sort out things which will lead to the
following.

e The movement will become smoother.

e It will also be able to detect the obstacles that come in its path.

e At sharp turn it will not face any problem.

e Even on thin track it will run smoothly.

e Use of differential steering with gradual change in wheel speeds.

e Using Hysteresis in sensor circuit using LM339

e Using ADC so that the exact position of the line can be interpolated

e  General improvements like using a low dropout voltage regulator, lighter chassis.
e Software control of the line type (dark or light) to make automatic detection possible.
e “Obstacle detecting sensors” to avoid physical obstacles and continue on the line.
e Distance sensing and position logging & transmission.
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7. Conclusion

Coming to the concluding note, we can use our this experimental project to a varied number of applications
viz. it effectively overcomes problems such as “barren land syndrome” and line breaks, tour guides in
museums and other similar applications. It can be used as an automated car or as an industrial vehicle and
it can also be sent to those places where human reachableness is tough or tedious. There may be several
other application domains and improvement sectors. We slowly are working on several other prospects of
the project and look forward to some notable and worthy contribution towards the society with our
endeavour.
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