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Abstrak

Makailah ini menjelaskan robot mobil cerdus yang mampu mencari jaiur terpendek dengan menggunakan
algoritma genetika (GA). Mikrokontroler 89C51 digunakan unfuk mengontral robot secara keseluruhan
termusuk mencari jalur terpendek menggunakan GA. Beberapa prosedur untuk proses GA dalum bahasa
assembly telah dikembangkan seperti membangkitkan populasi awal, evaluasi, seleksi dan mutasi. Kromosen
GA direpresentasikan dalam bentuk bit string. Sistem ini menggunakan kombinasi dari seleksi roulerte wheel dan
seleksi top. Robot mobil didisain sebagui line tracking robot. Sebuah program PC bantuwan dikembangkan untuk
proses visualisasi dan transmisi parameter ke mikrokontroler. Percobaan untuk meneari Jjalur terpendek telah
dilakukan dan memberikan hasil yang baik. Proses GA dapar diimlememtasikan dengan baik  pada
mikrokontroler dan robor dapat mencari jalur terpendek dari titik asal menuju ke tirtk tijuan.

Kata Kunci: Robor mobil mandiri, algoritma generika, mikrokontroler, optimasi

Abstract

The paper describes an intelligent avtonomous mabile robot that can find a shorlest rack by using a genetic
algorithm (GA). An 89CS| microcontroller sysiem has been implemented to pertorm overall robol contro
including shortest rack searching by using GA. An assembly code has been wrilten for GA processes such as
initial population generation, evaluation, selection and mutation. The GA chromosome is rcprcsented by a bit
string. Combination between roulette wheel selection and top selection scheme are used in the system. The
Mobile robot is assigned as a linc tracker robot. An auxiliary PC software has becn developed for process
visuatization and parameter transmission to the microcontroller. The experiment of the shortest wack searching
has been done and showcd a reasonable good result. The GA process was well implemented on the
microcontroller and the robot could find the shortest track from the given origin location o the target.

Keywords: Autonomous mobile robot, genetic algorithm, microcontroller, optimization

also contrel the robot to move from one location
to another location according to the result of
genetic algorithm searching.

Introduction

Generally, a genetic algorithm is implemented
on computer by using a high level programming
language like as Pascal, C++ etc. It is not easy to
implement a genetic algorithm on
microcontroller. There are limited instructions in
microcontroller assembly language. Therefore,
this research is focused on implementation of

Genetic Algorithm

Genetic algorithm is a stochastic search
algorithm based on mechanism of natural
selections and natural genetics.  Genetic

genetic algorithm on microcontroller and apply it
to a mobile robot for finding the shortest track.

In this research, we used 89C51 microcontroller
because this microcontrofler is very familiar in
Indonesia. All genetic algorithm processes like
crossover, mutation, generating an initial
population, selection, evaluating etc. are done by
89C51 microcontroler. This microcontroller will
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algorithm is very useful for solving the complex
optimal problems that are not easy to solve using
conventional method.

A simple genetic algorithm is composed of three
operators [3] i.e. reproduction operator,
crossover operator and mutation operator.
Genetic algorithm can be described as follow
steps:

1. Generate Initial Population
Initial population is generated randomly. This
population represents tnitial solutions. The
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population consists of the solutions repre-
sented by the chromosomes.

2. Generate New Population
There are three operators for generating a
new population i.e. reproduction, crossover
and mutation. This process is done repeatedly
until the system get enough chromosomes for
new population. The new population
represents the new solution.

3. Evaluation
This process will evaluate each population
and it is done by calculate the fitness value of
each chromosomes. If stopping criteria is not
achieved, the process will continue step 2.
There are some stopping criteria. They are:
s Stop after reach out of n generations.
e Stop if the best fitness value in the last »

generations is not change.
» Stop if there is no better fitness vaiue in
next n generations.

Before we run genetic algorithm, we must define
the chromosome format and determine the
fitness function or objective function. Both are
also important in genetic algorithm for solving
the problems.

The robot is designed as a line-tracking robot.
Figure 1 shows the block diagram of robot
hardware. The robot is controlled by B89C51
microcontroller. Genetic  algorithm is  also
implemented on the same microcontroller. For
detecting the line, we use infrared transmitter
and receiver as the sensor. The robot will follow
the defined line for moving from a location 1o
another location. The color of the line is white
and the track color is black. The motor driver is
designed using IC L298 Dugl Monolithic Bridge.
Figure 2 and 3 show circuit of infrared sensor
and motor driver,
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Figure |. Block Diagram of Robot Hardware
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Figure 3. Motor Driver Circuit

Microcontroller is connected to PC through
serial communication with RS232 protocol. PC
is only used for making the map and
downloading the information to microcontroller.

GA Routine Software
Some standard routines are designed for
implementing genetic algorithm on

microcontroller. They are:

* Random_& and Random_Ji6 routine
This routine is designed for generating
random number. Type of random number is
pseudo random. Random_8 routine is used
for generating 8 bits random number and
randorn_16 routine is use for generating 16
bits random number.

o Create_lst_Generation routine
This routine is wsed for generating initial
population.
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» Crossover routine
This routine is used for domg the crossover
process between two chromosomes. It results
two new chromesomes. The type of crossover
1$ one-cut point crossover.

o Mutation routing
This routine is used for doing the mutation
process. The type of mutation is bit mutation.

e Roulerte Wheel_ Selection routine
This routine is used for doing the selection
process using roulstte  wheel  selection
method. -

o Efirsm_Selection routine
This routine 15 used for doing the selection
process using elitsrn selection method. In this
method, the best chromosome will be
selected.

We must take not of the specification of this
software. They are maximum five chromosomes
per population, the type of chromosome is hinary
bit string and maximum length of chromosome
15 16 bits.

Finding the Shortest Track Application

Figure 4 shows the example of the map. This
map is ue%igmu GY USINE the software run on
PC. Points in the map show the locations. Each
point has some branches. The branch will
connect one point to another point. The distance
between two points is already defined. In this
system, the numnber of branch is limited to four
branches per point. Each branch in one point has
identification number. For example, in figure 4,
point | has two branches. The identification
number of the first branch is 0 and the second
one is 1. Branch O of point 1 will connect point 1
to point 2. Branch | of point | will connect point
] to point 6

Figure 4, Example of the Map
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1. Chromosome Representation

The GA chromosome was represented by a bit
string. The number of bit per chromosome
depends to the number of pomnt and the number
of branch per point.

The length of chromosome can be calculated by
using this equation;

P=Cx(T-1) (hH

Where C is the number of binary bit of branch
number per point. 7 1s number of point. In the
example of the map (see figure 4), there is 8
points and maximum branch number per point is
4 (it needs 2 binary bit). Thus. length of
chromesorne can be calculated and it is 14 bits.

Each chromosome gives routing information
from one point to another point. Bits of
chromosome represent the nomber of branches
of the points. If number of branch 1s not found
then it will do repeatedly. Lel see the following
example according to the map in the figure 4.

Start point = Point [
Chromosome =01 00 11

10 J
Route =1-6-7-8—

1110
-3-2-

2. Fitness Function

In this system, we want to find the shortest track
from one peint to ancther point. Thus, fitness
function is defined as total distance of the route.
It is represent by this equation:

F= Z Distance Between Two Points (2)

Route
3. Genetic Algorithm Operators

This application uses roulettc wheei selection
and ehlitsin as selection method (reproduction
operator). In roulette wheel selection method,
each chromosome has probability to be selected
and its probability is proportional 1o its fitness
value. While we want to find the shortest track,
fitness value of each chromosome is changed by
using this equation:

F'=F -F (3)

[IyRE e l!'\lﬂ L
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Where F,’ is new fitness value, F,;, is the
smallest fitness value and F,.. is the biggest
fitness value.In this application, type of
crossover method is one-cut point crossover and
type of mutation method is bit mutation.

4. Evaluation and Stopping Criteria

Evaluation process is done by calculating fitness
value for each chromosome in one generation. A
chromosome is not valid if there is no target
information  in  that chrotosome. If a
chromosome is not valid then we assume the
chromosome has biggest fitness value.

In this application, genetic algorithm will stop if
there is no better fitness value in next 500
generations.

5. Experiment Result

The experiment has been dome by run the
program and showed a reasonable good result.
The experiment was also done for various maps,
various combination of selection method,
various crossover rate and mutation rate.

Figure 5 shows one of the maps used for
experiment. Table 1 shows experiment result
using elitsm selection method for various
crossover rate and mutation rate. Table 2 shows
experiment result using roulette wheel selection
method for various crossover rate and mutation
rate. Table 3 shows experiment result using both
elitsm and rouvlette wheel selection method for
various crossover rate and mutation rate. In this
experiment, we tried to find the shortest track
from point 1 to point 16

Figure 5. One of the Maps used for Experiment

Table 1, table 2 and table 3 show that the best
crossover rate is varies from 0.7 to 0.9 and the
best mutation rate is varies from 0.01 toc 0.3, In
the special case, smaller crossover rate like 0.4
and 0.1 can give good result too. It can occur if
we use greater mutation rate like 0.5.

Figure 6 shows the best routing from point | to
point 16.

Figure 6, Best routing from point 1 to 16

Table 1. Experiment Result Using Elitsm

Time | Best Best At

No.f Pc | Pm N . )
(sec.) | Fitness] Rouling |Generation

0.9|0.0123.47| 254 [1,6,9,11,16 146

09012192 254 [1.69,11,16 114

LOS LD 9
1691114 12
L69.11,16 146
1.6.9.11.16 43
1691116 ke
1.6.9,11,16 54

l

2

3709|03)1544| 254
4 109 (03RRI 254
510700112341 254
6 (07014203 254
7107 103[17.85( 254
8

07052017 254

9 104(0.01;17.97 254 |1.69,11,16 12
10104 (0.1 (21.81] 254 |1.6911.16 110
1110.4(0.3119.45] 254 |1.6911,16 48

12104 |05117.89| 254
13 0.1 0011967 254

Le%11,16 9
1.6.9.11.16 48

14 0.1 |01 | 18.92| 254 (1690116 33
1501 |03]19.85] 254 [1.69.11.16 4%
16 10105 ]18.39] 254 | 1,69.01,16 9
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Table 2. Experiment Result Using Roulette

Wheel
No| Pe | Pm Time B;:st Bcgl At ‘
(sec.} | Fitness| Routing IGeneration|

110913013012 254 ]1.,69.11.16 148
21090112359 254 |[169.11,16 2
3709103123361 254 |1,6,9.11.14 6

4 |0.910.5(23.74| 254 [.69.11.16 2
510700112448 254 }1,69.11,16 15
6 (0701 3.6 254 (1.69,11,16 148
T 10710.3(27.86; 254 1,6,9,11,16 9]

8 [07]05|1442] 254 [165,11,16] 15

9 104 )0.01] 30.1 254 11,69,11,t6 148
10/04 (012785 254 |1,69,11,16 91
11:04:03(27.66| 254 [1,69,11,16 9%
12(04|05)24.18| 254 |1,69.11,16 22
1310.1 (00112397 254 |1.69.11,16 15
14101001 {2994 254 11,69.11.,16 148
150010312497 254 |1,69,11,16 34
16]0.1 |0.5[24.63] 254 |1,6,911,16 22

Table 3. Experiment Result Using Elitsm and
Roulette Wheel

|- 1- |Timel| Best Best Al
No.|Pc{Pm :
(sec.) | Fitness| Routing | Generation
1 109301 257 | 254 [1.69,11,16 58
2 109101 267 | 254 |1.69.11,16 80
3 109)03)12433! 254 |1,69.11,16 25
4 (09 05(23.56] 254 [1,6,9,11.16 5
5 10.7(0.01(26.53] 254 |1,6,9,11,16 58
6 |0.7(0.112692) 254 |1,69.11,16 67
7 10.7(031262 | 254 {1,69,11.16 67
8 |0.7{0.5123.29| 254 |1.,6,9,11,16 5
9 10.4(0.01] 249 | 254 {1,6911.16 25
10 (0.4] 0.1 |127.79] 254 |!.69,11,16 87
1110410312323 254 ]1,69,11,16 5
12104/05] 259 254 [1,69,11,16 58
13 0.170.01127.37 254 |1.69,11,16 87
14 10.1]0.1 |23.76| 254 |1,6,9.11,16 5
15101103 (2453 254 |1,69,11,16 - 28
16 0.1 0.5 {23.56| 254 |1,69,11,16 5
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Figure 7. Graph of Fitness Value for Genetic
Algorithm Using Elitsm
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Figure 8. Graph of Fitness Value for Genetic
Algorithm Using Roulette Wheel
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Figure 9. Graph of Fitness Value for Genetic
Algorithm Using Elitsm and Roulette Wheel
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Figure 10. User interface of software for
visualization and download parameter

Figure 7 shows graph of fitness value for genetic
algorithm using elitsm selection method. This
graph shows that the best fitness vatue for the
next generation is always better than the best
fitness value for previous generation,

Figure & shows graph of fitness value for genetic
algorithm using roulette wheel selection method.
This graph shows that best fitness value for each
generation is random. Figure 9 shows graph of
fitness value for genmetic algorithm using both
elitsm and roulette wheel selection method.

Conclusion

Starting from the experiment and experience, it
can be concluded that implementation of genetic
algorithm on a microcontroller has been
peeformed well. Genetic algorithm can find the
shortest track and the robot can move according
to route. However, there are some limitation like
number of chromosome per population, type of
chromosome and length of chromosome. These
are caused by the memory limitation. For the
next development, the size of memory can be
added, so, that limitation can be overcome.
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