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Abstract. A quadruped robot is a legged robot that has four legs to move. Barelang F.1 isa
robot that moves with inverse kinematics, with inverse kinematics this robot can move by
giving a value to each joint on robot’s legs [1]. Barelang F.1 is a robot that we built to
compete in the Indonesian Robot Contest (KRI) event. In that competition, we find that
there are still several challenges that our robot can't handle. Uneven obstacles and inclined
planes will be a challenge for the Barelang F.1 robot now because we still don’t have a
method to overcome that challanges. The purpose of making this journal is to conduct
research on these existing problems and find solutions for that. So we choose the genetic
algorithm method to see if this method will be the best solution to our robot to overcome
the problems that we encounter. After a several test we find that the result from genetic
algorithm method it had a small error that can make the robot to stabilize itself but for that
small error it took a long time to process, so this method can be applied to find the best
angle for the robot to stabilize itself but it can used during the competition due to the time
that it takes to proceed the calculation.
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1. Introduction

Industrial progress has entered the 4.0 era can be seen by several research institutes conducting
technological research in various fields [2]. The technology that is developing rapidly at this time
is technology in the field of robotics [3]. Many examples of robots have been developed, ranging
from legged robots to flying robots and wheeled robots. A quadruped robot is a four-legged
robot that can walk by adjusting the movements of each leg [4]. The use of legged robots is
generally for exploring the outdoors on military missions, exploring forests, and it is used for
research on animal behavior and testing artificial intelligence [5].

Barelang F.1 is one of the robot teams joined in BRAIL for the KRSRI (Kontes Robot SAR
Indonesia or Fire Fighting Robot Competition) robot division. KRSRI is a legged robot
competition contested at the Indonesian Robot Contest (KRI). KRSRI is a fire-fighting robot
competition held in Indonesia. Trinity College Fire Fighting Home Robot Contest is an
international-level fire-fighting robot competition [4]. For the 2022 KRSRI competition, there
are several obstacles, one of which is an incline obstacle with a slope of 15° and the drawback
of the quadruped robot is that when it faces an uneven or sloping floor surface (uneven floor),
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the robot will walk unstable [6].

This challenge is a tough one for our robots at this time. The Barelang F1 robot needs a method
to overcome these obstacles. Things that might affect the final result include field conditions
and robot mechanics.

To solve this, studied was conducted to complement the shortcomings of the Barelang F.1 robot
so that the robot can compete in future competitions. This study used a quadruped robot with
12 servos divided into three servos for each leg. Each leg has 3 DOF (Degree of Freedom). Trial
will be tested on a surface with a slope of 15°. The data output from the imu sensor will be
processed by the genetic algorithm in order to get the best position for the robot to pass through
the obstacle.

2. Method

2.1. Hardware Design

The design of the mechanical specifications of the Barelang F.1 robot adapts a quadruped robot with four
legs and uses 12 DoF (Degree of Freedom) divided by one leg by 3 DoF for propulsion towards the
destination coordinates. Legs designing for robots needed to maximize the movement of robots to make it
more dynamic [7]. The Barelang F.1 robot has a leg size with a coxa link length 0f21.70 mm, a femur link
0f 50.08 mm, and a tibia link of 76.95 mm. From the specifications above, it can be seen in Fig. 1.

Fig. 1. Barelang F.1 robot leg design

The Barelang F.1 robot uses Raspberry Pi 4 as a microcontroller for sensors and also as the core
of the microcontroller and OpenCR as the AX-18A servo controller. The power of this robot
uses a 3-cell LiPo battery with a current of 5000mAh and a voltage of 11.1V. The hardware
design can be seen in Fig. 2.
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Fig. 2. Barelang robot Hardware block diagram

2.2. IMU MPU9250 Sensors

2.3.

The Inertial Measurement Unit (IMU) is a tool that utilizes measurement systems such as
gyroscopes and accelerometers [8] that used to determine the whereabouts and movement of an
object [9], to estimate the relative position, speed and acceleration of motor movements. The
accelerometer is used to measure the acceleration of an object and the gyroscope to measure the
rotation of an object. The IMU maintains the position of an object in motion with the X, y, z
axes and orientation (roll, pitch, yaw). The IMU sensor used in this study is the MPU9250 found
on opencr.

Genetic Algoritm

Genetic algorithm is a method used to solve optimization from simple problems to complexs
[10]. A genetic algorithm is an algorithm that adapts the natural evolutionary process to the
concept that the most superior genes or individuals survive and the weak individuals will perish.
The superiority of each genes will be tested through a process called the fitness function by
maximizing the existing compatibility between individuals and later be called fitness value [11].
The genetic algorithm process has several steps, namely:

Initial population

In this section, a random individual solution is form and soon called the population. The
number of the population depends on the level of difficulty of the problem itself. But usually,
the number of population can reach hundreds or even thousands of solutions to the problem
[12]. Then the populations tested with the fitness function to find the fitness value of the
population.

Selection

In this section, the best candidate solution will be selected based on the fitness value that has
been calculated for each gene or individual and will be ranked from the best to the worst gene.
This part is to produce good parents. By getting good parents, the offspring will also be good
with high fitness value [13].



e Reproduce

» Crossover

In this section, the best candidate that been selected will be used as the parent. Then the genetic
exchange of the parents is carried out and it will produce new offspring that containthe genes

from the parents earlier that can be called child.

» Mutation

In this section, the existing child will have its genes mutated to form a new gene that has the
genes from the previous parents but also has differences from the previous gene because of the

mutation process earlier.

e  Termination

The above process will be repeated until a termination condition is found [12]. The conditions
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3. Results

3.1

3.2.

3.1.2.

MPU9250 Sensor Angle Testing

Testing the MPU9250 sensor is done by giving angle values, namely 0 degrees,
-15 degrees, 15degrees, -17 degrees, and 17 degrees. The trial is tested on a
quadruped robot pitch orientation angle.

Pitch Angle Testing on IMU

Table 1. Degree reading with MPU9250

Degree reading with MPU9250
No -17° -15° 0° 15° 17° |Error
1 -17 -15 0 15 17 0%
2 -17 -15 0 15 17 0%
3 -17 -15 0 15 17 0%
. Test result

Genetic algorithm tested on the Barelang F.1 robot was done on several
variations of slope, namely slope 0°,-15°, 15°,-17°and 17°. In this paper, the error
results in a geneticalgorithm are obtained by subtracting the results from a
genetic algorithm with an initial set. To find real results on robots using the
Protractor application. The following table testresults.

Test result

Genetic algorithm tested on the Barelang F.1 robot was done on several variations
of slope,namely slope 0°, -15°, 15°, -17°and 17°. In this paper, the error results
in a genetic algorithm are obtained by subtracting the results from a genetic
algorithm with an initial set. To find real results on robots using the Protractor
application. The following table testresults.

e Data collection using the Protractor application.

Fig. 4. Angle measurement with the Protractor application
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Fig. 5. Graph of genetic algorithm results on 0°
Testing on 15°
Table 3. The result of the genetic algorithm on -15°
Lots of Many Initial Sets(°) Error (°) Errors on | Time(s)
Trials | iterations robots (°)
1 168 -15 0,00000236 1 62s
2 28 -15 0,00000419 0 12s
3 25 -15 0,00000375 1 10s
4 119 -15 0,00000797 0 42s
5 47 -15 0,00000255 0 18 s

Graph of genetic algorithm results at -15°
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* Testing on 17°

Table 4. The result of the genetic algorithm on 15°

The result of the genetic algorithm on 17°
Lots of Many Initial Sets(°) Error (°) Errors on | Time(s)
Trials iterations robots (°)
1 40 15 0,00000174 0 16.6 s
2 41 15 0,00000774 1 12.7 s
3 105 15 0,00000642 1 43 s
4 245 15 0,00000856 1 924s
5 57 15 0,00000005 1 23.4s
Graph of genetic algorithm results at 15°
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Fig. 7. The result of the genetic algorithm on 15°
e Testing on-17°
Table 5. The result of the genetic algorithm on -17°
The result of the genetic algorithm on -17°
Lots of Trials Many Initial Sets(°) [Error (°) Errors on Time(s)
iterations robots (°)
| 66 -17 0,000225 2 25.4s
2 223 -17 0,00000724 0 93s




3 147 -17 0,00000932 1 61s
4 265 -17 0,00000388 1 97.4s
5 38 -17 0,0000089 -2 16s
Graph of genetic algorithm results at -17°
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Fig. 8. The result of the genetic algorithm on -17°
Testing on 17°
Table 6. The result of the genetic algorithm on 17°
The result of the genetic algorithm on 17°
Lots of Trials | Many al Sets(°) Error (°) Errors on Time(s)
iterations robots (°)
1 112 17 0,00000548 |1 45 s
2 142 17 0,0000015 53s
3 42 17 0,00000401 | 16s
4 56 17 0,00000921 P2 20s
5 120 17 0,00000408 2 50.6 s

Graph of genetic algorithm results at 17°
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Fig. 9. The result of the genetic algorithm on 17°

Based on the results of this study, the errors resulting from the optimization of the
geneticalgorithm are:
e Atan angle of 0° with five trials, an average error is 0.00025 with a total time
requiredof 2 minutes and 3 seconds.
e At an angle of -15° with five trials, an average error is 0.0000041 with a
total timeneeded of 2 minutes and 4 seconds.
e Atan angle of 15° with five trials, an average error is 0.0000049 with a total
time of3 minutes 1 second.
e At an angle of -17° with five trials, an average error is 0.000056 with a
total timerequired of 4 minutes and 8 seconds.
e Atan angle of 17° with five trials, an average error of 0.0000048 is obtained
with atotal time required of 3 minutes.

4. Conclusion

From this research, genetic algorithm method can be a solution for Barelang F.1 robot to
overcome the obstacle cause it has a small error for the robot to stabilize itself, but this method
is not recommended to be used directly in competitions because the iteration process takes a
long time. It is better if the genetic algorithm is used on the Barelang F.1 robot to collect data of
the obstacle for the competition.

Factors that affect the error on the robot can be caused by mechanical calculations of the feet
that are not good enough with the calculation of the movement. Another factor that also affects
the iteration time is the ability of the device that we used, if we used a device that has more high
performance it might speed up the iteration process.
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