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Abstract— Hexapod robot is a robot that has 6 legs with
joints or structures that resemble insect legs. This study uses the
inverse kinematic method with the aim of finding points and
effectors of the robot's legs that will make the robot's legs pass
through uneven obstacles such as uneven flor, stairs, bolong-
bolong obstacles, bolong-non-obvious obstacles and non-
objective obstacles. This inverse kinematic is accessed with the
Open Cm 9.04 microcontroller to control the dynamixel servo
on the robot leg. The results of testing the robot's movement
using inverse kinematics have succeeded in overcoming uneven
obstacles using the inverse kinematic method. For testing the
stability of the robot it is still not stable enough because the
mechanical part of the foot is still not precise. The conclusion of
the study, from 6 trials that average and uneven obstacles were
obtained in the range of 85% - 95%. The inverse kinematic
method using a proximity sensor on the front of the robot, the
average success that can be obtained is in the range of 80% -
90%.

Keywords— Uneven Terrain, INA221, Sharp Gp Sensor,
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|. INTRODUCTION

The Indonesian Fire Fighting Robot Contest (KRPAI) is
one of the regional and national level robot contests held
annually by the Directorate General of Learning and Student
Affairs, and the Ministry of Research, Technology and
Higher Education (Kemenristekdikti). Since 2016 KRPAI
has not been divided into two Wheeled Divisions and a Leged
Division, but there is only a division with legged robots that
move and walk on legs. The robot used is a six-legged robot
or hexapod. The best robot will be submitted to Trinity as
Indonesia’s representative for the international championship.
Trinity College Fire Fighting Home Robot Contest
(TCFFHRC) is an international level robot contest organized
by Trinity College, Hartford, Connecticut, USA, while the
Indonesian Robot Contest contains several contest fields
including KRAI (Indonesian Abu Robot Contest), KRPAI
(Indonesian Fire Extinguisher Robot Contest) legged type,
KRSTI (Indonesian Dance Robot Contest), and KRSBI
(Indonesian Football Robot Contest) wheeled type. The
competition regulations from the TCFFHRC are a reference
for KRPAI competitions at both the regional and national
levels, because the national winner will get a ticket from
DIKTI to represent Indonesia at the TCFFHRC.

A robot is a mechanical device that is controlled by an
electronic device and can work with human supervision or by
using a program that has been defined in advance (artificial
intelligence). Robots are items that are familiar to electrical
students, especially the concentration of Control and
Instrumentation. The development of robots is very rapid

with a variety of new systems being discovered. One type of
robot that has also been developed is the 6-Legged Robot
(Hexapod). This robot moves based on the kinematic motion
applied to each leg which is arranged by servo motors [1].
Robots participating in the Indonesian fire fighting robot
contest have the main task of extinguishing fires and passing
obstacles such as stairs and uneven flour in the competition
arena.

One of the problems in KRPAI is that the robot has not
been able to pass through the uneven surface of the stairs with
a height of 6 cm which is in the middle of the track. Thus
reducing the acquisition of bonuses in the Indonesian Fire
Extinguisher Robot Contest competition regulations. The
solution is the addition of the Sharp Gp sensor which has
better readings for detecting uneven surfaces such as the
surface of stairs. To move the robot's legs flexibly, several
algorithms are needed to control a servo on a hexapod robot,
namely inverse kinematic to determine the angle of each joint
when the toe is at a certain coordinate and forward kinematic
for a function that maps angles to positions [2]. The legged
robot consists of motors which must be controlled at an angle
to reach the desired position. The desired position can indeed
be determined by using the trial-error method which we often
call forward kinematic. To find out the movement of the
hexapod robot, forward and inverse kinematics analysis is
needed. Kinematic inverse refers to the robot kinematic
equation that is used to determine joint parameters that will
result in the movement of the robot so that the desired end or
effector position is achieved or fulfilled, kinematic inverse is
also known as motion planning. The hexapod robot uses
ultrasonic sensors used in this robot to help in carrying out
the task of detecting the distance in the room and the position
the robot is in. From the development of legged robots it is
still not significant. Therefore in this study will design a fire
extinguisher hexapod robot that functions as a detector.
Uneven surface detection using a sharp Gp sensor [3].

Il. METHOD

In research conducted by the AL-JAZARI hexapod robot
using the kinematic inverse method, kinematic inverse is a
theory about the movement of objects without taking into
account the forces that cause the object to move [4]-[7]. This
research will carry out the movement of the hexapod robot on
uneven obstacles against objects of a certain color and be
processed using Object Movements to detect the movement
of the hexapod robot in video [8]-[12].

In designing this system, system design is used with two
design stages, namely hardware design and software design.
The first step is to make a hardware design block diagram,
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then make a robot hardware design. The second step is
making a flow chart of the inverse kinematic formula and
making a flow chart of the Sharp Analog Distance sensor, the
design of the software used to find out how the hexapod robot
works [13]-[15].

A. Hardware Design

The design of this tool uses a hexapod robot using 6 robot
legs and each leg consists of 3 AX-18A servos, the hexapod
robot consists of the Open Cm 9.04 microcontroller as the
control of the hexapod robot legs, the sharp Analog Distance
sensor functions as a replacement for the hexapod robot's
movement patterns to ride on an uneven surface. The block
diagram is shown in Fig. 1.

SharpGp Personal RE:?S
Sensors Comlputer 0.2.4
Opencm
9.04

Robots
Ubes SA Supply 12V Leg
1,3,5

Fig. 1. Block diagrams

As in general for a robot, the system consists of
mechanics, hardware, this research is on the development of
hexapod robot movements, even so hardware design is very
important for hexapod robots [16]. robot hardware design is
shown in Fig. 2.
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Fig. 2. Robotic hardware design
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B. Software Design

In this research, the hexapod robot uses an Open CM
software to send programs to the Dynamixel servo. In
addition, the Open CM software is also equipped with a
library to access the Dynamixel servo and sensors from
ROBOTIS. This hexapod robot uses the structure of the C++
programming language, C++ programming which functions
to send the inverse kinematic formula and sensors to the
hexapod robot which will run as fully as possible according
to the desired program.

The inverse kinematic flowchart starts with measuring the
distance between the hexapod robot's legs from the coxa
femure and tibia robot legs on the AX-18a servo first, then
entering the X, Y, Z positions according to the desired
position according to a certain hexapod robot leg position,
then input the formula inverse kinematic robot like Fig. 3
[17]. Furthermore, after calculating the input numbers from
the X, Y, Z values, they will be calculated from the kinematic
inverse formula in Fig. 3, then the output will be declarations
degree_1, degree_2, degree_3 and sent to the servo AX-18a.
The inverse kinematic flow chart is shown in Fig. 3.

7

Degree_1=abs(tetha_1*
2.84444444444)+400;
Degree_2=abs(tetha_2*
2.84444444444);
Degree_3=abs(tetha_3*
2.84444444444)+256;
Sent to AX-18a Servo Motor

( Finish }

AX-18a servo
motor initialization

Const float cx=3.0,
Const float fm=4.5,
Const float th=5.

Kinematic Inverse Formula
Lx=sqrt(sq(x)*+sq(y));
Gama=atan9=(x/y)/P1*180;
L=sqrt(sq(Lx-cx)+sq(z));
Beta=acos((sq(tb)+sq(fim)-
sq(L))/(2*tb*fm))/PT*180;
Alphal=acos(z/L)/P*180;
Beta=acos((sq(fm)+sq(L)-
sq(tb))/(2*fm*L))/P1*180;
Alpha=alphal+alpha2;

Fig. 3. Kinematic inverse formula flowchart

The sharp Analog Distance Sensor flowchart functions to
find out if there is an uneven surface, the first step is to set
the sharp sensor value then the sensor reads the height of the
uneven surface, then the sharp sensor detects the uneven
surface with a value <= 11 if this value has not been fulfilled
then it will back again to the surface level reading process if
yes then it will change the movement pattern of the hexapod
robot on an uneven surface. The sharp Gp sensor flowchart is
shown in Fig. 4.

C. Equation

The equation for the movement of the hexapod robot
using the inverse kinematic method is as follows:

L1=73/x2+y2 1)

Information: L1 = foot length of coxa to tibia

x = x coordinate

y = y coordinate

y =tan™!

Information: y = gamma is a fulcrum angle that functions to
move the robot's legs forward and backward.

L= 3%(L1—cx)?+ z2 2
Information:

L = toe distance tb with hinges between fm dan cx
z = z coordinate

L= =4 72 3)
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Information:
B = beta is an angle that serves to find a wide angle and
stretch the tibia leg.

cx = coxa
fm = femur
tb = tibia

z
al = acos (Z) 4)
a2 =cos }((fm? + L2 — th?) /(2 X fm x L)) (5)

a=al+a2 (6)

Information: « = alpha is an angle that helps the
movement of the femur leg to run the up and down angle
position of the leg.

D. Algorithm

The flowchart of the algorithm explains the first process,
namely walking straight ahead using the invert kinematic
method, until the sensor knows which is uneven. If the
conditions are yes, then the robot's legs will change motion
patterns to climb stairs or those that are not level. If not, then
the robot will carry out the process of walking straight ahead
until the sensor detects an uneven surface. After that, it goes
into the research of controlling the movement of the hexapod
robot for uneven surfaces, moving the leg positions 0,2,4 to
the top and forward positions together, then moving the leg
positions 0,2,4 to the bottom and forward positions together,
movement foot position 0,2,4 to the back position, Move the
foot position 1,3,5 to the top and forward position together,
Then move the foot position 1,3,5 to the bottom and forward
position together, Move the foot position 1, 3.5 to the rear
position then the process is repeated until the process is
complete [18]. Algorithm flow chart is shown in Fig. 5.

Set sensor
values

!

The sensor
reads the level
of the surface

detects an
uneven surface

with a value of
<=11

Changes in the
movement of the
hexapod robot
when climbing an
uneven surface

Fig. 4. Proximity sensor flow chart (sharp analog distance)

© ®

Movement of foot positions
0, 2, 4 to the down position
and forward together

The robot walks
straight ahead

does the
sharp sensor
know which
is uneven,

Movement of foot position

0. 2. 4 to back position

Movement of foot positions
1, 3, 5 to the top and
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Fig. 5. System algorithm flowchart

I1l. RESULT AND DISCUSSION

A. Sensor Testing

Data testing was carried out by means of a hexapod robot
walking towards an uneven surface so that the sharp Analog
Distance sensor can detect stairs or unevenflour to change the
movement pattern of the hexapod robot. The sensor can read
uneven surfaces automatically with calculations [19]-[20],
these calculations can be seen in Predictions 1 and 2. The
sensor has been programmed to function with reading the
maximum value according to the sensor when it detects an
uneven surface. Shown in Table 1. The data can be searched
by equations 1 and 2.

sensorValue = analogRead(sensorIR) @)

Cm = 4192.936 x (Sensor Value™) —3.937 (8)

Table 1. Sharp GP sensor testing for uneven surfaces

Sensor Value Before Surface

Detection Picture

ﬂ"

Value :Cm:13.15| Not yet detected
Value :Cm:13.10| Not yet detected
Value :Cm:13.31| Not yet detected
Value :Cm:13.12| Not yet detected
Value :Cm:13.17| Not yet detected
Value :Cm:13.11| Not yet detected
Value :Cm:13.20| Not yet detected

Sensor Value After Detected

Surface Picture

L
o

Value :Cm:10.09| Detected
Value :Cm:9.94| Detected
Value :Cm:9.94| Detected
Value :Cm:9.98| Detected
Value :Cm:9.91| Detected
Value :Cm:9.91| Detected
Value :Cm:9.98| Detected

Based on Table 1 the results of the calculation of the
Sharp Gp sensor with uneven surface readings and flat
surface readings can be seen in the graph shown in Fig. 6 and
Fig. 7.
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Fig. 6. Graph of sensor values before surface detection
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Fig. 7. Graph of sensor values after surface detection

B. Motion Testing of the Hexapod robot

Testing is carried out by recording the movement of the
hexapod robot when walking in the arena track with the robot
walking straight, the robot detecting an uneven obstacle, the
robot when climbing an uneven surface, stairs, hollow
obstacles, protruding obstacles

a. Kinematic inverse straight path testing

In testing the kinematic inverse straight path, the value of
the kinematic inverse coordinate point is determined (7.5,
6.5, -5) to reach the coordinate point reaching the top point
so that it can walk straight as desired, shown in Fig. 8:

Fig. 8. Kinematic inverse straight path testing

From the test, it was found that the value of the kinematic
inverse coordinate points was inputted and the results
obtained were the angle values X/Gama = 40.91 Y/alpha =
153.30, Z/beta = 127.99. For the results of the straight road
movement shown in Fig. 9.
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Fig. 9. Kinematic inverse straight path graph results

b. Testing the way up the uneven obstacles

In the Road Climbing the uneven obstacle test, the value
of the kinematic inverse coordinate point (7.5, 7.5, -5) is
determined to reach the coordinate point to reach the top point
so that you can walk up the uneven obstacle as desired, shown
in Fig. 9.

C. System Testing

System testing can be done after the design process is
complete. System testing in this study is as follows:

1. Test walking straight ahead to find out the application of
the movement method using the inverse kinematic
method on the hexapod robot that has been designed,
besides that to find out whether the robot can move until
the hexapod robot's movement pattern changes.

2. The robot will be equipped with a Shap GP sensor which
will be used to change the motion pattern of the hexapod
robot.

3. Testing after changing the robot's movement pattern with
the kinematic method then testing the accuracy of the
robot's leg movement pattern that falls on an uneven
surface.

I\VV. CONCLUSION

Based on the research results on the hexapod robot using
the inverse kinematic method, it has been successfully carried
out with the research results that the robot can be run on race
tracks or outside race tracks. The following results of the
conclusions obtained from researchers can be seen as follows.
1. The robot manages to walk straight using the inverse

kinematic method.

2. The robot successfully detects uneven surfaces to change
the movement pattern of the hexapod robot.

3. The robot succeeds in passing uneven surfaces such as
uneven floors, stairs, perforated obstacles, perforated
obstacles and bumpy obstacles using the inverse
kinematic method.

4. This kinematic inverse method can control the movement
of the hexapod robot's legs for uneven surfaces so that
when the robot is on an uneven surface the robot's feet are
at the coordinates we specify.

Yusuf Prasetio, Hexapod Robot Movement Control for Uneven Terrain



Control Systems and Optimization Letters, VVol. 1, No. 2, 2023

86

[1]

[2]

3]

(4]

[5]

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

REFERENCES

J. Coelho, F. Ribeiro, B. Dias, G. Lopes, and P. Flores, “Trends in the
Control of Hexapod Robots: A Survey,” Robotics, vol. 10, no. 3, p.
100, 2021, https://doi.org/10.3390/robotics10030100.

H. Li et al., “Mechanism design and workspace analysis of a hexapod
robot,” Mechanism and Machine Theory, vol. 174, p. 104917, 2022,
https://doi.org/10.1016/j.mechmachtheory.2022.104917.

J. Niu et al., “Study on structural modeling and kinematics analysis of
a novel wheel-legged rescue robot,” International Journal of
Advanced Robotic Systems, vol. 15, no. 1, p. 1729881417752758,
2018, https://doi.org/10.1177/1729881417752758.

Y. Liu, C. Wang, H. Zhang, and J. Zhao, “Research on the Posture
Control Method of Hexapod Robot for Rugged Terrain,” Applied
Sciences, vol. 10, no. 19, p. 6725, 2020,
https://doi.org/10.3390/app10196725.

G. Wang, L. Ding, H. Gao, Z. Deng, Z. Liu and H. Yu, “Minimizing
the Energy Consumption for a Hexapod Robot Based on Optimal
Force Distribution,” IEEE Access, vol. 8, pp. 5393-5406, 2020,
https://doi.org/10.1109/ACCESS.2019.2962527.

L. Minati, M. Frasca, N. Yoshimura and Y. Koike, “Versatile
Locomotion Control of a Hexapod Robot Using a Hierarchical
Network of Nonlinear Oscillator Circuits,” IEEE Access, vol. 6, pp.
8042-8065, 2018, https://doi.org/10.1109/ACCESS.2018.2799145.
B. Zhong, S. Zhang, M. Xu, Y. Zhou, T. Fang and W. Li, “On a CPG-
Based Hexapod Robot: AmphiHex-II With Variable Stiffness Legs,”
IEEE/ASME Transactions on Mechatronics, vol. 23, no. 2, pp. 542-
551, 2018, https://doi.org/10.1109/TMECH.2018.2800776.

Y. Gao, W. Wei, X. Wang, Y. Li, D. Wang, Q. Yu, “Feasibility,
planning and control of ground-wall transition for a suctorial hexapod
robot,” Applied Intelligence, vol. 51, pp. 5506-5524, 2021,
https://doi.org/10.1007/s10489-020-01955-2.

E. C. Orozco-Magdaleno, F. Gomez-Bravo, E. Castillo-Castafieda and
G. Carbone, “Evaluation of Locomotion Performances for a
Mecanum-Wheeled ~ Hybrid  Hexapod  Robot,” IEEE/ASME
Transactions on Mechatronics, vol. 26, no. 3, pp. 1657-1667, 2021,
https://doi.org/10.1109/TMECH.2020.3027259.

M. Khazaee, M. Sadedel, A. Davarpanah, “Behavior-based navigation
of an autonomous hexapod robot using a hybrid automaton,” Journal
of Intelligent & Robotic Systems, vol. 102, no. 29, 2021,
https://doi.org/10.1007/s10846-021-01388-0.

M. Luneckas et al., “Hexapod Robot Gait Switching for Energy
Consumption and Cost of Transport Management Using Heuristic
Algorithms,” Applied Sciences, vol. 11, no. 3, p. 1339, 2021,
https://doi.org/10.3390/app11031339.

C.T. Nguyen, et al., “Development of an insect-inspired hexapod
robot actuated by soft actuators,” Journal of Mechanisms and
Robotics, vol. 10, 2018, https://doi.org/10.1115/1.4041258.

H. Navvabi, A. H. Markazi, “New AFSMC method for nonlinear
system with state-dependent uncertainty: Application to hexapod
robot position control,” Journal of Intelligent & Robotic Systems, vol.
95, pp. 61-75, 2019, https://doi.org/10.1007/s10846-018-0850-4.

M. Schilling, K. Konen, F. W. Ohl and T. Korthals, “Decentralized
Deep Reinforcement Learning for a Distributed and Adaptive
Locomotion Controller of a Hexapod Robot,” 2020 IEEE/RSJ
International Conference on Intelligent Robots and Systems (IROS),
pp. 5335-5342, 2020,
https://doi.org/10.1109/IROS45743.2020.9341754.

A. S. Lele, Y. Fang, J. Ting and A. Raychowdhury, “Learning to
Walk: Spike Based Reinforcement Learning for Hexapod Robot
Central Pattern  Generation,” 2020 2nd IEEE International
Conference on Artificial Intelligence Circuits and Systems (AICAS),
pp. 208-212, 2020,
https://doi.org/10.1109/AICAS48895.2020.9073987.

I. Kecskés, A. Odry, V. Tadi¢ and P. Odry, “Simultaneous Calibration
of a Hexapod Robot and an IMU Sensor Model Based on Raw
Measurements,” IEEE Sensors Journal, vol. 21, no. 13, pp. 14887-
14898, 2021, https://doi.org/10.1109/JSEN.2021.3074272.

T. Mwata-Velu, et al., “Motor Imagery Classification Based on a
Recurrent-Convolutional ~ Architecture to Control a Hexapod
Robot,” Mathematics, wvol. 9, no. 6, p. 606, 2021,
https://doi.org/10.3390/math9060606.

E. C. Orozco-Magdaleno, D. Cafolla, E. Castillo-Castaneda, and G.
Carbone, “Static Balancing of Wheeled-legged Hexapod
Robots,” Robotics,  vol. 9, no. 2, p. 23, 2020,
https://doi.org/10.3390/robotics9020023.

[19]

[20]

K. Takeda and H. Torikai, “A Novel Hardware-Efficient Central
Pattern Generator Model Based on Asynchronous Cellular Automaton
Dynamics for Controlling Hexapod Robot,” IEEE Access, vol. 8, pp.
139609-139624, 2020,
https://doi.org/10.1109/ACCESS.2020.3012706.

T. Chen et al., “Design and Control of a Novel Leg-Arm Multiplexing
Mobile Operational Hexapod Robot,” inIEEE Robotics and
Automation Letters, vol. 7, no. 1, pp. 382-389, 2022,
https://doi.org/10.1109/LRA.2021.3127639.

Yusuf Prasetio, Hexapod Robot Movement Control for Uneven Terrain


https://doi.org/10.3390/robotics10030100
https://doi.org/10.1016/j.mechmachtheory.2022.104917
https://doi.org/10.1177/1729881417752758
https://doi.org/10.3390/app10196725
https://doi.org/10.1109/ACCESS.2019.2962527
https://doi.org/10.1109/ACCESS.2018.2799145
https://doi.org/10.1109/TMECH.2018.2800776
https://doi.org/10.1007/s10489-020-01955-2
https://doi.org/10.1109/TMECH.2020.3027259
https://doi.org/10.1007/s10846-021-01388-0
https://doi.org/10.3390/app11031339
https://doi.org/10.1115/1.4041258
https://doi.org/10.1007/s10846-018-0850-4
https://doi.org/10.1109/IROS45743.2020.9341754
https://doi.org/10.1109/AICAS48895.2020.9073987
https://doi.org/10.1109/JSEN.2021.3074272
https://doi.org/10.3390/math9060606
https://doi.org/10.3390/robotics9020023
https://doi.org/10.1109/ACCESS.2020.3012706
https://doi.org/10.1109/LRA.2021.3127639

