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Abstract—KRSTI is an Indonesian dance robot competition organized by Pusprenas. This project designs a 23-DOF humanoid
robot using Dynamixel AX-12 servos and a CM-530 microcontroller to perform the Gambang Semarang dance. It utilizes inverse
kinematics for the robot's leg motion and calculates servo angle values for programming with RoboPlus software. In position testing,
the average error values of X, Y, and Z of the 2 right leg robots are 3.11 cm, 1.73 cm, and 0.8 cm respectively, and the average error
of X, Y, and Z of the left leg are 3.16 cm, 2.32 cm, and 0.82 cm respectively. In the angle test on 2 robots, the average error values
of angles a, B, v, 6, and w of the right leg are 1° 1.39° 3.73° 0.7° and 3.54° respectively, and the average error values of angles o,
B, v, 6, and w of the left leg are 0.77° 1.48° 4.07° 1.07° and 3.74° respectively. n field testing, Robot 1 exhibits balanced walking
during Semarang Gambang dance movements, although its walking direction is slightly off. Meanwhile, Robot 2 experiences falls
due to servo delays..

Keywords—humanoid robot, inverse kinematics.

1. INTRODUCTION

Rapid developments in robotics technology have had a major impact through the large amount of research that has been carried
out. Research in the field of robotics, including that related to humanoid robots, continues to increase in number, and this is not
done without reason. Humanoid robots are a type of robot designed to resemble humans in their entirety, allowing them to interact
with equipment and the surrounding environment. Humanoid robots generally consist of a head, a body, two arms, and two legs. The
joints in humanoid robots are designed to be similar to human joints so that if humans have joints, this robot uses servos to move
those joints.

The use of humanoid robots has now experienced significant progress throughout the world. The use of humanoid robots
covers various fields, such as sports, safety management, military, and arts [1]. However, there are differences in control and
planning between robots humanoid with conventional industrial robots. Humanoid robots have human-like movements, use legs to
walk, and can perform tasks similar to humans. Meanwhile, industrial robots are more likely to carry out pre-planned tasks and often
use wheels in the process. Therefore, the study of the control and dynamics of humanoid robots becomes more important. Some
humanoid robots are equipped with sensors that allow them to collect data from the real world and interact with their environment.
However, there are still features in humans that have not been fully discovered or are currently under development, such as safety
aspects for both the robot itself and humans. In use, humanoid robots are still undergoing improvements and refinements.

This research is to design a humanoid dance robot by developing a leg movement system for the robot using inverse kinematics
modeling to create walking patterns and design Gambang Semarang dance movements.

2. DESIGN AND METHODOLOGY
2.1 Hardware Design

The humanoid robot used is a customized Bioloid Premium type A robot kit which initially had 18 servo motors to 23 servo motors.
This robot consists of the head, hands, waist, and legs, where the servo usage for each part is 2 servos for the head, 8 servos for the
hands, 3 for the waist, and 10 for the legs. The connecting link parts and shape of the robot are shown in Figure 1 and the robot
dimension specifications are shown in Table 1.
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Figure 1. Structure of humanoid robot
Table 1. Specification of robot.
No Description Dimension
1. Robot height 40 cm
2. Hand span from fingertips 55 cm
3. The width of the 12 cm?
soles of the feet
4. The robot weights 3Kg
5. Degrees of 23

freedom

Some of the electronic devices needed for the system to work are a Dynamixel servo motor driver or controller, namely CM-530,
an actuator in the form of a Dynamixel AX-12 servo motor, and a 3S 11.1-volt Li-Po battery as the electrical power source for all the

robot's electronic devices. The electronic system design includes the Dynamixel servo wiring circuit and power supply to the CM-530
microcontroller which can be seen in Figure 2.
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Figure 2. Robot electronic system

2.2 Invers Kinematic Design

The inverse kinematics calculation for the position of the robot's legs is carried out using a geometric approach that involves
applying trigonometry formulas to the robot's legs. To facilitate analysis, the robot's legs are divided into two segments that can be
considered as two separate parts, and the viewing angles can be viewed from the side and front, allowing for more detailed and clear
calculations. [5]. As seen in Figure 3 and Figure 4..
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Figure 3. Side view of the inverse kinematics model.

In the inverse kinematics configuration above, an equation can be obtained to obtain the values of the angles «a, 3, and y needed
for the robot's walking movement. There are 2 constants in the configuration, namely the value L1 =7.5 cm and L2 = 7.5 cm namely
as a link between joints

R=+xt+y? (1)
cy = cos—! {%] (2)

e e 3
&y = cos (T} = cos [E} (3
a = ol + a2 4

After getting the value of a, then to get the value of the angle 8 you can use the equation :
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To maximize the application of inverse kinematics to the robot's walking movement, a front view configuration was created as in
Figure 4.

Figure 4. Front view of the inverse kinematics model

In the front view configuration, it is used to obtain the angle values 6 and w to obtain the following equation :
8 = tan-1 (j—_} (8)
w =8| ®

2.3 Design of the Walking Gait Robot

The success of the action of maintaining the robot's balance is very dependent on the step pattern applied by the robot. Therefore,
accurate design is needed to regulate the robot's walking steps. To walk, the robot must be able to move its legs to certain
positions, which will form a movement path known as a walking gait. In this case, the movement trajectory from one point to
another is determined by providing direct coordinates for each point that must be traversed. Each point on the trajectory represents
various phases of movement when the robot walks, starting from the phase when both feet are on the floor or the DSP phase, then

one of the legs is lifted so that the robot is only supported by one leg or the SSP phase until finally, both legs are back on the
floor or DSP phase.

Figure 5. Walking gait humanoid robot [6]

From Figure 5, the humanoid robot's walking gait is divided into five visible parts or movement segments:
1. Both feet touch the floor and the right foot is in front of the left foot.

2. The waist shifts to the right, the right leg becomes the fulcrum, while the left leg is lifted to the highest position.
3. The waist is returned to the starting position, so that both feet touch the floor again, with the left foot in front of the right foot.
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4. The waist shifts to the left, the left leg becomes the fulcrum, while the right leg is lifted to the highest position
5. The waist is returned to the starting position, so that both feet touch the floor again, with the right foot in front of the left foot.
These five stages of movement are continuously repeated, forming a continuous cycle of walking movement [6].

The walking gait design that has been created, can be implemented using inverse kinematics calculations with 5 positions,
namely upright position, left foot lift, left foot step, right foot lift, and right foot step. The coordinate point values based on each
position can be seen in Table 2.

Table 2. Coordinates of robot leg movement positions

o Right foot position Left foot position
Position
X (cm) Y (cm) Z (cm) X(m) | Y(cm) | Z(cm)
Upright 2 115 0 2 115 0
Lift left leg 35 115 -1 3 10 25
Step left leg 15 115 -0.5 5 10.5 0.5
Lift right leg 3 10 -2.5 3.5 115 1
Step right leg 5 10.5 -0.5 15 115 0.5

From the X, Y, and Z coordinates that have been determined in Table 2, calculations are carried out to obtain the angle values for
each servo using Equation 1 to Equation 9. This angle value will be input to form a walking movement. The following are the results
of the inverse kinematics calculation on the right leg which are shown in Table 3. The values obtained from the calculation results will
be entered into the RoboPlus software which will form the walking motion of the Humanoid robot.

From the X, Y, and Z coordinates that have been determined in Table 2, calculations are carried out to obtain the angle value for
each servo using equations 1 to equation 9, where the angle values will be input to form the walking movement. The following are
the results of the inverse kinematics calculation on the left leg which are shown in Table 4. Each angle value obtained will be
converted into a servo dynamixel rotation value where the value is in the range 0 - 1023 or equal to 0° - 300° which will be
entered into the RoboPlus software. On the robot, each servo is installed at the value 512 (center position) so that the value 512 is 0°
in the servo angle value. So that each servo angle value obtained will be multiplied by 3,413 then subtracted or added by 512
according to the direction of rotation (clockwise or counterclockwise), then the value obtained will be entered into the RoboPlus
software.

Table 3. Angle values from inverse kinematics calculations for the right leg.

Right leg angle (°)

Position

a B Y 0 w
Upright 4878 | 7781 | 3891 | 0 0
Lift left leg 5367 | 73.47 | 36.73 | -497 | 497
Step left leg 4678 | 78.73 | 39.37 | -249 | -2.49
Liftright leg 62.58 | 91.79 | 4591 | -14.04 | -14.04
Step right leg 64.63 | 78.33 | 39.17 | -2.73 | -2.73

Table 4. Angle values resulting from leg inverse kinematics calculations

Left leg angle (°)
Position ]

Y (7] w
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Upright 4878 | 77.81 | 3891 | 0 0
Lift left leg 6258 | 91.79 | 45.89 | 14.04 | 14.04
Step left leg 64.63 | 7833 | 39.17 | 273 | 273
Lift right leg

53.67 | 73.74 | 36.73 | 4.97 4.97

Step right leg 46.78 | 78.73 | 39.37 | 249 | 249

2.4 Software Design

In making the program, the steps can be seen in Figure 7 which depicts the process of programming the movement of a
humanoid robot. Each angle value obtained will be converted into a servo dynamixel rotation value where the value is in the range
0 - 1023 or equal to 0° - 300° which will be entered into the RoboPlus software. On the robot, each servo is installed at the value 512
(center position) so that the value 512 is 0° in the servo angle value. So that each servo angle value obtained will be multiplied by
3,413 then subtracted or added by 512 according to the direction of rotation (clockwise or counterclockwise), then the value obtained
will be entered into the RoboPlus software. The initial stage is to initialize the sound sensor, which will start the process of detecting
musical sounds. Then, the program reads input data from the sound sensor. If a sound is detected, the next step is to access the robot
movement database and move the robot according to the humanoid robot movement program that has been created previously. On
the other hand, if there is no sound or the sound sensor does not detect the sound of music, the robot will remain silent or not move.
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Figure 7 Flowchart of the humanoid robot movement program
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3. TESTING AND ANALYSIS
3.1. Position Testing

Position testing will discuss comparing the reference position of the robot's legs with the results of measuring the position of
the X, Y, and Z axes for both the left and right legs of both robots. Reference positions can be seen in Table 4.1 where 5 movement
positions will create a walking pattern, namely upright, left foot lift, left foot step, right foot step, and right foot step, where each
movement position has an X, Y, and Z axis position. from both feet, both right and left. The specified X, Y, and Z axes will be input
for inverse kinematics calculations, where the output results will be angles that will represent the 5 walking movements, which will
later be input for the angle values to program the walking movements in the RoboPlus software.

From the experiments carried out on the two robots to carry out walking movements, measurement results were obtained in each
X, Y, and Z axis in the five walking movement positions on robot 1 and robot 2 which can be seen in Table 5 and Table 6.

Table 5. Results of measuring robot 1 leg position 1

Right leg measurement | Left leg measurement
Position
X (em) [ Y(cm) [ Z(cm) | X(cm)|Y(cm)| Z(cm)
Upright 04 | 133 | 04| 03 | 133 | 04
Lift left leg 04 | 14 | 22| 07 | 126 | 12
Step left leg 32 [120] 02| 1 |135| -03
Lift right leg 05 | 127 | -16 | 03 | 142 | 18
Step right leg 13 |136| 20 | -3 | 131 | -03

Table 6. Results of measuring robot 2 leg position

Right leg measurement | Left leg measurement
Position
X (cm) [ Y(cm) Z(cm)| X(cm)] Y(cm)] Z(cm)
Upright 0.3 133 | -04 | 03 | 133 | 04
Lift left leg 04 | 142 | 23| 07 | 125 | 11
Step left leg 3 |131| 02| 01136 -03
Lift right leg 0.5 127 | -16 | 03 | 142 | 18
Step right leg 13 | 135 | 03 | -3.2 [ 129 | -0
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3.2 Angle Testing

Angle testing will discuss the comparison of the robot's leg reference angle with the actual angles a. 8. y. 6. and w Both the
left leg and right leg of the two robots are read by the CM-530 microcontroller via the RoboPlus Manager software. The test
results are shown in the table 7, 8, 9 and 10.

Table 7. Results of the actual angle of robot 1's right leg
Right leg angle (°)

a B Y (7] w

51.28 | 81.75 | 39.56 | -2.05 -1.17

53.33 | 72.96 | 36.92 | -4.98 3.81

47.47 | 7852 | 48.05 | -2.05 -1.7

63.58 | 94.35 | 46.59 | -14.65 | -8.78

64.46 | 78.52 | 31.06 | -2.34 -1.76

Table 8. Actual angle results for robot 1's left le
Left leg angle (°)

a B Y (7] w

50.10 | 80.67 | 40.73 | 0.29 0.59

62.99 | 9259 | 47.45 | 13.48 8.20

63.58 | 77.35 | 31.35 | 0.59 1.17

5245 | 72.08 | 37.21 | 3.81 -5.27

46.59 | 77.35 | 48.93 | 0.88 1.47

Table 9. Actual angle results for robot 2's right leg.
Right leg angle (°)

a B Y (7] w

50.98 | 80.57 | 40.73 | -1.76 -1.17

52.74 | 72.66 | 36.92 | -4.69 4.40

4747 | 7793 | 47.76 | -2.05 -1.17

63.58 | 93.47 | 46.88 | -15.24 | -9.08

64.17 | 7794 | 3158 | -2.05 -1.17

Table 10. Actual angle results for robot 2's left leg.
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Left leg angle (°)

a B Y (7] w

50.10 | 80.57 | 41.31 | 0.29 0.29

62.70 | 92.88 | 46.59 | 13.77 7.91

63.58 | 77.64 | 31.35 | 0.59 0.88

52.74 | 71.78 | 36.63 | 4.10 -5.86

46.88 | 77.64 | 47.76 1.17 0.59

In testing the actual angle of the right leg of robot 1 and robot 2. the right leg angle value with error is a=1°. f=1.39°. y=3.73°.
6=0.7°. and w=3.54°. while the left leg angles are a=0.77°. $=1.48°. y=4.07°. 6 =1.07°. and w=3.74°.

4, CONCLUSION AND SUGGESTION

This research can be developed by designing calculations from the center of pressure or center of mass of the humanoid robot. The

design of this humanoid robot can be developed by using servos on the legs with greater torque capabilities such as the MX Dynamixel
series servos. The design of this humanoid robot can be developed using the Dynamixel XL-320 series servo with smaller dimensions
and lighter weight to add 2 DOF from each hand the upper body is lighter and the dance movements are better. The design of this
humanoid robot can be developed by adding an IMU sensor so that the robot can detect tilt in a plane so that the humanoid robot can
adapt to tilt.
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