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 Humanoid robots are the evidence of the rapid advancement of technology 

in robotics. One of their applications is replacing humans in certain tasks, 

such as moving goods. For this type of activity, humanoid robots need 

arms; however, their arm system is not effective enough because of the 

material used. Thus, this study proposes the use of filament as the material 

of frames in robot arms. A 5-degree of freedom (DoF) robot arm system 

was implemented, and the motor worked as the driving force. The 

movement of this robotic arm was based on proximity and camera sensor 

readings. Then, the movement control used fuzzy logic with the Sugeno 

method. During experimental testing, the humanoid robot arm could grip 

and move objects from one place to another at varying times according to 

the object type. The length of time obtained depends on the reading of the 

proximity sensor on the gripper. In another experiment, the humanoid robot 

arm could shake hands with humans in real time within 36 sec. In 

conclusion, the results verified the effectiveness of the proposed fuzzy logic 

controller with the Sugeno method. 
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1. INTRODUCTION  

Industrial technology has been rapidly developing; currently, industry 4.0 has automated many 

systems. Human work has begun to be replaced by machines or robots for various tasks, such as cleaning 

houses, communicating with humans, walking, and moving and lifting objects from one place to another. 

For these purposes, artificial intelligence and the Internet of Things (IoT) have been used[1,2]. In 

addition, robots have been designed to perform physical interactions with humans, such as shaking 

hands, lifting, moving, and assembling objects. A robot arm system works automatically using control 

assistance to maintain movement and the process of lifting and placing an object. It can also be combined 

with sensors and cameras to detect an object and determine its coordinates. The object detection and 

coordinates are the inputs processed using image processing; the automatic movement of the robot arm 

is the output [3]. 

Several studies have been conducted on robot arms, including 5-degree of freedom (DoF) position 

control for a kinematic controller for handshaking on humanoid robots [4], 2-DoF robotic arms based on 

the adaptive neuro-fuzzy inference system (ANFIS) [5,6], and the fuzzy logic algorithm for controlling 

the movement of 4-DoF robotic arms [7, 8]. However, the robot arms in these studies could not 

automatically shake hands, and the robots moved slower compared with human dynamics [4]; thus, it 
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took more time to automatically lift and move objects. Moreover, the distance to reach the object was 

very limited [5]. Additionally, using a manual system requires a lot of time and energy; hence, such robot 

arms are inefficient and ineffective [9]. Therefore, in this study, we designed the robot arm with 5 DoF 

to extend the robotic arm range. The proposed robot arm could lift and move objects, and shake hands. 

The input used in this study was based on camera and proximity sensor readings. The fuzzy logic 

algorithm was utilized as a controller due to its simplicity, ease of understanding, flexibility, and tolerance 

for inaccurate data, making it suitable for moving humanoid robotic arms. This fuzzy logic algorithm has 

been widely used in various fields such as economics [10], manufacturing industry [11,12], transportation 

[13, 14], environmental and social sciences, businesses [15], and pico hydro systems [16] because of 

these advantages. The difference in this research compared to previous studies lies in the utilization of a 

5-degree-of-freedom (5 DOF) robotic arm, which facilitates both movement and reach. Additionally, it 

incorporates a handshake capability based on a Fuzzy Logic controller employing several membership 

functions. 
 

2. RESEARCH METHOD 

The process of lifting and moving items by a humanoid robot arm was carried out in several stages, 

as shown in Fig. 1. The humanoid robot arm was designed to make it easier to place the servomotor and 

components, as shown in Fig. 2. The humanoid arm was made of filament and printed using a 3D printer. 

 
Figure 1. System flowchart 
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(a) Body of robot   (b) Arm System 

                        
(b) Arm Joint     (d) Gripper 

Figure 2. Design of robotic arm 

The arm robot was made based on the design and printed with a 3D printer using filament material, 

as shown in Fig. 3. The components used in the arm robot include DC worm motors, servomotors, 

proximity sensors, limit switches, and other microcontrollers that were arranged inside the humanoid 

arm and body. The movement of the humanoid robot arm was controlled by the Arduino Mega 

microcontroller. The driving force of each arm was controlled using seven servomotors placed at the 

3rd, 4th, and 5th DoF as grippers; and two 12V DC worm gear motors were placed at the 1st and 2nd 

DoF, which can be seen in Fig. 3. The robot arm was made using a filament as the base material, thus 

functioning as the substrate for the placement of the components and sensors used. 

 

Figure 3.  Design of robotic arm 

Whereas a fuzzy membership represents the distance input and readings from the crisp distance 

sensor that is changed into a fuzzy set. The membership function of this fuzzy system uses three 

variables: object and human distance, x-distance, and ultrasonic sensor distance. In this study, a fuzzy 

set was used to determine the movement of the humanoid robot arm. The set was divided into five 

classes: very far, far, medium, close, and very close. The membership function of each variable can be 

seen in Figs. 4, 5, and 6, in the form of object and human distance variables, x-distance variables, and 

ultrasonic sensor distance variables, respectively. 

 

Figure 4. Distance variable curves of objects and human 
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Figure 5. X-distance variable curve 

 

Figure 6. Ultrasonic sensor distance variable curve 

After determining the membership function, the next step is to compile fuzzy rules used as a 

reference for the process of acquiring the output of the robot arm movement. In this study we used three 

types of variables with five membership functions in order to obtain the fuzzy rules, that is, we had 125 

rules in total. 

 

3. RESULTS AND DISCUSSION 

3.1 Humanoid Robot Performance Testing 

First, the robotic arm was tested for movement without using the fuzzy logic method. These tests 

included the movements of the 1-DoF, 2-DoF, 3-DoF, and 4-DoF. Next, the gripper was evaluated for 

opening and closing, and the proximity sensor readings on the gripper were also tested. The test was 

carried out to ensure that the components worked well so that the robotic arm as a whole would work 

well in moving objects using the Sugeno fuzzy logic method. The test of the robotic arm using the 

Sugeno fuzzy logic method was carried out six times: (1) standby position, as the start and end positions 

of the robotic arm; (2) lifting eggs; (3) lifting an empty mineral water bottle; (4) lifting a filled mineral 

water bottle; (5) lifting a glass of water; and (6) shaking hands directly with humans. The humanoid arm 

test was performed 20 times with changes in the object’s distance from the robotic arm. Table I presents 

the distance data of the object to be moved from the robotic arm. 

Based on the data in Table 1, the input value of the distance used varies, while the output of the 

linguistic variable was determined in advance from the calculation of fuzzy ‘Gripping1’ and ‘Gripping’ 

with the servomotor angle on the robot arm. When the input distance between objects and humans is 65, 

the x-distance is 30, and the sharp distance is between 5 to 12; the output of the fuzzy calculation is 

‘Gripping1’, with the 1-DoF to 4-DoF servomotor angles being 140°, 100°, 120°, and 20°. Furthermore, 

when the input distance between objects and human is 65, the x-distance is between 20 to 45, and the 

sharp distance is less than 12; then, the result of Sugeno fuzzy logic calculation is ‘Gripping’, with the 

1-DoF to 4-DoF servomotor angles being 140°, 100°, 10°, and 20°. The 5-DoF represents a gripper with 

a shape resembling a human hand’s palm, equipped with five fingers as a tool for clamping objects. The 

output data from the gripper test on the humanoid robot arm can be seen in Table 2. 
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Table 1. Humanoid Arm Testing 

No 

Input Output 

Distance 

between 

objects & 

human 

x-axis 

distanc

e 

Linguistic 

Variable 

Distance 

between 

objects & 

human 

x-axis distance 

1 2 3 4 

1 30 6 2 Gripping 1400 1000 1200 200 

2 45 10 4 Gripping 1400 1000 1200 200 

3 50 20 6 Gripping 1400 1000 1200 200 

4 55 8 3 Gripping 1400 1000 1200 200 

5 60 11 5 Gripping 1400 1000 1200 200 

6 65 16 8 Gripping 1400 1000 1200 200 

7 30 20 2 Gripping 1400 1000 1200 200 

8 34 25 5 Gripping 1400 1000 1200 200 

9 37 27 6 Gripping 1400 1000 1200 200 

10 40 30 8 Gripping 1400 1000 1200 200 

11 45 35 4 Gripping 1400 1000 1200 200 

12 50 40 10 Gripping 1400 1000 1200 200 

13 50 20 7 Gripping 1400 1000 1200 200 

14 53 25 10 Gripping 1400 1000 1200 200 

15 60 30 3 Gripping 1400 1000 1200 200 

16 65 33 6 Gripping 1400 1000 1200 200 

17 43 33 3 Gripping 1400 1000 1200 200 

18 48 37 7 Gripping 1400 1000 1200 200 

 

Table 2. Testing of Humanoid Arm Gripper 

No Objects Thumb Index Middle Ring Pinkie 

1 Egg 1800 1100 1020 300 400 

2 
Empty water 

bottle 
1300 900 1240 800 900 

3 
Full water 

bottle 
1300 1000 770 700 800 

4 
Plastic glass 

of water 
1400 900 890 900 700 

5 Human hand 900 700 500 700 830 

 

Based on Tables 1 and 2, the output either changes the servomotor angle of each joint or the DoF 

of the humanoid arm during lifting and moving objects. This can be seen in the movement graphs of the 

humanoid robotic arm and the gripper. Then, the humanoid robot arm was tested 20 times with five 

different types of objects. Table 3 presents the results of a real-time humanoid robot arm test. 

Table 3. Testing of Humanoid Arm Gripper 

Test Object Photo Information 

1 Egg 

 

The humanoid robotic arm successfully moves the object. 

2 Egg 

 

The humanoid robotic arm successfully moves the object. 
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3 Egg 

 

The humanoid robotic arm successfully moves the object. 

4 Egg 

 

The humanoid robotic arm successfully moves the object. 

5 Empty water bottle 

 

The humanoid robotic arm successfully moves the object. 

6 Empty water bottle 

 

The humanoid robotic arm successfully moves the object. 

7 Empty water bottle 

 

The humanoid robotic arm successfully moves the object. 

8 Empty water bottle 

 

The humanoid robotic arm successfully moves the object. 

9 Full water bottle 

 

The humanoid robotic arm successfully moves the object 

(both arms). 

10 Full water bottle 

 

The humanoid robotic arm unsuccessfully moves the object 

(both arms). 

11 Full water bottle 

 

The humanoid robotic arm unsuccessfully moves the object 

(both arms). 

12 Full water bottle 

 

 

The humanoid robotic arm unsuccessfully moves the object 
(single arm). 

13 
Plastic glass of 

water 

 

The humanoid robotic arm successfully moves the object. 
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14 
Plastic glass of 

water 

 

The humanoid robotic arm successfully moves the object. 

15 
Plastic glass of 

water 

 

The humanoid robotic arm unsuccessfully moves the object. 

16 
Plastic glass of 
water 

 

The humanoid robotic arm successfully moves the object. 

17 Handshake 

 

The humanoid robotic arm successfully moves the object. 

18 Handshake 

 

 

The humanoid robotic arm successfully moves the object. 

19 Handshake 

 

The humanoid robotic arm successfully moves the object. 

20 Handshake 

 

The humanoid robotic arm successfully moves the object. 

Based on Table 3, the system of the humanoid robotic arm managed to move objects in real time. 

The humanoid robotic arm completed clamping and moving objects properly without deforming the 

object being moved. To determine the accuracy of the system’s success in moving the objects with an 

overall accuracy rate of 65% based on Table III, the robotic arm has an accuracy of 50%, 75%, 75%, 

and 100% for moving eggs, moving the empty water bottle, moving the full water bottle, moving the 

plastic glass of water, and shaking hands with humans, respectively. The angular movement of each 

DoF of the humanoid robotic arm can be seen on each graph in Fig. 7. 

4.1. Test of movement arm robot 

The humanoid robotic arm was tested to lift and move a soft egg. It successfully moved the egg by 

clamping and lifting it, as shown in Fig. 7(a), without deforming or breaking it. Meanwhile, the robotic 

arm movement while lifting eggs is 50 second for a time duration. 

                 
(a) arm lifts the egg                           (b) arm lifts the full water bottle 
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(c) arm lifts the plastic glass of water              (d) handshaking test 

Figure 7.  The humanoid robotic arm testing 

Fig. 7(b) shows the test of the robotic arm lifting a full water bottle. As using a single arm cannot 

move it the robotic system uses both arms to lift and move it. Fig. 7(c) shows that the humanoid robotic 

arm has successfully gripped and moved the plastic glass of water; it takes 50 second to move the plastic 

glass of water. Fig. 7(d) shows that the humanoid robotic arm successfully interacts with a human in 

real time and it takes 45 second the gripper movement while handshaking. To evaluate the humanoid 

robot arm using the Sugeno fuzzy logic method as seen in Table 4. 

Table 4. Accuracy Type of Test 

Action / object Experiments Accuracy 

eggs 15 13.333% 

empty mineral water bottle 12 58.333% 

bottle filled with water 46 4.761%. 

glass 6 66.666%. 

shaking hands 5 100% 

 

From Table 4, tests were carried out with five different types of objects, including eggs with an 

accuracy of 13.333% from 15 tests. This happened because it was difficult for the robot arm to clamp 

the egg due to its small diameter and round shape, which caused the distance sensor reading on the 

gripper to not be detected. The second test was carried out with an empty mineral water bottle where the 

robot obtained an accuracy of 58.333% from 12 experiments. In this test, the accuracy was higher 

because the diameter and height of the mineral water bottle exceeded the size of the gripper, thereby 

making it easy for the distance sensor to detect the mineral water bottle. The third test was conducted 

with a bottle filled with water, where both the arms of the humanoid robot were used. This test was 

carried out 42 times with a very small success of 4.761%. This was due to the fact that the gripper was 

too large, and it lacked the necessary clamping force. Thus, the robotic arm could not move the bottle 

filled with water. The fourth test, using a glass, was conducted six times, and the robot obtained an 

accuracy value of 66.666%. In this test, there were two attempts that were not successful, caused by the 

thumb on the gripper not clamping a part of the glass.  The fifth and the last test involved interaction 

with humans by shaking hands. The humanoid robot arm showed good performance at shaking hands 

with humans, obtaining an accuracy of 100% from five experiments. This was due to the ability of the 

proximity sensor on the gripper to detect human hands very quickly and efficiently. 

4. CONCLUSION  

The implementation of the zero-order Sugeno fuzzy logic method in the movement of the humanoid 

robotic arm in moving objects or shaking hands has been successfully performed in an automated 

manner. The humanoid robotic arm was able to successfully move objects such as a water bottle (empty 

and full) and plastic glass of water; it could hold an egg for 30 second without breaking it. Additionally, 

it could shake hands directly with humans, taking 36 second to complete the handshake command. 

Future research will be implemented systemically so that this humanoid robot will be able to carry out 

activities like humans in providing services. 
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