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This paper describes the communication system in the pattern of soccer games 

on the humanoid robot R-SCUAD. The communication system is an important 

part in the game of football. Along with the development of technology, robots 

are required to play soccer like humans, dribbling, kicking, running and 

coordinating well with their team. The communication system discussed in 

this paper is the process of sending and receiving data from one robot to 

another, assisted by a server. Beginning with robot 1 sending data to the server 

and forwarded to robot 2 or vice versa. The protocol used for this 

communication system is User Datagram Protocol (UDP) because UDP has 

several characteristics that support the occurrence of communication robots 

such as connection-less and unreliable. These two characteristics strongly 

support the communication system to be built. The checksum error detection 

method is a method used to detect errors in the R-SCUAD Robot 

communication system. The results show that the communication system built 

on the robot has been successfully implemented. From the test results it can 

be concluded that the success of the communication system is 98%. 
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1. INTRODUCTION 

Humanoid robots are robots that mimic human shape and behavior and can be controlled automatically 

or manually [1][2]. One form of humanoid robot is a soccer robot. Soccer robots are one of the most interesting 

areas of research [3], because they embrace a number of disciplines such as computer vision [4], artificial 

intelligence [5], computer science, mechanical engineering and robotics [6]. The idea of soccer robots was first 

born in 1995 at the Korea Advance Institute of Science and Technology, soccer robots are one of the interesting 

research in autonomous robotic systems [7]. The Indonesian Robocup Socccer Humanoid League is a new title 

for the Kontes Robot Cerdas Indonesia (KRCI) Robo Soccer Humanoid League (RSHL) which is an event to 

select Indonesian representatives for the annual Robocup International Event. Humanoid Soccer Robot is a 

form of technology implementation in the field of robotics that has the ability to imitate human activities in 

playing soccer [8]. The soccer match between robots is one of the challenges in the world of robotics which is 

organized to be able to further develop robotics and artificial intelligence and as a place to exchange knowledge 

for researchers around the world [9][10][13]. 

In the Indonesian Robot Contest, Universitas Ahmad Dahlan sent one of its teams to participate in the 

robot contest called Robot Soccer Universitas Ahmad Dahlan (R-SCUAD). Like human soccer, Kontes Robot 

Sepak Bola Indonesia (KRSBI) Humanoid is a human-shaped soccer contest that aims to score goals against 

the opponent's goal and defend its own goal to win the match. The Indonesian Robot Contest is considered 

very strategic to be one of the leading educational facilities and a place to train student creativity in the field 

of robotics engineering with direct orientation to the same community at the world level [11][12]. This contest 

is also a national qualification event to represent Indonesia in RoboCup which is an official world-level robot 

football competition under the RoboCup organization [14], such as the FIFA organization in the human football 

world championship.  

The Indonesian Humanoid Soccer Robot Contest has rules that must be followed including the robot can 

walk [15], kick the ball [16], see the ball, dribble and get up when it falls [17]. In addition, the robot must also 

have the ability to coordinate and cooperate well with the team [18][19][20]. One of them is that the robot can 

distinguish which team and which opponent and can build a strategy in playing soccer [21][22]. The R-SCUAD 

robot itself does not yet have the ability to recognize friend and opponent robots, therefore a wireless 

communication system is made on the humanoid soccer robot. R-SCUAD with checksum error detection 

method using Unit Datagram Protocol (UDP). This research aims to check and ensure that the data or messages 

sent by the robot are not lost. 

 

2. METHODS 

2.1. System Design 

The block diagram of the communication system on the R-SCUAD robot is shown in Figure 1. In the data 

communication system, there are three important components that must be: a source that functions to send data 

or provide information, a receiver that acts as a destination for sending information and the internet as a medium 

for transmission or connection. The direction of communication uses 2 directions so that the server and client 

send data to each other. 

 

 
Figure 1. Block diagram of data transmission 

 

2.2. Data Communication 

In data communication (data transfer) there are at least 2 PCs, one as a client and one as a server. The 

basic purpose of this communication system is to carry out data exchange between two parties. In Figure 1 a 

specific example is shown, namely the communication between a workstation and a server connected to a 

public telephone network. Another example is the exchange of voice signals between two telephones on the 

same network [23]. 
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2.3. Checksum Error Detection 

A checksum is a method of error detection in data that uses an addition at the end of the data. The receiver 

calculates its checksum using the same method and compares it with the checksum that has been sent by the 

operator.  If both are equal then the data is estimated to have no errors [24]. 

 

2.4. User Datagram Protokol (UDP) 

The protocol used in this communication system is the UDP protocol. User Datagram Protocol (UDP) is 

one of the core members of the internet protocol suite. UDP sends data in the form of streams. The reason for 

using the UDP protocol is because UDP uses a simple transmission model with a minimum protocol 

mechanism. There is no dialog handshake, unreliability and connectionless. And there is no guarantee of 

delivery, reservation and duplicate. UDP provides checksums for data integrity and port numbers to handle 

various functions on source and destination datagrams. UDP protocol supports multicasting and broadcasting, 

which is suitable for applications that prefer packet loss over jitter or high delays. UDP does not generate 

retransmission delays [25]. 

 

2.5. IP Adress 

IP address is a simple addressing method that allows multiple computers to connect to each other on the 

internet. The IP address is actually not given to the computer (host) or router, but to the network interface of 

the host/router. IP (Internet protocol) itself is designed to interconnect computer communication systems on 

packet switched networks [26].  

 

2.6. Robot Cooperation Competition 

The Humanoid Football Robot Contest (KRSBI-H) online period in 2020 and 2021 has 3 Technical 

Challenge (TC) categories, one of the competition categories is the robot cooperation competition. Robot 

cooperation competition requires good cooperation and communication between the two robots. Figure 2 is the 

field of TC robot cooperation. 

 

 
Figure 2. Robot Cooperation Competition Field 

 

2.7. Algorithm 

The flowchart of the data reception system algorithm is shown in Figure 3. The flowchart of the data 

sending system algorithm is shown in Figure 4. The flowchart of the communication system algorithm used in 

the R-SCUAD robot is shown in Figure 5. 

In the data reception system in Figure 3, the data received will be accommodated or taken and then 

checked. If the data received is data 1, the robot must be stationary because data 1 means that the robot sending 

the data has got the ball so that the robot receiving the data does not move or stop in place. Meanwhile, if data 

2 is received, it means that the robot must search for the ball because the sending robot did not get the ball and 

asked to help search. 

In the data transmission system in Figure 4, data is sent from robot 1 to robot 2 or vice versa to provide 

information about the status of the robot. What is meant by status is whether the robot gets the ball or not. Then 

there are 2 states that are sent. Data 1 is sent if the robot gets the ball. While data 2 is sent if the robot does not 

get the ball.  

In the communication system used in the R-SCUAD robot in Figure 5, the communication system 

between the server and the R-SCUAD robot where the server will open a connection first as a server, if the 

robot's ip is registered in the server data base and connected to the same network, the robot can connect to the 

server. However, if there is interference during the connection or the connection is lost, the robot must 

Goal markers on the wall 
(outer width 3m, height 1.2m, yellow line thickness 12cm) 
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reconnect. If the robot is successfully connected to the server, the next step is for the robot to wait for the server 

to determine the team data that the robot will receive. 

 

 
Figure 3. Data Reception System 

 

 
Figure 4. Data Delivery System 

 

In this research as shown in Figure 5 the communication system, the robots chosen to test the system are 

Robot 1 and Robot 2. The server will receive char data in the form of '11 and 21' if the robot is successfully 

connected and data '10 and 20' if the robot has not connected to the server. Then if the robots are all connected 

then robot 1 starts kicking the ball. If robot 1 successfully kicks the ball then robot 1 will send data '11' to the 

server which means robot 1 successfully kicked the ball. After that the server will forward the message to robot 

2. Robot 2 runs and looks for the ball, if robot 2 successfully finds and kicks the ball then robot 2 will send 

data '21' to the server. Then the server forwards the data to robot 1. Robot 2 runs and looks for the ball, if robot 

2 manages to find and kick the ball into the goal then robot 2 will send data '21' to the server and the mission 

is complete, but if the ball is still close to the robot then robot 1 will return to kick the ball until the mission is 

complete, namely scoring a goal. 



198 Buletin Ilmiah Sarjana Teknik Elektro ISSN: 2685-9572 

 

Buletin Ilmiah Sarjana Teknik Elektro, Vol. 4, No. 3, December 2022, pp. 194-203 

 
Figure 5. Communication System on R-SCUAD Robot 

 

3. RESULT AND DISCUSSION 

3.1. Data Packet Testing 

In the first test, tests will be carried out based on data packets sent to the communication of the two robots. 

Package testing is testing data packets sent by the robot according to whether they are received by other robots 

or not. The data packets that will be sent can be seen in the program listing in Figure 6. 
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Figure 6. Program listing 

 

The test results of the transmitted data packets can be seen in Table 1. 

 

Table 1. Data packet delivery test results 
Test Package sent Wireshark Checksum 

1    

2  
  

3  
  

4  
  

5  
  

6  
 

 

7  
  

8  
  

 

In Table 1 is the result of sending data from the robot to the server in condition 1, in condition 1 8 trials 

were carried out where the robot sent 7 data packets and it can be seen that the packets sent by the robot are 

the same as the packets received by the server. The test results of sending data packets tested there are 3 

conditions, namely the data packets sent, wireshark, and checksum. The last data referred to in the data retrieval 

above is the data packet sent by the robot to the server, as for the data sent is the robot's back number (31 robots 

3 got the ball and 30 robots 3 did not / have not gotten the ball), robot tilt value (0-50), robot pan value (0-30), 

robot gyro / orientation value (0-360), ball position (0 means not getting the ball, 1 means getting the ball), 

counter value (shows the course of the counter value) and counter limit value (shows the limit of the counter 

value).      

The second column is the result of wireshark capture, where wireshark monitors and analyzes packets 

passing through the network. More detailed results of wireshark capture can be seen in the wireshark capture 

attachment. The third column is the result of checksum data, where the data sent is reversed to analyze whether 

there is corrupt or missing data when received by the server, after which the data is reversed again or written 

as checksum data to make it easier to check the data received according to the data sent. The purpose of this 

checksum is to analyze the data sent by the robot is the same as the data received by the server. From the 8 

experiments tested, it can be seen that in condition 1 all data sent by the robot is the same as the data received 

by the server. 

Analysis of data packet delivery testing from 8 trials obtained the results shown in Equation (1). 

 %𝑠𝑢𝑐𝑐𝑒𝑠𝑠𝑓𝑢𝑙 =  ∑ × 100%
8

8
= 100% (1) 

So the percentage of success is the number of success rates divided by the number of trials. From the above 

results, it is obtained that the test results of sending data have a success rate of 100%. 
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3.2. Latency Testing 

Latency testing is testing the time interval between when data is sent until data is received or the length 

of time to send data. Testing the latency of data sent by the robot to the server can be seen in the program listing 

shown in Figure 7. 

 

 
Figure 7. Program listing latency 

 

The results of the communication latency test can be seen in Table 2. 

 

Table 2. Robot information delivery testing 
Test Send Received Delay (ms) 

1 
  

0.780 

2 
  

0.749 

3 
  

0.531 

4 
  

0.684 

5 
  

0.40 

6 
  

0.578 

7 
  

0.933 

 

In Table 2 is the result of testing the latency of sending and receiving data from the robot to the server in 

condition 1, it can be seen that the delay in sending from the robot to the server is only a few milliseconds. 

Data analysis on latency testing in condition 1 as in the results of Equation (2). 

 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑒𝑙𝑎𝑦 =  ∑ =
𝑡𝑖𝑚𝑒

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑖𝑎𝑙𝑠
 𝑚𝑠 (2) 

 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑒𝑙𝑎𝑦 = ∑ = 0.66 𝑚𝑠
(0.78+0.74+0.53+0.68+0.4+0.57+0.93)

7
  

So the average delay in latency testing in condition 1 is 0.66ms. 

 

3.3. Distance Testing 

The third test will be tested based on distance to find out how far the robot can still connect to the server 

based on the length of the field used for the race. The length of the field used in this test is 7m, which is the 

maximum length of the field used for the race. The results of distance testing in distance testing can be seen in 

Table 3. 
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Table 3. Test results at 7m distance 
Test Robots Position Connection 

1 

  

2 

 
 

3 

 
 

4 

 
 

5 

 
 

 

From 5 tests carried out by testers at a distance of 7 meters from the start with different positions, it can 

be seen that the robot is still well connected to the server. The robot image with a blue background is a display 

on the server that shows that the robot is connected to the server. 

Data analysis on the 7m distance test is shown in Equation (3). 

 %𝑠𝑢𝑐𝑐𝑒𝑠𝑓𝑢𝑙 =  ∑ × 100%
5

5
= 100% (3) 

The percentage of success in this experiment is obtained from the number of successes divided by the number 

of trials. The result of the percentage of success of this distance test is 100%.  

 

4. CONCLUSION 

Based on testing the wireless communication system on the R-SCUAD robot using the checksum error 

detection method with the UDP protocol made by researchers, it can be concluded that the communication 

system is running well. The test results showed that robot and server communication is still connected as far 

as 7 meters. The information sent by the robot is the same as the information received by the robot or there is 

no corrupt data. In addition, the delay rate when sending data is only a few milliseconds. The success rate of 

the communication system created is 98%.  
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