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Abstract. Abu Robocon is an annual international robot competition that in-

volves students from Asia-Pacific countries. For ABU robocon 2023 held in 

Cambodia with the theme “casting flowers over Angkor Wat” a robot that can 

throw a ring onto a pole. The Abu Robot Indonesia (KRAI) 2023 contest is a 

robot contest that can throw a ring onto a pole. In this study, we are looking for 

a stable motor speed so that the ring throw can enter the pole. Tests carried out 

are by using a system without control and also by using PID control. In addition, 

there are several parameters used such as the distance from the robot to the pole, 

the height of the pole and the height of the thrower. For the ring thrower itself 

using a brushless motor which then the motor speed will be transmitted using a 

gear and the results of ring throwing tests using a motor are obtained. In the first 

test without using the control system, the values of Rise Time = 2.3 s and Settling 

Time = 2.8 s are still too long to reach the setpoint so that the ring needs time to 

be thrown. In addition, the thrown ring also affects the Steady State Error graph 

where the Steady State Error = 2.46% increases to 12.15% when the ring starts 

to be thrown. Then testing the system with PID control obtained the calculation 

value of Rise time, Settling time, Oveshoot, Error Steady State results from man-

ual tuning when the ring is thrown is good with the value of Rise time = 0.9 s and 

Settling time = 1.3 s. so that the ring can be thrown earlier. In addition, the thrown 

ring also affects the Steady State Er-ror graph where the Steady State Error = 

2.46% increases to 12.15% when the ring starts to be thrown. 
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1 Introduction 

The 2023 Abu Robot Indonesia (KRAI) Contest is to create a robot that can throw a 

ring at a pole to score according to the ABU Robocon 2023 theme [1]. The ring is an 

important part of the ABU Robocon match because the ring is the media that will be 

thrown into the pole so as to produce points according to the Abu Robocon rules. The 

ring used is 200 mm in diameter with a ring thickness diameter of 14 mm and the rings 

thrown into the pole are 10 rings. In this study the pole is used as a target for throwing  
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[2]. The poles have different distances [3], therefore different motor speeds are required 

as well as a stable motor speed in order to insert the ring into the pole [4].  

The speed of the motor used needs to be determined using the PID control method to 

find the parameter values kp, ki and kd so that the speed of the motor can be stabilized. 

[5], [6]. Motor speed testing was also carried out without using the PWM control 

method in ring throwing [7], [8]. The parameters used for throwing the ring to enter the 

pole include the distance from the robot to the pole, the height of the thrower, and the 

height of the pole. These parameters will be used to find the motor speed required to 

throw the ring to the pole. 

This research aims to implement a method for throwing rings by finding a stable speed 

value for the thrower using the PID control method and without using the control 

method, namely PWM with different pole distances [9]. From this research, it is hoped 

that a suitable and stable throwing motor speed can be obtained so that it can be applied 

to ring throwers.. 

2 Materials and methods 

This section describes the method used to throw the ring to the pole by using a system 

without PWM control and also using a PID control system by determining Kp, Ki and 

Kd in finding a stable motor speed to throw the ring. 

2.1 Parameters of the Pitcher and Rings used 

 

Fig 1. Parameter of Ring Thrower. 

Description: 

X   = distance of the ring thrower to the pole 

α    = Ring thrower angle 

Y   = Pole height 

Yo = Ring thrower height    
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Fig 1. X is the distance of the ring thrower to the pole with a distance of 1 meter then 

the α symbol is the angle of the thrower with a large angle of 45 ° as a fixed angle of 

the thrower [10]. Y is the height of the pole with a height of 1 meter and Yo is the height 

of the thrower with the height of the ring thrower is 0.23 meters. 

Fig 2. Ring Sizes. 

Fig 2. shows the ring size used in the ABU Robocon 2023 competition with a ring 

diameter of 214 mm and a ring diameter thickness of 14 mm. 

2.2 PID Controller 

The PID controller has three main controller components including proportional (P), 

integral (I), and derivative (D) which are used simultaneously or just one of them 

depending on the desired response of a system [11]. This PID controller continuously 

calculates the error as the difference between the desired setpoint reference value. PID 

is a control method with an excellent mathematical model because the error can be 

changed close to zero, and stability control can be achieved by equalizing the value of 

the process variable with the set point value. Although PID is a control method that can 

be said to be superior, the three elements P, I, and D, each of which has its advantages 

and disadvantages, can stand alone or can be paired, which will influence each other to 

produce the best output signal or controller response of the controlled system. Then in 

this PID controller, the Ziegler Nichols method will be used to help determine the 

optimal values of the PID parameters [12]. The formula of Ziegler Nichols is as follows. 

Controller      

P 0.5  Infinity 0 

PI 0.45  

1.2
 

0 

PID 0.6  

2
 

0.125  

Table 1. Formula Ziegler Nichols (ZN). 
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Section in Table 1. Ziegler Nichols formula   is the value of the proportional gain 

(Kp) when constant or steady-state oscillation occurs. When Kp increases from zero, 

the system will start oscillating.  is the value of Kp when the oscillation becomes 

constant and at that point the system is at the boundary between stability and instability. 

The   value is used as a reference to determine the optimal Kp value to obtain the 

desired response. Then   is the oscillation period where the system is at the boundary 

point between stability and instability. In some formulations.   is also known as tra-

sition time or critical oscillation time.   is measured from the peak of one oscillation 

to the peak of the next oscillation and gives an idea of how quickly the system responds 

to changes. 

2.3 Design and Mechanism of ring thrower 

The design and mechanism of the robot refer to the rules of Abu Robocon 2023. The 

mechanism system of the thrower adopts that of a ball thrower. bola [13], [14] and was 

later developed for ring throwers. The throwing mechanism is with a fixed angle of 45° 

where the farthest throwing distance is at an angle of 45°. [15], [16], the pitching 

mechanism usually requires two wheels to swipe the surface of the ball. [17], However  

the ring thrower is made using 2 tubes with a tube length of 270 mm and a diameter of 

76.2 mm and a plate thickness of 3 mm to function as a tube holder when rotating to 

throw the ring to the pole, 2 gears that have an outer diameter size of 92.6 mm mounted 

on each tube and 1 on the motor coupling to transmit the brushless motor movement to 

the tube, so that the resulting rotation is in the form of rotation in the opposite direction 

to produce the ability to throw the ring. 

 

Fig 3. (a) Side view of the pitcher and (b) front view of the ring pitcher. 

Fig 3. Making the gear must also be in accordance with the provisions in the manufac-

ture of the gear so that the gear teeth can meet each other and can transmit the movement 

well. [18], [19] . In Fig 3. (a) the ring thrower moves the bottom gear 1 then the move-

ment is transmitted to gear 2 and also 3 at the same speed and the ring will come out in 

the Fig 3 gap. (b) thrown according to the input speed by using the Ziegelr-Nichols 

method and manual tuning approach and also without the method, namely PWM input. 

270,00 

1
2

,0
0
 

3,00 
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2.4 Pulse Width Modulation (PWM) 

PWM is the process of comparing a carrier signal with a modulated signal to generate 

square signals with different amplitudes [20]. The pulse width can be adjusted 

according to the duty cycle. Duty cycle is the percentage of high signal time and low 

signal time, the duty cycle is equal to the built-in average voltage. The PWM signal has 

a pulse width that varies depending on the duty cycle. Below is a general definition of 

PWM signals.  

 Fig 4. Pwm signal (pulse width modulation). 

Fig 4.  is the time when the output voltage is high, or logic 1.  is the time when 

the output voltage is low, logic 0.  is the time of one cycle or the sum between  

and  known as “one wave period”. In this study using units of revolutions/second 

(rev/s) with the aim that the data displayed is clearer than with units of revolutions/mi-

nute (rpm) the graph data presented is less visible when displayed. This can be seen 

with the rev/s value equal to 1 rpm divided by 60 seconds. As for the pwm input, which 

is 0 - 1023 according to the analog write on the Arduino[21]. This research uses a pwm 

input of 1000-2000 because the throwing motor used is the Falcon motor which has a 

value of one pwm wave of 2 m/s which is different from other driving motors. 

3 Results and discussion 

Initial testing was carried out to determine the response value by testing the system 

without control and further testing using the PID control system in finding a stable 

thrower speed so as to produce a good ring throw. Then the test was continued by 

throwing 10 rings with a distance of 1 meter, a pole height of 1 meter and a thrower 

height of 0.23 meters using a system without control and also using PID control. 

 

 

 

 

 

  

Ring Thrower Control System for Elephant Robot on KRAI 2023             303



3.1 System Testing Without Control 

The experiment was conducted by finding the system response without using control 

by entering a PWM value of 1656. The PWM value of 1656 was obtained with a 1 

meter throw experiment because the PWM value below 1656 did not make the ring 

throw to the pole. The system response graph without control read by the encoder is 

shown in Fig 5. 

Fig 5. System response graph without PID control. 

Fig 5. Shows that the system has Rise time, Overshoot, Setling time and Steady State 

Error. Rise time is the time it takes for the system to reach 90% of the setpoint in re-

sponse to a 10% change in the input signal indicating the system response. Then Set-

tling Time is the time it takes for the response curve to reach and settle in the predeter-

mined setpoint region. The formula equations for Rise Time and Set-tling Time are not 

written down because these values depend on the response itself. Steady State Error is 

the difference between the output value and the input value in a steady state situation 

with the following equation: 

 

Error SS = 
      


 x 100%  (1) 

Overshoot is the highest value of the response curve with the equation: 

Overshoot = 
  


 x 100%   (2) 

 

The next test was carried out without control and obtained response results according 

to Fig 5. It can be seen that the response has reached the setpoint with the value of Rise 

Time = 2.3 and Settling Time = 2.8 s. Furthermore, the value of Steady State Error and 

Overshoot Fig 5. Using equations (1) and (2) with the values of: 

 

Error SS = 
.  .


 x 100% = 2.46%    (3) 
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Overshoot = 
.


 x 100% = 2.25%    (4) 

 

The value that has been obtained from testing the system without control, the next test 

is carried out by throwing the ring to the pole. The response value that has been obtained 

in the system without control will be used in the next ring throwing from the throwing 

test, the results of the throw with a throwing distance of 1 meter according to Fig 1.  

Fig 6. System response graph without PID control when the ring is thrown. 

Fig 6. It can be seen that the response graph without using the control system when 

throwing the ring produces the same value as Fig 5. The only difference in value lies 

in the Steady State Error when the ring starts to be thrown using equation (1) and results 

in a value of:  

 

Error SS = 
.  .


 x 100% = 12.15%   (5) 

Based on the calculation data of Rise time, Settling time, Oveshoot, and Steady State 

Error when the ring is thrown, it can be seen that using a system without control is still 

not good. This is because the value of Rise Time and Settling Time is still too long to 

reach the setpoint so that the first thrower needs time to be able to throw the ring. In 

addition, the thrown ring also affects the Steady State Error graph. This can be seen by 

the difference in the Steady State Error value = 2.46% before the ring is thrown and 

when the ring is thrown the Steady State Error value rises to 12.15%. 

3.2 System Testing with PID Control 

Tests were carried out using the Ziegelr-Nichols (ZN) method at a setpoint of 30. The 

setpoint value of 30 was obtained by conducting a 1-meter throw experiment according 

to Fig 1. Because the setpoint below 30 makes the resulting ring throw not reach the 

pole. Then the following control parameter values were obtained. 
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Pengendali Kp Ki Kd 

P Controler 4 - - 

PI Controler 3.6 0.981 - 

PID Controler 4.8 2.181 2.64 

Table 2. Control parameter values with ZN. 

Kp = 4 in the PID controller response obtained in Table 2. Is the best form of PID in its 

oscillation. Then the Kp, Ki, Kd values of the PI and PID controllers are obtained using 

the ZN formula. So the results can be seen that the PI controller produces a good re-

sponse according to Fig 7. 

 

Fig 7. Response of PID controller with parameter ZN. 

Fig 7. Above uses the control system with PID. It can be seen that only controller P 

does not reach the setpoint so that the values of rise time, overshoot and settling time 

are not visible. Only the P Steady State Error is visible in Fig 7. By using equation (1), 

the results are obtained: 

 

Error SS P = 
 – .


 x 100%  = 57.3%    (6) 

PI controller with Kp = 3.6, Ki = 0.981 according to Table 2. Successfully reached the 

setpoint. However, the value of Rise Time and Settling Time is still too long, this can 

be seen with the value of Rise Time PI = 0.8 s and Settling Time PI = 9.6 s. Then the 

value of Steady State Error and Overshoot Fig. 7. Using equations (1) and (2) with the 

results of the value, namely : 

 

Error SS PI = 
. – .


 x 100%  = 3.13%   (7)  

Overshoot PI = 
. 


 x 100% = 2.66%   (8) 
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PID controller with Kp = 4.8, Ki = 2.181, Kd = 2.64 according to Table 2. Successfully 

reached the setpoint. However, the value of Rise Time and Settling Time is still too 

large which is the value of Rise Time PID = 0.3 s and Settling time PID = 21.1 s. Then 

the value of Steady State Error and Overshoot Fig 7. Using equations (1) and (2) with 

the results of the value: 

 

Error SS PID = 
. – .


 x 100% = 3.13%  (9) 

Overshoot PID = 
. 


 x 100% = 60.36%  (10) 

 

It can be seen in the PID controller that the PI produces a good response value but the 

value of the Settling Time PI itself is still long to maintain the output value. So a manual 

tuning is needed by using the previous PI value. Then with this value, a manu-al tuning 

adjustment will be made to find better throw control parameters and obtained the value 

of Kp = 4.0, Ki = 0.951, Kd = 2.64 as shown in Fig 8. 

Fig 8. System response with PI controller manual tuning result. 

Fig 8. Shows a good response from the PI manual tuning results. The setpoint that was 

previously 30 (rev/s) was changed to 32 (rev/s) because it will be used in throwing the 

ring to the pole with a distance of 1 meter according to Fig 1. The value of Rise Time 

is 0.9 s and Settling Time is 1.3 s. Then the value of Steady State Error and Overshoot 

Fig 8. Using equations (1) and (2) with the following values: 

Error SS = 
. – .


 x 100% = 3.13%   (11) 

Overshoot = 
. .


 x 100% = 2.06%   (12) 
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After getting the system response with PI controller manual tuning results are very 

good. this can be seen with the value of the Rise Time and Settling time that shrinks.  

Then the test is continued by throwing the ring to the pole. The PI value of the manual 

tuning results obtained will be used in ring throwing. Furthermore, from the throwing 

test, the results of the throw with a throw distance of 1 meter are obtained according to 

Fig. 1 with the following test results. 

Fig 9. PI response results with manual tuning when the ring is thrown. 

Fig 9. The big change in the PI response when the ring is thrown is only located in the 

Steady State Error. The value using equation (1) is: 

Error SS = 
. – .


 x 100% = 12.15%   (13) 

Based on the calculation data of Rise time, Settling time, Oveshoot, Steady State Error 

when the ring is thrown, it is known that the manual tuning results are very good with 

a small Rise time and Settling time so that the ring can be thrown earlier. In addition, 

the value of the Steady State Error when the ring has not been thrown is 3.13%, increas-

ing to 12.15% when the ring starts to be thrown.  

4 Conclusion and future work 

From the results of testing the ring throwing into the pole to find good and stable ring 

throwing results using system testing without control and also using a PID control 

system, it is concluded that the value of the calculation of Rise Time, Settling Time, 

Oveshoot, Steady State Error is obtained poor results. This is because the value of Rise 

Time = 2.3 s and Settling Time = 2.8 s is still too long to reach the setpoint so that the 

ring needs time to be thrown. In addition, the thrown ring also affects the Steady State 

Error graph where the Steady State Error = 2.46% increases to 12.15% when the ring 

starts to be thrown. Then testing the system with PID control obtained the calculation 

value of Rise Time, Settling Time, Oveshoot, Error Steady State results from manual 

tuning when the ring is thrown is good with a value of Rise time = 0.9 s and Settling 

Time = 1.3 s so that the ring can be thrown earlier. In addition, the thrown ring also 
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affects the Steady State Error graph where the Steady State Error = 2.46% increases to 

12.15% when the ring starts to be thrown. It can be concluded that the faster the Rise 

Time and Settling Time towards the setpoint, the faster the ring will be thrown to the 

pole. In addition, the change in the value of the Steady State Error only occurs when 

the ring starts to be thrown to the pole. 
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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