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I. Introduction.

In the previous study, the arm manipulator application had 1 degree of freedom (DOF) with 
three-fold folders forming a folding machine prototype. The actuator in the prototype of the folding 
machine uses Brushed DC motor with a combined proportional-integral-derivative (PID), and a 
fuzzy logic control system implemented on the LEGO Mindstorms EV3 robot module [1]. 
Generally, the combined Fuzzy control system with PID has a better response where arm 
manipulator motion reaches the specified object point with minimum errors, less peak  overshoot 
and better rejection of disturbances [1][2][3][4][5][6][7][8][9]. This folding machine prototype 
model cannot be applied realistically since the used mechanical material of the robot module is 
designed for educational purpose. The folding machine prototype has three flip folders with 3 
Brushed DC motor actuators, and therefore there are only 3 folds in the system. To practically make 
this folding machine, research needs to be carried out. In this study, the development of a folding 
machine prototype has five flip folders which use the principle of arm manipulator with 1 DOF, and 
a Fuzzy joint control system with PID or Fuzzy Proportional Derivative (Fuzzy PD). The novel of 
this research is the Fuzzy PD system application to control 5 flip folders with 1 DOF since similar 
research only uses 3 flip folders with 1 DOF [1]. From the previous study, to get a specific position, 
the PID control system was used by adding heuristics [10][11][12][13]. This is the first study to 
control 5 flip folders with 1 DOF in folding machines on the Fuzzy-PD control system. Nevertheless, 
it is a continuation of previous research on identifying statistical models using the Autoregressive 
with Exogenous (ARX) approach [14]. The modelling form of the plant control system is the most 
fundamental part in determining it's characteristic and helps to design the right controller and 
produce excellent performance [6][15][16][17]. In the previous study, the PID method was used 
only to optimize and simulate the system model response. In contrast, this study carried out several 
experiments in real-time to determine the application of fuzzy logic control and PID concept (Fuzzy 
PD) [1][7][18][19]. Additionally, this study examined further the response of 5 DC motors used in 1 
DOF folding machine. Actuators in flip folders use EMG30 brushed DC motors equipped with a 
rotary encoder. This folding machine is designed to fold clothes and serve as a base for tidying them. 
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II. Research Method 

Figure 1 shows the hardware design for the system, consisting of 5 flip folders where the actuator 
uses EMG30 and has a position feedback sensor called rotary encoder. This rotary encoder is 
connected to the EMG30 motor DC shaft. The central processing unit for the system uses Arduino 
Mega 2560 equipped with PWM outputs and counters to calculate the rotary encoder. 

 

Fig. 1. Hardware System 

 
The rotary encoder is used to read the motor rotation, and its output is connected to a pull-up 

resistor and buffer as an output signal amplifier. The output signal from the rotary encoder is sent to 
the Mega 2560 Arduino Microcontroller input pin to be processed as PID and Fuzzy-PD input. The 
PID and Fuzzy-PD control output is in the form of a PWM connected to a DC motor. In DC shafts, 
this motor is associated with two-link arm manipulators, while the end of effectors (EE) is connected 
directly to the flip folder, as shown in fig. 2.a. Fig. 2.b shows the position of each flip folder in the 
folding machine. 

 

 

 

 

(a) (b) 

Fig. 2. a. DC Motor Shaft with two-link arm manipulators, b. Fold folder position in a folding machine 

 
Based on fig.2.a, 2.1 is DC motor shaft, 2.2a and 2.2b are two link arm manipulators, 2.3 is EE 

and 2.4 is flip folder from folding machines. In case the DC motor is working, the two link arm 
manipulator moves, EE is connected to the flip folder and opens or closes with only 1 DOF. Folding 
machine design with 5 flip folders is a development of the previous research which only uses 3 flip 
folders [1]. Therefore, the speed of opening and closing flip folders might be controlled based on the 
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needs of the used control by Fuzzy-PD. Figure 3 shows the used Fuzzy-PD control block for a 
folding machine. 

 

 

Fig. 3. Block Control of Folding Machine 

 
The Fuzzy-PD control is used in the folding machine due to its advantages over conventional 

controls such as PI or PID. This advantages include; the system is able to reduce oscillation, lessens 
overshoot, cut settling time, and it is suitable for non-linear processes [20], [21], [22], [23], [24], 
[21], [25], [26], [27], and [28]. Fuzzy-PD uses input and delta (Δ) errors from the rotary encoder 
data which has been converted into an angle. These inputs procedes to the fuzzification process, 
where the input variable is made of two membership functions (MBF) referred to as Count Err MBF 
and MBF Count ΔErr as shown in fig. 4. The Count Err data is obtained from the setpoint value less 
the rotary encoder reading, while the data Count ΔErr is obtained from the current error value minus 
the previous [26][27][29][30].  

 

Fig. 4. Membership Function of Count Err danΔErr. 

 
Each MBF is divided into 5 sections. The MBF Count Err and Count ΔErr are given the 

notations VLO = Very Low, LO = Low, M = Medium, LA = Large and VLA = Very Large. Figure 
5 explains the MBF design for the output of this control system. 

 

Fig. 5. Membership Function of Output Value. 

 

The MBF for output function has 5 sets with the notations VS = Very Slow, S: Slow, M = 
Medium, F = Fast and VF = Very Fast. In fuzzy control, there is a rule evaluation function to 
produce output values as listed in Table 1 below.  
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Table 1. Rule Evaluation 
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III. Results And Analysis. 

The first stage of testing performance of Fuzzy-PD control on a folding machine involves 
examining a Fuzzy-PD simulation approach using a folding machine model with ARX approach. 
The plant parameters are collected through measuring input and output data in offline mode [14]. 
Based on the ARX process, a folding machine model is obtained, as shown in equation 1 and 
simulated using Fuzzy PD control. Figure 6 shows the block system of Fuzzy-PD control simulation 
for Flip Folder, while its response is presented in figure 7. 

18.28 𝑠 + 4.605𝑥10−4

𝑠2+ 1286 𝑠 + 4.622𝑥10−4 (1) 

 

Fig. 6. Block System of Fuzzy-PD Control Simulation for Flip Folders  

 

Fig. 7. The response of Fuzzy-PD Control Simulation for Flip Folder 

 

Based on fig. 7, the response has a time constant () = 0.510s, rise time = 1.501s, settling time = 
1.5320s and delay time = 0.353s. There is a difference between the fold folder angle and the angle 
on the DC motor shaft in the mechanical design of the folded folder. Table 2 shows the difference 
and explains the result of data retrieval from the fold folder angle with 5 shafts of DC motor. 

Table 2. Comparison of Flip Folder Angles with 5 DC Motor Shafts 

∆Err 
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flip folder angle 

(degree) 

1st DC Motor 

(degree) 

2nd DC Motor 

(degree) 

3rd DC Motor 

(degree) 

4th DC Motor 

(degree) 

5th DC Motor 

(degree) 

10 18 24 22 22 20 

30 62 69 67 60 46 

40 79 86 91 80 58 

60 110 124 129 112 76 

70 122 143 146 129 84 

90 148 171 175 156 100 

100 160 185 189 166  

120 181 210 214 194  

130 191 225 228 204  

150 207 249 250 228  

 

The analysis of folding machine performance begins by giving a step signal as an input to 5 flip 
folders, as shown in fig. 8 to 12. Setpoint in a folding machine is based on angle shaft of DC motor,  
settled to 200º. In case it is converted to flip folder angle using a polynomial approach, the flip 
folder one is 138.59º, flip folder two 109.55º, flip folder three 106.90º and flip folder four 124.08º. It 
was different from the previous setpoint of the DC motor Shaft angle with setpoint five = 40º. In 
case it is converted to the fold folder, the angle = 24.15º. The results of the polynomial parameters 
are listed in table 3 below. 

Table 3. Polynomial approach from the angle shafts of DC motor to the fold corner 

DC motor a0 a1 a2 error (%) 

1 0.002 0.279 4.9462 1.340 

2 0.001 0.3487 1.3082 1.044 

3 0.0012 0.2815 4.1249 1.882 

4 0.0011 0.4048 0.8039 1.208 

5 0.0006 0.933 -12.1686 6.349 

 

  

Fig. 8. The response of the 1st flip folder with load and without load 

 
Fig. 8 shows the response of the first DC motor with load and no-load conditions. The no-load 

rise time is 230ms and 236ms. With the load is exist, there was a difference of 6ms between them.  
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Fig. 9. The response of the 2nd flip folder with load and without load 

 

In fig. 9. The response of the second DC motor has a rise in time without a load of 370ms and 
386ms. In case the load exist, there is a change of 16ms. 

  

Fig. 10. The response of the 3rd flip folder with load and no load. 

 
In fig. 10, the response of the third DC motor has a rise time without a load of 384ms, and when 

there is a load of 394ms, a change of 10ms are occurs. 

  

Fig. 11. The response of the 4th flip folder with load and without load. 

 
In fig. 11, the response of the fourth DC motor has a rise time without a load of 263ms and 

326ms. There is a change of 63ms when the load is given. 

  

Fig. 12. The response of the 5th flip folder with load and without load. 

 

In fig. 12, the response of the fifth DC motor without load is 38ms. There is a rise time equal to 

40ms with the load. 
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IV. Conclusion. 
The principle of 1 DOF robot arm manipulator is used to control the flip folders in folding 

machines. The Fuzzy-PD has been successfully implemented in the Arduino Mega2560 
microcontroller. In this study, the analysis has been carried out in simulation and real-time mode. 

Based on the response of control simulation, the flip folder model has a time constant response () = 
0.510s, rise time = 1.501s, settling time = 1.5320s and delay time = 0.353s. The flip folder model is 
achieved using stochastic approximation called ARX [14]. While implementing Fuzzy-PD control in 
folding machines, 5 flip folders might be moved alternately. The implementation of Fuzzy-PD 
control for 5 flip folders is a development of the previous research which had only 3 flip folders [1]. 
The use of Fuzzy-PD control for the flip folder is able to overcome the interference due to the load, 
and the average difference in the rise time of both conditions is 7.73%. 
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