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ABSTRACT 
Transmission systems with gaps always exist in the systems and change the velocity, torque, energy. Gap is one of 
the most important nonlinear factors that effectively reduce speed and position control. They belong to the delayed 
amplifier objects, due to the delay between motions, the nonlinearity is very strong. The most common method to 
overcome the effects of gaps is to identify and compensation. This paper introduces the method of controlling 
without identification using Mallesham-Rajani fuzzy controller to adjust PID parameters. Simulation results on 
Matlab have shown that the quality of the transmission system has improved markedly compared to the PID 
controller. 
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1. INTRODUCTION 
The transmission system has always been an object that attracted the attention of scientists. Although many research 
results have been applied, bringing economic efficiency and high product quality, it cannot be confirmed that the 
problem of transmission control has been completely solved. The reason for this is that the quality results of the 
transmission control problem itself are always closely related to the achievements of other science disciplines such 
as materials, electronics, mechanics and technology, information, and control theory. Any advance in the study of 
the relevant sciences is an opportunity for transmission system controller designers to improve the quality of their 
products. 
In [5,6,7] we have built a mathematical model of the transmission system with gaps taking into account the effect of 
friction components, gaps and elasticity and also proposed several solutions to improve the quality of the 
transmission system with gaps such as: PID controller, fuzzy controller, steady state adaptive controller, status 
controller, bound forecast controller. Specifically, in [3,4,5] showed the disadvantages of the gap transmission 
system when using the PID controller as the dynamic quality of the system is still very poor, always exists 
fluctuating, with set as a step function, there is an excessive overshoot and time response (Figure 1); while for sine 
reference signal, the system still has phase deviation as well as amplitude deviation, the output response has not yet 
reached the input set amount (Figure 2). In [6] it is indicated that the vibration of the gap transmission system when 
using sustainable adaptive control. To overcome the above disadvantages, the author proposed the method of using 
Mallesham-Rajani fuzzy controller to adjust PID parameters. This controller is suitable for a strong nonlinear object 
and has the ability to manually adjust the parameters of the PID controller thus improving the quality of the 
transmission system. 
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Fig. 1: Response of the transmission system to the controller PID control when input quantity is a step function 
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Fig. 2:  Response of the transmission system to the regulator control PID when input quantity is sine function 
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Fig. 3:  The phenomenon of vibration in the sustainable adaptive system 
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2.  PROBLEM STATEMENT 
 The principle of fuzzy inference block is illustrated in Figure 3a and its role in the problem of PID parameter 

adjustment is shown in Figure 3b. The essence of the PID parameter fuzzy equalizer is to implement the law of 
changing the PID parameter that has been drawn from human experience as shown in Table 1. 

 
 
 
 
 

 

 

 

 

 

 

 

 

Fig. 3:  Structure to adjust PID parameters base on Fuzzy inference 
Table 1: Effect of parameter adjustment PID to system quality 

Parameters Over 
 tune 

transitional 
time 

static 
deviation 

pK  Increase _ reduce 

IK  Increase Increase not 
available 

DK  reduce reduce _ 

The process of transforming into a calibration device will consist of several stages. 
Detail: 

A) Translucent 
To transform Table 1 content into an automated device, it is critical to define "increase, decrease, increase, decrease 
...". This work is called fuzzy. It performs the conversion of a specific value of e or de = d/dt at that specific value, 
into a reliable quantity (probability) when evaluating this particular value as "very small, small, medium, big or very 
big ... ". In other words, this probability value is a function of e and de. Because it is a measure of reliability 
(probability), this function has a value of about [0,1]. We define Ak,i  to evaluate this probability value, where the 

sequence number is k = 1,2 for two inputs e, de and k = 3,4,5 for the three outputs , , p D IK K K , ... The remaining 

indicators i = 1,2,… ki indicate the probability of the input and output signal that corresponds to each rating, such as 
"very small, small, medium, large or very large ..." . Thus, when Ak,i = 0, the reliability of the evaluation is equal to 0 
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and when Ak,i = 1, the reliability of the evaluation is 100%. The assessments Ak,i are usually chosen empirically in 
the form of a graph with defined infinite domain, which is the true value range belonging to the fuzzy concept "very 
small, small, medium, large or very large ..." . This dimming is performed for all input and output signals of the 

device, ie for both input signals e and de as well as for all three output signals , , p D IK K K . We denote the result of 

that modeling by mapping: 

( , , , , )p D Ie de K K K ) 1, 2, 3, 4, 5,( , , , , )i i i i iA A A A A             (1) 

In fuzzy set theory, Ak,i is also called the linguistic value of the k-language variable or fuzzy set. 

B) The law of incorporation 
This is a set of adjustment rules drawn from experience of experts. They are written together in the same structure, 
such as: 

   R1: IF e = "very large" and de = "large" THEN pK = "small" and IK = "medium" and DK = "large" 

   R2: IF e = "very large" and de = "medium" THEN pK = "large" and IK = "large little" and DK = "medium" 

   Rn: IF e = "medium" and de = "small" THEN pK = "very large" and IK = "small little" and DK = "small" 

In the above assembly law, each linguistic value such as "very large", "medium" ... of variable e, or "large", 
"medium", "small" ... of de variable, as well as "medium" ," Less or less "," less or less "... of variable KI, ... must all 
have been assigned a fuzzy set Ak,i respectively. Each of the above Ri clauses, in the composition law, is called the 
composite clause. 
To simplify the representation of the constitutive law, sometimes it is possible to separate a composite proposition 
with multiple outputs above into subordinate propositions with each proposition constituting a single output. For 
example, the composite clause R1 will be separated into three subordinate clauses: 

   R11: IF e = "very large" and de = "large" THEN pK = "small" 

   R12: IF e = "very large" and de = "large" THEN IK = "medium" 

   R13: IF e = "very large" and de = "large" THEN DK = "large" 

Then the sub-clause of an output variable are represented in table form. Table 2 below is an illustration of a sub-

assembly law with two inputs e, de and one output pK . In this table, the input language variable e has n fuzzy sets 

A1,i, i = 1, 2,… , n input language variables also have n fuzzy sets A2, i, i = 1, 2, ..., n and finally, the pK  output 

variable has n fuzzy sets A3,i , i = 1,2,… ,n. 

 
Table 2: Representing the law into a controlled symbolic form. 

 A1,1 A1,2 A1,3  A1,n 

A2,1 A3,1 A3,2 A3,3  A3,n 

A2,2 A3,1 A3,1 A3,2  A3,n-1 

A2,3 A3,1 A3,1 A3,1  A3,n-2 

      
A2,n A3,n-1 A3,n-2 A3,n-3  A3,1 

C) Inference engine 
This is the function block that executes the law when each input signal, namely here e and de, has a real value, 

for example when e = 4, de = 2. The result of implementing the law corresponding to the pair of real values at that 
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input will be fuzzy sets Ok, k = 3,4,5 for the three output language variables , , p D IK K K  ... respectively. Thus, we 

can consider Ok as the dependent "fuzzy" mapping. The two real arguments e and de are as follows: 

( , ) ( , ), 3, 4,5ke de O e de k              (2) 

There are many types of deductive engines (2) and produces different Ok, k = 3,4,5. However, the most commonly 
used are the four types of deductive engines called max-min, max-prod, summin and sum-prod [1]. Which type of 
inference engine is depend on the designer. 

D) Clearance 
The task of fuzzy clearance is from fuzzy set Ok, k = 3,4,5  obtained after deducting the engine, we must identify 

the corresponding clear values , , p D IK K K  ... to represent those fuzzy sets. Expecting the clear value to represent 

must have the greatest probability, people often choose it as the coordinate at which Ok has the maximum value. 
However, in order to avoid the case that it is not clear due to there may exist many clear points (even countless 
numbers) where Ok has the same maximum value, people replace the determination of the maximum point 
coordinates by determining define the focal point coordinates of Ok. Figure 4 shows the fuzzy principle by the 

central point method from the fuzzy set O3, so that a clear value of 0pK  corresponds to a specific pair of values e0, 

de0 at the input. 

 
Fig. 4: Illustrate the principle of defocusing according to the central method 

3.  DESIGNING MALLESHAM-RAJANI FUZZY CONTROLLER TO ADJUST PID 
PARAMETERS 

 Assuming all three parameters , , p D IK K K  are constraint: 

     min max min max min max; ; 
p p D D I Ip D IK K K K K K K K K  
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Using standardized formulas will have:
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(3) 

From here the dimmer set of Mallesham-Rajani will look like [2]: 

Blur 2 inputs (e, de) and 3 outputs  / / /, , p D IK K K as shown in Figure 5. 

 Fuzzification is described: 

 
 
 

 
 

 
 

 

 

Fig. 5: Translucent fuzzy equalizer for PID 

The fuzzy composition rules for the three outputs / / /, , p D IK K K  according to the Max-min rule are as follows: 

e/de NB NS ZE PS PB 

NB S S MS MS M 
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NS S MS MS M MB 

ZE MS MS M MB MB 

PS MS M MB MB B 

PB M MB MB B B 

With:  

Input Output 

NB: Negative Big S: Small 

NS: Negative Small                                              MS: Middle Small 

ZE: Zero Equal M: Middle 

PS: Positive Small MS: Middle Big 

PB: Positive B B: Big 

- Defuzzification by the method of center point. 

 Once available / / /, , p D IK K K  from the fuzzy system, the corresponding parameters , , p D IK K K of the PID 

controller will be calculated by the formula: 

 
 
 

  

  

  

max min / min

max min / min

max min / min

  

p p p p p

I I I I I

D D D D D

K K K K K

K K K K K

K K K K K
        

(4) 

4.  APPLICATION OF INTERSTITIAL DRIVE SYSTEMS 

To illustrate the proposed fuzzy PID controller, the following we will apply it to the control problem of gap 
transmission, friction with transmission function in the document [6,7] as follows: 

1 2
2

1 2 3

( )  
  




 
ss

G s e
s s

                    (5) 

The friction-gap drive system is controlled by a PID controller whose parameters , , p D IK K K  are assumed to 

work within the constraints [8]: 

  1 15    min max
p p p pK K K K  

max   0,2 3    min
D D D DK K K K  

max   0,5 2    min
I I I IK K K K  

Figure 6 is a simulation diagram of a closed system with the object having mathematical model implemented 
with specific parameters: 

1 20,5 ;  0,654    

1 3, 22  ; 2 1,038  ; 3 0,76   

In more detail, Figure 7 simulates the quality of a gear drive with a PID tuner based on fuzzy inference. 
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Fig. 6: Simulation diagram 
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Fig. 7: The simulation result with Mallesham-Rajani fuzzy PID controller using a step function input 

The results of Figure 7 show that the output quality of the drive system with the PID controller is based on the 
fuzzy inference that approach to the reference, reducing the amount of adjustment and transient time compared to 
the classic PID controller (if such as using a PID controller, the transient time is 120 s, with the PID controller the 
remaining time is 8 seconds). 

 Figure 8 illustrates the result of simulating the change in coefficients , , p D IK K K of the fuzzy PID controller. 
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Fig. 8: Coefficient of simulation results , , p D IK K K  
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Fig. 9: Simulation results with a fuzzy PID controller using sine input 

5.  CONCLUSION 

 The paper has studied the construction of a parameterized PID controller by Mallesham- Rajani fuzzy 
inference. This PID controller has also been verified by gear transmission system including gap, elastic and friction 
factors with input response of step function and sine function. Simulation results on MatLab show that the PID 
controller automatically adjusts the parameters according to the proposed Mallesham-Rajani fuzzy inference to 
reduce the fluctuations as well as the phase deviation  of the output response with the reference. 
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