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ABSTRACT 
Conjugated compound actuators will be utilized to realize small and nano scale exactitude, and have a good vary of 
applications together with biomimetic robots, and medical specialty devices. as compared to robotic joints, they are doing not 
have friction or backlash, however on the opposite hand, they need difficult electro-chemomechanical dynamics that makes 
modelling and management of the mechanism extremely tough. Besides the positive characteristics of those actuators, they 
need some disadvantages like creep, hysteresis, extremely unsure and time-varying dynamics. This paper consists of 2 major 
elements. within the 1st half the Takagi– Sugeno (T–S) Fuzzy model is employed to represent the unsure dynamic of the 
mechanism, and also the resulted Fuzzy model are valid exploitation experimental knowledge. within the second half a 
proportional-derivative fuzzy controller is intended to manage the extremely unsure dynamic of conjugated compound 
mechanism. so as to optimize the performance of fuzzy controller, Genetic algorithmic program (GA) is employed for 
calibration the output membership functions. The obtained results show that the designed controller can do sensible 
performance despite the existence of unsure mechanism dynamics and additionally it's a stronger performance than typical 
PID controller. 

1 INTRODUCTION 
There is associate increasing request for a brand new generation of actuators which may be utilized in devices like 
artificial organs, small robots, human-like robots, and medical applications. varied researches has been disbursed in an 
attempt to develop new actuators like form memory alloys, electricity actuators, magnetostrictive actuators, contracted 
compound actuators, and electricity actuators [1, 2]. Comparison of those actuators indicates that Conjugated 
compound actuators have superior characteristics over others [2, 3]. the most method that is accountable for meter 
modification and also the resulted effort ability of the conjugated compound actuators is Reduction/Oxidation (RedOx). 
therefore supported completely different fabrication type, completely different configuration of the actuators will be 
obtained namely: linear extenders, bilayer benders, and trilayer benders [3-6]. By applying a voltage to the mechanism, 
the polypyrrole (PPy) layer on the anode aspect is oxidised whereas that on the cathode aspect is reduced. Ions will be 
transferred within the Conjugated compound Actuators supported 2 main mechanisms specifically diffusion and drift 
[7]. Since 2000 the Diffusive-Elastic-Metal model (DEM) remains to be the most model that might describe the effort 
method in conjugated compound actuators [7]. many assumptions ar required to realize the DEM model such as: 1) the 
electrical and mechanical parameters of the model ar time invariant, 2) there's no coupling between the mechanical and 
also the electrical model, 3) the charge to strain quantitative relation is linear and one-way, 4) there's no degradation 
within the electrical or the mechanical model, 5) the mechanism is equal. On the opposite hand the dynamic of the 
mechanism is extremely unsure, and each electrical and mechanical degradation ar inevitable throughout the actuator’s 
lifecycle. additionally time structure of the DEM model isn't appropriate from management perspective. The clathrate 
Diffusion Model (RD) was planned by T. A. Bowers in 2002 [8]. This model uses a clathrate network of linear circuit 
components. the most advantage of RD over the DEM model is that it will be delineated  in state area format and is 
appropriate for linear system analysis techniques, however still it cannot take under consideration system uncertainties 
supported its Linear Time-Invariant (LTI) structure. In our previous work, we tend to used the Golubev methodology 
[9] to make an acceptable model to manage the mechanism [3]. By taking under consideration the consequences on 
uncertainties like variation of the resistance and diffusion constant within the modeling, we tend to replaced the 
dynamic of the mechanism with a family of third order LTI systems. however we tend to didn't contemplate the 
interaction of those linear systems and this can be the start line within the current paper. so as to resolve this downside 
during this paper the authors propose a Takagi–Sugeno Fuzzy model which may outline the relation between native 
linear systems, and thus absolutely predict the actuator’s behavior underneath variation of the actuator’s parameter. 
Application of Proportional- Integral-Derivative (PID) controller for a polypyrrole mechanism supported a primary 
order model is conferred in [10]. PID and adaptive  management approaches supported a primary order empirical 
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model ar incontestible in [8]. In our previous works we tend to used sturdy management QFT, and parallel distributed 
compensation (PDC) to manage a polypyrrole mechanism supported a 3rd order model [3], [11, 12] and during this 
paper we tend to use a proportional-derivative fuzzy controller. therefore the reminder of the paper is created as 
follows: 1) 1st the classic model of the mechanism are reviewed shortly. 2) Experimental knowledge are conferred. 3) 
an acceptable T–S fuzzy model which may take variation of the actuator’s parameter under consideration, are obtained. 
4) Finally a proportional-derivative fuzzy controller are designed. 

2 ELECTRO-CHEMO-MECHANICAL MODELING 
The electro-chemo-mechanical model is comprised of 2 elements, specifically the chemistry model and also the 
mechanical device model. 
 
2.1. Chemistry Modeling  
The chemistry model relates the input voltage and chemical oxidation-reduction reaction within the PPy actuators. Fig. 
one depicts the electrical admittance model. supported the Diffusive-Elastic-Metal model, transportation of ions inside 
the compound is merely caused by diffusion [7]. 
 

 
Fig:-1 Description of diffusion and double layer charging and its equivalent electrical circuit 

 
2.2. Mechanical device Modeling  
The mechanical device model relates the input voltage and displacement of the PPy actuators. it had been shown that 
the relation between the evoked in-plane strain  )  and also the density of the transferred charges ( �( c  given as Eqs. 
 

 
Fig. 2 Description of frame assignment for diffusion 

3 EXPERIMENTAL KNOWLEDGE 
The experimental knowledge has been obtained from [9]. Polypyrrole was used for check as Electroactive polymers 
(EAPs) material and also the solution used was zero.1 M tetraethylammonium hexafluorophosphate (TEAPF6) in gas 
carbonate (PC). The compound film is control within the check fixture with clamps at each ends. The reference 
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conductor utilized in the experiment was Ag/AgClO4. Mechanical loading is exerted by a voice coil mechanism (Bruel 
&amp; Kjaer Minishaker 4810). For the aim of isotonic testing, a force electrical device feedback management is 
employed. The position sensing element is photodiode (PPS-DL700-7PCBA) with a resolution of 250 nm. Fig. four 
depicts the testing instrumentality. 
 
3.1. ISOTONIC TESTING SUPPORTED VOLTAGE INPUT  
The voltage was exaggerated in steps of zero.1 V ranging from regarding -0.5 V vs. Ag/AgClO4 that is that the 
potential of the zero charge (PZC). beyond every potential step this was .A before following step permitted to drop to 
thirty  was applied. This price was reported  to capture wide section of the time response of the compound electrical 
domain [8]. 

4 T-S FUZZY MODELING 
Fuzzy logic was born in 1965 by Zadeh [14]. Nowadays, it's wide utilized in industrial applications. formal logic will 
model the nonlinear relationship between inputs and outputs. It will simulate the operator’s behavior while not 
exploitation mathematical models [15]. it's a technique that transfers human information into arithmetic. Incomplete, 
obscure and/or inaccurate knowledgeable information is developed with the help of if–then rules. every rule explains a 
nonlinear relationship between inputs and outputs. All rules along outline a linguistic model [16, 17]. The T–S fuzzy 
system is one amongst the foremost common systems in model-based fuzzy management. it's represented by fuzzy IF-
THEN rules that represent native linear input–output relations of a system. The T–S model is capable of approximating 
several real nonlinear systems, e.g., mechanical systems, electrical systems, chemical systems so on, as a result of it 
uses linear models within the resultant half, linear management theory will be applied for system analysis and style 
consequently, supported the (PDC) approach [18]. the essential feature of T-S fuzzy modeling is to represent the native 
dynamic of the system with a linear model, and also the overall fuzzy model could be a combination of this linear 
model.  
 
Since the term tanh in equivalent weight. (12) isn't appropriate for real time management of the mechanism and this 
equation cannot take under consideration the system uncertainties. during this paper the T–S fuzzy model is employed 
for the aim of modeling. As we've shown in [3] a 3rd order model will greatly describe the effort method. Experimental 
knowledge shows that a LTI model supported initial physical parameter of the mechanism can't accurately predict the 
behavior of the mechanism, therefore supported observation of experimental knowledge we tend to contemplate 3 zones 
for the effort method. These zones that somehow indicate the variation of the physical parameter of the mechanism ar 
chosen because the premise of our T-S fuzzy model. we tend to name these zones: initial, middle, and final zones.  
Since our model goes to be used as a useful  model and be ready to satisfy the principles required to implement the PDC 
dominant approach, the polypyrrole mechanism dynamic should be manageable. 

5 STYLE OF FUZZY CONTROLLER 
A proportional-derivative fuzzy system is employed [19]. The fuzzy system has 2 inputs, specifically error, and 
differential of error. The linguistic values NB, NM, NS, ZE, PS, PM, and Pb ar identical for inputs and output. The 
fuzzy reasoning system is that the Product reasoning Engine with the subsequent parameters: (i) individual-rule 
primarily based reasoning with union combination, (ii) Mamdani’s product implication, (iii) algebraical product for all 
the t-norm operators and scoop for all the s-norm operators. we tend to additionally used singleton fuzzifier, center 
average defuzzifier, and mathematician membership functions. 
 
Genetic algorithmic program (GA) is employed to optimize the performance of the fuzzy controller [20]. One will 
optimize a fuzzy system in 3 ways: 1) optimisation of membership functions, 2) optimisation of rule base, 3) 
optimisation of each membership functions, and rule base. As we all know there's a redundancy in optimisation of each 
membership functions and rule base, therefore here we decide to optimize the membership functions. particularly we 
tend to used GA for calibration the output membership functions. so as to indicate the effectiveness of the designed 
fuzzy controller we tend to run simulations for chase issues all told 3 fuzzy zones. 
 
T-S fuzzy modeling, the system uncertainties ar incorporated into the model. Comparison of experimental knowledge 
with the planned T-S fuzzy model indicates that, it might greatly predict the effort method over variation of the 
mechanism physical parameter. 
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In the dominant part we tend to used proportionalderivative fuzzy dominant approach. G.A. was with success applied 
for optimisation of fuzzy controller. Results of simulations over all 3 fuzzy modeling zones show that the planned 
dominant theme has consistent chase performance despite the existence of uncertainty within the dynamic of the 
mechanism. Comparison of the planned fuzzy controller with typical PID controller in chase downside shows the 
effectiveness of our style. It appears that the recent work will challenge our previous try for implementation of Golubev 
and QFT. 
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