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Abstract 
 
Since the operation of a Proton Exchange Membrane Fuel Cell (PEMFC) is extremely nonlinear process as well 
as its parameters change when it is operating, a designer can’t easily to control it; accordingly conventional 
controllers cannot satisfy the control objectives as well as the intelligent controllers. Thus, in this paper an 
intelligent controller is proposed for fuel cell stack control system based on Particle Swarm Optimization (PSO). 
In order to analyze the efficiency of this method, the results are compared with other intelligent controller based 
on Genetic Algorithm (GA). The simulation results demonstrate the high performance capability of both proposed 
controllers in terms of precise and convergence speed. 
 

Keywords:  Intelligent controller, Genetic Algorithm, Particle swarm optimization, Proton exchange membrane 
fuel cell. 

 

1. Introduction 
 
Due to the pollution resulted from using of fossil fuels and increasing demand for energy, the 
renewable energy resources have been mostly regarded in recent years. In past decades fuel 
cells with many reasons such as excellent reliability, high efficiency and their low emissions to 
the environment have been considered by researchers [1]. Among of various kinds of fuel cells, 
most attention has been attracted toward Proton exchange membrane fuel cell (PEMFC) due to 
many advantages such as low operating temperature, high power density, low noise, light 
weight and so on [2]. 

 Fuel cell is a new device for generating electrical power that directly converts hydrogen and 
oxygen chemical energy to electrical energy during a chemical reaction. PEMFC is a 
multi-input and multi- output system with nonlinear relations between its inputs and outputs 
which some of its parameters change during of time, so the controlling of PEMFC is very hard 
job and the Conventional controllers can’t satisfactory control it. 

 In recent years many models and controllers have been proposed in literature to control the 
PEMFC and some of them have given satisfactory results. In [3] PEM fuel cell has been 
successfully modelled by support vector machine. The authors in [4] have developed an 
adaptive control using neural networks and approximate models, which achieved a good 
performance of the controller.   

 In this paper the objective is to propose a new control strategy using the intelligent methods 
of Particle Swarm Optimization and Genetic Algorithm for control of PEMFC voltage. At first 

 
 

 

  

 
 

 

 

 
  

 

 

 

 International Journal of Engineering and Applied Sciences (IJEAS) 
Vol.1, Issue 3(2009)44-51 

mailto:a-rezazade@sbu.ac.ir


 
 

 

 

45 

the common model of PEMFC is introduced and the controlling of the system is done based on 
this model. Since the output voltage of fuel cell is affected by hydrogen and oxygen partial 
pressures, by precise regulation of these gases the output voltage can be retained constant when 
the current changes.  

This paper is arranged as follows. In section II, existing dynamic model of PEMFC is 
presented. PSO and GA algorithms are briefly introduced in section III. Section IV indicates the 
topology of proposed controllers. Simulation results are stated in section V and finally the 
conclusion is situated in section VI. 
 

2. PEMFC Modeling              
 

PEMFC is an electrochemical device that can produce electricity as long as the hydrogen and 
oxygen gases are supplied to it. The chemical reactions that occur at the PEMFC sides are as 
follows [1]: 

 
Anode side: ( ) −+ +→ eHgH 222  (1) 

Cathode side: OHOeH 225.022 →++ −+  (2) 

 
Then, the full reaction occurred in fuel cell is: 
 

yelectricitheatOHOH ++→+ 222 5.0  (3) 
 
Several analytical and experimental models to indicate the PEMFC internal behaviour have 

been introduced in literature. Based on developed model in [1] the electrical equivalent circuit 
for a single fuel cell can be shown by Fig. 1.  

Using the equivalent circuit the cell voltage can be represented by (4) [1]: 
 

conohmicactNernstfc VVVEV −−−=  (4) 

 

NernstE C loadV

ohmV fcI
→

 
Fig. 1.  Electrical equivalent circuit of single fuel cell 

 
In the equation above, NernstE is the PEMFC open circuit voltage and indicates the reversible 

voltage. actV  is activation voltage drop, including anode and cathode. ohmicV  is ohmic voltage 
drop that results from the resistance to the electrons transfer through the collecting plates and 
carbon electrodes, and the resistance to the protons transfer through the solid membrane and 

conV  represents the voltage drop which is caused due to the reduction in concentration of the 
reactant gases. The mentioned voltages can be calculated by following expressions [1]. 
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   Where T  is the cell operation temperature in ( )K ; PO2 and PH2 are the partial pressures of 
oxygen and hydrogen ( )atm . 
 

)]()([ 4321 2 fcOact ILnTcLnTTV ⋅+⋅++−= ζζζζ  (6) 
 

Where Ifc is the fuel cell operating current (A), the iζ  are parametric coefficients for each cell 
and CO2 is the consideration of oxygen in the catalytic interface of the cathode (mol/cm3). 

 
( )cmfcohmic RRIV +=  (7) 

 
Where RC shows the resistance to the transfer of protons through the membrane usually 

considered constant and mR  represents the equivalent resistance of the membrane which is 
calculated by: 

 
.m

m
lR

A
ρ

=  (8) 

 
Where ρm is the specific resistivity for the membrane for the electron flow (Ω.cm), A is the 

cell active area (cm2) and mρ is the thickness of membrane (cm).  
 

max

. 1con
JV b Ln

J
 

= − − 
 

 (9) 

 
Where b ( )V  is a constant value which depends on the cell operation state and J (A/cm2) is the 

current density of the cell.  
As the equivalent circuit indicate, the PEMFC has also a dynamic behaviour. This dynamic 

behaviour is caused due to one phenomenon known as “charge double layer”. There is a charge 
accumulation on the surfaces of two materials when are differently charged and are in contact. 
The charge layer on the interface electrode/electrolyte acts as storage of electrical charges and 
energy and behaves as an electrical capacitor. Therefore, it can be considered as a first order 
delay that exists in activation and concentration voltage drops. The time constant, associated 
with this delay can be calculated by [1]: 

 
aRc ⋅=τ  (10) 

 
The parameter of C is the system equivalent capacitor (F) which is about some few Farads. 

The equivalent resistance Ra is determined from the cell output current and of the calculated 
activation and concentration voltages. 
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In broad terms, the capacitive effect ensures the good dynamic performance of the cell, since 

the voltage moves smoothly to a new value in response to a change in the load current [1]. 
 In the wide rang to use in large demands, several fuel cell must be connected together, 

forming a stack, which overall voltage is the summation of voltage of fuel cells. 
 

3. PSO and GA 
 
3.1.PSO algorithm 

Particle swarm optimization is an optimization method based on population which was 
proposed by Kennedy and Eberhart in 1995 [5]. This algorithm is inspired by social search for 
food by birds and fishes. In PSO, each particle is a representative of a solution for the problem 
and moves in the search space with a velocity according to its own previous best solution and 
its group’s previous best solution [5]. Some of interesting characteristics of PSO are it’s 
simplicity of application and its high speed as compared to other evolutionary optimization 
methods. 

In PSO based on following equations, particles update their situations and move in search 
space as long as to converge to the optimal solution [5]: 

 
( ) ( ) ( ) ( )( )

( ) ( )( )
1 1

2 2

1 . .

.
i i i i

i

v t wv t c rand p t x t

c rand g t x t

+ = + −

+ −
 

 

(12) 

( ) ( ) ( )1 1i i ix t x t v t+ = + +  (13) 

 
Where 

• )1( +tvi  is the updated speed vector of the ith particle 
• wcc ,, 21  are the weighting factors 
• )1( +txi  is the updated position of the ith particle 
• 21, randrand  are random coefficients 
• )(tpi  is the best position of the ith particle 
• )(tg  is the best global position of particles 

 

3.2. GA algorithm  

The basis of Genetic Algorithm is the random search of space. GA in more times converges to 
the optimum solution and as compared to conventional optimization methods has some 
differences. Because of GA for searching the space, selects several initial points thus don’t fall 
in local minimums. Stages of Genetic Algorithm are shown bellow [6]: 
• objective function 
• production of initial population 
• selection 
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• crossover 
• mutation 
• Stopping criteria. 

 
GA algorithm has been discussed is many literatures. Therefore in here, we avoid from more 

details.  
 

4. Proposed Control Design 
 
In this paper the aim is to propose a control strategy using the Particle Swarm Optimization for 
control of PEMFC voltage. Since the output voltage of fuel cell is affected by hydrogen and 
oxygen partial pressures, with precise regulation of these gases, the output voltage can be 
retained constant when the current changes.  

Since the output voltage of cell changes when the current changes, proposed controller finds 
the optimal hydrogen and oxygen partial pressures that minimize the objective function and 
applies to system. The objective function is defined by deviation actual output voltage from 
desired voltage. 

 

Sref VVFunctionObievtive −=−  (14) 

                        
Where Vref  is the reference voltage and VS is the output voltage of the PEMFC stack. In this 

paper finding optimal pressures in each time is calculated by using Particle Swarm 
Optimization and Genetic Algorithm and then they are applied to the system. 

 

sref VV −

2
1

2Op

2Hp

fcI

sV

refV
 

Fig. 2. Schematic of proposed controller for PEMFC 
 
Since the stoichiometric consumption rate for the two gases is constant, the oxygen partial 

pressure is considered in this controller half of the hydrogen partial pressure. Therefore in the 
control system, only one controller has been adopted in conjunction with two independent 
gains, one for hydrogen line actuator and the other for the oxygen line actuator [7]. Schematic 
of the control system is shown in Fig.2. 

 

5. Simulation Results 
 
This paper makes use of a PEMFC which its parameters are shown in TABLE I, in order to test 
the proposed control design. The control goal is to adjust the stack voltage at 22 (V). Fig. 3 
shows the variation of load current. The output voltage of stack with the PSO controller is 
indicated in Fig. 4 and calculated optimal hydrogen and oxygen partial pressures for the system 
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are indicated in Fig. 5. The output voltage of stack with the GA controller is indicated in Fig. 6 
and calculated optimal hydrogen and oxygen partial pressures are shown in Fig. 7.  

 

Table1. PEMFC Parameters  
Param. Value Param. Value 

n 32 ζ2 0.00286 
T 333 K ζ3 7.6×10-5 
A 64 cm2 ζ4 -1.93×10-4 
l 178 μm ψ 23 

PH2 1~3 atm Jmax 469 mA/cm2 
PO2 1~3 atm Jn 3 mA/cm2 
B 0.016 V Imax 30 A 
RC 0.0003 Ω C 3 F 
ζ1 -0.948   
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Fig. 3.  Variation of the applied load current to the PEMFC system 
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Fig. 4.  Stack voltage with the PSO controller which is fixed at 22 (V) 
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Fig. 5.  Calculated optimal partial pressures by the PSO controller 
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Fig. 6.  Stack voltage with the GA controller which is fixed at 22 (V) 
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Fig. 7.  Calculated optimal partial pressures by the GA controller 

 
 
The simulation results show the desired performance of controllers. Both controllers have 

approximately the same precision to regulate the stack voltage at 22 (V) but PSO controller in 
terms of the lasted time for finding the optimal partial pressures acts better than GA controller. 
Moreover, the calculated partial pressures are same. 
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6. Conclusion 
 

In this paper a new controller based on PSO and GA intelligent algorithms is developed to 
control the voltage of PEMFC stack. Design and simulation is performed and the obtained 
results show the efficiency of both controllers.  

 

Acknowledgements 
 
This work was supported in part by the Research management department of Shahid Beheshti 

University in the framework of the research support Program No. 600/2966. 
 

 
References 

[1] J.M. Correa, F.A. Farret, L.N. Canha, M.G. Simoes, “An electrochemical-based fuel cell 
model suitable for electrical engineering automation approach,” IEEE Trans, Ind, Electron, 
vol. 51, pp. 1103-1112, 2004. 

[2] T. Sun, S.J. Yan, G.Y. Cao, X.J. Zhu, “Modeling and control PEMFC using fuzzy neural 
network,” J. Zhejiang, University science, vol. 6, pp.1084-1089, 2005. 

[3] Z.D. Zhong. X.J. Zhu, G.A. Cao, “Modeling a PEMFC by support vector machine,” J. 
power source, vol. 160, pp. 293-298, 2006. 

[4] K.S. Narendra, S. Mukhopadhyay, “Adaptive control using neural networks and 
approximate models,” IEEE Trans, neural networks, vol. 8, pp. 1103-1112, 1997. 

[5] R.C. Eberhart, J. Kennedy, “Anew optimizer using particle swarm theory,” IEEE, Service 
center, pp. 39-43, 1995. 

[6] D.E. Goldberg,”Genetic algorithms in search, optimization and machine learning,” 
Addison-Wesley, Reading, MA, 1989. 

[7] M. Cirrincione, M. Pucci, G. Cirrincione, M.G. Simoes, “A neural non-linear predictive 
control for PEM-FC,” J. Electrical system, vol. 1-2. pp. 1-18, 2005.  

 
 
 
 


