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Abstract: This paper review, the design of a fixed parameter robust STATCOM controller using Loop-shaping 

procedure. A simple loop shaping method which yields a fixed parameter robust controller has been found suitable 

to provide good damping characteristics. The graphical loop shaping procedure used in designing a robust 

STATCOM controller can be significantly improved by embedding some optimization procedure in it. The 

objective function of the design problem is formulated to include closed loop responses. In this paper, a latest 

evolutionary computational technique called Differential Evolution (DE) has been employed to find the fixed 

parameter robust controller parameters. DE algorithm and Matlab is used to determine the controller parameter 

and system stability.   
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I.    INTRODUCTION 

Demand of electrical power is continuously rising at a very high rate due to rapid industrial development. To meet this 

demand, it is essential to raise the transmitted power along with the existing transmission facilities. The objective is to 

make the best use of the transmission asset, and to maximize the loading capability. Stability of power system has been a 

major concern in system operation. Design of a fixed parameter robust STATCOM controller using Loop-shaping 

procedure is presented. As STATCOM controller has been design to provide good damping characteristics. Such control 

strategies, have been investigated [1-2]. 

A simple loop shaping method which yields a fixed parameter robust controller has been found suitable to provide good 

damping characteristics [3]. The graphical Loop-Shaping method involves error and trial method. So, designing a 

controller can be quite complicated for a higher order system. The graphical loop shaping procedure used in designing a 

robust STATCOM controller can be significantly improved by embedding some optimization procedure in it. The 

objective function of the design problem is formulated to include closed loop responses. The optimization techniques 

based on derivative information would fail and search method would only work [4]. The local search methods such as 

simplex method will only give local optimization solutions. The global optimization techniques would be most suitable to 

solve such optimization problem. The evolutionary computational methods [5] are the ones which provide global optimal 

or near global optimal solution. 

 In this paper, a latest evolutionary computational technique called Differential Evolution (DE) has been employed to find 

the fixed parameter robust controller parameters. 

Differential Evolution (DE) based robust control design greatly reduces the computational effort compared to the manual 

graphical technique. Hence it is very suitable for solving the optimization problem arising out of controller design. 
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II.    POWER SYSTEM MODEL 

A single machine infinite bus system with a STATCOM installed at the midpoint of the transmission line. The dynamics 

of the generator is expressed in terms of the second order electromechanical swing equation and internal voltage equation. 

These are,                      

          

                  

    
                

                                          (1)  

     
   

 

  
    

  

  
         

Here, ω and δ are the generator speed and rotor angle while eq’ and Efd represents the generator internal voltage and field 

voltage, Pm and Pe is the input and output power, D and M represents damping and inertia coefficients.  

The VSC generates a controllable AC-voltage source vo (t) = Vo sin (ωt-Ф) behind the leackage reactance. The voltage 

difference between the STATCOM – bus AC voltage vL(t) and vo(t) produces  active and reactive power exchange 

between the STATCOM and the power system, Which can be controlled by adjusting the magnitude Vo and the phase Ф. 

The dynamics relation between the capacitor voltage (Vdc ) and current (Idc) in the STATCOM circuit are expressed as [6]. 

                                              
    

  
 

   

   
 

 

   
        Ф         Ф                 (2) 

Where, c=mk and k is the ratio between ac and dc voltage, m is the modulation index and Ф is the phase angle. ILod and 

ILoq are the direct and quadrature axes components of STATCOM current ILo. The output voltage phasor is 

  
            Ф      Ф                                       (3) 

Where, V0 is the output voltage and Vdc is the voltage across dc capacitor  

III.    ROBUST CONTROLLER DESIGN USING LOOP SHAPING 

Loop shaping is a graphical procedure to design a proper controller C satisfying robust stability and performance criteria.  

The basic idea of the method is to construct the loop transfer function, L=PC to satisfy the robust performance criterion 

approximately and then to obtain the controller from the relationship C=L/P.   

Internal stability of the plants and properness of C constitute the constraint of the method. Condition on L is such that PC 

should not have any pole-zero cancellation. A necessary condition for robustness is that either orboth|W1|,|W2|  must be 

less than 1 [8].  

If we select a monotonically decreasing function W1 satisfying the other constraints on it. It can be shown that at low 

frequency the open loop transfer function L should satisfy, 

    
    

      
                                                              (4)                                                                              

 While, for high frequency, 

    
      

    
 

 

    
                                                  (5) 

 At high frequency |L| should roll-off at least as quickly as |P| does. This ensures the properness of C. The general feature 

of open loop transfer function is that the gain at low frequency should be large enough and |L| should not drop –off too 

quickly near the cross over frequency to avoid internal instability. 
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A.  Introduction to Differential Evolution  

Differential Evolution (DE) is a relatively new evolutionary algorithm (EA) developed by Price and Storn in 1994-1996 

[10]. DE is a stochastic direct search optimization method. It is generally consider as an accurate, reasonably fast robust 

optimization method. 

The main advantages of DE are its simplicity and therefore easy use in solving optimization problems requiring a 

minimization process with real valued and multi objective functions. The most important characteristics of DE is that it 

uses the differences of randomly sampled pairs of object vectors to guide the mutation operation instead of using 

probability distribution functions as other EAs . 

B.  Key operators for differential evolution 

As a member of the EA family, DE shares many common features with the EA.  

a) Initial population 

DE is a parallel search method using a population of N parameter vectors for each generation G , the population P
G
 is 

composed of Xi
G
 ,i=1,2,3,………N. The initial population P

Go
 can be chosen randomly under uniform probability 

distribution. If there is nothing known about the problem to be optimized : 

 Xi
G
 =Xi(L) +randi [0,1].(Xi(H) –Xi(L) )                       (6)                              

       

Where, Xi(L) and Xi(H) are the lower and higher boundaries of d-dimensional vector Xi is     

Xi =[Xj,i] =[X1,i ,………………Xd,i]
T  

b) Encoding 

Although there are floating number encoding methods are available, binary encoding scheme is still the most commonly 

used method for most Evolutionary algorithm. Binary encoding is based on limited binary integers and therefore its 

disadvantage is that ability to effectively represent variables possible of tacking values of different magnitudes, where for 

large valued parameters many bits may not be significant in final results. 

DE tackles the disadvantages on binary encoding by using floating point numbers to encode parameter variables. 

c) Mutation 

The objective of mutation is to enable search diversity in the parameter space as well as to direct the existing object 

vectors with suitable amount of parameter variation in a way that will lead to a better result at a suitable time. It keeps the 

search robust and explores new areas in the search domain. 

For real parameter optimization, mutation is the process of adding a randomly generated number to one or more 

parameters of an existing object vector. In DE, the mutation vectors the mutation vectors are generated by adaptively 

scaling and correlating the output of output of pre-defined, multivariate probability distribution. The DE mutation of a 

vector is achieved by adding the weighted difference 0f two randomly selected vectors as  

 Xi
G+1

 =Xi
G
 +f1 .(Xr1

G
 –Xr2

G
 )                                   (7) 

Where, G represents the Gth generation r1≠r2≠i and r1,r2 are randomly selected integers within the population size N , i.e. 

r1,r2 є{1,2,……………N}. 

The mutation vector defined in this equation does not have any information of the original vector X i
G
. The difference 

defined by randomly selected (Xr1 –Xr2) has zero mean and scale factor f1 only changes the scale without introducing bias 

into the search process. 

d) Crossover 

Crossover or Recombination is the main operator Genetic Algorithm (GA) and a complementary process for Differential 

Evolution (DE). Crossover aims at reinforcing prior successes by generating child individuals out of existing individuals 

or object parameters. 
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The basic recombination process is a discrete recombination. The crossover constant CR is used to determine if the newly 

generated individual is to be recombined. The resulting expression of the mutation and crossover processes are given in 

eq. below as: 

Xi
G+1

 =Xi
G
 +f2 .(Xr3

G
 -Xi

G
 )+F.(Xr1

G
 –Xr2

G
 )            (8) 

Where, the randomly generated integer r1≠r2≠r3≠i, F is the mutation constant, f2 controls the crossover constant. f2 can 

take from [0,1] and remain constant throughout evolution process. Generally with a population size of 20d (d is the 

problem dimension) F=0.8 and f2=0.5 appear to be reasonably good value to start a DE process. It can be seen that f2=1 is 

the discrete recombination model with CR=1 and f2=0 represents mutation only model. 

e) Selection 

After the Mutation and Crossover operator, all trial vectors ui,G+1 have found. The trial vector ui,G+1 are compared with the 

individual vector Xi,G for selection into the next generation. The selection operator is listed in the following description: 

 Xi,G+1=ui,G+1  , if f(ui,G+1) > f(Xi,G) , 

  Xi,G+1=Xi,G , if f(ui,G+1) ≤ f(Xi,G), i=1,2……N        (9) 

If the objective function value of trial vector is better than the value of individual vector, the trial vector will be chosen as 

the new individual vector Xi,G+1 of next generation. On the contrary, the original individual vector Xi,G will be kept as the 

individual vector Xi,G+1 in the next generation. 

C. DE advantages 

According to price the main advantages of DE include: 

 Fast and simple for application and modification. 

 Effective global optimization capability. 

 Parallel processing nature. 

 Operating on floating point format with high precision. 

 Efficient algorithm without sorting or matrix multiplication. 

 Effective on integer, discrete and mixed parameter optimization. 

 Operates on flat surfaces. 

 Ability to handle non-differentiable, noisy and/or time dependent objective functions. 

 Ability to provide multiple solutions in a single run and effective in non-linear constraint optimization problems with 

penalty functions. 

 Self – referential mutation operation. 

IV.   CONCLUSION 

In this review, the current status of power system stability enhancement using STATCOM is discussed. Design of the 

STATCOM controller is discussed using two techniques. A differential evolution procedure has been employed to design 

a loop shaping based robust STATCOM controller. The automatic loop shaping using differential evolution minimizes 

trial and error procedure. Simulation studies indicate that DE based robust loop shaping provide better results. 

LIST OF SYMBOLS 

 δ  is the rotor angle 

 Tdo, is open circuit time constant  

ω  is the generator speed 

eq is the generator internal voltage 
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Efd is the field voltage 

Pm is the generator input power 

Pe is the generator output power 

M, D is the inertia& damping coefficient 

Vt is the generator terminal voltage 

Vto is the reference voltage           

KA is the exciter gain 

TA is the time constant  

REFERENCES 

[1] A.H.M.A. Rahim, F.M.Kandlawala, “Robust STATCOM voltage controller design using Loop-Shaping 

Technique”, Electric Power System Research, vol.68, PP 61-74, 2004. 

[2] Kalyanmoy Deb (2002), “Optimization for Engineering Design, Algorithms and Examples”, New Delhi: Prentice 

Hall of India. 

[3] Keigo Watanabe, M.M.A.Hashem, “Evolutionary Computations, New Algorithms and their Applications to 

Evolutionary Robots” Springer- verlag Berlin Heidelberg 2004. 

[4] Noorazi A.H and Sharaf A.M., “Two control schemes to enhance the dynamic performance of the STATCOM and 

SSSC”, IEEE Trans. Power Delivery. 2005, Vol.20 no.1, PP 435-442. 

[5] Ye.Y, Kazerani M and Quintana V.H., “Current source converter based STATCOM : Modeling and control”, IEEE 

Trans. Power. Delivery. 2005, Vol.20 no.2, PP 795-800. 

[6] Soto D and Pena R., “Non-linear control strategies for cascaded multilevel STATCOM”, IEEE Trans. Power. 

Delivery.2004, vol.19 No.4, PP 1919-1927. 

[7] Haque M.H and Kumkratug P., “Application of Lyapunov Stability Criterion to determine the control strategy of a 

STATCOM”, IEEE Proc. Gener. Transm. Distrib. 2004, vol. 151 No.3, PP 415-420. 

[8] F.F. Syed, A.H.M.A. Rahim, and J.M. Bakhashwain, SM,IEEE, “Robust STATCOM controller design using PSO 

based Automatic Loop-shaping Procedure”, Proceedings of the 2005 IEEE conference on control Applications 

Toronto, Canada, PP 440-445, August 28-31, 2005. 

[9] W.S. Levine, “The control Handbook”, CRC press and IEEE press, 1996. 

[10] Storn R., Price K., “minimizing the real functions of the ICEC’96 contest by Differential Evolution”, Proc. Of 

IEEE int. conf. on Evolutionary computation, Nagoya, Japan, 1996. 


