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Abstract- This paper presents the design of automatic generation control (AGC) of an unequal three area thermal reheat 
power system. The satisfactory operation of AGC requires robust optimal controller parameters that provide better dynamic 
performance over a wide range of operating conditions and various load scenarios.AGC is implemented by means of a 
proportional integral derivative (PID) controller and the optimal design of AGC controller parameters by Taguchi 
optimization technique is considered. The system dynamic responses obtained by Taguchi designed AGC and AGC designed 
by other recent techniques such as PSO (Particle Swarm Optimization ) are compared and analyzed. The paper includes 
SIMULINK model of three area power system and MATLAB program to implement Taguchi optimization. Thus the effect of 
control parameters on power system operation is studied. 
 
Index Terms- Automatic generation controller, Load-frequency control, Proportional- integral- derivative controller, 
Robustness, Taguchi robust design. 
 
I. INTRODUCTION 
 
Normal operation of a power system area requires 
constant frequency operation which is dependent on 
active power balance. On the other hand, in an 
interconnected system with two or more independently 
controlled power system areas, in addition to control of 
frequency, the generation within each area has to be 
controlled so as to maintain scheduled power 
interchange. The control of frequency and generation 
is commonly referred to as load-frequency control 
(LFC). With only primary speed control action of the 
turbine speed governor, a change in load will result in 
steady-state frequency deviation. Restoration of the 
system frequency to nominal value requires additional 
control action to adjust the load reference set point, 
which is referred to as Automatic Generation 
Controller (AGC)[1]. AGC is a supplementary 
controller provided on selected generating units, used 
to maintain the active power balance by the adjustment 
of active power generation. Thus, the satisfactory AGC 
operation for an interconnected power system requires 
robust optimal controller parameters. 
The optimization process involves the measurement of 
quality characteristics of the product/process for 
various combinations of controlled factors which are 
influenced by noise factors.These measurements will 
help to understand the matching behaviour on which 
decisions can be drawn in order to properly set the 
control factors so as to obtain the required  
quality level and minimize the variance due to noise 
factors.In conventional approach if there are k  number 
of factors  and l number of  levels defined for each 
factor then we need to carry out lk  number of 
experiments to characterise the complete 
process/product. Hence the design of experiments in  

 
order to reduce both  time and cost plays an important 
role.So we need such an optimization technique which 
can reduce the number of experiments to be conducted 
in order to find optimal settings of control factors 
which in turn improves the economy of  
product/process .Optimization techniques having  
reached a degree of maturity over the past several 
years,are being used in a wide spectrum of industries 
including aerospace, automotive, chemical, electrical 
and manufacturing industries. 
 
Taguchi based optimization technique has produced a 
unique and powerful optimization discipline that 
differs from the traditional practices.This approach 
can economically satisfy the needs of problem solving 
and design optimization.The taguchi optimization 
technique is based on the concept of robust 
design,which aims at obtaining the solution that makes 
the design less sensitive to the noise factors. Robust 
design method,developed by Genichi Taguchi in 
1960,greatly improves the engineering productivity. 
In view of the above, the main focus of the work 
presented 
in this paper is to optimize the multi area  power 
system using a powerful iterative robust optimization 
technique. 
 
II. TAGUCHI OPTIMIZATION TECHNIQUE 
 
The main strategy of Taguchi design [2,3] is to 
minimize the influence of variation on product quality 
rather than controlling the source of variation 
itself.The Taguchi robust design uses a mathematical 
tool called orthogonal array (OA) to study a large 
number of decision variables with small number of 
experiments. In addition, the method uses a new 
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measure of robust performance, called signal to noise 
ratio(S/N ratio) to add an intrinsic robustness. 
 
A. Orthogonal Array 
OA is a major tool employed in the robust design, 
which is used to study many design parameters by 
means of a response.The purpose of conducting an 
experiment based on OA is to determine the optimum 
level for each factor and to establish the relative 
significance of the individual factors in terms of their 
effects on the response. Depending on the number of 
factors and its setting levels a suitable array is 
selected.Each column of the OA designates a factor 
and its setting levels in each experiment with the level 
of different factors in that experiment .The selection 
OA begins with the distinct number of levels(L) 
defined for the number of factors(F). The minimum 
number of entries in the OA is given by  (1) where .Nmin 
gives the minimum number of experiments required to 
define an experimental region.An example of OA for 4 

factors,each defined with three distinct levels (L9 or 34) 
is illustrated in Table 1.     

 
 
B. Signal to noise ratio 
The product/process/system design phase involves 
deciding the best value/levels for the control factors. 
The S/N ratio(�) is an ideal metric for that 
purpose.The type of S/N ratio depends on the 
optimization objective (Ob).When the objective is to be 
minimized,that is Smaller-the-better type,the 
corresponding  S/N ratio is given by (2). Irrespective of  
the type of  Ob (whether it is to be minimized or 
maximized),the optimization process must always 
maximize the  S/N ratio. 

 

 
 

 
 
III. SYSTEM INVESTIGATED 
 
The system considered is a three unequal area thermal 
rpower system.The capacities of the areas are Area1: 
2000MW,Area2: 6000MW, and Area3: 
12000MW.The areas are equipped with single reheat 
turbine. The nominal system parameters are taken 
from [4] and are shown in Table 2. Per unit values of 
different parameters of the unequal areas are 
considered to be same on their respective bases.Hence 
for modelling the interconnected three area system the 
quantities a21= -Pr2/Pr1,a32=-Pr3/Pr2,a13=-Pr1/Pr3 are 
considered. The dynamic performance has been 
evaluated considering 1% step load change in 
Area1 .The transfer  function model of  
three unequal area thermal reheat power system is 
shown in Fig.1.  
 

The different parameters are introduced in the 
nomenclature.MATLAB software has been used for 
SIMULINK model and coding. The optimization is 
done using minimization of the Ob given by integral 
squared error (ISE) as given in (3).In order that the 
ISE of  the system be  made zero, a PID controller is 
employed in the three areas. In the present study 
non-interactive PID controllers with high pass filters 
are implemented with filter coefficient N  the tranfer 
function of  ith PID controller is given in (4). 
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IV. TAGUCHI DESIGN PROCEDURE 
 
A. The principal steps of Taguchi optimization 
technique: 
 
Step 1: Selection of OA for control and noise factors. 
The Taguchi optimization procedure begins with 
identification of  noise and control factors of the 
system under investigation. These noise and control 
factors are accounted by selecting an appropriate OA 
with discrete number of levels defined for each of noise 
and control factors 
 

 
 
 
 

Table 1 L9 orthogonal array 

 
 

 
Fig. 1. Transfer function model of the three-area thermal system 

 
Step 2: Compute S/N ratio. 
For each entry j (j=1,2…….,N) in the control OA, M 
objective function values  as per noise OA are 
determined through simulation and corresponding S/N 
ratio value is computed using (2) as the objective 
function needs to be minimized. 
 
Step 3: Perform analysis of means (ANOM) 
The analysis of Means is used to estimate the factor 
effects known as direct effects. These are determined 
from additive (superposition model/variable separable 
model) as an approximation which is given in (6) m is 
the overall mean for  complete the experimental region 
and is given by (7),Ak,j is the deviation from m caused 
by setting control factor k (k=1,….,NC) at the  

 
jth level   (j=1,….,L), and e is the error (error of additive 
approximation, interaction, etc). 
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The effect of level  j for a control factor i is given by 
(8),RL is the number of repetitions of each level of a 
control factor in the OA. The term RL indicates the 
number of times each level of a control factor repeats 
in a column of OA. The maximization of  S/N ratio is 
determined by ANOM to give the optimum level 
associated with each control factor and  is given in (9). 
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Step 4:Perform analysis of variance (ANOVA) 
ANOVA is used to find the relative magnitude of 
factor effects and decompose the error variance into 
appropriate components. ANOVA is also needed to 
determine the contribution of control factors on total 
variance is given in (10).The predicted optimum 
response is given in (11). 
 

 
 
Step 5: Confirmation experiment  
Using the optimum levels found in step 3,compute the 
actual optimum response using (2) by evaluating 
objective   functions as per noise OA.The additive 
model is validated if  (12) is true. 
 

  tolerancetpr  exp                                            (11) 

 
Table 2. System data 

 
 
The preceeding section has introduced one cycle of 
robust design. For the fine tuning of optimum 
levels,iterative optimization is necessary.The 
generalized flowchart for iterative Taguchi 
optimization is shown in Fig.2 
 

 
Fig. 2. Algorithm for iterative Taguchi optimization 

 
V. RESULTS AND DISCUSSION 
 
The Taguchi poptimizatio is employed to design PID 
controller presented with three levels for the controller 
gains  Kp1, Ki1, Kd1 , Kp2 , Ki2 , Kd2 , Kp3 , Ki3 , Kd3.The 
standard  L27 OA is chosen..The minimization of 
objective function subjected to constraint 
0.01  Kpi,Kii,Kdi  3  is carried out.The Taguchi 
optimized parameters of PID controllers gains are: 
Kp1=2.4408,Ki1=2.9985,Kd1=2.8876;Kp2=1.3196,Ki2=
2.8117, Kd2=2.2540,;Kp3=2.6277, Ki3=0.0115, 
Kd3=2.9985; 
 
The mean S/N ratio during iterations is shown in Fig. 3. 
The improvement in the mean S/N ratio during 
iterations can be observed clearly that is  after 6th 

iteration the mean S/N ratio does not show 
improvement. The dynamic response obtained for 
Taguchi optimization are compared with the dynamic 
response obtained from PSO optimization algorithm 
for a step load change of 1% in area 1 as shown in Fig. 
4. The drift in the values of  peak over-shoot and 
settling time of the responses obtained from Taguchi 
optimization is less when compared with the  values of 
responses obtained by PSO optimization. 
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Fig. 2. Mean S/N ratio during iterations 

 

 

 
Fig. 3. Comparision of performances of Taguchi optimization 

with PSO optimization technique (a)frequency deviation in Area 
1 versus time,(b) frequency deviation in Area 2 versus time,(c) 

frequency deviation in Area 3 versus time,(d)tie-line power 
deviations corresponding to Area 1 and Area 2 versus time,(e) 
tie-line power deviations corresponding to Area 1 and Area 3 

versus time,(f) tie-line power deviations corresponding to Area 1 
and Area 2 versus time. 

 
CONCLUSION 
 
A three unequal area thermal system is considered for 
investigations.Iterative taguchi is used to design AGC 
,to optimize the gains of PID controller.The mean S/N 
ratio is obtained .Comparision of results obtained 
byTaguchi with PSO for three area thermal reheat 
turbine is introduced for the first time.The parameters 
obtained at nominal condition are robust and need not 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-4, Issue-2, Feb.-2016 

Robust Design Of Automatic Generation Controller Using Iterative Taguchi Optimization Technique 
 

56 

be changed for wide changes in the system loading or 
size of SLP.  
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