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ABSTRACT 
 
This paper presents the design of an artificial neural network (ANN) controller for static var 
compensator (SVC) to improve the stability and the performance of a superconducting generator 
(SCG). The SVC is also equipped with conventional proportional integral derivative (PID) 
controller designed according to the pole placement technique. The ANN controller patterns are 
gathered from unsupervised (self learning) ANNs-PID using an optimization technique. These 
pattern groups are chosen to cover most operating conditions based on P-Q plane. The present 
control strategy is tested on a SCG connected to an infinite bus system. To achieve a high degree 
of accuracy, the system is represented by a detailed non-linear model including the SCG, SVC, the 
transmission system and non-linear constraints. The simulation results reveal that the proposed 
ANN-SVC controller achieves further enhancement of the system performance and stability over a 
wide range of operating conditions and under sever disturbances compared with conventional PID-
SVC controller. 

لتحس�ين أداء آل�ة فائق�ة  )SVC(الس�اكن  الق�درة غي�ر الفعال�ة مع�وض ف�يتص�ميم ش�بكة عص�بية اص�طناعية لل�تحكم  هذا البحث يق�دم
وت�م ت�دريب . تناس�بي تك�املي تفاض�لي مص�مم بطريق�ة موض�ع الج�ذور تقلي�ديس�اكن بح�اكم الوتم أيضاً تزوي�د المع�وض . التوصيل

الغي�ر (شبكة عصبية اص�طناعية أخ�ري بس�يطة باس�تخدام ال�تعلم ال�ذاتي الشبكة العصبية الاصطناعية بعينات تم الحصول عليها من 
والنظ�ام الم�دروس مك�ون م�ن آل�ة فائق�ة التوص�يل . تعمل في مختلف الأوضاع لضمان الموائمة لظروف التش�غيل المختلف�ة) الموجه

للحص�ول عل�ي دق�ة . ري خ�اصمتصلة بشبكة موحدة من خلال خط نقل مزدوج باستخدام محول رفع وتدار الآلة بواسطة نظام بخا
). والتوربين�ة والحاكم�ات س�اكنالالمول�د والمع�وض (عالية ف�ي النت�ائج ت�م اس�تخدام نم�وذج غي�ر خط�ى تفص�يلي لك�ل أج�زاء النظ�ام 

 .والنتائج تشير إلي أن الحاكم المقترح أفضل من الحاكم التقليدي في مختلف ظروف التشغيل ومختلف الاضطرابات
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1. INTRODUCTION 
Superconducting generators (SCGs) have many 

advantages over conventional synchronous machines 
as the capability of generating greater power with 
higher efficiency [1, 2]. Also, SCGs have additional 
economic benefits as possibility of generation at 
transmission line voltages, reduced size and weight 
as well as environmental advantages due to reduced 
oil consumption and CO2 emissions [3]. In view of 
control, the SCG requires a special attention and 
more considerations due to the field winding zero 
resistance and the corresponding extreme long time 
constant, which makes the SCG excitation control is 
not effective [4, 5]. Hence, the governor control loop 
is the only permissible control loop for the system 
performance enhancement. 

 
Static var compensator (SVC) has been widely 

used in power systems for voltage support, transient 
stability enhancement and power system oscillation 

damping [6, 7]. Various conventional controllers 
have been employed for SVC such as lead-lag 
compensator and PID [8]. These conventional 
controllers are fixed parameters and can insure good 
performance under a certain operating condition but, 
may be not suitable for other conditions. To maintain 
a better performance under a wide range of operating 
conditions, self tuning adaptive controllers have been 
developed [9]. 

 
Since 1989, ANNs methodology has captured 

interest in electrical power engineering and has 
promised to ensure effective system performance 
enhancement [10, 11]. Among of the ANN 
advantages, rapidity due to the parallel mechanism, 
the memorization ability, robustness, fault tolerance 
and adaptability. 
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Fig. 1 The studied electrical power system 

 
This paper presents an alternative control approach 

using the ANN control strategy for SVC to improve 
the performance of the complex structure, low 
inherent damping and the high hunting frequency 
SCG. The ANN scheme was trained by on-line 
simple unsupervised (self learning) ANN-PID using 
an optimization technique to minimize the system 
deviations in most operating conditions. The 
simulation results illustrate that, the ANN controller 
is more flexible and robust for the system when 
subjected to various disturbances in a wide range of 
operating conditions compared with conventional 
PID controller. 

 
2. POWER SYSTEM MODELING 
 

The considered power system consists of a SCG 
connected to an infinite bus through a double circuit 
transmission line using a step-up transformer. The 
SCG is driven by a three stages steam turbine system 
with reheat and fast acting electro-hydraulic 
governor. In addition to that, a SVC connected at the 
SCG terminals via a step-down transformer as shown 
in Fig. 1. 

A digital SIMULINK model has been built to 
simulate the studied system and is tested after normal 
operation of 200ms [12]. The SVC mathematical 
model is described in Appendix A and the system 
parameters are mentioned in Appendix B. 

The performance of the SCG is improved by 
incorporating controllers in the governor loop such as 
phase advance network and PID controller [4]. The 
used controller in this paper is the PID controller. 
The PID controller transfer function is given by: 

H(s)=Kp+
iK

s
 +sKd (1) 

where, Kp, Ki and Kd are the PID controller 
parameters. 

The PID parameters are determined using Pole 
placement technique and their values are reported in 
Appendix B [13]. 

 
 

3. SVC CONTROLLERS 
 

One of the major reasons for installing a SVC is to 
improve dynamic voltage control and thus increases 
system load-ability. The SVC is equipped either by 
conventional controller (lead-lag compensator, PID, 
etc) or adaptive controller (fuzzy logic, ANN, etc) to 
set the firing angle value of the thyristors and hence 
the SVC shunt susceptance setting [14]. In this study, 
the conventional controller used is the PID and the 
adaptive one is the ANN. Selector is used to connect 
the desired controller to the SVC as shown in Fig. 2. 

3.1 PID Controller for SVC 

The PID controller is relatively simple in practical 
implementation and can enhance the system 
performance particularly to minimize post fault 
oscillations. The PID controller transfer function for 
SVC is: 

Hsvc(s)=Kps+
isK

s
 +sKds (2) 

Where, Kps, Kis and Kds are the PID-SVC controller 
parameters. 
 

Pole placement technique is used in order to 
determine the controller parameters which requires 
the system linearized model [4, 8]. The selected roots 
are -4.5 ± j15 and -0.001602 for SCG rotor and field 
respectively at lagging p.f. The dominant eigenvalues 
of the system with PID-SVC compared with the 
SVC-voltage regulator only are illustrated in Table 1. 
From the pole placement technique the calculated 
values of Kps, Kis and Kds are 1.0532, 0.4332 and 
0.0385 respectively. 
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Fig. 2 the SVC firing angle control system 

Table 1 The system dominant eigenvalues 

Modes At lagging p.f. 
PID-SVC controller voltage regulator only 

Rotor -4.5 ± j15 -3.868 ± j15.228 
Field -0.001602 -0.00160153 

3.2 Ann Networks 

This section presents two different groups of 
ANNs. The first group is designed to obtain the 
pattern groups which, are used in training the second 
ANNs group. 

3.2.1 The Simple ANN-PID 

To obtain the values of PID parameters a simple 
ANN is established to control the system with 
weights and biases adjustment. The ANN parameters 
adjustment is done by minimizing the system 
performance index, which indicates the system 
deviation. The system performance index (p.index), 
which is the total sum of the system deviations 
multiplied by the square of time as: 

0

= e(t)*tp.index

∞

∫
2
 (3) 

Where, e(t) =Σ{deviations in speed, rotor angle, 
valve position and the SCG terminal voltage 
amplitude}, t: is the time. 

The purpose of the simple ANN-PID net is to 
generate patterns at various conditions. the 
implementation of optimized ANN-PID controller 
that uses on-line tuning of the PID parameters based 
on an optimization technique that minimizes the 
system deviations of the normal values [15]. The 
minimization of the performance index is 
implemented by the use of MATLAB optimization 
toolbox. The inputs of the simple ANN are the 
deviation in the transmission line active and reactive 
powers and its output is only one PID parameter as 
Kps, Kis or Kds so, the simple ANN is repeated three 
times one for each controller parameter. Fig. 3 shows 
the construction of one net of these ANN groups, 
which consists of one input layer, one hidden layer 
(2-neurons) with a hyperbolic tangent sigmoid 
activation function and one output with a pureline 
activation function.  

w11

w
12

w 21

w22

w1

w 2

b1

b2b22

b11

∆ LineP

∆ LineQ







 



psK

 
Fig. 3 The architecture of one on-line simple 

ANN-PID 
 

These ANN parameters are tuned at different 
operating conditions according to performance index 
minimization at each case. Now, several values of 
Kps, Kis and Kds ,according to the deviation in the 
transmission line active and reactive powers, are 
obtained. These groups of patterns are shown in Fig. 
4. 

3.2.2 The Proposed ANN Controller 

Another ANN is established to be trained on the 
results of the first simple ANN patterns. The second 
ANN, which is used for system control, consists of 
one input layer, first hidden (20-neurons) with 
hyperbolic tangent sigmoid activation function, 
second hidden layer (10- neurons) with log sigmoid 
activation function and one output layer with a 
pureline activation function. Also, three ANNs are 
used, one for each controller parameter. The 
architecture of one of these ANNs is shown in Fig. 5. 
The complete ANN controller system is illustrated in 
Fig. 6. 

 
4. ANN TRAINING 
 

The Levenberg-Marquardt algorithm is used as 
back propagation technique to train the second ANN 
groups on the result patterns of the simple ANNs 
[13]. The training of PID parameters against epochs 
is shown in Fig. 7, this figure illustrates that each 
parameter reaches the goal. 

 
5. SIMULATION RESULTS 
 

The proposed ANN-SVC controller has been 
implemented and the system performance examined 
for various types of disturbances at different 
operating conditions. To illustrate the effectiveness 
of the proposed ANN-SVC controller, a fairly 
detailed non-linear model of the system is used and 
the simulation results are compared with 
conventional PID-SVC controller. The system’s 
response for a symmetrical three-phase short circuit 
at one line of the two lines beside the transformer 
high voltage side for 120 ms duration is shown in 
Fig. 8.  
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(a) First input patterns 
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(b) Second input patterns 
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(c) First output patterns 
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(d) Second output patterns 
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(e) Third output patterns 

Fig. 4 The simple ANN-PID pattern groups 
 
 
 

The response of the system for a symmetrical 
three-phase short circuit for 277 ms and 280 ms 
duration is shown in Figs (9,10) respectively. Also, 
Fig. 11 shows a symmetrical three-phase short circuit 
for 120 ms duration followed by one line outage of 
the two transmission line for 200 ms response. These 
results illustrate that, the ANN controller is more 
reliable than conventional controller as it provides a 
good damping to the electro-mechanical modes of 
oscillations and all system variables quickly return to 
their initial values. 

 
6. CONCLUSION 

The paper presents an ANN-SVC methodology 
based PID-SVC controller as an alternative approach 
to improve the performance and the stability limits of 
the low inherent damping characteristics and the high 
hunting frequency SCG that equipped with 
conventional PID controllers in the governor loop. 
The data patterns are obtained from simple ANN-PID 
system trained on-line to overcome the conventional 
controllers fixed parameters problem. The used 
technique consists of two operations, the first 
operation is to obtain the pattern groups by simple 
on-line ANN and the second operation is to train the 
proposed ANN on the obtained patterns. So, this 
study uses two types of ANNs. The second trained 
ANN controller is the used one to control the system. 
The SVC is controlled either by conventional PID-
SVC or by ANN-SVC controllers. The simulation 
results show the adaptability, reliability and the 
effectiveness of the ANN-SVC controller over the 
conventional controller for various disturbances and 
at a wide range of operating conditions in terms of 
damping increase, system variables fast return to 
their initial values. 

∆ LineP
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Fig. 5 The architecture of one ANN 

ANN1
Kps

ANN Controller

∆ LineP
∆ LineQKis

Kds

ANN2

ANN3




•
•

 
Fig. 6 The ANN controller with all components 
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(a) Kps Training 
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(b) Kis Training 
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(c) Kds Training 

Fig. 7 The training of PID parameters 
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APPENDICES 

Appendix A 
SVC Model: 
In this study, the SVC is equivalent to variable 
susceptance and its equivalent circuit is shown in Fig. 
(A-1). 

 

BL BC 

Ztrans 

jXsvc 

Vs 

Ztrans 
Is 

Ig It 

Vs 

 
Fig. (A-1) The SVC equivalent circuit 

Based on d-q axes rotate with the SCG rotor speed, 
the SVC nonlinear first-order differential equations 
could be: 



G. A. Morsy, R. A. Amer and H. A. Yassin, " SVC with ANN Controller for a Superconducting …" 

Engineering Research Journal, Minoufiya University, Vol. 34, No. 3, July 2011 
 

272 

o
sd td sd s sq s sq

s

ωI ( V I R I X )ωI
X


= - - + +  (A-1) 

o
sq tq sq s sd s sd

s

ωI ( V I R I X )ωI
X


= - - - -  (A-2) 

s ref svc
svc

s

K (α ) α
α

T
svc vu u

=
+ - -  (A-3) 

where, Xs=Xtrans+Xsvc, Rs=Rtrans, Ztrans= Rtrans+ jXtrans 

Xsvc=
C L

-1
B -B , L Lo

2 sin 2 -2B B ,π + α α
=

π  It= Ig + Is. 

Appendix B 
Superconducting Generator Parameters: 
2000 MVA, 1700 MW, 3000 rpm 
Xd=Xq=0.5457 p.u., XD1=XQ1=0.2567 p.u. 
XD2=XQ2=0.4225 p.u., Xf=0.541 p.u.,  Ra=0.003 p.u. 
Xfd=XfD1=XdD1=XdD2=XD1D2=0.237 p.u. 
XqQ1=XqQ2=XQ1Q2=0.237 p.u., XfD2=0.3898 p.u. 
RD1=RQ1=0.1008 p.u., RD2=RQ2=0.00134 p.u. 

Field time constant=750 sec.,  H=3 KW.s/KVA 
 
Transmission line parameters:  
XT=0.15 p.u., RT=0.003 p.u., XL=0.05 p.u.,RL=0.005 
p.u. 
 
Turbines And Governor System Parameters: 
THP= TGM=0.1 s, FHP=26%, TIP=0.1 s, FIP=42% 
TLP=0.3 s, FLP=32%, THR=10 s, Po=1.2 p.u.  
 
SCG’s PID Controller Parameters: 
Kp=0.1827, Ki=0.0001257, Kd=0.0723 
 
SVC Parameters: 
Rtrans=0.01 p.u., Xtrans=0.145 p.u., BC=BLo=1.0 p.u. 
αsvco=90o, 60o≤ αsvc ≤135o, Ks=1,Ts=0.05 sec., 
|uα|=10, Kv=50. 
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Fig. 8 System response to a 3-phase short circuit for 120 ms at lagging p.f. 
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Fig. 9 System response to a 3-phase short circuit for 277 ms at unity p.f. 
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Fig. 10 System response to a 3-phase short circuit for 280 ms at unity p.f. 

 

0 1 2 3 4
0

10

20

30

40

50

Time(Sec)

R
ot

or
 A

ng
le

(D
eg

)

0 1 2 3 4

-4

-2

0

2

4

Time(Sec)

S
pe

ed
 D

ev
ia

tio
n(

ra
d/

se
c)

0 1 2 3 4
0

0.2

0.4

0.6

0.8

1

Time(Sec)
V

al
ve

 P
os

iti
on

(p
u)

 
 

Fig. 11 System response to 3-phase short circuit for 120 ms followed by one line outage for 200 ms at lagging 
p.f. 
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