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                     Abstract 
 In this study, in order to design an e� ective controller, the static synchronous series compensator (SSSC) and Power System 
Stabilizer (PSS) are integrated. On the other hand, besides enhancing the transient constancy, a Teaching…Learning Based 
Optimization (TLBO) algorithm and Fuzzy Inference System (FIS) are implemented. The presented TLBO-FIS controller 
integrates the bene“ ts of a fuzzy controller, instant response, and ” exibility features of FIS. By considering and manipulat-
ing the produced database through the SSSC and PSS in the fuzzy controller, the structure of TLBO-FIS was trained. It is 
con“ rmed that the suggested SSSC and PSS controllers enhance the voltage pro“ le of the network under severe disturbances. 
The achieved results approved that the suggested TLBO-FIS controller based on SSSC and PSS has higher competency in 
the detection of position, and it has di� erent functions in di� erent operating circumstances. In addition, using the obtained 
result from the simulation, the performance of SSSC is compared with the previous lead-lag controller under various dis-
turbances, namely three-phase unbalanced faults and other unbalanced faults. Finally, the priority of the proposed approach 
to the comparison method is proved. 

   Keywords     Teaching…learning based optimization (TLBO)   �·  Single-machine in“ nite bus (SMIB)   �·  Fuzzy inference system 
(FIS)   �·  Power system stabilizer (PSS)   �·  Static synchronous series compensator (SSSC)  

      Introduction 

 If the large-scale energy networks are connected to weak 
tie lines, the frequency oscillations by low amounts are cre-
ated. In the case of insu�  cient damping, these oscillations 
have remained and cause power system separation (Grigsby 
 2012 ). Due to the signi“ cant enhancement of the energy 
electronics industry, the utilization of ” exible AC transmis-
sion system (FACTS) controllers in energy networks has 
increased. FACTS controllers have many signi“ cant features, 
namely controlling the condition of the system in a high-
speed manner, as well as improving the system's stability 
(Hingorani  2007 ). The static synchronous series compensa-
tor (SSSC) is considered a highly potential type of FACTS, 
that has the ability to operate in the series state within the 

transmission lines. Considering its changeability feature in 
capacitive and inductive conditions, the SSSC has higher 
e�  ciency in controlling the energy streams within energy 
networks (Kumar et�al.  2013 ). In (Sonfack et�al.  2019 ), in 
order to enhance the oscillation constancy of energy net-
works, an auxiliary stabilizing signal was implemented in 
the energy stream to control the performance of the SSSC. 
References (Li et�al.  2019 ; Murali et�al.  2010 ; Dieu Nguim-
fack-Ndongmo et�al.  2014 ; Ngamroo et�al.  2006 ) present the 
usage of SSSC for energy oscillation damping, consistency 
improvement, and operation frequency. 

 TLBO-FIS has been implemented in cost-e� ective elec-
tricity transmitting, power system stabilizers (PSS), and so 
on. The obtained outcomes con“ rmed the higher compe-
tency of TLBO-FIS in enhancing energy networks in both 
online and o�  ine states (Khuntia and Panda  2012 ; Rosle 
et�al.  2019 ; Fathy and Kassem  2019 ; Kamalasadan et�al. 
 2013 ). The suggested controller had been implemented 
and investigated in various disturbances during weak con-
nections in the power system of a single-machine in“ nite 
bus. The proposed model of energy network, which is 
presented in this research, is considered a simple type of 
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SSSC. Through observing simple networks, the key features 
of the controller are evaluated and tested, and the achieved 
results could be extended in large-scale networks of SSSC. 
In this research, the Teaching…Learning Based Optimization 
(TLBO) algorithm and Fuzzy Inference System (FIS) could 
be used in the device of series FACTS and static synchro-
nous series compensator (SSSC) and power system stabilizer 
(PSS). 

 The total structure of the SSSC controller is simulated in 
MATLAB/Simulink. The outcomes of this simulation are 
obtained from various operation states and di� erent distur-
bances to depict the pro“ ciency of the proposed controller. 
The obtained outcomes approved that the suggested TLBO-
FIS controller based on SSSC/PSS can minimize the voltage 
deviation consistency and consequently of the test network 
e�  ciently in comparison to other previous lead-delayed con-
trollers (Panda et�al.  2010 ). 

 The presented paper contributes signi“ cantly to the “ eld 
of power system stability by proposing an innovative tech-
nique the design of controllers The integration of the static 
synchronous series compensator (SSSC) and Power System 
Stabilizer (PSS) in conjunction with the Teaching…Learning 
Based Optimization (TLBO) algorithm and Fuzzy Inference 
System (FIS) demonstrates a comprehensive and e� ective 
control strategy. The TLBO-FIS controller, designed to 
enhance transient constancy, amalgamates the advantages 
of a fuzzy controller, instant response, and the ” exibility 
features of FIS. The training process involves manipulat-
ing the database produced through the fuzzy controllers of 
SSSC and PSS, resulting in a robust TLBO-FIS structure. 
The study a�  rms that the suggested SSSC and PSS control-
lers successfully improve the voltage pro“ le of the network 
under severe disturbances. Furthermore, the performance of 
the TLBO-FIS controller based on SSSC and PSS is shown 
to outperform a lead-lag controller in detecting position 
under various operating circumstances, such as three-phase 
unbalanced faults. Additionally, the paper compares the 
TLBO-FIS controller with the ANFIS controller, showcas-
ing the former's e� ectiveness in improving the transient con-
stancy of the network and demonstrating its suitability for 
voltage pro“ le enhancement in FACTS (Flexible AC Trans-
mission Systems). The proposed approach, with its simplic-
ity, e�  ciency, and cost-e� ectiveness, presents a promising 
contribution to the advancement of power system stability. 

 The contribution of the paper is as follow:

   1.      The paper integrates the SSSC and PSS with the TLBO 
algorithm and FIS to improve power system transient 
stability.   

  2.      The TLBO-FIS controller, blending fuzzy control ben-
e“ ts with FIS ” exibility, proves e� ective in enhancing 
voltage pro“ les during severe disturbances, impacting 
power system stability.   

  3.      A structured training process for the TLBO-FIS control-
ler, involving manipulating databases produced through 
SSSC and PSS fuzzy controllers, ensuring controller 
robustness is proposed.   

  4.      The SSSC and PSS controllers• performance against a 
lead-lag controller in detecting position during distur-
bances are compared.   

  5.      the TLBO-FIS controller against ANFIS are analyzed, 
highlighting its e�  cacy in improving transient stability 
and enhancing FACTS voltage pro“ les. The controller's 
simplicity and cost-e� ectiveness contribute signi“ cantly 
to power system stability.     

    Power network under�research 

   SMIB energy network by SSSC 

 Figure� 1  demonstrates an SMIB network using SSSC, which 
is used for designing and optimizing the damping controller 
on the basis of SSSC and is selected as a primary sample. 
The network integrates with a synchronous generator, and 
then it is linked to an in“ nite bus using a step-up transformer 
and an SSSC, which has a transmission line with a doubled 
circuit. The proposed generator is shown by applying a 6th-
order model and utilizes a governor and hydraulic turbine 
(HTC) and excitement network. The HTG consists of a non-
linear hydraulic turbine sample and a proportional integral 
derivative (PID) governor network. The excitation network 
is composed of a DC exciter regardless and voltage regula-
tor of the overload performance of the exciter (Baqui et�al. 
 2011 ). The transformer is de“ ned by T1, in“ nite bus volt-
ages and the generator terminal are denoted by  V R  and Vs, 
respectively; the voltage of each bus is shown with V1 and 
V2, DC voltage resources and SSSC converter output volt-
ages are de“ ned by  V DC  and  V cnv , respectively. As observed 
from Fig.� 1 , the line current is indicated by  I , cumulative 
active power transmission along the power line. is de“ ned 
via  P L .         

    Structure and control method of SSSC 

 An SSSC has been known as a voltage resource inverter, and 
the output power of an SSC is an AC voltage with control 
ability. It is linked in a series con“ guration to the energy 
transmission lines in the electricity network. The imported 
voltage volume and line current are de“ ned by Vq and I, 
which are in quadrature together. SSC operates as a capaci-
tive reactance or inductive in order to impact the power ” ow 
across transmission lines (Kumar et�al.  2013 ). The amount 
of compensation could be adjusted by altering the size and 
angle of  V q,  and it has the capability to be used in each of the 
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  Fig. 2       Multi-layer perceptron (MLP) in fuzzy mode  

  Table 1       De“ nition of Output 
Values in FIS (Kamalasadan 
et�al.  2013 )  

  INPUT1 (��)    INPUT2 (d(��)/dt)  

   HN      MiN      MaN      ZR      MaP      MiP      HP   

   HN      HN      HN      HN      HN     MiN    MiN    MaN  

   MiN     HN    MiN    MiN    MiN    MaN    MaN    ZR  

   MaN     HN    MiN    MiN    MiN    MaN    MaN    ZR  

   ZR     MiN    MaN    MaN    ZR    MaP    MaP    MiP  

   MaP     MaN    ZR    ZR    MaP    MaIP    MiP    MiP  

   MiP     ZR    MaP    MaP    MiP    MiP    MiP    HP  

   HP     MaP    MiP    MiP    HP    HP    HP    HP  

  Fig. 3       Surface view of the MFs  
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     Conclusions 

 In this study, the suggested TLBO-FIS controller based 
on the SSSC/PSS is compared with the ANFIS control-
ler is consider to improve the transient constancy of the 
power system. The active functions of the suggested 
SSSC/PSS controller in di� erent loading and disorder 
states were considered and associated. The pro“ ciency of 
the suggested SSSC-based for improving the consistency 
of energy networks was illustrated for SMIB energy net-
works. It is proved that the suggested SSSC/PSS-based 

supplies e� ective damping in energy network ” uctuation 
and highly optimizes the voltage pro“ le of the network. 

 This research sought to determine the optimal con“ gura-
tions of the TLBO-FIS controller to enhance the voltage pro-
“ le of FACTS. The controller's straightforward construction, 
signi“ cant capabilities, and cost-e� ectiveness make it a viable 
choice. 

  Fig. 8       L-L speed deviation error  

  Fig. 9       L-L-LG speed deviation error  
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         Appendix 

    System parameters 

  Generator    Excitation systems  

  Nominal 
powers  

  2150 MVA    Low-pass 
“ lter time 
constant  

  0 . 023 s  

  Generator    Excitation systems  

  Nominal 
voltage  

  13 . 9 kv    Regulator 
gains  

   K   A   = 210  

  Nominal 
frequency  

  60 Hz    Time con-
stants  

   T   A   = 0 . 0012s  

  Reactance     X   d   = 1 . 310, 
 X   d �•  = 0 . 297, 
 X   d �•�•  = 0 . 256, 
 X   q   = 0 . 485, 
 X   q �•  = 0 . 236, 
 X   q �•�•  = 0 . 185  

  Exciter 
gains  

   K   e   = 1  

  Fig. 10       Injected Voltage (Vq)  

  Fig. 11       L-G speed deviation error  
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  Generator    Excitation systems  

  Time con-
stants  

   T   d   = 1 . 01 s, 
  T   �• d   = 0 . 053 s, 

 T   qo  �•�•  = 0 . 1 s  

  Time con-
stants  

  0s  

  Stator resist-
ance  

   R   S   = 2 . 8632 eŠ3    Transient 
gain 
reduction  

   T   b   = 0,  T   c   = 0  

  , Coe�  cient 
of inertia  

   H  = 3 . 63 s    Damping 
“ lter gains  

   K   f   = 0 . 0012  

  Poles     P  = 36    Time con-
stants  

  0.136s  

  Generator    Excitation systems  

   Hydraulic turbine and governor     Regulator 
output 
limits and 
gains  

   E   f  min  = 0, 
 E   f  max  = 7,  K   p   = 0  

  Servo-motor 
gains  

   Ka  = 3 . 357     Transformers   

  Time con-
stants  

   Ta  = 0 . 072    Nominal 
power  

   SB  = 2150 MVA  

  Fig. 12       L-L speed deviation error  

  Fig. 13       L-L G speed deviation error  
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  Generator    Excitation systems  

  Gate open-
ing limits  

   G min = 0 . 01, 
 G max = 0 . 97518, 
 Vg min = Š�0 . 1 
p . u ./ s, 
 Vg max = 0 . 1 
p . u ./ s  

  Winding 
connec-
tions  

   D 1 /Y   

  Generator    Excitation systems  

  Permanent 
droops  

   Rp  = 0 . 05    Winding 
parameters  

   V 1 = 13 . 8 kv,  
V 2 = 500 kv, 
 R 1 =  R 2 = 0 . 002, 
 L 1 = 0,  L 2 = 0 . 12  

  Fig. 14       Injected voltage (Vq)  

  Fig. 15       Speed deviation and angular speed deviation  
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