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Abstract 

In this paper, a dynamic model of Unified 

Power Flow Controller (UPFC) is 

developed to improve the power transfer 

capability (PTC) through the transmission 

line. Improvement of the bus voltages 

profiles along with the reduction of total 

power losses is also intended with UPFC‘s 

presence. The UPFC shunt and series 

controllers are developed based on Fuzzy 

Logic (FL) which has been designed as a 

stand-alone module in MATLAB 

environment. Sinusoidal pulse width 

modulation (SPWM) technique is applied 

as a modulation technique to generate 

switching signals for the converter 

switches. The proposed UPFC controller is 

tested by using IEEE-5 and 14 bus systems 

with various case studies. The 

performance of the proposed controllers is 

also compared with different control 

methods. From the test results, significant 

improvement of PTC has been achieved 

with the minimization of total power 

losses. 

Keywords—UPFC; PTC; Fuzzy Logic 

Control; SPWM; Transmission Line; 

 Introduction 

The continuous expansion and up-

gradation of power system have become 

essential to satisfy the ever growing power 

demand due to limited energy resources, 

and deregulated electricity market. In 

addition, building new transmission lines 

to meet the increasing electricity demand 

has also been restricted by economic and 

environmental constraints. As a result, 

utilities are compelled to optimally utilize 

the existing resources which made the 

transmission lines overloaded followed by 

reduced stability, voltage variation 

increment and looped power flow. These 

issues have led the system planners to look 

for the new strategies to improve the 

power system performance with economic 

means to transfer bulk power. 
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As a solution to the mentioned issues, keen 

attention has been paid to Flexible 

Alternating Current Transmission System 

(FACTS) devices which are driven from 

modern power electronics components. 

Over last decade FACTS devices have 

been extensively used to improve PTC 

through the transmission lines and enhance 

system controllability resulting in 

minimizing power losses in transmission 

network. Among different types of FACTS 

devices UPFC has got the epic popularity. 

Since, it comprises with the actions of two 

FACTS devices which made it capable of 

voltage regulation, series compensation, 

and phase angle regulation simultaneously, 

lead to the discrete control of active and 

reactive power transmitted together 

through the line. In the past, several steady 

state model of FACTS devices such as for 

SVC, STATCOM, TCSC and UPFC have 

been proposed. These models were used in 

power system planning to enhance power 

transfer capability (PTC), reduce power 

losses and minimize voltage deviation. 

The models cannot be used to study real 

time operation of power system network. 

Therefore, it is essential to develop 

dynamic model of FACTS devices so that 

the real time analysis of power system 

network can be conducted. However, the 

biggest challenge of the real time 

applications of FACTS devices is the 

design of their internal controllers. 

Especially control system of UPFC 

because it is a multi-variable controller. If 

the control system of the shunt and the 

series converters of UPFC is such that the 

shunt converter is not able to meet the real 

power demand of the series converter, then 

the DC capacitor voltage might collapse 

resulting in the removal of the UPFC from 

the power system. Different control 

strategies for UPFC have been designed in 

the literatures. In , decoupled control 

method has applied to UPFC to control the 

active/reactive powers flow. Here, the 

transmission line current has divided into 

D-axis and Q-axis currents which control 

individually the real power and reactive 

power of the transmission line. However, 

because of the variation of the power 

system operating points the transmission 

parameters change continuously. 

Therefore, the performance of a 

decoupling control system may vary 

significantly depending on the operating 

point of power system network. By 

considering the variation of the power 

system parameters in another control 

algorithm for UPFC has been proposed 

based on cross-coupled method. The 

drawbacks of both decoupled and cross-

coupled based UPFC controller is the 

ignorance of the dynamics of the DC link 

capacitor while designing the control 

system. Also the interaction between the 

two converters has not eliminated 
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completely. To eliminate this interaction in 

another controller for UPFC based on 

coordination control of real and reactive 

powers has proposed. Though the problem 

of interaction has overcome but the 

shortcoming of this strategy is the 

complexity of the control system has 

increased. Two control loops (inner and 

outer) are required to regulate the real and 

reactive power flow. Afterwards simplified 

controllers for UPFC have been developed 

in where only a single loop has used to 

regulate each power system parameters. 

There is a common requirement of all the 

controllers discussed above is the need of 

output feedback control system for 

regulating the power system parameters. 

The problem in the design of an output 

feedback proportional-integral (PI) control 

system for UPFC is the presence of low 

margin of stability associated with the 

series inductance of the transmission line. 

Later on intelligent controllers with 

specific reference to fuzzy logic 

controllers or artificial neural network 

have been proposed to overcome the 

problem. UPFC has employed in to damp 

oscillation and improve transient stability 

where the controllers of both converters 

have been designed using ANN. But the 

difficulty of ANN based controller is to 

generate the training patterns of the 

controller for complex power system 

network. 

In contrast, FL controller is capable of 

solving complex problems whose system 

behavior is not well understood. Another 

advantage of FL controller is its robustness 

to system parameters and operating 

conditions changes. Different controllers 

for UPFC have been presented in, based 

on FL. However, all the UPFC‘s control 

methods are developed for the application 

of oscillation damping of power system 

network. Very few literatures are reported 

on FL based UPFC‘s application to 

enhance the power flow and maintain 

voltage profile of the system dynamically. 

Dynamic flow of power is analyzed using 

FL based UPFC where only shunt 

converter has designed with FL. For series 

converter rotating orthogonal-coordinate 

method has used. However, during the 

shunt converter design, instead of taking 

sending end voltage as feedback signal it 

considered receiving end voltage as 

feedback.

 

Related Work 

This paper suggests a novel dynamic 

protection/control scheme with unified 
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power flow controller (UPFC) to prevent 

transmission system overload. A transient 

energy function (TEF) based model 

predictive control (MPC) methodology is 

developed to reduce control cost and 

enhance power grid resilience. Firstly, a 

TEF and an associated cost function of 

UPFCs are constructed based on AC 

dynamic model with transmission over-

current tripping model. Then the derived 

control constraint for MPC exploits the 

non-positive time derivative of the TEF 

with the accommodated admittance, which 

are optimally regulated by UPFC inputs, to 

mitigate dynamic current violation based 

on sensitivity analysis. With the proposed 

control method, the system can be driven 

to a stable state without current violation 

even if part of the UPFCs fails. Finally, the 

simulation results of 14 bus test case and 

118 bus test case demonstrate the 

effectiveness of our proposed method, as 

well as the advantage over conventional 

MPC method. 

Proposed Control Methodology 

Different from previous works, in this 

study a new control system for dynamic 

UPFC is proposed to enhance PTC and bus 

voltage profile, as well as to reduce power 

capacity loss. Both controllers of series 

and shunt converters of UPFC are 

developed using FL controller. By using 

FL controller, the problem of stability that 

usually occurs with PI controller based 

feedback control can be overcome. 

Furthermore, the application of FL 

controller reduced the complexity of 

UPFC‘s internal control system, which 

commonly occurs in conventional 

controllers such as decoupled and cross 

coupled controllers. In this study, 

MATLAB software is used to model and 

test the proposed UPFC controller. Since 

MATLAB doesn‘t provide FL toolbox, a 

new module for the FL is developed in C 

language. By using C, the simulation can 

be done within the MATLAB 

environment. The proposed UPFC 

controller is tested by using IEEE-5 and 14 

bus systems. 

In addition, comparative studies also have 

been conducted to prove the advantage of 

the proposed controller over different 

control methods of UPFC. The rest of the 

paper is organized as follows: Section 2 

focuses on UPFC model. Section discusses 

about the newly developed shunt and 

series control systems of UPFC along with 

the FL tool box design in MATLAB. 

Section 4presents the simulation results 

after connecting UPFC in two IEEE case 

studies including two comparative studies 

to prove the effectiveness of the proposed 

controller. The significant points of this 

paper are summarized in the conclusion. 

UPFC Model 

UPFC connects to the transmission line 

with shunt and series voltage source 
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converters (VSC) which are coupled via a 

common DC link. Normally, the shunt 

VSC is considered as STATCOM and 

series one as a static synchronous series 

compensator (SSSC). Low pass AC filters 

are connected in each phase to prevent the 

flow of harmonic currents generated due to 

switching. The transformers connected at 

the output of converters to provide the 

isolation, modify voltage/ current levels 

and also to prevent DC capacitor being 

shorted due to the operation of various 

switches. Insulated gate bipolar 

transmissions. 

 

Fig.1 UPFC Model 

UPFC Controller 

UPFC controller consists of two 

controllers namely series and shunt 

controller. The block diagrams of 

proposed shunt and series controllers are 

presented in Fig. 2(a) and (b) respectively. 

Shunt Controller 

To maintain the transmission line voltage 

at its reference value by absorbing or 

providing reactive power from the 

transmission line. To retain the voltage 

level of the DC link capacitor at its 

reference value by drawing real power 

from the line. The control algorithm of 

shunt converter build inside MATLAB 

software is given in represents the FL 

controllers of bus voltage and DC voltage 

to generate (Vmag_sh) and (angle_sh) 

PWM 

UPFC Shunt Controller Switches 

In order to control the bus voltage, 

sending-end voltage (Vs-measured) is 

measured instantly and subtracted from its 

reference value (Vs-reference) as per unit 

which reveals Vs-error. This error signal 

and the rate of change of error (Vs-error-

rate) have been given as inputs to a FL 

block. The FL block is built in MATLAB 

software by writing C-programming which 

is discussed at the later part of this section. 

The output of FL gives the magnitude of 

injected shunt voltage (Vmag-sh) in per 

unit. Similarly, DC link capacitor voltage 

(Vdc-measured) is also measured and 

subtracted from its reference value (Vdc-

reference) to get Vdc-error. Another FL 

with inputs error signal and the rate of 

change of error (Vdc-error-rate) are 

employed to obtain angle 

(angle-sh) in degree by multiplying it to 

180/p. Phase Locked Loop (PLL) extracts 

the phase angle of sending-end voltage (a-

s).The difference of these angles (a-s – 

angle-sh) and the magnitude (Vmag-sh) 

have used in ‗sin ()‘ function to obtain the 

reference signals for pulse width 
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modulation (PWM). In PWM block, the 

reference signals are compared with carrier 

(triangle) signal which has a switching 

frequency of 4.5 KHz. The outputs of the 

comparators are given as firing signals for 

the converter switches. 

Fuzzy Controller Rules 

The other input is error-rate which is one-

sampling before error values. 

 

The linguistic variables of error are LN 

(large negative), MN (medium negative), 

SN (small negative), Z (zero), SP (small 

positive), MP (medium positive), and LP 

(large positive). Similarly error rates are 

LN1 (large negative1), MN1 (medium 

negative1), SN1 (small negative1), Z1 

(zero1), SP1 (small positive1),MP1 

(medium positive1), and LP1 (large 

positive1). The linguistic variables of 

output are NB (negative big), NM 

(negative medium), NS (negative small), 

ZO (zero output), PS (positive small), PM 

(positive medium), and PB (positive 

big).Finally, de-fuzzification is carried out 

through weighted average to convert the 

fuzzy linguistic variable into real crisp 

values. For real power FL controller output 

variables are VSP (very small positive), SP 

(small positive), MPS (medium positive 

small), MP (medium positive), MPB 

(medium positive big).For reactive power 

FL the output linguistic variables are VBN 

(very big negative), BN (big negative), 

MNB (medium negative big), MN 

(medium negative), MNS (medium 

negative small), SN (small negative) and 

VSN (very small negative). Also, the 

universe of discourse is different for inputs 

and outputs in fuzzification process of 

both the FL controllers. the IF-THEN rules 

used in the two FLs for active and reactive 

powers. Basically, the UPFC controller 

will depend on the loading of the power 

system network. Whenever, there are 

changes in the loading, some adjustment of 

the membership of fuzzy logic controller 

are required. 

Performance of Proposed Methods 

Comparison among performance of 

proposed and different control methods of 

UPFC 

In this part, the performance of proposed 

controller are compared with the 

performances of different control methods 

based UPFCs to prove the robustness of 

the proposed controller. real and reactive 

power flow with the proposed FL based 

UPFC almost reached to the reference 

values which have set to 90W and 6 

MVAR respectively. Whereas the other 
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control methods based UPFC have 

performed less efficiently than the 

proposed method. In addition, the 

proposed FL based UPFC improved the 

voltage profile of the sending end bus 

closed to the reference value of 1.01 pu. 

However, UPFCs with other control 

methods cannot boost the UPFC bus 

voltage to the expected level. The 

percentage of accuracy level of the 

proposed UPFC control system is found 

always over 99% for controlling any 

power system parameters. On the other 

hand, the percentage of accuracy level for 

other UPFC control methods is below 

97.5%. Moreover, the reduction of real and 

reactive power capacity losses with FL 

based UPFC are observed higher than the 

rest of control systems based UPFCs. It is 

observed that with proposed FL based 

UPFC the reduction in real and reactive 

power capacity losses are 10.64% and 

12.5% respectively. However, the real 

power capacity losses for UPFCs designed 

with control methods are 6.2%, 7.01%, 

7.8% and 7.75% respectively. In terms of 

reactive power capacity losses the 

percentages of reduction are 5.04%, 6.6%, 

9.26% and 10.27% respectively. 

Comparison between performances of FL 

and PI based proposed UPFC controller 

Initially, without UPFC the reference 

values of bus voltage, DC capacitor 

voltage, real and reactive powers are set 

for both the case studies. The reference 

values of real and reactive are set to 

80MW and 6.55 MVAR respectively for 

IEEE-5 bus system. From the table it has 

been found that the real power flow with 

PI control based UPFC is 77.6MW while 

with FL based UPFC it has become 79.7 

MW. The flow of reactive power with PI 

and FL controlled UPFC is 6.7 MVAR and 

6.57 respectively. Both real and reactive 

power flow with FL based UPFC have 

reached closed to the reference values. In 

contrary, with PI based UPFC the power 

flow on the line always fall short from the 

reference values. The reasons for PI based 

UPFC‘s lacked performance is in PI based 

UPFC 4 PI controllers have been used For 

IEEE-14 bus system, the reference values 

of real and reactive power flow have fixed 

to 7.3MW and 9.375 MVAR respectively. 

The real power flow has found 6.9MW 

and 7.284MW with PI and FL based 

UPFC respectively where the flow of 

reactive power observed are 9.758 MVAR 

and 9.395 MVAR. In case of bus voltage 

profile enhancement FL based UPFC has 

exhibited better performance than PI based 

UPFC. 

Simulation Results 

Simulation has become a very powerful 

tool on the industry application as well as 

in academics, nowadays. it is now 

essential for an electrical engineer to 

understand the concept of simulation and 
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learn its use in various applications. 

Simulation is one of the best ways to study 

the system or circuit behavior without 

damaging it. The tools for doing the 

simulation in various fields are available 

amount of time and money in doing 

simulation before manufacturing their 

product. In most of the research and 

development (R&D) work, the simulation 

plays a very important role. without 

simulation it is quiet impossible to proceed 

further. It should be noted that in power 

electronics, computer simulation and a 

proof of concept hardware prototype in the 

laboratory are complimentary to each 

other. However computer simulation must 

not be considered as a substitute for 

hardware prototype. The objective of this 

chapter is to describe simulation of 

impedance source inverter with R, R-L 

AND RLE loads using MATLAB tool. 

 

Fig.3 Simulation of 14-Bus System 

simulation of three phase alternating 

current: In this diagram the input three 

phase alternating current is given to it is 

same. The output is obtained from FL 

controller after 0.1V.voltage is taken as 

reference. 

 

Fig.4 Three Phase 

Output voltage and current waveform: The 

output current is obtained from the 

transmission line .the x axis represent the 

time in secs and y axis represent voltage 

and current. The mitigated power is 

obtained after 0.1sec. 

 

Fig.5 Voltage and Waveform 

Active and Reactive Power Waveform: 

The output voltage and current waveform 

are appeared at 0.2sec, the x axis represent 

time in seconds and y axis represent the 

voltage and current in volts and amps. 
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Fig.6 Active and Reactive 

Conclusion 

In this paper, we proposed a Fuzzy logic 

Controller actuated by UPFCs for 

enhancing the power system dynamic 

security. The cost of UPFCs is reduced by 

FLC scheme under the security constraints 

derived from the proposed TEF. The 

transient energy function ( TEF) is 

constructed based on AC power system 

model and over current flow trip model, 

and the cost function of UPFCs is also 

established. The optimal adjustments of 

admittances are calculated by sensitivity 

analysis of TEF to mitigate the dynamic 

current violation, and a control constraint 

is obtained from TEF with the 

accommodated admittance. The simulation 

result shows our proposed method can 

make the system converge to a stable 

working point without current violation, 

and the dynamic current magnitude is 

decreased. Compared with conventional 

FLC, the current magnitude is lower, 

which makes the system safer. Thus, the 

application of TEF in dynamic corrective 

control with admittance regulation is 

effective. 
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