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Abstract 

This paper presents power flow optimization using UPFC 

based on neuro-fuzzy method for multi-machine power system 

stability. The controllers of power flow must be able to control 

both active and reactive power flow without reducing the 

stability of the power system. The recent power flow 

technology is the use of a Unified Power Flow Controller 

(UPFC). The common transmission line parameters, i.e. 

impedance, voltage, and phase angle, can be controlled 

simultaneously by the UPFC. UPFC could provide the 

different functions when the inserted voltages have different in 

magnitudes and phase angles. In the literature, some traditional 

techniques used in UPFC are still firmly with logic. These 

techniques have difficulties to multi-machine systems which is 

very dynamic. Therefore, the method based on neuro-fuzzy is 

implemented to the adaptive UPFC for adaptively controlling 

the power flow in dynamic multi-machine system in this study. 

The three phase fault is done to the multi-machine system. The 

adaptive neuro-fuzzy UPFC controller show that the overshoot 

occurred during the fault is low.  

Keywords— Power flow, optimization, power system 

stability, UPFC, fuzzy logic controller, neural networks. 

 

INTRODUCTION 

In recent decade, modern power systems are characterized by 

extensive system interconnections and increasing of capacity 

[1]-[5]. There is dependence on control for optimum utilization 

of existing resources. The supply of economic and reliable of 

electric energy is a major determinant of industrial progress 

and consequent rise in the standard of living. The electrical 

power systems growth in the next will rely on increasing the 

capability of existing power transmission systems rather than 

building the new power transmission lines and the power 

stations for an economical and an environmental reasons [6]-

[8]. The need of the new controllers for power flow, which is 

capable of increasing the power transmission reliability and 

controlling the power flow through the predefined corridors, 

will be increased due to the deregulation of the markets 

electricity energy [9]-[12]. In 1980s, the Flexible Alternating 

Current Transmission Systems (FACTS) is an evolving 

technology based solution to help the electric utilities fully 

utilize their power transmission assets [13]. The devices of 

FACTS enhance the stability of the electric power system 

with its fast control characteristics and continuous 

compensating capability. The main objectives of FACTS are 

the controlling of the load flow and increasing the capacity of 

power transmission of the existing transmission lines [14]-

[17]. 

The utilization of the power system comes into optimal 

condition. The controllability of the power system is 

increased with these aims. The Unified Power Flow 

Controller (UPFC) is the member of FACTS device [18]-

[19].  It has emerged for the controlling and the optimization 

of load flow in the power transmission systems [20]-[25]. 

The UPFC formed of the combination of two other FACTS 

devices namely as Static Synchronous Compensator 

(STATCOM) and the Static Synchronous Series 

Compensator (SSSC). The STATCOM and SSSC are 

connected to each other by a common DC link, which is a 

typical storage capacitor. The all parameters of the electrical 

power transmission line, i.e. voltage, impedance, and phase 

angle can be control simultaneously by the UPFC. In 

addition, it can perform the control function of the power 

transmission line real/reactive power flow, UPFC bus voltage 

and the shunt-reactive-power flow control [26]. 

The mechanism of control has an important effect on the 

performance of UPFC. There are several control mechanisms 
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are used in UPFC models. A fuzzy inference system (FIS), 

which is described in matrix form, is recommended and used to 

improve the dynamic control of real and reactive power [27]-

[29]. The fuzzy logic controllers (FLC) based on Mamdani 

type fuzzy logic are used in the study. One of the controllers is 

proportional fuzzy logic controller while the other is Hybrid 

fuzzy logic UPFC. The selection of the best location for UPFC 

is studied and composite-criteria based fuzzy logic is used to 

evaluate the network contingency ranking [30]-[32]. The 

power fluctuation is damped rapidly and the reactive power is 

minimized as possible by using several time constants. There is 

no value changed in the active power. The control method of 

variable interval-fuzzy-mutual is used in the mechanism of 

control in the UPFC [33]-[34]. In the results, there is a high 

overshoot occurred both real power and bus voltage during the 

three phase faults applied. The active power is increased but 

there is no changed in the reactive power. The performance of 

UPFC is observed by the three different controllers [35]-[37]. 

In results of the study, the variation of the real power direction 

can be observed easily. The reactive power is kept at zero 

because of there is no reactive power in the power system.  

In our study, the capability of UPFC on controlling of the 

power flow and the effectiveness of controllers on performance 

of UPFC in the power transmission line are performed by using 

different control mechanisms. The controllers are based on PI 

and neuro-fuzzy controllers. In the fuzzy logic controller 

(FLC), Takagi-Sugeno Inference System is used in the decision 

making process and “Weighted Average” method. The special 

case of Mamdani model is used in the process of 

defuzzification. The UPFC model is created in Matlab-

Simulink software.  

 

Power Flow Optimization 

The power flow optimization methods are broadly classified as 

traditional and intelligent based method. The traditional 

methodologies include the popular techniques like Newton 

method, Gradient method, Quadratic Programming method, 

Linear Programming method and Interior point method. The 

intelligent based methodologies include the recently developed 

and popular methods like Ant Colony, Genetic Algorithm, and 

Particle swarm optimization. 

In a power flow optimization method, the values of all of the 

control variables need to be found so as to optimize as an 

objective function. It is also important that the common 

problem definition with clearly stated objectives be given at 

the onset. The solution quality is depends on the accuracy of 

the model that are studied. The objectives function must be 

modeled and its practicality with possible solutions. 

The objective function takes various forms like as power 

transmission losses   and   power reactive   source   allocation. 

The objective function of interest is usually the minimization 

of total cost of scheduled generating units. This is the most 

used as it reflects the current economic dispatch practice and 

importantly cost related aspect is always ranked high among 

operational requirements in an electrical power systems. 

A power flow optimization aims to optimize a certain 

objective, subject to the network power flow equations and 

equipment operating limits. The optimum condition is 

obtained by adjusting the available controls to minimize an 

objective function subject to specified operating and security 

requirements. Some objective functions can be identified as 

below: 

1. Active power objectives, i.e., 

a.  Economic dispatch (losses,minimum cost, power 

generation or transmission losses); 

b.  Environmental dispatch; and 

c.  Maximum power transfer; 

2. Reactive power objectives, i.e., 

a.  Power loss minimization; and 

b.  MVAr loss minimization; 

3. General goals, i.e., 

a. Minimum deviation from a target schedule; 

b. Minimum control shifts to alleviate violations; and 

c. Least absolute shift representation of control shift. 

Among the above, the following objectives are most 

commonly used, i.e., 

1. Active power cost optimization;  

2. Active power loss minimization; and 

3.  Reactive power planning to minimize the cost of reactive 

power support. 

 

UPFC in Multi-machine Power System 

Typically, a Unified Power Flow Controller (UPFC) consists 

of 2 forced-commutated voltage source converters (VSC) 

which is connected through a common DC link [4]. A UPFC 

is a device for providing fast-acting reactive power 

compensation on high-voltage electricity transmission lines. 

It uses a pair of three-phase controllable bridges to produce 

current that is injected into a power transmission line using a 

series transformer. The controller can control both active and 

reactive load flows in a transmission line. A converter is 

shunt-connected and the other one is connected in series with 

the transmission network, as illustrated in Figure 1. UPFC 

will provide different functions when the inserted series 

voltages vs have different magnitudes and phase angles. 

UPFC will function as a regulator if the inserted series 

voltage is in phase with the AC bus voltage. It is also 

possible to function as a phase angle regulator.  
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Figure 1. Components of UPFC  

 

Typical of UPFC in power system is shown in Figure 2. Each 

UPFC converter can separately generate or absorb reactive 

power. This position enables the free flow of active power in 

either direction between the AC terminals of the 2 converters. 

The series branch of the UPFC controls active and reactive 

load flows in the transmission line by the amplitude and phase 

angle of the series injected voltage. The active power controller 

can significantly affect the reactive power flow and vice versa.  

 

 

 

Figure 2. Typical of UPFC in power system   

 

In order to improve the performance of the UPFC, the 

interaction between the active and reactive load flow control 

system must be reduced. A number of investigations have been 

carried out to demonstrate the capabilities of UPFC as an 

effective load flow control [4], providing voltage control [15], 

transient stability enhancement [16], and oscillation damping 

[17]-[19]. The strong dynamic interaction exists between the 

active and reactive power flows through a transmission line 

when they are controlled by series injected voltage vs of the 

UPFC has been reported in the literature. UPFC is highly 

nonlinear because it consists of converters, transformers, 

filters and surge arrestors.  

 

Adaptive Neuro-Fuzzy Method 

Adaptive neuro-fuzzy approach has been became a popular 

method in control area during the last three decades, 

especially in power system. a brief description of the 

adaptive neuro-fuzzy inference system (ANFIS) is given in 

this part [4]-[15]. The basic structure of the type of fuzzy 

inference system could be seen as a model that maps input 

characteristics to input membership functions. Then it maps 

input membership function to rules to a set of output 

characteristics. Finally it maps output characteristics to 

output membership functions. 

ANFIS has been considered only fixed membership functions 

that were chosen arbitrarily. Fuzzy inference system is only 

applied to only modeling whose rule construction is 

essentially predetermined by the user's interpretation of the 

characteristics of the variables. On several modelling 

situations, it cannot be distinguish what the membership 

functions should look like simply from looking at data is. In 

such case the necessity of the ANFIS is becomes obvious.  

The ANFIS learning method works similarly to that of neural 

networks. The learning techniques provide a method for the 

fuzzy modelling procedure to learn information about a data 

set. A network structure similar to that of a neural network 

can be used to interpret the input and output map so it maps 

inputs through input membership functions and associated 

parameters, and then through the output of membership 

functions and associated parameters to outputs. All 

parameters which are associated with the membership 

functions changes through the learning process. The 

computation of these parameters is facilitated by a gradient 

vector. The gradient vector provides a measure of how well 

the FIS is modelling the input and/or output data for a given 

set of parameters. Once the gradient vector is obtained, 

several optimization routines can be applied in order to adjust 

the parameters to reduce some error measure. This measure is 

usually defined by the sum of the squared difference between 

actual and desired outputs. 
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Figure 3. The model of Sugeno’s fuzzy system 

 

 

 

 
Figure 4. The typical architecture of the ANFIS 

 

 

Figure 3 shows the model of Sugeno’s fuzzy system while 

Figure 3 shows the typical architecture of the ANFIS. The 

network is consisting of inputs, with N neurons in the input 

layer and F input membership functions for each input, with 

F*N neurons in the fuzzification layer. In the inference and 

defuzzification layers, there are FN rules with FN neurons 

while one neuron in the output layer. In order to simplicity, it is 

assumed that the fuzzy inference system under consideration 

has two inputs x and y and one output z as shown in Figure 4. 

For a Sugeno fuzzy model, an appropriate rule set with two 

fuzzy rules is the following: 

If x is A1 and y is B1, Then f1 = r1        (1) 

If x is A2 and y is B2, Then f2 = r2        (2) 

The output of the node i-th in layer n of ANFIS architecture 

is denoted as On,i. 

Layer 1. Every node i in this layer is a square node with the 

function of node are: 

𝑂𝑖
1 = Ai(x), for i = 1, 2,              (3) 

 or,  

𝑂𝑖
1 = Bi-2(y), for i = 3, 4            (4) 
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where x is the input of node-i, and Ai is the linguistic label 

which is associated with this node function. Commonly Ai(x) 

is chosen to be bell-shaped with maximum equal to 1 and 

minimum equal to 0, such as the generalized bell function 

below: 

 

i

i

i

A 2b

a
cx

1

1(x)μ







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
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          (5) 

 

The Parameters in this layer is called as the premis parameters. 

Layer 2. In this layer, every node is a circle node labeled Π 

which multiplies the incoming signals and sends the product 

out. The equation of this layer is: 

 

𝑂𝑖
2 = wi = Ai(x) x B(y),  i = 1, 2.          (6) 

 

Layer 3. In this layer, every node is a circle node labeled N. 

The node i-th calculates the ratio of i-th rule’s firing strength to 

the sum of all rules firing strengths: 

21

i3

i
ww

w
wO


 ,   i = 1, 2.            (7) 

The outputs of this layer of ANFIS will be called normalized 

firing strengths. 

Layer 4. In this layer, every node i is a square node with a node 

function: 

 

)iiiiii
4
i ryqx(pwfwO 

         (8) 

where iw  is the layer 3 output and {pi, qi, ri} is the parameter 

set. The Parameters in this layer is called as the consequent 

parameters. 

Layer 5. In this layer, the single node is a circle node labeled Σ 

that computes the overall output as the summation of all 

incoming signals. The equation of this layer is below, 

 ii

5

i fwO                       (9) 

 

 

RESEARCH METHODOLOGY  

The stages of this research are described in Fig. 5. The 

simulation test based on Matlab software package is selected in 

this work. The Matlab is used as the main engineering tool for 

performing modeling and simulation of multi-machine 

systems. Matlab has been chosen due to the powerful set of 

programming tools, signal processing, numerical functions, 

and convenient user-friendly interface in this software tools. In 

this study, it is specially developed the evaluation procedures 

which can be easily performed. This study also used Fuzzy 

logic Toolbox of Matlab to develop the ANFIS model with 

three inputs and single output as given in Fig. 7. 

 

Figure 5. Stages of the research 

 

 

SIMULATION RESULTS AND DISCUSSION 

Adaptive Neuro-Fuzzy for UPFC  

The design of the Adaptive Neuro-Fuzzy for load flow 

control using UPFC is following three steps, i.e.: 

a.  Generation of the training data. 

 The limit of input parameters should be determined 

precisely. The parameters are obtained from sending end 

in a power transmission system network. Due to limited 

the availability of practical fault data of transmission 

lines, it is necessary to generate training data using 

simulation. In order to generate data for the typical power 

transmission system, a computer program have been 

designed to collecting training data for different faults.  

b.  Selection of an appropriate Adaptive Neuro-Fuzzy 

structure for a given application. 

Start 

Literature study 

Create the multimachine power system model 

Create the UPFC Based on Neuro-Fuzzy  

Examine the UPFC Based on Neuro-Fuzzy 

 

Examine the short circuit fault on  

the multimachine without ANFIS-UPFC 

Examine 

other UPFC? 
Yes 

No 

Analyze performance of the ANFIS-UPFC 

Conclusion 

Finish 

Examine the short circuit fault on  

the multimachine with ANFIS-UPFC 
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 The various of Adaptive Neuro-Fuzzy have been designed 

for UPFC to extend stability limits by modulating generator 

excitation to provide damping to the oscillation of 

synchronous machine rotors relative to one another. The 

membership function as an inputs variable for UPFC is 

shown in Figure 6, while the structure of Adaptive Neuro-

Fuzzy for UPFC is shown in Figure 7. 

c.  Training the Adaptive Neuro-Fuzzy. 

 Various configurations of power network were trained in 

order to establish an appropriate network with satisfactory 

performances.  

 

 
 

 
Figure 6. Membership function of ANFIS-UPFC Inputs Variable 

 

 

 
 

Figure 7. The structure of ANFIS for UPFC 

 

 

UPFC Model in Multi-machine System 

In this work, a model of a multi-machine power system in 

Matlab-Simulink software is developed. An UPFC in this 

system has been used to control the power flow in a 500 kV 

/230 kV transmission systems, as shown in Figure 8. The 

power transmission network is connected in a loop 

configuration which is consists of five buses (B1 to B5) 

interconnected through three power transmission lines (L1, L2, 

L3) and two 500 kV/230 kV power transformer banks Tr1 and 

Tr2. Two power generators have been located on the 230 kV 

systems to generate of 1500 MW which is transmitted to a 

500 kV transmission line. In the system, the 15000 MVA 

equivalent and to a 200 MW load connected at bus B3, as 

shown in Figure 8. For this simulation, a contingency case 

where only two power transformers out of three are available 

(Tr2= 2*400 MVA = 800 MVA) is considered. The power 

flow simulation has been shown that most of the power 

generated by plant #2 is transmitted through the 800 MVA 

transformer bank (899 MW out of 1000 MW) and that 96 
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MW is circulating in the loop. As can be seen in Figure 8, the 

transformer Tr2 is overloaded by 99 MVA. The simulation also 

illustrates how a UPFC can relieve this power congestion. The 

ANFIS-UPFC which is design in this study located at the right 

end of line L2 is used to control both the real and reactive 

powers at the 500 kV bus B3, as well as the voltage at bus 

B_UPFC. The ANFIS-UPFC consists of two 100 MVA, 

IGBT-based, converters (one shunt converter and one series 

converter interconnected through a DC bus). By the ANFIS-

UPFC system, the converter in series arrangement can inject 

a maximum of 10% of nominal line-to-ground voltage (28.87 

kV) in series with line L2. 

 

 

Figure 8. A UPFC model in power transmission systems 

 

 

The symmetrical three phase fault is applied to the multi-

machine system as shown in Figure 8. The converter in series 

arrangement is rated 100 MVA with a maximum voltage 

injection of 0.1 pu while the shunt converter is rated of 100 

MVA. The shunt converter is set in voltage regulation mode 

while the series converter is set in power flow control mode. 

The ANFIS-UPFC dynamic responses to changes in load of 

power system from 587 MW to 687 MW are shown in Figure 

9. The ANFIS-UPFC reference both real and reactive powers 

are set in the magenta blocks labeled Pref(pu) and Qref(pu). 

In initial simulation, the bypass breaker is in closed circuit 

and the resulting natural load flow at bus B3 is 587 MW and 

-27 Mvar. The Pref block is set in an initial active power of 

5.87 pu correlated with the natural load flow. At t=10s, the 

real power of Pref is increased by 1 pu (100 MW), from 5.87 

pu to  6.87 pu while Qref is kept constant at -0.27 pu. 
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Figure 9. ANFIS-UPFC dynamic responses to changes in load of power system from 587 MW to 687 MW 

 

 

 
Figure 10. Results of ANFIS-UPFC control for active power through bus B3 and B4  
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Further results of this work are shown in Figure 10. In the 

figure, it has been shown that the ANFIS-UPFC dynamic 

response to changes in load of power system from 587 MW to 

687 MW. The figure also shows the controllability region of 

ANFIS-UPFC. The simulation results of ANFIS-UPFC for real 

power through bus B3 and B4 with tap position changes of 

PST which is shown in Figure 8, it can be seen that the ANFIS-

UPFC is able to provide a response that controls the load flow. 

As can be seen in Figure 10 the action of ANFIS-UPFC is very 

attractive in damping power oscillations. In this design also 

included the role of adaptive neuro-fuzzy with FIS structure in 

order to control the generator in the event of changes in the 

electrical load so that power oscillations that occur can take 

place in a short time. 

 

CONCLUSION 

In this work, the adaptive neuro-fuzzy based method is applied 

to the UPFC for controlling the power flow in multi-machine 

electric power transmission system. The symmetrical three 

phase fault is applied to the multi-machine system in order to 

show the robustness of the ANFIS-UPFC. The results 

simulation is taken to be consideration of adaptive neuro-fuzzy 

controller. The controller has shown a low overshoot occurred 

during the fault in results. By results of simulation, it has been 

shown that ANFIS-UPFC improves the system performance 

under the transient and the normal conditions. However, 

ANFIS-UPFC can control the power flow in the multi-machine 

power system effectively.  
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