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Abstract 

This paper proposed real and reactive power controlled by using SVPWM for 

a five level unified power flow controller (UPFC). The basic control for the 

five levels UPFC is such that the series converter of the five levels UPFC 

controls the transmission line real/reactive power flow and the shunt 

converter of the five levels UPFC controls the five levels UPFC bus 

voltage/shunt reactive power and the DC link capacitor voltage. In steady 

state, the real power demand of the series converter is supplied by the shunt 

converter of the five levels UPFC. To reduced reactive power and total 

harmonic distortion (THD) by using SVPWM for a five levels UPFC. The 

SPWM using for five levels UPFC the reactive power demand is 10MVAR 

and total harmonic distortion (THD) is 9.01% occurred. For this reason 

SVPWM is proposes to reduced reactive power demand 9.5MVAR and total 

harmonic distortion (THD) 4.85%. A new SVPWM for a five level UPFC has 

been designed to limit excessive voltage excursions during reactive power 

transfers. PSCAD-EMTDC simulation results have been presented to show 

the improvement in the performance of the five levels UPFC control with the 

proposed reactive power and total harmonic distortion.  

Index Terms:   Unified power flow controller (UPFC), Shunt converter, 

Series converter, Synchronous d-q frame, Space vector PWM, DC link 

capacitor, PI controller. 

I.INTRODUCTION 

 UPFC is the most comprehensive 

multivariable flexible ac transmission 

system (FACTS) controller. Simultaneous 

control of multiple power system variables 

with UPFC possessed enormous difficulties. 

In addition, the complexity of the UPFC 

control increases due to the fact that the 

controlled and the control variables interact 

with each other. UPFC which consists of a 

series and a shunt converter connected by a 

common dc link capacitor can 

simultaneously perform the function of 

transmission line real/reactive power flow 

control in addition to UPFC bus 

voltage/shunt reactive power control [1]. 

 The shunt converter of the UPFC 

controls the UPFC bus voltage/shunt 

reactive power and the dc link capacitor 

voltage. The series converter of the UPFC 

controls the transmission line real/reactive 

power flows by injecting a series voltage of 

adjustable magnitude and phase angle. The 

interaction between the series injected 

voltage and the transmission line current 

leads to real and reactive power exchange 
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between the series converter and the power 

system.  

 Under steady state conditions, the 

real power demand of the series converter is 

supplied by the shunt converter. But during 

transient conditions, the series converter real 

power demand is supplied by the dc link 

capacitor. If the information regarding the 

series converter real demand is not conveyed 

to the shunt converter control system, it 

could lead to collapse of the dc link 

capacitor voltage and subsequent removal of 

UPFC from operation.  

 Very little or no attention has been 

given to the important aspect of coordination 

control between the series and the shunt 

converter control systems [2]–[15]. The real 

power coordination discussed in [15] is 

based on the known fact that the shunt 

converter should provide the real power 

demand of the series converter. In this case, 

the series converter provides the shunt 

converter control system an equivalent shunt 

converter real power reference that includes 

the error due to change in dc link capacitor 

voltage and the series converter real power 

demand.  

 The control system designed for the 

shunt converter in [15] causes excessive 

delay in relaying the series converter real 

power demand information to the shunt 

converter. This could lead to improper 

coordination of the overall UPFC control 

system and subsequent collapse of dc link 

capacitor voltage under transient conditions. 

This is due to the fact that any change in 

transmission line reactive power flow 

achieved by adjusting the magnitude/phase 

angle of the series injected voltage of the 

UPFC is actually supplied by the shunt 

converter.  

 This aspect of UPFC control has also 

not been investigated [2]–[15]. The SPWM 

using for five levels UPFC the reactive 

power demand is 10MVAR and total 

harmonic distortion (THD) is 9.01% 

occurred. In this paper proposes real and 

reactive power controlled by using SVPWM 

for a five level unified power flow controller 

(UPFC). The basic control for the five levels 

UPFC is such that the series converter of the 

five levels UPFC controls the transmission 

line real/reactive power flow and the shunt 

converter of the five levels UPFC controls 

the five levels UPFC bus voltage/shunt 

reactive power and the DC link capacitor 

voltage.  

 In steady state, the real power 

demand of the series converter is supplied 

by the shunt converter of the five levels 

UPFC. To the reduced reactive power and 

total harmonic distortion (THD) using by 

SVPWM for a five levels UPFC. For this 

reason SVPWM is proposes to reduced 

reactive power demand 9.5MVAR and total 

harmonic distortion (THD) 4.85%.  

 A new SVPWM for a five level 

UPFC has been designed to limit excessive 

voltage excursions during reactive power 

transfers. PSCAD-EMTDC simulation 

results have been presented to show the 

improvement in the performance of the five 

levels UPFC control with the proposed 

reactive power and total harmonic distortion. 
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Fig.1. De-coupled D-Q axis shunts converter 

control system. 

II. CONTROL STRATEGY FOR UPFC 

A. Shunt Converter Control Strategy 

 The shunt converter of the UPFC 

controls the UPFC bus voltage/shunt 

reactive power and the dc link capacitor 

voltage. In this case, the shunt converter 

voltage is decomposed into two components. 

One component is in-phase and the other in-

quadrature with the UPFC bus voltage. De-

coupled control system has been employed 

to achieve simultaneous control of the UPFC 

bus voltage and the dc link capacitor 

voltage.  

B. Series Converter Control Strategy  

 The series converter of the UPFC 

provides simultaneous control of real and 

reactive power flow in the transmission line. 

To do so, the series converter injected 

voltage is decomposed into two components. 

One component of the series injected 

voltage is in quadrature and the other in-

phase with the UPFC bus voltage. The 

quadrature injected component controls the 

transmission line real power flow. This 

strategy is similar to that of a phase shifter.  

 The in-phase component controls the 

transmission line reactive power flow. This 

strategy is similar to that of a tap changer.  

1. BASIC CONTROL SYSTEM  

A. Shunt Converter Control System Fig. 1 

shows the de-coupled control system for the 

shunt converter. The D-axis control system 

controls the dc link capacitor voltage and the 

Q-axis control system controls the UPFC 

bus voltage /shunt reactive power.  

 The details of the de-coupled control 

system design can be found in [16], [17]. 

The de-coupled control system has been de- 

signed based on linear control system 

techniques and it consists of an outer loop 

control system that sets the reference for the 

inner control system loop. The inner control 

system loop tracks the reference. 

 
Fig.2. Series converter real and reactive 

power flow control system. 

 
Fig.3. UPFC connected to a transmission 

line. 
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B. Series Converter Control System Fig. 2 

shows the overall series converter control 

system. The transmission line real power 

flow  is controlled by injecting a 

component of the series voltage in 

quadrature with the UPFC bus voltage

 . The transmission line reactive 

power is controlled by modulating the 

transmission line side bus voltage reference 

 . The transmission line side bus 

voltage is controlled by injecting a 

component of the series voltage in-phase 

with the UPFC bus voltage [18].  

III. REAL AND REACTIVE POWER 

COORDINATION CONTROLLER 

A. Real Power Coordination Controller  

 To understand the design of a real 

power coordination controller for a UPFC, 

consider a UPFC connected to a 

transmission line as shown in Fig. 3. The 

interaction between the series injected 

voltage and the transmission line current 

leads 

 
Fig.4. D-axis shunts converter control 

system with real power coordination 

controller. 

to exchange of real power between the series 

converter and the transmission line. The real 

power demand of the series converter          

causes the dc link capacitor voltage to ei- 

ther increase or decrease depending on the 

direction of the real power flow from the 

series converter.  

 This decrease/increase in dc link 

capacitor voltage is sensed by the shunt 

converter controller that controls the dc link 

capacitor voltage and acts to 

increase/decrease the shunt converter real 

power flow to bring the dc link capacitor 

voltage back to its scheduled value. 

Alternatively, the real power demand of the 

series converter is recognized by the shunt 

converter controller only by the 

decrease/increase of the dc link capacitor 

voltage      .  

 Thus, the shunt and the series 

converter operation are in a way separated 

from each other. To provide for proper 

coordination be- tween the shunt and the 

series converter control system, a feed- back 

from the series converter is provided to the 

shunt converter control system. The 

feedback signal used is the real power 

demand of the series converter      .  

 The real power demand of the series 

converter is converted into an equivalent D-

axis current for the shunt converter    . By 

doing so, the shunt converter responds 

immediately to a change in its D-axis 

current and supplies the necessary series 

converter real power demand. The 

equivalent D-axis current      is an additional 

input to the D-axis shunt converter control 

system as shown in Fig. 4.  

 Equation (1) shows the relationship 

between the series converter real power 

demand        and the shunt converter D-axis 

current 
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 The real power demands of the series 

converter   is the real part of product of the 

series converter injected voltage    and the 

transmission line current.     Represent the 

voltage of the bus to which the shunt 

converter is connected and the equivalent 

additional D-axis current that should flow 

through the shunt converter to supply the 

real power demand of the series converter. 

As shown in Fig. 4, the equivalent D-axis 

additional current signal     is fed to the inner 

control system, thereby increasing the 

effectiveness of the coordination controller. 

 
Fig.5. Shunt converter Q-axis controller 

with reactive power coordination controller 

 Further, the inner control system 

loops are fast acting PI controllers and 

ensure fast supply of the series converter 

real power demand by the shunt 

converter.  

B. Reactive Power Coordination Controller  

 The in-phase component of the series 

injected voltage which has the same phase 

as that of the UPFC bus voltage, has 

considerable effect on the transmission line 

reactive power and  the  shunt  converter 

reactive power. Any increase/decrease in the 

transmission line reactive power due to in-

phase component of the series injected 

voltage causes an equal increase/decrease in 

the shunt converter reactive power [19].  

 In short, increase/decrease in 

transmission line reactive power is supplied 

by the shunt converter. Increase/decrease in 

the transmission line reactive power also has 

considerable effect on the UPFC bus 

voltage. The mechanism by which the 

request for transmission line reactive power 

flow is supplied by the shunt converter is as 

follows. Increase in transmission line 

reactive power reference causes a decrease 

in UPFC bus voltage.  

 Decrease in UPFC bus voltage is 

sensed by the shunt converter UPFC bus 

voltage controller which causes the shunt 

converter to increase its reactive power 

output to boost the voltage to its reference 

value.  

 The increase in shunt converter 

reactive power output is exactly equal to the 

increase requested by the transmission line 

reactive power flow controller (neglecting 

the series transformer      reactive power 

loss). Similarly, for a decrease in 

transmission line reactive power, the UPFC 

bus voltage increases momentarily.  

 The increase in UPFC bus voltage 

causes the shunt converter to consume 

reactive power and bring the UPFC bus 

voltage back to its reference value [20]. The 

decrease in the shunt converter reactive 

power is exactly equal to the decrease in 

transmission line reactive power flow 

(neglecting the reactive power absorbed by 

the series transformer).  

 In this process, the UPFC bus 

voltage experiences excessive voltage 

excursions. To reduce the UPFC bus voltage 
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excursions, a reactive power flow 

coordination controller has been designed. 

The input to the reactive power coordination 

controller is the transmission line reactive 

power reference. Fig. 5 shows the shunt 

converter Q-axis control system with the 

reactive power coordination controller. 

 The reactive power coordination 

controller is not reduced the total harmonic 

distortion (THD). For this reason introduced 

five level SPWM based UPFC [21]. The 

SPWM using for five levels UPFC the 

reactive power demand is 10MVAR and 

total harmonic distortion (THD) is 9.01% 

occurred. So that the five levels SPWM 

based UPFC have more THD and 

conduction losses for these causes using 

SVPWM for a five levels UPFC.  

2. Space Vector PWM Principle of Space 

Vector PWM  

 The circuit model of a typical three-

phase voltage source PWM inverter is 

shown in Fig. 6. S1 to S6 are the six power 

switches that shape the output, which are 

controlled by the switching variables a, a, b, 

b, c and c. When an upper transistor is 

switched on, i.e., when a, b or c is 1, the  

corresponding  lower  transistor  is  switched  

off,  i.e.,  the  corresponding  a,  b  or  c  is  

0. Therefore, the on and off states of the 

upper transistors S1, S3 and S5 can be used 

to determine the output voltage. 

 

Fig. 6 Three-phase voltage source PWM 

Inverter. 

 The relationship between the 

switching variable vector [a, b, c]t and the 

line-to-line voltage vector [Vab Vbc Vca]t is 

given by (2.1) in the following: 

 
 Also, the relationship between the 

switching variable vector [a, b, c]t and the 

phase voltage vector [Va Vb Vc]t can be 

expressed below. 

 
 In Fig. 6, there are eight possible 

combinations of on and off patterns for the 

three upper power switches. The on and off 

states of the lower power devices are 

opposite to the upper one and so are easily 

determined once the states of the upper 

power transistors are determined. According 

to equations (2.1) and (2.2), the eight 

switching vectors, output line to neutral 

voltage (phase voltage), and output line-to-

line voltages in terms of DC-link Vdc, are 

given in Table1 and Fig. 7 shows the eight 

inverter voltage vectors (V0 to V7). 
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Table.1. Switching vectors, phase voltages 

and output line to line voltages 

 
Fig. 7 The eight inverter voltage vectors (V0 

to V7). 

 Space Vector PWM (SVPWM) 

refers to a special switching sequence of the 

upper three power transistors of a three-

phase power inverter [22]. It has been shown 

to generate less harmonic distortion in the 

output voltages and or currents applied to 

provide more efficient use of supply voltage 

compared with sinusoidal modulation 

technique as shown in Fig. 8. 

 
Fig.8 Locus comparison of maximum linear 

control voltage in Sine PWM and SVPWM 

To implement the space vector PWM, the 

voltage equations in the abc reference frame 

can be transformed into the stationary dq 

reference frame that consists of the 

horizontal (d) and vertical (q) axes as 

depicted in Fig. 9. 

 
Fig.9 The relationship of abc reference 

frame and stationary dq reference frame.  

 As described in Fig. 9, this 

transformation is equivalent to an 

orthogonal projection of [a, b, c]t onto the 

two-dimensional perpendicular to the vector 

[1, 1, 1]t (the equivalent d-q plane) in a 

three-dimensional coordinate system. As a 

result, six non-zero vectors and two zero 

vectors are possible. Six nonzero vectors 

(V1 - V6) shape the axes of a hexagonal as 

depicted in Fig. 10, and feed electric power 

to the load.  

 The angle between any adjacent two 

non-zero vectors is 60 degrees. Meanwhile, 

two zero vectors (V0 and V7) are at the 

origin and apply zero voltage to the load. 

 The eight vectors are called the basic 

space vectors and are denoted by V0, V1, 

V2, V3, V4, V5, V6, and V7. The same 

transformation can be applied to the desired 

output voltage to get the desired reference 

voltage vector Vref in the d-q plane.  

 The objective of space vector PWM 

technique is to approximate the reference 

voltage vector Vref using the eight 

switching patterns [23]-[25]. One simple 
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method of approximation is to generate the 

average output of the inverter in a small 

period, T to be the same as that of Vref in 

the same period. 

 
Fig. 10 Basic switching vectors and sectors   

 

Therefore, space vector PWM can be 

implemented by the following steps:  

 Step 1. Determine Vd, Vq, Vref, and 

angle ( )  

 Step 2. Determine time duration T1, T2, 

T0  

 Step 3. Determine the switching time of 

each transistor (S1 to S6)  

Step 1: Determine Vd, Vq, Vref, and angle 

From Fig. 11, the Vd, Vq, Vref, and angle 

can be determined as follows: 

 

 
Fig. 11 Voltage Space Vector and its 

components in (d, q)  

Step 2: Determine time duration T1, T2, T0 

from Fig. 12, the switching time duration 

can be calculated as follows:  

 Switching time duration at Sector 1 

 
 Switching time duration at any Sector 
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Fig. 12 Reference vector as a combination of 

adjacent vectors at sector 1.  

Step 3: Determine the switching time of 

each transistor (S1 to S6) Fig. 13 shows 

space vector PWM switching patterns at 

each sector. 

 

 
Fig. 13 Space Vector PWM switching 

patterns at each sector. Based on Fig. 13, the 

switching time at each sector is summarized 

in Table 2, and it will be built in Simulation 

model to implement SVPWM. 

 
Table.2. Switching Time Calculation at 

Each Sector  

SIMULATION RESULTS  

 The SPWM using for five levels 

UPFC the reactive power demand is 

10MVAR and total harmonic distortion 

(THD) is 9.01% occurred shown in fig.14, 

fig.15 and fig.16. In this paper using 

SVPWM based five levels UPFC instead of 

reactive power coordination controller and 

SPWM. During the simulation, phase-

shifted SPWM was used with the carrier and 

switching frequencies being equal to 1 kHz.  

 The sending and receiving end bus 

bar voltages are assumed to be constant, of 

the same amplitude of 10 kV (peak) and 

displaced by an angle of 15°. The output 

voltage of the shunt transformer is 3.75 kV 

(peak). The series inductance and resistance 

are 0.1p.u, and 0.01p.u, respectively (10 kV, 

30 MVA, 50 Hz base). For the shunt circuit, 

the inductance and resistance are 0.28p.u, 

and 0.03p.u, respectively [26]. 
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  A relatively large DC capacitor of 

2000µF is used due to the large power 

demanded by the series converter at some 

operating conditions. However, the 

capacitances for the flying capacitors are set 

at 200µF. This is due to the factor that, for 

the FC multilevel VSC, the voltage of each 

flying capacitor is balanced within each 

switching cycle; therefore, relatively small 

capacitors can be used. 

 The DC voltage is well controlled 

with a small ripple. The simulated results of 

power flow control by the UPFC system are 

shown in Fig. 14 for P*=30 MW, 

Q*=0MVAr, in Fig. 15 for P*=20 MW, 

Q*=10MVAr, and Fore there P*=20 MW, 

Q*=10MVAr, respectively. As shown, after 

the series element of the UPFC is started at 

the time of 0.15s. 

 
Fig.14 Simulated results of the SPWM 

based five levels UPFC series converter 

operation for P*=20MW; Q*=0MVAr. 

 
Fig.15 Simulated results of' UPFC operation 

by using flying capacitor converter 

operation for P*=20MW; Q*=10MVAr. 

 
Fig 16 THD values of' UPFC operation by 

using flying capacitor In this paper SVPWM 

is proposes to reduced reactive power 

demand 9.5MVAR and total harmonic 

distortion (THD) 4.85%. Shown in fig.17 

and fig.18 

 
Fig.17 Simulated results of' UPFC operation 

by using SVPWM 

 
Fig 18 THD values of' UPFC operation by 

using SVPWM In this paper proposes 

SVPWM for a five levels UPFC is 

controlled the reactive power and total 

harmonic distortion than the other 

controllers (reactive power coordination 

control and SPWM). The simulation circuit 

and simulation control circuits are shown in 

fig.19 and fig.20. 
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Fig 19 Simulation circuit of' UPFC 

operation by using SVPWM 

 
Fig 20 Simulation control circuit of' UPFC 

operation by using SVPWM 

CONCLUSION 

 The possibility of using flying 

capacitor multilevel SVPWM five level 

converters for a UPFC application is 

discussed. The reduction of reactive power 

and total harmonic distortion (THD) using 

by SVPWM for a five levels UPFC. For this 

reason SVPWM is proposes to reduced 

reactive power demand 9.5MVAR and total 

harmonic distortion (THD) 4.85%. 

 A new SVPWM for a five level 

UPFC has been designed to limit excessive 

voltage excursions during reactive power 

transfers. PSCAD-EMTDC simulation 

results have been presented to show the 

improvement in the performance of the five 

levels UPFC control with the proposed 

reactive power and total harmonic distortion. 

In this paper proposes SVPWM for a five 

levels UPFC is controlled the reactive power 

and total harmonic distortion than the other 

controllers (reactive power coordination 

control and SPWM). 
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