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Abstract— The main concept of unified power flow controller (UPFC) is based on back to back 

connection of two inverters with a common capacitor dc link. This capacitor brings about several 

disadvantages such as affecting the reliability of UPFC. This paper proposes a new topology for 

UPFC based on matrix converter. This configuration is combination of nine 4-quadrant switches 

and not any storage element. Main advantages of proposed topology are reduction of number of 

switches, low cost and size of UPFC. This operation of UPFC is tested and simulated on a 

single machine infinite bus (SMIB) using space vector modulation (SVM) technique. The UPFC 

is supposed to be operated on automatic power flow control mode.  
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I. INTRODUCTION 

In recent years, due to economics' and environment problems, build of new power planet and 

transmission line become more difficult. Hence, it is advisable to enhance the power transfer 

capability of the existing transmission lines up to thermal limit instead of constructing new one. 

Simultaneous with develop of semiconductor technology, the flexible ac transmission systems 

(FACTS) devices is proposed by Hingorani [1]. The main aim of FACTS devices is rapid 

compensation and enhancement of flexibility of power line parameter. Some of the main FACTS 

controllers are static var compensator (SVC), thyristor control series capacitor (GCSC), static 

synchronous compensator (STATCOM) and static synchronous series compensator (SSSC). 

But, due to configuration, these controllers are not able to control the active and reactive 

power, separately. At the 90's decade, Gyugyi [2] proposed a multi objective compensator by 

the name of UPFC that is able to control and compensate each three significant parameters of 

transmission line, which are amplitude and phase of bus voltage and reactance of line, to control 

active and reactive power flow, separately. The UPFC is combination of STATCOM and SSSC 

which are connected back to back via a common dc link [2]. There is a large dc capacitor in the 

dc link that connects two voltage source inverter (VSI) to each other. The main role of dc 

capacitor is the control of power exchange between series and shunt terminals of UPFC. The 

cost and physical size of UPFC depends on rating of this dc link capacitor bank, considerably. 

Also, this capacitor has shorter life when compared to an ac capacitor of same rating, which 

limits the life and reliability of VSI's, too [3]. To overcome  

 

this problem, indirect matrix converter (IMC) topology is used instead of UPFC's common 

topology [4, 5]. This topology removes dc capacitor from UPFC configuration, but it's main 

problem is fictitious dc link voltage control. In this context only one work has been reported [6] 

where the matrix converter is placed in series with the transmission line which leads to the 
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entire power being flowed throw matrix converter so requires high power devices. The ability to 

link two regions with different frequencies, said by authors, is the advantage of series placement 

of matrix converter with transmission line, but this is a rare case in power system. Moreover, 

the mentioned construction in [6] may carry high currents flows from converter during faulty 

condition. In this paper an effort has been taken to replace the new configuration of UPFC based 

on matrix converter instead of common configuration. The matrix converter is placed shunt with 

transmission line and plays variable voltage source role that injected series with transmission 

line.  
II. POWER SYSTEM OF PROPOSED UPFC 

Fig.1. show the common configuration of three-phase matrix converter as an ac/ac converter 

 
  

Fig 1. Three-phase matrix converter 

 

 
Fig. 2. Matrix converter placed as UPFC in the system 
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Fig.1. show the common configuration of three-phase matrix converter as an ac/ac converter. 
The usual UPFC configuration [2] is replaced by a matrix converter that is placed in shunt 
combination with transmission line as shown in Fig. 2. The SMIB power system [7] is used for 
verifying the performance of proposed configuration of UPFC as shown in Fig. 3. The feeding 
network has been represented by it’s Theremin’s equivalent circuit on bus B1. The UPFC has 
been placed between B1 and B2 buses along transmission line (Fig. 3). The STATCOM side of 
the UPFC is connected in shunt with the transmission line using a step-down transformer. The 
SSSC side of the UPFC is connected in series with the transmission line. The basic operation of 
this side is to inject a voltage (vse) of required magnitude, phase and frequency in series with 
transmission to control the active and reactive powers flow. This injected voltage is almost 
quadrant with the transmission line current. As a result, it plays the role of an inductance or 
capacitance in series [4]. A small phase difference existed from 90° between injected voltage 
and line current to supply the required losses in the coupling transformer and matrix converter. 
It is assumed that the input voltages of the matrix converter after the step-down shunt 
transformer are three-phase balanced sinusoidal voltages as follows;  
 

 
 

III. MODULATION TECHNIQUE 

 

 
 

In this technique, the matrix converter is separated into two parts, a VSI and a voltage source 

rectifier (VSR), which linked to each other via fictitious dc link. 

 
Fig. 3. Power system with the proposed scheme of UPFC 

 



International Journal of Advanced Scientific and Technical Research         Issue 3 volume 1, January-February 2013 

Available online on   http://www.rspublication.com/ijst/index.html                                                    ISSN 2249-9954 

 Page 579 
 

 
Fig. 4. Emulation of VSR-VSI conversion 

 

 The configuration of this approach is shown in Fig. 4. Here, the SVM technique is separately 

applied to the VSR and VSI part. This technique gives the duty cycles for the whole switches of 

each part. Then, the combination of these duty cycles gives the on/off switches states of matrix 

converter. Applying the ITF-SVM to matrix converter needs to be two separate SVM hexagon 

for each other, output voltage hexagon for VSI and input current hexagon for VSR, and then 

combined the resultant switching pattern to achieve the desired payoff (Fig. 5). The VSI 

switching patterns are as follows 

 

 
where mc is VSR input current modulation index and θsc is the desired input current angle. 

Since both the VSR and the VSI hexagons have six sectors, there are 36 combinations. If in a 

particular instant, the output voltage and input current be in the first sector of it’s hexagon (Fig. 

5), the output voltage could be synthesized by the pulse width modulation of the adjacent state 

space vectors V1(p,n,n) and V6(p,n,p). Also like this the input current state space vectors is 

I1(ac) and I6(ab), and the zero vectors is combination of V0(n,n,n) or V0(p,p,p) with I0(a,a) or 

I0(b,b) or I0(c,c). The desired output voltage and input current is achieved with replaced the 

Ii(p,n) into the Vj(A,B,C). 

 

 
 Fig. 5. Space vector modulation diagram 
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Fig. 6. Matrix converter in transmission line 

 

 
To eliminate the high frequency component from input current and output voltage, passive 

filters are applied at two side of matrix converter (Fig. 6). The input side is connected by a filter 

and a Υ – Υ transformer to transmission line and the output through a filter and a Δ – Δ 

transformer [9]. 

 

IV. CONTROL SCHEME 

The control of input bus voltage hasn't been attempted in this work. However, the input 

displacement factor of the matrix converter has been maintained close to unity. The controller 

is designed in a way that the UPFC operates in the automatic power flow control mode. Hence 

the reference inputs to the controller are Pref and Qref, which are to be maintained in the 

transmission line despite of system changes (Fig. 7.). A phase looked loop (PLL) is used to 

determine the instantaneous angle θ of the three-phase line voltage Vabc sensed at bus B2 of 

Fig. 3. The currents components Id and Iq of the three-phase line currents are used to 

determine the angle θir relative to the voltage Vabc. From the actual line currents and voltages 

the active and reactive power flow over transmission line are determined. The Qerr obtained is 

stabilized through PI controller which generates the required small displacement angle β to 

control the angle of the injected voltage with respect to the transmission line current.  
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Fig. 7. Control block diagram of proposed 

 

  UPFC 

Depending on the actual reactive power with respect to the desired value either π/2 is add 

(inductive) or subtracted (capacitive) with β. Thus, the desired phase angle is derived as θref = 

θ + θir + β ± (π/2). The desired modulation index m and the phase angle θref are applied to the 

SVM modulator. 

V. SIMULATION RESULT 

The parameters of the studied system (Fig. 3) are given in Table I. The UPFC is operated by 

using the automatic power flow control mode. In this mode, the UPFC can directly control the 

active and reactive power separately by controlling the amplitude and phase angle of the series 

injected voltage. The input voltage and current of UPFC are shown in Fig. 8. As shown in this 

figure, the voltage and current are almost in phase and this means that input power factor is 

near to unity. 

 

The input voltage waveform contains high frequency harmonics which it is generated due to 

the switching and unfiltered output voltage injection to the transmission line. The output 

voltages and currents of UPFC are shown in Fig. 9. 

 
Fig. 8. Input voltage and current of UPFC 

 



International Journal of Advanced Scientific and Technical Research         Issue 3 volume 1, January-February 2013 

Available online on   http://www.rspublication.com/ijst/index.html                                                    ISSN 2249-9954 

 Page 582 
 

 
 

 
Fig. 9. Output voltage and current of UPFC 
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Fig. 10. Uncompensated and compensated power flow over the transmission 

line 

 
Fig. 11. Multi change in load value 

 

This side of UPFC is connected directly, without any voltage filter, to series transformer. This 

voltage, which is injected in series with the transmission line, lags the line current almost by 

90°, which shows that the series side of UPFC operates in inductive mode. A small deviation 

from 90° takes the active power flow from the transmission line in order to compensate the 

active power losses of the coupling transformer and the switches. Load variations due to faults 

are created to study the performance of the proposed scheme. The initial load in the system, 

equal in value with base power, is 300MW, 230MVAR and is disconnected at time 0.25s and 

other load with rating of 270MW and 205MVAR is applied to the system. P and Q of the 

transmission line track almost to the references irrespective of load variation as shown in Fig. 

10. As shown in Fig. 10, the fallen area is due to the dynamic of transmission line and time 

response of PI controller. Moreover to test the performance of proposed scheme of UPFC, multi 

change of load is applied to the system and the result is shown in Fig. 11. that described the 

track of reference value of active and reactive power. A three-phase fault of 50ms duration is 

introduced in the transmission line at t=0.25 s and cleared at t=0.3 s. Due to fault voltage across 

UPFC's shunt side bus suddenly goes to zero as shown in Fig. 12a. This result in a 

corresponding output voltage and current in the series side of UPFC as depicted in Fig. 12b. 

However, P and Q of transmission line settles to the reference values within a small interval of 

time after the fault is cleared as described in Fig. 12c. These results clearly depict the transient 
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stability of the proposed model of UPQC 

 

 
 

 

.  

Fig. 12. Transient responses for a three-phase fault at infinite bus (a) line voltage and current in 

the shunt side, (b) output voltage and current in the series side and (c) active and reactive power 

flow over the transmission line. 
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VI. CONCLUSIONS 

 

The contribution of this paper is to propose a new structure for UPFC based on matrix converter. 

This topology doesn't require dc-link energy storage elements. The cost and space occupied by 

the dc link capacitor in common UPFC structure are quite large. So the main advantage of 

proposed scheme is elimination of dc link capacitor.The dynamic performance of the proposed 

system is analyzed whereas assuming that the UPFC is connected to a 230kV transmission line 

of SMIB power system. In this scheme, the shunt side regulates the line voltage and the series 

side controls the magnitude and angle of the injected voltage in a way that the active and reactive 

power flow over the transmission line follows the set reference values in spite of variations in the 

load and the operating conditions. 
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