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Abstract 

FACTS devices are used to control the power flow, to increase the transmission capacity and to optimize the 

stability of the power system. One of the most widely used FACTS devices is Unified Power Flow Controller 

(UPFC). The controller used in the control mechanism has a significantly effects on controlling of the power flow and 

enhancing the system stability of UPFC. According to this, capability of UPFC is observed by using different control 

mechanisms based on PI and fuzzy logic controllers (FLC) in this study. FLC was developed by taking consideration 

of Takagi Sugeno inference system in the decision process and Sugeno’s weighted average method in the 

defuzzification process. UPFC on controlling the power flow and the effectiveness of controllers on the performance 

of UPFC MATLAB/Simulink is used to create the FLC and to simulate UPFC model.  
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Introduction 

The brought together power stream controller 

(UPFC) can control, all the while or specifically, every 

one of the parameters influencing power stream in the 

transmission line (i.e., voltage greatness, impedance, 

and stage point) (Gyugyi et al., 1995; Hingorani and 

Gyugyi, 2000; Rajabi-Ghahnavieh et al., 2010). The 

routine UPFC comprises of two consecutive associated 

voltage source inverters (VSIs) that share a typical DC 

connect, as appeared (Fig. 1). The infused arrangement 

voltage from Inverter-2 can be at any point regarding 

the line current, which gives finish adaptability and 

controllability to control both dynamic and receptive 

power streams over the transmission line. The resultant 

genuine power at the terminals of Inverter-2 is given or 

consumed by Inverter-1 through the normal DC 

interface. So, UPFC is the most adaptable and intense 

adaptable air conditioning transmission frameworks 

(FACTS) gadget. It can adequately diminish clogs and 

increment the limit of existing transmission lines. This 

permits the general framework to work at its 

hypothetical most extreme limit. The essential control 

techniques, transient examination, and functional 

operation contemplations for UPFC have been 

researched (Fujita, 1999; Fujita et al., 2001; Bebic et 

al., 2003; Kanna et al., 2004; Fujita et al., 2006; Liming 

et al., 2007; Sayed and Takeshita, 2014). The 

customary UPFC has been put into a few down to earth 

applications (Schauder et al., 1998; Schauder et al., 

1998; Kim et al., 2005), which has the accompanying 

components: both inverters have a similar DC connect; 

both inverters need to trade genuine power with each 
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other and the transmission line; and a transformer must 

be utilized as an interface between the transmission line 

and every inverter. Moreover, any utility-scale UPFC 

requires two high-voltages, high-control inverters. 

These high voltage inverters need to utilize 

cumbersome and muddled crisscross transformers to 

achieve their required VA appraisals and craved 

voltage waveforms. The crisscross transformers are: 

exceptionally costly; lossy; cumbersome (40% of 

framework land region and 90% of the framework 

weight); and inclined to disappointment (Sano and 

Takasaki, 2012). In addition, the crisscross transformer-

based UPFCs are still too moderate in element reaction 

because of extensive time consistent of charging 

inductance over resistance and posture control 

challenges in light of transformer immersion, polarizing 

current, and voltage surge.  

Fig. 1. New transformer-less UFPC, (a) System 

Configuration of Transformer-less UPFC, (b) One 

phase of the cascaded multilevel inverter 

 

As of late, there are two new UPFC structures 

under scrutiny: the grid converter-based UPFC 

(Dasgupta et al., 2007; Monteiro et al., 2011; Monteiro 

et al., 2014) and appropriated control stream controller 

(DPFC) got from the traditional UPFC (Zhihui et al., 

2010). The first uses the framework converter 

supplanting the consecutive inverter to dispense with 

the DC capacitor with air conditioning capacitor on one 

side of the grid converter. The DPFC utilizes numerous 

appropriated arrangement inverters coupled to the 

transmission line through single-turn transformers, and 

the basic dc connect between the shunt and 

arrangement inverters is wiped out. The single-turn 

transformers lose one outline opportunity, in this 

manner making them much bulkier than a traditional 

transformer given a same VA rating. The course 

multilevel inverter (CMI) is the main down to earth 

inverter innovation to achieve high-voltage levels 

without the utilization of transformers, countless 

gadgets (diodes), or an extensive number of capacitors. 

In any case, the CMI couldn't be straightforwardly 

utilized as a part of the ordinary UPFC, in light of the 

fact that the routine UPFC requires two inverters 

associated consecutive to manage dynamic power trade. 

To address this issue, an UPFC with two up close and 

personal associated CMIs was produced into dispose of 

the crisscross transformers that are required in the 

customary multi beat inverter-based UPFC. Be that as it 

may, despite everything it required a separation 

transformer. To dispose of the transformer totally, 

another transformer less UPFC in light of a creative 

setup of two CMIs has been proposed. The framework 

setup is appeared in figure 1(a). As appeared in figure 

1(a), the transformer less UPFC comprises of two 

CMIs, one is arrangement CMI, which is 

straightforwardly associated in arrangement with the 

transmission line; while the other is shunt CMI, which 

is associated in parallel to the sending end after 

arrangement CMI. Each CMI is made out of a 
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progression of fell H-connect modules as appeared in 

figure 1(b). 

The transformer less UPFC has significant 

advantages over the traditional UPFC such as highly 

modular structure, light weight, high efficiency, high 

reliability, low cost, and a fast dynamic response. 

Nevertheless, there are still challenges for the 

modulation and control of this new UPFC: UPFC 

power flow control, such as voltage regulation, line 

impedance compensation, phase shifting or 

simultaneous control of voltage, impedance, and phase 

angle, thus achieving independently control both the 

active and reactive power flow in the line; DC capacitor 

voltage balance control for H-bridges of both series and 

shunt CMIs; modulation of the CMI for low total 

harmonic distortion (THD) of output voltage and low 

switching loss; Fast system dynamic response.  

Operation principle of the transformer-less UPFC 

With the unique configuration of the series and 

shunt CMIs, the transformer less UPFC has some new 

features: Unlike the conventional back-to-back dc link 

coupling, Transformer less UPFC requires no 

transformer, thus it can achieve low cost, light weight, 

small size, high efficiency, high reliability, and fast 

dynamic response. The shunt inverter is connected after 

the series inverter, which is distinctively different from 

the traditional UPFC. Each CMI has its own dc 

capacitor to support dc voltage. There is no active 

power exchange between the two CMIs and all dc 

capacitors are floating. The new UPFC uses modular 

CMIs and their inherent redundancy provides greater 

flexibility and higher reliability. 

Due to the unique system configuration, the basic 

operation principle of the transformer-less UPFC is 

quite different from conventional UPFC. Figure 3 

shows the phasor diagram of the transformer-less 

UPFC. The series CMI is controlled to generate a 

desired voltage V C for obtaining the new sending-end 

voltage VS, which in turn, controls active and reactive 

power flows over the transmission line. As a result, 

both series and shunt CMIs only need to provide the 

reactive power. In such a way, it is possible to apply 

the CMIs to the transformer-less UPFC with floating 

dc capacitors for H-bridge modules. 

Fig. 2. Phasor diagram of the transformer-less UPFC 

 

The transmitted active power P and reactive power 

Q over the line with the transformer-less UPFC can be 

expressed as, 

P+JQ =  . *                      (1) 

The original active and reactive powers, P0 and Q0 

with the uncompensated system are 

  = -                   (2) 

 =  

The net differences between the original (without 

the UPFC) powers expressed in (2) and the new (with 

the UPFC) powers in (1) are the controllable active and 

reactive powers, PC and QC expressed as, 

  =     (3) 

 = -  
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Therefore, we can rewrite (1) as, 

 

              (4) 

Because both amplitude VC and phase angle δ of 

the UPFC injected voltage  values as commanded, 

the new UPFC provides a full controllable range of 

(−VC VR/XL ) to (+VC VR/XL) for both active and 

reactive powers, PC and QC, which are advantageously 

independent of the original sending end voltage and 

phase angle δ0. First, the series CMI voltage  is 

injected according to transmission line active/reactive 

power command, which can be calculated from (3) 

 (5) 

Once the series CMI injected voltage  is 

decided by (5), the new sending-end voltage  and the 

transmission line current will be decided accordingly 

  (6) 

Next, the shunt CMI injects current  to decouple 

the series CMI current  from the line current L. In 

such a way, zero active power exchange to both series 

and shunt CMIs can be achieved, making it possible to 

apply the CMI with floating capacitors to the proposed 

transformer less UPFC. Therefore, we have 

.  = 0 

.  = 0  (7) 

It means the series CMI current  and the shunt 

CMI current   need to be perpendicular to their 

voltages  and , respectively, as illustrated. 

Power flow and dc-link voltage control of transformer-

less UPFC: A. Dynamic Models of UPFC system: The 

equations derived from the phasor diagram in section II 

are limited to steady-state operation analysis. In order 

to design the vector oriented control (VOC) for the 

proposed transformer-less UPFC with considering both 

steady-state and dynamic performance, the dynamic 

modules are necessary. The models are based on 

synchronous (dq) reference frame. The phase angle of 

original sending-end voltage s0 V is obtained from a 

digital phase-locked loop (PLL), which is used for abc 

to dq transformation. 

B. Power Flow and Overall DC Voltage Control 

      It is desired to design a control system, which can 

independently regulate the active power P and reactive 

Q in the line, at the same time, maintain the capacitor 

voltages of both CMIs at the given value. 

Stage I: the calculation from P*/Q* to  and   . 

As mentioned before, the is the voltage reference 

for series CMI, which is generated according to the 

transmission line. 

Stage II: overall dc-link voltage regulation. With the 

 and   given in stage I, the dc-link voltage can’t 

be maintained due to the following three main reasons: 

(a) the CMIs always have a power loss, (b) the 

calculation error caused by the parameter deviations, 

(c) the error between reference and actual output. In 

order to control DC-link voltage with better 

robustness, two variables usually, the cascade 

multilevel inverter should be considered as three 

single-phase inverters, therefore, the dc capacitor 

voltage  will  contain  the 2ω component. To  keep  the  
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average DC track command without being affected by 

2ω ripple, the bandwidth of current control loop and 

DC voltage control loop is designed to be differential.  

Stage III: voltage and current generation for series and 

shunt CMI, respectively. For series CMI, output  

voltage could be directly generated from the reference 

 by FFM. While for shunt CMI, decoupling 

feedback current control is used to control output 

current to follow the reference current  

Fig. 3(a). Control system for transformer-less UPFC overall control diagram for both power flow and DC capacitor 

voltage control 

 

 Fig. 3(b). Control system for transformer-less UPFC current closed-loop control for shunt CMI

    
 

 

Individual DC Control and Phase Balance Control 

Usually, the dc capacitor voltage balance control 

for CMIs adopts hierarchical control structure, e.g. an 

outer control loop and an inner control loop. The outer 

loop regulates the overall active power flowing to all 

H-bridge modules of any one of three phases, while the 

inner loop distributes power flowing equally to each 

individual H-bridge module. The smaller switching 

angle (corresponding to larger duty cycle) an H-bridge 

module has, the more capacitor charge it will get. 

Besides the overall dc capacitor voltage control present 

above, it’s necessary to have the individual dc capacitor 

voltage control for the charge balance between the 

modules in the same phase. This is implemented by 

pulse swapping every fundamental cycle. After one 

cycle, the switching angles for the H-bridge modules 

will be swapped as illustrated. If we take a look at the 

switching angles for each of the ten modules, it would 

be in an order of α1, α10, α2, α9, α3, α8, α4, α7, α5, α6, 

α1,… for the successive fundamental cycles. Since 

smaller switching of an H-bridge module results in 

more capacitor charge. Therefore, such an order for the 
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H-bridge module would result in better 

charge/discharge balance, leading to lower dc-link 

voltage ripple. 

Fuzzy logic control: The fuzzy logic control consists of 

set of linguistic variables. Here the PI controller is 

replaced with Fuzzy Logic Control. The mathematical 

modeling is not required in FLC. FLC consists of 

1. Fuzzification 

  Membership function values are assigned to 

linguistic variables. In this scaling factor is between 1 

and -1. 

2. Inference method 

 There are several composition methods such as 

Max-Min and Max-Dot have been proposed and Min 

method is used. 

3. Defuzzificaion 

A plant requires non fuzzy values to control, so 

defuzzification is used. The output of FLC controls the 

switch in the inverter. To control these parameters they 

are sensed and compared with the reference values. To 

obtain this the membership functions of fuzzy 

controller are shown in figure. 

The set of FC rules are derived from  

 u=-[α E + (1-α)*C]                            (15) 

Fig. 4. Fuzzy logic Controller 

 

 

 

 

 

 

Where, α is self-adjustable factor which can regulate 

the whole operation. E is the error of the system, C is 

the change in error and u is the control variable. A large 

value of error E indicates that given system is not in the 

balanced state. If the system is unbalanced, the 

controller should enlarge its control variables to 

balance the system as early as possible.  

Results 

        To validate the functionality of the transformer-

less UPFC system with proposed modulation and 

control algorithm, a 4160 V test setup has been 

developed as shown in fig. 5(a) and 5(b) shows the 

corresponding equivalent circuit of this test setup, 

which is consistent with the circuit configuration shown 

in figure 1(a). In figure 5 (b), the equivalent receiving-

end voltage V R has same amplitude as original 

sending-end voltage VS0 , but 30° phase lagging. This 

30° phase lagging is introduced by Transformer 2 with 

Y/Δ configuration (Y/Δ, 480 V/ 4160 V). The basic 

functions of the UPFC (i.e. voltage regulation, line 

impedance compensation, phase shifting and 

simultaneous control of voltage, impedance and angle) 

have been tested based on this setup. Some 

experimental results are given in this section.  

Fig. 5a. 4160 V Transformer-less UPFC Test setup, (a) 

circuit configuration and (b) corresponding equivalent 

circuit. 

A. UPFC Operation - Phase Shifting 

     The UPFC can function as a perfect phase angle 

regulator, which achieves the desired phase shift 

(leading or lagging) of the original sending-end voltage 
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without any change in magnitude. Three operating 

points with different shifted phases are considered as 

shown in figure 5, (a) case A1: 30°, (b) case A2: 15°, 

and (c) case A3: 0°.  

Fig. 5b. UPFC operating points with different phase 

shifting,(a) case A1: 30° (b) case A2: 15° and (c) case 

A3: 0°. 

 

Fig. 5c. Waveforms of UPFC operating from case A2 

to case A3 (phase shifting 15° to 0°) line current ILa and 

shunt CMI line voltage VPab. 

Measured dynamic response with operating point 

changing from case A2 to case A3 (phase shifting 15° 

to 0°). 

Some discussions about test results shows the 

simulational waveforms of UPFC operating from case 

A2 to case A3 (Phase shifting 15° to 0°). 

As mentioned before, in the test setup, there is 

already 30° phase difference between the original 

sending-end voltage  and the receiving-end 

voltage . For case A1, series CMI voltage V C is 

injected to shift V S 0 by 30° lagging, as a result, V S, V 

R. In this case, UPFC is used to compensate voltage 

difference caused by transformer 30° phase shift. 

Therefore, the resulting line current in this case is 

almost zero. While for case A2, new sending-end 

voltage V S is shifted from V S 0 by 15°, therefore, 

there is 15° phase difference between V S and V R . 

This will result in about 7 A (peak value) line current. It 

shows the line voltage is very close to sinusoidal 

without any extra filters. In addition, figure also shows 

that the current smoothly and quickly raised from zero 

to 7 A, when the operating point is changed from case 

A1 to A2.  

Conclusion 

     This paper present a modulation and control method 

for the transformer-less UPFC, which has the following 

features: Fundamental frequency modulation of the 

CMI for extremely low THD of output voltage, low 

switching loss and high efficiency; All UPFC functions, 

such as voltage regulation, line impedance 

compensation, phase shifting or simultaneous control of 

voltage, impedance, and phase angle, thus achieving 

independent active and reactive power flow control 

over the transmission line; DC capacitor voltage 

balancing control for both series and shunt CMIs; Fast 

dynamic response (< 10 ms). The transformer-less 

UPFC with proposed modulation and control can be 

installed anywhere in the grid to maximize/optimize 

energy transmission over the existing grids, reduce 

transmission congestion and enable high penetration of 

renewable energy sources. 
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