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ABSTRACT 

Abstract:-  The paper Emphasized on the design operation and control of Multi Converter Unified Power 

Quality Conditioner (MC-UPQC). The system is extended by adding a series VSC in an adjacent feeder. The 

device is connected between two or more feeders coming from different substations. 

The use of combined system of series and shunt converters in one of the many solutions like MC-UPQC is to 

minimize any type of current and voltage fluctuations like voltage swell, voltage sag, power factor corrections 

and to compensate the supply voltage and the load current imperfections in power distribution network. The 

control strategies used here for controlling the MC-UPQC are dq-method and p-q theory with elaborate 

mathematical modeling   in detail are discussed. This paper presents an Artificial Intelligence methods based 

approach to mitigate harmonics and has been estimated using MATLAB/SIMULINK Software. 

Keywords: Power quality (PQ), MATLAB/SIMULATION, Multi converter - unified power quality 

conditioner, (MC-UPQC), voltage- source converter (VSC),Fuzzy, Neuro-Fuzzy controller(NFC). 

 

INTRODUCTION 

Increased use of nonlinear loads by both electric utilities and end users has been affecting the quality 

of electric power, by causing major power quality disturbances in the distribution system such as 

voltage and current harmonics, imbalances, voltage flicker, voltage sag/swell and voltage 

interruptions etc. To eliminate these problems and to improve the power quality this paper presents a 

new Unified Power Quality Conditioning system called Multi Converter Unified Power Quality 

Conditioner (MC-UPQC). The MC-UPQC having three VSCs connected back to-back by a dc link is 

to compensate both current and voltage imperfections in one feeder and voltage imperfections in 

another feeder. This paper also presents a novel structure for a three phase four-wire (3P4W) 

distribution system utilizing MC-UPQC. The 3P4W system is realized from a three-phase three-wire 

system where the neutral of series transformer used in series part MC-UPQC is considered as the 

fourth wire for the 3P4W system . A new control strategy to balance the unbalanced load currents is 

also presented in this paper. The neutral current that may flow toward transformer neutral point is 

compensated by using a four-leg voltage source inverter topology for shunt part. Thus, the series 

transformer neutral will be at virtual zero potential during all operating conditions. The simulation 

results based on MATLAB/SIMULINK are presented to show the effectiveness of the proposed MC-

UPQC-based 3P4W distribution system. The present work study the compensation principle and 

different controllers like PI, FUZZY & Neuro-Fuzzy controller of the MC-UPQC in detail. Are 

focused in the paper and are used in  removing  the problem of Neutral currents. 

 The  nonlinear  unbalanced loads leads to the problem of excessive neutral current in Three-Phase 

four –wire systems causes low system efficiency and poor power factor. The control strategies such as 

instantaneous active reactive power theory (p-q theory) are used for removing the problem of Neutral 

currents. Simulation results of current flowing through load neutral wire and its compensation by 

shunt neutral current is shown in Fig.25.The neutral current that may flow towards the transformer 

neutral point is effectively compensated so that the transformer neutral point is always at virtual zero 

potential which is shown in Fig.24. 
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Fig1. Typical MC-UPQC used in a distribution system 

MATHEMATICAL MODEL FOR  PROPOSED SHUNT CONTROLLER METHODS  

As shown in Fig. 1, the MC-UPQC consists of two series VSCs and one shunt VSC which are 

controlled independently. The switching control strategy for series VSCs and the shunt VSC are 

selected to be sinusoidal Pulse width-modulation (SPWM) voltage control and hysteresis current 

control, respectively. Details of the control algorithm, which are based on the d-q method [12] are 

shown below. 

Shunt-VSC: functions of the shunt-VSC are: 

1) To compensate for the reactive component of the load L1 current; 

2) To compensate for the harmonic components of the load current; 

3) To regulate the voltage of the common dc-link capacitor.  

The measured load current ( ) is transformed into the synchronous dq0 reference frame  

by using  =                          (1) 

 

Fig2. Shows the control block diagram for the shunt VSC 

where the transformation matrix is shown in (2). 

=                     (2) 

By this transformation, the fundamental positive-sequence component, which is transformed into dc 

quantities in the d and q axes, can be easily extracted by low-pass filters (LPFs). Also, all harmonic 

components are transformed into ac quantities with a fundamental frequency shift 
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 =  l_d +  l_d                                                                                        (3) 

 =  l_q+  l_q                                                                        (4) 

Where ,  are d-q components of load current,   l_d  ,  l_q  are dc components, and  l_d ,   l_q are the ac 

components of    and . 

If  is the feeder current and  is the shunt VSC current and knowing = - , then d-q components 

of the shunt VSC reference current are defined as follows: 

 = l_d                                                (5) 

 =                                                  (6) 

Consequently, the d-q components of the feeder current are   

 = l_d                                                                             (7) 

 = 0                                                        (8) 

This means that there are no harmonic and reactive components in the feeder current. Switching 

losses cause the dc-link capacitor voltage to decrease. Other 

 

Fig3. Control block diagram of the series VSC 

Disturbances, such as the sudden variation of the load, can also affect the dc link. In order to regulate 

the dc-link capacitor voltage, a proportional-integral (PI) controller is used as shown in Fig. 2. The 

input of the PI controller is the error between the actual capacitor voltage ( ) and its reference value 

(  The output of the PI controller (i.e., ) is added to the d  component of the shunt-VSC 

reference current to form a new reference current as follows: 

                            (9) 

As shown in Fig. 4, the reference current in(9) is then transformed back into the abc reference frame. 

By using PWM hysteresis current control, the output-compensating currents in each phase are 

obtained 

= ; ( = )                      (10) 

Series-VSC: Functions of the series VSCs in each feeder are: 

1) To mitigate voltage sag and swell; 

2) To compensate for voltage distortion, such as harmonics; 

3) To compensate for interruption (in Feeder2 only). 

The control block diagram of each series VSC is shown in Fig. 5. The bus voltage ( ) is detected 

and then transformed into the synchronous dq0 reference and then transformed into the synchronous 

dq0 reference frame using 

= = + + +                                   (11) 
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Where  

                                (12) 

,  and  are fundamental frequency positive-, negative-, and zero-sequence components, 

respectively, and  is the harmonic component of the bus voltage. 

According to control objectives of the MC-UPQC, the load voltage should be kept sinusoidal with a 

constant amplitude even if the bus voltage is disturbed. Therefore, the expected load voltage in the 

synchronous dq0 reference frame ( ) only has one value 

 =   =                                        (13) 

Where the load voltage in the abc reference frame ( ) is 

=                                  (14) 

The compensating reference voltage in the synchronous dq0 reference frame ( ) is defined as 

 =  -                                           (15) 

This means  in (12) should be maintained at  while all other unwanted components must be 

eliminated. The compensating reference voltages in (15) are then transformed back into the abc 

reference frame. 

By using an improved SPWM voltage control technique (since PWM control with minor loop 

feedback) [8], the output compensation voltage of the series VSC can be obtained.  

PROPOSED SHUNT CONTROLLER METHOD USING p-q THEORY  

The control algorithm for series active power filter (APF) is based on unit vector template generation 

scheme [12] , whereas the control strategy for shunt APF is discussed in this section. Based on the 

load on the 3P4W system, the current drawn from the utility can be unbalanced. In this paper a new 

control strategy is proposed to compensate the current unbalance present in the load currents by 

expanding the concept of single phase p-q theory [10], [11]. According to this theory, a signal phase 

system can be defined as a pseudo two-phase system giving π/2 lead or π/2 lag, that is each phase 

voltage and current of the original three-phase system can be considered as three independent two 

phase systems. These resultant two phase systems can be represented in α-β coordinates, and thus, the 

p-q theory applied for balanced three phase system can also be used for each phase of unbalanced 

system independently. The actual load voltages and load currents are considered as α-axis quantities 

where as the π/2 lead load or π/2 lag voltages and π/2 lead or π/2 lag load currents are considered as β-

axis quantities. In this paper π/2 lead is considered to achieve a two phase system for each phase. The 

major advantage of p-q theory is that it gives poor results under distorted and/or unbalanced 

input/utility voltages. In order to eliminate these limitations, the reference load voltage signals 

extracted for series APF are used instead of actual load voltages. For phase a, the load voltage and 

current in α-β coordinates can be represented by π/2 lead                        

                   (16) 

         (17) 
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Where represents the desired load voltage magnitude and  depicts the reference load 

voltage. Similarly, the load voltage and current in α-β coordinates for phase b can be represented by 

π/2 lead as  

  (18) 

                                (19) 

In addition, the load voltage and current in α-β coordinates for phase c can be represented by π/2 lead 

as  

                                                       (20) 

=             (21) 

By using the definition of three phase p-q theory, for balanced three-phase system, the instantaneous 

power components can be depicted as   

Instantaneous active power   

 =  +  .                                          (22) 

Instantaneous  reactive  power    =  .   -                      (23) 

Assuming the phase a, the phase-a instantaneous load active and instantaneous load reactive powers 

can be represented by 

  (24) 

Where  

 =  +            (25)                                        

 =  +            (26) 

 and  represent the DC elements which are responsible for fundamental load active and 

reactive powers, whereas    and   depicts the ac components which are in equations 25 and26, 

controllable for harmonic powers. The phase-a fundamental instantaneous load active and reactive 

power elements can be extracted from   and   respectively by using a low pass filter. 

Therefore, the instantaneous fundamental load active power for phase-a is given by 

 =                        (27) 

and Instantaneous fundamental load reactive power for phase-a is given by 

 =                                           (28) 

Similarly the fundamental instantaneous load active and the fundamental instantaneous load reactive 

powers for phases-b and c can be evaluated as  

Instantaneous fundamental load active power for phase b 



B. Rajani & B. Rajani, Dr. P. Sangameswara Raju “Performance Analysis of MC-UPQC Using Artificial 

Intelligence” 

146            International Journal of Emerging Engineering Research and Technology V3 ● I6 ● June 2015 

 =                                      (29) 

Instantaneous fundamental load reactive power for phase b 

 =                                        (30) 

Instantaneous fundamental load active power for phase c 

 =                             (31) 

Instantaneous fundamental load reactive power for phase c 

 =                              (32) 

Since the load current drawn by each phase is different due to different loads which may be present 

inside plant, therefore the instantaneous fundamental load reactive power and the instantaneous 

fundamental load active power demand for each phase may not be the same. In order to make this 

load unbalanced power demand to balanced fundamental three phase active power, the unbalanced 

load power should be properly redistributed between utility to get the linear and balanced loads.  

The unbalanced or balanced reactive power demanded by the load will be handled by a shunt APF. 

The aforementioned task is obtained by summing instantaneous load active power demands of all the 

three phases and redistributing it again on each utility phase that is from equations (27), (29) and (31). 

 =   +  +           (33) 

 = /3                       (34) 

Equation (34) gives the distributed per phase fundamental active power demand that each phase of 

utility supplies in order to obtain perfect balanced source currents. It is clear that under all the 

conditions the total fundamental active power demand by the loads would be equal to the total power 

drawn from the utility but with exactly balanced way even though the load currents are unbalanced. 

Thus the reference compensating currents representing a perfectly balanced 3-phase system can be 

extracted by taking the inverse of (24). 

 = .                (35) 

In equation (35),  is the precise amount of per-phase active power that should be taken from 

the source in order to maintain the dc-link voltage at a constant level and to overcome the losses 

related with MC-UPQC. The oscillating instantaneous active power   should be exchanged 

between the load and shunt APF. The reactive power term  in equation (35) is assumed as zero 

since the utility would not supply load reactive power demand. In the above matrix, the α-axis 

reference compensating current depicts the current that is at lead with respect to the original system. 

Therefore, 

= / (t)}                                       (36)                                                                                  

Similarly the reference source currents for phases b can be measured as  

 = /( (t)}                                                      (37)              

= /( (t)}                                                    (38) 

The reference neutral current signal can be extracted by simply adding all the sensed load currents 

without actual neutral current sensing as 

(t)=               (39) 
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(t) = (t)           (40) 

The proposed balanced per-phase fundamental active power estimation, dc link voltage control loop 

related with PI regulator, the reference source current generation are given in the equations  (36) to 

(38) and the reference  neutral current generations are shown in Fig. 4(a) - (d) respectively. 

 

Fig4. Shunt active filter Control block diagram 

(a)proposed balanced per-phase fundamental active power estimation. (b) DC-link voltage control 

loop. (c) Reference source current generation. (d) Neutral current compensation. 

SIMULATION RESULTS 

The proposed MC-UPQC and its Neuro-fuzzy control schemes have been tested through extensive 

case study simulations using MATLAB/SIMULINK. In this section, simulation results are presented, 

and the performance of the proposed MC-UPQC system is shown. Simulation is carried out in this 

case study under distorted conditions of current  and supply voltages in feeder1.The distorted non-

linear load currents are compensated very  well.  The input voltage harmonics and current harmonics 

caused by non-linear load, effectiveness of MCUPQC with different controllers is evident from Fig.8, 

Fig 9 & Fig.10. As the source current becomes sinusoidal and balanced from 0.5 s. The scheme is first 

simulated without MC-UPQC to find out the THD of the supply voltage and current. Then, it is 

simulated with   MC-UPQC to observe the difference in THD of supply current and voltages for the 

proposed model MC-UPQC.  

 

Fig5. simulated results for bus1 voltage, its series compensating voltage and load voltage in Feeder 1 



B. Rajani & B. Rajani, Dr. P. Sangameswara Raju “Performance Analysis of MC-UPQC Using Artificial 

Intelligence” 

148            International Journal of Emerging Engineering Research and Technology V3 ● I6 ● June 2015 

 

Fig6. Simulated results for BUS2 voltage, series compensating voltage in feeder 2, and its load voltage 

 

Fig7. simulated results for BUS2 Voltage under fault condition, its Series compensation Voltage in feeder 2 

 

Fig8. Simulation results: Nonlinear load current, Feeder1 current, load L1, L2 voltages and DC-link capacitor 

voltage for load change with PI controller 

 

Fig9. Simulation results for: Nonlinear load current, Feeder1 current, load L1, L2 voltages and DC-link 

capacitor voltage when load change with FUZZY controller 
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Fig10. Simulation results: Nonlinear load current, Feeder1 current, load L1, L2 voltage and DC-link capacitor 

voltage for load change with NEURO-FUZZY controller 

Let us consider that the power system in Fig.1 consists of two three-phase three-wire 380(v) (rms, L-

L), 50-Hz utilities. The BUS1 voltage ( ) contains the seventh-order harmonic with a value of 22%, 

and the BUS2 voltage ( ) contains the fifth-order harmonic with a value of 35%. The BUS1 voltage 

contains 25% sag between 0.1 s < t < 0.2 s and 20% swell between 0.2 s < t < 0.3 s. The BUS2 

voltage contains 35% sag between 0.15 s < t < 0.25 s and 30% swell between 0.25 s < t < 0.3 s. The 

nonlinear/sensitive load L1 is a three-phase rectifier load which supplies an RC load of 10Ω and 30 

µF. Finally, the critical load L2 contains a balance RL load of 10 Ω and 100mH.  

The MC-UPQC is switched on at t = 0.02 s. The BUS1 voltage, the corresponding compensation 

voltage injected by VSC1 and finally load L1 voltage are shown in Fig. 7. In all figures, only the 

phase a waveform is shown for simplicity. 

Similarly, the BUS2 voltage, the corresponding compensation voltage injected by VSC3, and finally, 

the load L2 voltage are shown in Fig.8. As shown in these figures, distorted voltages of BUS1 and 

BUS2 are satisfactorily compensated for across the loads L1 and L2 with very good dynamic 

response. 

The nonlinear load current, its corresponding compensation current injected by VSC2, compensated 

Feeder1 current, and, finally, the dc-link capacitor voltage are shown in Fig. 10. The distorted 

nonlinear load current is compensated very well, and the total harmonic distortion (THD) of the 

feeder current is reduced from 22% to less than 5%. Also, the dc voltage regulation loop has 

functioned properly under all the disturbances, such as sag/swell in both feeders One of the many 

solutions is the use of a combined system of shunt and Series converter like multi converter unified 

power quality conditioner (MC-UPQC) .compensate the supply voltage and the load current or to 

mitigate any type of voltage and current fluctuations sag, swell and power factor correction in a power 

distribution network. The controllers used here are based on PI, Fuzzy and Neuro-Fuzzy controllers of 

the MC-UPQC in detail. The control strategies are modeled using MATLAB/SIMULINK. The 

simulation results are listed in comparison of different controllers are shown in figures 8,9and 10. 

 

Fig11. THD for utility side voltage without MC-UPQC 
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Fig12. THD for utility side current without MC-UPQC 

 

Fig13. THD for utility side voltage using PI controller  with MC-UPQC  (with d-q method) 

 

Fig14. THD for utility side current using PI controller with MC-UPQC (with d-q method) 

 

Fig15. THD for utility side voltage with FUZZY controller using MC-UPQC  (with d-q method) 
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Fig16. THD for utility side current with FUZZY controller using MC-UPQC  (with d-q method) 

 

Fig17. THD for utility side voltage using NEURO-FUZZY controller with MC-UPQC   (with d-q method) 

 

Fig18. THD for utility side current using NEURO-FUZZY controller with MC-UPQC (with d-q method) 

PROPOSED 3P4W MC-UPQC STRUCTURE STUDIES 

The supply voltages of the two feeders consists of two three-phase three wire , The BUS1 voltage (ut1) 

contains the seventh-order harmonic with a value of 22%, and the BUS2 voltage (ut2)contains the fifth 

order harmonic feeder1 load is a combination of a three-phase R-L load (R = 10 Ohms, L =30μ H) 

and a three-phase diode bridge rectifier followed by R-L load on dc side (R = 10 Ohms, L = 100 mH) 

which draws harmonic current. Similarly to introduce distortion in supply voltages of feeder2, 7th and 

5th harmonic voltage sources, which are 22% and 35% of fundamental input supply voltages are 

connected in series with the supply voltages VSC1 and VSC3 respectively. In order to demonstrate 

the performance of the proposed model of MC-UPQC simulation case studies are carried out. 
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Fig19. (i).Simulation result of Utility voltage (VS_abc), (ii). Injected voltage (Vinj_abc), (iii).Load voltage (VL_abc) 

during swell condition 

 

Fig20. (i).Simulation result of Utility voltage (VS_abc), (ii). Injected voltage (Vinj_abc),(iii). Load voltage 

(VL_abc)during sag condition . 

 

Fig21. (i).Simulation results of a Source current (iS_abc), (ii)Load current (iL_abc) (iii).Shunt  compensating 

current (iSh_abc).  

 

Fig22. (i).Simulation results for an upstream fault and swell condition on Feeder2, (ii)load L1 

voltage,(iii)compensating voltage(iv) load  L2 voltages.  
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Fig23. (i).Simulation results for an upstream fault and sag condition on Feeder2, (ii)load L1 

voltage,(iii)compensating voltage(iv) load  L2 voltages. 

 

Fig.24.Simulation result of Neutral current flowing towards series transformer (iSr_n). 

 

Fig25. (i)Simulation results of Current flowing through load neutral wire (iL_n)(ii)Shunt neutral compensating 

current (iSh_n).  

 

Fig26. Simulation results of a  DC-link capacitor voltage (vdc). 

 

Fig27.THD for utility side voltage without MC-UPQC 
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Fig28. THD for utility side current without MC-UPQC 

 

Fig29.THD for utility side voltage using PI controller with MC-UPQC  (with p-q theory) 

 

Fig30. THD for utility side current using PI controller with MC-UPQC  (with p-q theory). 

 

Fig31.THD for utility side voltage using FUZZY controller with MC-UPQC  (with p-q theory) 

 

Fig32.THD for utility side current using FUZZY controller with MC-UPQC (with p-q theory) 
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Fig32.THD for utility side voltage using NEURO-FUZZY controller with MC-UPQC  (with p-q theory) 

 

Fig33.THD for utility side current using NEURO-FUZZY controller with MC-UPQC  (with p-q theory) . 

Table1. Comparison table for Voltage and current harmonics (THDs) of MC- UPQC 

Controller used THD values % 

using dq method 

THD values % 

using p-q theory 

Without MC-UPQC utility side voltage 36.805 36.805 

Without MC-UPQC utility side current 22.33 22.33 

MC-UPQC with PI controller utility side voltage 21.97 15.59 

MC-UPQC with PI controller utility side current 4.69 4.59 

MC-UPQC with FUZZY controller utility side voltage 19.71 9.19 

MC-UPQC with FUZZY controller utility side current 3.94 2.29 

MC-UPQC with NEURO-FUZZY controller utility side voltage 12.99 5.27 

MC-UPQC with NEURO-FUZZY controller utility side current 2.80 0.25 

CONCLUSION 

A custom power device called MC-UPQC is used to mitigate voltage and current harmonics, to 

improve voltage regulation and to compensate reactive power. The simulation results on a two-feeder 

and multi bus distribution system are established by compensating execution of a novel series and 

shunt compensator. By increasing the number of VSCs, the advanced MC-UPQC can achieve various 

compensation functions. The compensation is shown by using PI, FUZZY and NEURO-FUZZY 

controllers. A relevant mathematical calculation has been characterized constituting the fact that in 

both the cases with and without MC-UPQC using d-q method and p-q theory. The response of 

NEURO-FUZZY controller with p-q theory has been shown better results in the minimization of 

THD’s in case of voltage and current which are observed from the  table.1.  
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