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Abstract. This paper proposes a modified control strategy for unified 

Power Quality conditioner to alleviate voltage and current abnormalities in 

three phase system. Renewable source integration and nonlinear loads 

depreciates Power Quality of the system. Active Power Filters play a 

paramount role in alleviating PQ disturbances. To deal with current 

imperfections and reactive power compensation, modified dq controller is 

proposed for shunt controller. ANFIS-dq control strategy is proposed for 

Series Controller to suppress voltage imperfections Photovoltaic unit is 

optimally connected at DC link of UPQC for supporting controlling action 

and to deliver real power Proposed optimal renewable source integrated 

UPQC performance is studied with traditional PI and ANFIS controller. 

MATLAB / SIMULINK platform is used for analyzing proposed system 

performance.  

1 Introduction 

Usage of nonlinear loads, power electronics controlled loads and inductive loads have 

major impacts in PQ hindrance [1-2]. In addition, growing concerns over global warming 

and to supply dynamic power demand, renewable source integration becomes most viable 

solution [3-4]. Renewable source integration and nonlinear loads causes harmonics in 

current and voltage, reactive power demand and voltage disturbances like sag/swell. Grid 

side fluctuations also hinder power quality [5]. Predominantly passive filters have been 

replaced with active filters to tackle voltage and current abnormalities more effectively [6]. 

Shunt APF’s compensates current harmonics, reactive power requirement and 

disturbances in current. Series APF’s tackles voltage disturbances like sag/swell and 

harmonics. UPQC has coalesced characteristics of both series and shunt APF’s. UPQC 

combinely alleviates voltage and current abnormalities [7-10]. Series part of UPQC deals 

with voltage imperfections and shunt part deals with current imperfections [11]. In 

literature, DC link controller [12], pq [13], dq[14], I cosø [4] etc. control strategies were 

proposed for shunt shunt APF. Similarly, PWM controller [15], Instantaneous reactive 

power theory [16], Synchronous Reference frame theory [17] phase locked loop [18], and 

Power angle control[1,3,7] were proposed for series APF. In this paper, modified dq 
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controller is proposed for Shunt Converter (SHC) and ANFIS-dq controller is proposed for 

Series Converter (SEC) of UPQC.  

2 Proposed System Description  

Photovoltaic unit is fed at DC link UPQC. UPQC comprises of SHC and SEC. Reference 

currents for SHC are generated using modified dq controller and reference voltages are 

generated using ANFIS-dq controller. Modified dq controller has ability to deal with 

current harmonics suppression under supply disturbances and unbalanced conditions. 

UPQC acts as power quality mitigating device and power conditioning device for PV 

integration. Integrated PV source at DC link delivers required power to UPQC for 

mitigating current and voltage imperfections [3]. PV unit works as DC link voltage 

stabilizer and delivers the part of real power to load. Several maximum power point 

tracking algorithms are available for tracking maximum solar energy [19]. Ease of less 

parameters and uncomplicated feedback makes P&O as most preferred algorithm.  

 To study the performance of proposed PV fed UPQC, controlled voltage source is 

considered. For producing desired supply voltage distortions six different sinusoidal signals 

are considered and clubbed together. In order to get required waveforms following changes 

have been made, Change in Amplitude, Change in Phase Sequence and Change in Angular 

Frequency. 

  

2.1 Shunt Control Strategy 

Place Fig. 1 shows the Modified DQ Control Strategy. In this control strategy, initially supply 

currents (Isa ,Isb ,Isc), supply voltages (Vsa,Vsb,Vsc ), load currents (ILa ,ILb ,ILc ) and DC link 

voltages Vdc are sensed. Later load currents are converted from abc frame to dq frame using 

Eqn.(1) 

                      	 =
	

	

 Ø −  Ø ( Ø −  	)	 −( Ø −  	)	 ( Ø +  	)	 ( Ø −  	)	 

	 		           (1) 

These Id and iq components are passed through filter to get constant Dc components. Iddc is 

combined with the loss component, which is generated from tuned dc link error signal to get 

reference current idref .The loss component and direct axis reference current are shown in Eqn. 

(2) and Eqn. (3) 

                   i = i() + k(V() − V() + kV()        (2)   

       i∗ = 	 i + 	 i                                        (3) 

Similarly iqdc is combined with the tuned supply voltage error signal to get reference 

current Iqref as shown in Eqn. (4). These reference idref and iqref currents are converted back 

to abc reference frame using inverse park transformation, which are final reference currents 

given by Eqn.(5) 

                       i = i() + k(V() − V() + kV()               (4) 

                       i∗ = 	 i + 	 i                                   (5) 

Using PWM controller gating pulses are generated based on the difference between 

reference and actual source currents. Based on gating pulses SHAF injects the cur-rents at 

PCC to suppress the harmonics in current and compensates the reactive power demanded. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 1. Shunt Controller                                       Fig 2. Series Controller 

2.2 Series Control Strategy 

Here, series controller purpose is to mitigate voltage sag, swell and interruption. It also 

compensates voltage harmonics. Proposed series voltage controller is as shown in Fig.2. 

Primarily, source voltages transformed into synchronous dq0 reference frame using, 

                          V = 	T ∗ V = 	V + V + V + V                    (6) 

Where Vs1p, Vs1n, Vs10, and Vs1h are positive, negative, zero sequence and harmonic 
component respectively. 

Objective is to get sinusoidal voltage, so the dq0 reference frame of load voltage has, 

                                            V = 	T ∗ V = 	 U00                              (7) 

         Where   Ts = 



	

cos Ø − sinØ cos( Ø −  	)	 −sin( Ø −  	)	 cos( Ø +  	)	 sin( Ø −  	)	 


 

The compensating dq0 reference frame voltage is given by, 

 

                                             V = 	V − V                                                   (8) 

This compensating voltage is again transformed back to abc reference frame. Using SPWM 
the gate pulses are generated to compensate the Load voltage disturbance. 

2.3 ANFIS Controller 

ANFIS controller utilizes both Neural Network’s adaptive learning features & Fuzzy 
inference mechanism. Neuro-Fuzzy combination has proven its fine tuning of error signal 
ability in [5]. Here, ANFIS learning is a two direction learning process. Least Square Error 
learning is adopted for forward learning process. Back propagation learning is utilized in 
backward direction. Current ANFIS model, 3 fuzzy linguistic values are selected (Low, 
Medium and High) for single output and two inputs variables. 
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3 Simulation Results 

3.1 Current & Voltage profile 

Non linear loads connected to line inject harmonics. Fig. 3 shows modified dq controller 
based shunt converter injected currents to suppress source current harmonics. Shunt controller 
activated at T = 0.1 sec. After T = 0.1sec, modified dq controller based shunt controller 
suppresses the nonlinearities in source current by injecting the opposing current under 
distorted supply voltage. Here, load current is served by both grid supply current and PV fed 
shunt injected current. 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3. Supply Voltage, Supply Current, Injected current, Load current and Vdc 

Supply voltage has a sag of 25% between 0.15< t <0.25 and swell of 25% exists between 

0.35< t < 0.5. Series Converter (SEC) injects voltage for compensating sag and swell to 

deliver constant Load voltage. The same has been shown in Fig. 4. Proposed Series 

Controller is able to improve Load voltage profile. 
 

 

 

 

 

 

 

 

 

 
Fig. 4. Source Voltage, Injected Voltage and Load Voltage. 

Fig. 5 shows the compensation of distorted and unbalanced supply voltage on load. Here, 

unbalanced sinusoidal voltages are created between t = 0.1 sec to t = 0.2 sec. Similarly 

distorted unbalanced voltages are created between t = 0.2 sec to 0.3 sec. SEC injects 

compensated voltages to suppress the abnormalities. Due to the injection of compensating 

voltage sinusoidal balanced voltages are delivered to Load. 

 

 

 

 

 

 

 

 
Fig 5.  Unbalanced voltages on Line-1 

 

 

3.2 Harmonics profile 

The harmonics reduction is analyzed under different conditions. Such as without UPQC, 

with PI-UPQC and ANFIS-UPQC.  

Case1: % THD of supply current without UPQC is presented in Fig.6 (a). Supply current  

% THD is more because of nonlinear loads. 

Case2:  UPQC is integrated at T = 0.1 sec, post T = 0.1 sec, % THD of supply current with 

PI controlled UPQC is shown in Fig. 6(a). Reduced %THD of supply current with PI 

controller is 7.77%. For further improvement, ANFIS technique is utilized in replacement 

of PI controller. % THD of supply current with ANFIS controller is shown in Fig.6(a). 

Reduced %THD of supply current with ANFIS is 4.31%. Reduced %THD of load-1 voltage 

with ANFIS controller is 2.03% and is shown in Fig. 6(b). 
Table 1 and Table 2 presents specifications of proposed system and its performance 

comparison. From Table 2, ANFIS based shunt controller obtains %THD within the IEEE 
standards. Also, ANFIS based series controller obtains %THD of voltage with in specified 
standards. 

 

 

 

 

 

 
 
(a) Current %THD without Controller, with PI Controller and with ANFIS Controller 

 

 

 

 

(b) Current %THD without Controller, with PI Controller and with ANFIS Controller 

   Fig. 6.   Current & Voltage % THD with and without UPQC 

Table 1. Proposed System Specifications       Table 2. Comparison of Power Factor, % THD    

                                                                                         for Source current and Load voltage                      

 

 

 
 
 
 

4 Conclusion 

In this paper modified dq control strategy is proposed for UPQC. Proposed method 

effectively compensates nonlinearities in load current and distortion in load voltages. 

Modified dq controller suppresses disturbances in current under supply voltage distortions. 

 

S. 

No 
Parameters Ratings 

1 
Source 

voltage 

3-phase , 230 

V, 50 Hz 

2 Load 
Rl=10  Ω, 

Ll=30mH 

4 DC link Vdc = 500 V 

5 Solar Cell 35V,7.5 A 

 

 

 

Parameters 
Without 

UPQC 

With PI 

-UPQC 

With ANFIS- 

UPQC 

P F 0.58 0.91 0.91 

%THD 

Source 

current(Ia) 
16.48 5.68 3.87 

    Load 

Voltage(Vla) 
10.94 2.58 2.26 
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ANFIS controller gives better performance in current and voltage harmonics alleviation 

compared to traditional PI controller. Proposed controller achieves the following objectives 

• ANFIS based modified dq controller proposed for SHC achieves %THD of source 

current with IEEE standards.  

• ANFIS–dq controller proposed for SEC achieves %THD of voltage with in IEEE 

limits. 

• Voltage imperfection like sag/swell compensated. 

• Modified dq controller effectively suppresses nonlinearities under supply voltage 

distortion. 

• PV unit delivers real power and supports UPQC controlling strategy. 
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