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Abstract: To control of PV-UQPC-S, p-q theory based technique is ideal as this technique 
inherently calculates load active and reactive powers which are necessary in particularly in 
reactive power sharing of series VSC. Though the classical p-q theory entails simplest easy 
calculations, it does no longer produce accurate consequences beneath situations of voltage 
distortions or unbalance. This drawback may be triumph over by using the use of fundamental 
frequency positive sequence (FFPS) voltages for estimating the reference currents the usage of 
p-q concept. Modified p-q principle the use of phased locked loop (PLL) has been proposed. 
Various different methods to extract fundamental frequency superb collection voltages are the 
usage of notch filters, 2nd order generalized integrators (SOGI), generalized cascaded put off 
signal cancellation (GCDSC) based totally strategies and so forth. Techniques based on 
adaptive notch filters use a number of filter blocks for each harmonic component and have a 
slower response time which results in a settling time of a few cycles. The performance of SOGI 
based techniques deteriorates greatly with minor deviations from their tuned frequencies. The 
techniques based on GCDSC have improved harmonic attenuation characteristics. The 
proposed modified p-q theory based PV-UPQC-S is simulated using Matlab-Simulink and its 
dynamic performance is tested under conditions of irradiation variation, voltage sags/swells, 
distortions, load unbalance etc. 
 
Index Terms: Power quality, UPQC-S, solar MPPT, GCDSC, p-q theory, series compensation, 
shunt compensation. 
 
1. INTRODUCTION 

The term power quality got significant importance in the electric power industry. The 
expanding utilization of electronic hardware and disseminated age has prompted the 
debasement of intensity quality by infusing music, flash and voltage unevenness into the 
framework. Furthermore, exchanging of capacitor banks, lightning strikes on transmission 
lines and different blames on the system likewise makes the power quality issues, for example, 
homeless people, voltage droop or swell, intrusions, etc.,.. The hardware which is progressively 
defenseless to the varieties in Power Quality is named as Sensitive Equipment or Sensitive 
Load. For appropriate load task, it requires unadulterated sinusoidal voltage. With quickly 
developing advanced innovation, the gadgets that relying on unstable memory chip for 
stockpiles are expanding and these are possibly in danger from control quality occasions. To 
accomplish this unadulterated sinusoidal voltage and to meet the power quality norms, it is 
important to utilize some pay strategies.  

Beforehand latent channels utilizing tuned LC segments have been utilized to relieve 
the music, which are low in cost, basic in arrangement. In any case, this has downsides of 
settled remuneration, cumbersome in estimate and makes reverberation issues. Thus a cutting 
edge arrangement is found as dynamic power separating. The shunt APF is appropriate for 
smothering source current sounds and the arrangement APF is reasonable to remunerate source 
voltage defects. The power electronic controllers utilized in conveyance framework to supply 
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a level of dependability or power quality, which is basically required by touchy load, is named 
as custom power gadgets. These gadgets can perform voltage direction and current interference 
works inside the dispersion framework and henceforth it very well may be dealt with as power 
molding gadget. UPQC is one of those productive custom power gadgets which is the blend of 
both shunt and arrangement dynamic power channels associated through a typical DC connect 
capacitor. The shunt dynamic power channel is the most remedial measure to expel the current 
related issues, control factor change by providing responsive power and directs DC connect 
voltage. The arrangement APF goes about as controlled voltage source and rectifies voltage 
related issues, for example, droop/swell, flashing, music and so forth.,. As a mix of both of 
these, UPQC enhances benefit dependability. In the present work an altered p-q hypothesis is 
utilized for reference current age shunt APF. It utilizes two high selectivity channels (HSF), 
which are utilized to get the essential parts from current and voltage motions in reference 
outline.  

The settled power point control conspire is utilized to create the reference voltage 
signals for arrangement APF. Amid voltage list condition the measure of intensity in UPQC 
will be expanded to a huge degree. The typical UPQC can't adjust for the long span control 
quality issues as the voltage crosswise over DC-Link falls steeply. Be that as it may, the 
proposed high advance up DC-DC converter worked PV-UPQC framework conquers this 
trouble and ready to make up for long haul voltage intrusion, hang/swell, music and responsive 
power. The extra vitality will be provided by the PV-exhibit. While interconnecting the PV-
UPQC to the matrix, the voltage infused by arrangement APF relies on the estimation of 
intensity point. As it makes the stage contrast between the source voltage and load voltages, 
here both dynamic and receptive power changes getting included. Use of HSF in shunt APF 
diminishes a lot of THD in source current and maintaining a strategic distance from the PLL 
enhances its dynamic reaction. With the power edge control conspires, arrangement APF shares 
a piece of load receptive power request alongside the shunt APF. Subsequently lessens weight 
and rating of the shunt APF. 
 
2. PHOTOVOLTAIC PANELS 

Solar cells are the basic components of photovoltaic panels. Most are made from silicon 
even though other materials are also used. Daylight based cells misuse the photoelectric effect: 
the limit of a couple of semiconductors to change over electromagnetic radiation particularly 
into electrical current. The charged particles created by the scene radiation are detached 
beneficially to make an electrical current by a reasonable layout of the structure of the sun 
fueled cell, as will be cleared up in a word underneath.  

The solar cell can be represented by the electrical model shown in Fig.1. Its current 
voltage characteristic is expressed by the following Eqn.( 1). 

 � = �� − �� ��
�(�����)

��� − 1� −
� − ���

���
        ___(1)                             

Where I and V are the solar cell output modern and voltage respectively, I0 is the darkish 
saturation contemporary, q is the charge of an electron, A is the diode great (ideality) 
component, k is the Boltzmann consistent, T is absolutely the temperature and RS and RSH 
are the series and shunt resistances of the sun mobile.  

 
Fig.1 Equivalent circuit of a solar cell. 
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         RS is the resistance supplied by the contacts and the majority semiconductor material of 
the sun mobile. The foundation of the shunt resistance RSH is tougher to explain. It is identified 
with the non perfect nature of the p–n intersection and the nearness of contaminations close to 
the edges of the cell that offer a short out bearing over the intersection. In a perfect case RS 
may be 0 and RSH boundless. In any case, this best situation isn't achievable and makers 
attempt to limit the effect of the two protections from upgrade their stock. In some cases, to 
disentangle the model, as in the effect of the shunt obstruction isn't contemplated, i.e. RSH is 
boundless, so the last term in Equation is ignored. A PV board is made out of numerous sun 
based cells, which may be connected in gathering and parallel so the yield current and voltage 
of the PV board are sufficiently high to the prerequisites of the network or device. 
Contemplating the rearrangements expressed previously, the output current-voltage 
characteristic of a PV panel is expressed by means of Eqn.(2), wherein np and ns are the variety 
of solar cells in parallel and collection respectively. 

                                 � = ���� − ���� ��
�(�����)

����� − 1�    ___(2) 

Two crucial points of the modern-day-voltage characteristic ought to be pointed out: the open 
circuit voltage VOC and the short circuit cutting-edge ISC. At both factors the electricity 
generated is zero. VOC may be approximated from Eqn.( 1) whilst the output present day of 
the cellular is 0, i.E. I=zero and the shunt resistance RSH is omitted. It is represented through 
Eqn.(3).  

 
Fig. 2 characteristic curves of a solar panel. 

The short circuit current ISC is the current at V = 0 and is approximately equal to the light 
generated current IL as shown in Eqn.( 4). 

                ��� =
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�
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Maximum energy is generated by the sun mobile at a factor of the modern-day-voltage 
characteristic where the product VI is maximum. This factor is called the MPP and is precise, 
as may be seen in Fig.2, in which the preceding factors are represented. 
 
3. UNIFIED POWER QUALITY CONDITIONER (UPQC) 

The combination of both shunt and series compensators used in distribution system is 
termed as UPQC (Unified Power Quality Conditioner). It combines the advantages of both 
DSTATCOM and DVR. Hence it is used to compensate both the Load current quality issues 
such as Harmonics, reactive power, unbalance, etc., and source voltage quality issues such as 
sag, swell, unbalance, flicker, interruptions, etc.,. Thus it improves the overall service 
reliability. The general block diagram of UPQC is shown in Fig. 3. 
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Fig. 3 Block diagram of UPQC 

The block diagram consists of series inverter and shunt inverter connected back to back 
across a common DC-Link capacitor. The output of shunt inverter is connected to PCC through 
an inductor (Lsh) or isolating transformer. The series inverter output is connected to the 
injection transformers through a Low pass filter formed by Lse and Cse circuit. The operation 
of series APF is same as DVR and of shunt APF is same as DSTATCOM. The shunt inductor 
is used for smoothening the current harmonics and also an interface between shunt inverter and 
PCC. The series LPF is used to inject only lower order harmonics in to the line. It also helps to 
provide isolation between the line and series inverter. The shunt inverter regulates the DC 
voltage across capacitor using a feedback controller which is tuned in such a way that its value 
remains fixed at set reference value under dynamic conditions with minimum over shoot and 
settling time. 
3.1 UPQC-S: This method is similar to UPQC-VAmin, but the change is that the series APF 
is used to load up to its rated value. Thus the series APF delivers both active and reactive 
power. 
3.2 Using the p-q Theory for Shunt Compensation 
The p-q theory is often used in power condition devices, Figure 4 shows a general overview of 
the control algorithm when used for shunt compensation. After calculating the instantaneous 
powers, a selection of powers to be compensated based on the compensation goal is decided.  

 
Fig. 4 Control method based on the instantaneous p-q theory. 

 
If the utility voltage is distorted and/or unbalanced, the p-q theory cannot satisfy the 

three "optimal" compensation strategies given below, but only one, therefore a choice must be 
made between: 
• Draw constant instantaneous power from the source. 
• Draw sinusoidal currents from the source. 
• Draw the minimum rms value of the source current that transfer the same amount of energy 
to the load with minimum losses along the transmission line. 
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4.  SYSTEM MODELING 
The topology of a PV-UPQC-S is presented in Fig.5. The major parts of the system are 

a series VSC and shunt VSC connected back to back through a common DC-bus. The VSCs 
are connected to PCC using interfacing inductors. Ripple filters are used to filter out switching 
harmonics of the VSCs. The series VSC injects voltage through a series injection transformer. 
The PV array is connected directly at the DC-bus of UPQC through a reverse blocking diode. 
The phasor diagram of the PV-UPQC-S with a linear reactive load is presented in Fig. 6. The 
subscript ’1’ represents condition when reactive power is shared by shunt VSC only whereas 
the subscript ’2’ refers to condition when the series VSC shares a part of reactive load power. 
The PCC voltage (VS1) and load voltage (VL1) are in phase when series VSC is not injecting 
any voltage.  

 

 
Fig. 5. Structure of PV-UPQC-S 

 
The load current before series compensation is (IL1) and the load angle is (φ). The shunt 

VSC also injects real power obtained from PV array which is represented by (IPV ). The 
remaining part of the load real power is obtained from the grid (IS1). The shunt VSC current 
(ISH1) before series VSC injection is phasor sum of PV array current and load reactive current. 
When a part of reactive power of the load is to be shared by series VSC, then series VSC injects 
voltage (VSE) such that load voltage is shifted to (VL2). This results in shifting of load current 
to (IL2). However, as the active current drawn from the grid is to remain same (IS1 = IS2 = IS), 
the shunt VSC current reduces to (ISH2). It can observed that due to power angle (δ), the part of 
reactive burden of shunt VSC is shared by the series VSC thus increasing the utilization of 
series VSC. 

 
Fig. 6. Phasor Diagram of PV-UPQC-S 

For a given reactive power sharing by series VSC, the magnitude of series VSC voltage VSE is 
lesser under sag condition as compared to swell condition. This is because the grid current IS 
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is higher under sag condition as compared to swell condition for a constant load. Based on 
these observations, in order to prevent excessive VA rating of series VSC, the control 
implemented is such that, it compensates for reactive power under sag and nominal conditions. 
The PV array is designed such that it supplies around 30% of load active power. This is because 
as more load active power is supplied by the PV array, there is less current drawn from the grid 
which reduces the reactive power sharing capability of series VSC for a fixed voltage rating of 
series VSC. 
 
5. SIMULATION RESULTS 

The dynamic behavior PV-UPQC-S under dynamic conditions is simulated in Matlab/ 
Simulink software using Sim Power Systems blockset. The dynamic performance is evaluated 
at different conditions such as fluctuation in PCC voltages, irradiation variation and load 
unbalance conditions. The load used is a combination of linear and nonlinear loads. 
 
Case-A: PV-UPQC-S performance under load unbalance condition 
 

 
Fig.7 . PV-UPQC-S Performance under Load Unbalance Condition 

 
The PV-UPQC-S performance during load unbalance condition is presented in Fig.7. 

The signals shown are PCC voltages (vs), load voltages (vL), DC-bus voltage (Vdc), grid currents 
(is), load currents (iL), shunt VSC currents (iSH), PV array power (Ppv). 
 

 
(a) PCC voltages under unbalanced load condition 

 
(b) load voltages during  unbalanced load condition 
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(c) DC bus voltage at 0.04sec at unbalanced load at 770v 

 
(d) grid currents at 0.51sec balanced sinusoidal 

 
(e) load currents phase b removal 

 
(f) shunt VSC currents at unity power factor 

 
(g) PV array power after slight overshoot at 20v. 

Fig: 8 PV-UPQC-S Performance during Load Unbalance Condition 
 
Case-B: PV-UPQC-S behavior during irradiation change 

The PV-UPQC-S performance during change in irradiation is presented in Fig. 10. The 
signals shown are PCC voltages (vs), load voltages (vL), DC-bus voltage (Vdc), grid currents 
(is), load currents (iL) of phase ’a’, shunt VSC currents (iSH) of phase ’a’, PV array power (Ppv), 
series VSC voltages (vSE) and power angle (δ). The power angle and series VSC voltages are 
higher at higher PV power as compared to lower PV power. This is due the fact that, as the PV 
array power supplies a part of load real power demand, the grid current drawn is lower. 
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Fig. 9. PV-UPQC-S Behavior during Irradiation Change 

 

 
(a) PCC voltages (vs) at irradiation change 

 
(b) load voltages (vL) 

 
(c) DC-bus voltage (Vdc) at 700v 

 
(d) grid currents (is) at irradiation change 
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(e) load currents (iL) at irradiation change 

 
(f) shunt VSC currents (iSH) at 200v 

 
(g) PV array power (Ppv) From 0.95 s to 1 s the solar irradiation is varied from 1000 W/m2 to 

500 W/m2. 

 
(h) series VSC voltages (vSE) 

Fig:10. PV-UPQC-S Performance during Irradiation Change 
Hence, to compensate the same reactive power, the load angle and series VSC voltage 

is higher as compared to case when the PV array power is lesser. 
 
Case-C: PV-UPQC-S performance during PCC voltage disturbances 
The PV-UPQC-S behavior under PCC voltage disturbance is presented in Fig. 11. The solar 
irradiation (G) is kept constant at 1000 W/m2. The signals shown are PCC voltage of phase ’a’ 
(vs), load voltages (vL), DC-bus voltage (Vdc), grid currents (is), load current (iL), shunt VSC 
current (iSH), PV array power (Ppv), power angle (δ), series VSC voltages (vSE). Only signals of 
one phase are shown in case of certain signals for clarity in representation. 

 
Fig. 11 PV-UPQC-S Performance during PCC Voltage Disturbances 
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(a) PCC voltage with sag and swell 

 
(b) load voltages (vL) are regulated 

 
(c) DC-bus voltage (Vdc) at 700v 

 
(d) grid currents (is) with sag and swell 

 
(e) load current (iL) at time 0.65sec sag 0.3 pu and at 0.75sec swell 0.3p.u 

 
(f) shunt VSC current (iSH) sag 0.3 pu and swell 0.3p.u 
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(g) PV array power (Ppv) reactive power sharing at nominal & sag condition with in-phase 

compensation during swell. 

 
(h) series VSC voltages (vSE) at 0.65sec with harmonic distortion. 

Fig. 12. PV-UPQC-S Performance during PCC Voltage Fluctuations 
 
It can be seen that load voltage is sinusoidal and reference value despite the distortions 

in PCC voltage. Under nominal conditions, as seen from δ and vSE the series VSC still operates 
to share a part of reactive power of the load. Under swell conditions, the series VSC 
compensates only swell and no reactive power sharing is done, which is shown by δ being zero 
under voltage swell. After PCC voltage swell, there is a slight delay of 2 cycles for series VSC 
to calculate necessary power angles. This is due to low pass filters using in PL and QL 
calculation. 
 
5. CONCLUSION 

The dynamic performance of modified p-q theory based PV-UPQC-S has been 
analyzed in detail. A GCDSC block has been used to extract FFPS component of distorted PCC 
voltages which is then utilized in control of using p-q theory PV-UPQC-S. The modified p-q 
theory enables the PV-UPQCS to work under conditions of distorted PCC voltages. The series 
VSC shares a part of reactive power of the load under nominal conditions thus increasing 
utilization of series VSC and also reducing the loading on the shunt VSC. The dynamic 
performance of PV-UPQC-S is shown under scenarios of sudden change in irradiation and 
fluctuations in PCC voltage such as voltage sags/swells. The proposed system can work under 
multiple disturbances such as irradiation variation and PCC voltage disturbances occurring 
simultaneously. The PVUPQC- S system combines concept of clean energy generation along 
with power quality improvement thus increasing its utility. 
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