
* Corresponding author: Preethi Thekkath, Toc H Institute of Science and Technology, Kerala, India. 
Email:preethi.tkt@gmail.com  
1 Department of Electrical and Electronics, Toc H Institute of Science and Technology, Kerala, India. 
2 Professor, Department of Electrical and Electronics, Sri Ramakrishna Engineering College , Tamil Nadu ,India. 

 

 

Copyright © JES 2014 on-line : journal/esrgroups.org/jes  

 

Preethi 

Thekkath
1,*

, 

 Prabha 

Subramaniam 

Umapathy
2 

 

J. Electrical Systems 10-3 (2014): 250-262 

 

Regular paper 
 

Adaptive minimally switched grid 

connected photovoltaic inverter for 

power quality improvement 

 

JES 

Journal of Journal of Journal of Journal of 
Electrical Electrical Electrical Electrical 
SystemsSystemsSystemsSystems    

 

The article intends to optimize the switching frequency of grid connected photovoltaic inverter 
and Total Harmonic Distortion (THD) of the source current through adaptive controlled 
modified hysteresis current controller. Reference current generation is done using synchronous 
reference frame based algorithm. Use of modified hysteresis controller results in reducing the 
switching loses to one-third but is insufficient to maintain the current THD within the specified 
limits. To overcome this pulses to the modified hysteresis controller are generated employing 
adaptive control by modifying pulses from a conventional hysteresis controller. Effectiveness of 
the proposed work was checked for various source and load conditions with 
MATLAB/SIMULINK. Using adaptive control instantaneous switching frequency is reduced, 
optimized and maintained nearly constant and THD is brought to the limits specified by the 
standards, overcoming the disadvantage of conventional and modified hysteresis controller which 
has variable switching frequency.  

Keywords: Adaptive control; Modified Hysteresis Current controller; Total Harmonic Distortion; 

Switching losses; Switching frequency.  

 

1. Introduction 

 

Increase in energy consumption has led to the development of renewable energy 

systems. Among the renewable energy sources solar energy is abundant and inexhaustible. 

DC power from Photo Voltaic (PV) arrays is boosted using DC –DC converters and further 

converted into AC using inverters before connecting to the grid [1-3]. Three phase grid 

connected voltage source inverters interface PV systems with grid. Maximum Power Point 

Tracking [4-6], proper control of power injected into the grid, low harmonic distortion of 

currents injected into the grid and high power factor are some of the requirements of grid 

connected inverters.  

In the present scenario of energy crisis many studies are being done on feasibility of 

using grid connected inverters fed from photovoltaic arrays, fuel cells etc with active filter 

functions [7-8]. Quality of photo voltaic power depends on output current of the inverter. 

This necessitates efficient current control of grid connected inverters [4]. 

Several current control techniques has been reported in literature which compare 

reference and actual filter currents for generation of gating pulses to the  solid state 

switching devices of three phase grid connected inverter. This include Hysteresis control 

[9], Sliding mode control [10], Adaptive control [11], Fuzzy logic control [12], Modified 

Hysteresis control [13] etc.  

Wide acceptance of Hysteresis band current control method owe to quick current 

controllability, ease of implementation, fast response and inherent peak current limiting 

capability.  No information about system parameters is needed for this.  But variable 

switching frequency and high switching losses owing   to control of all the six switches of 
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the inverter are the major drawbacks of conventional hysteresis controller.  Increased 

inverter operating frequency helps in obtaining better compensating current waveform, but 

results in increased switching losses. 

In modified hysteresis controller only 2 switches are controlled at high frequency at any 

instant of time [13]. This reduces the switching losses to one third of that of conventional 

controller where all the six switches are to be controlled. Even though the use of modified 

hysteresis controller results in reducing the switching loses to one-third, it is insufficient to 

maintain current THD within the specified limits.  To overcome this, pulses to the modified 

hysteresis controller is generated employing adaptive control by modifying pulses from the 

conventional hysteresis controller. Problem of variable switching frequency with modified 

hysteresis controller is also sought out with adaptive control. 

 In the present work active filter function of grid connected photovoltaic inverter is dealt 

in detail to explain adaptive modified hysteresis current Control. Reference current 

generation is done using synchronous frame based algorithm.  Output Voltage from the 

solar array is boosted and fixed at 680 volts. Instantaneous switching frequency is 

optimized, reduced and maintained nearly constant and THD is brought within the limits 

specified by the standards using adaptive control. Reduced instantaneous switching 

frequency obtained through adaptive control reduces the switching losses further.  Better 

DC bus voltage stabilization is also achieved. 

 

2.  System configuration 

 
Figure. 1.  Configuration of Shunt Active Power Filter 

 

Voltage source inverter based three phase grid connected inverter with control circuit is 

discussed in this paper.  It acts as a shunt active power filter and is connected in parallel 

with the harmonic producing loads at the Point Of Common Coupling (PCC). 

Configuration of shunt active power filter is shown in Figure. 1. Shunt active power filter 

generates a current equal and opposite to that of harmonic current drawn by the load and 

injects it at the point of common coupling making the source current sinusoidal. Filtering 

algorithm used and calculation of load current harmonics decides the characteristics of 

harmonic compensation. Current waveform for cancelling harmonics is achieved with 

Voltage Source Inverter (VSI) and interfacing inductor. Inductor provides   smoothing and 

isolation for high frequency components. Desired current waveform or actual filter current 

is obtained by controlling the switching of Insulated Gate Bipolar Transistor (IGBT) 

switches in the inverter. Control of wave shape is limited by switching frequency of 

inverter and available driving voltage across interfacing inductance. 
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3. Reference current generation using synchronous frame based algorithm 

 

Application of Coordinate transformations is used to separate reactive and harmonic 

components of load current. Three phase load currents in a-b-c orientation are converted 

onto a synchronous rotating reference frame (d-q-0) using Park’s transformation. This 

defines a new set of reference axis called d and q which rotates synchronously with 

fundamental currents. Time variant currents with fundamental frequencies would be 

constant after transformation but harmonics will remain time variant [14]. Thus currents are 

separated into AC and DC portions. Active and reactive components of load current are 

given by d and q components respectively. Alternating components in d and q axis will 

serve as reference for harmonic current compensation [13].The DC component in q axis 

will be the reference for reactive current compensation. For reactive and harmonic current 

compensation low pass filtered d axis component (id*) and the entire q axis component 

(iq*) is taken as reference. Using inverse park transformation d-q-0 axis is converted to a-b-

c system. Since balanced three phase three wire system is considered zero sequence 

currents are neglected in this work. 
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Equation (1) describes three phase load currents in a-b-c system transformed to d-q-0 by 

Park transformations. ia, ib, ic denotes the load current in a-b-c system and id, iq and io 

denotes the currents in synchronous reference frame. 

 

4. Modified hysteresis controller with adaptive band 
 

In the three wire system given in Figure. 2. it is sufficient to control current in only two 

phases. For compensating harmonic current at source side, harmonic current has to be 

injected into the grid from the inverter. To inject harmonic current, a generalized switching 

algorithm is developed based on grid voltage and injected current polarities [13].Phases 

having same polarity of voltage is selected for control. This results in low rate of change of 

inductor current and easier control. The phase voltages are given the notation   Ua, Ub and 

Uc. From the selected phases, controlling switches are selected based on the current 

polarity. The action of the controlled bridge in each 60ᵒ duration of line cycle is explained 

based on the polarity of source voltage and injected current. Table 1 shows controlled and 

uncontrolled phases corresponding to different grid voltage regions. From the selected 

phases, controlling switches are selected based on the current polarity. Table 2 shows 

controlled and uncontrolled switches corresponding to 60ᵒ-120ᵒ grid voltage region. Table 3 

shows controlled and uncontrolled switches corresponding to 240ᵒ-300ᵒ grid voltage region. 

In 240ᵒ-300ᵒ region Ua is negative, Ub and Uc are positive. B and C are the controlled 

phases and A is the uncontrolled phase. Controlled and uncontrolled switches 

corresponding to 0ᵒ-60ᵒ, 120ᵒ-180ᵒ, 180ᵒ-240ᵒ and 300ᵒ-360ᵒ were also tabulated. 
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Figure. 2. Three Phase bridge circuit 

 

 Pulses to the modified hysteresis controller are generated using adaptive control by 

modifying pulses from the conventional hysteresis controller. The output signal from the 

modified hysteresis controller is used to activate the power switches of the grid connected 

inverter. The switching logic for an inverter leg is given below  

If IL < (ILref –HB), the upper switch is off and lower switch is on for a particular leg. 

If IL > (ILref + HB), the upper switch is on and lower switch is off. ILref is the line 

reference current   and IL is the actual filter current of the respective leg.  

The fixed hysteresis band technique is very simple, easy to implement with robust 

current control, has good stability, fast response and inherent ability to control peak current 

without the need for any information about system parameters. But, this method suffers 

from variable switching frequency, heavy interference, harmonic content around switching 

side band and irregularity of the modulation pulse position. These drawbacks result in high 

current ripples and acoustic noise. 

To overcome these undesirable drawbacks, this paper presents an adaptive hysteresis 

band controlled modified hysteresis controller. Figure. 3. shows the pulse width modulated 

current and voltage waves for phase c.  When the current icc- tends to cross the lower 

hysteresis band at point 1, the upper side IGBT of leg “c” is switched on.  When the 

linearly rising current icc+ touches the upper band at point 2, the lower side IGBT of leg 

“c” is switched on. The following equations can be written in the switching intervals t1 and 

t2 from Figure. 3. 
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From the geometry of Figure. 3. it can be written as, 
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HBt
dt

di
t
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ccc 222 −=−
−

                          (5) 

cc fttt /121 ==+                            (6) 

Figure. 3.  Concept of Adaptive control 

In Equation (6) t1 and t2 are the respective switching intervals and fc is the switching 

frequency. Adding Equation (4) and Equation (5) and substituting Equation (6) it can be 

written 
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Subtracting Equation (5) from Equation (4), we get 
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Substituting Equation (3) in Equation (8) gives 
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Substituting Equation (2) and Equation (3) in Equation (7) and simplifying 
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Substituting Equation (2), Equation (3) and Equation (10) in Equation (8) gives 
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Where fc is modulation frequency, m=dIrefc/dt is the slope of reference current wave. UDC 

capacitor voltage of voltage source inverter, L is the interface inductance, Us is the voltage 

of respective phase.     

 

 



J. Electrical Systems 10-3 (2014): 250-262 
 

 255

Table 1: Selection of controlled phases 

Voltage sector Ua Ub Uc Controlled Un controlled 

0ᵒ-60ᵒ +ve -ve +ve A,C B 

60ᵒ-120ᵒ +ve -ve -ve B,C A 

120ᵒ-180ᵒ, +ve +ve -ve A,B C 

180ᵒ-240ᵒ -ve +ve -ve A,C B 

240ᵒ-300ᵒ   -ve +ve +ve B,C A 

300ᵒ-360ᵒ   -ve -ve +ve A,B C 

 

Table 2: Selection of controlled switches (60
ᵒ
-120

ᵒ
) region (t2) 

Ia Ib Ic Sap Sbp Scp San Sbn Scn 

+ve -ve -ve On    C C 

+ve -ve +ve On  C  C  

+ve +ve -ve On C    C 

-ve +ve +ve Off C C    

-ve -ve +ve Off  C  C  

-ve +ve -ve Off C    C 

 

Table 3: Selection of controlled switches (240
ᵒ
-300

ᵒ)
 region (t5) 

Ia Ib Ic Sap Sbp Scp San Sbn Scn 

-ve +ve +ve  C C On   

-ve +ve -ve  C  On  C 

-ve -ve +ve   C On C  

+ve +ve -ve  C  Off  C 

+ve -ve -ve    Off C C 

+ve -ve +ve   C Off C  

 

Table 4: Design parameters used in simulation 

Source voltage 415 V  L-L 

System Frequency 50Hz 

Dc Link Voltage 680 V 

Dc-Bus Capacitance 8000micro farad 

Interfacing Inductance 1.5mH 

Ac-Side  Resistance 1 ohm 

Load 1KW, 600VAR 

Bridge Rectifier Three phase diode rectifier 

 

Hysteresis band is modulated at different points of fundamental frequency cycle so that the 

switching pattern of inverter is controlled. The Equation (11) defines the hysteresis band 

that depends on the system parameters. By substituting the switching frequency we can get 
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the hysteresis band value. Adaptive hysteresis band method allows operating at nearly 

constant frequency. Adaptive hysteresis band current controller changes the hysteresis band 

width according to reference current to optimize switching frequency of inverter and THD 

of supply current [15-17]. 

 

4.1. Switching algorithm    

 

 Let t1, t2, t3, t4 t5, t6 represent the regions 0
ᵒ
-60

ᵒ
, 60

ᵒ
-120

ᵒ
, 120

ᵒ
-180

ᵒ
, 180

ᵒ
-240

ᵒ
, 240

ᵒ
-300

ᵒ
, 

300
ᵒ
-360

ᵒ
 of the voltage sector respectively [15, 16]. Switches of the grid connected inverter 

are Sap, San, Sbp, Sbn , Scp  and Scn. Let symbols Xa, Xb, Xc represent the polarity of reference 

currents Iaref, Ibref, Icref respectively. Boolean expressions  formulated for enabling signals to 

switches Scp and Scn in terms of t1, t2,  t3, t4, t5, t6 and  Xa, Xb, Xc are given below. Cp and Cn 

are the pulses from the conventional hysteresis controller. 
ccp XttttcS )()( 5421 +++=                          (12) 

ccp XtonS .6)( =                           (13) 

)().( onSCcSS cppcpcp +=                         (14) 

( ) ( ) '

5421 ccn
XttttcS +++=                         (15) 

( ) '

3 ccn
XtonS =                           (16) 

( ) ( )onSCcSS cnncncn +⋅=                         (17) 

Similar expressions can be obtained for Sap, San, Sbp and Sbn. 

 

5. Synchronization 

 

Phase Locked Loop (PLL) tracks the phase of measured voltages Ua, Ub and Uc.  Proper 

operation under balanced and unbalanced voltage conditions is ensured by PLL. Voltage 

fluctuation at the dc-bus capacitor is used to calculate extra power loss in inverter. 

Corresponding phase current amplitude calculated using a Proportional–Integral (PI) 

controller is multiplied with PLL output and added to reference compensation current in 

each phase. The loss in shunt active power filter is thus taken care of by three phase source 

and dc bus capacitor voltage becomes a self supporting one.  

 

6. Materials and Methods 

 

Simulation was carried out to demonstrate the effectiveness of adaptive controlled 

minimally switched grid connected photovoltaic inverter to mitigate harmonics. The test 

system used to carry out the analysis consists of a three phase voltage source and a three 

phase diode bridge rectifier with RL load. The active filter is connected to the test system 

through an interfacing inductor L. The values of the circuit elements used in the simulation 

are given in Table 4. The work was simulated using MATLAB- SIMULINK. 
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7. Simulation Results 

 
Figure. 4. THD of Uncompensated Source Current 

Figure. 5. THD of compensated Source Current 

 

Figure. 4 shows that the THD of uncompensated source current is 24.57%. FFT analysis 

was done on compensated source current and total harmonic distortion was found to be 

3.03% as shown in Figure. 5. Load current, compensated source current, reference current 

and filter current are shown in Figure. 6. Optimized inverter frequency is nearly 11.5 Kilo 

Hertz as shown in figure. 7.  Figure. 8 shows that DC bus capacitor voltage is maintained at 

680 volts.  Good DC bus voltage stabilization is achieved. The input power factor is 

maintained nearly unity in Figure. 9. 

Table 5: Comparison of conventional and modified hysteresis controller 

Current controller 

used 

% THD of 

supply current 

Switching 

Frequency 
Switching Losses 

Conventional 

hysteresis 

controller 

6.15% Variable 

Increased switching losses since 

all the six switches of the 

inverter are controlled at high 

frequency. 

Modified hysteresis 

controller 
5.69% Variable 

Switching losses reduced to 

one-third when compared to the 

conventional type. 

Conventional 

hysteresis 

controller with 

adaptive control 

4.67% 
Nearly 

constant 

Reduced switching losses even 

though all the six switches of 

the three phase inverter are 

controlled at reduced and 

optimized frequency. 

Modified hysteresis 

controller with  
3.03% 

Nearly 

constant 

Switching losses reduced to 

one-third since only two 

switches are controlled at a time 

at reduced and optimized 

frequency. 
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Figure. 6. Compensated source current, load current, filter current, reference current 

 

 

Figure. 7.  Optimized inverter frequency 

 

 

Figure. 8.  DC bus Capacitor Voltage 

 

Figure.10 shows the THD of source current using conventional hysteresis controller 

without adaptive control which is 6.15%.THD of compensated source current of minimally 

switched grid connected inverter without adaptive control is 5.69% in Figure. 11which 

exceeds the 5% limits. Comparisons of shunt active power filter with conventional 

hysteresis controller and modified hysteresis controller, with and without adaptive control 

is shown in Table 5. 
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Figure. 9.  Input Power factor 

 

Figure. 10. THD of compensated source current with conventional hysteresis 

controller without adaptive control 

 

Figure. 11. THD of compensated source current with modified hysteresis controller 

without adaptive control 

 

Figure. 12 shows the dynamic performance under change in load without filter.  Change 

in load occurs at t=0.2 seconds and t=0.4 seconds. Dynamic performance under change in 

load with filter is depicted in Figure. 13. The effectiveness of the proposed shunt active 

power filter under unbalanced source voltage conditions was checked  by applying a 

voltage imbalance in phases b and c. Voltages of phases a, b and c were 230 Volts, 300 

Volts, 160 volts respectively.  Figure. 14 shows the response of adaptive minimally 

switched grid connected inverter to unbalanced source conditions. 
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Figure. 12. Uncompensated source current and load current for sudden change in load 

 

 

Figure. 13. Compensated source current, load current, filter current, reference current 

for sudden change in load 

 

Figure. 14. Phase voltages of phases a, b and c, load current , compensated source 

current, reference current and filter current of phase a for unbalanced source 

conditions 
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Figure. 15. Load currents  of phases a, b and c, source voltage, compensated source 

current, reference current and filter current of phase a for unbalanced load 

conditions 

An unbalance in load currents was introduced by connecting a single phase diode 

rectifier feeding a R-L load between phases a and c. Figure. 15 shows the response of 

adaptive minimally switched grid connected inverter to unbalanced load conditions. 

It is found that minimally switched grid connected inverter works well under unbalanced 

source and load conditions. 

 

8. Conclusion 

 

Minimally switched  grid connected photo voltaic  inverter with adaptive control, in 

which switching losses are reduced to one third  can be successfully employed for making 

the switching frequency of the voltage source inverter nearly constant, thereby overcoming 

the disadvantage of conventional and modified  hysteresis controller which has variable 

switching frequency.   Employing adaptive control, the THD of supply current is brought 

within the 5% limits as specified by the power quality standards.THD is reduced from 

24.57% when uncompensated to 3.03% when compensated. Good Dc bus voltage 

stabilization is also achieved since bus voltage is maintained at 680 volts. Switching 

frequency of the inverter and THD of source current is optimized with adaptive control.  

The minimally switched grid connected photovoltaic inverter works well under unbalanced 

source and load conditions also. 
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