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Abstract: This paper presents fixed frequency integral 
sliding mode(SM) controlled maximum power point tracking 
(MPPT) dc-dc boost converter to extract maximum 
photovoltaic (PV) energy and is connected with a single 
phase inverter functioning as shunt active power filter 
(SAPF). The SAPF has to compensate harmonic and 
reactive power for two stage grid connected photovoltaic 
(PV) system. The focusing of this paper is to design a 
reliable and efficient PV system employing MPPT converter 
and inverter with sliding mode control (SMC).The dynamic 
state space modeling of boost converter and inverter 
functioning as SAPF mode and real power supplier mode is 
presented. The inverter is operated by two control loops; 
the outer voltage loop regulates the average dc voltage on 
the dc link and is responsible for correctly setting the 
commanded magnitude of supply current and another is 
inner unipolar hysteresis current controller loop based on 
sliding mode control(SMC) law. The function of inverter is 
to supply maximum PV power extracted by SMC boost 
converter to the grid and also makes nonlinear load current 
harmonic compensation by keeping the grid supply current 
sinusoidal. The simulation models were developed from a 
100 W PV with APF grid integration system using PSIM 
environment. The dynamic performance of converter and 
inverter based on SMC was presented by simulation results. 
The designed new PV-APF integration system is equivalent 
to real time hardware module.     
. 
Key words: Dynamic response, maximum power point 
tracking, sliding mode control, point of common coupling, 
shunt active power filter, total harmonic distortion.  
 
1. Introduction  
 Recently the grid integrated PV system at 
distribution level become more popular technology for 
future world energy demand [2, 7, 15].Among the 
various types of grid integrated PV system, MPPT and 
energy extraction point of view module integrated 
converter have become more popular in two stage PV 
generation system because of its own MPPT 
capabilities, cost reduction in end users, simplifies 
system installation and fulfill the requirement of 
voltage gain [8]. Mostly the MPPT converter in grid 
integrated system shown in Fig.1 employing linear PI 
or PID or peak current mode PWM controller to ensure 
stability and tracking of PV voltage under poor 

atmospheric and operating load conditions. The 
controller PI-PWM or PID-PWM or peak current mode 
loses its stability under the presence of sinusoidal 
voltage perturbations imposed by the grid in the dc bus 
[5]. Focusing SM controllers used in grid connected 
PV power conditioning system is a better candidate 
than conventional linear controllers for alleviating such 
sinusoidal perturbations due to their tremendous 
characteristics of both stability and robustness [1]. A 
comparison of such control techniques is illustrated in 
Fig.2. However the requirement of filter design is 
increasing concern with the use of conventional SM 
controllers. Hence to ensure stability and accurate 
settling time of the PV voltage especially in grid 
connected environment this paper proposes fixed 
frequency integral SM controlled MPPT boost 
converter.  
 With widespread increasing of power electronic 
equipments and use of nonlinear nature of loads at 
point of common coupling (PCC) produces current and 
voltage distortion to distribution grid which affects the 
quality of [2, 7]. To maintain good quality of power at 
PCC, various national and international agencies have 
published standards and guidelines that specify limits 
on the magnitudes of harmonic distortion in currents 
and voltages [6].The solution is the use of active power 
filtering (APF) technology having better compensation 
characteristics to inject harmonic current with suitable 
magnitude and phase into the PCC in order to provide 
harmonic free grid current [11, 17]. In most of the 
literatures, control strategy for inverter in grid 
connected mode concentrates only to inject active 
power to the grid and not on power quality functions in 
presence of nonlinear loads like compensating 
harmonics  and reactive power drained by local loads 
specifically APF  integration functionality [5].  
   In this paper the new idea is the effective 
integration of PV energy sources into the distribution 
grid including power quality features can be done by 
sliding mode controlled MPPT converter and grid 
interfacing inverter. The inverter has additional 
benefits of active power filtering capability without 
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additional implementation cost and performs good 
power quality features at PCC. All this features can be 
done by either individually or simultaneously with 
suitable control of inverter. A simple and cost effective 
nonlinear control scheme is applied to the control of 
single phase grid inverter. The inner current controller 
used is based on SMC to force the current of the 
inverter to track their reference value. Starting with a 
fundamental discussion of the sliding mode control 
conception, models are developed for the filter which 
addresses the design of the controller and the power 
circuit. The suggested control of inverter and converter 
has been found practicable, cost effective and excellent 
compensation characteristics especially in low scaled 
residential PV systems.  
     This paper is organized as follows. Initially the 
description of proposed system when compared to 
conventional one is presented in section 2. The state 
space modeling and SM control scheme of converter is 
described in section 3. The modeling and SMC law of 
inverter is presented in section 4.The control strategy 
of inverter is discussed in section 5. Finally the section 
6 shows the simulation results in order to confirm the 
features and operation of the proposed PV-APF 
integration system.  
 
2. Description of the Proposed System  

Fig. 3 shows the configuration of PV-APF 
integration system employing nonlinear loads with 
proposed SM controller. The current controlled voltage 
source inverter is connected directly to the distribution 
PCC through interface filter inductor. The nonlinear load 
is considered as rectifier with step change in load. The 
low voltage PV module is connected to input of the boost 
converter which steps up the voltage and its output is 
connected to the H-bridge inverter. The working of dc-dc 
boost converter is based on command signal derived 
from a SM controller with MPPT implemented. The 
main intend of SMC of boost converter is to provide a 
good dynamic performance in both environmental and 
bus voltage oscillations caused by load perturbations and 
to ensure the accurate tracking of reference PV voltage 
provided by the P&O MPPT algorithm [4, 5, 7].  

Hence from previous illustration the main 
advantages offered by SMC [1, 9, 3, 12, 13, 15] for PV 
MPPT application is      

1. To maintain stability and accurate settling time of 
PV voltage even for a large disturbance in dc bus due 
to sinusoidal oscillation during grid connected 
operation and environmental condition compared to 
conventional control techniques.  

2. Employing simple control circuit for 
implementation. 
    The integration of APF functioning in grid inverter 
wants a particular interest for generation of reference 
current and design of controller. The nonlinear control 

law based on sliding mode controller is used to 
implement the current controller for inverter. The 
functions that can be performed by the presented control 
strategy of the inverter as:    
1. Real power supplier mode controls the active power 
flow from PV source to PCC. 
2. Shunt APF mode performs the compensation of 
reactive power demand and the nonlinear load current 
harmonics, keeping the distortion free sinusoidal grid 
current.  
 

3. Dynamic State Space Model and Sliding Mode 

Control of MPPT converter   
The state space representation of the boost 

converter under SMC-MPPT is described and the 
control parameters of the PV module voltage error and 
the inductor current error are discussed. From 
representation of power circuit diagram of the boost 
converter (see Fig. 2), it is assumed that the converter 
operates in continuous conduction mode and 
component values are ideal. The circuit consists of PV 

module voltage PVv , input capacitor inC , inductor L, 

power switch T1, diode DO and output capacitor OC . 

The state variable considered for analysis is inductor 

current, Li  voltage across input capacitor PVv
 

and 

output voltage ov  or dcv  .
   

                
 

 
Fig. 1. Two stage grid integrated PV system based on 

conventional control.    

 
Fig. 2. Response of the PV current, PV voltage while 

using PI, peak current and SMC perturbed by irradiance 
and bus voltage oscillations.  



 

 
Fig. 3. Block schematic of proposed PV-APF integration system.   

 

A general sliding mode control law [12, 13] that 
accepts a switching function in a dc–dc converter using 
single switch is;   

1
(1 ( ))

2
u sign s                                                    (1) 

where; u is state of the converter switch and s is the 
instantaneous state variable’s trajectory treated as 
sliding surface, In SMC, we describe ‘u’ as following: 

 1 ,

0 ,

on for s
u

off for s





 
 

 
                             (2)  

Under the consideration of δ = 0, it is usually 
assumed that the SM controller operates ideally at an 
infinite switching frequency with no steady state error. 
However the practical controller limits the switching 
frequency to be finite value. Hence the steady state 
errors are still present.  A good approach of minimizing 
these errors is to introduce an additional integral term 
of the state variables to the sliding mode controller 
called integral sliding mode controller. Such a scheme 
of implementation is shown in Fig. 4.   
The sliding function can be written as    

1 1 2 2 3 3( )s y y y y           
                           

(3) 

Where sliding coefficients 1 , 2  and 3  are usually 

termed as control parameters.     
The controlled state variables considered in this paper 

for proposed integral SMC is the PV voltage error 1y , 

the current error 2y  and integral of the voltage and 

current error 3y
 
which are expressed as  

1 PV PVrefy v V  ; 2 ref Ly i i                                 

3 1 2[ ]y y y dt   
                                             (4)     

where the reference inductor current:  

[ ]ref PV PVrefi K v V     

K is the gain of the PV voltage error with amplified 

value and  is the feedback scaling ratio. The time 

derivative of (4) are used to obtain the dynamic sate 
space model of the proposed system as          

.
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 
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        (5) 

The control signal of the proposed SMC-MPPT is 
derived by using equivalent duty ratio control concept 

by solving;  
. . . .

1 1 2 2 3 3( ) 0s y y y y      ; inequality 

0 1equ u  
 
 and multiplying with 0v gives  
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Fig. 4. MPPT boost converter with proposed SMC.      

 

The control signal Cv , needed for implementing an 

integral SMC-MPPT in boost converter is       

 1 2 3

( )

C S PV PVref S Cin S L

S o PV

v G K v V G K i G K i

G v v

   

 
 

carrier s ov G v
                 

      

            
(7)  

Where the control gain parameters are;                     

 3 31
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2 2 2

1 ; ;
in

L LL
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C

 

  

 
     

 

 

A suitable scaling factor of sG is introduced which lies 

between 0 and 1 to scale down the control and carrier 
signal into required chip level voltage for practical 
implementation. The control gain parameters K1, K2 
and K3 are chosen accordingly to ensure existence of 
sliding mode at all operating conditions of PV and dc 
bus voltage [18, 19].  
 

4. Modeling and SMC of inverter  
This section describe the  development of average 

state space model for the inverter shown in Fig. 3 
which is used as the shunt active power filter and real 
power supplier. The model is used to describe and 
implement the important features of SMC.   

The state of inverter switching function for modeling 
and control purposes can be represented as: 

1

0

x

x

x

when S is conducting
g

when S is open

  
  
  

         (8)    

where x represents the switch number.                    
 The switching functions of single phase inverter can 

be represented by 'S g g  . The gating signal of 

switch pair 1 4S S  is g. If g =1 and its inversion g’= 0, 

imply that the switch pair 1 4S S  are closed and switch 

pair 2 3S S  are opened and if g = 0 and its inversion g’= 1 

imply that the switch pair 1 4S S are opened and switch 

pair 
2 3S S  are closed. Thus the two switches in each leg 

of inverter must operate in complementary manner. This 
ensures one switch is conducting at any time and 
simultaneous conduction of two switches must be 
prohibited.   
This gives  

1 2 1g g   and 3 4 1g g         

Thus the dynamic state space model of the inverter can 
be expressed by.            
Active power filtering mode and real power supplying 
mode   

 
1f

dc s

di
S v v

dt L
                  (9) 

 
1dc

dc f

o

dv
i S i

dt C
                                          (10) 

For pure filtering mode 

 
1f

s dc

di
v S v

dt L
                                                   (11) 

1dc
f

o

dv
S i

dt C
                                                            (12) 

4.1. Operating principle of inverter in APF mode 

 In grid integrated PV system employing nonlinear 

loads, in order to make the grid supply current 

sinusoidal, the harmonic components generated by 

nonlinear loads other than the fundamental one should 

be cancelled by injecting equal but opposite harmonic 

components to PCC shown in Fig. 3.        

Using KCL at PCC  

grid Load fi i i           (13) 

The load supplies both fundamental component Lfi  and 

harmonic component Lhi  i.e.    

Load Lf Lhi i i                  (14)  

The current controlled voltage source inverter injects 
current as   

f Lhi i                             (15) 

Then the resulting grid supply current is   

grid Lfi i     (16)  

The injected inverter current completely compensates the 
current harmonics from the load, resulting in a harmonic 
free grid supply current.      

. 

4.2. Principle scheme of inverter SMC     

 The principle scheme of SMC in APF application is 

by forcing the grid source current to be the same shape 

as, and in phase with the grid supply voltage. Therefore 

the defined trajectory of the grid supply current is  
*

grid si kv                                                          (17) 



 

Where k is a scaling factor depend on the real power 

demand of the loads. Hence the standard form of 

sliding surface , written as  

0grid si kv                    (18)  

The nonlinear control law used to implement the sliding 

mode control is described in Tab. 1.      
 

Table 1 SMC law for grid inverter      

 igrid 

<kvs 

igrid 

>kvs 

 vs<0 vs>0 

g1 0 1 g3 1 0 

g2 1 0 g4 0 1 

 

4.2.1. Equivalent Control    

The equivalent control concept from the SMC can 

be derived from the continuous duty ratio concept of 

power electronic converter [14]. It is found by 

forcing 0


 ; for all times it is remain on the sliding 

surface and maintain perfect tracking.  

From KCL at the source 

grid Load fi i i       (19)  

For the active power filter the expression, 


 can be 

written as  

grid s Load f si k v i i k v
     

      

  
1 1

Load s dc si v S v k v
L L

 

                                 (20)  

Setting (Eq.20) to zero and solving for the equivalent 

control  

1
( ) ( ) s

equ Load s s Load s

dc dc dc

vL L
S i v k v i k v

v L v v

   

     

                                                                 (21)  

       The normal control limit of the circuit 

defines 1 1equS   . It can be noticed that (20) is linear 

with respect to‘ ’ such that   

If 
equS S  then   0



 ; If 
equS S  then 0



    

                             (22)   

From the discontinuous control law  

If    0   then  1S   ; If    0   then 1S  

                                          (23)   

The required condition to be needed for maintaining 

sliding surface is to satisfy 0


 . The eq. (21) looks 

quite difficult to implement and running average of 

control is needed to perfectly track the desired grid 

supply current. Hence To implement the control law (21) 

a limited band schmitt trigger type hysteresis comparator 

is used in this paper.   
 

5. Inverter control strategy    

 This section presents the design of inverter controller 

scheme for proposed PV-APF integration system. The 

inverter control loop represented in Fig. 5 consists of 

outer loop voltage controller and inner loop current 

controller. The main intend of the derived control 

strategy is used to control the power at PCC in different 

operating region of PV energy as: 1). Absence of PV 

energy ( 0pvP  ).2). Available PV energy is higher than 

available load power ( pv loadP P ). 3). Available PV 

energy is lesser than available load power ( pv loadP P ). 

The main objective of the designed controller is that the 

inverter is forced to control in certain way such that it 

always draws or supplies active power from or to the 

distribution source at fundamental frequency and also 

regulates the load generated harmonics effectively if 

connecting load at PCC is nonlinear nature.  In inverter 

switches S3 and S4 describe the sign of the voltage v0 at 

every half cycle of grid supply voltage vs and switches 

S1 and S2 define magnitude of the inverter output 

current if. The SMC law of Tab.1 is implemented with a 

Schmitt trigger type hysteresis controller with limited 

hysteresis band to generate control pulses for switches S1 

and S2 and zero crossing comparator to generate control 

pulses for switches S3 and S4 which is represented in 

Fig.5. 

5.1. Outer loop voltage controller  

       From inverter controller scheme represented in    

Fig. 5, the dc-link capacitor voltage dcV  is measured and 

passed through a low pass filter to yield average 

capacitor voltage. This measured voltage is compared 

with the reference dc bus voltage *dcV . The error signal 

thus obtained is given to a PI type voltage controller to 

maintain a constant dc link voltage under changing 

condition of load and PV power.  

 
Fig .5. Inverter control scheme based on SMC law.      

 



 

 

The  output of the PI voltage controller shown in Fig. 5 

defines,   

2

1 1 1

1
* ( * ) ( * ) (0) 0dc dc dc dc dc

R
k V V V V V dt V

R R C
         

*dc P e I ek V K V K V dt                                   (23) 

where; proportional gain, 2

1

P

R
K

R
 and integral  gain,  

1 1

1
IK

R C
   and the voltage error *e dc dcV V V  . The 

value of PK and IK can be derived by selecting the 

appropriate values of resistance 1R , 2R and 

capacitance 1C .    

 

5.2. Inner loop current controller  

The SMC law of Tab. 1 is implemented with a 
Schmitt trigger type hysteresis current controller shown 
in Fig. 5 to generate control pulses for inverter switches 
S1 and S2. Schmitt trigger is basically a non-inverting 
comparator circuit with a positive feedback. This 
positive feedback creates the hysteresis which is 

controlled by the proportion of 4R and 5R . Since a 

comparator circuit with a positive feedback is used, a 
dead band condition called hysteresis (h) that will exist 
in the output. This hysteresis produces the limited  
frequency PWM pulses at comparator output between 

two thresholds level called upper threshold level ( utV ) 

and lower threshold level( ltV ).    

4

5

2ut lt sat
R

h V V V
R

                              (24) 
 

The current error is minimized by selecting the 
minimum value of hysteresis band lies in the ranges 

between 0.1 and 0.3. The value of 
4 2.2R   k-ohms 

and 
5 200R   k-ohms is selected for obtaining h = 

0.22. 

 

6. Simulation results  

 In order to verify the features of proposed PV-APF 

integration system employing nonlinear loads a various 

simulation studies equivalent to experimental hardware 

prototype circuits were carried out using PSIM 

environment. The complete simulation model of the 

proposed system constructed by using the components of 

110 V, 50 Hz distribution source, nonlinear load, 

inverter, switching ripple filter, inverter SM controller 

and boost converter sliding mode controller is 

represented in Fig. 6.The simulation studies design 

parameters are represented in Tab. 2. The waveforms of 

grid source voltage in volts, source current in amperes, 

load current in amperes ,  injected inverter filter current 

in amperes, PV current in amperes and PV voltage in 

volts was analyzed with different operating modes of PV 

source and loads.  
  

Table 2 Design Parameters      

S.No System parameters Value 

1 Grid source (single phase)  220/110 V, 50 Hz  

2 Source impedance    RS, LS 0.01 ohm, 2 mH 

3 Nonlinear load 
elements(front end 
rectifier) 

C = 1000 uF, R = 
30 to 15 ohms 

4 DC bus capacitor:Cdc 2200 µF 

5 Filter inductors Lf 2 mH 

6 DC reference voltage Vdc* 180 V to 200 V 

7 Voltage Controller gain of 
inverter 

KP: 0.01, Ki: 3.33 

8 Hysteresis band of 
inverter  

0.22 

9 Controller gain  and 
parameters of converter 

Kp: 0.01,  Ki: 100, 
K= 0.5, K1 =1   
K2 = 10, K3 = 1, 
Gs = 0.017  

10 Converter switching 
frequency  

50 KHz  

11 Boost inductors Lb 0.5 mH  

12 Input PV capacitors Cin 100 uF 

                 PV module 

1 Maximum Power Pm 100 W 

2 Open circuit voltage VOC 20.7 V 

3 Voltage at maximum 
power point  VMPP 

17 V 

4 Current at maximum 
power point IMPP 

5.83 A 

5 Short circuit current ISC 6.3 A 

 

6.1. Active power filtering mode      

 In the unavailability of PV power ( 0pvP  ), the grid 

interfacing inverter operates as a pure shunt APF mode 

represented in Fig. 6 and simulated key waveforms of 

grid voltage in volts, grid current in amps, load current in 

amps and filter current in amps with step variation of 

load (from 30 ohms to 15 ohms) at period of t = 2 s is 

shown in Fig. 7.  Fig. 7 confirms that the grid supply 

current is of the same shape as the grid supply voltage 

and is in phase with it. Fig. 8 shows the response of the 

dc bus voltage with step variation of load (from 30 ohms 

to 15 ohms) at period of t = 2 s. The response is faster 

than the conventional one obtained from PI controller. 

The small value of ripple on the dc bus voltage illustrates 

that a small value of bus capacitor may be used without 

harmfully affect the operation of SAPF.   



 

 

Fig. 6. Simulation model of proposed PV-APF integration system.  
 

This illustrates that the sliding mode controller offers 

effective tracking of the reference and limits the ripple 

component of the grid supply current to an acceptable 

value. As seen from Fig. 7 the superposition of load 

current and filter current give the source current. The 

resultant active and reactive power profile in grid supply 

side, load side and inverter output side is represented in 

Fig. 9 (a) and Fig. 9 (b) respectively. The real and 

reactive power profile in pure APF mode is illustrated in 

Tab. 3. From illustration of Fig. 9 (a) and Fig. 9 (b) the 



 

 

grid supply real power only and not for reactive power 

and the inverter supplies only reactive power and absorb 

small value of real power from grid source in order to 

compensate inverter losses and to keep dc link voltage 

constant. From Fig. 9 (a) and Fig. 9 (b) positive value of 

grid real power indicates power flow from grid side 

towards PCC and positive value of inverter reactive 

power indicates supply reactive power for compensation 

of nonlinear load towards PCC.  

 

 
Fig. 7. Shunt APF mode grid supply voltage, grid supply 
current, load current and inverter output current (variation 

of load from 30 ohms to 15 ohms at t = 2 s).  
 

 
Fig. 8. Response of dc bus voltage with step variation of 

load (R = 30 ohms to 15 ohms at t = 2 s).  

 
Fig .9 (a). Real power profile among the grid, load and 

inverter with APF mode.    

 
 Fig. 9(b) .Reactive power profile among the grid, load and 

inverter in pure active power filtering mode 

 

Fig. 10. Harmonic spectrum of grid supply voltage, grid 
supply current and load current.  

     The small negative value of inverter real power 

indicates the inverter absorbs real power from grid 

source. The real and reactive power consumed by the 

load is indicated by positive signs. The simulated 

spectral performance of active power filter in grid 

source voltage, grid supply current and load current is 

shown in Fig. 10.The value of total harmonic distortion 

(THD) obtained for grid voltage, grid current and load 

current is illustrated in Tab. 4.  

6.2. Real power supplier with shunt APF mode     

 In the presence of PV energy the load power is shared 
by the grid inverter and grid source. In this mode the 
inverter supplies power to load through PCC and the 
remaining power of load is derived from grid supply. 
Hence the inverter performs two functionality one for 
real power supplier and other for shunt APF mode to 
compensate harmonics and reactive power at PCC. From 
simulation results of Fig. 11 (a) and Fig. 11 (b) it is to be 
known that the PV output power and current varies 
according to decreased and increased in value of 
irradiations level. In this simulated case solar radiation 
and temperature for the PV panel is 850 W/m

2
 and 25

o 

C. At t = 1 s, the solar radiation decreases to 550 W/m
2 

from 850 W/ m
2
 (see fig. 11(a))

. 
 Similarly

 
the solar 



 

radiation increases to 850 W/m
2 

from 550 W/ m
2
 at       

t = 1.2 s (see Fig. 11(b)). Fig. 11(c) shows the 
insensitivity of PV voltage with perturbation in dc bus 
voltage due step change in load. In these conditions, 
SMC gives reference around the optimum point of 
MPP voltage. It is to be noticed (see Fig. 11(a) and (b)) 
 that the PV voltage of the boost converter input using 
SMC-MPPT has a maximum variation of 0.2 to 0.3 
volt with a settling time of 0.01 s to 0.02 s. The 
chattering magnitude (h1-h2) which is a difference 
between the upper chattering point (h1) and lower 
chattering point (h2) of PV voltage is 0.04 V as depicted 
in Fig. 11(a). The steady state duty cycle and switching 
frequency will oscillate around their nominal values 
while the converter is operated under SMC-MPPT.  
 

   
Fig. 11 (a). Simulated PV panel current, voltage and output 
power with the decreased value of irradiation conditions. 

 
Fig. 11 (b). Simulated PV panel current, voltage and output 
power with the increased value of irradiance conditions.   

 
Fig. 11(c). Response of PV voltage with perturbation in dc 

bus voltage due to step change in nonlinear load.  

 
   Fig. 12. Waveforms of both real power supplier and APF 
mode (grid supply voltage, grid supply current, load current 

and inverter output current).   

 
Fig. 13 (a). Real power profile among the grid, load and 

inverter.     

 
Fig. 13 (b). Reactive power profile among the grid, load and 

inverter with real power supplier and APF mode.  

  
 The simulated wave form of grid supply voltage, grid 
supply current, load current and injected inverter filter 
current obtained in this mode is represented in Fig. 12. 
From Fig. 12 it is to be noticed that the magnitude of 
supply current is reduced (comparing Fig. 7) which 
means the inverter start functioning as  real power 
supplier  mode i.e. supplies real power from PV to the 
PCC. The real power supplied by the inverter varies as a 
variation of irradiance condition. The resultant active 
and reactive power profile in grid supply side, load side 
and inverter output side is represented in Fig. 13 (a) and 
Fig. 13(b) respectively. 



 

 

The real and reactive power profile of this mode is 
illustrated in Tab. 3. From Fig. 13 (a) and Fig. 13 (b) 
positive value of grid real and reactive power illustrates 
power flow from grid side towards PCC and positive 
value of inverter real and reactive power indicates power 
flow from inverter towards PCC. The real and reactive 
power consumed by the load is always indicated by 
positive sign. The generated gating pulses for switches 
S1, S2, S3 and S4 for H-bridge cells according to 
nonlinear control law defined by Tab. 1 is represented in 
Fig. 14 (a) and Fig. 14 (b) respectively. The simulated 
spectral performance of active power filter in grid 
supply voltage, grid supply current and load current is 
shown in Fig. 15. The value of total harmonic 
distortion (THD) obtained for source voltage, source 
current and load current is illustrated in Tab. 4. From 
simulation modeling and results it is to be noted that the 
PV-APF integration system can be utilized effectively to 
compensate load reactive power and current harmonics 
in addition with injection of active power from PV 
source. This illustrates the distribution source always to 
supply or receive sinusoidal current at nearly unity 
power factor.   

 

 

Fig. 14 (a) .Generated gating signal of switches S1 and S2 in 
association with line current based on nonlinear control law 
with Tab. 1 

 
Fig. 14 (b). Generated gating signal of switches S4 and S3 in 

association with source voltage based on nonlinear control 

law with Tab. 1.   

 
Fig. 15. Simulated spectral performance of source voltage, 
source current and load current.  

 
Fig. 16. Dynamic response of grid current, inverter output 
current and load current with different irradiance and load 

conditions.    

 
Fig. 17. Dynamic response of DC link voltage, grid voltage , 

grid current and load current with step change in load 

conditions at t = 1.5 s. 

 

6.3. Dynamic response  
     In order to confirm the dynamic performance of the 
proposed control strategy of PV-APF integration 
system various simulation studies are performed. Fig. 
16 shows the simulated results of grid source current, 
load current and load voltage under various operating 
conditions of PV energy (unavailability of PV power, 
increase and decrease in the values of PV power due to 
variation of irradiance).The increase and decrease in 
the value of PV power at dc link is conformed through 
increase and decrease in the value of injected inverter  



 

Table 3 Real and reactive power profile 

Operating modes Real power profile P(Watts) Reactive power profile Q  (VAr) 

Grid 

(Pgrid) 

Load 

(PLoad) 

Inverter 

(Pinv) 

Grid 

(Qgrid) 

Load 

(QLoad) 

Inverter 

(Qinv) 

Shunt APF  360 360 0 0 90 90 

Real power supplier 

with APF  

280 360 80 0 90 90 

 

Table 4 Harmonic spectrum of proposed PV-APF integration system  

Operating modes Total harmonic distortion (THD %) 

 Grid supply voltage   Grid supply current  Load current  

Without APF filtering 9.65 84.82 84.82 

Shunt APF mode 1.46 1.85 85.01 

Real power supplier with APF mode 

(proposed SMC-MPPT) 

0.86 2.18 85.19 

 
output current represented in Fig. 16. Then the 
corresponding decrease and increase in the magnitude 
of grid supply current is characterized in Fig. 16. Fig. 
17 shows dynamic response of the APF integrated PV 
system with variation of load conditions at t = 1.5 s. 
The response of dc bus voltage with step variation of 
load (from 30 ohms to 15 ohms) at t = 1.5 s is 
represented in Fig. 17. From Fig. 17 noticed that the 
peak voltage obtained is 180 volts to 170 volts and the 
settling time obtained is 0.075 s which is faster response 
when compared to conventional controller. The response 
of the PV system voltage and dc bus voltage with step 
change in reference voltage Vdc* (180 volts to 200 volts 
at t = 1.5 s) is represented in Fig. 18. Thus the 
presented controller manages accurately any power 
variation in dc link and effectively transfers it to the 
main grid. From results it is to be noticed that the 
smooth transition from different operating conditions is 
characterized. Simulation results illustrate that the DC 
bus voltage and PV voltage was well regulated and the 
effectiveness of the proposed APF in real power 
supplier and harmonic compensation.  

 
Fig . 18. Response of the PV voltage with step change in 
reference voltage Vdc* (180 volts to 200 volts at t = 1.5 
seconds)    
 

 

 

7. Conclusion  
A new PV-APF integration system with power 

quality enhancement features has been successfully 
simulated which is equivalent to real time hardware 
prototype. The sliding mode controller settings can be 
easily obtained through the dynamic state space model. 
The proposed nonlinear controller provides cost 
effective, fast dynamics and simple solution to 
nonlinear loads harmonic compensation and PV real 
power supplier. The simulated results of the sliding 
mode MPPT boost converter has fast dynamic response 
to various irradiance and load perturbation. With the 
inverter nonlinear controller based on sliding mode 
control law the nonlinear nature of load at PCC 
becomes linear one to the grid supply which makes the 
supply current nearly sinusoidal and harmonics free. 
The total harmonic distortion measured is within limits 
of IEEE 519-1992 standards. The designed controller 
for both converter and inverter has been shown to be 
robust against load, supply and irradiance variations.  
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