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Abstract— The theory, design and simulation of a fixed 
frequency pulse width modulation (PWM) based adaptive sliding 
mode current control for single phase shunt active power filter 
(APF) to improve power quality is presented in this article. 
Artificial neural network (ANN) based modified control strategy 
is being used to control the DC capacitor voltage as well as to 
generate reference source current. The application of ANN 
enhances the convergence rate of APF and also makes it adaptive 
under variable load conditions. The instantaneous phase of the 
source voltage is extracted by a phase locked loop (PLL). The 
same phase is used by ANN for calculating the reference source 
current. That is why the proposed APF is applicable under both 
nominal and distorted voltage source. The complete non-linear 
system is analyzed and simulated using MATLAB/Simulink 
software. Simulation results are presented to validate the theory. 
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I. INTRODUCTION 

The extensive use of nonlinear load (computers, TVs, 
refrigerators, printers, fax machines, etc) causes harmonic 
distortion. Harmonics increase the conduction losses, eddy 
current losses and also have bad impacts on other loads 
connected to the same voltage source. Passive filters can be 
used to improve the power quality, but these are expensive and 
bulky solutions. These problems can be overcome by use of 
active power filter (APF). Two types of APFs exist; shunt 
APFs and series APFs. Shunt APFs are used to compensate 
current harmonics, while series APFs are used to compensate 
the voltage harmonics caused by nonlinear loads. In this 
article a single phase shunt APF is presented. Different control 
strategies have been applied to control single phase shunt 
APFs in the literatures [1]-[8]. However sliding mode (SM) 
control is well known due to its ease of implementation and 
robustness. SM controllers have a property of operating at 
infinite and varying switching frequency such that the state 
variables of the system follow the required trajectory. 
However high and varying switching frequency causes losses 
and even damage of the system. 

Various techniques have been proposed in sliding mode 
controlled APFs [1]-[3] to control the switching frequency.  

 

 

 

These are mainly based on hysteresis modulation. In 
literature [7] a adaptive hysteresis band based modulation 
technique is used to fix the switching frequency. But in DC to 
DC converters [10] and DC-AC inverters, [12] fixed switching 
frequency SM controllers are employed using pulse width 
modulation technique. In the proposed APF system a pulse 
width modulation (PWM) base SM controller is being used to 
fix the switching frequency at a constant value. As harmonic 
content in the source current is reduced significantly in 
unipolar PWM, unipolar PWM technique is applied in this 
literature. 

APF control techniques mainly divided into two categories 
such as current control of APF and control of filter capacitor 
voltage along with generation of reference source current. In 
literature [1]-[3] a PI controller is being used to control the 
filter capacitor voltage as well as to generate the reference 
source current. Literature [8] and [13] has taken the 
advantages of artificial neural network (ANN) to extract the 
load harmonics currents. The application of ANN makes the 
harmonic extraction faster than that of control strategies 
presented in [1]-[3] and also makes the APF adaptive to 
various load currents. In this Literature a combined control 
strategy based on a modified ANN based harmonic extraction 
circuit and Proportional-Derivative (PD) controller is being 
used for controlling the DC capacitor voltage and generating 
the reference current which makes the convergence rate 
further faster than that of literature [8] and [13]. The 
Application of SM control strategy, ANN and PD controller 
makes the APF robust under distorted source and variable load 
conditions. 

This paper is organized as follows. In section II the 
mathematical model of the single phase shunt APF is 
described. Theory and derivation of a new control strategy 
combining both constant frequency sliding mode current 
control and ANN based adaptive harmonic extraction circuit is 
presented in section III. Simulation results are presented in 
section IV to validate the theory of the proposed control 
strategy. Finally conclusions are given in section 5. 

 
II. SHUNT APF MODEL 

Fig.1 shows the configuration of single phase shunt active 
power filter connected in parallel with both voltage source and 
nonlinear load. A full bridge rectifier with resister-capacitor 
(RC) connected in parallel is used as a nonlinear load. The 
input of the inverter is connected to a large capacitor and 
output is connected to mains supply through an inductor. This 
inverter is used to shape the source current same as that of 
source voltage. To shape the source current it is required to 
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maintain the capacitor voltage greater than the peak value of 
source voltage. The value of capacitance and inductance is 
chosen suitably so as to meet the desired specifications as per 
literature [1]. As the switches of one leg of an inverter cannot 
be in on state at a time TABLE I can be assumed. Assuming 
‘U’ as the control input. Considering Table I the mathematical 
model of the single phase shunt APF can be written as  

 
1

- - )(L
S L C

dI
V I R V U

dt L
=     (1) 

( )LCdV I
U

dt C
=      (2) 

 
 

III. CONTROL STRATEGY 

In this section both constant switching frequency SM 
current controller design and the application of ANN and PD 
controller for controlling the DC capacitor voltage  along with 
calculating reference source current  is described. 
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A. Sliding Mode Control 

As the APF system is a nonlinear system and the control 
of APF is completely based on control of the switches, SM 
control can be applied to bring the system’s state trajectory 
onto a user defined surface called sliding surface and to 
maintain the trajectory on that surface for the rest of the time. 
To make the source current follow reference source current a 
sliding surface is defined as  

* *( ) ( )S S S sS I I I Iλ= − + −∫    (3) 

Where 
*
SI is reference source current and λ is a strictly 

positive constant known as sliding co-efficient.  
After Design of the sliding surface, the next important 

aspect is to check for existence condition for sliding mode to 
exist in the vicinity of the sliding surface which is possible 
only when the tangent to the state trajectory is made to direct 
towards the sliding surface. As shown in Fig.2 for 0S > the 
actual trajectory lies above the sliding surface 0S = . When 

0S > , SI  is greater than 
*
SI . To bring the trajectory on to 

the sliding surface the extra amount of current must be used to 
charge the capacitor. Similarly when 0S <  to make actual 
source current follow the reference source current capacitor 
must supply the adequate amount of current. With proper 
control of the switches of the APF the reaching of the 
trajectory on to the sliding surface and maintaining the 
trajectory on the surface is possible, which are known as 
reaching and existence of sliding mode control strategy 
respectively. As per literature [10] the SM control exists only 
if local reachability condition was satisfied. This can 
mathematically expressed as  

0
. 0lim

S
S S

→
<     (4) 

The above condition can be satisfied by controlling the sign of 
S  which is possible with proper control of the switches. The 
discrete control law which maintains the state trajectory on the 
sliding surface 0S =  can be expressed as [11] 

{ }1     if  S>0
-1   if  S<0

U =    (5) 

For ideal SM control to exist the switches of APF must be 
operated at infinitely high frequency. Different techniques 
have been applied to limit the switching frequency of the 
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T1 T4 T2 T3 U  

ON ON OFF OFF 1 

OFF OFF ON ON -1 

OFF OFF OFF OFF 0 

Fig.1. Single phase shunt active power filter 

TABLE I 

Switching states and control input 

Fig.2. Existence condition
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single phase APF to a maximum value in the literature [1]-[3], 
which causes chattering in the vicinity of the sliding surface. 
As shown in Fig.2 the actual trajectory has two component, 
one is perpendicular to sliding surface and another along the 
sliding surface pointing towards the equilibrium point. The 
component along the sliding surface is responsible for both 
sliding motion and stability of the system. Since the 
movement of the trajectory is due to appropriate control of the 
switches, which is governed by the discrete control law as in 
equation (5), the continuous switching action responsible for 
horizontal component of the trajectory must lie between 0 and 
1. This continuous switching action known as equivalent 

control input ( eqU ) of the system, which can be found by using 

the condition 0S = as per literature [10]. 

From Fig.1  

S L OI I I= +     (6) 

Also we can write  
* *

S L OI I I= +     (7) 

Where 
*
LI is the reference compensating current.  

Considering (1),(3), (6) and (7) 

{ }
*

*1
( ) 0L

S S SL C

dI
V I R V U I I

L dt
λ− − − + − =  (8) 

From (8) we can obtain 

{ }*
*1

( )
C

L
S L S Seq

dI
V I R L L I I

V dt
U λ= − − + −  (9) 

As eqU  is continuous and lies between 0 and 1, considering (9) 
we obtain 

{ }*
*1

( )0 1S L

C

L
S S

dI
V I R L L I I

V dt
λ− − + −< <  (10) 

In classical PWM based APF as in [14] duty ratio (d) can be 
expressed as  

U
ref

d
V
tri

=     (11) 

Where refU is the control modulating signal and triV is the 
peak amplitude of triangular signal. Also ‘ d ’ can again be 
expressed as    

ONT
d

T
=      (12) 

Where ONT  is on time and  T   is total time period in which 
switches operates, which is constant in PWM. From (12) we 
can write   

0 1d< <     (13) 
Comparing duty ratio control of classical PWM based APF 
and equivalent control input of proposed SM control based 

APF and considering (10) and (13) and taking 1triV =   one 
can obtain  

{ }*
*1

( )L
S L S

C

ref s
dI

V I R L L I I
V dt

U λ= − − + −   14) 

The above calculated refU is used as modulating signal for 
unipolar PWM as per literature [12]. The switches of the APF 
operate at constant frequency which is nothing but the 
frequency of the triangular wave used as a carrier wave in 
unipolar PWM. The difference in PWM technique proposed in 
[14] and this paper is only with the modulating control signal 
used for PWM. 

     
B. Modified ANN Based Control Strategy 

 
The discretized instantaneous nonlinear load current can be 

represented by 

1

sin( )O n
n

nI I knω τ θ
∞

=

= Δ −∑    (15) 

Where oI is the load current, nI is the peak value of various 

components of load current, nθ is the phase angle difference 
between source voltage and various components load current, 

τΔ  is the discrete sampling time interval and kω τΔ is the 
instantaneous phase of source voltage, where 0,1, 2...k =  
The load current can be further expressed as 

1 1

1 2

1 2
2

sin( ) cos( )

[ sin( ) cos( )]n n

n

oI W k W k

W nk W nk

ω τ ω τ

ω τ ω τ
∞

=

= Δ + Δ

+ Δ + Δ∑
   (16) 

Where 
1 1

1 2 1 2, ... ,n nW W W W  are constants. 
1

1 sin( )W kω τΔ  is the 

fundamental source current and 
1

2 cos( )W kω τΔ  is the 
fundamental quadrature current. In literature [8] and [13], (16) 
is used by ANN for extracting the fundamental source current 
from load current. This is a lengthy process as all 2n  number 
of weights have to be updated to slow varying variables to get 
the fundamental source current. 

In this literature a modified ANN based fundamental 
source current extraction circuit is presented as in [15] which 
reduces weight updating time from 2 to 3 cycle to almost half 
cycle of source voltage signal. Considering (16) one can 
obtain 

1 1

1 2sin( ) cos( )

 
oI W k W k

periodic signal

ω τ ω τ= Δ + Δ

+
     (17)     

In this paper instead of updating 2n  weights only 2 weights 
1

1W and 
1

2W are updated to slow varying variables to get the 
fundamental source current. 

IEEE TENCON-2014 Proceeding 22-25 October 2014, Bangkok, Thailand



                          

 
 

 

 

I L

W2

W1

τω )(k

τω )(kcos

Σ
+

e

update weights

Algorithm to 

(k)

sin

 
 

 
 

As shown in Fig.2 the input vector is taken as a matrix 
sin( )

cos(

k
X

k

ω τ
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Δ
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Δ
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 and the weight vector is taken as a matrix 

1

1

1

2

W
W

W
=
⎛ ⎞
⎜ ⎟
⎝ ⎠

. A modified Widrow-Hoff delta rule based weight 

updating algorithm is being used to update the weights 
1

1W and
1

2W . The algorithm can be stated as follows 

  
( 1) ( )W k W k W+ = + Δ     (18) 

Where
( ) ( )

( ) ( )T

e k X k
W

X k X k

ρ
Δ = , ρ is the learning rate which is 

always greater than zero. 

The error between actual load current and estimated load 
current ( )e k  instead of converging close to zero converges to 
a periodic signal almost equal to sum of all harmonic 
components of load current put together. As discrete sampling 
time interval ( τΔ ) in which updating process is carried out is 
much less than that of period of variation of ( )e k , updating 
process takes place easily. Learning rate is an important factor 
in the weight updating process. Lower value of learning rate 
takes a long time to update the weights to their desired value. 
While higher value of learning rate causes oscillation of the 
weights around their desired value. A suitable value of 
learning rate is chosen by taking care of amplitude of 
oscillation of weights and updating time. 

For APF to work, the capacitor voltage must be kept above 
than peak value of source voltage. To keep the capacitor 
voltage at desired level a PD controller is used. Proportionality 

constant ( pk ) of PD controller depends on the real power loss 
in the active power filter to maintain the capacitor voltage 

level. As per [5] pk can be calculated by the formula given 
below. 

2 DC
p

p

CfV
k

V
=      (19) 

Where C is the capacitance value, f is the frequency of 

the source voltage, DCV is the reference filter capacitor voltage, 

and pV  is the peak value of source voltage. As derivative 
controller improves the transient response and reduces the 

peak overshoot, derivative constant ( dk ) of the PD controller 
is properly adjusted by heat and trial for a better capacitor 
voltage regulation. 

The output of the PD controller gives the peak value of the 
filter capacitor charging current and the value of the weight 

1

1W  of ANN based extraction circuit gives peak value of the 
fundamental source current. The peak value of the reference 

source current is calculated as sum of weight 
1

1W  and the 
output of the PD controller. The peak value of the reference 
source current is then passed through the low pass filter to 
remove the high frequency component, which helps in 
reducing the harmonic content in the source current. After 
getting reference source current SM current control strategy is 
being applied to control the switches of the APF. 

 
IV. RESULT ANALYSIS 

To validate the system performance overall APF model is 
computer simulated using MATLAB/Simulink software 

Fig.3. Adaptive sliding mode controller 

Fig.4. Modified ANN based extraction circuit  

1 

1 

1 
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version 2013 (a). The solution method chosen was runga-kutta 
(order 4) with fixed step size 061e− . The simulation was carried 
out in discrete time domain with sampling time interval 061e− . 
The parameters used for simulation are given below. 

RS-2Ω  VDC- 200V  ρ - 0.00002 

R-0.7Ω  VS (R.M.S)- 110V  λ- 20000  

C-1500 μ F pk - 0.24  

L-4mH   dk - 0.001 

RS is the source resistance. Derivative constant  dk  is taken 
with filter coefficient as1. The cut-off frequency of low pass 
filter is set as 90Hz. Switching frequency is taken as 20000 Hz 
and source voltage frequency is taken as 60Hz. System 
performance is analyzed on two different load condition, such 
as: 1) high load (real power and reactive power consumed by 
non-linear load is 975 watts and -309 watts respectively); 2) 
low load (real power and reactive power consumed by non-
linear load is 663 watts and -183 watts respectively).  Fig.5 
shows the source voltage and load current waveforms under 
high load conditions when the source is nominal. The Total 
Harmonic Distortion (THD) of all voltage and current wave 
forms are measured up to 50th harmonic to validate the theory. 

The THD of source voltage and load current is found to 
be 0% and 52.92 % respectively. After the application of 
proposed APF, harmonics are compensated to give the shape 
of source current same as that of source voltage as shown in 
Fig. 6. THD of the source current is found to be 2.87% 
measured at time 0.06 second for 2 cycles. In reality voltage 
source waveforms are found to be distorted. APF proposed in 
[2] is applicable for both distorted and nominal voltage source, 
but it is not suitable when frequency of the source voltage is 
varied more than 2%. The APF proposed in this literature is 
suitable in wide variation of amplitude and frequency of the 
source voltage. 

Fig.7 shows the source voltage and source current 
waveforms when source is distorted and load is high. Source 
voltage and load current THD are found to be 7.05% and 
59.30% respectively. After compensation THD in the source 
current is reduced to 2.88% which is very close to the THD in 
the source current under nominal source and same load 
conditions. From this it is clear that proposed control strategy 
is not much affected by source voltage distortion. 

Fig 8 shows the adaptive behavior of the proposed control 
strategy under step load changes. The variation of the source 
current with high to low nonlinear load variation is shown in 
Fig.8. Fig. 9 shows the behavior of the proposed control 
strategy under wide range of frequency variation. It is clear 
that propose APF adopts itself to different frequencies within 
very short interval of time so there is no significant phase 
difference between source voltage and source current. . From 
both the Figures it is clear that proposed control strategy gives 
good transient response and adaptive behavior under both step 
load changes and frequency changes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-200

0

200

V
S 

(V
O

LT
)

0.03 0.035 0.04 0.045 0.05 0.055 0.06 0.065 0.07 0.075 0.08
-20

0

20

TIME(SEC)

I O
 (A

M
P)

Fig.5 Source voltage (top), load current (bottom), nominal 
source

-200

0

200

V
S 

(V
O

LT
)

0.035 0.04 0.045 0.05 0.055 0.06 0.065 0.07 0.075 0.08 0.08

-10

0

10

I S 
(A

M
P)

TIME (SEC)

Fig. 6 Source voltage (top), source current (bottom) 

-200

0

200

V
S 

(V
O

LT
)

0.03 0.035 0.04 0.045 0.05 0.055 0.06 0.065 0.07 0.075 0.08

-10

0

10

TIME (SEC)

I S
 (A

M
P)

Fig.7 Source voltage (top), source current (bottom), 
distorted source 

-200

0

200

V
S 

(V
)

0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
-20

0

20

TIME (S)

I S
 (A

)

0

500

1000

P 
(W

)

Fig.8 Load real power (top), source voltage (middle), load 
current (bottom), high to low nonlinear load 

IEEE TENCON-2014 Proceeding 22-25 October 2014, Bangkok, Thailand



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
 
 
 
 
 
 

As shown in Fig.11 the filter capacitor voltage is 
maintained at desired reference level of 200 V. For time 
( 0.01t < ) low load is applied and after that high load is 
applied. Fig 10 shows the compensating current for 
compensating the harmonics from the source current and the 
error signal ( )e k which instead of converging to 0 converges 
to a periodic wave 

V. CONCLUSION 
Proper combinations of fixed frequency sliding mode 

current control, ANN based fundamental source current 
extraction circuit and unipolar PWM increases the dynamic 
response of APF system with reduced harmonic content in the 
source current. Fixed frequency SM current control strategy is 

explained properly. Reference current calculation using ANN 
and PD controller is explained. Simulation results are analyzed 
under different load and source conditions. Proposed APF is 
applicable under distorted voltage source with wide range of 
frequency variation. 
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Fig.10 Compensating current (top), error signal (bottom), 
nominal source. 

Fig.9 Source voltage frequency (top), source voltage 
(middle), load current (bottom), high to low frequency 
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