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Abstract—In this paper, T-S fuzzy logic controller and model reference adaptive control (MRAC) is proposed for a single-
phase shunt active power filter (APF) to improve line power factor and to reduce line current harmonics. The proposed APF 
controller forces the supply current to be sinusoidal, with low current harmonics, and to be in phase with the line voltage. 
The advantages of using over T-S fuzzy logic controller and  model reference adaptive control(MRAC) conventional 
proportional-integral control are its flexibility, adaptability, and robustness; moreover, MRAC can self-tune the controller 
gains to assure system stability. T-S fuzzy logic controller is designed based on LMI toolbox, ands contains triangular 
membership function. Since the APF is a bilinear system, it is hard to design the controller. This paper will solve the stability 
problem when a linearization method is used to solve the nonlinearity of the system. 
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I. INTRODUCTION  
 
“Power quality (PQ) problems have been drawing 
more and more attentions these years, especially with 
the development of modern electronics industry and 
the continuous proliferation of nonlinear type of 
electric load. To solve these problems, passive power 
filters were used at the beginning, and the active 
power filter (APF) is now widely researched and used. 
In the literatures, many papers appear where the [4] 
different approaches to the control are discussed. In 
particular, a synthetic sinusoid generation technique 
have been proposed,in which the required 
compensating current is determined using a simple 
synthetic sinusoid generation technique by controlling 
the dc-bus capacitor voltage of the inverter, is given in 
[4]. This scheme will generate no control delay, which 
is simple and easy to implement.However, the 
conventional PI controller was used for the generation 
of a reference current. The PI controller requires 
precise linear mathematical models, which are 
difficult to obtain and fails to perform satisfactorily 
under parameter variations, nonlinearity load 
disturbance.  
Recently, Fuzzy Logic Controller (FLC) is used in 
power electronic systems; for adjustable motor drives 
and active power filter applications. The advantages or 
FLC is over conventional controllers are that they do 
not need an accurate mathematical model, they can 
work with imprecise inputs, can handle non-linearity, 
and they are more robust than conventional nonlinear 
controllers The Mamdani type of fuzzy controller used 
for the control of APF gives better results compared 
with the PI controller [5], but it has the drawback of 
computational complex and difficult to optimize. 
Takagi–Sugeno (TS) [1]fuzzy control scheme has a 
outstanding feature that is the combination of the 
fuzzy rule and the form of the exact linear function. 
So, the advantage ofTS fuzzy control scheme is easy 
to compute and optimize. 

 
There are a lot more problems with  PID-controlled 
APF, this paper adopts model reference adaptive 
control (MRAC) [2]. Many well-known MRAC 
results are developed in detail in a variety of textbooks 
[2].In MRAC systems, the desired performance of the 
plant is expressed via a reference model, which gives 
the desired response to a command signal. Hence, a 
considerable flexibility is granted to the designer to 
alter the goals by modifying the reference model. On 
the other hand, one main reason in using MRAC is the 
elimination of relatively large overshoots and 
undershoots in the beginning of the transient, which 
may disturb the stable operation of the inverter in 
protecting the switching devices. Thus, it is expected 
that MRAC can overcome the demerits of PID control 
and is a better control strategy 

 
Fig.1 Shunt Active power filter 

 
This paper presents T-S fuzzy & MRAC-based APF 
to cancel the harmonic/reactive components in the line 
current so that the current flow into and from the grid 
is sinusoidal and in phase with the grid voltage. T-S 
fuzzy controller does not required a exact 
mathematical model but  the APF is a bilinear system, 
it is difficult to directly apply MRAC. This paper will 
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solve the stability problem when a linearization 
method is used to solve the nonlinearity of the system. 
Parameter update laws that are used to tune the control 
gains are derived by the Lyapunov function. 
Furthermore, the stability of the MRAC is guaranteed 
based on Lyapunov stability and Barbalat’s lemma. 
The power stage of a shunt power filter needs to pass 
bidirectional current, and it is typically composed of a 
full or half bridge with an energy storage capacitor at 
the dc side. In this paper, an H-bridge is adopted for 
the power stage structure of the APF, as shown in Fig. 
1. As shown in Fig. 1, the H-bridge is in parallel with 
a nonlinear load. The H-bridge circuit is the same as a 
single phase of voltage- 
 

 
Fig.2 Bipolar switching pattern and switching states of H- 

bridge 
 
source inverter (VSI) while working as an APF [or as 
a pulse width modulation (PWM) rectifier]. The APF 
system that is connected in parallel with the load 
could cancel the harmonic/reactive components in the 
line current (i )so that the current flow into and from 
the power Fig. 2. Bipolar switching pattern and 
switching states of the H-bridge line is sinusoidal and 
in phase with the power line voltage. In other words, 
the compensating current (i ) is injected into the line 
to force the line current (i ) to become sinusoidal and 
to achieve a unity PF for the APF system. The 
currents of the APF system can be expressed as 
i = i + i (2.3) 
Where i  is the nonlinear load currentIn this paper, 
the H-bridge operates in a bipolar PWM mode. Fig. 2 
shows the bipolar switching states of four switches in 
the H-bridge. In Fig. 2, the two switch legs are 
complementary switching states. In addition, the 
operation of the APF can be divided into two modes, 
and its four switches have a switching frequency of 
fS. In mode 1, Q2 and Q3 are turned ON, while Q1 
and Q4 are turned OFF when 0 < t < DTS, where TS 
= 1/fSis the switching period and D = TON/TS is the 
duty ratio. In this mode, the inductor 
urrentiLincreases in a positive direction, and the 
agnetic energy is stored in the inductor L. At the 
same time, the energy that is stored in capacitor C is 
transferred to the line source and the assumptive load 
RL. In mode 2, the switching states of four switches 
in mode 1 are reversed when DTS < t < TS. 
Conversely, the energy that is stored in L is 

transferred to C, RL, and the line source, and C is 
accordingly charged. Fig. 3 shows their equivalent 
circuits,related waveforms of the inductor current, and 
voltage in each switching cycle. 
To simplify the analysis, the following assumptions 
are derived:1) the capacitance of C is sufficiently large 
so that v s nearly constant at one switching cycle; and 
2) the witching frequency fS is much higher than both 
the line frequency and the frequency of the nonlinear 
load current [31]. By observing the equivalent circuits 
that are shown in Fig. 3, one circuit shows the 
inductor voltage and current during one switching 
cycle when v > 0, which are expressed by the 
following: 

v (t) = v + v  
 
i (t) = i (0) + ∫ v + v 	dtfor 0 ≤	 t ≤ DT (2.1) 

v (t) = v − v  
 
i (t) = i (DT ) + ∫ v − v 	dtforDT ≤	 t ≤ T (2.2) 

 
Fig.3.  Equivalent circuit, inductor current, and voltage 

waveforms in each switching cycle of the APF. (a) Equivalent 
circuit when 0 ≤ t ≤ DTS. (b) Equivalent circuit when DTS ≤ t ≤ 

TS. (c) Inductor current and voltage waveforms. 
 
Similar results can be obtained when νS < 0. Because 
the switching frequency is sufficiently high, the load 
current is almost unchanged at one switching cycle. 
Therefore, the initial and peak values of the inductor 
current are equal to those of the next switching 
interval. As shown in the volt–second balance of 
inductors at one switching cycle, the average of the 
inductor voltage is given by the following: 
(v + v )DT + (v − v )(1− D)T = 0(2.4) 
 
It implies that 
v = (2.5) 
A single-phase APF has two reactive elements 
because its output voltage is higher than its input 
voltage; otherwise, it is not possible to return energy 
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from the capacitor to the load. on sequent, in a bipolar 
operation mode, an H-bridge APF 
Represents an absolute boost converter, with a 
possibility of returning energy. 
Let definition of Sn for each switch, the relation 
between v and  v can be expressed as 
v = [S − S ]*v  
In the following expressions,X (t) and X (t) are 
represented the state variables of the average values 
of the inductor current and the capacitor voltage 
respectively over a switching period. This is 
represented as follows 
 

x (t) =
1
T i (ζ) 	dζ 

x	 (t) = ∫ V (ζ) 	dζ………………………(2.6) 
 
the dynamic behavior of the APF can be described by 
the following state-space model as 
ẋ = Fx + Gxu + Ew……………………….. (2.7) 

Where x=[i v ] ,F=[
0

], G=[
0

0
], 

E=[ 0] and w=v . 
The bilinear state equation is approximately described 
by a linear state equation of the form 

ẋ = (F + Gu) + Ew 
 
II. T-S FUZZY MODELLING 
 
The fuzzy dynamic model roposed by Takagi and 
Sugeno represents local linear [1]input–output 
relations of nonlinear systems. The fuzzy linear 
models of the APF system can be described by the 
form of If-Then fuzzy rules as follows: 
Ri :Ifz ( ) is M  and z ( ) is M  
then 

		xḑ̇ (t) = A xḑ + B xḑ(t) 
for i=1,2,……….n 
Where 	z ( ), z ( )  are the input variables of the fuzzy 
controller and M ,M  are the fuzzy sets. These input 
variables of the fuzzy controller are defined as 

z ( ) = V∗ − v (t) = e(t) 
z ( ) = ∫ e(t)dt…………………………(3.1) 
Where V∗is the constant reference voltage of the 
system. 
Moreover, the inputs of the fuzzy controller are 
fuzzified by using two fuzzy sets B (Big) and S 
(Small). For the big set, the membership function is 
given by 

µ z =
0																			z < −α

z + α 								− α ≤	 z ≤ α
1																												z α

..for  

j=1,2……………………………………(3.2) 
 
On the other hand, the membership function of the 
small set is 

µ z = −
1																			z < −α

z + α 								− α ≤ 	 z ≤ α
0																									z α

 

 
for  j=1,2……………………………(3.4) 
The membership functions,z ( )and z ( ), are shown 
in fig 4 and 5 respectively. The values of  α  and α  
are chosen based on the maximum value of  error e(t) 
and its integration. The fuzzy model is composed of 
the following four simplified rules: 
 
Plant Rule 1: If z ( ) is B and z ( ) is B, 
 thenxḑ̇(t) = A xḑ + B xḑ(t) . 
Plant Rule 2: If z ( ) is B and z ( ) is S, 
 then xḑ̇(t) = A xḑ + B xḑ(t) . 
Plant Rule 3: If z ( ) is s and z ( ) is B, 
 Then xḑ̇(t) = A xḑ + B xḑ(t) . 
Plant Rule 4: If z ( ) is S and z ( ) is S, 
 Then xḑ̇(t) = A xḑ + B xḑ(t). 
 

 
fig 4. Membership function for error 

 
fig 5. Membership function for change in error  

 
The parallel distributed compensation (PDC) with a 
model-based design procedure was firstly proposed by 
Sugeno and Kang . The PDC offers a procedure for 
the design of a fuzzy controller from a given T-S 
fuzzy model. In the PDC design, each control rule is 
designed from the [1]corresponding rule of a T-S 
fuzzy model. Moreover, the linear control technique 
can be used to design the consequent parts of a T-S 
fuzzy controller, because the consequent parts are 
described by linear state equations. Next, we design 
the fuzzy control rules from the rules for fuzzy models 
using the PDC.  
The following fuzzy controllers are constructed for the 
fuzzy model via the PDC: 
Control Rule 1: If  z ( ) is B and z ( ) B 
  then u ( ) . 
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Control Rule 2: If  z ( ) is B and z ( ) s 
  then u ( ) . 
Control Rule 3: If  z ( ) is S and z ( ) B 
  then u ( ) . 
Control Rule 1: If  z ( ) is S and z ( ) S 
  then u ( ) . 
where f ,f , f 	and	f  are the feedback gains. The 
overall fuzzy controller is represented by 

u =
∑ w z( ) f x (t)

∑ w z( )
 

= h z( ) f x (t) 

The purpose of the fuzzy controller design is to 
determine the local feedback gains f ,f , f 	and	f   in 
the consequent parts 
 
III. MODEL REFERNCE ADAPTIVE 
CONTROL DESIGN 
 
The MRAC scheme with adaptive control for APF is 
presented to improve the power factor subject to the 
change in [2]the nonlinear load. The control objective 
is either to regulate the error states to zero or drive the 
system states to track the states of a reference model. 
The adaptive control is to adjust the controller 
parameters on-line, based on measured system 
response. Thus, one defines a linear time-invariant 
(LTI) reference model as [2] 

 
		ẋ = A x + B x ………………..(4.1) 

Where r	∈ R  is the reference input,	x ∈ R ×  is the 
state vector of the reference model, 
A ∈ R × andB ∈ R ×  are the reference model 
system matrix. Let the tracking error be, 

e = x − x ……………………….(4.2) 
       The objective here is to find an adaptive law so 
that the tracking error e approaches zero. To achieve 
the control objective, the output [2]of the adaptive 
controller is inferred by the system model 
x ̇ = A x + B u ……………(4.3) 

u = [θ θ ]
r

x ………..(4.3) 
 Where θ (t) and  θ (t) = [θ (t)θ (t)] are the 
feedforward and feedback gains Of the closed-loop 
system respectively 
x 	̇ = A + B θ x + B θ r…(4.4) 
 
If the feedforward gain			θ (t) and feedback gain θ (t) 
are converged the optimal parameters 
θ 	
∗And	θ 	

∗ respectively by the adaptive controller so 
that the plant model match with the reference model, 
satisfying 

B θ 	
∗ = B  

A + B 	θ 	
∗ = A  

V̇(t) = − e Q 	0……(4.5) 
The above equation only ensures thatV̇(t)is always 
negative and for all initial  

Conditions, e is bounded. Since	V̇(t) ≤ 0	.		V(t)is 
monotonically no increasing and bounded, then 
integration of		V̇(t) yields  e	∈ L .That is 

V̇(t)
∞

dt = V(∞)− V(0) 

      Since e is bounded, so that		V(0) ∈ L∞. According 
to Barbalat’s lemma e→ 0	 asymptotically as t→
∞			Therefore, we can conclude that the system is 
asymptotically stable. However, adaptive laws are not 
implementable in practice. Because they are not 
directly related to the control parameters of, need to 
make be practical. Thus, one can take the derivative of 

φ = θ∗ -θ (t) And 
φ = θ∗  -θ (t) 

become 
φ =̇ -θ̇  
φ =̇ -θ ̇ ………………(4.6) 
one has the parameter adaptive laws as follows 

			θ̇ = B Per 픯  
	θ̇ = B Per 픯 ……….(4.7) 

 
 
IV. SIMULATION RESULTS 
 
The experimental results are given to confirm the 
system performance of proposed T-S fuzzy and 
MRAC model. 
 

 
 
From the membership function we can get following 
data for T-S fuzzy controller 

A = A = A = A =
0 −103.3 0

620 −0.1 0
0 −1 0

 

B = B =
86658
−80
30

 

B = B =
79999.2
−80
30

 

Feedback gain matrix’s are obtained from LMI tool 
box.For MRA controller following data is obtained 
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A = −72 −18
18 0 B = 1

0 
The positive-definite matrices P and Q are 
 
P=2.4533 0.0833

0.0833 2.4474 Q=1 0
0 1 

 

 
Table shows the comparison of %THD in 
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