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Abstract 

This paper presents the compensation principle using feedback 

linearization based DPC control strategies of the unified power 

quality conditioner, which aims at the integration of series-active and 

shunt-active power filters. In order to improve the performances of 

UPQC, a control method based on a feedback linearization based 

DPC controller combined with space vector modulation (SVM) is 

proposed. The purposes are to deliver compensation signals more 

quickly and accurately at varied load conditions and to eliminate 

voltage as well as current harmonics with good dynamic response. 

Extensive simulation results obtained by Matlab/Simulink for a 

passive load connected through an uncontrolled bridge rectifier 

validate the performance of the suggested control scheme. The 

comparison of these results with those obtained with a PI controller 

demonstrates the superiority of the proposed controller. 
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1.   INTRODUCTION  

In recent years, the increasing use of power electronic devices has led 
to the deterioration of power quality due to harmonic generations [1]. 
The terminology and the guidelines for power quality have been 
described in detail at IEEE-519 and IEC-555. According to these 
guidelines, the allowed total harmonic distortion should be less than 
5% [2]. 

The aforementioned problems are partially solved with the help of 
passive filters [3-5]. However, this kind of filter cannot solve random 
variations in the load current waveform and voltage waveform. On the 
other hand, compensating devices such as Static Var Compensator 
(SVC), Parallel Active Filter (PAF), Series Active Filter (SAF), and 
hybrid filters are proposed to ensure power quality [6]. However, their 
capabilities are usually limited as they can only solve one or two 
power quality problems. Recent research has shown that the unified 
power quality conditioners (UPQCs), an integration of series and 
shunt active filters, can be utilized to solve most power quality 
problems simultaneously [7]. 

The UPQC can maintain the load end-voltage at the desired level and 
prevent incoming sags/swells in voltages [8]. In addition the UPQC 
can efficiently support the reactive power requirement of the load, and 
suppress the generated load harmonic currents, so that do not 
propagate back to the utility, which can cause voltage and current 
distortion to other consumers [9]. 

Different control approaches for the UPQC have been pro-posed. In 
[11] authors have applied a linear control using PI controller. The 
control of the UPQC connected to a Wind system by PI controller is 

proposed in [12]. An intelligent controller has been applied by [13] 
and [14]. A four wire topology of the UPQC controlled by PI has been 
studied in [15], [16] and [17]. 

The aim of this paper is twofold. Firstly, to design a feedback 
linearization based DPC controller combined with space vector 
modulation for the UPQC to enhance power quality. secondly, to 
compare the performances of the proposed controller with a PI 
controller to validate the proposed controller, through an extensive 
simulation results for a passive load connected through an 
uncontrolled bridge rectifier. 

The rest of the paper is organized as follows: in section II, the control 
design of the UPQC is presented, while in section III, simulation 
results and their discussion are given, finally a conclusion of the 
present work is derived.    

2.   CONTROL DESIGN 

2.1 Mathematical Model of UPQC 

The differential equations describing the dynamic model of 
UPQC are defined in stationary α-β reference frame, as given 
in equations (1) and (2). 

The parallel filter model is governed by the following equation. 
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 Vfpαβ, Pfp and Qfp are the voltages and active and reactive powers of 
the shunt filter respectively. 
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Figure. 1. Single-line scheme of the UPQC . 
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The series filter model is described by: 

( ) ( )s s s s s sx f x g x u= +                                                          (2) 

Where: 
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Vfsαβ, Pfs and Qfs are the voltages and active and reactive powers of the 
series filter respectively. 

2.2   Harmonic extraction 

Active filter depends greatly on the extraction method used to 
eliminate harmonics from the distorted waveforms [18], [19]. 
Hereafter, harmonics extraction methods are described.  

2.2.1 Harmonic currents extraction using PQ theory 

In this work the instantaneous power theory technique (PQ theory) is 
chosen as highlighted in Fig. 2.  

Instantaneous active and reactive powers of the nonlinear load are 
calculated by: 
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Where the instantaneous powers can be expressed as follows: 
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For harmonic and reactive power compensation, all of the reactive 

power ( lQ and lQ components) and harmonic component ( lP ) of 

active power are selected as compensation power references and the 
compensation currents reference are calculated as (5). 
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Figure. 2. Harmonic currents extraction scheme using PQ theory 

On the other hand the signal *

cP  is used as an average real power, and 

is obtained from the DC voltage controller. 

2.2.3 Harmonic voltages extraction using PQ-PLL 
theory 

It consists of two parts, the first is to extract voltage harmonics, and it 
is similar to PQ theory for currents (Equation (6)).     
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The second part is to calculate the voltage drop across the load as 
shown in Fig. 3. 
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Figure. 3. Harmonic voltages extraction scheme using PQ-PLL 

theory . 

2.3   Feedback Linearisation Controller (FLC)  

Synthesis 

Consider the nonlinear system represented by: 
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where g(x) and f(x) are scalar functions. 

The well-known method to form feedback linearization law of the  

previous system is shown in Fig. 4 [20]. The problem of finding the 

vector relative degree of the system (7) implies differentiation of each 

output signal until one of the input signals appear explicitly in the 

differentiation. For each output signal, we define rj as the smallest 

integer such that at least one of the inputs appears in 
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The global relative degree (r) is defined as the sum of all the relative 
degrees obtained using (8). It must be less than or equal to the order of 

the system: 
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To find the expression of linearizing law u that allows making linear 
the relationship between inputs and outputs, the expression (8) can be 
written in its matrix form: 
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D(x) is called the decoupling matrix system. 

Assuming that D(x) is not singular, the linearizing control law 

has the following form [9]: 
1( ) ( ( ) ) u D x x v−= − +                                                (12) 

 

Notice that linearization would be possible only if the 

decoupling matrix D(x) is reversible. The block diagram of the 

linearized system is given in figure (4). 
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              Figure. 4. Block diagram of linearized MIMO system. 

2.3.1  DC voltage FLC synthesis 

The synthesis of the DC voltage controller is based on the second 

subsystem. The derivative of the output y=h  = vdc
2 is given by: 

2
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The control input Pdc appear in (15), so the relative degree is r =1. The 
relative degree of this output is equal to the order of subsystem 2, 
which corresponds clearly to an exact linearization [10]. 

Then the control law is obtained by: 

* 2dc dcP C v=                                                                           (14) 

where: y v=  

For a problem of trajectory tracking defined by vdc*(t), the term v is 
expressed by: 

2
*2

* 2( ) dc
dc dc dc

dv
v k v v

dt
= − +                                           (15) 

Where, kdc is a positive constant 

 

2.3.2 Parallel powers FLC synthesis 

Each output derivative is given by: 
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The decoupling matrix determinant is different to zero, and then the 
control law is given as: 
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The application of the linearization law on the first subsystem leads to 
the following decoupled linear system: 
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The control law used for tracking is: 
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Where kp1 and kp2 are positive constants. 

2.3.3  Series powers FLC synthesis 

Each output derivative is given by: 
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The decoupling matrix determinant is different to zero, and then the 
control law is given as: 
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The application of the linearization law on the first subsystem leads to 
the following decoupled linear system: 
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The control law used for tracking is: 
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Where ks1 and ks2 are positive constants. 

2.4   Space Vector Modulation 

In this section, SVM technique is presented to produce PWM control 

signals (sa, sb and sc) to the power switches of the inverter. SVM 

compensates the required volt-seconds using discrete switching states 

and their on-times. The space vector diagram of a three phase voltage 

source inverter is a hexagon (Fig. 5), consisting of six sectors. Every 

sector is an equilateral triangle of a height h =√3/2 [23]. For any 

given reference vector, the sector of operation is determined by using 

Eq (26). 
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Figure. 5. Space vector diagram. 

The on-time calculation is similar for all sectors.  Volt-second 

equation is given by: 

1 1 0 0f s i i i iv T t v t v t v+ += + +                                                 (27) 

where Ts = 1/fs, with fs is the switching frequency.  
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The reference vector can be also written as follows,  

f f fv v jv = +                                                                  (29) 

From Equations (27, 28 and 29) one can find: 
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From equation (30), ON times calculation are given below  
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The choice of the null vector determines the SVM scheme. There are 

a few options: the null vector v0 only, the null vector v7 only, or a 

combination of the null vectors. A popular SVM technique is to 

alternate the null vector in each cycle and to reverse the sequence 

after each null vector as shown in Fig. 6. This will be referred to as 

the symmetric 7-segment technique [24].  
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Figure. 6. 7-Segment Switching Sequence  for  Vref  in  sector 1. 

 

Finally, the basic operation of the proposed control method associated 
to a nonlinear load is summarize in Fig. 7. The switch control signals 
are derived from a Space Vector Modulator (SVM). Voltage 
references for the SVM are derived from the feedback linearization 
based DPC controllers. The references are computed by using the 
instantaneous PQ theory for currents and PQ-PLL for voltages. The 
compensation objective is to compensate harmonics in both voltage 
and current, reactive power compensation, and to regulate the DC bus 
during bidirectional active power exchange between the two active 
filters and the power system grid. Detailed description of different 
parts of UPQC is given hereafter. 
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3.   RESULTS AND DISCUSSION 

Harmonic current and voltage filtering, reactive power 
compensation and performance of the UPQC with the proposed 
control have been examined in Matlab/Simulink environment, under 
nonlinear load variation and voltage sag. The parameters used in the 
present study are shown in Table I, while parameters and detailed 
study of linear control of the UPQC with PI controller is detailed in 
[25]. 

TABLE I  
SYSTEM PARAMETERS 

Parameter value 

RMS value of the source voltage 220 V 
DC-link capacitor Cdc 8 mF 

Source impedance Rs, Ls 3mΩ, 2.6 μH 

Shunt filter impedance Rfp, Lfp 20 mΩ, 2.5 mH 
Series filter impedance Rfs, Lfs,Cfs 1.5 Ω, 3 mH, 0.1 mF 

Line impedance Rl, Ll 10 mΩ, 0.3 μH 

Diode rectifier load Rd , Ld 15 Ω, 2 mH 
DC-link voltage reference 900 V 

Switching frequency fs 12 kHz 

kp1= kp2  2100 
ks1= ks2 1300 

kdc 250 
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Fig. 7. Simulation  results of the proposed controller. a): Source voltage and 
source current of a-phase before compensation, b): Source voltage and source 
current of a-phase after compensation, c): Harmonic spectrum of source current 
before compensation, d): Harmonic spectrum of source current after 
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Figure. 7. Feedback linearization based DPC control scheme of the UPQC . 

The 1st International Conference on Electronics, 
Artificial intelligence and New Technologies Control and System

ISBN: 978-9931-9728-1-5 313 ICEAINT’21



compensation. e): DC-link voltage vdc, f): Load voltage before compensation. 
g): Load voltage after compensation. h): Harmonic spectrum of load voltage 
before compensation, i): Harmonic spectrum of load voltage after 
compensation. 
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Fig. 8. Simulation results of the proposed sliding mode controller during a sag 
test. a): Source voltage during a sag. b): Injected voltage for compensating a 
sag. c): Load voltage during a sag after compensation. 
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Fig. 9. Simulation results with PI controller. a): Source voltage and source 
current of a-phase before compensation, b): Load voltage after compensation. 
c): Harmonic spectrum of source current after compensation, d): Harmonic 
spectrum of load voltage after compensation. e): DC-link voltage vdc. 
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Fig. 10. Simulation  results with PI controller during a sag test. a): Load voltage 
during a sag after compensation. 

The dynamic behavior under a step change of the load at t = 0.3s 
is presented in Figs. 7.a and 7.b. It can be observed that the grid 
current become sinusoidal after the control application, and unity 
power factor operation is successfully achieved, even in this transient 
state. 

In case of nonlinear control, the harmonic spectrums of AC grid 
current and load voltage before and after compensation are illustrated 
in Fig. 7.(c) and (d), for current, in Fig. 7.(h) and (i) for voltage. For 
linear control, the same spectrums are shown in Fig. 9.(c) and (d). It 
results that the UPQC decreases the total harmonic distortion (THD) 
in the grid currents from 28.13% to 3.35% with PI controller. 
However, with feedback linearization based DPC controller, the 
current THD is decreased down to 3.07%. Load voltage THD 
decreases from 24.59% to 0.95% with PI, while it is further decreases 
to 0.84% when feedback linearization based DPC controller is applied, 
which proves the effectiveness of the proposed nonlinear controller.    

      The UPQC was tested with sag in grid voltage, and the load 

voltage was again found very close to a sinusoidal voltage. So, the 

UPQC is able to produce the required compensating voltage 

components to keep constant load voltage. 
      The absence of an overshoot in DC voltage response during load 
change, low rise time and low THD, demonstrates the superiority of 
the feedback linearization based DPC controller compared to its 
counterpart traditional PI controller as illustrated in Table. II. 

  TABLE II 
COMPARISON OF PI CONTROLLER WITH SLIDING MODE CONTROLLER 

Factor PI controller 
FL-DPC 

controller 

THDi (%) 3.35 3.07 

THDv (%) 0.95 0.84 

Charging of DC link (s) 0.11 0.08 

Overshoot + - 

4.   CONCLUSION 

In this paper a control design of the UPQC is carried out including its 

mathematical model, harmonic extraction methods for both currents 

and voltages. feedback linearization based DPC controller is derived 

to suppress currents and voltages harmonics. For the close power 

switches control, SVM approach has been used due to its benefits in 

term of fixed frequency of implementation. Simulation results show 

that in all the stages of system operation, the load side voltages and 

source side currents are very close to a sinusoidal shape. These 

results show clearly that UPQC controlled by feedback linearization 

based DPC offers much better performance compared to traditional 

controllers case.  
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