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1. INTRODUCTION

Progressively, and in order to stem the increase in disturbance problems on power grids,
increasingly stringent electrical quality standards will be imposed on suppliers and industrial consumers.
Faced with these new regulations but also in response to the increasingly specific demand of electric power
users, active compensators must adapt by making their structures and methods of regulation more complex.
Especially since these solutions must be subject to the physical and technological limits inherent in active
filtering devices[1,2].

Within the framework of this research problem, a paper has been initiated within Simulink in order
to optimize the control performance of the active compensators while taking into account all the constraints
and material limitations inherent in their structures. Thus, advanced studies have been carried out on the
different types of regulator existing and on their feasibility in terms of digital implantation[3].

An industrial partnership has been added to this research in order to validate the experimental
feasibility of our investigations. It was a research laboratory: Smart Grids & Renewable Energies Lab.
(SGREL), University of Bechar Algeria, which wanted to develop an industrial prototype of parallel
universal active filter capable of adapting and compensating as widely as possible all the current disturbances
that could appear on the electrical network[4].
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2.  STRUCTURE OF PAPF SYSTEM

The active filter connected in parallel to the network, as shown in figure (1), is most often controlled
as a current generator. It injects into the network disturbing currents equal to those absorbed by the polluting
charge, but in phase opposition with them. The mains-side current is then sinusoidal. Thus, the objective of
(PAPF) is to prevent disturbing (harmonic, reactive and unbalanced) currents produced by pollutant loads
from circulating through the network impedance situated upstream of the connection point of the active
filter[5-6].

Discrete,
Ts = 40-06 s.

I_Source|

el ~<Vload)

e
Source of
harmony

. ara

a?:

Figure 1. Block diagram of Basic Parallel Active Power Filter

From figure 1 the instantaneous currents can be written as equation 1.
is®=iL®-ic® )

where: s (t) : source current, j, (t) : current of load, ic (t) : current of PAPF.
The source voltage is given by

vs(t) =vm sin(wt) @)

where: yg (t) : the source voltage, w: the pulsation.

if a nonlinear load is applied, then the load current will have a fundamental component, and the harmonic
components can be represented as;

iLO= X 1psin(wt+g,) @3)
n=1

iL@®=11sin(Wt+dg ) 2 Ipsin(nwt+¢,, )
n=1 @

where: ¢ : the phase difference between v (t) and j(t).
Instantaneous load power can be given as

PLO=vs®-iL®) (5)
PL®=VmIsin? (wt)* cos( $9) +Vm Izsin(wt)* cos(wt)* sin(¢q) +Vm sin(w)*

nsin(wt+ ¢, ) *Vs® —i (t)

M8

|
n=2
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PLO=Pt®+Pr®)+Ph(® )

where: P (t): the power of the load, P (t): active power, p,(t): reactive power, py(t): the deforming

power.
from equation (6) real (Fundamental) power is drawn by the load

P £ 0=V m11sinZ(W)* cos(dy) =vs(®)* is(®)

)
from equation (7) the source current supplied by the source, after compensation
: Pf® : :
is(= =+ 17 c0s(dq)sin(wt) = | gm sin(wt)
Vg (t) (8)
Hence, total peak current supplied by the source
Isp(O=1gm+1
sp sm sL (9)

where: |, (t) : total peak current supplied by the source, | (t) : the peak current absorbed by the load.
The active filter must provide the following compensation current, as shown in equation (9).

It ic®=iL(O-is® is necessary to calculate is(t), The purpose of active filtering is the generation of
harmonic currents of the same amplitude but in phase opposition with those absorbed by the load. Thus, the
current absorbed to the network will be sinusoidal. It is necessary to precisely identify the harmonic currents
of the pollutant load. The reference source currents Ispafter compensation can be given as

ish =1 sp Sin(wt) (10)

i = | sp Sin (Wt -120°) an

ish = | sp Sin (Wt +120°) 12

where: i’;b : the reference source currents after compensation.

The energy storage on the DC side is often done by a capacitive storage system represented by a
capacitor Cdc which plays the role of a DC voltage source Vdc. The choice of the storage system parameters
(Vdc et Cdc) affects the dynamics and compensation quality of the active parallel filter. Indeed, a high
voltage Vdcimproves the dynamics of the active filter. Moreover, the undulations of the DC voltage Vdc,
caused by the currents generated by the active filter and limited by the choice of Cdc, can degrade the
compensation quality of the parallel active filter. These fluctuations are all the more important as the
amplitude of the filter current is large and its frequency is low. The DC voltage VVdc must be high enough to
improve the controllability of the active filter while respecting the threshold voltage of switches. By
respecting this compromise, a DC voltage is chosen: Vdc = 800 V.

2.1. Harmonic currents control using fuzzy logic

One of the main applications is the control of systems for which there is no specific model (Figure
2). The fuzzy controller receives as input an observation of the system (for example the error with respect to
the set point) and deduces a command to be applied to the system, according to a decision table (rules). The
quantities manipulated by the controller are fuzzy sets (eg large, medium, small), which necessitates a
conversion of the numerical values as input, this is the ‘fuzzification'. Depending on these fuzzy variables and
decision rules, the controller calculates the fuzzy value of the command, this is the inference.lt is then
necessary to convert this variable into a numerical value, that is defuzzification, the rules model the
knowledge of an expert or the behavior of another controller capable of regulating the system. The detailed
study of these three parts is necessary to determine the structure of the controller that will best answer the
problem posed[7].
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FIS Editor: fuzzybelkacem = |[[=@][=]

Figure 2. MATLAB Simulink model of fuzzy logic controller
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Figure 4. Rules of fuzzy logic controller

2.2. Harmonic currents control using PWM
The pulse width modulation (PWM) control technique solves the problem of controlling the
switching frequency by operating with a fixed frequency easy to filter downstream of the inverter [8].The
simplest and best known pulse width modulation is undoubtedly the natural sampling MLI. This control
technique first uses a regulator which determines the reference voltage of the inverter from the difference
between the measured current and its reference. This voltage is then compared with a saw tooth signal (high
frequency carrier fixing the switching frequency). The output of the comparator supplies the control
command of the switches.The general block diagram of control currents is illustrated in Figure 2[9].

bi
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Figure 5. PWM synoptic block diagram of currents control

2.3. Harmonic currents control using SVPWM
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PWM Generator

PWM

The SVPWM method is widely used in inverter control, it can increase the maximum value of the
inverter output voltage with a reduced harmonic distortion rate compared to those obtained by the sinusoidal
PWM method[10]. The goal of all modulation strategies is to reduce switching losses and harmonics, and to
provide accurate control. The SVPWM command consists of placing the control vector in the two - use of the
Clarck transformation. The coding of the possible switches of the switches can be carried out on three states
eight possible vectors of which two are zero (VO and V7)[11].The relationship between the switching

variable vector [a,b,c]t and line-to-line voltage vector [Vab, Vbc, Vca] is given by (13) in the following:

Vab 1 -1 0 |a
Vbe =V de 0 1 -—-1|b
Vea -1 0 1

(13)

Also, the relationship between the switching variable vector [a,b,c]t and the phase voltage vector [Vab, Vbc,

Vca] can be expressed below.

Van v 2 -1 -1|a
Vbn :% 102 —1fb
Ven -1 -1 2 |c

where : Van, Vpns Ven - Simple voltages.

the detail of eight voltage vectors is presented in Table 1

Table 1. Switching vectors, phase voltages and output line to line voltages

Voltage vectors

Switching vectors

Line to neutral voltage

Line to line voltage

a b C Van Von Ven Vap Ve Vea
VO 0 0 0 0 0 0 0 0 0
2 -1 -1
V1 1 0 0 — —_— —_— 1 0 -1
3 3 3
1 -1 -2
V2 1 1 0 — —_— — 0 1 -1
3 3 3
-1 2 -1
V3 0 1 0 — — — -1 1 0
3 3 3
-2 1 1
V4 0 1 1 —_— — — -1 0 1
3 3 3
-1 -1 2
V5 0 0 1 — — — 0 -1 1
3 3 3
1 -2 1
V6 1 0 1 — — — 1 -1 0
3 3 3
V7 1 1 1 0 0 0 0 0 0

(14)
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Figure 6 shows the block diagram of proposed active filter control method implemented using SVPWM in
MATLAB /Simulink.

imes

Figure 6. SVPWM synoptic block diagram of currents control

2.4. Harmonic currents control using hysteresis

Conventional hysteresis control is very commonly used due to its ease of use and robustness. In fact,
this strategy ensures satisfactory control of the current without requiring a thorough knowledge of the model
of the system to be controlled or of its parameters. The principle of first establishing the error signal, the
difference between the reference current ifref and the current produced by the inverter if, is shown in figure
(7). This error is then compared with a template called a hysteresis band in order to fix the control commands
of the switches. However, this control has a major disadvantage: it does not make it possible to control the
switching frequency of the semiconductors, hence the presence of a large number of harmonics in the
generated currents[12,13].
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Figure 7. Hysteresis synoptic block diagram of currents control

The switching logic is formulated as follows:
If ica < (i*ca—HB) upper switch is OFF and lower switch
is ON for leg "a" (SA =1).
If ica > (i*ca+ HB) upper switch is ON and lower switch is OFF for leg "a"(SA = 0).

2.5. Harmonic currents control using NSVPWM (proposed method)
The strategy proposed in this paper is an NSVPWM with hysteresis that can be implemented by the
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following figure:
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Figure 8. NVPWM synoptic block diagram of currents control

From Figure 8, V" can be calculated as follows:

>
Va
> >
Ve
u
U = — < 1
f f dt f (15)

where: , : the reference voltage, y § 1 source voltage, |y FoLfolfe respectively the voltage, inductance,
current of PAPF.

&D
U_source L
+
+
=
x
2e-3

L

Figure 9. The output voltage V*.

Determine Vab,Vbc,Vca and Xab,Xbc,Xca

* *
Vab =Va VW
* *
Vi,. =V, -V
bc b c 16
> (16)
Vea =V -V
1 1 1
Xab Vab"'xbc Vie xca Vca
0 0 0
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Figure 10. The outputs : Xab,Xbc and Xca

Determine RV(1), RV(2), RV(3), RV(4), RV(5) and RV(6)From Figure 6, RV(1), RV(2), RV(3),RV(4),
RV(5) and RV(6) can be determined as follows:

Ry Q= Xapb + Xpe + Xeca

Ry (2) = Xab + be + Xeca

Ry 3) = X gp + Xpe + Xca 17)

Ry (4) = Xab +XbC + Xeca
Ry (B) = Xab +XbC + Xeca

RV (6) = Xab -+ XbC -+ Xca
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Figure 11. The outputs: RV(1), RV(2), RV(3), RV(4), RV(5) and RV(6) generating of the inverter switching
pulses Figure 12 shows the NSVPWM pulses to attack the gates of AP
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-
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Figure 12. The output pulses to attack the gates of multilevel inverters

3. MATLAB BASED SIMULATION

The simulated system is shown in figure 13. It is composed of a power supply network, a rectifier
bridge and an active current structure filter.The rectifier flowing on an R-L load plays the role of the polluting
load. The active filter consists of an inverter with six switches and a perfect current source. The inverter
bridge switches are formed by IGBTs (with antiparallel diodes) in series with diodes.

The simulation results for the five control techniques make it possible to demonstrate the
performance of each of the five controllers. Figures 13 to 17 illustrate the response of the three-phase shunt
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filter in steady-state and transient conditions: we present in particular the voltage of the source Vs, the current
of the source is, the reference current iref, the current consumed by the load iL, the voltage across the
terminals of capacitor Vdc, the harmonic distortion rate THD of the line current and the current of the load.
The simulation parameters used in the different control techniques are presented in Table 2.

Table 2. The parameters of the simulated system

Total Line impedance x/r=10

Non-linear load(rectifier with RdcLdc ) Rde=10/3 Q, Ldc= 60e-3 Q
Coupling Impedance Lf=0.001mH

Dc bus voltage 410V

Max switching frequency 12kHz

Hysteresis band(Hb) 05A

Dead time 8us

Line frequency 50Hz

Phase-to-phase rms voltage 380V

4. RESULTS AND DISCUSSION

The performance of the parallel active filter with the five controllers is given in figure 14 at figure
17. The three-phase sinusoidal supply voltage of 380v, 50hz is applied to the load non-linear injecting
harmonics into the system.The charging current patterns: 14,15,16,17 and 18 (fuzzy logic (subschema
(6,5,16)), PWM (subschema (6,5,17), NSVPWM, 5,18 ), SVPWM (sub-plot (6,5,19), HYSTERESIS (sub-
plot (6,5,20)) in THD is set at 26,95%. Shunt current reference figures: 14 sub- (6.5, 26, 15 sub-plots (6.5.27),
16 sub-plots (6.5.28), 17 sub-plots (6.5.29) and 18 sub-plots, 5,30) so that the harmonic content of the supply
current is reduced. When the reference voltage capacitor is charged, the charging current is drawn by Vg
from the power supply. By using the five controllers , it is charged to a required value and maintained
constant.The harmonics of the load current are compensated by the shunt inverter, the DC side of the inverter
before compensating (6,5,21), 15 subtotals (6, 5,22), 16 subtotals (6,5,23), 17 subtotals (6,5,24) and 18
subtotals (6,5,25) and after compensation of the source current is represented in the figures: 14 sub-frames
(6,5,11), 15 sub-paths (6,5,12), sub-paths (6,5,13), 17 sub-frames 18 sub-plots (6,5,15). The performance of
the PAPF based on the five current controllers in terms of harmonic elimination is very satisfactory.

In this comparison, it is found that the controller FUZZY, SVPWM and HYSTERESIS do not
effectively reduce the harmonic current of the source to the initial conditions and also when there is
disturbance of the load. On the other hand, the PWM and NSVPWM controllers more efficiently reduce the
harmonic current of the source than the precise controllers. In addition, it controls the DC link with less

distortion.
THDi_source THDi_jood

— | —=| B

Control of APF

»<V_Source) >
T _so,‘gs) Discrete, ]

»<V_joad) Ts =de-06s.
1"

-

Figure13. Main block of proposed control scheme with PAPF under MATLAB
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Results of simulations by the fuzzy

controller
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Figure 14. Performance of the parallel active power filter with the FUZZY LOGIC controller
Results of simulations by the PWM
controller
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Figure 15. Performance of the parallel active power filter with the PWM controller
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Results of simulations by the

NSVPWM
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Figure 16. Performance of the parallel active power filter with the NSVPWM controller
Results of simulations by the
SVPMW
Source woltage Load wltage
400 controller .,
NN AN NN AN
® @
8 8
2 0 2 0
g g
< <
-200 -200
W W N/ A% W W \v N/ A% W
400 400
0 00l 002 003 004 005 006 007 008 009 0.1 0 00l 002 003 004 005 006 007 008 009 0.1
Time Time
Source current (THD=01.23%) Load Current (THD=26.95%)
1500 200

DS NN N ot N A N

AN ]

=
=
o
3

]

bl g
2 500 ER)
=3 =3
0 -100 I
500 -200
0 001 002 003 0.04 005 006 0.07 008 009 0.1 0 001 002 003 0.04 005 006 0.07 008 009 0.1
Time Time
DC wltage Reference current
1500 1000
1000 ,\
/ 500
@ @
3 3
g 500 g \
g g ST Y T .Y BTN . L
< £ ~J A ~IN I
0
-500 -500
0 0.01 0.02 0.03 0.04 0.05 006 007 008 0.09 0.1 0 0.01 0.02 0.3 0.04 005 006 007 008 0.09 0.1
Time Time

Figure 17. Performance of the parallel active power filter with the SVPWM controller
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Results of simulations by the hysteresis

controller
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Figure 18. Performance of the parallel active power filter with the HY STERESES controller

Table 3. Performance of different controllers to the current control within the PAPF

Five controllers Response time (dynamic) (ms) Static Error (%)
fuzzy logic 32 8.04
PWM 37 13.37
NSVPWM 20 6.2
SVPWM 35 11.23
HYSTERESIS 42 14.58

To accurately reflect the performance of different types of controllers used, Table 3 evaluates according to
the following criteria:

1. the response time (dynamic)

2. the static error

Table 3 gives the results for each type of controller used. In the case of a large pollution of the load,
we see that the controller hysteresis gives a good compensation in terms of error of the current source side.
The NVSPWM controller gives a better result than the other controllers, and on the other hand it is found that
the error between the reference current and the current injected by the NVSPWM controller is kept below
6.5% and follow its reference quickly after a half wave period (13ms) against 14.58% with a hysteresis
controller.

5. CONCLUSION

The performance of the PAPF depends mainly on the accuracy and speed of the reference signals. It
has been observed that the power conditioner should have a stable filter current for better compensation of
load harmonics and voltage failures. To improve its response time, we propose the FUZZY logic, PWM,
NSVPWM, SVPWM and HYSTERESIS controllers, and their performances are analysed using the
MATLAB simulation. The PWM and NSVPWM controllers are best suited to reduce the harmonic current of
the source compared to the FUZZY, SVPWM and HYSTERESIS controller. In addition, they control the DC
link with less distortion than other controllers.
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