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Abstract: This paper deals with the active power filter design controlled by using hysteresis technique. The
genetic algorithm is used to design the controllers to minimize the %THD of the source current. The results
are compared with that designed from Ingram and Round approach. The simulation results confirm that the
genetic algorithm can provide the minimum %THD of the source current compared with the Ingram and
Round method. The %THD also follows the IEEE std.519-1992.The design of the active power filter based on
the genetic algorithm is flexible and can improve the performance of the filter.
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Fig.1 The power system considered

Power systems connected nonlinear loads canprovides higher efficiency and more flexible
generate the harmonics into the systems. Thesesompared with a passive power filter. In Fig.1, the
harmonics cause a lot of disadvantages such as logkiree-phase bridge rectifier feeding resistive and
in transmission lines and electric devices, protectiveinductive loads (R=3.37(k and L=19.8 H) behaves
device failures, and short-life electronic equipmentsas a nonlinear load into the power systems. An
in the system [1]. Therefore, it is very important to instantaneous reactive power theory (PQ method)
reduce or eliminate the harmonics in the system. It ig[3] is used for a harmonic detection to calculate the
well known that the harmonic elimination via an reference currents for the active power filter. The
active power filter (APF) [2] as shown in Fig.1 APF is then controlled by a hysteresis method [4].
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There are many approaches for the APF desigrno the lower limit, IGBT will be automatically
using an artificial intelligence (Al) technique such as turned on again to increase the compensating
adaptive tabu search (ATS) [5], particle swarm current. Therefore, the compensating current swings
optimization (PSO) [6], and genetic algorithm (GA) inside HB following the reference currenf. The
[7]. In this paper, the GA is used to search thereference current can be identified by PQ harmonic
appropriate parameters of the APF to minimize thedetection as shown in Fig.1. Note that the upper and
%THD of the source current after compensation. lower hysteresis limits are controlled by the
According to Fig.1, the APF parameters for GA hysteresis band.
searching are the DC bus voltagé,), the filter
inductance ls), and the hysteresis bandR). The : :
results of the APF design via GA are presented in3 The APF desugn using Ingram and

this paper and are also compared with that designed Round method

from |ngram and Round approach [8] In 1997, D.M.E. Ingram and S.D. Round presented
The paper is structured as follows. The overviewthe APF design controlled by hysteresis method.

of compensatingurrent control using the hysteresis The details are explained as follows

method is addressed in section 2. The APF desigrStep 1: Calculate the maximum value df, / dt by:

using the Ingram and Round method and GA is fully

presented in section 3 and section 4, respectively. ) )

The simulation results of the harmonic elimination Ihmax(t) = Asin(2xft) 1)

including discussion are presented in section 5.

Finally, section 6 concludes the advantages of GA "

approach to design the active power filter. max(dd_'tc )= A2z f 2)

2 Control of compensating current ...

using hysteresis method hmax(t) iS the maximum current for each
harmonic components
Ais the amplitude of the harmonic

current
Hysteress Bnd ()= A | _ . fis the frequency of the harmonic
A current through inductor = 7, current
e reference current = i,
\;upperhysteresis]imiﬁ i;+H‘BZ Step 2: Determinel; by:
lower hysteresis limit = i, - H32
L — Vdc_ Vs (3)
. on f (max) — *
Vae di,
. max(—° )
voltage across inductor = Vo dt
_Vdc

off where

Fig.2 The compensating current control using V; = the maximum voltage value of the source
hysteresis method

Note that the maximum value dofi, /dt is from
The compensating current control using the Step 1 andVy should be always designed higher
hysteresis approach is shown in Fig.2. According tothanV;[9,10].
Fig.2, the hysteresis banHE) is the possible
boundary of compensating curreny.(This current  Step 3: DetermineHB by:
swings between upper and lower hysteresis limits.
The compensating current can be increased or N
decreased depending on the pattern switch of IGBT HB = oL (}C
inside the APF. For example, when IGBT turns on, f
ic will be increased. It is continually increased until
reaching the upper hysteresis limit. At this state, Where o
IGBT will be automatically turned off to decrease  fswis the switching frequency.
the compensating current. If the current falls down

(4)

sw
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4 The APF design using GA approach 4.2.1 NC selection
To find out the suitablRC values, we will vary
4.1 Thereview of GA these values from 10 to 60 with fixed other
parameters GO = stochastic uniform,CM =
scattered crossoveRCM = 0.8, MM = Gaussian
@< mutation andPMM = no needPMM for Gaussian
mutation). The GA algorithm is then run in the
Process | computer 5 times for eacNC values and the
Selection averaged %THD values%UTHD,eraged Can be
calculated by:
' N
D %THD,
Par@ Process 3 %THD i (5)
Replacement averaged N
Process 2 where
Genetic operation %THD, = the minimum %THD value froni"
(crossover and mutation)

searchiEl, 2, ..., N
N= the times for searching ( ¢ setto 5
in this paper)

Offspring

O:

The%THD,yeragedfor eachNC values is given in
Table 1. It can be seen that when the GA Wd€s
Fig.3 The process of GA equal to 40, it can provide the minimum
%THDaveraged Value (0.9982%) compared with those
The concept of GA is depicted in Fig.3, there are of other NC values. In addition, the computation
three main processes for GA operations. The first istime for searching (the number of generation: NG) is
‘selection’. This process will select the population in considered. ING is large, it means the GA uses a
the searched system to be the parent for the nexfong time to achieve the answer. Otherwis&N@ is
generation. The second process Igenetic small, it means the GA performance is very good
operation’ to search the better solutions for each (very fast). As mentioned before, GA algorithm is
generation by using the crossover and mutationrun in the computer 5 times for eadlC values.

techniques. The final process'ieplacement' The  Therefore, the averagddG value (NG, . .q) can
offspring from the genetic operation process will g

replace the previous population in which it may
replace the whole of population or some part of

bealso calculated by:

population depending on the conditions in the ZNG
algorithm. The more details of GA can be found in e
[11] NGaveraged: (6)

4.2 The selection of GA parameters for APF
designs

The suitable GA parameters are necessary for From the results in Table 1, tNE value equal

applying this method to optimization problems. This 0 40 can provide the mini;nun%THDavera By

is because the parameters in the GA algorithm areFortunater, thisNC value can also provideg the

very important to the GA searching performance. . . .
Therefore, this section presents how to select theMnIMUM NGaVEfaged equal to 38. It means that this

GA parameters for the APF design to achieve the NC value obtains the best answer with a fast
best solution. The parameters needed to identify arecomputation time. Hence, ti¢C value equal to 40

a number of chromosom&IC), a genetic operation is selected for APF design in this paper.

(GO), a crossover method ), a probability value

where iand Nare the same meaning as Eq.(5)

of crossover RCM), a mutation methodMM), and 4.2.2 GOselection

a probability value of mutatiolPMM).The criterion Roulette, stochastic uniform, and tournament are
of selecting these parameters for APF design is toselected for the testin@O parameters in this paper.
minimize the fitness value, here is %THD. In this section, we use the different GO approaches,
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Table INC testing results

testing 2 ond 3 4 g Averaged
NC values value
NC = 10 chromosomes
%THD 1.0060 0.9749 1.004( 1.0080 1.0080 1.0001
NG 1288 306 396 1292 302 716
NC = 20 chromosomes
%THD 0.9847 1.0100 1.003( 0.9984 1.0080 1.0008
NG 73 67 60 54 60 63
NC = 30 chromosomes
%THD 0.9847 1.0100 1.003( 0.9984 1.0080 1.0008
NG 73 67 60 54 60 63
NC = 40 chromosomes
%THD 0.9911 1.0030 1.008( 0.9928 0.9963 0.9982
NG 43 26 35 37 49 38
NC = 50 chromosomes
%THD 1.0070 0.9952 0.987( 1.0100 0.9984 0.9995
NG 67 45 31 25 37 41
NC = 60 chromosomes
%THD 0.9859 1.0060 1.010(¢ 1.0050 0.9958 1.0054
NG 26 35 42 30 34 39

Table 2 GQesting results

testing i ond 3 4 gh Averaged
GO methods value
GO using the roulette method
%THD 0.9910 | 0.9980| 0.958( 0.9850 1.00%0 0.9870
NG 148 262 118 310 77 183
GO using the stochastic uniform method
%THD 0.9650 | 1.0010| 0.988( 0.9990 1.00%0 0.9920
NG 200 102 423 447 1522 539
GO using the tournament method
%THD 0.9760 | 1.0010| 0.998( 1.0050 0.9940 0.9950
NG 60 95 289 603 81 209
while other parameters are fixed as folloN€ =40, 4.2.3CM and PCM selections
CM = scattered crossoveRCM = 0.8, MM = There are thre€Ms of GA in this testing. These

Gaussian mutation anedMM = no needPMM for are single-point crossover, double-point crossover,
Gaussian mutatioNC value is given from Section and scattered crossover. The results by using these
4.2.1. The testing results are given in Table 2. Itthree different methods with fixed other parameters
shows that the roulette method provides the(NC = 40 from Section 4.2.150 = roulette method
minimum %THD,yeraged (0.9870%). Moreover, this from Section 4.2.2PCM = 0.8, MM = Gaussian
method also obtains the minimuMG equal mutation andPMM = no needPMM for Gaussian

averaged . .
to 183. It means that when GA uses the roulettemutat|on) are shown in Table 3. The results show

method. the computation time is faster than that the single-point crossover can provide the
a comp minimum %THD,yerages €qual to 0.9836% with the
stochastic uniform and tournament methods.

Therefore, the roulette method is selected for APFMINIMUM NG, ...equal to 57 generations.
design in this paper. Note th&THDs.yeragea and For the PCM selection, we will vary this value

NG, ,ragedf0r all testing can be calculated by using from 0.1 to 1 with fixed other parametef$ = 40
from Section 4.2.1,GO = roulette method from

Eq. (5) and (6), respectively. Section 4.2.2,CM = single-point crossover from
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Section 4.2.3MM = Gaussian mutation afMM = answer $%THD,yeraged= 0.9890% and\lGaverage =
no needPMM for Gaussian mutation). The testing . : .
. . : 77 generations). Hence, the single-point crossover
results are given in Table 4. It shows that the single- . .
: . . with PCM equal to 0.7 is selected for the APF
point crossover witPCM equal to 0.7 obtains the

design.
Table 3 CMesting results
testing |« nd 3 4 gh Averaged
CM value
CM using the single-point
%THD 0.9916 | 0.9727| 0.983% 0.9698  1.0009 0.9836
NG 54 29 29 119 52 57
CM using the double-point
%THD 0.9670 | 0.9830] 0.976( 0.9960  0.99%0 0.9840
NG 81 222 89 60 275 145
CM using the scattered
%THD 0.9930 | 0.9800| 0.976( 0.9960 0.9946 0.9879
NG 821 199 278 262 223 357
Table 4 PCM testing results
teStIng 1St 2nd 3rd 4th 5th Averaged
PCM values value
PCM =0.1
%THD 0.9790 | 1.0090| 0.984( 0.9945  1.0000 0.9933
NG 378 271 337 72 93 230
PCM =0.2
%THD 1.0060 | 0.9810 | 1.0030 | 1.0070| 1.0090 1.0012
NG 237 116 137 618 188 259
PCM =0.3
%THD 0.9860 | 0.9925| 0.9866 1.0060 0.99%1 0.997)2
NG 112 84 146 68 156 113
PCM =0.4
%THD 1.0040 | 1.0060| 1.003( 1.0070  1.0070 1.0054
NG 45 109 96 364 177 158
PCM = 0.5
%THD 0.9709 | 0.9935| 1.005( 0.9954  1.0030 0.9935
NG 72 75 76 74 658 191
PCM = 0.6
%THD 1.0050 | 1.0070| 1.004( 1.0080 1.0090 1.0066
NG 43 56 56 81 165 96
PCM =0.7
%THD 0.9350 | 0.9900{ 1.004( 1.0070  1.0090 0.9890
NG 54 29 29 134 138 77
PCM =0.8
%THD 1.0030 | 1.0070| 1.008( 1.0130 1.00%0 1.0072
NG 41 63 59 1016 711 378
PCM =0.9
%THD 1.0080 | 0.9880| 0.9864 0.9820  0.9897 0.9910
NG 76 68 65 665 106 196
PCM =1.0
%THD 1.0630 | 1.3270 | 1.0630| 2.4260 1.115 1.3989
NG 500 500 505 507 504 503
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Table SMM testing results

testing | 1« ond 3 4 g Averaged
MM value
MM using the uniform
%THD 0.9840 | 1.0090| 0.971( 0.9920 1.0100 0.9930
NG 338 244 144 91 212 206
MM using the Gaussian
%THD 1.0020 | 0.9810| 0.998¢ 1.0020 0.9948 0.9901
NG 765 171 86 163 315 391
Table 6 PMMtesting results
testing | 1« ond 3 4 g Averaged
PMM values value
PMM = 0.01
%THD 0.9980 | 1.0090| 0.982§ 0.9824  1.0380 1.0020
NG 505 1151 133 383 2252 885
PMM = 0.02
%THD 0.9980 | 0.9693| 1.000( 1.0570 1.0500 1.0148
NG 85 140 270 842 979 463
PMM = 0.03
%THD 1.0070 | 1.0030| 0.9979 1.0060  0.9965 1.0020
NG 392 630 447 183 120 354
PMM = 0.04
%THD 0.9986 | 0.9932| 1.009¢ 1.0040 0.9499 0.9909
NG 69 98 282 91 436 195
PMM = 0.05
%THD 1.0010 | 1.0070] 0.990¢ 0.9680 1.0090 0.9950
NG 94 220 274 468 571 325
PMM = 0.06
%THD 0.9950 | 0.9850| 1.006( 0.9711 0.9683 0.9850
NG 77 158 99 98 99 106
PMM = 0.07
%THD 1.0080 | 1.0090| 0.9864 1.0060  0.9929 1.0004
NG 157 82 335 510 108 238
PMM = 0.08
%THD 0.9620 | 0.9930, 1.008( 1.0180 1.0020 0.9966
NG 211 167 463 1219 76 427
PMM = 0.09
%THD 0.9850 | 0.9730| 0.9997 1.0090 0.9776 0.9886
NG 155 164 131 81 228 152
PMM=0.10
%THD 1.0070 | 0.9790| 0.9884 1.0020 1.0010 0.9954
NG 301 103 116 277 61 172
4.2.4 MM and PMM selections for this testing are shown in Table 5. It shows that

There are twoMMs of GA in this testing;  %THDueraged from two different MMs is nearly
uniform mutation and Gaussian mutation, with fixed the same. Therefore,NG, . . ,ePeCOMes  more
other parameter$iC = 40 from Section 4.2.1, GO = significant than%THD for this case. It can be
roulette method from Section 4.2.2M = single- 9 0 averaged .

point crossover witiPCM = 0.7 from Section 4.2.3, seen from the results that although the uniform

PMM = 0.01 for only uniform mutation). The results mutation proylde the ;Ilghtly great%THDaV”aged .
compared with Gaussian mutation, it can obtain
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significantly the minimunNG value [12].

averaged*

From the previous testing, the uniform mutation
is selected. Therefore, tHMM selection needs to
be considered. We will vary tHeMM value of the
uniform mutation from 0.01 to 0.1 with fixed other
parameters NC = 40 from Section 4.2.1GO =
roulette method from Section 4.2.2M = single-
point crossover witiPCM = 0.7 from Section 4.2.3,
MM = uniform mutation from Section 4.2.4). The
testing results are given in Table 6. It shows that th

uniform mutation withPMM equal to 0.06 obtains Step 6: Define the selection process, here set to

the best answer%iTHDaYeraged = 0.9850% and roulette. The uniform mutation (probability = 0.06),
NG, erages= 106 generations). As a result, the yhe gingle-point crossover (probability = 0.7), and
uniform mutation with PMM equal to 0.06 is the whole population replacement are selected.
selected for the APF design.

To conclude from all testing, the GA parameters Note that the more details of GA can be found in
for APF design in the paper are summarized ag12].
follows:

-NCequal to 40 chromosomes objective function

-GOusing the roulette method %THD=f (V. 1. HB )

-CM using the single-point crossover wRCM
equal to 0.7 o " g

-MM using the uniform mutation wittPMM ATCHE PARIEEER | ¢ GA <D
equal to 0.06 Va. Ly HB

The APF design using GA with the parameters v 0
from this section is described in Section 4.3 and the <«
results is given in Section 5.

Step 3: Set the population size equals to 40
chromosomes.

Step 4: Define the initial population by random
within the search space of parameters.

Step 5: Define the maximum number of generation
efor searching, here is set to 1000.

Y,

< " Vac .
B o Vout 1 lC
. Lys
+ Ve | ™. Inductor filters

4.3 The APF design using GA

In section 2, the APF is controlled by using
hysteresis method. In this paper, the GA is applied
to determine the appropriate APF parameters. The
parameters for searching are DC bus voltagg),(

the inductor filter (), and the hysteresis bandg). Fig.4 The GA approach for APF design

The block diagram to explain how to search the

parameters of APF using GA method is depicted in  The system in Fig.1 is operated with APF
Fig. 4. It can be seen in Fig.4 that GA will search thecontrolled by hysteresis method. The APF
APF parameters in which %THD of the parameters are designed by using GA. The objective
compensated current on supply side is defined as thef GA method is to minimize %THD of
cost value for GA tuning. This value can be compensated currents and this value has to follow
determined from the objective function as shown in on IEEE std. 519-1992. The GA can search the APF
Fig. 4. The GA will try to search the best APF parameters to achieve smaller %THD for each round
parameters to achieve the minimum %THD also of searching as shown in Fig.5. In this paper, the

A 4

hysteresis control

following on the IEEE std. 519-1992. maximum number of generation is set to 1000 in
According to Fig. 4, the steps of searching APFwhich GA can provide the %THD equal to
parameters by using GA are as follows: 0.9885%. In Fig.5, it can be seen that %THD is
Step 1. Define the boundary of parameters. In this equal to 0.9940% during generation = 439-519. This
paper, the upper and lower limits ¢, L;, andHB is as the local solution for this problem. However,
are set to 312-700 V, 0-10 H, and 0-0.02 A, GA can escape the local solution to achieve the
respectively. better %THD (0.9885%). The parameter values of

APF from GA search compared with Ingram and
Step 2: Define the population encoding scheme for Round method are given in Table 7. In addition, the
GA. In this paper, the chromosomes for the results in Fig.5 also show the convergence of GA for
population encoding scheme are set to be the reahis problem.
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Fig.5 The convergence of %THD

5 Simulation results and discussion
The simulation results of the system in Fig.1 with

the APF parameters from GA searching are depicted

in Fig.6. The compensating current from ARE)(

injects into the system at t=0.04 s. It can be seen th3

K.-L. Areerak, T. Narongrit

The simulation results for Ingram and Round

method are illustrated in Fig.7. From Fig.7, the

source current after compensation is nearly
sinusoidal waveform the same as the results in Fig.6.
However, %THD for this method is 1.5019% that is

greater than the one from GA method (0.9885%).
Hence, GA method can provide the smaller %THD

compared with Ingram and Round method. The
results show that GA approach is very useful and
more convenient for APF design.

Table 7 The comparison between GA method and
Ingram and Round method

the source current after compensatiqy) (s nearly
sinusoidal waveform. %THD of this current is equal
to 0.9885% that is satisfied under IEEE Std. 519-
1992, while % THD before compensation is 25.45%.

APF design method
APF parameters
GA Ingram and Round
V. (V) 620 600
L, (H) 0.39 0.50
HB (A) 0.00043 0.0088
%THD befqre 25.45 9%
t compensation
sTHDafter | 4 gggg0, 1.5019 %
compensation
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Fig.6 The simulation results for GA method
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Fig.7 The simulation results for Ingram and Round method
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