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Multi-objective optimal design of hybrid active power filter
JIANG You-hua, LIAO Dai-fa, TANG Zhong

(School of Computer and Information Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: In dealing with the parameter design and the investment optimization of hybrid active power filter, we com-

prehensively consider the price, the reactive power compensation and the filter effect in a new mixed algorithm of genetic

theory and particle swarm optimization. On this basis, the multi-objective mathematical model of capacity assignment is

created and the penalty function theory is applied; and then, the multi-objective design is converted into a single-objective

design, making the capacity assignment simple and flexible. Secondly, simulation analysis is carried on the power systems

computer aided design/electromagnetic transients including DC(PSCAD/EMTDC); the results demonstrate that the cost

performance of the hybrid active power filter is improved by using the proposed method. Finally, experimental results and

comparison analysis are presented to confirm the above-mentioned method.
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2 (Multi-

object optimal model of hybrid active power

filter)
2.1 (Structural dia-

gram of hybrid active power filter)
1 HAPF

. : Us , is
, iL , ic , iF
, iR , L1, C1

, Lna, Lnb, Lnc

, CG . PPF APF

, 10 kV , APF

, APF

,

, APF .

5,7,11,13 ,

, Ln, Ln
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2.2 (Multi-object optimal

problem description)
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1) HAPF PPF APF

. (PPF) FPPF,⎧⎪⎨
⎪⎩

min FPPF,

FPPF =
N∑

h=5,7,11,13

(K1Ch+K2Lh + K3Rh).

(1)

: K1, K2, K3 Ch

Lh Rh ; N

.

1

Fig. 1 Structural diagram of hybrid active power filter
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min FPPF,

FPPF =
N∑

h=5,7,11,13

(K1Ch + K2Lh).
(2)

1 (APF)
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, APF

, APF ,

APF . APF FAPF,

min FAPF, FAPF = β + αqh, (3)

q
h
=

n∑
h=3

Vh×
n∑

h=3

Ih, h=3, 5, 7, 9, 11,· · ·, n. (4)
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31 . HAPF
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min F, F = FPPF + FAPF. (5)

2) PPF , ,
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, ,⎧⎪⎪⎪⎨
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max
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h=5,7,11,13

Qh,
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m∑
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Qh � Qmax.
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3) HAPF , ,
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Ih

I1
)
2

� ηTHDI max .
(8)
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31 .
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Uh � Uh max, Ih � Ih max,
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2.3
(Application of penalty function theory in

multi-object optimization)

,

, .

,

.

,

:
min f(x), x ∈ R

n,

s.t. gi(x) � 0, i = 1, 2, · · · , m.
(9)

gi(x) � 0, i = 1, 2, · · · , m,

min(0, gi(x)) = 0, i = 1, 2, · · · , m.

,

F (x, λ) = f(x) + λ
m∑

i=1
[min(0, gi(x))]2, (10)
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2

. (12)

:

ΔQh =

⎧⎪⎨
⎪⎩

Qh−Qh max, Qh >Qh max,

0, Qh min �Qh � Qh max,

Qh min−Qh, Qh <Qh min,

ΔηTHDU ={
ηTHDU − ηTHDU max , ηTHDU > ηTHDU max ,

0, ηTHDU � ηTHDU max ,

ΔηTHDI ={
ηTHDI − ηTHDI max , ηTHDI > ηTHDI max ,

0, ηTHDI � ηTHDI max ,

ΔUh =

{
Uh − Uh max, Uh > Uh max,

0, Uh � Uh max,

ΔIh =

{
Ih − Ih max, Ih > Ih max,

0, Ih � Ih max.

,

.

3 GA-PSO (Mixed algorithm of ge-

netic theory and particle swarm)
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, , ,

. ,

,

,

.

D m , i

Xi = (xi1, xi2, · · · , xiD)T,

Vi = (vi1, vi2, · · · , viD)T,

Pi = (pi1, pi2, · · · , piD)T,

.

Pg = (pg1, pg2, · · · , pgD)T,

. k + 1 ,

:

vk+1
id = ω × vk

id + c1 × rand(·)(pid − xk
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c2 × rand(·)(pgd − xk
id), (13)
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id = xk

id + vk+1
id . (14)
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rand(·) [0,1] , ω ,

. ,
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× iter. (15)
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iter max .
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3

N + 1 . [6],

.

4 (Algorithm analysis)
m = 50, c1 = c2 =

1.50, ω , ωmax = 0.9,

ωmin = 0.4, T = 250,

ηTHDU max =5%, β =
35, , α = 42,

/MVA. 2 GA, PSO GA-PSO

. , GA PSO

, GA

PSO GA-PSO ,

.

2

Fig. 2 Optimal process of fitness function value

Manitoba HVDC PSCAD/
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4 MVA, 10000:380,

C1 = 960 μF, L1 = 15.47 mH,

CG = 19.65 μF ,

6 ,

, 50 Hz,

p–q

.

,

(GA) (PSO) (GA-

PSO) ,

1 .

1 GA-PSO

, GA PSO ,

, ,

.



920 27

GA-PSO

, .

,

19.46%

2.04%, . 2

.

1

Table 1 Parameter comparison of different design methods

GA PSO GA-PS0

G5 = 125.44 μF G5 = 120.15 μF G5 = 117.03 μF

5 L5= 3.24 mH L5=3.41 mH L5=3.46 mH

R5 = 0.13 Ω R5 = 0.12 Ω R5 = 0.11 Ω

G7 = 54.11 μF G7 = 59.56 μF G7 = 70.46 μF

7 L7=3.84 mH L7=3.48 mH L7=2.93 mH

R7 = 0.21 Ω R7 = 0.13 Ω R7 = 0.15 Ω

G11 = 119.35 μF G11 = 98.73 μF G11 = 94.50 μF

11 L11=0.76 mH L11=0.85 mH L11=0.89 mH

R11 = 0.05 Ω R11 = 0.07 Ω R11 = 0.10 Ω

G13 = 44.76 μF G13 = 37.12 μF G13 = 34.30 μF

13 L13=1.37 mH L13=1.37 mH L13=1.70 mH

R13 = 0.11 Ω R13 = 1.62 Ω R13 = 0.13 Ω

GH = 18.20 μF GH = 22.00 μF GH = 22.00 μF

LH=3.57 mH LH=2.81 mH LH=3.10 mH

RH = 12.43 Ω RH = 11.30 Ω RH = 12.06 Ω

HAPF /Mvar 2.2256 2.2505 2.1736

APF /MVA 0.0316 0.0312 0.0225

iTHD/% 3.17 2.96 2.04

HAPF / 451.032 451.876 445.494

2

Table 2 Harmonic current comparison of

different filter time

/ 5 7 11 13

/A 116.69 77.79 39.61 28.29

/A 16.27 12.02 6.36 7.07

5 (Experiment)
, 2006

,
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, , ,
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, ; 3(d)
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, .

(a) PWM

(b)
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(c)

(d)

3

Fig. 3 Field running wave form of active power filter
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; 4(c) 4(d)
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4

Fig. 4 Experiment result comparison of different

6 (Conclusion)
(HAPF)
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PSO ,

,

HAPF . PSCAD/EMTDC

V4.2 HAPF ,
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