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Bacterial Foraging Optimization Algorithm Based on Immune
Algorithm for Reactive Power Optimization

LI Ying, JIAN Xian-zhong, CHEN Qing
(School of Optical-Electrical and Computer Engineering , University of Shanghai for
Science and Technology , Shanghai 200093 , China)

Abstract: According to the drawbacks of the unchanged swim step and slow velocity in the
bacterial foraging algorithm,a bacterial foraging optimization algorithm based on immune algorithm
(IBFO) was introduced in reactive power optimization. The IBFO gives bacteria the ability of
context-aware,and increases the convergence speed by using the sensitivity to adjust the group
swim step. The idea of clonal selection in immune algorithm was introduced in bacterial foraging,
and the bacterial cloning, high-frequency variation and random crossover of the elite group were
achieved so as to increase the accuracy of convergence. The IBFO was implemented on the IEEE 14
bus and IEEE 30 bus system. The results show that the new algorithm has stronger global optimal
searching ability, faster convergence rate and better robustness compared with other optimization
algorithms. Therefore,as a new approach,it can solve the problem of reactive power optimization in

power systems.
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Fig.1 Flow chart of IBFO
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Fig.2 Flow chart of IBFO-based reactive

power optimization
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Tab.1 Comparison of results of different
methods (IEEE 14)

5 SPSO PSOBFO IBFO
K Ploss/pu 0.125 6 0.123 8 0.1230
/)N Poss/pu 0.123 5 0.123 0 0.122 6
S Pross/pu 0.123 9 0.1235 0.122 8
A5 Pae/ % 11.945 1 12.307 7 12.947 9
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Tab.2 Values of control variables after optimization

pu

A TegS PiRfd SPSO PSOBFO  IBFO

Vi 1 1.060 1.100 0 1.100 0 1.100 0
Vs 2 1.045 1.086 5 1.088 9 1.086 9
V3 3 1.010 1.060 0 1.051 4 1.058 9
Vi 6 1.070 1.0356 1.088 9 1.100 0
Vs 8 1.090 1.026 7 1.018 5 1.076 8
T, 4~7 0.978 1.1000 1.0294  0.952 4
T, 4~9 0.969 1.0180  0.900 0 1.049 6
T; 5~6 0.932 1.0555 1.010 9 1.012 1
Q1 9 0.190 0.3532 0.3378 0.366 3
0.142
0.140 — SPOS
0.138 [, --- PSOBFO
0136 F — IBFO
200134 F\
£0.132
0130
0.128
0.126
0.124 - e S
0.122

3 SPSO,PSOBFO #1 IBFO & i iy st 45 14 ih 2% &
Fig.3 Convergence curve of SPSO,PSOBFO and IBFO
methods for IEEE 14 bus system
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Tab.3 Comparison of results of different
methods (IEEE 30)

ZH SPSO PSOBFO IBFO
R Ploss/pu 0.054 3 0.052 8 0.0519
H2/IN Ploss/pu 0.052 1 0.0517 0.051 2
4 Pross/pu 0.053 0 0.052 2 0.0515
44 Pave/ % 13.018 9 14.751 0 16.310 7
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Tab.4 Values of control variables after optimization

pu

EHlAwE WE%S WA SPSO PSOBFO  IBFO
Vi 1 1.050 1.100 0 1.100 0 1.100 0
V, 2 1.045 1.094 3 1.094 0 1.100 O
Vs 5 1.010 1.0778 1.0765 1.0794
Vi 8 1.010 1.0756 1.0756 1.0813
Vs 11 1.050 1.0853 1.1000 1.1000
Ve 13 1.050 1.1000 1.1000 1.1000
T 6~9  0.978 1.0175 1.0450 1.0385
T 6~10  0.969 0.9509 0.9582 0.964 9
T; 4~12  0.932 1.0197 0.9540 0.9533
Ty 28~27 0.968 0.9861 0.9578 0.9685
o} 10 0.190 0.2500 0.3451 0.3194
Q2 24 0.040 0.1453 0.1285 0.1258
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Fig.4 Convergence curve of SPSO,PSOBFO and IBFO
methods for IEEE 30 bus system

M 1A 3 AHEF H L IBFO B k831 R4
M IE 53504 0.122 8 #1 0.051 5, M#F34
KR Ay 12.95% F1 16. 31 % o145 S 0 S p
EFA R TS S I R AR e/ M A K
SEHE ] LLUE H  IBFO B AU A 8 R o i e i
efgRe 11, HEA SRR e tE. & 3 MK 4 tih
FENY W SPSO B4 Bl AE kAR ECh 15 i1 38 1k
il 28 A i #a T4 . PSOBFRO 203 43 B 7E 2 4¢
UCECR 19 F1 31 i f A T ks T 782 i IBFO
SRS ITE AR AR 10 A 18 Wi fh T b ks +
RIS, HACR B 8 R T R
PEAT DA IBFO B3k T H e iR Bk A&
PR AR WSS B DA BT IR (38 A TR L R TX

Bk SR A R T
4 HRIF

e BT B AL I Al o B R A T
L RGE L Ae . dd xt IEEE 14 45 50H [EEE
30 1 RS BT 5 A R M R E PR AR I
ARSI AE B A BA w0 R B S Tl
T AT R ARG Sy I 450 R 4 38 H LR A R Y
REFEAE 4 i FRLBE ST A9 H A PR R0 mT LA
N —RhTEAR I TR % B ) R G AL A Rl L fE
Pt — 2D B M S B B LAR R AL

S E 3k

C1] ff@E, 2k, O 5. L TR st e Bk i
WS TCIAEALT 1. 0 R K224, 2010, 37(3) : 38
—43.

(2] sksCXIEM. [E Rk 301058k B T i
ferbg R LT e R4 AR, 2006,30(8) 19 — 24.

[3] &% efE, R B TR AE B T R SE
FARLT]. 4k gE . 2003,31(3) :20 — 25.

4] kA4, B, PAe B TR REEIR TG 5 fe st
FERERE M ) RGETINALLT ] B A, 2008, 32
200 .77 — 80.

(5] XU/NJE, XA 9. BE T S e 3 125 (i A 7l 06 & P Ak 5 vk
[T &ML . 2012,32(3) :634 — 637,653.

L6 ] AR, 22 22 G 0. — T 20 T B8 £ 512 1 At B
HoRz AT 3L TR 5 R, 2012, 48 (13): 31
- 34.

[ 71 Mori K, Tsukiyama M, Fukuda T. Immune algorithm
with searching diversity and its application to resource
allocation problem [ J ]. Transactions-Institute of
Electrical Engineers of Japan, 1993, 113C (10); 872
- 878.

[ 8 ] ForrestS, Perelson A S, ALLEN L. Self-nonself
discrimination in a computer[ C] // IEEE Symposium
on Research in Security and Privacy. Piscataway : IEEE
Press,1994.202 - 212.

[ 9] CastroL N,Zuben F J. Artificial immune system: Part
I: basic theory and applications[ R]. Campinas: State
University of Campinas. School of Computing and
Electrical Engineering,1999.

L10]  skAF T, BRAEAN . ™ 1E. & 55 0 7 M 26 23 BT M. 2 it
Jbat: iR E L, 2007.

il 0D



