ISSN 1004-9037,CODEN SCYCE4 http://sjcj. nuaa. edu. cn
Journal of Data Acquisition and Processing Vol. 33,No. 4,Jul. 2018, pp. 662—682 E-mail: sjcj@nuaa. edu. cn
DOI:10. 16337/;. 1004-9037. 2018. 04. 011 Tel/Fax: +86-025-84892742
© 2018 by Journal of Data Acquisition and Processing

ETHEFNRMUEEREEFSAER N

oW OKER BAH B B ORER

(REM L R¥%E R 585 LR R, KiE.116024)

O E:DAFKRAUERR —EBGADNFAFRARRAZ GG AT . LB W XBRAR A L
BB, AXBANBT EHGAEAFRAOLFORBERARRE, T2 0IEHRNE F BT HR
WHE A LR Rk BT BB E R T REBFERAEE RBRACT X B E
BB AC T kA R R AR EE RN ERNAF, RERE T AR XA
RIR, FLBTHARNKAEEZEETAE ARARE FFAEFEENEFARTHREERN., XK
Jo AT AT EFRATLEAHFLE ST RAERNCR REHOGEFRALLEZRBETEARE
2 AR RBATT KA,

KEEWR A7 £ F AT &5 5 422 % i AL

FESHES TNILL 72 XEk RS A

Bionic Optimization Algorithms and Their Applications in Signal Processing

Chen Zhe, Geng Guosheng, Cui Xingyue, Yin Tuo, Yin Fuliang
(School of Information and Communication Engineering, Dalian University of Technology, Dalian, 116024, China)

Abstract ; Bionic optimization algorithm is a kind of bionic algorithm that imitates biological behaviors and
natural phenomenon, whose aim is to find out the optimal solution of the target problem. In the paper,
the origin and basic principles of various bionic optimization algorithms are first introduced, including ant
colony algorithm, particle swarm algorithm, bacteria foraging algorithm, bee colony algorithm, fish
swarm algorithm, glowworm swarm algorithm, wolf pack algorithm, bat algorithm, chicken swarm al-
gorithm, evolutionary algorithm, immune algorithm, clonal selection algorithm, small-world network,
and so on. Then, the state of the art of bionic optimization algorithms is reviewed, and some typical ap-
plications of bionic optimization algorithms in signal processing, image processing, speech processing and
communication network are given. Finally, the features of bionic optimization algorithms are summa-
rized, the basic ideas on how to extend their applications and explore new bionic optimization algorithms
are presented, and the future developments of bionic optimization algorithms are also prospected.
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1 % R 595 52005 4F, Hussein % 32 H TRl A9 ACO 535 9F I T 508 3 B 41 20 W 4% 1) % 1 5 2011
A, Yan "V AE TG LR AL KCEE N 45 P ] ABCRE S L D T BB TR TN AR I KT fF R s 2016 4R
Vijayalakshmi 55" {4 iCHE Bt 0 76530325 1% B 95 BB % 3 Adhoc [ %,

(2) FEURAL B 2005 4F, T BE AR S5 ORE U0 A6 5 2 0 7 R 43 #1 5 2007 4, Kallel 22 H T —
Folt 5 1 4B 1B S 2R AT SR ASE R () OB PR AL B L O T R 43 28 1) 5 2015 47 8 A N et IR B 0
FH T 150 2 PSR X 3820 1 vp L AR TR 23 3R 52016 4F A SO HE S50 H Y — ol ik T IO 530 96 1) 15 B ) D
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Kennedy fll Eberhart™"*? F 1995 4F 2t T ki 7 BE4E 4L & 1k (Particle swarm optimization, PSO) , X
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(3) 1B¥/EMR AL P . 2012 4F , Eshghi 4 3 F BFO BUAH L3 T AR M A7 R 75 5 Bk 5 ik . %
T P A0 3R B Ak 25 R BN JR) TR AR (L A5 2011 48, Sathya S5 R BFO JEAEE Jin i B/ 38 UG 53
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RS A Y/ AR EREAY . (2) WIEAME X, LEE V, “ITH LIEE S [ ] 28k
WA A MR BE A SR RAEY . BT AT ML H A PR Y e T 55 A5 0F 3 3D R R I A i Bk ol e A (B
O MRS K o B ABRE o (3D T SR bk o ) o B A [ B R B A, R/ IMEL AL Z TE R AR

BT LA b AR A RN L i 0 RS DR R AR SR R

1) BIHR AL B m A b 8 R T8 — A Wit 058 40 X 275 ¢ U M P B X (g oo vy o oee ) S REE V. (o
vy atttaup) s 8= 1y 20 e G BERLWI AR AL O W R AE X, A0 S KRR s W0 dn AR K b i e EE A,
A b 5 S R R s B RAAS Qo PR/ Qi o

(2) TF 530 o s 088 08 S5 A 1 P

(3) MK 2320 FHH ¢ RIIEM AN E v, MBE V, I RE o, STl .

Ji= fant (fam = faw) rand(0.1) (23)
Visvii+ X =X f (24)
X =X"+V! (25)

A orand (0, DIR[0, TIZ 5] 3 A5 B9 BEALAL 4 5 2 Sy B ARKEG " S 2 i 22 Ry de AL
() W FEHLEL rand 27 KT r RS JUSAET A B C6) 5 2R 2 5% A JR) B4 2% B0 B i



670 HIEREEH LA Journal of Data Acquisition and Processing Vol. 33,No. 4, 2018

B BIL 2 45— i o 7R 320 B I ek =X C26) 77 A 1) Jm 3 A o
X... =X, +rand(0,1)A" (26)
K erand(0, D [— 1,1 Z 6] A9 BEALEL, A* 2 25 iy B 8 b 3 703X — A L i 1 24y 32
(5) 36 I BE A < A5 0 fff 1) 3 107 B8 A T 2 i M4 Ny BE HL rand << B A U B SH  E 7 E
(6) a3l N7 PO AR 47 S Uk AR Wi ¢ B3SRBS AR T £ WU 20 B8 ot » BRI poa AE
(7) H (27, 28) B mm B A, Flbk oh & S5 %
A=A 27
rit=r[1—exp(— )] (28)
(8) I T 79 A I 15 38 3] e R 3 AR B, 47 3K B 2 1k I 8 2 R B D a5 75 IR TB1 25 R (3D
AR LG T A R B 00 A0 S0 i 8 B 12 1) e R e A IR 1) 48 Rk B AW Sk L B R M L B
FEAE G B AR B A S5 BB o H A, — 282 B % AT TR AR5 : 2015 45, Deng % IR ML 5
BA 454 45 5 1R 48 53 Wi 88 5595 5 [ 4F , Miodragovic % 42 H T — F0 06 2 i g 7% 55 1: (Loop bat family
algorithm, LBFA) . 3FUF T 5 1F 84 5 2016 4F, Topal 2859 # H T — Fh 30 25 1 L WK U5 45 3 ( Dynamic
virtual bats algorithm, DVBA) , 1% & B4 58 5 » W S0OH R .
HET BA © &) iz N TA5 5 A0 B GEAS i 7 R G0 ORI 1 L 09 25 00 Ak B2 97 55 Ak 2 400 . 2014
4, Prajna 5170 BA YA T O B 5 A R 0R R, B R T KGR O o 00 5 R R R B UL 5 2016 4R,
Senthilnath %" 4 th —# BT BA J444 35 F T 188 42 o s [ 46 . Abd — Elazim % & 3+ T 26 F BA
A8 56 4 T 25 L O K LR T AR M L O R 48 b s Rahmani 55708 BA B B 05 A4 HLEE N A 38 R 4 il
H A IR R S R UK 0 R A T A5 B A 4K 5 2015 4R Kora 28R BCE Y BA T F R LG i T RRAE
A IO ILEE ZE  RICR AL
1.9 AIBERAUEE
Meng %% MLHE S BE 56 47 0 . F 2014 AR48 T — Bl B R UL AL 7 Tk — AN DX B Ak 5k
(Chicken swarm optimization, CSO),
MR LT 4 AR (D) B AR e TR B T RE R T A BEXS FAREAS . (2)
Fiz RS 7 B (B0 TSR B 0 o EA B D0 3 I B AR 1 7 T AR S BT Sy 2 3 A A B A T A 0 05 3 R
F5e 28 W A5 T A ACHI T g SRS L LA A O BE XS . BEXG BEAL K 9 10 . L RE XS AR XS YRR O R B AL A
o (3) MG AR R — B K AE R A S AR A FR R . (4) R R X B SR L B 4
AES AL R . WG AW R LR BEAS ARG B AN LR
N EAGREAC AL 5 12 1) B AR B BR AT
(1) BGAL B N R — DX HE 2 L Neo Nupo New Ny 53590 8 28 %8 CBEXS 4 38 F1HAT B 7 5%
RUEEXG ) EC XS R G A R R ECH T BEPLA S ¢ BAGTE ; dE=s (8] ¢ B 2009 67 B o) G=1,
2, N;j=1,2, ., D)¥Itffk.
(2) T3NS e IE I BE A )6 AL G R A AR B AL & poe FI2 R R AR B g
(3) #ﬁ%ﬂﬁiﬁii:?“LF“EZ{EXTX%E?/\WFIFJ?’Eii‘?ﬁr&ﬁﬂfx_,%HTH%EXL%*H%EX%E’JX#KJ%%O
() 7B U5 ¢ A AXG R 422X (29) B 7 &

i = (1+randn(0,az)) (29
J i< [
_ (30)
H
el e

A randn S IEZS 70 A0 B BENLE e BNV B R ONER § AR — 2G5 /L A f (e =1, 2, s NDJM IR
S R R BN B I



M ¥ F ATFHAFORILERRL AT AR PG R 671

il

0 HG g REXG I 3 (31D BB
2t =4 + Sirand (2 — 2} ) + S,rand (2} — 2}) (3D

8, = exp (L) S = exp (= ) srand HL0. 111551545 B BELC 7 0 A 4 BE1 R

SR 5 s S RS X R b BE AL 4 0 A XS BCREXS L A s

5 ¢ X S AE B XY B 0 4 A XS I 4 20 (32) BT E

it =ay + F(al,, — ) (32)

K Fe [0,27] 0 BBE AR 80 m Sy HEXS B RE 1 BEXY

(5) T I BE ST « A 0 A 35 0 B RO T 2 WA A 3 07 B I SR A AR SR D B v s 5 BT AL
A 38 BE R T 2 R B AL B e s BT Qe o

(6) I T A0 A 2 15 38 3] 5 R 3 AR B, 7 3K B U2 1k O o e DI 45 3R 5 5 DU ] 2B R (2)

XRG4 B0 12 AT W S 32 PR AT SHORS B8 v 3000 A0SR e R 5 A P 9 5 0 L L T SR v 2 1k
[F] LR s A7 7E WS SEORS B2 AT 2 B Ry BB S5 00 s 300 S B S A e o o TR O, — 2 3 X LR AT T ki
2015 4, Chen %% 4 Hy — Bl sk F (9 XS BESE 1 L 32 0 17 00 AbORS B A0 5 TR 41 Wa B0 0 1 A A
5 ARG R b MG 1R B B Ry B A AR A T

SR N TG HE LA 50 S i (e 6L A el T AR AR 2 & 0 T R 0 B0 42 4 45 TR 4
2015 4, Subhabrata ££M° 4% CSO &y 5 ] T Turbo % sk 32 & W (5 Z 1 1Y {Z 18 11 ;2016 4F , Chen £
¥ CSO T35 N F JC AL I Am W 45 58 0 o 3R AS T 480 19 78 0K B2 s [l 45 kA 4507 CSO B33 v
T oy an REAL AR R A EA L IR IS R] 45
.10 #UEE

HEAL T 5 (Evolutionary algorithm, EA) & — & i SR ¥y FL B AR e £ 5t (L WL i BEHLIE R 5 0k .
A 3 A0 % 3 LR (Evolutionary programming, EP) |\ #E4k 3K B (Evolutionary strategy, ES)
Flist f% 5 1% (Genetic algorithm, GA) . BARIX = K7 7R B 2 S0 90 A 2 22 S (H 3 5] 45 i #6 42 )
FH A= 9y 0 Ak i SEVARL 5 D BRI A Te) RE . pl T A SR R R A R ELBE I AR A Ty A X
BT A FOAE IR A SR 0 20 R R

PR 0 — A BN - (1) 3k — AP UR A 5 (2) X 4 /40 46 i vk BB E AT PE M5 (3) R4l (2) iy

P45 5 I T I 2 A% PP e — S R AR A O 3k AU 0 B ) 5 (4D X (3D HR A B A A AT A (R
e FH AL 7 AR AU AR 5 (5) Bk () P A 2 75 1 2 AR R 2 AR A 6 U280k s T/ 0L X
A O AR B 1 (2

BEACT LT 30 AR 4 22 G » B R AN pR B /N I LV PR A e e G T R AT O R A
PR AETT B AR R 5 A BRI P A5 3 1 2 I

(1) R/ WUIBAL BE - 2006 4F (0 250 5 T — B 3 43 J28 38 17 B0 1k AROBB 3 55 7 it PR 4 0
WU T A6 A5 300 5 A6 D00 SEC 0 o 5 2007 45, Sieu S HR T T AL WS Y PR 43 B R TR R R
T A2 B B B SR R 22 X8 78 2006 4F  Mayuran 281§ 1T 26 F 0 L S 195 S 4G 3T 5k 8
R H. 264 B S A% A . T LR R AR AR 4

(2) B 2007 4F  Alexandre 5500 45 HY T — ik 1 R 49 2% 380 1% B0 00 09 R I ot 86 7 2 43 28
W IR HN T B 8 oh s Patrick S50 Y TRE T HE A0 S 1 0 5 26 O vk xR DR 3 K 9 A1) B0
FT53 0152016 4F R SCREAE SR Y T 42 U A 3 28 00 1k L A B A DR 3 2R B 1 B R R ORI B A T

(3) REBLIF:2008 4F ., Zhang 55" 45 Wy T 22 43 3k A 5 W 1y 0 0 e K 2R 803 O 12 BBOR W)
252011 4F , Ridwan S B GA S5 Beit AR # 53 R MRS G 2012 48 3CH B 2 0k 1 388 4% 550 0



672 HIEREEH LA Journal of Data Acquisition and Processing Vol. 33,No. 4, 2018

B KR B B B 3y ke
1.11 AI®E&%

MNATIA W) B 9 7 48 19 3a A7 AL AR A RO 48 T %00 & 4o it 3 B NTRERS
(Artificial immune system, AIS), Timmis 2 H19 A THEE R0 E L B “AIS 2 —Fl BRip A W 2%
Ja BRI A AL T e R U RE L ORI B L O T A2 2% In) R i e N T S g
SR R 3 e AN T % A D S B T — R A A R

FH N 05 05 500 SR it A A Tl SRS o A BRSOV S B0 D A% 32 A A A B 4%, 2% 0 0 P R i 34 0 4R e
Ji 22 T 7 DG 50 R B 1 HE R 0 FH >R R8BS P iR 2 ) A AR ARURE B . N A e SRVA 1 SR AR AL B

(1) ] S« N T A 28 B33 1 e D o i A ) A1) A bR BRI 20 SRR AR 23 0

(2) BURBER ™ A 38 5 R IR PR v] el A 25 ) v BE AL ™ A2 1 N A i 328 A 26 7R (N 3R07R Bt (4 B b it
HwHAHO

(3) PUAARIE I AA 9 155 TSR0 R BT B 23 A g S R0 g A R D5 B e A R D DG R 5 R
NG

(4> G 75 20 i 2 B < B B AR rh s 1oy {8 R A VR S e A2 20 1L L i AT A7

(5) YU EERE 72 S A 1 N A SBUR R T A H 7 A LR b B b A e e B A 25 1K1 A
SRAEPEHL M % £ 5 B B UG e fe 47 19 N ASBUMAR . 78 26 BRI TF 55035 N B AH I B AR TA) 1 VR B VR B
1o DA S A TR0 AR 0 BT BB v s GRS B T AR 1 2 R M 1 SR T R PR 1 s L B IR SEIA R A
Jr 8 s AR A

(6) Bkl AR d 4738 AR 44 L TR BT DUIR R

(7) T BUARTE  PUURTE 38 R RE K A0 B Bl 10 12 40 Hh 3 0L R R A B AR R e, AR AR TR — AR i
TRHE

(8) SEoU . A7 B R 4 0k 5 WIS R BRE s 5 U 4% B 2P BR (3)

AR N T AR A B B ) 2 TR 2F 058 R TR 52 B b, HoAE {5 5 4k 23450 38 b A il 280 )3 )
A

(1) R 2008 4E B LTS B T I T ALS iR B0 B L S S L v T M R
6] 4F- . Rabbani 48" W IR & G 8 B0k L T AR B i RS ) 3 HL 5 WA 2 H RS R T 2R R 2%
Jyakte e

(2) EURALRE . T P52 551 F 2004 R4 T 56 O TG00 500 9 o KO R 43 #1071 5 2009 47,
B4 5 5K N T S A N T R s b A TR A RO

(3) PR2E MG BE U 2008 4F , A 4 A %0 F N T G 8 B0 1 003 R o PR I ofE bk RS LS L Li
SRV 1T )R SR OE R SR B R AE AN T G B R O K LN T S 2 R E s 2011 4, Du
SRR T Rk N TG B i K T T B A R T A
1.12 REEEEZE

1955 4F , Jerne #2 ) T o Bk £% P L 5 R 48 Burnet K JEAISE# B RIE RS R EAR I Z
—o KM K R, Castro " F 1999 475l % G 7 G0 vo e vk BR R B L AL B4R T e ik R
#: (Clonal selection algorithm, CSA) , HAEBRUIF .

(D) W AT RE B ic 12 ST R R B BEIAR 430 MR P, B iR LA iE P=M+P, ;

(2) FRAE BT — L5 8 B Rk 8 n A RKG BRI RE (P,

(3) XF X Fe b 1) n AR AT SR AR B— I B R CL C i BB AT AR — Hie J5E 0% A BE BUIE T 5

() XF g B FpRE C #1778 55 45 BIBUARHE C 728 S5 (0 8 S5 R0 A — B i 25 R BEAE 6T O 5




B FATHAFZORNLISXRALERTAETH LA 673

(5) MHLIRFE C, v BCHE FHEE 34T 1 S R 4 I8 2 508 ML C Hp S R 8 19 A 1A BBUAR £ B8
K P, SRR AR MK

SREE PR L AR T A RE RGN gtk A BAL . g B R A IS RE T R
A DL RE G A 75 B I Bk A R TS 2 R B R © )T I T s A B MG AR B 2 A
s 2R 1 S5 40

(D) PP ARV EBEHEH T CSA Sk 1T FIR JE A% h88 ' R A CSA k58 i T 1IR
BOFUE P AR BT SCER( 122 ¥ CSA ByE N TR S M4 it

(2) MG AP A2 e 250 CSA Bk T PET — CT BE 24 ARl & b A R0 s 5 7 5 B i 851
52009 4F . Bhaduri™* $2 1 17— Ff 3k 3R G ek Bk 9 0 B o R L K L R € JRR A b L AR
85 7 PG 46 05 17 Liv 2607 F 2010 AF4R T 35 7 b 0k 5 05 00 R 46 0 s TR AT AT fil S0 4R
Hh T R T 0 A 2 B T R A 1 AR G iR Ty 5 (A 1 SRS A AR S T O

(3) ZH PRI Li 27 F 2005 AFE4R TR TR D L e e AL R L T 2R HE
) CDMA Z Ji ARG I 5 2007 4F, 5 8615 ) T Bl adk 1 e e 0 9% 5300k R AT 2 P A L 3% 00 vk LA 5o
EE 71 R 7/

(4) BECIA 2008 45, 8 2 55 R T 36T 2 A7k LT A0 5w B B Ok L R L A A
Hh 52010 45, X5 e A B T G s O A0 T R R R RS X O Ik B R I R 5 SR
(131 14 oo ek B 0 3 o TR 2R o BUAS T R A 40 85U
1.13 JpiEFRMEK

IV 5030 50 R 20 02 K Milgram 75 1960 65 1047 X 96 AL 5 26 1 i B 6 OB .
1998 4F , Watts I Strogatz-™ #& H1 T 2 T A 24k 2 W 4% 19 /) tH A B 4% (Small-world network, SWN)
B

Bl 1w T MRRRER ., /MES
5 4% 2 EH A T D) 2% o i AL I 4% 0ot 9 )
B D0 4 T 245 ELAR 0 3 40 - 3 B I 40 R
AR EAH N AT AN R — A3
I A S H A A AR k/2 A

(a) FIU P 45 (c) /Mt F P45

T AR AR Y P R SR RO T A (a) Regular networks (b) Fully connected network (c) Small world network
F i+ K U AT B 05 67 BBL AN 32 75 Bl AL A —
IR —of 9 6] AME S p I — 28 30 . HLAT: Fig. 1 Diagram of network types

BRI fm 22 A — &0 AL —
TRAARAL S BEME, XY p = 0O m AN Z s 1 iR 24 p =10t 2R
BEAE R AN 1D PR s 24 0 << p << 1A 8 1 by AL DU 19 465 1) e AL 0 2% 14 o 90 190 6% o B A /) 1 5 R0
2L E 1O FimR,

SWN 75 {5 5 4b BRAT I8 o 1 b FH £ A

(1) SEAF P45 Brast U5 T SWN Ml 5 3 04 00 F 8 8h 50 £ 4552010 4R 8Bk
B SWN I A TG K I 4 FEL T 5 57 19 460 4125 6 4275 9 26 P E s Verma %5 6
2 Mesh W& 5] FI T /M SR ;2015 4F  Dong 457 W58 1 T 2% I 46 11 195 4> /)N T 53¢ g 405 455 81, Jf: i
177 P4l .

(2) E Al :2009 4, EXAF SR H T — BT SWN AL L1 ABC SRR A QoS 4% i#%
HLHI 52015 4, Zhang 45 /Mt LR HF Ad Hoe W45, 0356 T W 45 2E 77 RE



674 HIEREEH LA Journal of Data Acquisition and Processing Vol. 33,No. 4, 2018

(3) B W 88 7 1 5 kA /R A R O ik R R RUR R4 9 R
SEUUORE AN B AR SR T e R 2 AR T T2 AL i 22 )2 T S 22 e 4L AR T R A

(4) YE P& Kong F51 R T 56 T/ 5 90 205 14 67 o B80T O v, S IR T A% e 1 eR B Oy
TR RS )L

2 HitERE

AR 8y e 7 o R AT LA A D — SRR A i 2 (I A SRk L O AR A AR B i A T B RCR e
BPE RS A AT B T O B0 A BEORAR AN By T ) A O s TRD IR 0 A A Rk A SR A R A
[ia] AL, 2 B iy R A P PR B S EL AR R REAS (O T O AL TR A By o A 0 2B 00 Al 30 3 B AT T A 1
FivE A oA RS A XA B AT 5 5 2 MR U kA & L v b PO B BE AR 4 T HORRIE . 4% A O
A TE I B AR 1 TR

®1 FEEEIFERRSR

Tab.1 Similarities and differences of bionics algorithms

Ak R R ) {8 U HEFR MRS WS E Rk E
ACO H Ik ¥ 2w 4 ] £
PSO ik i & T 7 £
BFO AR & % 8 fij 5
ABC N ¥ b T ] £
AFS A Uk T Je g 12 ] B
GSO Nt A b 18 fij 5
WCA N8 T b T [
BA Nl T P S
CSO N J & T 7 £
EA N8 T b 1] A7 B
AIS N T b 4 /S
CSA NP J & T RS
SWN N T T fij 5

i 1 AT DU Y IO 590 R IE S i Dt B A A A 9 R e D i BB 0 L BT v TR S R b R
JEE ARG o AL H X o) (L A L7 S U0 B O i B BN R e S BB DA R R v S — e
ASCHR B0 325 1 0 180 K 5 L R R 10 1 AC B3 38 A B R A A 1 0K T2 A o L &) B ARy i e A
SR AT 4R 5 4 JR <3O0 RE 0 MR RN JBE R B Rk W 5 07 160 5 A T B £ 00 A B R AIE m H
14 47 Ak BN 4 SRy 4 2R BE ) AR LB AR R BB ) 5% 2 MRS i) B i S50 JEE AN B BEOHC I 9 B AR TP T 2 0
RN v WSS 5 N T Rk R S A 7 58 o (R ST SI0HE BBE S R 1 ELAE OGS AN R L T A5 i
ST AT At > DRI G ] 75 30 e 0 B8 A R80T LA B 8 i i O A B R O s N T K SRV B I A
T SR TG R BT S S S N L B B A SR T e U0 S R L R e Rk e R R T
L RE 1 2 AT 9 B s N T 0 O 0 B R A R B A S LS R 2 R R B A AR
PR DAL AT e 2 58 3 S B L MR R L R R e R T RE D A R E . MR TR B LA
BEE N RS R N AR B0 05 A0 N M 0 0 AN AT 98 2 B /b v 5 1 L e B30 B2 B {HL G
RABATAE Ty Ba A Jrd 0 o D0 G 2 AN oo A58 B s G B2 0 — 4 v Bk 4 Jm DI B ) MM ORS 32 4

VAE 9 bk 4 2 R T R MR RE A AR AT AR SO TR A TR A AR . B AL A LN T



B FATHAFZORNLISXRALERTAETH LA 675

PR M R R R IR ENE R TR A LR EM, Hd AR EER X EZHNATZ A
Jr 5 Ay WA s N L B 3 R0 AR DR T I 22 e e L A 3 A0, SR A L TR G 4 v 00 2 A
I RS 2 5 R T — e N Ly B vk Y I 9 o A 5 o o o 3 0 vk AR S Sk R bR LG R R A R BB
N 52/ FIEETT G T B S UL RE 7 A0 PR Ak 2 B 09 [ B, AR RIS T 2 R B AR
SR UL, RO A E AR S B IR AT IR R 5 Bk R AR (B T SE A AT — R
A] G R A P NP-hard [n] 85, H 7655 & 20 3 EGA3 B=0R B B E RESME BN RE % 7S
BN TN AR R AR AR B R SRR AN TR DR TR AR S AL S b i i A BT 2 . il
SRR AR B S A T B A e L A ) A, A Ah B T 46 8l O T R LR B R TR RE N AR R
GG R B U B R A A T W S Ak a8 s 40 B PR B Rk R A S R s ) R g R s Rk
[ A 5 N T M R AR vk N T o U VR A B A 3 BRI G (5 RGP A 2 s N TR BE RV R
WESAE N TGk BAR e A 50 35 (H I B — @ B RB U R B8 77 - A6 N L3 Be VB 45 1 55 0 1)
BN R 7 s A TR N T G e BR R e R o B L R T A O LR Al B RS SR A AR A i 2
2 H AR LA 553 28 0] 85 /N 5 00 28 22 FH 1 K ik T 48 90 40 L2 el 32 3 5 O Ak T
P 25 W98 (0 28 AR A R T IZ s B DS EL A A gy i . (AR RIR B MR R B S A
RGBT Rl B AW RGN TAEPLEL. R SC A E I Th R . 7ED A4t A= W IR A |
B A TR R AR A A TR 53 = 5 T A o EE R, HLBE VIR G < AR AR R A R R A B R H Y B AR R ) 2
P TR 5t . Bl o g AL SR T S W EE B R L - (D a] B 3RS 5 (2) &l 25 DL — g R
B 5 (3D A B R 1 A AR MR 3RO ) 5 (4D 45 1 0 AT % 520 o U032 S 4 b £ J8 30 VT DA P b B3k AE A b 3L
BT UL 430 A5 A 20 Ak 58032 A A B ) U 8 B o AR 5 A B M 5 RS M L LV A Y T AT pE AN
Bt IE 2 H A A BT R R SR T k. B FAMARE N R 20 BRI LY RS ILH
T B A 2K B B TA] A e S PR ) A TS B 2 R K A [ U X BE BRI A R R EERE,
I 5 A 25 AT IERE Y L SR Z B . AT AT B A 26 1 2 R 98 IR B9 AS 8 =F 3 A S B AR Ay P i e
5 Az 28 AT A B 1 0 5 9% M A% 0 B R 1) SR 1) 5 R B L v M R R S B Y O gk — 2P R
SE
(1] . BEMHE Re R o8 ML I LD]. Jo#: TLm K%, 2009,
Zhao Ji. Study on the swarm intelligent algorithm and its application[ D]. Wuxi. Jiangnan University, 2009.
(2] FhASE, WA, AR BRAARKRLT]. Y34, 2007, 23(2): 109-115.
Sun Jiurong. Dai Zhendong. Bionics today and tomorrow[]]. Acta Biophysica Sinica, 2007. 23(2): 109-115.
[3] Dorigo M. Optimization, learning and natural algorithms[DJ. Ttaly. Politecnico di Milano, 1992.
[4] Gambardella L M, Dorigo M. Ant-Q: A reinforcement learning approach to the traveling salesman problem[C]// 12th Inter-
national Conference on Machine Learning. Tahoe City, USA: Morgan Kaufmann, 1995, 252-260.

[5] Stutzle T, Hoos H. Improvements on the ant system: Introducing the MAX-MIN ant system[ C]// The International
Conference on Artificial Neural Networks and Genetic Algorithms. Norwich: Springer Verlag, 1997.

(6] . ST R IR0 A A IR e WO A3k (1], AR ARG 55K 2005(9) : 102-106.
Gao Shang. Solving traveling salesman problem by chaos ant colony optimization algorithm[]J]. Systems Engineering-Theory
& Practice, 2005(9): 102-106.

[7] LiP C, Song K P, Yang E L. Quantum ant colony optimization with application[ C]// Sixth International Conference on
Natural Computation. Yantai, China: IEEE, 2010 2989-2993.

(8] kJBZ, M BRATH . WICBCHEFILLT ], $EH 583, 2012, 27(9) . 1325-1330.
Zhang Zhaojun, Feng Zuren, Chen Zhuging. Simplified ant colony optimization algorithm[]]. Control and Decision, 2012,
27(9): 1325-1330.

[9] Ruud S, Owen H, Janet B. Ant-like agents for load balancing in telecommunications networks[ C]// First International Con-
ference on Autonomous Agents. Marina del Rey, USA; ACM, 1997. 209-216.

[10] Osama H H, Tarek N' S, Jong L. M. Probability routing algorithm for mobile Ad Hoc networks’ resources management[ ] ].
IEEE Journal on Selected Areas in Communications, 2005, 23(12); 2248-2259.



676 HERELS L Journal of Data Acquisition and Processing Vol. 33,No. 4, 2018

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Yan J F, Gao Y. Yang L. Ant colony optimization for wireless sensor networks routing[ C]// International Conference on
Machine Learning and Cybernetics (ICMLC). Guilin, China: IEEE, 2011, 1. 400-403.

Vijayalakshmi P, Francis S A J, Abraham Dinakaran J. A robust energy efficient ant colony optimization routing algorithm
for multi-hop ad hoc networks in MANETSs[ J]. Wireless Networks, 2016, 22(6): 2081-2100.

Wang X N, Feng Y J, Feng Z R. Ant colony optimization for image segmentation[ C]// International Conference on Machine
Learning and Cybernetics. Guangzhou, China: Institute of Electrical and Electronics Engineers Computer Society, 2005:
5355-5360.

Le H M S, Kallel A, Descombes X. Ant colony optimization for image regularization based on a nonstationary Markov
modeling[ J]. IEEE Transactions on Image Processing, 2007, 16(3); 865-878.

B AN, T OO IOCTE B0 725 o R R RMBUBER X 3 B0 LT ). S pLp B, 2015(12) :337-381.

Jiang Weijie. Fuzzy region segmentation of high speed acquisition images based on improved ant colony algorithm [ J].
Computer Simulation, 2015(12) :337-381.

T SR SOl AT S5 B T 5 RO A p IR IR R 7 SR LT ] P L TR RO AR AR R, 2017(1) 1 159-164.
Yang Siyan, Cao Wencan, Li Shiping. Second-order graph model ant colony optimazation based image matching[ J]. Journal
of XiDian University, 2017(1):159-164.

Wang L, Wu Q D. Linear system parameters identification based on ant system algorithm[ C]// IEEE Conference on Control
Applications. Mexico City: IEEE, 2001 401-406.

Li L X, Yang Y X, Peng H P, et al. Parameters identification of chaotic systems via chaotic ant swarm[]J]. Chaos, Solitons
and Fractals. 2006, 28(5): 1204-1211.

Kennedy J, Eberhart R C. Particle swarm optimization[ C]// IEEE International Conference on Neural Networks. Perth,
Australia: IEEE, 1995, 1942-1948.

Shi Y H, Eberhart R C. A modified particle swarm optimizer[ C]// IEEE International Conference on Evolutionary
Computation. Anchorage, USA: IEEE, 1998: 69-73.

SR S PN S BRBHPHE. — i A B HORE 1 RS S G (0. L 244, 2009, 37(2): 299-304

Zhang Changsheng, Sun Jigui, Ouyang Dantong. A self-adaptive discrete particle swarm optimization algorithm[J]. Acta
Electronica Sinica, 2009, 37(2): 299-304.

SRS M b L S O T RS R LD MR, 2011, 39(6) : 1261-1266.

Wu Xiaojun, Yang Zhanzhong, Zhao Ming. A uniform searching particle swarm optimization algorithm[]J]. Acta Electronica
Sinica, 2011, 39(6): 1261-1266.

T AR, RIS, 5. BT e RN MR R RS AR S S L) ] MR Tl KA AR, 2014, 46(3) ¢ 8-13.

Yu Yang, Tan Xuezhi, Yin Cong, et al. Cognitive decision engine based on binary chaotic particle swarm optimization[ ] ].
Journal of Harbin Institute of Technology, 2014, 46(3). 8-13.

XU B R XU . BT R F RT3 OB T BB D P H AR R ER )], B R SR S 4L B 2015, 30(2): 452-463.
Liu Feng, Xuan Shibin, Liu Xiangpin. Video target tracking based on new cloud adaptive particle swarm optimization par-
ticle filter[J]. Journal of Data Acquisition and Processing, 2015, 30(2);: 452-463.

Das T K, Venayagamoorthy G K. Optimal design of power system stabilizers using a small population based PSO[C]//
IEEE Power &. Energy Society General Meeting. Montreal, Canada: IEEE, 2006 1-7.

Das T K, Venayagamoorthy G K. Bio-inspired algorithms for the design of multiple optimal power system stabilizers:
SPPSO and BFA[J]. IEEE Transactions on Industry Applications, 2008, 44(5) . 1445-1457.

ZEfRA PR R TR M EM MR AR FREERL] P E LTRSS, 2008, 28(31): 35-41.

Li Zhenkun, Chen Xingying, Yu Kun, et al. Hybrid particle swarm optimization for distribution network reconfiguration
[J]. Proceedings of the CSEE, 2008, 28(31): 35-41.

Parsopoulos K E, Kariotou F, Dassios G, et al. Tackling magnetoencephalography with particle swarm optimization[ ] ]. In-
ternational Journal of Bio-Inspired Computation, 2009, 1(1/2) . 32-49.

Gunasundari S, Janakiraman S, Meenambal S. Velocity bounded boolean particle swarm optimization for improved feature
selection in liver and kidney disease diagnosis[J]. Expert Systems with Applications, 2016, 56 28-47.

Holden N, Freitas A A. A hybrid PSO/ACO algorithm for discovering classification rules in data mining[J]. Journal of
Artificial Evolution and Applications, 2008, 28:1-11.

Ramadan R M, Abdel-Kader R. Particle swarm optimization for human face recognition [ C] //IEEE International
Symposium on Signal Processing and Information Technology (ISSPIT). Ajman, UAE. IEEE, 2009.: 579-584.

Singh M K. Localization in wireless sensor network using merged population based particle swarm optimization. LMPPSO



%

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

B E ATFHASURLEERALERE ST AR YRR 677

[C]// Annual IEEE India Conference. Hyderabad, India; IEEE, 2011:1-6.

AR AR VL W 4. BT MOPSO Rk LR TP 5 R Z WO T ], B RE 5S4 HL, 2014, 29(3) : 415-420.
Li Hailin, Zhou Jianjiang, Tan Jing, et al. Multi-beam forming of satellite conformal array antenna based on multi-objective
particle swarm optimization[ J]. Journal of Data Acquisition and Processing, 2014, 29(3): 415-420.

Passino K M. Biomimicry of bacterial foraging for distributed optimization and control[J]. IEEE Control Systems Magazine,
2002, 22(3): 52-67.

Datta T, Misra I S. A comparative study of optimization techniques in adaptive antenna array processing: The bacteria-
foraging algorithm and particle-swarm optimization[ J]. IEEE Antennas and Propagation Magazine, 2009, 51(6): 69-81.

Li F, Zhang Y T, Wu J L, et al. Quantum bacterial foraging optimization algorithm[C]// IEEE Congress on Evolutionary
Computation (CEC). Beijing, China: IEEE, 2014. 1265-1272.

Yan X H, Zhang Z C, Guo J W, et al. A modified bacterial foraging optimization algorithm for global optimization[ C]//
12th International Conference on Intelligent Computing Theories and Application. Lanzhou, China: Springer Verlag, 2016
627-635.

Tripathy M, Mishra S. Bacteria foraging-based to optimize both real power loss and voltage stability limit[ J]. IEEE
Transactions on Power Systems, 2007, 22(1) . 240-248.

Vahedi H, Hosseini S H, Noroozian R. Bacterial foraging algorithm for security constrained optimal power flow[ C]// 7th
International Conference on the European Energy Market. Madrid, Spain: IEEE, 2010, 1-6.

Panda G, Mishra S, Lakshmi Y V S. Bacteria foraging based independent component analysis[ C]// IEEE International Con-
ference on Computational Intelligence and Mutimedia Applications. Sivakasi, India: IEEE, 2007 527-531.

P EE . ETMERENE RS EEETRI] BEROR, 2011, 44(12): 150-152.

Li Dan, Tang Puying. Study on blind source separation algorithm based on bacterial foraging [ J]. Communications
Technology, 2011, 44(12). 150-152.

Dasgupta S, Biswas A, Das S, et al. Automatic circle detection on images with an adaptive bacterial foraging algorithm[C]//
Genetic and Evolutionary Computation Conference. New York, USA. Association for Computing Machinery, 2008
1695-1696.

Gholami-Boroujeny S. Non-linear active noise cancellation using a bacterial foraging optimization algorithm [ ]J]. Signal
Processing, 2012, 6(4): 364-373.

Sathya P D. Image segmentation using minimum cross entropy and bacterial foraging optimization algorithm[ C]// IEEE In-
ternational Conference on Emerging Trends in Electrical and Computer Technology. Tamil Nadu, India: TEEE, 2011:
500-506.

J it R, Eh . AT PG B Rk AR — A I R B R RILT ] PHAE R SRS CR ARREERD 5 2015, 45(1) ; 40-44.
Zhou Xun, Guo Min, Ma Miao. Color image segmentation based on bacterial foraging optimization and normalized cut
algorithm[J]. Journal of Northwest University(Natural Science Edition), 2015, 45(1);: 40-44.

Saadi S, Kouzou A, Guessoum A, et al. Bacterial foraging algorithm for neutron radiographyimage quality improvement
[C]// 7th International Multi-Conference on Systems Signals and Devices. Amman, Jordan: IEEE, 2010; 1-6.

Karaboga D. An idea based on honey bee swarm for numerical optimization[ R]. Technical Report-TR06, Turkey: Erciyes
University, 2005 1-10.

R X, L RA AT BRI R TRES R FHAR, 2011, 33(5): 1167-1170.

Gao Weifeng, Liu Sanyang, Jiang Fei, et al. Hybrid artificial bee colony algorithm [ J]. Systems Engineering and
Electronics, 2011, 33(5): 1167-1170.

BRWed , EH. ot N TR R LT MR TR R, 2012, 33(1): 117-123.

Bi Xiaojun, Wang Yanjiao. A modified artificial bee colony algorithm and its application[J]. Journal of Harbin Engineering
University, 2012, 33(1). 117-123.

RUKIERF T L% % SR TR MBS B BN TR R[], 254, 2015, 43(11): 2161-2166.

Zhu Binglian, Zhu Fangfang, Su Honghong, et al. Discrete artificial bee colony algorithm based on logic operation[]J]. Acta
Electronica Sinica, 2015, 43(11) . 2161-2166.

Benala T R, Villa S H, Jampala S D, et al. A novel approach to image edge enhancement using artificial bee colony
optimization algorithm for hybridized smoothening filters [ C]// World Congress on Nature & Biologically Inspired
Computing. Coimbatore, India: IEEE, 2009 1071-1076.

B LA « SRS AL B 42 MIEHE. 5L TN SRR O Ak i — e B R PR 43I 00 ). THSE LR . 2012, 38(9) . 223-225.

Alim Samat, Du Peijun, Liu Sicong. Maximum 2D entropy image segmentation based on artificial bee colony optimization



678 HERELS L Journal of Data Acquisition and Processing Vol. 33,No. 4, 2018

[53]

[54]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[J]. Computer Engineering, 2012, 38(9): 223-225.

Okdem S, Karaboga D, Ozturk C. An application of wireless sensor network routing based on artificial bee colony algorithm
[C]// IEEE Congress on Evolutionary Computation. LA, USA;IEEE, 2011: 326-330.

Kheyrihassankandi J, Naebi A, Taghdisi H, et al. Artificial bee colony algorithm construction minimum connected
dominating set in wireless networks[ C]// International Conference on Computer and Communication Engineering(ICCCE).
Kuala Lumpur, Malaysia; IEEE, 2012; 391-395.

Li X B, Shi AW, Liu L. Cognitive radio power allocation based on artificial bee colony algorithm[ C]// 31th Chinese Control
Conference. Hefei, China: IEEE, 2012 5809-5813.

Marinakis Y, Marinaki M, Matsatsins N. A hybrid discrete artificial bee colony-GRASP algorithm for clustering[ C]// Inter-
national Conference on Computers & Industrial Engineering. Troyes, France: IEEE, 2009. 548-553.

XN EUEE L ERHG S, 45, — ik T e e R R xR R[] TFE AL IBESE . 2011, 28(5):1699-1702.

Liu Lei, Wang Hongguo, Shao Zengzhen, et al. Partition clustering algorithm based on artificial bee colony principal[ J].
Application Research of Computers, 2011, 28(5):1699-1702.

Celik M, Karaboga D, Koylu F. Artificial bee colony data miner ( ABC-Miner) [ C]// International Symposium on
Innovations in Intelligent Systems and Applications. Istanbul, Turkey: IEEE, 2011: 96-100.

Li X L, Qian J X. Studies on artificial fish swarm optimization algorithm based on decomposition and coordination techniques
[J]. Journal of Circuits and Systems, 2003, 8(1): 1-6.

Xue P. Adaptive hybrid artificial fish school algorithm for solving the real roots of polynomials[ C]// 10th International Con-
ference on Intelligent Computing (ICIC). Taiyuan, China: Springer Verlag, 2014, 8588 48-54.

B, XN T % Ve A, — R N AR O R AR AL BT SR, 2015, 32(9): 267-270.

Hou Jian, Liu Fangai, Leng Yan, et al. A novel artificial fish swarm collaborative optimization algorithm[]J]. Computer
Simulation, 2015, 32(9): 267-270.

T AR B AL N AR A FE Y g sR dr a  FLT D dHEHLE AR SRR . 2012, 48(2) . 185-187.

Ding Shengrong, Ma Miao, Guo Min. Application of artificial fish swarm algorithm in self-adaptive image enhancement[]].
Computer Engineering and Applications, 2012, 48(2) . 185-187.

WA R — 2 T 4E Otsu G RIIAN TAREARLT ] Jasf#4it, 2009, 29(8) . 2115-2121.

Pan Zhe, Wu Yiquan. The two-dimensional otsu thresholding based on fish-swarm algorithm[J]. Acta Optica Sinica, 2009,
29(8): 2115-2121.

BN K 2178 B TIREG AT AR AL R W A etz i K K 24244, 2010, 36(3) . 373-377.
Liao Canxing, Zhang Ping, Li Xingshan, et al. Optimal deployment in sensor networks based on hybrid artificial fish school
algorithm[J]. Journal of Beijing University of Aeronautics and Astronautics, 2010, 36(3): 373-377.

AR B B BLAS. AN T AR L], WL BT, 2009, 26(10): 3666-3668.

He Dengxu, Qu Liangdong. Algorithm for clustering analysis based on artificial fish-school algorithm []J]. Application
Research of Computers, 2009, 26(10) . 3666-3668.

Krishnanand K N, Ghose D. Detection of multiple source locations using a glowworm metaphor with applications to collective
robotics[ C]// IEEE Swarm Intelligence Symposium. California, USA: IEEE, 2005;: a84-a91.

Krishnanand K N, Ghose D. Multimodal function optimization using a glowworm metaphor with applications to collective
robotics[ C]// The Second Indian International Conference on Artificial Intelligence. Pune, India: DBLP, 2005; b328-b346.
Krishnanand K N, Ghose D. Glowworm swarm optimization for simultaneous capture of multiple local optima of multimodal
functions[ J]. Swarm Intelligence, 2009, 3(2): 87-124.

DuMY, Lei X J, Wu Z Q. A simplified glowworm swarm optimization algorithm[C]// IEEE Congress on Evolutionary
Computation (CEC). Beijing, China: IEEE, 2014 2861-2868.

KRN » £ TN R S — T TN G BERY ¢ op A A8 57 K R LT ], Bk 45 40 B, 2015, 30(4): 909-914.

Liu Juntong, Wang Keren, Feng Hui, et al. GSO algorithm with ¢-distribution mutation for cognitive engine[ J]. Journal of
Data Acquisition and Processing, 2015, 30(4): 909-914.

Amruth P, Krishnanand K N, Guruprasad M H, et al. Glowworm-inspired robot swarm for simultaneous taxis towards
multiple radiation sources[ C]// IEEE International Conference on Robotics and Automation. Orlando, USA: IEEE, 2006
958-963.

Senthilnath J, Omkar S N, Mani V, et al. Multi-spectral satellite image classification using glowworm swarm optimization
[C]// 1IEEE International Conference on Geoscience and Remote Sensing Symposium. Vancouver, Canada: IEEE, 2011:
47-50.



%

(73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

B E ATFHASURLEERALERE ST AR YRR 679

Horng M H, Jiang T W. Multilevel Image Thresholding selection based on the firefly algorithm[C]// 7th International Con-
ference on Ubiquitous Intelligence & Computing. Xi'an, China: IEEE, 2010 58-63.

Leidenfrost R, Elmenreich W, Bettstetter C. Fault-Tolerant averaging for self-organizing synchronization in wireless Ad Hoc
networks[ C]// International Symposium on Wireless Communication System. York, UK: IEEE, 2010; 721-725.

Jiang H, Tang X H. Polarimetric MIMO radar target detection based on glowworm swarm optimization algorithm[ C]//
IEEE International Conference on Acoustics, Speech and Signal Processing (ICASSP). Florence, Italy: IEEE, 2014.
805-809.

Yang C G, Tu X Y, Chen J. Algorithm of marriage in honey bees optimization based on the wolf pack search[ C]//
International Conference on Intelligent Pervasive Computing. Jeju City, South Korea: IEEE, 2007 462-467.

Liu C A, Yan X H, Liu C Y, et al. The wolf colony algorithm and its application[ J]. Chinese Journal of Electronics, 2011,
20(2): 212-216.

Fong S, Deb S, Hanne T, et al. Eidetic wolf search algorithm with a global memory structure[J]. European Journal of Op-
erational Research, 2016, 254(1). 19-28.

Han W H, Shen X H, Hou E, et al. Precision time synchronization control method for smart grid on wolf colony algorithm
[J]. Electrical Power and Energy Systems, 2016, 78: 816-828.

A B ORE  E . B BRI R S LT ). T EAAL AR S WA, 2016(19) ¢ 107-110.

Diao Ming,Qian Rongxin,Gao Hongyuan. Spectrum sensing algorithm based on neural network with wolf pack optimization
[J]. Computer Engineering and Applications, 2016(19): 107-110.

BHEMR, M A5 T, 5T 50 50 IR RE 51 00 = 4 A% R AL A0 B Ok oh s )], @45 M 2% 4. 2014, 35(4) .
223-229.

Yi Tinghua, Wang Chuanwei, Li Hongnan. Hierarchic wolf algorithm for optimal triaxial sensor placement[J]. Journal of
Building Structures,2014, 35(4): 223-229.

BN M2, HETAE W RE R B S Pl ds A B AR ML RIWFZE (D], dbat At i Ji R, 2010.

Yan Xiaohu, Liu Changan. Research on path planning for mobile robot based on the biological intelligence[ D]. Beijing:
North China Electric Power University, 2010.

Yang X S. A new metaheuristic bat-inspired algorithm[ C]// Nature Inspired Cooperative Strategies for Optimization
(NICSO). Tenerife, Spain: Springer Verlag, 2010 65-74.

Deng Y M, Duan H B. Chaotic mutated bat algorithm optimized edge potential function for target matching[C]// 10th IEEE
Conference on Industrial Electronics and Applications. Auckland, New Zealand: IEEE, 2015: 1049-1053.

Miodragovic G R, Bulatovic R R. Loop bat family algorithm (Loop BFA) for constrained optimization[]J]. Journal of Science
and Technology, 2015, 29(8) . 3329-3341.

Topal A O, Altun O. A novel meta-heuristic algorithm: Dynamic virtual bats algorithm[]J]. Information Sciences. 2016,
354. 222-235.

Prajna K, Rao G S, Reddy K V V S, et al. Application of bat algorithm in dual channel speech enhancement[ C]//
International Conference on Communications and Signal Processing (ICCSP). Melmaruvathur, India: IEEE, 2014.
1457-1461.

Senthilnath J, Kulkarni S, Benediktsson J A. A novel approach for multispectral satellite image classification based on the
bat algorithm[J]. IEEE Geoscience and Remote Sensing Letters. 2016, 13(4): 599-603.

Abd-Elazim S M, Ali E S. Load frequency controller design via BAT algorithm for nonlinear interconnected power system
[J]. International Journal of Electrical Power&.Energy System. 2016, 77 166-177.

Mehran R, Ahmad G, Mir M E. Robust adaptive control of a bio-inspired robot manipulator using bat algorithm[J]. Expert
Systems with Applications, 2016, 56 164-176.

Padmavathi K, Sri K. Improved bat algorithm for the detection of myocardial infarction[ J]. SpringerPlus, 2015, 4(1):
1-18.

Meng X B, Gao X Z, Zhang H Z, et al. A new bio-inspired algorithm: Chicken swarm optimization[ J]. Lecture Notes in
Computer Science, 2014, 8794 86-94.

Chen Y L., He P L., Zhang Y H. Combining penalty function with modified chicken swarm optimization for constrained opti-
mization[ C]// International Conference on Information Sciences, Machinery, Materials and Energy (ICISMME ).
Chongging, China: Atlantis Press, 2015 1899-1907.

Wu D H, Kong F, Gao W Z, et al. Improved chicken swarm optimization[ C]// IEEE International Conference on Cyber
Technology in Automation, Control, and Intelligent Systems (CYBER). Shenyang, China: IEEE, 2015:681-686.



680 HERELS L Journal of Data Acquisition and Processing Vol. 33,No. 4, 2018

[95] Subhabrata Banerjee. Sudipta Chattopadhyay. Improved serially concatenated convolution turbo code (SCCTC) using
chicken swarm optimization[ C]// IEEE Power, Communication and Information Technology Conference (PCITC). Bhu-
baneswar, India; IEEE, 2015:268-273.

[96] Chen P, Mao Y Y. Wireless sensor network node localization algorithm based on chicken swarm optimization and multi-
power mobile anchor[ C]// 3rd International Conference on Materials Engineering Manufacturing Technology and Control.
Sanya, China: IEEE, 2016 245-250.

[97] Wtz FREE. SOl EREE IR FE2 R BRZEMmILLI/OL]. http://www. cnki. net/kems/detail/11. 2127. TP. 2016.
1007. 012. html, 2016-02-16.

Hong Yang, Yu Fengqin. Improved chicken swarm optimization and its application in cofficients optimization of multi-
classifier[J/OL]. http://www. cnki. net/kems/detail/11. 2127, TP, 20160216. 1007. 012. html, 2016-02-16.

[98] ErtHe, RPHR. A EBHE R BRI A GRGEMIT ] HHRAPTER SR, 2006, 42(14): 95-97.

Wang Jianfeng, Wu Qingbiao. Edge detection design with hierarchic genetic algorithms[J]. Computer Engineering and Ap-
plications, 2006, 42(14): 95-97.

[99] Situ N, Yuan X J, Zouridakis G, et al. Automatic segmentation of skin lesion images using evolutionary strategy[ C]//
IEEE International Conference on Image processing. San Antonio, USA: IEEE, 2007. VI-277-VI-280.

[100] Mayuran S, Fernando W A C, Kalganova T, et al. Evolutionary strategy based improved motion estimation technique for
H. 264 video coding[ C]// Canadian Conference on Electrical and Computer Engineering. Ottawa, Canada: IEEE, 2006
2037-2040.

[101] Alexandre E, Cuadra L, Rosa M, et al. Feature selection for sound classification in hearing aids through restricted search
driven by genetic algorithms [ J]. IEEE Transactions on Audio, Speech, and Language Processing, 2007, 15 (8):
2249-2256.

[102] Ma P C H, Chan K C C, Yao X, et al. An evolutionary clustering algorithm for gene expression microarray data analysis
[J]. IEEE Transactions on Evolutionary Computation, 2006, 10(3): 296-314.

[103] RICHE . JCE %, FLIGE . 5. — b Btk i 2 A 28 R ASE 1) B Sk AL 43 S8 B0k (). Bl RAE S5 AL B, 2016, 31(1): 197-204.
Song Wenzhan, Yuan Changan, Qin Xiao, et al. Ensemble evolve classification algorithm for controlling size of final model
[J]. Journal of Data Acquisition and Processing, 2016, 31(1): 197-204.

[104] Zhang M F, Cheng L, Tao W, et al. Optimization design of low-profile helical antennas based on differential evolutionary
strategy[ C]// IEEE International Conference on Microwave and Millimeter Wave Technology. Nanjing, China: IEEE,
2008: 601-604.

[105] Ridwan M, Abdo M, Jorswieck E. Design of non-uniform antenna arrays using genetic algorithm[ CJ]// International
Conference on Advanced Communication Technology. Seoul, Korea: IEEE, 2011 422-427.

[106] Moghaddam E S. Design of a printed Quadrifilar-Helical antenna on a dielectric cylinder by means of a genetic algorithm[]].
IEEE Antennas and Propagation Magazine, 2011, 53(4): 262-268.

[107] Zhu X M, Yang Q. Li M, et al. A circularly polarized waveguide slot array antennabased on genetic algorithm[ C]// 5th
Global Symposium on Millimter Waves. Harbin, China: IEEE, 2012 155-158.

[108] Abbass H A, Sarker R A, Newton C S. Data mining: A heuristic approach[ M]. UK: Idea Publishing Group, 2002:
209-230.

[109] XRJUYe, B 2 P, BT AT Mg 03U ik [T ). Aemg BT R4 2541, 2008, 36(1): 99-104.

Deng Jiuying, Mao Zongyuan, Luo Yinghui. Pattern recognizing algorithm based on artificial immune network[J]. Journal
of South China University of Technology(Natural Science Edition), 2008, 36(1): 99-104.

[110] Rabbani M, Panahi H. An efficient hybrid artificial immune algorithm for clustering[ C]// Eighth International Conference
on Hybrid Intelligent Systems. Barcelona, Spain: IEEE, 2008 374-379.

[111] AR 2R, B0, 45, JE TR IE B i N L hes BB 4r 26 SN A0ELT]. A3k 4H. 2008, 34(3): 367-375.
Gong Maoguo, Jiao Licheng, Ma Wenping, et al. Unsupervised classification and recognition using an artificial immune
system based on manifold distance[J]. Acta Automatica Sinica, 2008, 34(3): 367-375.

[112] Cheng H P, Cheng C S. A hybrid multiclass classifier based on artificial immune algorithm and support vector machine
[C]// 3rd International Conference on Data Mining and Intelligent Information Teachnology. Macao, China: IEEE, 2011
46-50.

[113] FEubsz ANt BT AT R G B IR B84y 350 KR IR RS BE R [ D], Bat - AR K4, 2004,

Wang Hongliang, Li Jiuxian. Study of an image segmentation algorithm of maxim entropy method based on artificial

immune system &. image tracking system[D]. Nanjing: Southeast University, 2004.



%

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

B E ATFHASURLEERALERE ST AR YRR 681

M. N LA Bk B AE GG 58 A iy i LD, KRB KRB TR A%, 2009,

Chen Tao. Research on artificial immune algorithm and its application in image enhancement[ D]. Taiyuan: Taiyuan
University of Technology, 2009.

RYEAN RV, HET N TARERGE R EZ BRI R LT RE[D]. wR . HEPRE, 2008,

Song Weijie, Zhu Binglian. Research on medical image registration algorithm based on artificial immune system[ D].
Chongqing: Chongqing University, 2008.

Li H, Wang C, Wang A N. Medical image registration based on more features and artificial immune algorithm[C]// Inter-
national Joint Conference on Artificial Intelligence. Hainan Island, China: IEEE, 2009. 469-472.

Li X, Du R H. A medical image registration techniques based on improved artificial immune algorithm[C]J// International
Conference on Mechatronic Science, Electric Engineering and Computer. Jilin, China: IEEE, 2011: 1110-1113.

Burnet F M. The clonal selection theory of acquired immunityl M]. UK. Cambridge University Press, 1959.

Castro L. N D, Zuben F J V. The clonal selection algorithm with engineering applications [ C]// The Genetic and
Evolutionary Computation Conference (GECCO00). Las Vegas, USA, 2000 36-37.

EB A AR5 R T R A I FIR IBAS a0 i (T, s TR %4, 2007, 29(8): 125-127.

Wang Qiong, Quan Shuhai, Xu Huawei, et al. Design of FIR filter based on clonal selection algorithm[]]. Journal of
Wuhan University of Technology, 2007, 29(8): 125-127.

BEEE Lic A B Al BT s BRI R AR Y IR BCEuR e AR Bk L], #EH1 503k, 2007, 22(11): 1264-1268.

Hong Lu, Shen Jiquan, Mu Zhichun. Design of IIR digital filter based on clonal selection adjustment algorithm[]J]. Control
and Decision, 2007, 22(11) . 1264-1268.

AR, PN A IE . BT e B e R0 00 2 B B AR i AL BT T ). MR TR K223, 2007, 28(4) : 456-460.
Zhao Chunhui, Sun Li, Fu Zhengwei. Optimizing stack filters through a clone selection algorithm[]J]. Journal of Harbin
Engineering University, 2007, 28(4): 456-460.

BHGERE, ST R RN PET-CT BB 1L BID]. w/REE M I/RE TR R, 2008.

Li Shuang, Bi Xiaojun. PET-CT medical image fusion based on clone selection algorithm[ D]. Harbin: Harbin Engineering
University, 2008.

Bhaduri A. Color image segmentation using clonal selection-based shuffled frog leaping algorithm [ C]// International
Conference on Advances in Recent Teachnologies in Communication and Computing. Kottayam, India: IEEE, 2009.
517-520.

Liu R C, Jiao L. C, Zhang W, et al. Clonal selection algorithm for image compression[ C]// IEEE Congress on Evolutionary
Computation. Barcelona, Spain: IEEE, 2010 1-8.

FEAd B . T o0 A 5K v B R PR Bk O IR 5 O R UT 1. P RHL DR 53T, 2010, 31(12) : 2804-2806.

Ren Jian, Shao Dinghong. Image enhancement based on improved distributed clonal selection algorithm[]J]. Computer En-
gineering and Design, 2010, 31(12). 2804-2806.

LiJ, Jiao L C, He W H. Lamarkian clonal selection algorithm for CDMA multiuser detection over multi-path channels
[C]// International Conference on Neural Networks and Brain. Beijing, China: IEEE, 2005;: 601-606.

WA, WS, mUtoT. . BT UM s R 2 P R B R T, A 4. 2007, 28(2) ¢ 391-396.

Chang Qing. Pu Jianfeng, Gao Hongyuan, et al. Applied improved clonal selection algorithm to multiuser detection[]J].
Acta Aeronautica et Astronautica Sinica, 2007, 28(2): 391-396.

W W], BT Multi-memory HL I 14 5 R 8 8 55 vk K R FE RO g LI D S SEHLRE . 2008, 28 (1)
112-115.

Huang Lei, Huang Diming. Clonal selection algorithm based on multi-memory mechanism with applications to pattern rec-
ognition[J]. Journal of Computer Applications, 2008, 28(1);: 112-115.

XA R ILIER . B, . BT R % el PR AELT]. B F54M. 2010, 38(4): 960-965.

Liu Ruochen, Shen Zhengchun, Jia Jian, et al. Immunodomaince based clonal selection clustering algorithm[]J]. Acta Elec-
tronica Sinica, 2010, 38(4): 960-965.

PR FBEE S, JA A0, 45, e R PR Bk A B o B SEAE R b iy B T LC/ /48 —+ = b 5 & B SCE CR D
[ - A A FE Tk AR AL, 2004 1045-1049

Wei Yaoguang, Zheng Deling, Zhou Ying, et al. Research of clone selection algorithm and its application in pattern
recognition C]// The 23rd Chinese Control Conference ( Volume [[ ). Shanghai: East China University of Science and
Technology Press, 2004 1045-1049.

Milgram S. The small-world problem[J]. Psychology Today, 1967, 1(1). 61-67.



682

[133]

HIEREEH LA Journal of Data Acquisition and Processing Vol. 33,No. 4, 2018

Watts D, Strogatz S. Collective dynamics of "small-world" networks[]J]. Nature, 1998, 393(6684); 440-442.

[134] Brust M R, Ribeiro C H C, Turgut D, et al. LSWTC: A local small-world topology control algorithm for backbone-assisted
mobile ad hoc networks[ C]// IEEE 35th Conference on Local Computer Networks. Denver, USA: IEEE, 2010 144-151.

L1350 Ik b ) = BH . 55 /N WL R /) th 5 0 4 A8 B0 4 O 2K £ JRR i 10 45 0 Ah BT SR ok [0 ). B 1 5 k3. 2010, 25(12):
1761-1768.

Zheng Gengzhong, Liu Sanyang, Qi Xiaogang. Survey on topology of wireless sensor networks based on small world
network model[J]. Control and Decision, 2010, 25(12); 1761-1768.

[136] Verma C K, Tamma B R, Manoj B'S, et al. A realistic small-world model for wireless mesh networks[J]. IEEE Communi-
cations Letters, 2011, 15(4): 455-457.

[137] Dong Z Q, Wang Z, Xie W, et al. An experimental study of small world network model for wireless networks[ C]// 36th
IEEE Sarnoff Symposium. Newark, USA: IEEE, 2015. 70-75.

[138] E¢fh -t . B8 /MU ABC T3 BL ARG Bl HLRILT ], THEEPL LA . 2009, 35(20): 123-125.

Wang Xingwei, Yang Haiquan, Huang Min. Small-world optimization ABC supported unicast routing scheme [ J].
Computer Engineering, 2009, 35(20) ;. 123-125.

[139] Zhang W B, Han G J, Feng Y X, et al. A survivability clustering algorithm for Ad hoc network dased on a small-world
model[ J]. Wireless Personal Communications, 2015, 84(3) . 1835-1854.

[140] WuS W, Yin S H, Li M. A new approach for clustering problem based on binary small world optimization algorithms
[C]// IEEE International Conference on Computer Science and Automation Engineering. Zhangjiajie, China: IEEE, 2012
412-416.

[141] Haiek. /it SR 7 i e P 28 T00 77 1 i R FHL D] b st Jb st 30 K%, 2012,

Yang Chenghui. Small-world theory and application on neural network forecasting [ D]. Beijing: Beijing Jiaotong
University, 2012.

[142] Kong L B, Chen Z, Yin F L. Optimum design of a window function based on the small-world networks[ C]// IEEE Interna-
tional Conference on Granular Computing. Fremont, USA: IEEE, 2007 97.

EEE -

BRES (1975 5, 8l 2 4%,
T 2R U BT 5 07 18] < R
AL B PR R AL N BE
Jo 4k {5 $ A, E-mail:
zhechen@dlut. edu. cn,

Bk [ B (1989-) . 55 i - WF
FA LR TT F G
LIBT3

BT (19915, 4.+ #F
P N R G =

g VSN E

BRHR (1996-) . Lo, A R4,
W57 0]« B AR AL B L (5
b P

BRE = (1962, 5, # #%.
T 2R S0 B 5T 8] 3R
AL B PR AL B SE A
Jo 4k il {5 R, E-mail:
{lyin@dlut. edu. cn,

(h#: 2#)



