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Brukcer %54 M1 22 VAR Ml 42 i) 8 3 ) R ( flex-
ible job shop scheduling problem, FJSP). FJSP fi,
T PIAS [ 25« 38 ol ] U] B ) 2L, 3 531 R T
J F BILAS o TC 10] L8] B2 ) . FISP K AL s 22
FIAALGE job-shop ] B KLY, BT 42 30T - 52 B A= )™
PHEE BRI, KN T B R M L IR R AR R LA
IO7 8, A% GRS 7 1 ME AR AT BRI [ A SR A
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e AR, A5 A4t — R PV E Rk ndn s il
TR AN R R AT A0 R R D S R A TR TR
BRSO R A T AR

20 TA 1k 5 2% B ) 1 Bremermann 251 4
5 2 Maller %577 5E — 25 50 S5 45 A, B2
BT 41 5 4 4k ( bacterial chemotaxis, BC) % ¥.
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R I A SR Y — BT Y 05 A o BE AL O
2, A A0 TN B8 B R 51 R R L IR Ay
R AT R A B ST BC R G 2
2 5 T fb R AT B R R B 24 1 559k (bac-
terial colony chemotaxis, BCC). 40 & W & it fb &
= (bacterial foraging optimization algorithm , BFO)
FeW) T Passino*12002 4 4 1, i %8 T K W AF i
TE TG R AR v iyl B SR B AT BR -1
BEREE, B T AR . TR B AL B, Tang
26100 4 o A B BE U 4 1 (bacterial swarming algo-
rithm, BSA) , Chu %5 48 1} bl 41 341 17 57 3%
(fast bacterial swarming algorithm, FBSA ). Nawa
s LU T A T 3 b 7 (bacterial evolutionary
algorithm, BEA).

EHEVOT T Z M ARSI HEAT X L S
DA 2 B30 A S [] A 2 X T 7L ) 52 e, O 4 v
P BE A 0 20 T 0 B AR O RS 4L 1
HA b AT el AR B, LS B — A S0 RE
BE a5 A 0 A T 8 B R (IBFO)

1 AR % i) ifF B o) 3 3 AR

1.1 |k
FISP [A] {8 o] LUK BRI o n A TAEFE m B HL

E2T R HEARB#EE TR I H (51305024,71301054)
EER N RFEW(1977— ), 2, B ESRE A, U RURFSE R A2 R 08, 11, 32 28 A< o i o 7 4 B 000 e 990 38 20 1k

5% , E-mail ; wuxiuli@ ustb. edu. cn.



5 330

e F5 0N, A < SRR S AR Ml 42 1) 18] 8 i) T (1% 200 T B 923 X L B i 35

fr B A T 208 T, TP T 2 Fi st
W€ 1Y, B8 TP ] B 2 S AL N T, A TR AL 88 %
[Fi) — T B o 1 ) 5 AN A () o 32 e R v 2
fiff DTS - 0] B — 2 AL 0 T 0] A5 — 2 AR
J [ 0. 8 B H A 2 3 ok AL #% 43 C A0 R i
ALK (28) B bR, anod Tuf a4k 3 Fr.

WAk, T AR 06 B R AR AR DT A
PLERATE ¢ =0 B2 # o] F s @ Fir A TAFAE ¢ =0 i
ZI# AT T @ Pr A T AF 0y T2 R R
SEAENY s @ TF 76 W] R HLAS B Y hn T e R 2
B 1 & B A~ TR A [ E i %) HBETE — &AL
fr Lom T, H— BIF s AN 68 b i @ i T2
FE4t L.

1.2 ERBESS

AR A SR
A S
m—*ﬂg‘%;é\;&,

TR TR R

i, h——TH5ERG i, h=1,2,, n;

Jy g TIPSR, g=1,2,, n;

F——HlE SRl k=1,2,, m;

0,— T4k i (%55 3 TJF 5

0,— TJF O ZEBAENAS kLT,

pp— LT OB FEAERLAF b b fn T 48 2%
) S T] 5

S,—— T 0,/ HLEES, S, C 11,2,
ml

C,— TJ¥ 0,158 T Bt [a]

Cs— VH T S B K 58 T[] Makespan;

Xy— R, 4 X, =1 KR TIF 0,k
FAERLEE b 1T 0,0, 0 X, =0;

Vo BB Y, = - | R T
0, O MM it TJF Y, =1 %5 T 0,
HOMBWE—ET)F; Y, =0 £mR 0, 0,
AN KR AR I T T

HEREOL T, R TR 5 AR AT 5 2 2
RZHE0A 7 A B K 9 28 — H Ar, R 3 i1k
H A bR BRI B K 58 T[] B

min €, = min(max(C;)). (1)

n

n.
i

C, - C:(/—l) = p[ijIﬂc ’j = 2’3""’”/; (2)

Y

Yz ij
(c, - Chg - P@/k)thkX[/k %( thl/ -1) + (Chg -

i

Y
Ci = ) Xou Xy 55 (Y + 1)

y

\

0,

YV (h,g),(i,j).k; (3)
S X, =1.ke S, Vi (4)

X, e {0,1}; (5)

Yy € 1= 1,0,11. (6)
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Parameters of bacterial algorithms

ﬂﬂ

Tab. 1

Bk S WA || B S BUA
HAMRE 5000 HAMRE 100
AR I AHL 50 FRREERLAL 20
AR EL 100 || BEA @fEfA4%C 20

BCC  FhEE A 50 HEHNBEANE 2
[EX IRV € 50 YA 10
TR R AL 50 FOEEHEAL 50
W T VOB 100 R E 50

BC

HEMWE 50 || BFO S HIWER 5
HILEMR 0.7 UK BT B 20
IKECHER 0.8

TFEXT L 2 f3E 3 iR, o LB W 0T
Kacem B4, 2% 55 v5 3k B 45 A6 /9 182 R 35 4
100% ; %} T Brandimarte 2.4j] , BC .BEA Fil BSA
HE K 40% ,BCC Sl 50% ,BFO &y 60% . I H X}
F Brandimarte 5 ], 4 A 5 5 19 8 2% 5% 4 B
U] 45 5 2 P B A F 5 BRO. 7 1 15 2 % i
%, DLW P BE e o, O YA BCC (BSA (BEA |
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BC. %[GR Yy R A 1 B8 2 0 45 1L 5 PPk
PEREHEF A BC < BEA < BSA <BCC < BFO.
*2 Kacem EfiIHELER

Tab.2 Results for Kacem benchmarks

(L,

L) Bk BC BCC BEA BSA BFO
(4,5) 11 11 11 11 111

(8,8) 14 14 14 14 14 14

(10,7) 11 11 11 11 111

(10,10) 7 7 7 7 7 7

(15,10) 11 11 11 11 111

BT —  100% 100% 100% 100% 100%

% 3 Brandimarte Z it &% R

Tab.3 Results for Brandimarte benchmarks

(T, L

PN B4 BC BCC BEA BSA BFO
(10,6) 40 40 40 40 40 40
(10,6) 26 28 26 28 27 26
(15,8) 204 204 204 204 204 204
(15,8) 60 66 63 67 66 60
(15,4) 172 177 174 177 174 173
(10,15) 58 63 62 62 60 60

(20,5) 139 144 141 142 141 141
(20,10) 523 523 523 523 523 523
(20,10) 307 307 307 307 307 307
(20,15) 197 223 223 221 218 218

IR/ % — 40.00 50.00 40.00 40.00 60.00
o
— 4.60 2.77 4.49 3.06 1.61
/%

3 WMER|EEBREIET

PR XS b S5 AT A B O SR R e AL
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Ty S hE

R PR UE R 50 )R] S M A A — 2 i Y I
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Bk ENE 4 PR,

3.1 IREREBEH

(1) BEHL KA. 40 T8 B8 £ 58 1 J5 4R 09 3K HIC )
2 DA — e 2R B AL 2R A 1A

(2) BT TAFBKHL. A5 5 T TR 09 g 85 )5

x4 KESHEE

Tab.4 Parameters configuration

EIER S
T A 10
T M AR K 30
I A AL 3
UKHL (IE D ) $5 1 AL 5
IKHL (R ) % 0.7
o2V 10

3 PUT AR AT 9 0, e 5 72 P AL e Hk 58 — A~ T
P TP A BEAT —A TR HET .

(3) F T e I TAFBREL. D S5 n T8 T e 1)
R TAF. | T FISP AR AEHL d e 45 1 I8, Joik
U0 I Akl TR R R A AL B AR e
[A] 2 22 /0. R, SR FHHE AT AL 6 9 T ek 1] 5K 2
(B 77 ORI 1% T A 1S 2 Tk ) il 2o B 4
TS T A T - 2 o T R] f A, 7T L )
T TR A B T AR RS 2 HEH T T

(4) 3 T 0 RO 52k T iR K TR
GRS HAR R, ORI TR R J T AF

Xt 4 BlAS [a] ) KB AT i, I 45 2R
F S MRS AR EE T TARSKEO R IEAR.

5 EaHAKHER
Tab.5 Results for disperation test

UKHLERAE O 10 413X 50 3 {E
i 1L 3% #L 149. 5
FF TR EL 149. 1
HFEK TR 149.9
I F 50 TR IR L 149. 4

3.2 EmEERIERGEH

BFO (4 [ 1 #5740 56 #F 1 A B 300 A 3t
F I A A AR S0 A R A 2o R 4 )
AR BT 20 BT A0 Ak A IR SR A
3.2.1 Jm#AKRE F FH

AR F B F5 2 A g X 45 A T 14 HE 51 It
Fe T A E AR A T G A — 3 T G FI
SEMEVE . B, e AR A B S 07 R R A
) T 00 5 — 3 T (A 7 & {5 B, Hofh T %
B AL 2 HE
3.2.2 AMRkB TR

O3 T BEHL A WAL B, S 3 B A
B QB 5 WAL= A — A B — A B
s, BB G B ARSI s R i s —
A7 B DI 30 5 — Ao B Ak 2. IR EE AR S - ML
FEAE A B K PS8 G R HES.
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(1) W73 3L BEAL ™ A A28 UL, 8 B
eSS S 22 1) 915 B R B A2 i 45 3 3d A 1
a, I 5 o 3 38 AR 1) 28 S 2 A0 5 B iR 3E X
J el 1 RS F S SO G 2 -0 R TR M N
Z I B AR B AR E) o o A A EE BN
TN EIF IR IRIE A b P R A 7 A 3 B
LAK e.

(2) He T A7 0 38 30 BERL ™ A= Z2 A B A
B B AR R AL B SR AE B B4 T8 A K a, 15
F) by RS B 38 A a v 5 A AR 8 A
FIM5 B A 13 8] o0 o PRI E AR BUK
I b AR B 25 B 7 A B B 4K e

(3) TP 09 28 3L Bifi B 7™ A — A — 3k 4l
T B EA RS R RO TR AL E Y
OB AR B 453538 SR a, 15 3] b AR R A B %
AR a o 5 AR AR AL B AT AE B PR Y &R
55 A E] e o A B AR BARIKIEA b g A
B AT B B A e

(4) Z MR P 28 X2 B AL ™ A W A 38 LA
BB R AR R Z R E B R B 4
e A a, 15 2 b R IK G BR AR a5 R
AR B B 2 (9 60 B 38 4, 159 3 ¢ ¥ ¢
oA E S BRI A b b Zs B B B
LAMK e.

(5) Jry ¥4 ) B 28 4 38 X : AE e P A 1R R 5
A a v Ay BE AL AR P S 38 SUALEE (38 Xf E
] B T AN ] ), 8 e A IR 28 X 2Z 0] i 15 B
F B M 70 0 5 0 AR A8 S 2 ] A B A AR
R AMLE AR B 15 5] b 7838 A RIS
B (340 ) b h 538 A7 B A5 B R B b 38 (£ 5
HNLEAT B WAL E AR ) o AN 3 i
LA e.

()BT —AH 0 fl 1 4
BRI BERLIT 31,0 X 7 A4 o7 B HCR AR e AR 19 15
BT X A B G AR a 9 E R AR
R Y B RIE BB R BR 5 Z AT E B b
s e e A5 B e AR b.

(T) PLAe #2383 B AL BE £ — > S AR
EE KRR e BEE G M EREE
il 265 3 30 A a, 753 2 b B BR % 5d A A e

BAEE G KR AL E S SR b =S B B
13 2 R A c.
3.2.4 ARG RALER.

(1) A3 e LA~ B B 0056 X 3
IR A A AR 58 i B A BFO 347 10 413046, F
PME Oy 1489, B A M 0 i o B A IR B N
149.5. 285 Hedn] WL, S Ak B B -0
P, A H T35k 1) S fE

()R A & F00 . x40 B £ 5k
AR A B SRR IEAT 10 41888, h3k 6 2 2
LIS U A NIS S o R Uk AP E R s i S
FHEIMAE S RE

x6 10ABKBEHEIMNARAWHYE
Tab.6 Results for 10 tests of the population optimization
FHI MR ASFUHE AR A S I RIE

J AR S 7 1 150.0 149. 8
22 Ar 147.7 148.0
& h A 148.2 148.6
S 7% S 146.9 148. 3
AR 149.0 148.9
i B A8 55 148.0 148. 8

(3) LA A B A0S X BFO B i
AR E B SRR EAT 10 450, h 3k 6 g 3
SRR, fe LR A B 5000 72 o R 52 e e 5
A T BN 9 S RE

(4) Fe T R LA A B BEAR T 10056 X BFO
He T R AR B BEAR S0 g6 G R E AT 10 413
%, i T AL, BT R R AR S AR
H, PBX (LOX k2 POX A7 #| T8 vk SLRE ).

x®7T ETRMANEHEEIMALE
Tab.7 Results for population optimization based on

the best chromosome

FhIr 10 41X 50 (6
Ji 32 S K 148.9
WF X (0X) 149. 4
Fe T ) 38 SL(PBX) 148.5
FTF 5 /4 52 L (OBX) 149.0
28 PE R 32 X (LOX) 148.5
J ¥ I8 B A8 4 38 XL (PSXX) 149. 8
e 5 G AR A7 28 L (PPX) 150.0
A4 1E 38 L (POX) 148. 6

LR 75 T8 ) P R A Rk A R A 2R, AT L
P A5 S I B AR B FOL AR A R TRk
T 7E A, o AT PO AR S s 1 AR
OB R —E WL F TR B 3l BLEAT AC 4L 7 5 %)
TR AR 1E H 4T PBX LOX il POX.
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3.3 EERERERSH

MG LA 56 2dis A1 BFO 11 2 45C &, i
& IBFO Y C & O 5 T T4 3K 8 5 =X, @34
A A & S, @ E A A & T X
N RS S, @R AL AR A B S5 O A
5, @8 T A AR S0 o B TR
32 3L, @ Fh B R A 50, 4 1a) P 45 VE TR B Ne
50, S BRAE L Nre 5, SR (I Ak ) #R4%
PHEL Ned 2y 20, 3K HIL (IEHE ) B4 Ped 49 0. 7.
3.4 HEXRE

T IBFO 5 H A i A6 5505 i PE R, B
F IBFO %} Kacem'"' & {5 fl Brandimarte®' 2 %1 it
Faesy 85 1 0L3 8 A1 9, nf LA i IBFO LI 90%
(R B By 238 4% B Fe 0 e, LV 34 8 22 AR IR, IE W
IBFO FE ik iy otk fg. At ,6 A3k HE44 4 BC
<BEA < BSA <BCC < BFO < IBFO.

*8 Kacem HEIITHLER

Tab.8 Results for Kacem Benchmarks

1) (T, HLE%) IBFO I/ %
Kacem 1 (4,5) 11
Kacem 2 (8,8) 14
Kacem 3 (10,7) 11 100
Kacem 4 (10,10) 7
Kacem 5 (15,10) 11

#* 9 Brandimarte Ef|itE LR

Tab.9 Results for Brandimarte Benchmarks

(LA, I R

B W) (LB,UB) IBFO /0 K/,

MKO1  (10,6)
MKO2 (10,6)
MKO3  (15,8)

(36,42) 40
(24,32) 26
(204,211) 204

MKO4 (15,8)  (48,81) 60
MKO5 (15,4) (168,186) 172

90 0.76
MKO6 (10,15)  (33,86) 58

MKO7  (20,5)
MKO8  (20,10)
MK09 (20,10)
MK10 (20,15)

(133,157) 139
(523,523) 523
(299,369) 307
(165,296) 212

BExb FISP, @57 TR BLRL, 48 ) T BC,
BEA (BSA BCC Al BFO, Jf #E 4T T $U{H 52 56 A1 43
Br. R, S Fh Bk A5 P | et 5 JE) R
RE T A —E 22 5. Hoh , BFO R B AL 5, N
WX AT 1ot B HOG SR AR BT T 2 M
PALTE T, B 245 B0 AL BE 7 e 9 1) B30 3k 45 4
Brdlg. B S s R W], oot iy 40w e B A

TAOURE T Fe AR P R 42 T, PR B AR A Y 42
JR IV K e T1 MR i 4 R BE 7, fiE v K i FISP.

S & Lk

[1] BRUCKER P, SCHLIE R. Job-shop scheduling with
multi-purpose machines [ J]. Computing, 1990, 45
(4) . 369 -375.

(2] EA%#, H /N, G455 SKAE Job-shop [A] B Y 2 ik
IRA B RO T RS [T ] IR R 4 (L%
Wz), 2010,31(4) .44 -47.

[3] BRANDIMARTE P. Routing and scheduling in a flexi-
ble job shop by tabu search[ J]. Annals of operations
research, 1993, 41(3) . 157 - 183.

[4] BREMERMANN H. Chemotaxis and optimization [ J].
Journal of the franklin institute, 1974, 297 (5). 397
—-404.

[5] MULLER S, AIRAGHI S, MARCHETTO J, et al.
Optimization algorithms based on a model of bacterial
chemotaxis[ C] // Proceedings of the 6th International
Conference Simulation of Adaptive Behavior: From An-
imals to Animats. Paris, France: Springer, 2000, 375
-384.

[6] MULLER S D, MARCHETTO J, AIRAGHI S, et al.
Optimization based on bacterial chemotaxis[ J]. IEEE
transactions on evolutionary computation, 2002, 6
(1): 16 -29.

[7] LIW, WANG H, ZOU Z, et al. Function optimization
method based on bacterial colony chemotaxis[J]. Jour-
nal of circuits and systems, 2005, 10(1) : 58 - 63.

[8] PASSINO K M. Biomimicry of bacterial foraging for
distributed optimization and control[ J]. Control sys-
tems IEEE, 2002, 22(3) . 52 - 67.

[9] TANG W J, WU Q H, SAUNDERS J R. A bacterial
swarming algorithm for global optimization[ C] // 2007
IEEE Congress on Evolutionary Computation ( CEC
2007 ). Singapore: IEEE, 2007 1207 - 1212.

[10] CHU Y, MI H, LIAO H, et al. A fast bacterial
swarming algorithm for high-dimensional function opti-
mization[ C] // 2008 IEEE Congress on Evolutionary
Computation ( CEC 2008 ). Hong Kong, China;
IEEE, 2008 . 3135 - 3140.

[11] NAWA N E, FURUHASHI T. Fuzzy system parame-
ters discovery by bacterial evolutionary algorithm [ J].
IEEE transactions on fuzzy systems, 1999, 7(5) : 608
-6l6.

[12] RFEW, M, KREE, % ZHAAEEELE
e 38 AR AL S (], R LA Bl 38 & 4¢ ., 2006,
12(5): 731 - 736.

[13] KACEM I, HAMMADI S, BORNE P. Approach by
localization and multi-objective evolutionary optimiza-
tion for flexible job-shop scheduling problems [ J].

IEEE transactions on systems, man and cybernetics



5 330 e F5 0N, A < SRR S AR Ml 42 1) 18] 8 i) T (1% 200 T B 923 X L B i 39

part C;application & reviews, 2002, 32.408 - 19. ble job shop scheduling problems [ J]. International
[14] LIJ Q, PAN Q K, GAO K Z. Pareto-based discrete journal of advanced manufacturing technology, 2012,
artificial bee colony algorithm for multi-objective flexi- 55:1159 - 1169.

The Comparison and Improvement of Bacterial Algorithms for
Flexible Job Scheduling Problem

WU Xiuli, ZHANG Zhiqgiang

(School of Mechanic Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract. The article aimed to fully explore the ability of bacterial algorithin and its varieties for solving the
discrete optimization problems. The bacterial chemotaxis algorithm ( BC), bacterial colony chemotaxis algo-
rithm (BCC) , bacterial evolutionary algorithm ( BEA) , bacterial swarming algorithm ( BSA) and bacterial fora-
ging optimization algorithm( BFO) are designed to solve the flexible job scheduling problem. Firstly, the mod-
el of the flexible job scheduling problem was formulated. Then the five algorithms were designed to solve the
benchmark was instances. The results showed that the BFO outperformed the others. Furthermove, a strategy
to improve the BFO was proposed. More than ten optimization operators were designed and compared. Finally,
the best structure of the improved BFO was built. The numerical experiments showed that the proposed BFO
balanced the exploration and the exploitation very well and could solve FJSP effectively.

Key words: flexible job scheduling problem; bacterial chemotaxis algorithm; bacterial colony chemotaxis al-
gorithm ; bacterial evolutionary algorithm; bacterial swarming algorithm and bacterial foraging optimization al-

gorithm
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Detection of Human Behavior Anomaly Based on the Optical

Flow Co-occurrence Matrix

ZENG Qingshan, SONG Qingxiang, FAN Mingli

(School of Electrical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; The traditional anomaly detection algorithm for human beharior that based on image texture features
tended to describe the change of human image texture rather than the actual situation of human motion behav-
ior. Its detection porformance was not so good. In this paper, a method of feature extraction was proposed to
reflect the real situation of human motion behavior. Firstly, the optical flow information was extracted by Lu-
cas-Kanade optical flow algorithm, and the co-occurrence matrix and optical flow direction co-occurrence ma-
trix were established. Then, the characteristics of two order distance, contrast, entropy and similarity are ex-
tracted by the co-occurrence matrix, and then combined them with the mean value of optical flow to form a fea-
ture vector to train the support vector machine (SVM). Finally, this algorithm was used to determine whether
the crowd had abnormal behavior. The simulation results showed that the feature extraction method in this pa-
per had more in depth processing of the crowd motion information provided by the optical flow method. Com-
pared with the mainstream algorithm, it has a better recognition performance.

Key words: crowd behavior anomaly detection; optical flow; optical flow co-occurrence matrix; support vec-

tor machine



