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Preference multi-objective artificial bee colony and

its application in camellia fruit image recognition

LI Xin, LI Li-jun’
(School of Mechanical & Elecirical Engineering, Center South University of Foresiry & Technology, Changsha 410004, China)

Abstract: To solve the practical demanding of machine-vision system in camellia fruit picking robot, this paper proposed the
method of multi-feature integration using preference multi-objective artificial bee colony as the recognition algorithm. Based on
the image procession of camellia fruit, it took eight characteristic parameters of the color feature, the morphology feature and
the texture feature as the preference region to recognition. The simulation proves the accuracy of multi-feature integration is
higher than the single feature. It reaches 91.27% in the sunny day and 94.88% in the cloudy day, and the recognizing time
is limited in 3 500 ms. It has a certain meaning in application of forestry picking robot, makes a foundation for the next appli-
cation in camellia fruit picking robot.

Key words: machine-vision; multi-feature; artificial bee colony

TP N SR R 1 A S Ty L E S RPN 23 | I =
AR TR Tl 24 4 TR AU, e T P 40 T A Bl
Z—o MZEI I RS B, T 2% SR R B S R E B
T , B (0 S v 4 (R 40 5 B R R 0, ST AT . i
FRAGS S RREITE RS, B2t mREAER
FFEIR, LA P22 B0 B o 0 1 500 2 S A G R
TE X PR SR RAR WL AR B AR R, AT 3 24
TR FRRIEIE T Y BN Lo i A B R
Bo 1EZEEEPHIBTSE o, Hayashi 2 A $2 TS F IR A%
R IE K2 9040 AT 9 57 R 3 03, 9 SR T TR A A 3 i o 4
(1T H A 5 Zhao 25 A ) FH S0 HIAR AE 1 €2 48 0F 3 30 44 1
S5 Blasco 2 N g 2GR AR FE 25 24 5 F , 1 0L i
W 2 IR 22 107 5 A0S A ) S 1 ML
X RFR B AR S B FOR AR IE AT T 258002

25 LT, [ N AMR 222 3 SR R LS AL 25 8]
GBI R T 24 25 MF I8 TAE . H 1 T3 2 pk L H
A RS B SO SRR AL, R R i T R R
TR M A2 R A SRR B . B I SRS

Wi HEHE: 2012-04-13; {€[EEHE: 2012-05-21
EEBN T, MR A, F2HMAFTAHNERLL ALTH R
1i1122@ 163. com) .

ORI T 1 R B AR A AT RUN S5 R H bR 2 R S s
WRHEAT U ORI 1 U s ] ) e A3 P 552 P 4 R
BRI SRR AL . A SCHE T AT B 60 B4R T —
ol T i e DX 314 22 F R SR 5 T T A R SR (B
A gO) e R U T —E RROCR .

1 BFRFFERIREL

1.1 BEHEERGSE

T BRI A RS B AR, O B IR F M A R %
Hi S BAR S5 5 BARW 022 0 AR SCE el 622 K3 1
B TR XS RAE EUG AT 43 E) AAS B4 R R . i 6 22 BU(E
G AR RIS A S R S AL A B AR S R R R s
FHEbE R, ¥R 3T RGB 822 BA 11 Otsu
WU M R G B g R0 R G (B AR, Rl S ke T RS
ARG B, 2850 22 4 0.2 181 64T Otsu 4381 LR HH, R-B (1)
2B RIBEER T I A 1 75 5 2% 5, A5 1) G R B B
DA M6 F R-B (822 B 2y A BRI, W0 P8 1 R . A Otsu
PRI B Rt 22 R —AEAb ), G P B TS TIhATR

EEWA: AN ST LAS 57 AT 8 A (201104090)
F 2B GBEEE) , #0F, ZRARF AR LIE RS F & (junli-



- 4780 -

it E R AR

529 %

SRS AL TR I JEBE M AR R AR, fE T —4
S AR R B A 2 7 1 X MG AT b B, Y B
FEREAEA T, IS B H AR R B
1.2 BRSHFIERR

ARSCA R B AR IR SRR B RS DL R SRS
SNANRHE L3RR BRI 10 8 PERRAE &=, SR J5 P lE— 200X
SERRAE I AR I N T A T

T ek Otsu 57050 H 9 B AR SR X3 b i BUE B (5
BB 2) 3L R, 43 50 ES 1 RGB il HIS 4328 5k 78
H,HC, .C, TR, 81 C, =(R+G+B)/3,C,=(H+S)/2,

§ B ’, #3 LY
p }
[ i
: s
AEN

(a) Kb b) Faf5 8
B R-BEEOWUEHAR B2 BHiEfEe

AR LT AR (A) AR (S) VKRB (L) (B
(W) B Z 3R, 48 1 BA RST M =280, I 4E
(S, = L/W) PIBEE (S, =4wA/S”) WL (S, =4A/7L”)
PRSI AR HAR AT S22 AL

PR SRR AIE LA 3l 245 SR P 18 b 1y I JE A py o
il 70 R HE ) = A SRR o, B T, (RERRE) o T, (AR
PE) L T () M

L-1lg-1

Tl:igo,'ghp’zj (D
L-1lg-1
n=3 3 (=T G-T)p; (2)
L-1lg-1
n=3 3 lisil (e’ ab K (3)

Forb L N EOR BEEG IR BE s L, B BE R IR FE S T, R K
BEV- I T, BB EET- 2
PAESCH R /NS RAE O BE i, S 1 20 2 3R 9 2% 2R 114
RFIE A, F B A R e (e S A B AN 22 1 s
R OMCRRES R

PR TEAFE SUHRHIE
c, C, s, S, S5 T, T, T,

148 ~ 0.3087~ 0.71~ 0.8~ 0.71~ 0.007~ 0.579~ 0.31~
189 0.3545 1.62 1.18 1.84 0.023  0.697 0.52

2 RIS ERAIEREX

N T WEHESE 15 (artificial bee colony algorithm ) /& Hy Karabo-
ga " F 2005 AR A, H B T A e R A R R A T
R GARAT R HA R T R AR PSR L B T2
FAT R AR ERAL FREEGTR . A SR LA g 5
fill 3T TIEW, BT 2 BARSEB S5 B I R
TR T — i i 2 SR Rt U ) ke ik 0%, B 4 22
E AR NIRRT , LUE RO AR S PR R AR PR I 25K
2.1 ZHBREE

Z H b AL — Ptk 22 E bR IR A %05 12, H AT
WAL T AT N TR BRI R, U TR AL
SR RN TR I R M 22 E bRl A 1o R R A K
AN FEACFIRE [R) R0 Ay T A F AN RE A IR0 L, B> R 43
SRR T — MM AR AE AT OB, LA B A e R 5 1
M. 2 BEREALIE(MOP) — & AT -

min f(x) = {f; (x) fo(2) . f (%) | (4)
g(x)<0 i=12,-,m
sct.d hi(x) =0 j=1,2,-q
xeDCR"
Horpex 2 R" 25 [H) P i gl 08 5 D S O SUEl; f () & B AR
MR g (x) h(x) B eREL . AR SCEE MR AE T B AR 47 X3,
MG 43N 2 BARAY Pareto F {5 LU %€ Pareto,, 42, AT
FIE T B AR AR X
2.2 REFEEREMNEE
HIA MBI SE 25 SR W A TR 3 1 IR 15 B A T LA
BN IR B R IR U SIGR B . RN
IR SN NC AR TR A o R 1S S N L I T
SR ST R G S T U T — R RUR o AR S\ A
ZEH TN B BEE FEIE Sy Pareto BTUTHT A £ BAR A T B RES 1
A g I 55 SR 1 8 X, i e X 3 IR

2y =, |+ lyu=ye |l Y

; (5)

Hodr: S A ilr S HOE R XI5 2, 2, 535120 S 500X 23 B 4 A
br 2T R sy, oy, IS ER A R ARAE R R

R I R AT 22 bR A D . XA RO R
e A T R B R I U DX I8 R R B I A, T AN o 245
F|5ERE ) Pareto FIHT, B A R8N T0HE, H BT E
Z BARTE L B S R A SR A SIGH R
2.3 RFsBIREREZRRE

a) TERFIE 2 /R AS [R] 19 7 45 2R S 50800 % X (6) Rl
G3 A 8 8N A HIE AL E

vy =y +rand(0,1) x (ay —x) (6)

Fo v, 55 0 RN 48 RGO 2, o 70 BN J 7R
T A S 5 rand (0,1) 24 0 ~ 1 AYREALEL,

b) i AMRAFS BRI, 51 =X (7 ) 78w 50 DX 35k B 3 98
EAUNENR R 3

S=ma

vy =y (o —x) (7)
Horp oo DRI B s r e [ - 1, L] W BEALAS 5500, g 85 0
FER J AERLE 52, WA @ BT k5 4E0E

o) R R G s IR B SRR B Y s

o) IR i e 2 M 0 0 96 SR WS o 5 5 | R R A U
ARV (7) WA=

e) LCBAE BRI RO I 1F S 51 4 e 5 R A o7 B, L

A BR B A
£) 7 B8 YR 2800 B B AL limit YCPEIR AN, T 7% B A

5| T A DAy At e, 45 (6) AR R B T
g)IREPIR b) |, H AR AR
M (4) RIS A SO T4 — 15 |G g H AR s ECH
min f(x) =f; (2) =f5(2) (8)
Forb oy (20) R SR IR 7 B,y (o) DUy 5 | 40068 9 437
BOL ST (E 0 e e H AR R e 2 (8) 1 ff A DX I 1 29 SR 2
"t
| min f(x) || *<S (9)
3(9) FH 2 TRE 51 40 5 B il 84 1) 7 5 IR ) 7 i 2 X
ZH DIETE I N S S R e e (L
2.4 HiEXttb o

ARl UCT S 4 v i Tris 50808 45 0E 47 D 4 22 H A i



%12 4 5

U, % . — AP RdT % B AR AR S0k A L 7 b X R AR A o 6h B )

- 4781 -

AL 5 2 M TR RE R B3R 3 28 R R0 B [RDT b i
XA LA 7 L Versicolor BURAE MR I A5 00 T, B
G2 B RIS A RO SR AE TE T 2 B BE AL TP Fn
REAL B TR T A 2 2 M N TS o il i 1 12.57%
7.98% F1 6. 87% ,F-HIR G ZRIEINT 9. 14% 1 s (8] 55 2% 4 3
TRET 1.39 s.1.19 s F10. 48 s, - EEF AR T 1. 02 s, iF
W1 TG R R AR . HEEX R A 3 TR

100
90 = 6| mmass o [
= 80 25
~ -
% 70 % 4
&
60 #3
50 Ky
40 1
30 0

FFR BEREAL BEREHL TFh REREY BEREL
FEA FEA

TAFEA THRA THRA THREA
(2) FA YA H RS L (b) EIE I Tl AR BEXT EE
B3 ZMA TEHRHLEMES Hix
SRR SR UM 3R B [ SR BT E

3 HMERSWIESHIE

SEIGRAE 40 2R M AT R B A A 40 41 FBH R AT R E A
VR S50 Tl b BEA T AS SRR S 30, PR SR A b 4 1000 B
THTT AR 7 Ml 56 b, SR 478 F ) A7 9 23 5 A i 1 2011 4 10
Ho AR 44 Intel i7 2600K 4bHHES  #1FF4H
MATLAB 2011b, Windows7 ¥&{E R 55, SEH AR A 4 TR

BEEEE
REEFES
[ | |

l%ﬁ@.ﬁ%ﬁ] l%ﬁfﬁ%ﬁ | ﬁ%ﬁﬁ]

st 2 B ppise e
A LEZ I

Z3Z

lfwlnr] [ztal;f.%] I%Eﬁ%lﬁ%}ﬁ]
B4 mFE R

A BG 2 1 1 20 4 BRI AR AN EUE R S 50E
A R S H R A i 2 B AR R A AT S0,
TFEPC LG\ BUETEE 5 A S EEE B, iz e BUE
w, =0.01 w, =10 w; =100 FH17PFE BI S, =w,S,,S, =w,S,,
Ty =w Ty o VRS 0\ SHHE T IH — AL 38, I 6 I
Lm A RSB AE Iy I A1 DX B

Wit 2 FRIIMASIR Z AR REE R AT 15 a) ZHFE
AR LA T B ZRVRHE, 325 AT AR XT
BN LN LSRR i , INTTTUE A T S 4E Rl 6 1 6 1
PE SRR b)) B TR A SR S H g o DX 3 A R TRt
THASHR B AR TR A0S OB RIS T B 8 & A 2 SR
SEAESNARFIRSI B AR, MITIE B T i X I8 2

®E] [BE]

2 AR A /%

il Bl E L TEHHAE SOFFAE ZFHERLA
ST (IR 76.72 81.67 85.74 91.27
RPN 72.33 62.00 77.56 87.46
T2 (HR) 76.48 68.57 78.91 81.10
RIL(BIK) 79.82 87.69 88.32 94.88
NP 69.73 70.83 76.49 80. 11
[Z3CIES) 71.27 73.33 81.57 86.39

i 3 AT TS LT, 22 R B 750 B TR I
Vi) AR Sy % BAARFAIE 77 v B DR P I [B) 2 T, JEC P ) A 6 A2 1
FAARAT Pt OIS () 255K, ELAE SEPR B RAR IR T, ol DU 48
HAARESRIG IR, PR UE 1505 iAot
# 3 AT E P E

215 BIESHE/s  JERFHE/s  BORIE/s  ZAFERLS /s
1(05F) 0.969 0.956 1.117 3.130
2(IER) 1.087 0.993 1.094 3.223
3(ER) 0.840 1.088 1.288 3.312
GBS 0.793 0.847 1.187 2.802
2(1%) 0.801 0.866 0.901 2.595
3(BHR) 0.957 0.949 1.090 2.991

4 LERIE

B X 2% SRR AL e N TE R A 3k 2 v f) 8 U R R
FRH T —FhEE T i 22 H bm e TR0 B0 A8 il 2 SRR 7 1
I 2R R R AT 622 BUE 0 B AL B A5 Bt S A E AR I
Ber I8 25 A RS B 2 R 1) 22 AL 2 5500 2 i 4 X 3, OF:
K Dt e DX SR A i 2 22 PR S BHE B9 0k o 1 A R E X 1 T
B HAREAT I o ST EE G540 v a] LLA Y, H AR 2R fiE
SR 2 HAR S RESE PG B 1 B B Rl 5, (1S 245
TERE B SRR B — PR . SRR a R R
i 4 22 H bR S8 AR B0 155 1149 22 AR A0E U 030 A B R 0 ) A T 4
e, ELTFUN IR ) S 2 7SR A9 25K o il 4 22 H A o BHE 5k 52
W HRZ LR S Y 58 LA L S i S I, s ik T A%
GE 2R NERLG 7 VA TE W Bl G R 28 I ) 52 2% JBE v A )
T2 RRAR T HA —E R X
B2k
[1] HOSNA M M, REZA A, MAHMOUD O. Detection of red ripe toma-

toes on stem using image processing techniques [ J]. Journal of

American Science,2011,7(7) :376-279.

[2] RARF,SFME, RmWE,F. R THENLME KRR FRAS
HARA[T]. R LA FHR,2011,42(9) :162-166.

[3] 2%, £5F,2H%, 5 FRAKKRALT % BAFEHBHRY
g3haE 7 k)], Rk T4 4R ,2006,22(10) :149-153.

[4] #fk. 5FREMNEAML RGP ARA BEARFR[D].
MR i W OR L K, 2008.

[5] RAKUN J, STAJNKO D, ZAZULA D. Detecting fruits in natural
scenes by using spatial-frequency based texture analysis and multiview
geometry[ J|. Computers and Electronics in Agriculture,2011,76
(1) :80-88.

[6] SUSANA R S, LUCA R, VINCENZO G, et al. Phenolic ripeness as-
sessment of grape skin by texture analysis [ J]. Journal of Food
Composition and Analysis,2008,21(8) :644-649.

[7] QIN Jian-wei, BURKS T F, RITEOUR M A, et al. Detection of cit-
rus canker using hyperspectral reflectance imaging with spectral infor-
mation divergence [ J ]. Journal of Food Engineering, 2009, 93
(2):183-191.

[8] HAYASHI S, GANNO K, ISHII Y, et al. Robotic harvesting system
for eggplants[ J]. JARQ,2002,36(3) : 163-168

[9] ZHAO Jun, TOW J, KATUPITIYA J. On-tree fruit recognition using
texture properties and color data[ C]//Proc of International Confe-
rence on Intelligence Robots and Systems. 2005 :263-268.

(T4% 4785 W)



% 12 1 I

o5 T HAR A AR 69 R 4T )

- 4785 -

16000
14000
12000
10000 '
8000
6000 | I
4000 il
2000 -

% 4601 136 181226 271 316 361 406 451 496 541 586 631 676 721
B9 ITRGtMAER

DGR 12 % 25 SRR A T RE B VT3, 49 B W A7 32 g )

REE RT3 3 FiR .
3 PRI IR R
ik WA Bt PRA RHFE/ %
b RITRES 200 58 29
EARBIR L 200 40 20

4.4 EEMEESH

AR SCEAEFEET Windows XP R SE 1 VS2005 F- & #E4T
ko Ho b #E 28 A Intel B4 2 XU T6600, 5428 4 % 800
MHz, BB 470, 2 BP0 AT AR WTFE I 0. 067 s, Ab 3
2 NS EFWTRERT 0. 083 s, FEAS T & T X 5L i M 2K . )
BT IZ TR CPU 1 5 T2 29% , A7 5 -4 0
29 652KB, FEJFIBATHF AN S X oA i 7R (9 1E 6 18 A7 18 U o

5 HRIB

ARSCEE X NBA D I W 5, 8 e s B A T N IE
SIS K HARERT B SR 5 TEAL GE 6 i 1 5 7 1) Rk i
R T RRRE BRI A R, AL TAT AR RE R 18
8 TAT R AR W SEH RE i, T RE A AR b S e b7 55 o
AT AL o o Je A ol AR ] 28 2R AT Sy B (A0 32 B s A
RUBEAT I, LSS A G000 it RE 1 2 0T HE 23 A, IR 1 iR Y
XA S K AT REAE I8 B AR O ACR
B
[1] CHEN Da-tong, HOWARP W, CHEN Ming-yu, et al. Recognition of

aggressive human behavior using binary local motion descriptors

[ C]//Proc of the 30th Annual International Conference on Enginee-

ring in Medicine and Biology Society. 2008 :5238-5241.

[2] CHEN Ming-yu, HAUPTMANN A. MoSIFT: Recognizing human ac-
tions in surveillance videos[ D ]. Pittsburgh : Carnegie-Mellon Universi-
ty,2009.

[3] GIANNAKOPOULOS T, MAKRIS A, KOSMOPOULOS D. Audio-vi-
sual fusion for detecting violent scenes in videos| C]//Lecture Notes

in Computer Society ,vol 6040. Berlin ; Springer-Verlag,2010:91-100.

[4] GONG Yu,WANG Wei-giang,JJANG Shu-qiang, et al. Detecting vio-
lent scenes in movies by auditory and visual cues. [ C]//Proc of the
9th Pacic Rim Conference on Multimedia. 2008 :317-326.

[5] WYATT D,CHOUDHURY T, BILMES J. Conversation detection and
speaker segmentation in privacy-sensitive situated speech data[ C]//
Proc of the 8th Annual Conference on the International Speech Com-
munication Association. 2007 :69-72.

[6] LIN Wei-yao, SUN Ming-ting, POOVENDRAN R, et al. Group event
detection for video surveillance[ C]//Proc of IEEE International Sym-
posium on Circuits and Systems. 2009 :2830-2833.

[7] As5%,F kst msh Akar[T]. Lot AAF A8 4R,2009,3
(5):P47-51.

[8] STAUFFER C,GRIMSON W E L. Adaptive background mixture mo-
dels for real-time tracking[ C]//Proc of IEEE Computer Society Con-
ference on Computer Vision and Pattern Recognition. 1999 :246-252.

[9] ALI S,SHAH M. Floor fields for tracking in high density crowd scenes
[C]//Proc of the 10th Europeon Conference on Computer Vision:
Part I . 2008 :1-14.

[10

[

ZIVKOVIC Z. Improved adaptive Gaussian mixture model for back-
ground subtraction[ C]//Proc of the 17th International Conference on
Pattern Recognition. 2004, :28-31.

[11] LI Jin-chao, TANG Hui-ming, LU Chao. Noise estimation in video sur-
veillance systems [ C]//Proc of WRI World Congress on Computer
Science and Information Engineering. 2009 :578-583.

[12] MATSUSHITA Y,NISHINO K,IKEUCHI K, et al. Shadow elimination
for robust video surveilance[ C]//Proc of IEEE Workshop on Motion
and Video Computing. 2002 :15-21.

[13

—

XIANG T,GONG S. Activity based video content trajectory representa-
tion and segmentation [ C ]//Proc of British Machine Vision Confe-
rence. 2004.

[14

—

ALI S,SHAH M. A iagrangian particle dynamics approach for crowd
flow segmentation and stability analysis [ C ]//Proc of IEEE Con-
fererce on Computer Vision and Pattern Recognition. 2007 :1-6.

[15] SAND P, TELLER S. Particle video: long-range motion estimation

[

using point trajectories[ C]//Proc of IEEE Conference on Computer
Vision and Pattern Recognition. 2006 :2195-2202.

[16] ANDRADE E L, BLUNSDEN S, FISHER R B. Modelling crowd
scenes for event detection[ C]//Proc of the 18th International Confe-
rence on Pattern Recognition. 2006:175-178.

[17] SAND P, TELLER S. Particle video: long- range motion estimation
using point trajectories[ J . International Sournal on Computer Vi-
sion,2006,80(1) :72-91.

(L% 4781 W)

[10] BLASCO J, ALEIXOS N, GOMEZ S, et al. Recognition and classifi-
cation of external skin damage in citrus fruit using multispectral data
and morphological features [ J].
103(2) :137-145.

[11] &%, R&% B, F RELEALT LHQIEREAMN
Zr k[ 1] R AU 5 4R ,2009,40( 1) :148-152.

[12] OTSU N. A threshold selection method from gray-level histograms
[J]. IEEE Trans on System Man and Cybernetics,1979,9(1) .
62-69.

[13] =B, %, 58,5 AT PROPRFVESFESOBBS

Biosystems Engineering, 2009,

FEAREC k[ T]. ALEALE$R,2010,31(10) :2285-2290.

WAL F ke, AT, — AT RESER S RS HF AL H

& A &[], AR ,2009,36(9) :274-277.

KARABOGA D. A idea based on bee swarm for numerical optimiza-

tion[ R]. [S.1.]: Erciyes University,2005.

[16] Kz, AAK, X%, & K% AAFEAF G —H % T3

PREAL IR [ T]. 42405k %,2007,22(11) :1313-1320.

ERE FH. ATRRERFRRG S ARETFTHL LR

[J]. #HEAE AHR,2010,27(4) :1301-1303.

[18] okk, B, AR R, F. KR % B ARty Lkt
%[J]. #A54R,2010,21(1) :14-33.

[14

[l

[15

[—

[17

[



