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FSLIC Superpixel Segmentation Algorithm for Apple Image in Natural Scene

Xu Weiyue'?  Tian Guangzhao'®> Ji Changying'> Zhang Bo'® Jiang Sijie'> Zhang Chun'
(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China
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Abstract; Real time efficiency is one of the bottleneck problems in the field of image processing,
especially in the natural scene of the agricultural robot vision system. Nowadays superpixel segmentation
algorithm was proposed as the high robustness to deal with the random uncertainty in natural scene.
Simple linear iterative clustering( SLIC) has drawn much attention due to its outstanding performance in
terms of accuracy, speed, anti-shadow and anti-highlight. In this paper, by applying the Cauchy —
Schwarz inequality, we derived a condition to leave unnecessary operations from the cluster inspection
procedure. In the proposed algorithm, we reduced the redundant computation by using a robust inequality
condition based on weighted L’-norm of pixel and cluster center representation. Then we put up with an
advanced algorithm: FSLIC algorithm. We built a database with 2000 apple images in almost all natural
conditions. Several kinds of extreme situations were chosen; high intensity of illumination light condition,
low intensity of illumination backlight condition, uneven illumination of cloudy condition, adjacency and
severe adhesion condition. The error rate curves of the insufficient segmentation, the hit rate curves of the
boundary and execution time were analyzed with the 500 apple images; the GCE, FNR and FPR were
detected with the 30 images in extreme condition. In the experimental results, it was confirmed that the
GCE in Graph-based and FSLIC algorithm was reduced by 13% than BP algorithm, WT algorithm and
SVM algorithm, the GCE in FSLIC algorithm was reduced by 19% than the traditional algrithms. The hit
rate of the boundary in FSLIC algorithm was increased by 21.7% and the speed was 1. 83 times than
Graph-based algorithm.
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Fig.2 Superpixel segmentation contrast of backlight apple images
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K8 Sy 5 A Ik B o3 FIME RE XS LA AR I, A JOFPR G IR BT AT BEA KM GB Bk, £ FNR

FRRBAR R, 15 FPR AR I R A8 SCR R R R I
16, WT 437K U8 B30 2 A 2 4% 9 O i vh sl R B 0 1Y

M GCE AR b a] LA H L2 Fhdk T4 Z 09 5 #
Bk (GB A1 FSLIC B ) 1Y FNR F1 GCE #1I%



TRAEBL 2% ARG R TR E B FSLIC BAR R 20 #1 5k 9

FoM
0.407 .
0357 w / %
N FPR Y E// §
0301 =R %% §// %
sl Zaw Ny & & (2
151\ , F Y~ HF H
0109 §§/ ¥% N=Z v M
"IN T\
FSLICH: GBEL ;gf;’gu WTHEE SVMEA
7

P8 5 R Tk Y o3 P RE XT EL
Fig.8 Segmentation performance comparison

of five algorithms

TGy |5k (BP 503k (WT 53k LU e SVM 3
i) ;5 BP BE M WT S M HL, f8 48 SVM B33k 7E
FNR #l GCE W R B 5 HA R & T Tl B R
M EIA . g8 B ] BOWA W, 6 T Ak B g 5k
TIPS AN SCR 5 b o B SR T L, 2 Ry i
AR, H o FIHOR L T A 108 v oAt 4 Fh 4 RE A
SRR KRS

F 15 RAEREMB I FI ALK GCE (FPR AN
FNR #RE S, H R 2R A iRk 7 BA
25 016 MR 2% 01 00 22 2R Rt o ™ i Y S R R T A )
SCER A RE B, B REA AL S e A SR
30% Zity o AEARSEF A B 2R B v A BE YA TR 2
s ONEPRIVEE PSR DR ANIEE 2 SN

ST IS DA S S 2 ) ) B B PR LR R
SEREA IS 7 A 1 v ot B 2 RIURG 3 A A R R A
R E SN R N NSl o e Rl = B el 1O (E PO VA
Gy A BEALPER O, (453 5 b 350 1 D R A 7 S o 4
Gr R BAR I RS AR 7 0 R R 2 R
. FNR I FPR 3222 F F3500% 43 %1 T 1k BE X 1L,
A2 Jr A % R A DR A Y ™ R, BT D 4 T M A o
B EI RS

4 HWRIE

R AR R L WERM LR T
FSLIC 833, FSLIC B3k AE 3 ) F2 rp i ) Cauchy —
Schwarz /8¢ 20 A0 3% AR A0 B 1) FH 700500 40 1 2R 25 0
Bk (PCCE) J5 yLu /> 1 43 #0145 B0 T0 AR 45 5%, 01k
T oy G RIBT A 25 T R AR B B R i
RO T3 7 A i R R Rl i g 58 ik M )
Bt , FSLIC B33 76 35 g F - TR 300 St i v R e 055
JET 5 B 43 B AR B R B (AR R Ay El ) is
A7 B 2 AR B I A 1. 2 A% ) B X b 3 AR
R 1 GB L LA K 3 B 43 F 88 R BT 1 B 4 R 55
P(BP B WT 53 SVM B k), 45 L, A
CHBAER BT B Et 2 R4
Fe R 2 RO P S BN A AL R 4 B .

10

£ % X W

RER W, AR ZE BRI UG , 55 . JE T AL 0038 19 A SR BRI b G AR [T ] R AL 41k ,2011,42(9) : 162 ~ 166.
XIONG J T, ZOU X J, CHEN L J, et al. Recognition of mature litchi in natural environment based on machine vision[ J].
Transactions of the Chinese Society for Agricultural Machinery,2011,42(9) :162 — 166. (in Chinese)
BRpd R RN SC. AR T MBUK AR B E LGSR B [T ], R AL 4, 2005,36(2) :61 - 64.
CAI J R, ZHAO J W. Recognition of mature fruit in natural scene using computer vision[ J]. Transactions of the Chinese Society
for Agricultural Machinery, 2005,36(2) :61 —64. (in Chinese)
PRETYA. 5E T HLA AL SE 09 B ARPRIE T 09 BARE LTSS LD 1. )M A pg ol o, 2012,
CHEN L J.
Agricultural University,2012. (in Chinese)
ZHAO D A, LV ]J D, JI W, et al. Design and control of an apple harvesting robot[ J]. Biosystems Engineering, 2011,110(2) :
112 - 122.
HANNAN M W, BURKS T F, BULANON D M. A real-time machine vision algorithm for robotic citrus harvesting[ C] // 2007
ASABE Annual International Meeting, ASABE Paper 073125 ,2007.
HAYASHI S, SHIGEMATSU K, YAMAMOTO S, et al. Evaluation of a strawberry-harvesting robot in a field test[ J]. Biosystems
Engineering, 2010, 105(2): 160 - 171.
BULANON D M, KATAOKA T. Fruit detection system and an end effector for robotic harvesting of fuji apples[ J]. Agricultural
Engineering International; CIGR Journal, 2010, 12(1); 203 -210.
KRB, IR, R, BT ES YR AR S EREELT]. Ll TRARR,2013,29(3) :163 - 168.
SONG H B,ZHANG C D, PAN J P, et al. Segmentation and reconstruction of overlapped apple images based on convex hull[ J].
Transactions of the CSAE, 2013, 29(3) . 163 —168. (in Chinese)
AEVR BRSO EEMRF BARETERB ARG HITRT]. L8R R ,2011,39(30) : 18993 - 18995,19004.
SHI X Q, CHENG X W, LI C F, et al. Research on apples’ color image segmentation in natural environment[ J]. Journal of Anhui
Agricultural Sciences, 2011,39(30) ; 18993 —18995,19004. (in Chinese)

RERVE, 40 25, L4, %, BT Retinex [EIR 14 58 19 A8 [6) 06 BRA R T B B0, BRI [T ], ARl T8 2 4], 2013,

Research on targets locating in natural environment based on machine vision [ D ]. Guangzhou; South China



10

& BLOW o R 2016 4F

13

14

15

16

17

18

19

20

21

22

23

24

25
26

27

28

29

30

31

32

29(12):170 - 178.
XIONG J T, ZOU X J, WANG H ], et al. Recognition of ripe litchi in different illumination conditions based on Retinex image
enhancement[ J ]. Transactions of the CSAE, 2013, 29(12) : 170 - 178. (iin Chinese)
R, i, BRZE. BT LA LS8 B Rk Bk R 5 B AR SR IRATSE [T ], RALALHIESY ,2012,34(12) :21 - 26.
WU T, YUAN C, CHEN J. Research on the object extraction of kiwifruit based on machine vision[ J]. Journal of Agricultural
Mechanization Research, 2012,34(12) :21 —26. (in Chinese)
TR ) T TG PR SRR B 0] 4Rl TR 4 2010,26 (B4 2) 26 ~31.
TUJ, LIUCL, LIY M, et al. Apple recognition method based on illumination invariant graph [ J]. Transactions of the CSAE,
2010, 26(Supp.2): 26 —31. (in Chinese)
ZHANG Y, LI X, GAO X, et al. A simple algorithm of superpixel segmentation with boundary constraint[ J]. IEEE Transactions
on Circuits and Systems for Video Technology, 2016,(99): 1.
REGSS R, 22 L 45 B HET AR R R R G R T]. T EEREIE i ,2015,20(5) :599 - 608.
SONG X Y,ZHOU L L,LI Z G,et al. Review on superpixel methods in image segmentation[ J]. Journal of Image and Graphics,
2015,20(5): 599 - 608. (in Chinese)
WANG J, WANG X Q. Simple and efficient superpixels using edge-weighted centroidal voronoi tessellations [ J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence, 2012, 34(6) :1241 - 1247.
QIN F, GUO J, LANG F. Superpixel segmentation for polarimetric SAR imagery using local iterative clustering[J]. IEEE
Geoscience and Remote Sensing Letters, 2015, 12(1): 13 -17.
NG, SR80 JE T SLIC 54 MFRENL B G BBk [T ). TH B PLN AT S ,2015(12) :3817 - 3820,3824.
SUN W, GUO M. Image segmentation based on SLIC and conditional random field[ J]. Application Research of Computers,
2015(12) ;3817 —3820,3824. (in Chinese)
JAR KA o, BT, T A AFRENL B AL R 3 5 AR 2 B 5 ik [0 Al MLk ~# 41 ,2015,46(2) -8 - 13.
ZHOU J, ZHU J R, WANG M ]J. Pear orchard scene segmentation based on conditional random fields[ J]. Transactions of the
Chinese Society for Agricultural Machinery,2015,46(2) :8 - 13. (in Chinese)
HSU C Y, DING ] J. Efficient image segmentation algorithm using SLIC superpixels and boundary-focused region merging[ C] //
International Conference on Information, Communications & Signal Processing, 2013:1 - 5.
BAI X D, CAO Z G, WANG Y, et al. Image segmentation using modified SLIC and Nystrom based spectral clustering[J].
Optik—International Journal for Light and Electron Optics, 2014, 125(16) :4302 —4307.
ABDEL-HAKIM A E,LZZ M, EL-SABAN M. Graph-based superpixel labeling for enhancement of online video segmentation[ C ]
//IEEE Second International Conference on Image Information Processing, IEEE, 2013:101 - 106.
ACHANTA R, SHAJI A, SMITH K, et al. Slic superpixels, EPFL 149300 R]. Ecole Polytechnique Federal de Lausssanne,
2010.
KB, JUAMHHB IR R BRI LT]. M LA ,2015(5) 1902 - 907.
ZHANG X P. Study on several current superpixel algorithms [ J]. Control Engineering of China, 2015 (5):902 - 907. (in
Chinese)
VOLOVICH I V. A cauchy-schwarz inequality-based criteria for the non-classicality of sub-Poisson and anti-bunched light[ J].
IEEE Transactions on Circuits and Systems for Video Technology, 2016, 380(1 -2): 56 —58.
REN C Y, REID I. A real-time implementation of SLIC superpixel segmentation [ R]. Oxford: University of Oxford, 2011.
ZHANG G, JIA X, HU J. Superpixel-based graphical model for remote sensing image mapping[ J]. IEEE Transactions on
Geoscience and Remote Sensing, 2015, 53(11) . 5861 - 5871.
TIAN Z Q, LIU L Z, ZHANG Z F, et al. Superpixel-based segmentation for 3D prostate MR images[ J]. IEEE Transactions on
Medical Imaging, 2016, 35(3) :791 - 801.
TR T R AR I 0 SR LA B R S [ D] P8 %2 . K 22 K23, 2013,
XU L. The research on conditional random fields models for image labelling[ D ]. Xi’an: Chang’an University,2013. (in Chinese)
PEDRO F F, DANIEL P H. Efficient graph-based image segmentation [ J]. International Journal of Computer Vision, 2004,
59(2) . 167 - 181.
EHER, R A, . BT BP MM R BRI (T]. R ALIE WS ,2008 (11) <19 - 21.
WANG J J, ZHAO D A, JT W, et al. Segmentation of apple image by BP neural network using in apple harvesting robot[ J].
Journal of Agricultural Mechanization Research, 2008 (11) :19 —21. (in Chinese)
TR, A R TR A, G — Bl RE T RGO R A P 28 R 45 i S R B B RIE [T ] e %4 4, 2008,28 (1) 12104 -
2108.
ZHANG Y J, LI M Z, QIAO ], et al. Segmentation algorithm for apple recognition using image features and artificial neural
network[ J]. Acta Optica Sinica, 2008 ,28(11) ;2104 —2108. (in Chinese)
FISTER I, PERC M, L]UBI(V] K, et al. Particle swarm optimization for automatic creation of complex graphic characters[ J].
Chaos, Solitons & Fractals,2015, 73 . 29 - 35.

(F#% 28 7)



28

& BLOW o R 2016 4F

20
21

22

23

24

25

ZHANG Tiezhong, WEI Jiantao. Study on vision system of vegetable grafting robot (II) : searching for growth point of pumpkin
seedling with geometrical method [ J]. Journal of Chinese Agricultural University, 1999, 4(4) . 48 —50. (in Chinese)
BRSBTS, 5. JET AL LGS I A E LR T 2 [T]. Wil oK% 2l : 1A% AR ,2011,45(10) :1766 — 1770.

LU Gulai, LI Jianping, LI Qiang, et al. Method for rootstock position recognition based on machine vision [ J]. Journal of
Zhejiang University ; Engineering Science, 2011, 45(10) : 1766 —1770. (in Chinese)

PREWITT J M S, MENDELSOHN M L. The analysis of cell images [ J]. Annals of the New York Academy of Sciences, 1966,
128(3): 1035 - 1053.

GLASBEY C A. An analysis of histogram-based thresholding algorithms [ J]. Cvgip Graphical Models and Image Processing,
1993,55: 532 - 537.

RAO K R, KIM D H, HWANG J J. Py e . 5k 5 M. 500 A e, 8. Jb st AU Tk i kit ,2010.
WA %, e S HARME T ES R RGO ARSI [T]. LML ,2016,47(6) :21 - 26.

MIAO Zhonghua, SHEN Yichou, WANG Xiaohua, et al. Image recognition algorithm and experiment of overlapped fruits in
natural environment[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2016,47(6) :21 —=26. (in Chinese)
ST, KT, MER, F ETHRARIUIENEY RIS BRI ELT]. L0k TR, 2015, 31(H ) 2): 180 -
185.

ZONG Ze, ZHANG Xue, GUO Cailing, et al. Crop phenotypic parameters extraction method based on skeleton extraction
algorithm [ J]. Transactions of the CSAE, 2015, 31 (Supp.2): 180 —185. (in Chinese)

WS, T O AR BT Harris 5375 BOFFRLISSR R A Jr i [T]. RALAL =4k, 2011, 42(3) : 166 - 169.

YANG Shugin, NING Jifeng, HE Dongjia. Identification of tip cap of agricultural kernel based on Harris algorithm [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(3): 166 - 169. (in Chinese)

SHI J, TOMASI C. Good features to track [ C] // Proceedings of the IEEE Conference on Computer Vision and Pattern
Recognition, 1994 . 593 - 600.

SROBGE AR A, A BT R R AE A LR AR A B 5 2 [T ] ROl U244 ,2016,47 (7) 228 - 34.
ZHANG Chengliang, LI Lei, DONG Quancheng, et al. Recognition method for machine-harvested cotton impurities based on
color and shape features [ J ]. Transactions of the Chinese Society for Agricultural Machinery, 2016,47 (7):28 - 34. (in
Chinese)

(L#% 10 W)

33

34

35

36

37

KUY AR PAE , 2T ST/ R B ER B0 (1], T3P0 5 3 ,2009,26 (4) 162 - 64.

LIUZF, XU Q W, LI C L. On image segmentation based on wavelet transformation[ J]. Computer Applications and Software,
2009,26(4) :62 —64. (in Chinese)

ACHANTA R, SHAJI A, SMITH K, et al. SLIC superpixels compared to state-of-the-art superpixel methods [ J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence, 2012, 34(11); 2274 -2282.

SRR I BE R L AE. A R AL MR AR mO IR A T A i Reg [T ). Al TREAEHR ,2015,31(17) 199 - 206.
ZHANG F F, SUN X, XUE L Y, et al. Hyperspectral mixed pixel decomposition policy merging simple linear iterative clustering
[J]. Transactions of the CSAE, 2015, 31(17): 199 — 206. (in Chinese)

MARTIN D, FOWLKES C, TAL D. A database of human segmented natural images and its application to evaluating segmentation
algorithms and measuring ecological statistics| C ] // Proceedings of the 8th IEEE International Conference on Computer Vision,
2001,2.:416 —423.

RVRUEJE T, EFHFF, 55 BETORIRIC O BR i S R R I B 2Bk [T]. Al T4 ,2014,30(24) :168 ~ 176.

SONG H B, QU W F, WANG D D, et al. Shadow removal method of apples based on illumination invariant image [ J].
Transactions of the CSAE, 2014, 30(24): 168 —176. (in Chinese)



