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Fig.1 The acquisition device of image for

P. trituberculatus
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SRR, AT R R IEIR 22

[RERAE: {8 5T 5 T R XS4
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K FH 53 K W 43 I H 5 2 AR I = AR 1
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3645 B As X I8 (E 2-d).

HRAE R AL B, $EECT A BEECE (V) (53-a)
F A BESCRTAL(S,)(KI3-b) . BELL X 38k 1 RS, ) (1K1 3-¢)
N FE T RR(S;) & I BEAH MR

1.2 HENU=HHEEESH
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E2 BREGLEIRE
a JRE, b KK, o ZMHM, d 73/KIEAEHE
Fig.2 The diagram of carapace image processing

a. original image, b. grayscale image, c. binarization, d. watershed divide image

3 ZHERTFEAEHIAN (). AERLERG)FHLXEER()

Fig.3 The white spots number (a), area (b) and regional area (c) of P. trituberculatus

Disk M VI = JER T B30 - (R3), MHAE  BremERERE LR RILE " NiE, g2
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http://www.scxuebao.cn



260 VL 2%
x1 BHERIURSHER
Tab.1 The parameters of white spot traits
24 TE X 55 (BAL) NI
parameter definition symbol (unit)  graphic or formula
[SRERZIED &S R R 5EE A GRS N K3-a
white spot number
SRERZ AR IR BT AR E A RS AN S1(px) K3-b
white spot area
bR RTINS ik 1 TR ST T o DX R 3 1 T A Sy(px) Kl3-c
white spot regional area
H RS 23 L Ei B SRR AR ARS] SN A e A ] Ry(%) R(%)=S,/83%100
percentage of white spot area
PESLX KRR A 53 b IR BELCIX S5 AR 5 48 5 e T AR ) BB R(%) R(%)=S,/85x100
percentage of white spot regional area
i TR RS B R D(A™/107%px)  D=NJS,x10 000
density
®2 WEAAEAEEXERKITEANE
Tab.2 The formula of white spot trait comparison before and after molting

ey TE X FE51% AT

name definition symbol formula
1t B LY AR T e AT s A i oy g F
FIEREAC RO & EERA IR S BTERT RS0 S M A ¢ Co)=N X2/ (N +Ni2)x 100
coincidence of white spot number
BRSO e n S HE WEFEHT 5 A ERESCNEU E G, C(%)=N;i/N;zx100
ratio of parameter N before and after
molting
PESCX IR A 23 U AR e i Je RO B el R RS XIS A 2 L A B AR G C3(%)=Ry1/Raj=x100
ratio of parameter R, before and after
molting
[SRER AT AR RS B SR 72 )5 3G 1 oL G G1(%0)=(S1=S11)/S1< 100
increase rate of white spot area
TEL X S RS K e TE S [X S5k 7 FRAE 05570 (14 38 A A7 000 G, Go(%)=(S25-Sa1)/S24% 100
increase rate of white spot regional area
BESET UG A B SE T AR A 5 e A MG A 1t G G3(%0)=(S3)7—S3i1)/ S35 100

increase rate of carapace area

®3 TRBX=ZKARTFEEKSY

Tab.3 The growth parameters of P. trituberculatus from different areas

Kb Hb 4 F i /mm FH 9 /mm A4 /mm /g
sampling locations full carapace width carapace width carapace length body weight
RN CX 138.63+8.29 116.83+7.93 68.92+6.29 164.02+20.92
TT#i e LN 141.55+5.84 119.16+6.96 70.15+2.91 168.40+17.09
Wil XS 140.38+6.69 117.23+£5.88 70.02+3.45 165.08+18.77
FHSPSS17.0% 4%, LAP<0.051F Jy i 3 2 F /K F FIA 5 H o
HRE SEV R T 2 . RIS n
SPSSI7.0BCIEX 3 BERE = et T 1 B sy 2 AR

TR AT R T . B Hh, R
PR B i RGE R AR, HIHRR =R TR K
AN H BT R,k RS R AR S B BE L
28, WAGRSOHA G 2R, . BESX 8
FUE 1 H (R, IV B (DYZ B B 2R A AT R
Kombr. WIERAELR, RHZEL LT
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4 ZHERTFEETYRE

a. KA, b N LA MH

Fig. 4 The carapace image of P. trituberculatus

a. untreated; b. artificial sketch

HEAT LR 43HT o

TrESMEEREIN, Fohor Pt B
e R R ARy vk 22 [B) TG B 3 2% 57 (P>0.05), AL
FEIR100%(K4), Ut HIIHE ML I F0 2 50 d IR
J¥ BEAS 1A X (B SRR T = AR AT

22 HEHYMNERTFEUER

SR BB SR S A ST AR
WK, BESCHE MO A RO X B & B R B AL
FRAE 22 9 0F A B (E S5, 6, 7). Gil4RE
N, R TEENSERT R A ARESE AR (C)H
90.56%+4.02%; @B LB AL (Cy) R

=l

87.67%+5.97%; BESCIX I AL H 43 L FLE (Cy) M
102.22%+3.03%, TEBLFC)G , B850 G R R
(G3)H94.66%+8.26%, {0 BKE 4L i FLUIE K R
(G1)}989.33%==8.61%, BE L X 1 i FLH K &
(G5)290.51%+7.95%,

WS B AH AT B, S B 4L
St m AL R IEM G, R EiK0.718,
3 A 56 (P<0.05) ;5 BESCIX ) 1w FLAE b 5 18 5 T
AR Al B IEAHOG, AHOC R 4A0.725, B
K (P<0.05), Il A 3] [ B S50 RRAE 25 S A [ 2%
(P>0.05),

®4 FHAESHTENIRAOEENER

Tab.4 The comparison results between artificial sketch and computer imaging

ELAE [SRERZRAGNe ¢

ratio white spot number

BETE AR

carapace area

SRERZRAGTTEA

white spot area

BESLX IR

white spot regional area

T-Ey A B LR

artificial sketch/computer imaging 1.00:0.01

1.00+0.00 1.00+0.00 1.00+0.00

Bs5 F—R=ZARTERTENER

a. WLFSHT, b.WiE/E, TR

Fig. 5 The carapace of the same P. trituberculatus

a. before molting, b. after molting; the same below
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El6 iERENE GBI
Fig. 6 Extraction of the white spots

23 FE#EEZERFEL G

AN (7] Vg DX Ml Y = b - 18 e B SR A R
o b3 55y T HL A B B 22 I (EI8) . St bk
B, BT A L BE S IX I i AR R P BE AL
A AH 4 LSS 3D S8 B I 3R 7 22 40 ik 31 i
ZKF(P<0.05), Wil 411 X [ 65 2 A
(S))3zC KT Y e R N AL 7 0 2 B I X5 3L T
I TR DX = AR 8 B A X I T (S, ) B R T
WG 1L RN e R M X5 WV 1L X =k
W71 (O B SCI BLE A L (R) 3 v T R
AL T8 25 i X, BLAk, ®ESE(D)

B7 EERaHHE

Fig. 7 The distribution of the coincidence spots

B8 ATREIMXME=FRTETRA

a WIEEELIN, b I THIE, o WL ZL
Fig. 8 The carapace of P. trituberculatus from different area

a. Yomju North Korea, b. Huludao Liaoning, c. Xiangshan Zhejiang
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BESUAN BN S BESC X8R TR 43 L (RS 8K
1Y ORI NI IX =JE R T Th AP & 22 =
(P>0.05)(#5).

WERBARINPN B EMEET, HHMH AL
TR, Wi L X [(4.98+0.66)1/10 px] i &
T T S X [(4.31+1.14) /10 “px]. €4

x5 TRBRZ=ZHRFELEELERNMEER

Tab.5 Comparison of white spot of P. trituberculatus from different sea area

SRERZ I E A AL ER LTI WLg L

white spot parameter CX LN XS
NIA 48.83+13.44 53.67+20.62 52.83+12.08
S)/px 6408.67+3005.04" 7153.67+2770.78"" 8697.03+3439.90™
Sy/px 104 461.87+17 940.85" 120 617.70+19 147.19” 105 644.50+17 417.19"
R\/% 1.9240.86" 1.90+0.75" 2.63+0.98"
Ry/% 31.4845.07 31.9945.10 32.1344.58
DI(A107px) 4.81+1.59™ 431+1.14" 4.98+0.66"

e AT AR E AR B SRR B3 2 57 (P<0.05)

Notes: the different letters in the line mean significant difference (P<0.05)
REFH SR WoR, BIEEEL NI X AL T

BRI X SRR T 0 RS IR B

I, BHARA K, RESHTLLILEX RN

— 2 (K19) . MRAE RS o3 b 4 SRR 34T 00 43
B, WERRER . SEEER NI X R20% . 3L T 5
THEIX H60% . Wil 21X 8 53.30%(£6),

CX

|\LN

XS

B9 =NEX=ERTFERENSNE

CX. WS ER N, LN I T &, XS WLl AR )RR IR B

Fig. 9 Cluster dendrogram of three different areas

CX. Yomju North Korea, LN. Huludao Liaoning, XS. Xiangshan Zhejiang; the scale represents the Euclidean distance

x6 TRMX=HRFEHINIER
Tab. 6 Discriminant analysis of P. trituberculatus from

different area

W[ FEARHUR mARE 0T WL
areé number of  THM FHTE Rl HHEREP)N%
sample X LN XS accuracy
HIEEE X 30 6 17 7 20.00
LT LN 30 4 18 8 60.00
WHLZ XS 30 6 8 16 53.30
3 Wig

JEHR [X 35 (region of interest, RIO) 245 L 4%
Tl AN FL U] TR 45 7 =X AR v /2) T A X8
DLA X H A TR A B F SR A B 3 i TSR

B4 AR YU RIO X 38k AT D45 24 A RS ], 389 i
Ko, CT 2 HFERwRAEALZ . AR
GERE BUAG)  U BRRE AN SR R TSR DL
FAR, BRGSO W A K B B = AR
TREEG, ARG AT B IE & E G5
PEU = e T M m AR E S 8, A b 3k
P AR BT i AT LA, b ik WU
KRR, Wik 00.922, WA X iR 2 N
6.40%, UEBHZ 5 15 AT DAV = P 188 o i Tl
fl A EESR o AR 50 X — J7 i i U K™
SR R UERAE 8 G B LR AR Ak B =
PEmR TR R ARSIk, SR, TR
AR W ER P, TR ] Al (S BE S T
MR, I IR A ST Ho st A A Al 2
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HAr, SAANDIEERY, SV ik E R
AR TR IR P T A [ € 2% Al L T AR BT 5[]
AW TS IR 52 A W 1R 60 B 5052 B 3 A% I R 45
il o Ueshima5 ! i i £ 28 (A (A 20 523 5, A 31
AN [ 45 57 22 DR 2 il 5 PR R RO e AR A
Xf g e 0 S SR TE A ) = iR T AT T L 1
W, K =R 78wk 8 T 80R R
H ok s W], B ik o =Pk 7%
MRG R RAFRIL . ALWEREH, =k
RyEBSCHTE, AL DNEC AR K&
PESCI S AU e e PR AF AR, R B
ZUPEAR AT RESZ R AL N R P, A =R T R
K FE AR RE; Jh—Jrm, MEB T
Je B e T AR R KR, 8 B ST AR R B X
HARAA R B, HRFEMRE, RPAR
PEGC [F) HoAs A K AR A —FE, SBEEESHE
R AR AR o i 950 7 S0 KR, LR Y
AL BB A 5 HE— 25T

=R T EAERE AT 2, WILK
B B AR XA A e R A AR
AN TR) M BB A = PR T BB AU 2 52 AR
ARHORIEAT T I ER, G5 R A, ASIR] H A
TEAF R0 B IR Z R, A (5] B0 A 3 8] A9
WRRIEHE =R T BN R R E Rk
Z—o ATEG X WA o [ R Gl AR
g X = PR T A A BESCRRE R B, B
3N X = PERR 1 A @ BESCIN 73 A 77 1 5
PR RIAS AL, R =itk 78 1 @ RS — )
WL A 0 A7 75 3t PR RE 2 AR, R s
285 Z 0] B AH SRR A it — 2D 5T

REASFEPWETEIN, SR T RS
AR LA DN A A LR ORI R
K AFAEA R X = PEtR THOR G R R T
— I RO, 58 S P AT AR = PR 1
tF ~J P o5 SR A B 3 R o LB A i X 2 ]
SRS AT, I R R B AR B R,
5 A B e 18 = PR 1 AR 7 45 F MR 110
FRAE, AT RE DA i PR 2 AR A ] R Y 2
5o X FRAFEPE i o1 bR e O I UE W AR T S B
PSR =R 78 Z R AF AE 18 A2 o0 Ak o AT
FRE I R, Gl X R = IR
F B 5 WY RTAL T X AR 1 AR (B BELL
1 e 5 v 22 S O, R T B ke, Ak
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PR A PR SY T 44 S [R) H B R R = 4R
T S i AR AR, & PR RV X = e Y
1 BE SO AR X5, ER BEAE by DX B A A 4
Pt o ASHIFTE R RS T AT 3 B4 1)
) TE B 2R A T 20%~60%, A FE VB Hb 15 A 1A
FIUA, HE— BT R B, A AR KR R A
M B DX B AT 4 = e R T 2 1]

N I =R/ U | N5 3 N = YAt 7
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25, NIZHERABESE LA AR L T S 5K 45 .

SE W

[1] BR®. BEIVHEERES[I]. KARKER,
2010(3): 34-41.

Yang J L. Color signal of marine animal[J]. Discovery of
Nature, 2010(3): 34-41(in Chinese).

[2] Torrissen O J, Naevdal G. Pigmentation of
salmonids—variation in flesh carotenoids of Atlantic
salmon[J]. Aquaculture, 1988, 68(4): 305-310.

[3] Shikano T. Marker-based estimation of heritability for
body color variation in Japanese flounder Paralichthys
olivaceus[J]. Aquaculture, 2005, 249(1-4): 95-105.

[4] Bk MR O R RI]. K774 &, 2008,
21(1): 89-94.

Huang Y Z. The study on fish body color[J]. Chinese
Journal of Fisheries, 2008, 21(1): 89-94(in Chinese).

[5] EDME, WESC, HBER, & 5B IREREE 4 e ik R

F g A K b [T, A EK =R, 2008, 15(3):
488-492.
Wang Q H, Deng Y W, Du X D, ef al. Growth compari-
sion of F; larvae between four shell color lines of pearl
oyster Pinctada martensii[J]. Journal of Fishery Sci-
ences of China, 2008, 15(3): 488-492(in Chinese).

[6] IBRA. =P 7 BEPI A A AL 5S 7 Fr i B JE[D].

SRz TFHIKEE, 2000.
Chi D L. Study on molecular marker analysis between
color-different individuals of the blue swimming crab
(Portunus trituberculatus)[D]. Suzhou: Soochow Uni-
versity, 2009(in Chinese).

[71 R4, ki, a4, & Rl st &
MU AR I B [I]. Rk T2 224K, 2002, 18(2):
171-175.

He D J, Zhang H L, Ning J F, et al. Application of com-

puter vision technique to automatic production in agri-



2 H

pibah, G BT RGN B AR SEA )1 X =M 788 W1 7 14 (0 R SRR A 35 58 BT RESCRAIE #Y 22 10 265

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

culture[J]. Transactions of the CSAE, 2002, 18(2): 171-
175(in Chinese).

Quevedo R A, Aguilera J M, Pedreschi F. Color of sal-
mon fillets by computer vision and sen-sory panel[J].
Food and Bioprocess Technology, 2010, 3(5): 637-643.
TR, RTINS SRR T B B B R
AT B FE[D]. B #TLREE, 2005.

Xu J Y. Behavioral responses of tilapia (Oreochromis
niloticus) to acute stress monitored by computer
vision[D]. Hangzhou: Zhejiang University, 2005(in
Chinese).

TR, A, B T LSS AR T R TR Al T
R[], TR AE TAR), 2014, 27(2): 49-51.
Zhang C, XuJ Y, Wang W J. Machine vision based
weight estimation of swimming crab[J]. Journal of
Ningbo University (Natural Science & Engineering Edi-
tion), 2014, 27(2): 49-51(in Chinese).

Zhang Z. A flexible new technique for camera calibra-
tion[J]. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 2000, 22(11): 1330-1334.

HKEESE, TTITZR. Z gt A5 M]. dbat: Bl
JiAL, 1982: 393-404.

Zhang T 'Y, Fang K T. An Introduction to multivariate
statistical analysis[M]. Beijing: Science Press, 1982:
393-404(in Chinese).

R, BN BT RS ROURBUSIE[)]. EIK
TR (R FL ), 2012, 26(3): 89-92.

Yuan Y, Fan W M. A method for ROI extraction based
on background statistics[J]. Journal of Chongqing Uni-
versity of Technology (Natural Science), 2012, 26(3):
89-92(in Chinese).

REE, T, B, 5. IR Bk B R
A5 W B AR 10 A 1 5 5 v R A (D). S FTBUR 2 2%
&£, 2010, 26(7): 923-925, 966.

Wu Q X, Ding B, Ling H W, et al. The application of
MR diffusion tensor imaging in the evaluation of the
white matter changes in patients with Parkinson’s dis-
ease[J]. Journal of Practical Radiology, 2010, 26(7):
923-925, 966(in Chinese).

ARG, 5 2 MR T HE AN 2 BN BRI 5 S A BR 5] =
BHHAIT RGN D]. Hrra: R K%:, 2011.

Li D W. Research on medical image registration and
segmentation with applications in IGRT system[D].
Ji'nan: Shandong University, 2011(in Chinese).

[16]

[17]

(18]

[19]

[20]

[21]

[22]

X, F 2R, EY4EF. AR RERASMILL
B TE[I]. KA FR, 2007, 31(1): 73-77.

LiuJ H, Wang A L, Wang W N. Comparative studies on
the total pigment and pigment components of
goldfish[J]. Acta Hydrobiologica Sinica, 2007, 31(1):
73-77(in Chinese).

Ueshima G, Nakajima M, Fujio Y. A study on the inher-
itance of body color and chromato-phores in the guppy,
Poecilia reticulata[J]. Tohoku Journal of Agricultural
Research, 1998, 48(3-4): 111-122.

B, BRI, RER, & P08 7 B R
HIRI A [T]. Ak, 1977, 12(2): 30-33.

Dai AY, Feng Z Q, Song Y Z, et al. The preliminary in-
vestigation of Portunus trituberculatus in fisheries bio-
logy[J]. Chinese Journal of Zoology, 1977, 12(2): 30-
33(in Chinese).

R A, XINE, 24, 5. =R T8 (Portunus trituber-
culatus) /SR HBRFPHE ) B BATRR e [R) R A8+ — U4
KR A0 LLER[I]. R 509, 2008, 39(3): 291-296.
Gao B Q, Liu P, Li J, et al. Heterosis of F; Portunus
trituberculatus from matings and crosses among differ-
ent geographical populations[J]. Oceanologia et Limno-
logia Sinica, 2008, 39(3): 291-296(in Chinese).

FEADL, RE, BN, & D EVEE SR TR
WA LM AN SR 8 RO T [0]. #E A5 7T, 2009,
27(3): 48-53.

Wu H X, Xu X N, Xue J Z, et al. Analysis of the genetic
structure and relationship of the swimming crab, Portun-
us triuberculatus in the coastal area of China[J]. Journal
of Marine Sciences, 2009, 27(3): 48-53(in Chinese).
X, BERGER, Pl AR =0 T 8 (Portun-
us triuberbuculatus)FJAFLP 43 #T[J]. #7E5H17H, 2008,
39(2): 152-156.

Liu S, Xue S X, Sun J S. Genetic diversity of Portunus
triuberbuculatus revealed by AFLP analysis[J]. Oceano-
logia et Limnologia Sinica, 2008, 39(2): 152-156(in
Chinese).

RS, XUBE, 2efid, 25 = PR T8 (Portunus trituber-
culatus)4A W AR AR 8 22 S 43 AT [T]. Lk Bl 22 3k
2015, 36(3): 79-84.

Gao B Q, Liu P, Li J, et al. Analysis of body color vari-
ations among four wild populations of Portunus trituber-
culatus[J]. Progress in Fishery Sciences, 2015, 36(3): 79-
84(in Chinese).

http://www.scxuebao.cn



266 KopE o R 245

Development of the recognition method based on computer vision for
white spots in the carapace of Portunus trituberculatus and
research on its characteristics

LU Shaokun '*, LI Ronghua’, SHI Ouwen ’, WANG Chunlin ", MU Changkao "*,
SONG Weiwei '?, WANG Bin®, XU Jianyu’

(1. Key Laboratory of the Ministry of Education for Applied Marine Biotechnology, School of Marine Science,
Ningbo University, Ningbo 315211, China,
2. Collaborative Innovation Center for Zhejiang Marine High-efficiency and Healthy Aquaculture,
Ningbo 315211, China;
3. Faculty of Information Science and Technology, Ningbo University, Ningbo 315211, China)

Abstract: To study the morphological characteristics of white spots in the carapace of Portunus trituberculatus, a
computer vision-based recognition method was developed in this paper with an accuracy of 100%. The molting
process of thirty crabs from sea area[ body weight (2.8+0.56) g] was tracked to investigate the growth changes of
white spots in the carapace of P. trituberculatus. Results showed that the number and relative positions of white
spots had no significant changes after molting, however, the white spot area and its distribution area grew with the
carapace. After molting, the white spot area increased by 89.33%+8.61%, the distribution area increased by
90.51%=+7.95%, and the carapace area increased by 94.66%+8.26%. P. trituberculatus from North Korea, Liaon-
ing and Zhejiang were collected to compare six parameters related to white spots trait in the carapace, and results
showed significant geographical differences. The white spot traits of North Korea had the features of small spots,
small distribution area and accounted for a low proportion of the carapace area. The traits of Liaoning had the fea-
tures of small spots, larger distribution area and accounted for a high proportion of the carapace area. While the
traits of Zhejiang had the features of big spots, small distribution area and accounted for a low proportion of the
carapace area. This study developed the recognition method based on computer vision for white spots in the cara-
pace of P. trituberculatus, and illustrated the growth features of this trait, and revealed significant geographical dif-

ferences among three populations.

Key words: Portunus trituberculatus; white spots; figure recognition; molting; diversity
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