3L H15H
20154 8 H

VG| D s i

Transactions of the Chinese Society of Agricultural Engineering

Vol.31 No.l15
Aug. 2015

1

BT+ EHL S B P S S A R A R
BOEMK 2, F#RE S, FRE Y, gRE

(1. FrE AN K245 DS A TRE2ERE, dbat 100083; 2. dbaiR2EBiH AN S E B TRE2EE, dbat 1022065
3. FPERM AL S AT RN TR AT FT 0y, dE5T 100083 4. A AR K22 T 2%F, db5T 100083)

OB K IR AR A PR R EE S, K S AL R PR B I EA DU AE A S A AR DL, M
PEABOAEG ) 25 B, XA ST TR T2 3R, BRI 7 AR AR TP IERY . DR, AL
MBEBARAE N — IR . W To Rk, SR TR sl se m e R, RS TR T KR
AR SE A o AZSCHEH AL S T A AN 20 2 4ERA ARV KA ORI FEAI R D T3 58, AERATHSERLAL B I R 2 L
L S5 AE AER L, RS RO R AR 234 o e YRR BT & i o 45 75 T VRl 23 B T o ST AR E K3 (LA
N T A HE IR T R A AMITSTBILIR, R R A R TSN AR K SRR R P B ECR B R PR
FFIEAR R 55 v A5 T7 T A R AR It P X T SRR I B K Sh o 12 W, R » K52 I A ELR R adk
AT T TR CLVPAS PSR E BOARAE A S AL 5 S5 AL 0 U P A I PGS ORI IA () = e i, [l s 17 4
JE BT TURE S5 B T 1) o

KR AR EAALE; A RE; BRAE; SR

doi: 10.11975/j.issn.1002-6819.2015.15.001

hESEE: TP391.41; S126 XHRFRERD: A

BiEs, R, R, A ETiTENRREKEAPRTFENEMREGRR V], R TEFR, 2015, 31 (15)
1—11. doi: 10.11975/j.issn.1002-6819.2015.15.001
Duan Yan’e, Li Daoliang, Li Zhenbo, Fu Zetian. Review on visual characteristic measurement research of aquatic animals based
on computer vision[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2015, 31(15):

XERS: 1002-6819(2015)-15-0001-11

http://www.tcsae.org

1—11. (in Chinese with English abstract) doi:

0 31 &

IKFE IR AN A 2 R B R 4y, 3 LK,
K SRR R R, U T 28 H0E H st . B
1989 4ELLK, HE[EZK = fh R = %Sk 20 2447 ot 5t
AL, FEAEPE AR 70%0L b, SRS b
— [l FR A P L A B i R M FE K IR
e, KESRANEYE CORMAEE M, 2R
RSP AR, B NS ) st T IRt sk — H o —
TR R R, B E R BT KPS
ARRL, R IFRIEE AT, H 2. W, g
2, CAROKIRE I ) 3 2 BRI KLk, 1%
GEi I T B R B RN TR, R R/ B A
HR ) ) 45 F T e o0 Rk AT . KPP IE S 2 406
PR O F 25 E AR R AN IR B TP 5, SO
IEFRAEIN B S, RN SE R s, s, AR

Wk H#A: 2015-06-07  EITH#: 2015-07-20

BegIH . AmtE Al Gk BHFEBURH (201203017) ;[ 5K [ FRE}
Bt LTI E (2013DFA11320)

BT BUEH, 2o, WAUBG A, B, A, EZNFENM
SEHRTEK PN RN BFFT. dbnt o EAR AR S i R 2 B
100083, Email: duanyane@cau.edu.cn

MMM MR, U, WHREEA, #Z, WA TIm, TN
RYG TR LNAE BAEARTIF . dbnt FE RS TR, 100083,
Email: fzt@cau.edu.cn. "IER THE2AS4 01 BUEM (E041200505S)

10.11975/j.1ssn.1002-6819.2015.15.001

http://www.tcsae.org

i, mANAE. KPS S iU R, 2 i
N, XA T A A Sy e, R SR
PARAGET, WK s i A K Mk, #Fgk
MR T RSHER A B AR AR, 5
TR =B R T o ANE Ea A5 Jm MR e 1 1 S AR
TSR AN 7K B I T S R A P 5 7 %8, g
AT FRAEN VA RERFEE R A R KRR .

WAk, BEAETHRNUE BEAR . B EAR. B
BAL AR R A E AR S R, ARG8T BOE
BT AL T U SO BOR W B B A A 77 2 i AR
fE—Dipid . 25, —8. KW ICH R ik, o
FEHA R ECARAEM E X RGeS G, AR, B
25 g I 5 T A A JLAh 7 VR G I B A A e R
SR B AT K™ S By o Jg PR & 7 1, V2T
TN RCHFE T KEMAACHETT, WFF S T .
UF. B DUSEZ RO S, RN EOR COE R
JEA T RS T SRS B OB RR T B
1 T EHRTAEN RS

PN~ ST u N AN (AN S e i
NS AN FL, Horh 2 60% 1045 TR T AR5 A,
X R RENLAS R UL, T HLAS AN SRR D et & 4 e
PLAS R LR, Wl T — T 1R —— L
WA (computer vision, CV) o ‘EEJET 20 th4d 50 4F48
GV RBER ], R R AE T AL AR I A Nz 1T A=



2 Ak TFE243R Chttp://www.tcsae.org)

2015 4F

M — DI XA AR, W A BA R BB At
RYUIAN T RS 2P E AR A S5 R AP 4%
AR TR A R BB G A5, RIateidan®
M EBRAL IR G, RIEERFED A BUEMSEEAEEE,
B EHGAE 5 H AR B 5 s JFXNR L85 5 3k 4T & Al
5 A PRSI H AR ALAS S, DAEHEAT 2047 55 BE A,
IR AP HARBIPUI A A %

HUK S S, IR T AL BOAR (1 A
U BRI R TBOK - sh g R, B AL
B BN SEBOAREAT B B PAR B RSN AL AT
PR FURFIEAS S GETE 0 s, eSO s i ]
TS TR R A TR A S s Y
SR FLHURHEZS SR (BL 2D RGEAHD = Bhit

KIGRE RS
AL

BV, URREGRERS. KIGAAIS T RGN
gkt R = (B o Ho, BIECRIE T 2HR
SRBUK S BRI RS, Ha R B a6 £
e WAL, MRS OO, KBRS RAHEAL
PR G o A SEBIL RS SEM R (M S an ik, DRI 1 5
RARBCAAFRIETHERIERE b, AT O G AR
m DORAG R TR E B0 H AT S B IR R S L E . 1
EIBAEEL S I3 At T B SR R AT IIAC B . AR
AR RS TS . RTINSy AR YUE TR
MARGIHSE . REEEA—EESE, BRI 2T e
SRR DN 2R SR SR T R ORI s GEvt 20 At O
LHRE BRI H K, 6 BB A B 45 R AT ANFI K
MR, e ARGEER . BT, B AE .

LAt 8 4%

1

1

1

1

1

1

1 4
' FTETHL
1

1

1

1

B 1 AL SEAR R A e A 2 A P
Fig.1 Typical structure of computer vision detection system

2 ETIHENARE KSR R TN E 5

HLAE 20 el 80 AR, H M EH AR BB A
CHEZ L H T K= 2N R T X8
WEFLR ] T U EHULE B ISR AT (R g ek i, JF
PR TN S, AT KB Rl B
R o PRI AT €60 ) 5 A543 A 1) — TIUARAT i {E AT
SBART B JEREW T R A, T Tl ik
Tt AR ASE P S 3 AT S B PR A R R A 4 1 (R A W] LA A
WMo B, 90 FAITE, VF2WHITAEITRE 7T
BURLE (17K S IRt J o B S A DN 77 T BT 5
2.1 RSYMESFRSH

HA, & LA S BRI RS I 55 FE AR 23 A
RGMFEASCILRAE 200 RIS, R B2
BORHEAT H bR ERILI, AR AL b s, BETRA—
SE LA RF T A AT R ALV 5L 5 20 B, T S B
MATEARFAE DT, FFRBAA . AN A A
SRS IR Lo QT 4 i DN BRI o AT
RN BRI 75 2 RIIE T, AT
ENEEILAE & RN RIS =CIE G FEt 2 SN i | . R &S
AL LA BRI, S vy GRS
SO H bR R R U . Rl b € 5 v STk
SEHAT AT B IE S et
2.1.1 AfRE

1t 5 1A A R I I v A PR N 11 v 2 A
R AR TR BOR K s s Ao
VRTINS R (KRR T3 R AR A 255 5 1 3t
1T TR 2 RR R

D BUEKAE T

N T AR A S T, SRR TR IR
o IR K BUKTE B, WK KT Sk
ARG EE K GRS HIsh A 7 AM, th sk
FEWT 2R ), AEAEMV R EEFNES & 7] B RBR T, 25
W6 AT A o o AW 4 R B e 7E K T
JH e d R O AT R R e s i) i, AR
i TR LA S O, DL K BT TAER
OKIEE . A X 6 H A0 BARKIREE N4 ds, =
SR AT RIS S MR IR I R N, AT B R
FURESZE (0. BUREDH, ST mRES) , 8T K
BACPRIE R, A4S B AR MEPL I« AR AT I H £
o PIVF 250N A R85 B0 BA58 T 1 64T T AN )
IISGHIFST . Wi: Odone 251", Zion 2" Hufschmiedd
AR KR W BB WG, T A % W I £
PG 10 7 ARSI A S . Stranch!™, White %'
Tkt P AR T bR, ARG AL IR
(17 2Ok 5 EM% S . 1fif Harvey 2517, Carlos 21
Viazzi SV 3o [ 532 099 A rp A AR X B AL AT Sk R 437
B, HEIEAAEZE R, JrmEE T, DERsR
SPROTIIORG FE o AR T 3 I R S S it 11 B s s T K
£ BRI — o A RE B Y, (H RS B R AL HE
P LLACTRT B, SR A A AL

2) BERAERA

EEMGRER b, W —Fh 7 25 T H
W) 2D B R, FEFERH A RARNLIO S 2D §AS
P AU S Sl A R 1824200 Rl 2D R 45 ML AR
e 4 E R, AR R BIL AR A G Ol, A AR



%15 3

BO®Ias: T T SEALLSE A S L e 5 LD T 2Rk 3

A SR R B, YRR AT L @R 6L T
HARLHEI) 3D WA, IR 2 A HAHHLAAN R 67 & 7]
IR R, TG 2 AL AR A O R S
DINEPIRCIE =D = 15N RN N == 1) R n =
YLl iEE ) Klimley 1 Brown!2¢ T-614 2 4~ CCD #H
B e f A RO B R AT ST . BEJS 3D I EBARY) 2
JHF /K7 B Wi AR & v P72, e Naiberg 55 P71RAZK
2 AMEHEHIRI AR RS, 3R T R Y
%4 (fish image capturing and sizing system, FICASS) ,
ZARGHH TKIE 2 G EBHLRIALE 5 A5 iR e 1 )L
AT 6 SRV SAB I FUSH R . Havey U THEAT T ffk
2D M5 3D W EECARM LA, 458K 3D &
FERAACATRG A ) 7€ 1K) 5 [ AR AR B, HAE T
RS RE A, R A ons A 2 ) B 5 T ) e R
PEAAR . B0 XCH PUGE ) 3D Wi R4, (1 HARMLE B4
A b, FELRIFA R0 2 5 E AR P
T Horp, [P IT AR R R AL LA Sk 0040 £ 11
75 3T ) R A1) 22, ] T A B ORI, R
T Oi%drim b, A SEIALAR A1) 2 A ) A
AR bR I HEAT SR I, X0 s R
i & B i e AR R IR IE K A 2RIU N S, @MW
WS 5 RN AU LA B IEAS G R, AR R
A REEUA R e R IR AR 2 e 2 AR
FHHLLUAH B T EAT (77 gz he,  nl ) I R Ak i ) AR 40
BIFIORL KT, SEERA) 3D 2B [AEN, LSRR R4 = 1)
W, AR TIAT A AR . S5k,
B R ) I AR 5 25 AR TR, AN S i 38 e 8 ) BR X
PR S R AEARAY, AU EE B — ot (10 B &5 R FAS ) 54
) JL, A WETTN AR A TR AR 21 v 22 00 1
AORPE A B, RO A B T 58 #E e AR
BRI Z Kk E G, SEIU A 2 R, %
IS TR) AR eI, ek A PR B e — IR BL T 2B,
AT F A I i 2R IR VAR AR £ I B R A T,
21,2 SRR AR EATE

RZHKT/KE BUG 741 b A s 7 sl e 5 T
LR Z M) 225, SO HE T B B B RV S L
AN F DRI 2. BT S BVA ), R R T R
T ST e 56 VR B i 0 B ORIVRR AIE 551 (1 3
Frag Jrii, 2 RN Tk B ot G OR bR 5 R AiE
HR 77 RBEATE2T, A 75 Naiberg 252742 1 ¥ FICASS
RGN T 05 ARG £ b s ) R A E 5
T A E . XRP N L7k B A AP IRS FE, H 55
KEANTLZY, N, AL TR, R4
IPAT BB AR DRk, BF9C N ROITEREEIE B 3k
R RAR VLR OB AR AL . B
BRUCHCYS . Haar 73284%, AR FUE AP AR R e
555,

1) W44 (point distribution model, PDM)

RIS S BEAT ARG BB B AR
PDM & A ] BBV KA e T 5, SRR i) A AR i s

VE b B ARES BERRC B SR AR S B e SR i s 3 1)
TR S B R R R WA R G, Tillett %509
FEXT 7K A A R A 1 e £ 37 AR PR AT 40 B A BRI
KT R B IR U B AR 45 ek () 3D s g
AR Sl R AR AR F,  SEI AR A B SR B A AR AL
[ IR T AT Sobel $5.-1 1K) Skl 77 VA A ik o )
122 G ST A6 73 B ) . 207 VR AR s e T 4e
J3 301 SR o AN 52 H Bt G /N FI T 1) TR R, i i
e RGPAT LR T hik 2 PDM I 4547 & - Lines
2EDSIgt Tillett $2 M (07 VAEST T8k, 0K SRAE M)
SEARRLI EHGAFAE (0] LE FEAIR, 0 FUBORY 45 il 8, 2t
TR 22 AT A R SRR n el it —AE R
AP S A sk e G R . IFRIES T 26
AN FERR G RS TEARBSEAOR B )40 U3 1 10 SR
THRFAE 2 o TV TN s 8 Y25 G T it B —
A MG IR Fbrac s TR A R 7= A FE AR AR -

2) MR IUCHLYE (template matching, TM)

PR DG i 725 e — ol F R UE AR SR I H AR 8, FF e
SCHE Pl AP SRR E k. AR
EAER : OMAEASTAT B DL S 7 R R A vt
AR R AR MR X 3D 5 @R A R4
A VT FE SR SRAff 52 H AR AT (¥ K REABTAR , AT SE IR A
PR IR B SR o o 00 Ik 1) FH A R P A5 IR R [X
SRIGARSNE, i LT 2 R sk > 57 5 G RE (1 s i BT
SR FA . Dios USRI /K P LA R G5 10
MR FERS, & T R 45 e 50 A0 R R BRR DT e v ok 5
FAAREEAE S 07770, IR 120 4% BRI 545
B0 R o RRORR DT IC V2 A B A A T IR I 45 B 5 % H
FRAFEMRI RN, 5 BOm R @ 2 A BBORIEIE, 8T
VU M 5 RN A 1 5 Ak

3) Haar /325728

Haar /328 Eff5e H RGeS BN S s F i)
HAEA L1 H RIS B, Hoor T semb ke, B
W, CETZ A AU . A TR e, 1%
TR e T BT H SR 0 T 3 G D) UAE T4 28
FEHTHRAEE X (FE T REAT LT ANRRIE A BRI R AELE )
T =R B IR 2 H bk e — FLOE RRAE 24 3], I Skl
TE BB FH R gl 0t %00 S5 38 LA 243 55 ol H Aot 4
fif s ok e PRAS DU 7 T LRSS AT . Viola Al
JonesP M H TSR Haar 43288 ok ) 5 5 o #2111 b 0
RIS, JEES TR IR . Mehdi 1R H
Haar 7028887000t BIG ) S B I & . K
W, XL 22 SRS A 2 2 0N, HEEm
T JE MBI RE S

4) ARIgIN

A3 FHik: 32 BRI DU AR Ik )\ BRIk S vk Sk g AT
AR R, kR el T IR (R R, SR
TR RS, Gl IR AR A R S, AR
TS 5 AR R ARG . HARSZEL I K AR



4 Ak TFE243R Chttp://www.tcsae.org)

2015 4F

R E N A A, KB 255 (T, R
7% o Viazzi MR )\ AR S48 RIZFIAR 9 Hi5
Sk S HL A A R B IR F A0 22, LAS rmy R E AL T E RORS FE

5) AW R e v

AT TN SRR A [7] ot ol £ [ A7 PRI T ARARE A,
R PE B A T AR B PR . 1. Tidd AN
Wilder™ SR FH 35 -1 171 BR 502 1) 4 0 B 3000 st I e A4 P
(K193 %1 o Viazzi S E BEA T 5 A 6 Ak RS o
S5 GO0 B0 RO R )R R AR TR BRA HE 1) 7 ke S I
PG 1) 1 Bk BY T 0 AR TR P X 45 6 B 38 Y. B (B S TR
PG 1) 4 0, AN T 44 28] AR I

TN, WAWTON 5RH 2 Rl EHAGRAL BT AR 25
()T BOR LI AR 1) F ST I RIREAE RIFR A2 « f: Costa
PSR K e R I R G . ¥ A sk AT R 1
TR, B S H AR EIE, SR 5 R BB« Sobel
B [ E BE S RIS AR A, IR T IS
VER AL TR AU > B S5 R, R U SS0E AL 5 A Bk
FEAE AN 2D e Ak bR, SEEEHR AR, Fai, [
FESSHFAE, LUK 3D k. RRASHFE . Zheng Z5PHEFLTHL
B HAE B R G, AR T 2D KEE®)
it 2 VN S5k 55 22 i PR A5 Ak 3RV A S TR A U R A
R AR [ B S I A R
2.1.3 4FfERFLITH

FREIE B S TS AT/ K . M, AR R
SPURSECRR A > R O, VRN R, FERFE
R b, AR 2 BTN GRS s AEAF R
AR BE LA SCREAE G PR 0 ) TR 6 4 R 3R AT A B
bR B 1 = O P RS = 0 N N B R A
AR R M B, ARSI R T, R
R IEA . KA. 5. PRtk BB, . JH
Koo AFBUE S EIIESE . AT 51 J LAl 2
%o W Loy 25 IR A T LA 52, 0 m- 2047
VUZE K 1th 45 R B0 T vk ) i 0 55 RS AR DG IR T AR
. Zion R RS 43 HTiE (principal component
analysis, PCA) Fwiiz/N 37} (partial least squares,
PLS) SEIURFHEVI A s 4 S OVRI H B A LA BRIy
FAREAL bR ARTS S 1) B AR A AR B R, SR AR
B ARAT 53 530 3R A B 15 S5 T AR R e A4 R B R 2 4
W A AR R AR . Alsmadi 2522 U F e
JUFT2 3RO T TR0 R = R R SR A, AR R
PR A RO B SR AR JE A . %) T 3D PR R G
PIRFETHS, WAVFZF N BT TR Wi: Harvey
AECVTVRI FEATE A P9 S A Pl A5 0 4 2R e o Dl A P 1 PR I2
S 7 SR (R AR K RIA R o Costa 2R TN T #h 22X
855 (artificial neural network, ANN) #EAT G 34T,
SEH OO B AR A5 25 PR B RSBk G e e ] i
A, ABIROENEAS, Fe 2SR B i ) (1) 2
FEX¥E K G By KR 2D 13D M R4 5 vEH T T I
WIS, 4R EoR 3D MU S R B4 . Torisawa 55
LR B 44k PE A8 ¥ (direct linear transformation, DLT)

Xof LA £ (1 SO R JEE (0 4502 o0 A A 0 kAT I 5 i o
o JAh, A TEERAIIN T, BLRAEBE kA
B S R, Zion SEUNERSERbR SRR T
R AR 7 2R o AR V] v o A T ) AR AR R S e, R Ik
R P A7 (R B HE AR A B K i e ROST AR A SR . S0
AR SR R RS SRR ) B A5 A T Al 2 M e v 1) T ke e
MRFAER AR S . AHLBE Sk S R ) R Ll . BURLRI 2R 35
SR o A HEFUN S AR AE v S SR T T A
AR R R ST AN AR P A5 R AR R S il K 2 5 g 1020481
Ui: White 25U T HH S HLALE R 48T A 10 Js AL 7=
“CatchMeter” ]G AL PR R T ANAR 50 Rk J g fa i)
B . A T DR AR O B, AN R
T B, R ARy i T B, IS 4 B IURN
T AR o 2 White 250 S50 7 1) 5 0040 B EA T
B AR, SR KN, JRUTEbnid 8 ANMRHIE AR
B AK . Tk IR B 4 Be B AR 2 3R EL
A0Sk 3B R AN R S B AR 1) 7 2k d B B
TR TIN f A J F (R 38 o T I A5 9 e e K Bl 1) 43
5 B LA BT B 1 K A LA A AR
ZH, FH BP i 48 X 48 Xl ill-f A fe TR AT A
2.2 REMIT

KIALOK, K s P sl A S IR I TR 2 e T
PRSFRT R TEARSPE RO T T 142 4R, f
TR : K= R @ YR 2 ARG R AP
AHSRME, XARHE TR 2DAD g A K . AR, 4k
S R PRARAE LA Mk Al T R ST . H RTAE
R EREAES T A (e 6B, R, m
fifj1>4, AT, g fa 0, O, P aEDT) s (25,
Fetyifa 25y s LB T W E AP, AT 1,
S5 FH Rl 7 RS IR 7 5 i T 1) (B U o TR
WA 3% FH (0 BRL 7 AN40, mT a0 kg DR SO S 7R 0 22 PR
TR ALY
2.2.1 #ATFHN

WM KR e SR OO S B T -
IR AR A 2440%  Liang Al Chiou % IX H6 A [F] [
TIPS R AT T LA oY, W RE T Al Y
et 50 MERIMBSEEIE, R HEEYE, 50 0
SRR AR . R A A A A I A
FEUIR) R AR DG PE o &b S 2% 0 9 o 0 1T B 1A A O T A
(R™=0.9303) . ZE[MAJ7H: L, B il Fulton® 42 !
(K — RERA. W=aL® (W iR, g aflb
JELLIGRAE PRI AR RIS L AR, em) .
i RV 2 LN AAE B HRL Al AT T OGS, 2 iR
TR PERLA B R L RO DA R IR % T
B B A5 Z B Y50 7770, Balaban 2502, ripag)
FE AT T H 5 TH BRI A0 5 00 R o i, o 2R
PhE S TR DL R IR 22 T A S5 A ] [ TR0 7
AT TR, 4 R R R R R R U
2.2.2 AT

W0 2 e PR RN A HTE . Wl Beddow 20



%15 3

BO®Ias: T T SEALLSE A S L e 5 LD T 2Rk 5

KH 52 MSHZ A1 RIA 53 AV K S0 4 ¥ BT i . Lines
DS o e N — R DN AT A R U R R
PSR . BAHFFCA G (Odone %5) U2 HIR A
W FEI EHUSAL (support vector machine, SVM) K H|5E
TR R T AR Z 50 AR O, AT S 30 8 A 5 11
Tl . Viazzi 25" HERF SR 2D AR AR AT T £ A
SR TII 43T EUER T 22 DRI e Pk 00 A B D] - 4
TR 5 3, A IR P T AR - Jo e 5% 2R 1 B P e P Tt
(30 R AN P TRIRR S A8 R sy J8 45 22 DR - ot £y 5 L 3
A2, HAO TR — FUE R I i & sy,
GO A FH 25 6 e 668 J 110 T AR R AT 00 11 2% R 25 B
Ufo AAN, SFTIXEORFEI R FOER, AR e
P AR 8 PEEAT PR TN, Jo et B A,
M 20 R 00, AN A T8 R385 T AT il e £ )5
TR . b TR TR B, XA AN R, R
T BBV AN IR 10 o 2 FOASS 28 S b AT #8420 o T
2.3 BES
KRGS, MR A AR TAT AR —
Wy, MR R AN, K 2 i R U A £
N IRBE T S, —ofi S A 1
RELAAMERL JulRA R SAE. AR HER
WA PG, ARSI IR LR AR, A
ACRT )42 S WS TE R FABE A 00, AR ] S b fo A4 B DL
TIAN, A AT A KM S R E AN 03 2R R S B A
ESRN NN TR R T=T I IS SO = 1/ RN S ]
NLHWRERRAGE, W DR AESBe& (e 4
FRFE LA RS0 SkiltAT A sh et s,
MARETEN DU X LA R R VAT T 475 LA BFT
R A FER IR H W0 T 75 A BN
AEAESS RENVETR, 552 N IR0 22 RO B S A5 ) 4
[ s SR FH €8 BEASCIRI I vk ARG BE LU B v, 2 e T
WK B FE R BIRE S b, IF HUA T 0 RS R S g
B, T EAERE S AN RAL B AT 2 ol &, DRIk 2
I8 AR AT o HLAS AL DL 7 VA A I 7 T AN A
PR, HA AL, AT A R A X
SR, ATALBE B E S s /N2 30 H vk
TEEARLE, LA R I R P A R H R T 5
—JR (40, k. #E=RGB FIM RS KVHIGEER, 5
[N SEEPGBEE o NI DY (& 0 [ 1 T = B N TR R
o, OB SE T R A RN 452k, i
o T ARG b A, A LA 5 ) 004
HAT, HLASHE T O 2 T ANEDK™ i (e
WA [EE s Hr, Ak, XL Z R R
JE K i RDTEE FE VP A D7 T4 0%), E o AAk f f  C
FOATMR LR D, T4 Wallat 25CVR] ML R0 7
RO HriE A kR, K55 %A A Florida K
SR B S AR B S ARG AN (ORI 1) 64
YT LR RV, P AEEE T B, SR TR
I, AR5 AR A o JBR £ R JEe (R IR ) SRR DA K A4
i RIS A, X RGN AR RO A R
T B AR R AR T T R A W R A . R

SOV F U SEATLAL 5 B AR AR 1 7K v £ A € F) W
FE, KB G EAE HSV G R a AR EE, JF52
ASHE Ji PR TG £ 5 B 2 i 14 AR 20045 B9 180 W) RE AR B AT LE AN
LRSI, DASCBURI T W] BB R R f A L IR e i R
J3 o Alsmadi 55 P2SR IR S8 3 A R R SR IR 1 10 B 6 S HE
FEAE, SEBLX B MLES 0T A5 R AT SEHLA
P BARBEAT KZE 0P X1 S OE R IR, Wi geih
REEOP L0 AEA [T S TRIEAE b DL R T A AH)
W e AN SR PR ) P, A AE AT S
ARG AR, DL AN T SO Y R L .
34, AEFET oS GE K P 3h 8 A S AR 73 2
PREENCEEWIITH, O sl T IR 2

SR 02,
3 KPR AN B M5 A L

KPR R, R SO A S I 3R Y
B = SRR & PR AR B AR K = Sh )35 g R v A=
KO B e, X K = B kAT o 12 W iR
WIS R IEFERAE N E LR AR, P2 R
BEFF e T AR SEE N T .
3.1 RIS

MK FEEN ) B EAE T, JLAME SRR IE & K A
OB e RAERDE, RGBT, AT SR
PG LS e . S0, AR b 2 7.
PRI, VR 2 0T 0N 8 TF AT 7038 T AL (KR 7K 7= 3 )
PR SERNS W R G, DU UL ge N T I i A Al A £
A A0 55 T XA S 0 3 I A7 AN e 42 M 4 0 % I Ak
AL ) JUOT AT, ph T AR 2R A S S A TR AS ] E
FIRIR AR 2. HKITE) . 3743 AR KIREE MK
ot B RO . OBy, AR A N A EAT R
10 B BAR KRR R 9T Lh D, HRTAEAE R i 12
Wi 5t F R L T R I R A R AR, HIL AR
M 1D A EGSEHAT T AL, SEBL A AR S
B 2) I ARLEE, BUEFRIRE BHSERIER B,
Kt 55 MG FEAR QAR IE s 3) A FHARUM: F B A 2R
8 6T B ) 3 SR A S IURFAE PR PR R ALE DA S B P ok
N BRI A B K. EERGERR, EE AN R
REAE ) B 55 SRR AL 2 v AR AR AT ) S B4 T DT FC 1 7 xS B A
iz, EAMLEEFIA . 55 [E e HE K28 T A& 1R 3
T RSB Visual SEEK i2Wi 25t, Excalibur $iA
A HE FF R I RetrivalWare S 12 W7 548, DL ] 49 [
SEREAWFSE R Park 254 H I 12 I R G410,
HAr, B ATER 7 et =2 R AE: i EREK
o LR b KR B L& R B R A
BTSRRI 70T e b AR 2 (1 E ST T
993 10 PR SR BV 9, R A0 T — 3
TGO AN AR R f AP 2R R Tk, ST O
PIAELE RGN o T 950 K 27 1 ) A2 R AR 5 £ SRORE B4
Ty LR, RS0 i X g o 2 B AR A,
TEFRTA b, ) A4 R AR AN TG BB T IR 28 53
SREAT 2 A I AT G B AR TH SIS 1 X 3



6 Ak TFE243R Chttp://www.tcsae.org)

2015 4F

T 5 T AR U7 S I IR I3 A £ 288 R4 IR e B AT
SIS AL TR o
3.2 RFHHE

AT RT3 S DLV S RO #0840 5 M X 3
SN E . e Merz 8 UPVRI 3L T L2500 (¥ 40 0 6
Hrg BT AR Tt PERI 52 o Zion SR T
TR B AR ) LA fa k0l 3 S R85 o v T
W HIE, B Rebisich 70RO H AT FUE 2] )
IR ELLOR, B TR SRR A (0% 2 (A7 A5 ) L%
AHORVEAS A3 B 22 4 — R M08 O RPN M L 2
—, ARIE A Hoa BB AT A IR B S AR RN O
IR A ) RS e SRR T, 35
(5T EER R FA R E A 7 g S AR ) 7220, A
i, TR AR AR A s e — IR AR AR, I
H AT H PEA QT RO B ARt A2 AR AR 1Y, 5 RN
LT R G v A5 U R SR A ) R R o ik
ARSI R R G SRR IE . Mo 2R
B, JEBHREAE RN 28 3% LA IR R EY, ap
N I 2o L 0 A S I C | 711 3 0V TR 7 S
Bayes /3J7EUM0 fg /N g0 g R DU i R
RN SIEEIS AN, O TR R REIRR
A, P2 R T 20 K8 MEHAR, .
Cadieux 2R T Bayes 20289k, 243 B S AL VA AN
ML EIEAE 3 PR SEILAE I 43 250 . Lee %05
K H T BR R B 5 50 BR VT Oy AH 45 6 1) 77 Aok SE B A
(RIS o Alsmadi 25— 4R T 36 TR YRR AE
PRI BB aE, DU S AR S R e
oA 4% R SR S5 ) £ S R R3] R 48 - Chomtip 2B HY
(R T AR FN G P 1 £ 000 2R 48 b 430l 2R FH BR C R
BOVERN T AR 2L AT 43 2500 Hsiao S5 Filfr)
3 A1 2SI KR AU 2R e R T B KA A AT
L R L T R s 1 2 28 Csparse
representation-based classifier, SRC) 2577 K 5¢ it #1
LI SRRV B e
3.3 H{HIA

HIAFSY A : Tayama 2571 Arnarson!'"JT & 4L 1
FEAREFAE I 280335 R GE. WIF9T R 0018 £ TR M A T
£ AR B B R BRSO R R R 1 AR
ek, BRSO 2R PR S M T K B AL 5, A
K AHFHLEE A (machine vision, MV) 15 T.) W%
(B AR B 5% Rk, RS IT N B AT o X 2 s
MOFRE T RFERIRFGE. . Strachan® Rl B (G AR 2
BT 23 AN ) BE s IE, RSN 99%, 1E
1994 4, 4 b fe A 1) ol P RS EA T 43 106 1) i
MRS, T TCE Akl BT, RIHE®
Qb A AL ARG O RFAE LI TR 12 Fh A 43
B, Sy N 40 45 ff/min!™l. Mathiassen Z R R T
—HT 2RISR RS, LT T RN
1 [ B ok . Misimi 2ROV T A5 A P B R
K PUVESEA BRI LTRGBS Ltk 00 23 i

AU RVt e A i R A 5 — AN AT 45
%, FEEIE 90%, H7ikiEd T 1T H&. Hufschmied
AU 1 I3 1 B Ak 4 R B % ol e 4T DAk
01 F I P, A T T 2 B T SO AT AR AL,
s EATPLEL, AR5 AT UG A Bk S B (1) 1R
AT EAL TV, Rk R 2 ANy sl E ) gy S
o e I H Bk

4 HMRREE

TR FRIHEC TR BRI L, S B 7K™
FRIE AL AR K A S SRS AL A B, ek T PR B K
PEIRTH T R WA MR, SEBLAGT IR G AT
FRo R A TR X KSR, TR
P S5 R AR A 100 B IS A SR DU SRS 40 A T 4%
ERLN AR B, XL E PR IE A DR K B AR KR
D ELHERR, WERJ5 K™ iRV E 1 32 24k d
ABCEM S TP S i A O, Al Rk T A
KHEEHARAL, A H IR, BN TAFER AR &
TR RSP LG N TSRS F AL e i R 4
Chpe ks RR, FCEAE, AR T AL,
T SR AE B K 7 S YR o i AGr I vk A
M EARBAE LR JLANJT 1 -

D SRS R =, AP,
37 e e A 00 s

20 BRI T 3, AT ASE LTS 57 S i i
g, AR A TR SR I, R I A R
7 K B A A AR A A FREIR B, I HLA] A B 2 A
BEHUSEBLZWI 3D AR, DLt b e
R o

3) BRINESRRI A S AE B AT R0 S
R G SEE S i AR K B AT R
REZMESSHN AR ST, W2 i
IR AR AR AR BRSO, B 7 B W I 7K
PEENIIE RSO, KRB R . RIR
TR 17 I 1) B (A AR

4) FRINERCRIT S, B AR AR R K
J&, ULRIER M s iyt — 4wy, PR S
SER IS BT A S A RT3 R0/ i A A
F7BN 1, AR AT B 2 (K I [R5 0K 7 Sl 0 () 4 e AT
FA, w17 AR T 2K R

5) ISR, R R BEAT AP
R i o SR B T SHUSRIBOR 7 b Ak AR P £
SREEAH R ARFAL 0 5, JFREAT E A, B4R
AR BRI e e e B v, SRR VP Al 7
W, R T N R I P UOEA  sh t, HOAE RTS8
—E AR ERE AT AT Y, RS TN RN 5
Mg, SR R AN 2, S I 45 Rt 2 — 3
DIEPP O btz L, PP 8 R A E . 55— T, 8™
ShYIRE i B GOE SXAE ATHEENL,  arseBL I, R
UEAE b (AT AR HESNE , DLOERESEARL I 70 I 22, 1y



%15 3

BOEAS T oSS I S AL e s ik S it S U £k 7

TR T BAERE TR VN AR K — 2

6) W AN S, BEIL 20 ZERKTIK™E)
DAL SEAS I (K [ A SMIE ST, ASHE A B SRR SE B A
ST A B I R B L il v AU A
BT KPS 2 K PR EE T
s P USRS PP 45 2 A T5 T . BTN S AR EE T
ANTE] AR B AR B AR, IR R B T HAR SR K
FEEN), MR UL BEAE . SO0 AN SR AR A
A E R LR ARA NI E R, AU BT IR R
(RIMEFR s DA A R A b T, AT ) T R B
I T A RE BRI A B4k o A LR

PRI, AE/K = RIS B TS SE H AR AE 7K™ 3
PR SE T A I BAT W R BOR LS, RSB T
SIS PR BN A TR 22 VAR BRI P2 10 F S A RS 417K
PIIRH IR . AL, TR, KB A
BOARMEAE ZAFAF IR R, 0 Lo S A G 1= 2k
BUHLYE 7K FREHIA 10 2 AR VRS T S LA B AR
FEA T S AAGLIN N H HOEAF AR — S A LA R BR Y
T — 2R 5 Pk

DI E ST P o V1 5 2 N A A B s i N/ 7 8
SHFERCS R, KPS EY) 2 REERE T HRIE
(Y53 2 22 A RBAIL TS o FLIR]— K= 2/ A ) (s T |
b BAE B Fr R BRI AEAVS A, X4y 1 B 1
AVEFAESR IR TARK MR A, o b PO SR LR T
W R Bt SrHRCAB YRS _E (K AR 22 572
—REARHE R, IFH, BIEER Tl — BRI (1 [
H 3 RN 51y 77 1) BROAT S e s n T R Ak B 52
ZRPE, SR T R R AT SR R,

2) BEREET-BON TR AT 2 S A I A AR L 1
A RRG o 2 BT IR AE T DR i i R 1 BEAR K
A A NEATI, REEMZIEIRIHEL, EYEE. fLiX
i LA SRR, fAE AaN iR, VR B AT
JaiFRPEAE ) . RIMEAT BRI SN ST RE T E SRR IR 8
N REETIE, Hd Ot GREAMBSE) | KR
G BRI A5 ) PR B I HUIR 31 25 1 22 3R 1K 5%
Wiy, AL ERAEAEME PRI, XL AR, R AESE
R, KORIEIN T B PIAL B JSE,  AE 450 T 3 B 0t
G0 TS 52RO B YU A o BAR PR 3, S8
o EIPY,

3) VRl A TR AR 47 S UL S O ARG U 11 T
o VEZRBAGE S BIER, SR)E A e = T
SRR B BAEAT A B AT, Bt K AR BN A ik
18, SR SRS R R T LA R I BRI N A
7 I B, 5340, AERERRAERT ) F B
REFESEIEANGG w5l M T4, X WM T4
LA BRKIAERL, HEOK T 57 Bl AN R4 o

4) HAr, SEFrHSPLLE i B sh s 2 1 ity
KT S (R ALt SRS 5 i Xk G PAY S SRR (K B
B LB e FEDPAL < AR G5 T A > AR bR, AE A
PR EAFAE M v, AR AL, ARMESEHLN

K7 B SE FOREAN R B B AN RE L AN R EESR 1) 42
T AT o

I, AERKIK T S vt SR SE R I BT 5T
7 T NATFSUE T KR BRI B 2R 4 LA
AT SR O A BRG] ARG E AN RE T, LA
THRABEE T R RIS ST SRS 1 P A i
P50 BN AE SR USSR B WCH 5t 8 BhAE R0,
AR BB 22 S A 8. 5y — T A A5 2t —28
9 B AL EMGERE. A RO, A3 U 38
LR A B 53 9003 M S A O A AR IRE AR BT I, S B
MBI 73 SRR HL Y F B AL B SEE BT 5 RS MR
TELE A B ARTY . G, T S K = S Ak,
I difn. A iR s, B Dt
RIS T NP URAR ) &5 % NI EIPI AL 15 AL S5 % NI St A
L NN SR | R i d U Es & NTHE SRV IR SRS
S PR B . BB R AR AR BRI
SRR P A S T S LA B A AE 7K™ AU N 1) 73—
P JEFAH s IXANDURT I I AN A R4 PSR I — i S dE AT
ARSI A e AL 0 5 SR AR B WL PN AE AR, B v I AR ¢
R, Sih, el TR HAME B TR
BE, BRGNS AL, JF B S SCHUE B
A, e RO BUE B, S i KRG
WIvE, AMORAIESFRIE . g7, . L. SHESS
W gt o, U LB T2, e
PR, B R B A A

5 % i

gi EPA, BT S LG IR K Sh PG TN &R 4t
TRARE TGRS G TARTE H AR R R
P, AL bR E . RRARE R S R AL R A
SRR SN, BRI K 3 B G AT Ak B
G, SEDL RN HER SR EOK P S AR RGT
PR AP SRR R, DU T K™ IR B AN A B 5
I 1A A B R R AR RS DL, S 2R KRG AR
Ja RV E . B ARSI T B L, KPS SAL
PR BE S I A AT IV R R Uy 3 S T
57~ RTINRERE R A BB AR B O A
R — M ER BRI ELE, B RN
FI SRS QA FRA [ R BB, X A TR AL RTK
77 A PR A BB OR i AT AR G R B T 5. H2 1%
IR IRIE A S RFRPE AR, DL sz L B . EIR
Kb BEERAEAT HORSE ARG, H AT A7 AR 1R T R 4
R Z AT IR E B, FER DL . KSR T
AR FEPESE T I3 AN BEWE AL SE P AP I T 2, AR E
BOARAMEBAK IH 5 L3 D IR AT e Bk fi
B v AR U 3 2 MRS FEE 1A BSE A R A R By b it
BIFFE, Tna 9 30 A RE L 1K) 45 B8 B e S 2 Sl BRI B 5T
AR A v RS W 4 SR e L R P A AT 245 R
il £ HAR ITBIE TS5 HORE I AR OK TT K7 s 4 i e
ST7AL AR A S TR I ORI ST R



8 AL TR (http://www.tcsae.org) 2015 &
(B £ x ] for remote measurement of length and mass of larval and

[1] Ffizy, TR, B, 2 FREwLZ DGk juvenile fishes[J]. Aquaculture, 2002, 209(4): 369—377.
] REAM, 2012(1): 15—17. [19] Viazzi S, Hoestenberghe S V, Goddeeris B M, et al. Automatic

2] RE. TSR ARLE K= J0 T (N 0], Wi mass estimation of Jade perch Scortum barcoo by computer
VB EIREIEIG, 2008, 27(4): 439—443 vision[J]. Aquacultural Engineering, 2015, 64: 42—48.

Zhu Congrong. Application of computer vision technology in [20] Z}‘?n B, Shklyar A, Karplus I. S.ortu‘lg ﬁSh. by computer
aquaculture[J]. Journal of Zhejiang Ocean University: vision[J]. Computers and Electronics in Agriculture, 1999,
Natural Science, 2008, 27(4): 439—443. (in Chinese with 23(3): 175187, . N

English abstract) [21] Alsmadi M K, Omar K B, Noah S A, et al. Fish recognition based

[3] Hong Hanmei, Yang Xiaoling, You Zhaohong, et al. Visual on robust features extraction from color texture measurements
quality detection of aquatic products using machine vision[J]. usmf% back-propégatlon classifier(J]. Journal of Theoretical and
Aquacultural Engineering, 2014, 63: 62—71. Applied Information Technology, 2010, 18(1): 11—18.

ien N 1At T S A [t T 22] Alsmadi M K, Omar K B, Noah S A, et al. Fish recognition

4 ZIN I ’ IiYI:A:\‘ . I_l i Z = X R 71-’\_ [ ? ’ . ? .

4] ;i S i Kjf*f* ﬁ,:;ﬁﬂ?émﬁf;%}iﬂgim& based on robust features extraction from size and shape
Ning S§1E1r]1 Li Qiang %Yan;; Wenz’hi ((}rz:b of con';our of measurements using neural network[J]. Journal of Computer

’ ’ Sci , 2010, 6(10): 1059—1065.
target objects and measurement of their perimeter with 2 Ecu?n:; . {}\EIA( ) e, A LTS K
computer vision system[J]. Transactions of the Chinese [23] éﬁiﬁ ,51/[1 i P N PRILIRIZK PP
Society for Agricultural Machinery, 1996, 27(2): 44—49. (in LERE Eﬂu'ﬁ“[ﬂ. Zzik%‘h%*&’ 201,2’ .28(16): 153— 1,57‘
Chinese with English abstract) Wang Wenjing, Xu Jianyu, Lii Zhimin, et al. Weight

(5] BERKI. BerPRAmm M), Jest: r DAL, 2007 estimation of underwater cynoglossus semilaevis based on

[6] Tim Morris. Computer VISIOH /a;1 d Imace Processi,n [M]. machine vision[J]. Transactions of the Chinese Society of
London: Palérave I\I/)I acmillan. 2004 g gLV Agricultural Engineering(Transactions of the CSAE), 2012,

[7] Klimley A P, Brown S T. Stereo photography for the field 28(16):, 153—157. (in Chinese with English abstract)
biologist: Measurement of lengths and three-dimensional [24] Spamgmato C Chen-Burger Y‘ o, Nada.rajan G, et .al.
positions of free swimming sharks[J]. Marine Biology, 1983, Detectmg,' tracking and cc.)untmg fish in .IOW quality
74(2): 175— 185 unconstrained underwater videos[C]. Proceedings of 3rd

[8] Boland G S, Lewbell G S. The estimation of demersal fish i‘terll_la“f’nal gonfriﬁcﬁsil; C(é(";é’(‘;;z XE‘;‘; OTheory and
densities in biological surveys using underwater television pp cations, Setubal: ) ? ) ’
systems[C]. Oceans Conference Record, New York: TEEE, [25] Hsiao Y H, Chen C C, Lin S I, et al. Real-world underwater
1986: 9— 13 fish  recognition and identification, using sparse

[9] Strachan N J. Recognition of fish specics by color and representation[J]. Ecological Informatics, 2013, 23(9): 13—21.
shape[J]. Image and Vision Computing, 1993, 11(1): 2—10. [26] Zheng Hongyuat.l, Zhang Rong, S.(ang Chunwel, ot al. A

[10] Arnarson H. Fish and fish product sorting[C]/ Pau L F method for real-time medaka (Oryzias latipes) detection base
Olafsson R. Fish quality control by machine vision NeV\; on machine vision technology[C]// CDMMS 2013. Advanced
York: M .lD Kker. 1991: 245 26}]1 ' Materials Research. Zurich-Durnten: Trans Tech Publications

ork: Marcel Dekker : —261.
’ Ltd, 2014, 442: 494—500.

[11] Dunbrack R L. In situ measurement of fish body length using . .
perspective-based remote stereo-video[J]. Fisheries Research, [27] z:::i;gueﬁ,o Is)ieztzegsll} i;’s::\;?éz ;1 th’alflzs?Jlj SAtZLZZu‘ll‘:S:a(;
20006, 82(1/2/3): 327-331. L ) B '

[12] Odone F, Trucco E, Verri A. A trainable system for grading Engineering, 1993, 16(1): 393 —402. ) . .
fish from images[J]. Applied Artificial Intelligence, 2001, [28] Costa C, Loy A, Cataudella S, et al. Extracting fish size using
15(8): 735—745 ’ dual underwater cameras[J]. Aquacultural Engineering, 2006,

[13] Zion B, Alchanatis V, Ostrovsky V, et al. Real-time 35(3): 218—227. .
underwater sorting of edible fish species[J]. Computers and [29] Torlsaw'a 8, Kadota M, Komeyama. K, f,:t al. A 'dlg%tal
Electronics in Agriculture, 2007, 56(1): 34—45 stereo-video camera system for three-dimensional monitoring

[14] Hufschmied P Fankhallser "l’" Puéovkin D Automatic of free-swimming Pacific bluefin tuna, Thunnus orientalis,
stress-free sorting of sturgeons inside culture tanks using zjltzur.eii();n_al ?;t cagelJ]. Aquatic Living Resources, 2011,
image processing[J]. Journal of Applied Ichthyology, 2011, (2): ' . . .
2702): 622—626 [30] Kato S, Tamada K, Shimada Y, et al. A quantification of

) ' . . Idfish behavi i i .

[15] Strachan N J C. Sea trials of a computer vision based fish go }(11 IS_ bleBav1.orR by a}rll 11913?; 0 rijgc.ezslufs Ssystem[J]
species sorting and size grading machine[J]. Mechantronics, ¢ aYloura rain Research, ’ ( ): o
1994, 4(8): 773—783 [31] Shortis M R, Ravanbakskh M, Shafait F, et al. A review of

[16] Whit; D ‘J Svellinéen C. Strachan N J C. Automated techniques for the identification and measurement of fish in

(18]

measurement of species and length of fish by computer
vision[J]. Fisheries Research, 2006, 80(3): 203 —210.

Harvey E S, Shortis M R, Stadler M, et al. A comparison of
the accuracy of measurements from single and stereo-video
systems[J]. Marine Technology Society Journal, 2002, 36(2):
38—49.

Martynez-Palacios C A, Tovar E B, Taylor J F, et al. Effect
of temperature on growth and survival of Chirostoma estor
estor, Jordan 1879, monitored using a simple video technique

underwater stereo-video image sequences[C]// Videometrics,
Range imaging, and Applications XII; and Automated Visual
Inspection. Bellingham: SPIE, 2013: 8791.

Ruff B P, Marchant J A, Frost A R. Fish sizing and monitoring
using a stereo image-analysis system applied to fish farming[J].
Aquacultural Engineering, 1995, 14(2): 155—173.

Cootes T F, Taylor C J. Data driven refinement of active
shape model search[C]. Proceedings of 7th British Machine
Vision Conference, Edinburgh, UK, 1996: 383 —392.



%15 3

BO®Ias: T T SEALLSE A S L e 5 LD T 2Rk 9

[34]

[36]

[40]

[42]

[43]

[44]

[46]

[47]

(48]

Tillett R, McFarlane N, Lines J. Estimating dimensions of
free-swimming fish using 3D point distribution models[J].
Computer Vision and Image Understanding, 2000, 79(1):
123—141.

Lines J A, Tillett R D, Ross L G, et al. An automatic
image-based system for estimating the mass of
free-swimming fish[J]. Computers and Electronics in
Agriculture, 2001, 31(2): 151—168.

Chan D, Hockaday S, Tillett R D, et al. A trainable n-tuple
pattern classifier and its application for monitoring fish
underwater[C]. Proceedings of the 7th international
conference on Image Processing and its Applications.
Stevenage: IEE, 1999: 255—259.

Mahmood A, Khan S. Correlation-coefficient based fast
template matching through partial elimination[J]. IEEE
Transactions on Image Processing 2012, 21(4): 2099—2108.
Dios ] R M, Sema C, Ollero A. Computer vision and robotics
techniques in fish farms[J]. Robotica, 2003, 21(3): 233 —243.
Viola P, Jones M. Rapid object detection using a boosted
cascade of simple features[C]. Proceedings of the 2001 IEEE
Computer Society Conference on Computer Vision and
Pattern Recognition (CVPR), Kauai Marriott, Hawaii, USA,
2001(1): 511—518.

Mehdi R, Mark R S, Faisal S, et al. An application of
shape-based level sets to fish detection in underwater
images[C]. Proceedings of the Geospatial Science Research 3
Symposium. CEUR-WS, 2014 1307: 1—09.

g, BRI, S FET LA LR BOR K
TR R[] Aok TR %Tlx, 2011, 27(2): 350—354.
Zhang Zhiqiang, Niu Zhiyou, Zhao Siming, et al. Weight
grading of freshwater fish based on computer vision[J].
Transactions of the Chinese Society of Agricultural
Engineering(Transactions of the CSAE), 2011, 27(2): 350—
354. (in Chinese with English abstract)

Tidd R A, Wilder J. Fish detection and classification system[J].
Journal of Electronic Imaging, 2001, 10(1): 283 —288.

Otsu N. A threshold selection method from gray-level
histograms[J]. IEEE Transactions on Systems Man &
Cybernetics, 1979, 9(1): 62—66.

Cardin S. Advances in morphometric identification of fishery

stocks[J]. Reviews in Fish Biology and Fisheries, 2000, 10(1):

91—112.

Loy A, Busilacchi S, Costa C, et al. Comparing geometric
morphometrics and outline fitting methods to monitor fish shape
variability of Diplodus puntazzo (Teleostea: Sparidae)[J].
Aquacultural Engineering, 2000, 21(4): 271—283.

dife, KUBrE, AR, A& D EOARN E 6765 i
RIMARIIHED]. ol B, 2008, 35(4): 12—15.
Meng Zhen, Liu Xinfu, Lei Jilin, et al. A new method for
measuring surface area of flatfishes by digital technology[J].
Fishery Modernization, 2008, 35(4): 12—15. (in Chinese
with English abstract)

Costa C, Scardi M, Vitalini V, et al. A dual camera system
for counting and sizing Northern Bluefin Tuna (Thunnus
thynnus; Linnaeus, 1758) stock, during transfer to
aquaculture cages, with a semi automatic Artificial Neural
Network tool[J]. Aquaculture, 2009, 291(3/4): 161—167.
Cadieux S, Lalonde F, Michaud F. Intelligent system for
automated fish sorting and counting[C]. International
Conference on Intelligent Robots and Systems (IROS).
IEEE/RSJ, Takamatsu, Japan, 2000: 1279—1284.

[49]

[52]

[53]

[54]

[55]

[62]

JIMG, WEiEE, JEKIL, AR BT LSRR KA
LRI BRI &SP, 2012, 28(6): 164—167.
Wan Peng, Pan Haibing, Long Changjiang, et al. Design of
the on-line identification device of freshwater fish species
based on machine vision technology[J]. OOD & Machinery,
2012, 28(6): 164—167. (in Chinese with English abstract)
Zion B. The use of computer vision technologies in
aquaculture-A review[J]. Computers and Electronics in
Agriculture, 2012(88): 125—132.

Mathiassen J R, Misimi E, Bonde M, et al. Trends in
application of imaging technologies to inspection of fish and
fish products[J]. Trends in Food Science & Technology, 2011,
22(6): 257—275.

Balaban M O, Chombeau M, Cirban D, et al. Prediction of
the weight of alaskan pollock using image analysis[J].
Journal of Food Science, 2010, 75(8): 552—556.

Beddow T A, Ross L G, Marchant J A. Predicting salmon
biomass remotely using a digital stereo-imaging technique[J].
Aquaculture, 1996, 146(3): 189—203.

Harvey E, Cappo M, Shortis M, et al. The accuracy and
precision of underwater measurements of length and
maximum body depth of southern bluefin tuna (Thunnus
maccoyii) with a stereo-video camera system[J]. Fisheries
Research, 2003, 63(3): 315—326.

Glimiis B, Balaban M O. Prediction of the weight of
aquacultured rainbow trout (Oncorhynchus mykiss) by image
analysis[J]. Journal of Aquatic Food Product Technology,
2010, 19(3/4): 227—237.

Mathiassen J R, Misimi E, Toldnes B, et al. High-speed
weight estimation of whole Herrin (Clupea harengus) using
3D machine vision[J]. Journal of Food Science, 2011, 76(6):
1—7.

M, EESRE, BT, S5 AEERUES EIR AR AT 1)
IIATEERL[T]. zumﬂf" }E( 2012, 28(12): 288—292.
Liu Wei, Tan Hequn, Huang Dan, et al. Distribution models
of mass and sectional area of silver carp along Iength[J].
Transactions of the Chinese Society of Agricultural
Engineering(Transactions of the CSAE), 2012, 28(12): 288 —
292.(in Chinese with English abstract)

Zion B, Ostrovsky V, Karplus I, et al. Ornamental fish mass
estimation by image processing[R]. Bet Dagan: Agricultural
Research Organization, 2012.

Fulton T W. The rate of growth of fishes[R]. Twenty-second
Annual Report, Part III. Edinburgh: Fisheries Board of
Scotland, 1904.

Liang Y T, Chiou Y C. Machine vision-based automatic raw
fish handling and weighing system of Taiwan tilapia[C]//
Chien B C, Hong T P, Chen S M, et al. Next-Generation
Applied Intelligence. Berlin: Springer, 2009, 5579: 711—720.
TR, M, XS BTSN ) £ A e I R
FEBA T[], RHULATEFT, 2006(6): 140—152.

Xu Jianyu, Jlang Xionghui, Liu Ying. Quantifying the fish
skin darkness using computer vision[J]. Journal of
Agricultural Mechanization Research, 2006(6): 140—152. (in
Chinese with English abstract)

B, JERAE, XITRG AR FET UL AR S B x)
RO I EIRI]. R TR, 2012, 28(10):
189—193.

Li Xian, Fan Liangzhong, Liu Ziyi, et al. Preference habit of
juvenile turbot for different color backgrounds based on
computer vision[J]. Transactions of the Chinese Society of



10

Ak TFE243R Chttp://www.tcsae.org)

2015 4F

[63]

[66]

[67]

[69]

[74]

(73]

[76]

[77]

Agricultural Engineering(Transactions of the CSAE), 2012,
28(10): 189—193. (in Chinese with English abstract)

Wallat G K, Luzuriaga D A, Balaban M O, et al. Analysis of
skincolor development in live goldfish using a color machine
vision system[J]. North American Journal of Aquaculture,
2002, 64(1): 79—84.

Giimiis B, Balaban M O, Unliisaymm M. Machine vision
applications to aquatic foods: A review[J]. Turkish Journal of
Fisheries and Aquatic Sciences, 2011(11): 171 —181.

Majid D, Seyed S M, Migueldela G. Application of
machine-vision techniques to fish-quality assessment[J].
Trends in Analytical Chemistry, 2012, 40(Supp.): 168—179.
Misimi E, Erikson U, Skavhaug A. Quality grading of
Atlantic salmon (Salmosalar) by computer vision[J]. Journal
of Food Scicence, 2008, 73 (5): 211—217.

XUBEHE, PhEIh, Bz, A SR EHRAEBEEARS fh A
FERGUALFITHRI]. Rl TFESAR, 2005, 21(6): 118—121.
Liu Xing giao, Sun Yukun, Zhao De’an, et al. Monitoring
and predicting the health condition of fish using image
processing technology[J]. Transactions of the Chinese
Society of Agricultural Engineering(Transactions of the
CSAE), 2005, 21(6): 118—121. (in Chinese with English
abstract)

EEZ. SRR A R ERER IR D], dbat: P E%K
MR, 2009.

Wang Yan. Study of the Feature Extraction Algorithm for the
Images of Sick Cyprinidae Fishes[D]. Beijing: China
Agricultural University, 2009. (in Chinese with English
abstract)

Park J S, Oh M J, Han S, et al. Fish disease diagnosis system
based on image processing of pathogens' microscopic
images[C]. Proceedings of Frontiers in the Convergence of
Bioscience and Information Technologies, NJ: IEEE, 2007:
878 —883.

Hu Jing, Li Daoliang, Duan Qingling, et al. A fuzzy C-means
clustering based algorithm to automatically segment fish disease
visual symptoms[J]. Sensor Letters, 2012, 10(1): 190—197.
DUURHR. [ A At A B A R JE IR LG 23T ], BRAR R
WAE &, 2011, 26(12): 20—24.

Gong Muge. A comparative analysis of development status of
fisheries informatization at home and abroad[J]. Modern
Fisheries Information, 2011, 26(12): 20—24. (in Chinese
with English abstract)

Merz J E, Merz W R. Morphological features used to identify
chinook salmon sex during fish passage[J]. The Southwestern
Naturalist, 2004, 49(2): 197—202.

Zion B, Alchanatis V, Ostrovsky V, et al. Classification of
guppies’ (Poecilia reticulata) gender by computer vision[J].
Aquacultural Engineering, 2008, 38(2): 97—104.

King A E. Determination of Bank Rockfish Age and Growth:
A Comparison of Traditional and Computer-aided
Techniques[D]. California: San Jose State University, 1993.
Robertson S G, Morison A K. A trial of artificial neural
networks for automatically estimating the age of fish[J].
Marine and Freshwater Research, 1999, 50(1): 73 —82.

Fablet R, Josse N L. Automated fish age estimation from
otolith images using statistical learning[J]. Fisheries Research,
2005, 72(2/3): 279—290.

Xge . HeTGevt2g 2 AR R A TS [D]. Rig: R
HELTORSE, 2008.

Liu Ting. Research of Fish Age Estimation Using Statistical

[78]

[79]

[80]

[81]

(84]

[86]

[87]

[89]

[90]

Learning[D]. Tianjin: Tianjin University of Technology,
2008. (in Chinese with English abstract)

Britton J R, Blackburn R. Application and utility of using
otolith weights in the ageing of three flatfish species[J].
Fisheries Research, 2014, 154: 147—151.

Tayama I, Shimadate M, Kubuta N, et al. Application for
optical sensor to fish sorting[J]. Reito (Tokyo) Refrigeration,
1982(57): 1146—1150.

Strachan N J, Nesvadba P A. Fish species recognition by
shape analysis of images[J]. Pattern Recognition, 1990, 23(5):
539—544.

RA, BB, WoR, E ETBIHIMC SR
BLEIR AR A Fp 2 URURI[T]. RME TFE2ER, 2014, 30(16):
312—319.

Wu Yiquan, Yin Jun, Dai Yimian, et al. Identification method
of freshwater fish species using multi-kernel support vector
machine with bee colony optimization[J]. Transactions of the
Chinese Society of Agricultural Engineering(Transactions of
the CSAE), 2014, 30(16): 312 —319. (in Chinese with
English abstract)

Castignolles N, Cattoen M, Larinier M. Identification and
counting of live fish by image analysis[C]. Image and Video
Processing 11, Bellingham: SPIE, 1994, 2182: 200—209.

Hu Jing, Li Daoliang, Duan Qingling, et al. Fish species
classification by color, texture and multi-class support vector
machine using computer vision[J]. Computers and
Electronics in Agriculture, 2012, 88(Supp.): 133 —140.

Lee D J, Archibald J K, Schoenberger R B, et al. Contour
matching for fish species recognition and migration
monitoring[C]. Applications of Computational Intelligence in
Biology, Heidelberg: Springer, 2008: 183 —207.

Alsmadi M K A, Omar K B, Noah S A, et al. Fish
recognition based on the combination between robust features
selection, image segmentation and geometrical parameters
techniques using artificial neural network and decision tree[J].
International Journal of Computer Science and Information
Security, 2009, 6(2): 215—221.

Chomtip P, Pimprapai L, Waranat K, et al. Thai fish image
recognition system[C]. The Proceedings of International Joint
Conference on Computer Science and Software Engineering.
Bangkok, Thailand, 2012: 115—120.

Mathiassen J R, Jansson S, Veliyulin E, et al. Automatic
weight and quality grading of whole pelagic fish[C].
Proceedings of NFTC International Technology Conference,
Trondheim, Norway, 2006: 101 —107.

e, R, kM, SR KRB R RS AR
TR, AR, 2015, 46(7): 251—263.
Hu Jinyou, Wang Jingjie, Zhang Xiaoshuan, et al. Research
status and development trends of information technologies in
aquacultures[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2015, 46(7): 251—263. (in Chinese
with English abstract)

BHR, EEY, B, & BN BRI AR A
PR RHUEHESE, 2009, 31(12): 228—232.

Li Zhaodong, Cui Guoxian, Sheng Chang, et al. Application
of computer vision technology in agriculture[J]. Journal of
Agricultural Mechanization Research, 2009, 31(12): 228 —
232.(in Chinese with English abstract)

AR, TS, B DS o (ST
X1 RHULITFE, 2014, 36(3): 206—211.

Diao Zhihua, Wang Huidan, Wei Wei. Summary of research



5 15 3] BOEAS T oSS I S AL e s ik S it S U £k 11

on machine vision application in agricultural production[J]. Mechanization Research, 2008(6): 240 —241. (in Chinese

Journal of Agricultural Mechanization Research, 2014, 36(3): with English abstract)

206—211.(in Chinese with English abstract) [92] W75, BE W, DM 35 R S SOUCHAS I o T3k [T, Wi
(911 &8, Edh PRI EARTE RN P BN H[I]. &AL TERZE 2R Rl 5 A RHEAR, 2010, 36(2): 199—206.

TEIFSY, 2008(6): 240—241. Cheng Fang, Liao Yitao, Ma Junwei. Research development

Lu Min, Wang Hongkun. Application of computer visual on nondestructive determination of pork quality[J]. Journal of

technique in agriculture[J]. Journal of Agricultural Zhejiang University: Agriculture & Life Science, 2010, 36(2):

199—206. (in Chinese with English abstract)

Review on visual characteristic measurement research of aquatic animals
based on computer vision

Duan Yan'e'?, Li Daoliang™?*, Li Zhenbo'?, Fu Zetian**

(1. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China;
2. College of Computer and Information Engineering, Beijing University of Agriculture, Beijing 102206, China;
3. Beijing ERC for Internet of Things in Agriculture, China Agricultural University, Beijing 100083, China;
4.College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: In aquaculture, visual attribute information of aquatic animals is the basis of determining growth condition, feed
conversion, medication dosage, harvesting date and grading for aquaculture farmers and managers. For improving the quality
of aquatic products, the automatic and non-destructive measurement of visual attributes is becoming more and more important
in modern fishery. For decades, computer vision, as a non-destructive, rapid, economic, consistent, reliable and objective
inspection tool based on image analysis and processing with a variety of applications, has been gradually used in visual quality
detection of aquatic animals. Quite a number of researches have highlighted its potential application in aquaculture.
Underwater or overwater video/image measurement systems based on image processing technologies have been used widely
for automatically counting and measuring fish in aquaculture, fisheries and conservation management. However, the
application of computer vision technologies in aquaculture is very challenging because the inspected objects are sensitive,
easily stressed and free to move in an environment in which lighting, visibility and stability are generally not controllable, and
the camera must be operated underwater or in a wet environment. This review updates and summarizes recent representative
researches and industrial solutions proposed in order to evaluate the general trends of computer vision and image processing in
the visible range applied for inspection of aquatic animals. On the basis of introducing the mode of operation and the
components of a computer vision detection system, this paper presents a review of the overseas and domestic research status in
visual attribute measurement of aquatic animals according to inspection tasks that are common to almost all visual attribute
detection systems of aquatic animal: measurement of size and shape parameters, estimation of mass and quantification of color,
etc. Specially, the techniques involve in computer vision detection system used for the improvements of data acquisition
environment, accuracy of object detection and contour extraction, and the measuring results are analyzed in detail, including
the consideration of image acquisition method and mode, the development of fish detection and feature points definition
algorithm, as well as the study about feature computation method and mass prediction model. In addition, the comprehensive
application of computer vision detection technology in aquatic animals is also discussed, including disease diagnosis,
identification of species, detection of gender and age, as well as grading and sorting of fish. The objective of the review is to
highlight the development of computer vision systems, image analysis and processing approaches in aquaculture and analyze
the advantages and limitations of current computer vision detection systems which have made some progresses, but have not
matured into a useful tool in aquaculture. Considering the overall trends, we propose some future research directions of the
computer vision detection systems for aquatic animals, including the technology of image acquisition in natural underwater
environment, complete process of fish detection and contour extraction, seamless integration of modules, as well as the
technology of multi-information fusion. With the future development in these areas, computer vision detection technique may
achieve higher accuracy and efficiency, and wider application in visual quality detection of aquatic animals.

Key words: aquaculture; computer vision; vision; measurements; image processing; quality detection



