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Study on Color and Shape of Krill, Euphausia sp.

Fujio KOBAYASHI*, Masatake OKAMOTO', Hajime TSUBOI*, Motoo TANAKA*

and Takashi OZEKI*

ABSTRACT

Recently, the automatic work equipment and the information communications equip-
ment, etc. are being introduced in the field of the agriculture fishery industry to improve
mechanization and the quality, and to use the resource effectively. In obtaining, fishery
industry’s freshness of marine products is important. Marine products captured for that are
selected at efficiently, and high speed. In addition, the automation of the selection is hoped
for to use marine products effectively. Fish’s outline is extracted as fish kind selection device
with an image processing device so far. And, the selection method is examined. However,
an enough identification result is not obtained for the same kind of fish only by the method
by this shape feature extraction. Then, a basic color of krill was first examined in this
research. Next, the shape characteristic of krill was examined. And, the algorithm by which
only krill was extracted from the sample where krill existed together to the foreign body
was developed applying them.
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Keywords: Fourier descriptors, Image processing, Pattern recognition , Gray level his-
tograms, Statistical data

xL®IZ

EE, BKEZONBCE-TEANML SEOH L,
HEOADAA* B E LT, HEIWEEESECEREE
BBRAELYDEBAREDOLITVES. BFKEERCEH -
TH, KEWRBEXSEECH 220, BELKED
PRHELCEECEFL, BFCASCHAT 52D E
MoEBEARCEETL T w5, K, REEJIESE
LTk, BRLABEBLZH-TRAORBEHME L, B
TEHEERFERT B 1] LAL, T oBREEH
Hick 3R T Tr, ABloBECK LTta sl
HBRABOoh TR EPOF *7T I Euphausia sp.
DI CHBCHRTHER NI SBRE—FETERAEES
i, BRIEEZTD R M EEETSD 5.

20T, KFECRA X7 I i oA AEE LB
RIGEZHES, thrzBEHLT £%7 3L EYREBLE
LTwaRBCENT, AT I0av#HBTT7Ax
VXA LOTCHET S, 2.0, EROEBEH
BOExAKEBCBEL TR, Rz bokarE%x
FAELTH*FT IoBEBERCO>OWTHFERTwS. 3.T
&, PB7—) ik ¥ LFEREBCO TR, £h
bEHAWTAXT IOFOBRFBELFAT3. 4,
TRAFTIoBEBHER L BREFELHTRBEHCT
FTILERYBBEELAERIOFFT I0LHET
BTATY R LECOWTERL TS,

“ERALE TR

TREBERLE T EK



40

2. FFT7IOBEER

AECHBRDCEHEOERYHERL WL L OCHEER
BradstBcBE L ck~%. R, BROBEEeX b
ryo At 20KIBEEACTHET I0BBEREHAS
3. k¥, APFETH256AO RGBRYTERIN
2h7-BEREWMIFE-TwE.

2.1 RAEEZEEH

BEGHESE, BE 7 OBRKME Zpe & &/ME Z 00
toECRORDEISKCE LIS,

S = Zimas — D+ v v ere e (1)

BERER, coks CHEAEETL»YBTER
(&) PLBEENCOBOFICA->TS. LAL,
BESCAEABE@ED ) 4/ X2L/NERBEEDC/ A XD
BEEZ T e w5 REAED 5.

2.2 FHE, hRfE, KEE

EgEOBESTEEITHIFRLLT, UTod0 %
43 BECTFH2ETTEHEZ BECEDO NI »
YohLIECE Dt &, ZohRiChBET 3 HRIE
7 BAOEBRYETREME Z;C°H5. BECX LY
ShpRBLBTEASROEECR, ThHD 3D
DEE—-KT 5. FHECE FBECEIASCHE
+3. LaL, /4 Bk 3BHCHTHEEREHRD
HEGELCT thbKERI LT . TRIEFHLT
ki, BREER, /A XE0BRAEOREEZTIC

¢

2.3 EERE

BEEEm X nDF 4 Y2 AEB g(4,j) BT, B
EROPDLL-10 LEECETEEIAT5 2T 5.
ZOBEZDEAL 7T LR h(Z)CECE, BlREE
cRRDOAD LS5 CEL LI B.

| Lt _
o= mzh(z)(z_z)z ................ (2)

EMEEABELX 7 L0 FHEIALOELDER
HL, TOEERECBELDERAEL, MEETF
BEOF CSHRERT 5.

24 RKE

SEHMBOR Y OEEERTREL LTRESR, K
PRDEXOSIKEZDLND.

e L, vl ROXERHAT 5.

1 L-1 _
”4:mzh(z)(z_z)4 ................. (4)

EHATCR, 4 =3t kbbb REGRELESL K
EBREOHECAERER2HE DD ORYE, BEX Y
SACBWCTFEHEOR Y CaEREFT S L 2EK
T 3.

25 AFT7INDBEER

BEeX I LBLUREAREFRELRH T £ %
TIoEUHEBREAIERET Ao

3F, AXTI0FE AU ERLFARL DK, M1
IS AFTIOHRBREZEDLBBET A ZI AR
SORELCavYEa—2RAHNLL. TDOXSRT4
CEAAERY 00BAELE T4 VX LERDOYA X
12 640 X 480 ERTH 5.

Bl AFT7I0Hr0EKZ
Fig.1 Image only of krills.

ANEBROEYEHRE KD 3 LD ICHERD, BESD,
HEREY (B, FELER BREDEG BRI BLT
3) KREL, TROOBEE X 7T 62RO K
€, TOBBe X V776 blEx AHHELHEL .
MoK Z2DBEELX 7546, £1RLEZOHEHEELZRT.
AP, AEBRCR I00KOERCE LR LEHE 2T
AokB2TH2 tEREAKEREBOL T 5.

ceCR1OMEHED S bEBRELRECHERT
3. EHFEEYrE3EA%T 10 BRYY® RGB &S
DHTRE—BERDE . ChBEH200EBELX 7T
LATCHFETIOBEABODE CALDHBEo>TVD
Aochd coFRE, BEBEOBKCAFT ILEXT

IDTERBCCELENBEL R VI A0REBEOE
WHBCESYRELALDTD S, #oT, &K, E
BAHCAELRFOBRAR, ERLABHCIYI 0D
Lo AR HER-oT LESR. %Y, KERTHED
NEBEr 2+ 77 LA0BEEOBECEEOT -2 1BE



7000

Redscéla x
Green scale =« - ! . . .
6000 |- Bluesgdle e=== L ______J______. PO
5000 -~ H P S S b R
= . . . .
2 ' CroL : :
£ 4000 - - - - - P s I R R S EER R =
(<4 [ ] .-‘. [ . . '
w [ . .
» v - v - . . '
- v - - . '
3000 F- -3 - - e SRRy R R o N S a
- . . . .- . '
.l - .
. .
; . - 2 o . .
2000;’ ''''' A S A T
'y -
s, ' . .
1000 F-- -2t e A AR T
s 'S % . )
et ~ . | .
-,
-
O i X Lo -
o 50 100 150 200 250

Gray level

M2 BEEeXtr7A
Fig.2 Gray level histograms.

£l BEeX 77000800 5HEE
Tablel Statistical data of Gray level histograms.

HEE RE% | GRS | BES
WESfHOBE | 21~255 | 0~222 | 0~201
H S fiF 195 113 39
BHEOEBEE 205 124 43
F il 189.131 | 106.077 | 38.354
R 29.600 | 33.732 | 27.079
R 1.329 | 0.683 | -0.649

BEHEAEN. ZCCHBELEX I LAOBEEOR A
BorsciEET 3t 3. BEEOSG-HARKO R
SRS BBEELT BT ERXbAISB. Lad, R
B BRYORCERRERPE . £, RELZR
5L REABEDET—BEREELHFD. BEBHC
B, RESREHEMEOEBEE 205D h KpmHEPRL
TEY, »OI00 UToBEEAIFERICAI VT LA
BB, BICKH*T I OREEL LTl RS CHCEE
BRATwS. ¥k, CORELX 77 LA0RBKEED
BWEBKRE BRABBREAEZH LT RAEARE VS
BEELBFEBTR» 5.

3. F:7 I OBRISES

KECRPR7 - Y HRBRFEBTEHXT I0BR
SHMEBELYFARS. RO PBy— Y ik F & FEBEH
KowThR 3.

41

31 PE7—YIERF

PR7—V xR+, FE EomiR% BiEHHEBCT
RRTE2FETH B 6] CcOFECREIRS CER
BEVEIND L wSFEEEDE. DTFTTREOPEZ —
YV zRBFLOWTERT 3.

FHE EoBEKEHBEY R, Y LOBRE»LOEX s %
B Lz yBEOEEZIOMEM 2, y2bEE LA
(z(s),y(s)) PEEBL LT, UToks5KcEFC L HRT
%5,

Y = {(z(5),y(5)) : 0<5< Y map} vovrrrreeeees (5)

L, Vi L dGEHE YoeETHE. s RH
[0, Vinae] D% & 523, STEBCHB A% — v OER
B ERICTAS & EICl, sDE% [0, Yme] DHT
BARECEXRIELLAThEAbAW. 22 THLHL®D
UFo ks AHFnERES2&E2, chrHEEHEY ©
ERLE T 3. ‘

¥IF, FBREAB S OEZBIOHmR O 2z — y BEEK
DES5KET

z(1), y(t)
xRS, yRibB#He TIHATFHEELS. ERE

(t=0,1,2,---,n) ~-ooovnn-- ()

2(8) = @(8) 4 JY(E) cwer (7)

(Bl#, BEMA® jCRT) %z —yBE (2(),y))
LE—#T 3. T, BB S 2R LTw54
BooEX YT 5%E,

6 =z(t) — z(t — 1)] (t=1,2,---,n) ------ (8)

th%. rrT, M3CART LS, HNEHE Lo 2
DORT P Z(t)—z(t—1) & 2(t+1)—2(t) D ARTH%E

o REIHHEICH
o XREFHMICIE

cfl-T, 2OHDIER a(t) EBL. EL, a(t) [2F: 1
Y5 2EHEE, RoBHEHTH .

—WSa(t) T e s (9)

BB, a0)E~<27 brz(1)—2(0) L cBALDRTHL
EFHd (M4). BT, coalt) 25 2(t) k87 2RA
LR LT 5.

Ric, mABEK a@t) ¥ A THNBREE S © 2 %=
BOt) ERORXDE S5 CED D

8(0) = a(0) '
{mo:aa—n+am t=12,n—1) (10)



42

Z(t+1)

Z(t)

Z(t-1)

B3 mHat)0EDS
Fig.3 Definition of angular bend a(t).

Z(0)

4 fRffa(0) DEDFH
Fig.4 Definition of angular bend a(0).

CHRITNBERNBEOPERERLEFARLTEHDTH 5.
zzTh(t) ERwT, ERBEBERW() 2ROXD XS
CEDB.

w(t) = exp(j6(t))

s RMRBEROED H b bBHIC DB S L5 I~
7 v A a(t+1) - 2(t) & xEO AT () (K 55H) @,
O(t) & OBBIERBR A TEL

(t=1,2,---,n0) -+eenes (11)

Z(t+l)

o ()

E5 ¢(t) DEDH
Fig.5 Definition of ¢(t).

RE>TROABRIELT 5.

exp(j0(t)) = exp(jé(t))
_ 21+ 1;—z(t) ................ (12)
K1) X (12) poROXER 3.

2(t + 1) — 2(t)

w(t) = S (]_3)

CORRPUEBIS 2 RER 7 — V) = BFT 5 &

[ee]

w(t) = Z agexp(j2mth/n) oo (14)

k=—oc0

Y, TOBET ) R, RoKXoLS5KChks.
n—1
1 .
ay = ; Ezo w(t)emp(_]2ﬂ'tk/n) ............. (15)

CCTC2M+ 1 EoEBE S0 4h 57— ZFHD
BE {ar : |k|<M} 2HFNBEHBSOM ROPB T —
Yy ZERF & 5.

3.2 EHmRE%

PR7—Y iR+, IwhiER® S oF78E), ik
ABRCH L TARETCH B L B> (82
). —%, O BHRSoECELTRRETER
o BB, {ax} 2HHBERB S cxfd 57— Y ZEBF
U, {b} A FNEEE S c HER BB EOELE ¥
BHEULRO7—-)zRHRFET5. T5¢, 2208
iR D[

by = e:cp(j(¢ + k/\))ak ...................... (16)

WO BIRARILT 5. €T, JRHESHEES i
s oBLEE L b CEBRAERTH» 3. 2T,
WHBREBAOMRDO PR7— ) 8k F% {ar), 37
NEREBOMKO PR —) =R T% {b} & L
e, 2 DD NBEHBOLLUEOFHMO 2D To
BAg k BAT 3.

M

E= Y lax—exp(j(¢+ kN))bel? - oooo o (17)
k=—M
C OBIMIC BT, HNIEESSE BBACELAR
REFTHB. T T, FMBIRESBRAL AL LS (C
$EAEHRET B (HRBH). FIHEKE %, BCFo
5 2 HFRERM A ¢ B BT 5 C kR ERT 5.

3.3 FF7IDHWRIEHE

Mo PRy — ) RRF & FMEAKEATE £
TIOBREBEHESSERETR>% ¥, H6iC
FET I OBREBER<3 7A=Y X a0RARER
7. R, TAx) X LoD WTTROFIRT
HLAHHT 3.

23, PR -V IRBTFE2AVETATY X L%2F
B12aoFES5 FTlKRT. Ric, PB7—V iBF
PR, FMAE*FRZTALTY RALCDOWT, FIE
6»bFHE1 0BT 2. R, FIH11»20FH
1 2%BFAKWBREAERDDITATY L LT S.
UFreenboFEE2RT



43

2 [EALE

[5~y > rmem ]

R = I OlkE REER |

BRrEEENOLAFT I 121 2D
RENER & 1B B

B7 %7 I2LSHEBE TR LRER
Fig.7 Image of krills displayed

[wwmemm=— > xpmman |

I Bt~ — U Iﬁﬁl at equal intervals.
[e7 > — v =t 7| FHE6: FIES TR L ZEREBROF— %% PER
' THT
EAMTGRTE 7L DEH | x4 FI7: p BECERE VAT — X RHEHITCT — )
| — TEBL, 210+ 1 HoERRS CHEE D
PRAEE 2 71 5 LT 5 | P#7—) =@ T xEHT 2.

FHES: FH7TERLL, TOPR7— Y iRk

BEEAEE 0D 5545 RIVERR T

Rk EFLDEFON 1 EE2HMET 3. 4,
E e ML e EAHBREF L OBRMEENEL L
I T, TDMOLTOF*T I & T 3.

FIH 1:

I 2:

! !

P HEED0 . 6LLTF | [ fEEE S 0. 621 E | FHO: X (17) OFHEE E B \/D L BB L5 1h, A
EBRE (KL, KERCRFHEIODL AT
| A7 s reT | |- i & A2y W +1EOLTO PR7— ) cRBFELE
L ETHETEOKE HFEE 2HBRL )
e T FME10: FIEH I TRR LU edp, ApER (IT) KRALT

FREE E 2 5HE T 3.
R TA=)XL0RAA 101 FIHE 11 HRGBRET S A RBOST, BoEUEE
Flg6 F].OWChaI‘t Of algorithm 1 f?‘*ﬁﬁ.Fﬁﬁ@%ﬁFm{E%%&a % @‘ﬁ ﬂii;i 6 g
WEN TS EARNBREFLE L

BEZEBCALREF XTI %, T4 %1 THRET 3

AATTRPLT, 3y V2= SCANCT gy 2§10 X 9 HE S 0 FME E 2L E @
3 (XOEREMTICORT. COXSRERE 0.6 Rt b 0 & EAMBRES 2 L BB L%
100 AR L %) FETIEaAT E, LEWEOSLILED
ANLETF 4 VX ABEREHHNDWE (3] 28 bORERAHBREFTALBEAR DB LH
HALT2{E{tERCT 3. W2 (BT 2FHEECL ¥ E2 L

FIH 3:

FIF 4:

FIE 5:

AT ETRS.

WhAERIAX (PhEATI) 2BETSE. Lo

F5ICLCE b AR REER T 5. M8 LRDOFHECR->THREE N ERKNBIKEF

ADFFTI0—FlkRT R8O FT I Z2HAKNE
BREERPOLAF XTI 1D1IO0ERARE  pesril, WTHOF+7 307 <AEE 2% &

BEFT 5. LT, FMBEERICET L RIDL 5Kk



44

B8 ZEAMBREFALOFXXT I 14
Fig.8 One example of basic shape models.
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B, R (1) ¥ mZTBEKBRAEZELES L KORD
L5KChB.

AXFoOR (8) &Y
Z2(t+1) -2t

o(t) = ;
_Z{t+m+1)—Z(t+m)
= —
:w(t_i_m) ........................... (26)

toRO7—) T fHUE, AXFORK (10) X b

n—1
= —jomik
s = n}jw(z)exp_( 2 )

=0

n—1

9
= lZ:w(i+m)exp ( J 7rzlc>
n n

1=0
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_ 1 w(i) exp <—127T(z ~ m)lc)
n <
n4+m-—1 .
_1 w(i) exp (—ijk + ]27rmk)
n n n
o
n

L, A=(E - m)e¥ 5 MCPHB7—) =RdTF
DHED—DL LT, FHAROBLCEL TKROX2E
B b

Elk = exp(j)\k) Qg

2 FHMEEENRNERDI LS00, \ERE
EX-Yib3

HFNBR] A D7 — ) THRE {a;)} O FHCHHHED K

FnboR [ERERT 3. coRECHLTHAENP

At BRERLTwhER (16) 0BHAD 3. % T,

ROBAGRAERILT 5.

am=am€ﬂ):¢+hA(mm2ﬂ -+ (29)
am—am%k) ¢+ kA (mod2m) - .- (30)
(i=2---,0)

Ric, KX (33) X (34) k¢, ACDCTEL. Fich

HER D by — ko | BOREESHEEL S &, RO NE
Hxhs.

kiag; — k;a 2 .

by = [+ T (mod 2m) -+ (31)

Q1 = (kg 27|'p
A= [ - =]

m:kl_kiy sz)la)lml_l

O |m|EDg, A 2K, K (17) D¢ A KRALT
BEE E ¥ BT 54, \EBUET. 5 LFhig
BEAD7— ) R {a)} tFERBEBO7— ) <
BRE {0 1 REBO~yF v 27 h3. T EIC
~yFUrrERBECT DK, MERMTK @KKID
WHIEFHAS.
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Ay=05¢ L, B/ARKMHE[-2°~2°] CBVTHEIER
(17) K RA L CHRHIEE £ %5k 5.
3 FHEMEDL Z\VEDRE

M 9OFME DM X b, FEE %R, £ 0H
Er@c ey b2 HI8D L 5K 3.

Evalution.

B2 18 FHifiE
Fig.18 Evalution.
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