& KEMHE - FEHE #HY R U

FRA Japan Fisheries Research and Education Agency Institutional Repository

o VY A7) DRGNS E R DO T & € T VB
9 % BRI S

E:&: Japanese

HhRE: KEKRER

2NFEHBE: 2024-10-11

F—7— K (Ja):

F—7— K (En): quality evaluation; chromatophore;
color; modeling; auctioneer

fEpkE: E, —B, A, &, KT, Ba, [RE, i, 5UHE,
%38, I5A, iH

X=ILT7 KL AR:

il

https://fra.repo.nii.ac.jp/records/2011883

This work is licensed under a Creative Commons
Attribution 4.0 International License.



http://creativecommons.org/licenses/by/4.0/

I V4% A 1 O FE SV ELRH O FRBT L € TGS BT B RERE I

Fundamental analysis and modeling of a skillful quality evaluation of Swordtip squid
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by an auctioneer

Ichiro Ikeda'", Makoto Nakamura?, Eiji Morimoto?, Kazuki Harada®
Toshimichi Maeda® and Jyun Shimauchi*

Abstract : Knowledge of experienced auctioneer regarding the circulation of marine products is an essen-
tial skill and is necessary for evaluating product quality and managing aspects such as freshness. In this
study, the ability of an auctioneer to quickly evaluate the freshness of fish at fish markets was analyzed.
Evaluation characteristics used by an auctioneer were characterized and analyzed using a fuzzy logic mod-
el. Sixty-two boxes containing 388 swordtip squid (Loligo edulis) with mantles measuring 200 mm that
had been evaluated and assigned to one of five quality categories by an auctioneer were used for the analy-
sis. The relationships between the evaluations of appearance (category), body color, and state of the
chromatophores were statistically analyzed. It was found that a total of four indexes strongly reflected
evaluations of appearance: chromatophore expression on the head, two different chroma states for two
points on the mantle and the difference in the color of the mantle and the head. The fuzzy logic model used
these indexes premise variable for the language rule. The results of both simulations and evaluations de-
monstrated that the model was robust, with the results predicted by the model corresponding with more
than 90% of the quality assignments of the auctioneer.
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CLHTEZHE)AOMMICER L, ZORMHFELH
D AN KEMOMETFES A7 2 2 BETHZ L 2 HIE
L7zo R¥Tid, OIIOE MO BARETHRERELS SV &,
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BB ORI T RSN, BB Z &2 X ) BHD
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i 7 T — L ARG R OEFEN O FEBIRE
OB ERETFEEHOTRITLY, 77 V1 #fiwm©
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209 B39 E ET VOGNS, ¥ 72234 & FHESEERICH
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Fig. 1 ICARKGROBEONERLRT, ThbDHllE
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&SRR 3 83 5 FITREBIER (C3, C4) &
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Table 1 . Constitution of the sample fish

[mean * standard deviation ]

Trunk length Weight Number of samples

Class (mm) (g) (Population/Cases)
1 240.7 = 40.8 248.7 = 73.4 84/13
2 2279 = 24.1 2513 £ 614 80/13
3 2229+ 193 2245+ 340 80/13
4 210.5 = 29.2 2233 * 46.4 82/13
5 207.6 = 234 2124 £ 464 62/10
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Fig. 1 . Measuring points of color on the swordtip squid

Region 1: area (afgl), Region 2 : area (adil), Region 3 : area (dehi)

Region 4 : area (bcjk), Region 5 : area (efgh), Region 6 : area (achl)

Fig. 2 . Chromatophore state analyze regions
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FENAMREOEE (k& Mcje OM) 284 (bejk)
ERE LT M CTHE LS oBLoBFEROBHDK
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ExSHEIAMICHEAT 2@z HNC LR, RESER
B - oREIC & o THBRABHERRIC 2 5 b 0 IRERO
ELLTRARTVEELHIET 5,

Table 3 IZ/R T BF OBIE % FAZEEKICH VW THBISHT
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WIEE) LBVHEELH. EFVOBRHG BEAER
LY AOFH & OA—B0) 135 1O 1HENE 2B,
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Table 2 . Index which confirmed significant differences of population means

Measuring points and indexes

Significant level

Chromatophore on the head ; Region p<0.01
Head (L1-C5) ; b* p<0.01
Trunk {(L1-C1) —(L1-C2)} ; Aa*, AC* p<0.01
Trunk {(L1-CD)—(LI-C3)}; AL* 001
Trunk {(LI-C1)—(LI-C4)} ; ALY, AC*  p0.0l
Trunk {(L1-C2) — (L1-C3)} ; Aa%, AC* p<0.05
Trunk {(LI-C3)— (L1-C4)} ; AE*ab p<o.0l
Trunk — Head {(L1-C1) —(L1-C5)} ; AC* p<0.01
Trunk — Head { (L1-C2) — (L1-C5)} ; AE*ab  p<0.05
Trunk — Head {(L1-C3) — (L1-C5)} ; AL p<0.05

Table 3 . Color of the each explanatory variables (elapsed 1 hour after the auction)

Indexes

Class 1 Class2 Class 3 Class4 Class 5

Chromatophore on the head

460 572

693 542 591

(L1-C1 — L1-C2) ; A C*

-023 -298 272 -0.72 031

(L1-C1 — L1-C4) ; A C*

164 -197 -028 0.15 3.0

(L1-C2 — L1-C5) ; A E*ab

106 120 814 152 118

Table 4 . Color of the each means on the head L1-C5 (elapsed 1 hour after the auction)

Indexes Class1 Class2 Class3 Class4 Class 5
L* 35.0 315 30.8 30.1 31.1
a* 8.35 10.7 12,5 12.9 10.4
b* 4.62 7.18 8.15 8.26 8.41
C* 9.96 13.0 15.0 133 13.6

FA A OFEMIWEEROHEOT VKRB TIE, BHORK
HFHEoEHzbb, PRBVIKBLEL, ZORETIIT
GhARGEROI LS, LKERSL TEEMICHES
DR, W, MEROBMEEICEY, AkEER
B IR U TR A ISR & i, aRlaoR3

RN, BEFLEALTITCBWERHAL %S, Table
LITRTEBY, FEiAEVE 1 HOEE (L1-C5) O
B¥t, HEL*=35.0, A a*=8.35 b*=4.62, BE
C*=9.96& 72 1, fbBE (L* : 30.1~31.5, C* : 13.0~15.3)
EHEBT A LHBELE L, BESEY,
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Table 5 [CFFM OBV 1 BF & fbE: & 0 AE*abDiE
B ERT, RSWRT LBV E 1B LML 0BEAE"
abl34.97~7.64DFHEICH D, TNHOBEDREDEE
filiix, "EL RS (appreciable) ; 75 T&bdHTEL
CE%2 (much); %Y, ZHEZRBLLBEICEIRE
BICE K EBOBVWERZ R TV, 2O E2H6H) AL
ERORPLEEL LTRELRED TV 0 LHRES
ha,

Table 6 \ZHE D A& T 1% 1 R fIREAKF 12 3315 5 IHER — GHER
M {(L1-C2)—(L1-C5)} DBENEEIRT, FHiEiD
K4, SEEOBERE Ja* 3% 4 —8.22, —3.65T, &

BEEAb* T34 —5.59, —3.64& % DibBEL L T
K& hb, 2O s, FHEOENEETIRIEIICEAN
THREOF B BRBOIBABETHIEL 5, Fig. 312
fREoNEFmOBES (L1-C2) LIEE (L1-C5)
L DfE AE* ab DR EALE R, FEMOMKV 454, 5B
DHEFE AE*abl3 & 415.23, 11.75TEVEL LS &
5, FHMlOEWE L FFMOEVEL I LT vwE v
5o £oT, YA OBAMICE T 2BFEROFEIIK
Bz TnELZREL 2 D LHEESINL,

Fig. 4 |[CEESBFROmMEL (FEE5) oML E R
T HEIICBT 2 EFERIIFMERICHECERL, —ER

Table 5 . Color difference of class interval on the head (elapsed 1 hour after the auction)

Class interval

/1 E*ab  Evaluation of color difference

Class 1 — 2 4.97 Appreciable
Class 1 - 3 6.91 Much
Class 1 - 4 7.64 Much
Class 1 = 5 5.85 Appreciable

Table 6 . Difference in color between point L1-C 2 and point L1 -C5 (elapsed 1 hour

after the auction)

Indexes Class 1 Class 2 Class 3 Class 4 Class 5
/L* 2.55 5.13 3.95 10.3 6.54
Zla* 255  -3.17 -354 822  -3.65
/1 b* -1.26  -136  -1.07 -5.59 -3.64
/1 C* -2.12 -3.07 -3.41 -8.63 -4.74
40 . . : : ; ; g ;
| O:Class 1, @:Class 2, A:Class 3, A:Class 4, [I: Class5 rgl()o- Q:Class 1, @:Class 2, A:Class 3, A:Class 4, (J: Class 5 | -
30+ 5 ; 30/ { .
) Lo Mo
— o
I
§ } S ﬁ J
10 — r T
1 B !
g |
. 0|1 112 2I4 4|8 . 0|1 1|2 2I4 4|8
Time [h] Time [h]

Fig. 3 . Changes in color difference between point (L 1-C2)
and point (L1-C5) (mean * standard deviation)

Fig. 4 . Changes in ratio of chromatophore on the head
(mean =+ standard deviation)
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Eﬁﬁ?ét%&uTﬁT%éﬁ%%TéoE%um%&
HET 2 L BERORHOETIEL, HFEEEBL LI
BEOEMITREND, Fig. 4 ITRTEBY, BT
% 1 BRI B e RO ERELIX, F1HT
1346.0% & R TR O, 55 FETIZ59.1% & B
BWEE Zof, UL, 51 BIZ120E A 5 2455 R A
B CIcaEROmBIIITB9EET CLAT S, HICE

20 : T . ;
O:Class 1, @: Class 2, A:Class 3, A:Class 4, [: Class5
= 10_ —
o
*
Q
N ok % % ] u H % ]
-10 1 L L I
01 12 24 48
Time [h]

Fig. 5. Changes in difference in chroma between point (L
1-C1) and point (L1-C4) (mean % standard
deviation)

5EETIE, RRRRNLEEROERSRAONL DOD,
120 FIRGEBREIZIZBB L TWS, 202 kid, FHMEinEw:
B2 CRRNZERROERL EAPRRAD W L 2R
o £oT, BEY ANIEFOBY LOFERWOEBELE b &
EZEET 2 b0EEZ NG,

(b) MREEHN DR

Fig. 5 \ZIEAO 2 SoflEM {(L1-C1) —(L1-C4)]}
DHEZEANC*ORRFEALE R T, 1 RREEERICBVT,
FREEA O 2 moflEsE ((L1-C1)—(L1-C4)| o
# AE*abl3 & TOHTHE.19~10.2F TOEHICH 1,
BEOREFMTL TXbOTELIRLS, LEMTE
o TNHIIRUIMMAICHE NS, BEOEIHE
BIZRZRTVWIDLEZ LND,

Table 7 |ZFAER (L1-C1) & (L1-C4) ¥ ERT,
BT 14 1 BERIRGREC BT 28 5 BRoSNEF IO HIE
B (L1-C1) ofa¥id, Table7 TRT & B Y #EKFM
DEMED L, PRBVWKEOEREET S, THITKHL
THIEM (L1-C4) ofaBIdflEs (L1-C1) &g
TBHEHECHEKL, HELPETEL 25, FBHAD
2mOBIER ((L1-C1)—(L1-C4)} DREZEACH
ESHENRKT, MWTELIBEELD, 5 BTIIRED
FHH M TEERORRICCOP/ELLbDLHERZ SR

Table 7 . Color of trunk (elapsed 1 hour after the auction)
(a) Trunk L1-C1

Indexes Class 1 Class2 Class3 Class4 Class S
L* 383 42.6 39.5 43.7 39.5
a* 5.18 4.47 5.98 3.52 6.68
b* 3.01 3.77 5.68 1.73 5.69
c* 7.61 6.91 8.86 6.00 9.20

(b) Trunk L1-C4

Indexes Class 1 Class2 Class3 Class4 Class 5
L* 42.2 40.3 383 43.1 43.2
a* 4.20 6.74 6.61 3.91 4.20
b* 1.71 4.95 491 2.05 2.59
c* 597 8.88 9.14 5.85 5.70
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Bo I 1 BIE, IREPI OV I TR A
CEFBEERORBN WD, BEOENEEIC R -7
bDOLEZ D, FAO 2 moflEl {((L1-Cc1)—(L1
-C4)| DREZEACHIBRRMIHRT 2EMNEZET S
Db, B0 NOSMEREEMICIZ 2 S DR ORI
MARMT2bDEER D,

SVERRTMM & A PUEEE & DRIk

Fig. 6 I[CAREEKBEOEREILORTERT. A AD
AABEKEL, —HoBBEIVBVEIADY, T,
WRERDS 4 HEIE, 47 Q&SR L K& 138V BEE
MhbHIEPHEINTNEY, REBROKAETIX, #Y
KT HD 5 ASREBIREE L 7R TIE, 58 5 BFOS60%AZE
TERT 2, /2, BYRTHED 1 KEHEER TIEHD
HRREORBEAMNICH Y, H4EE, 5 EISNH ORMT

100 r T . I
| O:Class 1, @:Class 2, A:Class 3, A:Class 4, O:Class 5 | ]
80}- -

— 601

2 N
» it
X 40+ { ﬂ}} ﬂ{ i
o i ]

0 Oll 1I2 2|4 4I8

Time [h]

Fig. 6 . Changes in K-values (mean=standard deviation)

POBWEERLOOTHOKRED o7z, 1 KRB
BOWTBEHICAEEE (P<0.01) PRSI0,
EIBLEABRUESTHELEOB, E2BEE4BRUE
SEELOM, BIHLEABRVUESHLOBTHY, 7F
i DFEVEE L ERWEETIIBEE 2 BOPEN, Lo THD
ANOFHi i i AREERE, BIbmESRFICKB SIS b0
EXD,

EFILOE AN

HIBIGAT OFER, AR L, OEIEFEROEEL,
@M% (L1-C1—L1-C2) ; AC*, OWRHEMA (L1
-C1—L1-C4); AC*, @E—FEHMH (L1-C2—L
1-C5) ; AE*abO#MAEHEIEY TH 5 & ML 72,
Fig. 7 \Z8kET L -MF OS] (BEREFER O mFL)
ERY . HHBEROEELOFIIEVWwWIE53.4, EHER
#01312.7CTH 72, Table8 12 L — FH1.012 % - 724
R EBOMFOMED—8 %R, SEHARIZE85HHI
THEB L7z, X (6) WCERBHRAIZBIRT %,

1.0 VL LO ME HI VH

0. 408 470 534 597  66.0

Fig. 7. Membership functions (chromatophore expression
on the head

Table § . Premise variables for the language rules (Grade 1.0)

Indexes VL LO ME HI VH
Chromatophore on the head 408 470 534 597 66.0
(L1-C1 — L1-C2) ; AC* 373 261 -149 -038 074
(L1-C1 — L1-C4) ; A C* 215 095 025 146 266
(L1-C2 — L1-C5) ; //E*ab 663 835 101 118 135

Table 9 . Results of simulation and evaluation experiment

Division

Ratio

Error

Simulation

97.4% (38/39)

Class 1 — Class 2

Evaluation experiment

95.6% (22/23)

Class 5 — Class 4
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Rule 1 If Chromatophore expression on the head is VL and
(LI-C1—L1-C2) ; AC* is VH and (L1-C1—L1-C4) ; A
C*isHl and (L1-C2—L1-C5) ; AE*abis VH then Class
is 1

Rule 85 If Chromatophore expression on the head is VH and
(L1-C1—L1-C2) ; AC* is VH and (LI-CI—L1-C4) ; 4
C*isHl and (L1-C2—LI-C5) ; AE*abis HI then Class
is 5 (6)

Table 9 IZEFNVDY I 2 L—3 3 v L EFEERDORE R
(Fa—z=rr%) 27T, EFTVOIEEE B AT
fli EFNVOHEERHERF—HLEE) ZKL497.4%L
95.6%TH1, MOUELHEL, YIal—va ol
EIXE LFEO LEFFE 2L, TLFMERTIIESHD
LFENEABEANLHEESNEDDTH o7z, ZDEIHICIE
BENEL, POBRBEERIETHELLEAOLDOTH S
ZEhD, %TWiﬁﬁ’“bkwﬂﬁ$MKﬁf¢5%
DEEZ D,

B
il

AHFFEE, B0 AIC X 2 8RO IHBIEEM & 7% 72 0 S
TR KEYOSEFHEY A 7 2 2 BT 5 L 2 BT
bOTHY, RETE T v FA A2 RAELFELT,
B0 NI X DAV, ABEROBY L BFIORIIK
BRUAASE L OBRERELL, TOKR, #) Ao
SBIEE 2 BRI LB AIEL L TRERIZB I 2 EROR
B (15 oz (35) cxitil, choi
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Iab—va v EFHEEROBERIBO THVLDL 2>
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