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Development of a measure to weigh the edible portion in a non-invasive

raw natural IWAGAKI rock oyster
Kensaku YANAGIMOTO, Hideto KIMURA

(Received on November 12, 2018)

Abstract

This research proposed a non-invasive measurement method to presume an edible portion weight of IWAGAKI rock
oyster. Most of the circulating IWAGAKI rock oysters are natural with shell to maintain freshness. The quality
guarantee of natural IWAGAKI oysters which are a high grade foodstuff should be specified the weight of edible
portion. The weight of edible portion of the IWAGAKI oyster is calculated from the weight and volume of the shellfish
and the density of each part. In this experiment, the volume of uneven IWAGAKI shellfish was measured by the
acoustic Archimedes’priceple. For each density value required to estimate the weight of edible portion, approximate
one from measured value was used. As a result, the qualitative tendencies of individuals weighing 150 g to 450 g are
almost identical, and the error rate in this range is 0.3% at the minimum and 25% at the maximum.

Key Words : IWAGAKI rock oyster, Acoustic, Non-invasive measurement, Archimedes’ princeple
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Fig.1 Appearance of Iwagaki edible portion
measurement system

Fig.2 Sample of IWAGAKI rock oyster. These come
from SHONAI in Yamagata Pref..
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Shell: Volume Vs, Density 0,

-

Edible part: Ve, o,

-

‘Whole volume: V, Sal v
Whole weight: W twater: Vw, Q,,

Fig.3 Cross section of IWAGAKI rock oyster. Edible oyster part is coverd a overcoatfilm with saltwater.
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<1|= I Signal Generator
Amp.
Band Pass
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Microphone Amp.
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— Digital Weight Scale |

Fig.4 Diagram of acoustic Archimedes’ pricepal.

Speaker [@-\ l/ Connector Tube

Sound Source Microphone
o= Microphone —> I—Il P —>
1
S ||y,
/ Sound Tube
S S ) d ] S
_ ? 11 | Sound Tube
Fluid Surface
4 r P,
(a) Sensing system of water level measurement. (b)Acoustic model of sound tube.

Fig.5 Sensor are consist of streght slender pipe and connector tube. This sound tube is modeled by side
branch resonator. Swept-sine signal is inputted to sound tube.
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T FIA Y — OB R DR E NS TE 5.

60
— LevelOmm
S0t Level Tmm
40 — Level2Zmm
Level3mm
— 0 — Level4mm
/M
S 20
=]
‘w10 .
S |
0 / ( i~
-10 |
| I
=20 |
-30

0 2000 4000 6000 8000 10000 12000
Frequency (Hz)

Fig.6 Resonant frequency of side branch are calculated by formula(3). Resonant frequency over f7(5600Hz)
are obviously shift higher with water level change.
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12000

10000

8000

6000 |-

4000

2000

Y (Peak frequency f7 to fl15)

0 Il 1 i | ]
0 5 10 15 20 25 30

Water Level (mm)
Fig.7 Sum total of resonant frequency between f7 and f15 is linear with water level.

7.00
6.00
id = [ ]
= 500 ) o, -
3] L e
: Conduit E o™ s Rae .:-"'o o %
Rubber tube : G 4.00 52 - 2
\ S [ ] e
\ N
{1l o4 L 3.00 - -
] — o
Micro phone| | 2_ <] 2.00 |
Cl:l:g.io_. 1Loo b
+ e @7
1l = 0.00 1 1 I 1 L
|== ] 10 20 30 40 50 a0
Number of measurement times

Water surface

(a) Conduit shape is streight type (b) Error of Coefficient Af in this streight type
Fig.8 Coefficient Af are alternatively changed between 4.501Hz and 5.958Hz with measurement times.

7.00
6.00
& 500 ", s L.
—1 | conduit E el i el
Rubber tube |~ O 4.00
i S~
T
Micro phone <1 200 |
-7 1.00 |
000 [l i ! 1 L
o 0 10 20 30 40 50 60
Water surface Number of measurement times
(a) Conduit shape is taper type (b) Error of Coefficient A f in this taper type

Fig.9 Coefficient Af are alternatively changed between 4.520Hz and 4.991Hz with measurement times.
Error of Afis 0.471Hz.
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D TN SN T & 2 BRI CTRER L7z,

Fig.8(a),(b)iZ, IR & FEAE & OERHIEE N A N L— MEIRO A TOEEERT. ZO5E, BEEK
Af (% 3.066Hz~5.440Hz 23 L TR Y, ZOZ{LIX 2.374Hz £ K& < 22> TV D IREHIE DFEBRTIL,
ZOWEER A AM=4.5THz L E®, bAfiD7T 0 v 7 20— /VOREEIToT-. EOREER, RRKRAER
22.336%, H/DNARAERR 0.290%, FEHJRRAERR 7.234% L WO REE Th o7z,

ZZC, Fig9@) TR LI L DICHENRAL TOKRY %7 v BRICTH 2 LT, HEENRA L E—F X
DEALZ /NS LAL—=AREFEDOT XNV X —DEIEZIT, S5~ A 7 & OEGHMEZ LA K7 F
T DO I E P F A~ DEE LN, ~ A 7 ONEZTEEO EERE~BEH SE 52 LT, FEN K
KERDEBEDOWEDOEH Y TOEZTEIT- T2, TR, Af OZEEEIX 4501Hz~5.958Hz @ 1.457Hz 720, &
BEDFHBHM E R TATOLEEEL/ NS THZLENTEZ., ZOBAEOKRERITHE L, FHrasR
3.624%, FRFREZR 11.823%, H/NiRF 0.0374% & 72 o7z,
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Fig.10 Calculation and measurement of IWAGAKI rock oyster volume. Correct volume is measured with
Archimedes’ princeple. Coefficient Afis 4.751. Error is between 5.51% and 0.28%.
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RREHIERHCEB W T, KR Z L T SEEBENOKEN LG5 L, TRENOZEEENEM SN
L. T, A7 Ry OFFREDICERE Imm BE O[O RIC L D RIEHEEE 2T, &
HICHE A T O 4.0mm HHo7-b D% 2.0mm (2 F TRV IAT Z & TERREERIT 1.62%, RKEAER
3.66%, H/NiRE0.043% & 7oz, Z D& T OMRESR AT, Fig90)II/R L7z XL 91T 4.520Hz~4.991Hz
LEEENK 0.471Hz & X bD TOEELT-fEE R~ LT,

Fig.10 (24 U X OERBERIERS RE2 R L. 20O L EOMBEERIX, Af=4750Hz & L7-. KEOEET
FUHNLKBOEEAY, KPIZIE T ESEZOFRONLFHELEZ. MEEzs Z0BEEE kL& 25, &
KAAFER 5.51%, Fe/PiRFER 0.28% DEHFRFAER 1.86%, TH Y, F—I7 1 v 7 & AW EBRIE L IFIER
FEIE ORI EREEE AT & iz,
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Fig.11 IWAGAKI shellfish volume and whole weight are correlated. Over weight W>450g, increasing of shell
volume turn to large.
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Fig.12 Iwagaki shell density is o $=2.021 approximately in range of W<450g. However, over weight W>450g
shell density is decreasing.
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Fiig.13 Parasitic worm and scale insect (left side picture) are boring IWAGAKI shell (right side picture).

3:2 RERICEALAEAITAFICONT JEITHEH LKA A U A1 201546 A5 2017 4F 9 A
2T T, B RO R B, K< & QNS BB R ILALET T B S L7z NI O YA X B RFK (150 g~690 g)
DHLOEEI0ETHS. MILITEREKOEI LFEE OBFRERL TS, BEIXM VI LD =L &
KEDOEIDZENGRDTND (ZOFEZLLHEBEE[ELET2) . FEITEOREREICK L CIZITER
FINCHIINT 223, 450 g Z¥rmi e LTI N RE < 725, £/, HOEIIIMRRERD 15%~22.5%
ZLDTWDHN, 450 g 2l x 5 A XA TlE8.5%~15.2% /&< 72 5.

3:3 BOEIHEHRER AU ITXOLAABRORRIZ, BILEZOZOENLS (GKRE) X, HOES
DK 4.5%~85%IZH 72 5. JIE TIERIB ATV, KT H% 24 FEILIN E Lz, M 12 1ITHORE & L HOK
JEZR L TW5. #ER W<=450 g T, (1EIF ps=2.021 gleii D E E VI TE 5. W>450 g Ti, EEW
DOBFE LT ps=2265-7.125W X 104 g/cii & TN TR SN D, F£72, AIREHOEKEIZHOKRERD 6.3%
~2.7%&, EIRIZES>TEDOENKEN. ZORORREODHFOEIIIEHEBENLBROEIEFIWfEL
LCW5. AIEEOEEILEL 0 e=1.02897 gleiiz H TV 5.

14 |ZFfix DH A 2 (150 g~690 g) DA UHFEFUPL, FHHELIMEEELRT. WER 450 g £ TIEH
DOEEIA 15%~20% OFPHIZH 0, WEMITVVEZ RS, FHROBEL, K 12 IR L X 9 ICREE
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Fig.14 Eaten portion of IWAGAKI was calculated by formula(1). Over IWAGAKI weight W>450g, shell
density is approximated p $=2.265 - 0.0007125. Two line show 15% - 20% rate of IWAGAKI whole weight.
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DIEDOEEZEN KREWE B, 460 g 2B HA U H XTI, K13 IR L X 9 2o —HoaRER
AR, FEMOMBFIZLVEEIIREREVNES Y, HEMOBREDORKERERTHD. K 15122 OHEEME
CHEMEOBEREZEDO S A Z R LTS, HIEED 4EIT 10% LN, 8EITIX 20 LNOHEERETH S.

25
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15

10
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Fig.15 Estimated error was distributed ==10%. Error is diffrencial of calculation and measurement as shown
fig.14. Error is large in big size IWAGAKI(W=600g).

4. &

AEFTRIL, BB TH D RERA T HXO-EMRGE (FIREFOEIIR) ZHZ, A I TX2EOES &
FBREOPEIZLY, AR THLTHOEIZHET 2 HIELZREL, ERICLVBELE. ZoMMBR
DA T X OWFERE %2 FZRWNAT S ik E LT, FHEMICEASIEA U T X OPREIE L2 B 8E DR
FEIIE TR A DL E LCRIAIL, 2SR VA VWX ORBEEREH LZ. ARTOEIZHET D701
MR BB EMITEEN DB L- b D&M Lz, ZO8E, A UTXOHEI N 150 g~450 g DEET
ITEMER 2 EENTIFIE L, ZOFA TOMERITR/N0.3%, KK 2% THD.
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