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Application of image processing for cutting-path generation in fish deheading
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Abstract

The fish deheading process is a crucial step in the early stages of seafood processing. Traditionally, this process has
relied heavily on skilled manual labor to maximize yield. While automated tools and machinery have been developed
to assist with fish deheading, these machines still lack the flexibility to adapt their cutting patterns to accommodate the
varying sizes and shapes of individual fish. Recent advancements in image processing techniques have led to their
widespread adoption in various industries to enhance production efficiency, including quality control, inspection, and
object recognition. This research aims to utilize image processing techniques to determine optimal fish- cutting paths to
minimize flesh loss. The study involved three main steps: 1) data collection: Images of commonly used canned fish,
mackerels, were captured from a top-down perspective under controlled lighting conditions with a reference scale, 2)
image processing: Image processing algorithms were applied to extract quantitative information from the fish images,
enabling the determination of cutting positions, and 3) analysis and path generation: the results of image processing and
statistical analysis were combined to determine cutting positions and generate optimal cutting paths. After processing and
analyzing image data of 50 fish samples within the length range of 150 to 250 millimeters, it was found that the average
head-to-body length ratio was 0.23, with a standard deviation of 0.006. This ratio was used to establish the position and
path for cutting the fish head following a straight-line approach. The cutting path accuracy was evaluated using another
50 sample fish images and the Fréchet distance metric. The average error between the cutting positions generated from
image processing and the positions specified by experts was found to be 2.15 millimeters, with a standard deviation of
1.21 millimeters. This corresponds to a mere 1.01% of the body length, indicating a high degree of precision. To assess
the practical effectiveness, 15 real fish samples were tested. The average weight loss after cutting the head was found to
be 24.47% of the total body weight, with a standard deviation of 3.23%. This falls within the acceptable range for the
seafood processing industry. The presented method for cutting fish heads using a straight line approach based on the
head-to-body length ratio has proven to be accurate, and efficient, and results in minimal weight loss. The method's
effectiveness was validated through both data analysis and real-world testing, making it a promising tool for the seafood

processing industry.
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\desneyaliinmsiamuasiisaneiusuiuves
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2. NgufuazauIFeiinedtas (Literature Review)
2.1 n33UUN1SANNIUAN (Fish-deheading Process)
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2.2 dugnuinervesar (Morphometric of Fish)
AuUgIUINE1V0IUAIABNITUARITIANYULLANIEN
menmuaslasiasavesUaiviaty q Fedansaussidy
IfanauanueLaganunidava dndnddan
YUIAATY uavAudnvaTidunalidy 9 figud 2 wans

duguIng1vesiany

P, »  Total Length "a

»  Fork Length

»

1" Dorsal Fin 2™ Dorsal Fin
Base Length Base Length

1 Head Length "»

PrOI i> PoOL »

Vs
1

Lateral Line b Caudal Fin

=5 Anal Fin
in pacices
Tenoth oAl E Base Length

. Standard Length

ugIneveIUany [23]

v (%

TayadagIuIng1vesaranunsatliun s iiive

[

Taguszasaviateod1s Wy nsszyviiniuguean [24]

AsyungruInvantagldn1sAIuIaINNIsUIANNED
Ya9uan [25]

2.3 msUszalananIn (Image Processing)
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3. 39n135AL UMY (Research Methodology)
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nsaniuswsuainnisiiudeyanindan (image

acquisition) N1SUTEUIANANIN (image processing) Lhay
MsaTaduINITAnRIUan (cutting path construction)

Image aquicistion

Image Processing

' Image blurring

!

Image grayscale

!

Adaptive threshold

'

Image floodfill

!

Image bitwise

!

Contouring

!

Bounding Box Coordinate |

Cutting Path Construction

Cutting path offset !

!

Cutting path transformation

!

Cutting path scaling

!

Cutting path as G-code !
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3.1 nsiiudayaniwuan (Fish Image Acquisition)
sAdeiaulafnudarguanuievaiuuainoisa
(mackerel round scads) \fiasarniduvanfifestuuys
sUvindudannszUes imsiunmaisUaridanuen
29957Ua1 200.0 + 50.0 Haduns arwnmuailaunass
AUANLASTUINAIINATIN 450 Hadwns A1Ue13 450
fadiun uarANEs 400 Hadiluns faguil 4 1ndeaiu
wANIY Logitech C922 fiauagiden 1080p full HD
LATAINEINITRANIATN 30-60 fps FN1TRAGINEDS
futundesfifszeginsandiuaszanm 400 Sadiuns
Feanusasesunisameninvarvuialugiavuiafiaula
Anwld THudusesuanduiiieandyausuniunmely

ANOYNDIIFINARBAINURANAIAIUNITUTELIUY T
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Wonltvwaon LED vun 7 In@ Ussiandinglas (daylight)
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anafismeaznszmeingssuazuriawaidifeaiu
Pllulsenuy

waen LED

NEBIMIUANLAY
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’ W Q\(‘@
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U 4 szuuiudenindan

Tutuneuil {Idelmiiasendeyadagiuineives
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Image) FeilUszavan nlunsuszaianann [27] fagui

a

5 dayanugvilan (HL) wagaugaivan (T1) 9
Foldgmirandunamarsandueinnue ity () &
aunsd (1) wlerrdeyailuldlunisdmuadundauas
ahadunmsnsiaianluduneusely sngumuen
mvarazinanvarsuinvarauieveuinisndan (gill
cover) Fayaninuariasiuau 50 fegegnuadauns
waniasUnAvesteya (Normality test) Aszsutiudidy
0.05 iteshulaindeyaiiamsadusiunilunsdiuim
FINUINITARRIUAT NAIINNITNAFDUNUINAT p-value
Wiy 0.11 B911nn7 0.05 uansirdeyaiinisuanuas
Undanunsatluiinszild deyaniadeuazdiu
HeawuvesarudnuazUanfauandlunsed 1

JUN 5 myiamauanyza

M990 1 AddAvasAnanBaEUAn

R ydan (HL) faan (TL) LERGE
ARG a a A a
(Hadung) (Hadung) (r
ALy 48.28 210.12 023
dudoauu 256 8.98 0.006

3.2 msdszaranan wuan (Fish Image Processing)

USRSy UUnsUsTIananlag a1
Python ﬂa:uﬁ'lé'ﬂ (library) OpenCV kag Numpy UU
Jupyter Notebook Tun1sasiafusauaniieniainue
fruan dunouiiusznaude 8 %umausjaaé’mamiugﬂﬁ
6 Ao 3w 1hamdsEu (image acquisition) safiu
#ae nMsuSunlidmnueudanntulnenisaudesuniu
fvinlinnldauda (image blurring) wazn1susunInd
Hun1nsziuin (image grayscale) iiioUseifiusy i
asdveanm uazAaugndeyaisunausenaindanim
nssvaunsdaluifumaiansdausnagoonannniniiy
nas lngn1ssunmamanudaaduaimluuns (image
thresholding) wagmamenIsindv1IIvRInINdIUald
sl (image floodfill) Innsuiudgsdoyaimely was
fvunveuavasnmUanegnglunmiisimsideusefu
nsyvaunsaeldidunsyuaunisanduauseauine
(image bitwise) Tag@1Liun1s5eninaguildads
thresholding ﬁugﬂﬁi‘i’fﬁﬂé’qﬂoodﬁl( Wiansesdiues
awlaiuaztiandesuniusing 4 Tivdetesdian nns
¥ld81ds contouring Liteliléiduveuseudavan
nszurunsaavinadunisivaudivesnseuseusiavan
(bounding box) Lileagliannsnszyaiiuning mmenn

Ya3dUale
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Image acquisition

Image grayscale

Adaptive threshold

Image floodfill

Image bitwise

Bounding Box

3.3 n19a3191dun19n1sAaniavan (Cutting path
Construction)
dwsunisadrindunianisdaiavatazilunisi
AadnvazIUIARUa1munsIEAds Bounding Box
NN SUTELIARANTN ARG I8 UL (x, y) AN
817 (TL) wazAIAINge (h) YBINABIUNAIUIAUAN

Fn51d1uRas r 9100157199 1 Fadusiszrinemnue

gawUanfuiua faunisil (2) aglddussezvieann
wdansvesnUanfumumiisdarivan (offser) Ssagld
AAUARILUULEUNIIN1TARUAT (cutting path offset)
mutuneulusuil 3

offset=r *TL 2

1A offset 113KATIENTINAVAIAINGINADS (h)
A o a v oo & @
WBNINUAALINAUARA (start) WazIAFURANI1IAN (end)

dauandlugud 7 Tngldannisi (3) was (@)

staurt{’y“1 =X+ offset (3)
=

X, = x +offset
end{y2 —y+h @)

dunsmsdatuauuidunsegnainalasldflaidy
linspace Bslvannisduaumeniiogszninegaidudu
URRAAATIIY UaTaINNTMUUATIVILYALARINADINTT
28] Tusuddeildimuasuiu 30 yragszainegaiia
doaiieadradunislunisiativar venanilainnsld
nann1s Fréchet distance [29-30] U13LAS1EHATNY
LUUEIUDINITATINUARILAUINITANKIUAT YT11A1T
WU UAIMNLANAIITENINNTESIUEUN1IN156 A

AILTEUVUTZUIANANINAUNM SRR AT T 5T 99y

AMUUAFILIUINITHAIUAINTIVBUIENUAN
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agslsfinuneuihmvatlusnaidnaedesdnasdo
fnsuUasszuuinnnI (image coordinate system) T
Wusguuiinalan (world coordinate system) Taans
\WasuAUuML 9019893890 M (image origin) Aiyadne
vusduyagneans (world origin) faguil 8 ndsannuuag
veaszuuinanInidussuuiinalan (cutting path
transformation) waadsuUasmulenin (inwwa) Wumiae
939 (Uadwns) (cutting path scaling mwu%umauiugﬁﬁ
3) Feruideinuitvuinete 10 fadwns danviiu
72.30 finlwa duvansdaThyanfignuuasszuuiida
uazmgiseussslaaziinsinlvasadunisnisdnme
AMBIN1583971UA503405 W30 318 (G-code) witoli
anunsasaivaildsiuiuiadesind@idud (CNC cutting

machine) N@18150ATNUARTLAUINISARD AL UL AR

SEUUADUN MBS
y &,
(g, vp)
‘J‘
(X0, Yo)
0 il 4

JUN 8 anuuAnegvesszuLAiialan (X, Vo) Wazszuuiiin
U (Uo, vo) [32]

4. wan1saNiuUIY (Results)
4.1 wansTuAMENEazUaIRENITUTENIEaNANIW
e iiau3snsadadunanisiadaidae
mMyUszananannlunmsnsesuivanfiemeuiadivan
wiludnvesnnueniian (TL) et lumuiasumia
warldunisaniivan suAuAISRIId@IUAILEITIUAN
wazAuan (N WavInn1svaassUseilulssdnsninnisg
adadunnenisdaniuaianninlaldnuiu 50 fegng
nuszuulthanlunisusrananalauaazaalaiiiy 500
fadiunit KausBugnenin (image acquisition) aufienis
#5191 8UN19n196R (cutting path as G-code) Asuanslu
gﬂﬁ 3 uonINTsrUuUsEINARANMATLAATITUYA
I¢egsgndies 48 aw udednLdu 96% lnetladefidma

Tildanunsansiaduuanlafesunissnisielaniuai
Wunazfirnaveuasfidgeansenudavarvilmninumdina
THuenseninsdvarfunimiiundsldgun sasaedn
wanslugudl 9 (n) F635nsusuuidenlsiinisusuany
A mieunsaviiieantymainanisuasi
wansinafy fagud 9 (v) faunsansradudanléddieg

Bounding Box AauanenIenaedduafinausvad

[0 A AT A

(n)

B S N R

()

JUN 9 (n) Anvaugamiinsnduuanldld uar () dnwmgand
Tnsufuanuaing

N9 INAIIITUIUIAUAIN YA TL fiA1iadvegd
1,503.48 fintwa (139 207.95 adiuns) uagiardiu
Deauusnasgueei 69.59 finwwa (W3e 9.62 faduns)
dau h feadoeyd (W3e 45.09 faduns) wazdad
Desuunnsgiueyil 29.58 finwa (3o 4.09 fading)

4.2 WANSASIBEUNIINITANKAUAN

HAN1TMTIFUAMSNYULUAIUTENOUMIEAT AL
g1289Uan (T1) wazauninadavan (h) fildannis
UszanananngninanAIwIual offset, start Way end
fuaunsi (2)-4) Wearadunisnisdaiivandiuy
30 90 meldfszuufidnguniw fsgud 10
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U

UM 10 wan1sasiwdumeinmvatlussuuii

mﬂﬁy’uﬁﬁagaﬁ%mmﬂﬁé]’mmaié’szwﬁﬁ’mgﬂmw
wUadlveglusyuuiinalanuasniieinase nansuwuas
fifndauandusuil 11 gnihluulassiumisnsdaliniu
mwialdailelitansadathuaielesesindidudle

Coordinate in World coordinate system
1000

800 ‘
600"

400+

0 250 500 750 1000 1250 1500 1750

UM 11 wansasadumsdniatlussuuiiialan

;g‘uﬁ' 12 WanInN1SiUTE U UAINNLANAI9VB NS
ssrumdunslunisdaiaan Tneduiihufodudign
aseeszuulsrinanannuazdudunsiorduiirmue
Tnefideav1y na91nn1siUTouLfisuiae Frechet
distance 17U 50 F19813 WUIIAUEANAITiAREe
wARogT 2.15 fadims wazildudoauy 1.21 faduns
Andu 1.01 % vesrmufvadsiiadosuin

JUN 12 nsSeuiisuanuuandensivuaiuidadunig
fnviaan

vanandldfinstmansaiiadunsnsdnian
lunaaeudinanidsieiniesiiiudindstussiugs
(CNC-water jet cutting machine) Feladstraneievan
sewiamsiadasegiaiuandlugui 13 Taefifoulunns
finfio usauih 200 wnzdrania enadhlunisin 30
fadwmsreiund uazgumniivanil 10 ssmawaidoa na
n1snAgeUNUiALadsvosAresmiinUanfigny.de
wdaangniniioanagil 24.47% wariidruiloavy
3.23% yhliAuandnidouan (yield) dsegil 75.53%
(Fam51971 2) Fsegneldinmsinlssauseniulddelsl
Weeni1 70%

JUN 13 fegansdnivaiiieuinsaiugs

A1997 2 KEaNIARTRUAELATEIRRME LI IR UGS

D aa Wmunaalal  UwmtnAadan %

ANENR L L )
nauan (NsY) “asnn (nsu) Yield

Aade 56.94 43.17 7553

dnudeauu 7.72 7.22 3.23
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5. d@3unanmsaniiuauldn

Iumu'%%’sﬁmﬂﬁﬂmiﬂsgmaNamwgﬂﬁmw
Uszgnaldlunisivuadmuisiagidunianisdaiivan
ieannsgudeidevaniifalufuiavan dunmsnissn
shvanldgnasatunnaudnuurdidyeslaie A
812993Ua14agA1U81303Ua1 ANAenanIgniiun
Auramsnduiiedvuaiumisnsdaival 9
NNsiuteyaieganInUaidnuau 50 fa wuirdeya
fnmsuanuaauuudnd uazansnsaliaadevesdnidiu
() iduailefvuaiumsay a1 LU TRt
Uarwuutdunsalalaaldiladdu tinspace onnaau
UseAnSamnisas1ndunienisiniivaidiuiu 50
M98 NUIENTINTINTUUA UATaT1UdUN19N1 56
18 96% nsr1uruUaihiunvaseuienun uenainii
nsnadsuAULIUgIveINITAnTIUailaenannig
Fréchet distance JWAT1EMANANULANANYDILTUNIINTT
Favatfigna’iadiessuulssulananinuazaig
Wervgdiuiu 15 §1o819 nuinfliadeegi 2.15

a o

AALUAT LAZYINNITNAFBUAAUANDIINNLLEUNIINITAAT

¥ (%

naseiuiATesfinmeILT I UgINUINA LR RENEAN I

e ) e

v

vosmiinUamdsdnsiuaide 75.53% Feegluinaeii
Tssrugouduld duduaguldinnisuszyndinaie
UszanasanmmiilemuadunisnsdaUatanansaiam
HuszuudaiUardnluifsmiunisdadaetiussdugs
wazasaUszndldiunisdinervsussamdulueunan
ogslsfimuiilefiuusyansammsdaivainisinig
W szuuTINiumAliaNsieusigedn (deep learning)
fidrvanauianainanmsanadudariiinaniade

LI NNSEUALLTIDUY VISDANINWINADUNBUDN

AnAnssuUszne

NAEHITLVBVBUAMYUNTE TN TUANIUYIL N
WASIYRIITNIAUNYIAIUNTZIIYAITVOIANLAINTE
nfug13919 @7 nIUFUAINITINNTAUIITGAEINSTY
nuMIAnwtnAnwuTyyntnisfiny 2564 anTeil
(Grant No. RGNS 63-235) l@sulduaiuayuaindinau
Udnnsensnn1sgaudnw Inemans Iduuazuinngsy

o w

AN UAMENTTUNITANASUINGIAIERAS IFeuaY

uinnssy veveuAMUMARINYIdELALAMY
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