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Abstract

In this study, the segmented images of the upper body of fish near the water surface in which the fins,
tail, and background were removed (5 fish per image) were compared with non-segmented images (original
images) using machine learning techniques for weight estimation of red tilapia. The images used consisted of 3
groups of fish with an average weight of 300-500, 501-700, and 701-900 g/fish, with 48 images in each group.
Decision Tree, K-nearest Neighbor, Naive Bayes, Support Vector Machine, and Deep Learning models were
applied to predict the average weight of the fish in images. The results showed that using the original images had
better average results of accuracy, precision, and recall than using the segmented images, and there was a
statistical difference (P < 0.05). The average accuracy, precision, and recall for the original images were
80.97+3.35, 81.23+£3.41, and 82.17+5.26 percent, respectively. While the results of the segmented images were
59.85+3.45, 61.03+4.49, and 59.58+3.45 percent, respectively. In the case of the model used, the deep learning
model was found to provide the highest accuracy average because it is a highly effective model to deal with
complex data sets. The results of this study showed that the original images could be used for red tilapia weight

estimation with high accuracy and faster processing than the segmented images.
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*Corresponding author. E-mail : ffiswrt@ku.ac.th

e —
209


mailto:ffiswrt@ku.ac.th

9ansInenAansysna 19 28 (@UU7 1) NNTIAN - EIER WA, 2566

BURAPHA SCIENCE JOURNAL Volume 28 (No.1) January — April 2023 UNAIINISE

UNnun

v 1
& o

o & Ao ) & = ~ ° o A a a
ﬂ@ﬂﬂqTL@ﬂQﬁmqu’]ﬂﬁlu?zﬁquﬂq?L@ﬂ\ﬁWQ?Nﬂq?ﬂi‘zLNuuqﬁuﬂLW@V]TWUﬂq?L”‘]?QJL[ﬂlﬂ:[ﬂ LL@ﬂmuﬂﬂi

dsziiuBunuemnsnaslildat wgnaesmnizanuazaniiymamuniwtinainamsimae in Wdndinasyiuls

=

167 uazftaaALANEULARIMIslAaNfae (Ridha, 2006) TeaanishldiuiallAeguaulanTuniauwiuniiaugn
. Ly . . d a4 X o g va ¥ .
MnsfdninuazdnAueg watlymnnupanisninlanauunanaazyinliinansuaudivisailunissunau i i
WaAnuATen denaldafanisiuaiisuazlsz@naninnisiasqiduln anfedeldusuananuauninuas
Tnaruulunistfjifam (Siva et al., 2015) antlymdenainasiinidevanaauldldinatianistszuanann
(Image processing) Walszilunnniinilaiainnandng iy Balaban et al. (2010) dsegnaldimatianisdszunana
AWRULNUR lunasvinuneimrindausaneuuiazanewug Viazzi et al. (2015) Wauinisdsziiuimindaingna
et dasyluiniaes usz LU uyuRaY Konovalov et al. (2018) waz Jongjaraunsuk & Taparhudee (2021)
maTiAn19UseraaRan kU UNLA TN sRBsnminUann s wuu I nwasanAIudna (Side views) WA
wuy N nengaInynge (Top views) ANATFL
D) a o Ny o o y aal ! ) 2 oo
s maRAN1TUsENIaNaNINEIAsETRAN iR TWTa9T899EN19NaUNNTUsNaaKA (Preprocessing) THEH
AMNATuA9ln1s9AN T UTeAAUU AININANNNAINAAN 11U N3/ A (Cutting or Cropping) N17LeN @214
(Segmentation) ¥7an1315U139AMNINTBININ (Image Enhancement) L1 n19vinn widuanas (Binary image)
A 9ra-// U ?:/ 1 @ 1 v v
AMNANLNNIuTTeRIuNA {udu saniamnaunwaesnnae e favdanasieaanngnsiadlunisilszuoanals
v v o , R al' % a ~ [y A . .
andasesaainistszunananinasnaitasununvesnisdseyneldinaliansFauifonpses (Machine learning)
d' i// o [ % ' d' v a = % dll o o
WaanTuAaUN19IYINIBAINGIT Ten19tsvene imaTiAnsFauifaeATasazidunfsiinisauungnan (Image
classification) 11 lfiWeUsziiusnuiindaiannninans Iasuuusaiasanisaiwinyszinnildiuialy i Odone
et al. (2001) AnAmunntlanas Iaalduuudaiaesdayasaipsasioninasaneiu (Support Vector Machine; SVM)
FANNUABNNILARTIN ALY (Computer Vision) wud’]ﬁmmgﬂﬁmﬂixmm 97 wafidus Saberioon & Cisal
(2018) Usziiiuruiindaingweann Tnelduuuanaastigu (Random Forest) uazuuudtaasdayasaaipsadninas
AL WUINULLA1AB7Ia89H AN NABININNGT 86 tlafifusl waz Fernandes et al. (2020) iunatnuin

=2

danfia TnelduundanaesnisBaufiiean (Deep Leaming) Tassdnailszamuuunaulogdu (Convolution Neutral

U

-

Network; CNN) saufiuaauiiaieasavial wudndaaugnsasini 90 wasidus iusiu atnglsfinunislaunganamn

[
=<

r_‘ll a gol o [ 2 o dg’ %:’ d’ [ v d‘ o a al 3 a
L'W@ﬂi:mumuuﬂﬂmmuslmymmmmﬂmmummnm 92y LA NAUTUNUAAANNLATEA LNALRL neANITNU

21113 anviataneglutemaaiudignaunausiaardenansznusianisiuainisifiduiu (Jongjaraunsuk &

a

Taparhudee, 2022) uananinisldmaiianisBeuifaarreaiatsziduiimingdatainnndnalnadeunindansd
pNandudesinndenls idhgnszuaunitsiaunistszuananan viseldnndaainsudne delunied §us

Anfunismnziasadndunlutsemalne g aunsadsziiutnmiinianannaawanasiuuulsazdqaslinimienu

dg/ 1 a ' % = adad A = |dIQ %7/ o A 1//
ArAINAY WAN1TUZINUNARNNANENE LA ULUN 2 T5A L'Z\lﬂﬂL’?lW’]ZﬁJ‘l"lWﬂ@WV]‘ﬂF%JJVINQuWﬂUL@'ﬂﬂﬂ’]Wﬂ@"IVN‘MNﬂ

210



9ansInenAansysna 19 28 (@UU7 1) NNTIAN - EIER WA, 2566

BURAPHA SCIENCE JOURNAL Volume 28 (No.1) January — April 2023 UNAIINISE

v
o

S, Xew e = = ' o o & A = o ~ 3 o v
sﬁﬂﬂquuﬂﬂiﬂiﬂﬂﬂq?ﬂﬂﬂqﬂqﬁ‘L‘Lﬁ‘ﬂUL‘V]Elullqﬂ@u ﬂ\iuu@\‘iLﬂuquTﬂQﬂqﬁ‘ﬂﬂquuﬂﬁ‘quﬂ@ ﬂqﬁ‘ﬂi‘zl,lluu']ﬁuﬂimﬂlﬂj

A ) o o ) a Y = o A & o o Ay ) )
an‘V]LLElﬂ@']uL'ﬂquﬂrlﬁ]')ﬂ@q@')uuuuﬁ‘mmiﬂ@N"Juq Iﬁﬂmﬂflﬁ‘mﬁﬂﬁ‘u 12N LL@zwuﬁﬂ\?'ﬂﬂﬂﬂuﬂqWWiNLLﬂﬂﬂqu Iﬁ]ﬁlr’lm

k4

a ~ vy A =2 o vy @ P o o | ' =
wATANIEEUSAMaLeTa F9aindoatinsdnssiuaziiuladndnislduuuaiassnisauunilssinnagnansuuy useni
azidnladauuuanaadlainadnslunisauungdnamiiAndn (Chugh et al., 2020) n1sAnwIATIHAawAan 14

° v Yo o L. ° aa = o Ua . ° ~ v A 1%
uunanaessuldifndula (Decision Tree), wuuANaasRsNsiFaufiuULE (Naive Bayes), wutaaadiiauinunlng

a K

N14m (K-Nearest Neighbors; K-NN), wiuanaasdayanieiazadoniaasaiis (SVM) LasulLanaesniamauiiian
Tasetheilszamuuumanlagdu (CNN) uazlunisdnmafstlidendanfiawnnnzlqaisune Gadniaauuansig
e o I , ° o ¥ a = Al v a X
ptigtmlauiudrenasngAaniIInIsLensalataanatnun wazdaniawsenedulannlasumannianlunigiaes

a X 4 v aa Iy v o & a o o vl - X ' o D
WNHINAY IassaaRduaspdraiuiugilamzianaatune i lidsenasigean dsnaliaonusiasnislunain

falularFAglsmAliNETL (Watanabe et al., 2010)

AALAUN5IRE

anwiiiudayauasdaganisiaeslagyialy

=2 ?/ -:211 Yy [ aqll a o o Ao ¢ & ¥ 72
mimﬂ‘mm\iuhmﬂsﬂ@gﬂmvwmnv@’muLﬂmﬂmu@ummﬂmu AWNIALTTHE Lﬂﬂﬁlﬂﬁﬁjﬂiﬂﬂlﬂu@"ﬂu’]ﬂ 0.16

- P o \ 2 = o A o o s A o =
LENAT (1 VL‘? %78 1,600 ANFI9LNAT) AU 3 LD BINNIFAANTNIUNAUNU Nﬂqiluﬂqﬂqﬂtﬁﬂjﬂjlﬂ?@\?muq AUNALATBN

1
3 ° G

3 usan Auau 4 weev/de tneidawsesiuinaan 24 4ol Wemnadadfagluunidinaesnfillsiuetieias 30
wafifus Tuay 3 A9 (08.00 1., 11.30 1. uaz 16.30 1.) Inaldirraslianunsdnlud® WminlanGusueasnninig

ReNARYsTaHNns 200 NFN/FM A uuiidaasiedsAe 19,000 Aq/e (Uszanns 12 Fy/m13aung) nsdsuiliuinutinay

o

quilanTuunanuau 45-50 siv/le yn 2 dansk (Fud 1 uaz 16 2awnipew) edahwinuazinauentaeldisnig

-
a

o o v A = ° Vo o a H o o A o
Fadmsnaie warin1sAuiniAnfasardulsr@niresninuulsluaesinmingqlan visesesaznisunnIuIALea
1lan (The Percentage of Coefficient of Variation: %CV) Ia8iANUAAIaNN137 1 Tesinusiniede o4 FunNnnisdy

dszannd 1,000 n3/Fa dnseniade 95 wlefidus szazinanluniai@essie 1 §u A 120 9

SD
%CV = e 100 (1

e SD Aa dowilleniuunnsg 1 (Standard Deviation)

X fa Awasaasiiutin (Mean)

Traszndneniaiaasinisingainintinniuuarinisaanisgainwin e lunusmunzanae Usunn
aandiaunazasluin (Dissolved oxygen; DO), grunnaun (Water temperature), Adnsilunsaiusag (pH), A2

Tudqla (Transparency), wanTuiilasan (Total ammonia-nitrogen; TAN), Tulasn-Tulasiau (Nitrite-nitrogen; NO,-N)

211



9ansInenAansysna 19 28 (@UU7 1) NNTIAN - EIER WA, 2566

BURAPHA SCIENCE JOURNAL Volume 28 (No.1) January — April 2023 UNAIINISE

AILAUNINNGN 4 NAANTN/ARNT, 25-32°C, 7.5-8.5, 30-60 LTUALNAT, HAELININ 1 NAANSTN/AMT WAZLAHN91 0.25

LaANTN/ANT ANAAL (Azaza et al., 2008; Kolding et al., 2008; Wang et al., 2009; Tran-Duy et al., 2012; Lusiana
et al., 2021) Imﬂﬂ?mmmn%mu‘ﬁ'@xmmﬂfﬁLm:Qmmﬁﬁwm@f?ﬂimﬂ‘lﬁﬂ?m YS! Pro20 Avaidunsaiusinaly YS|
Pro10 ANl sala Salaeldany 2 & dmsudaaqinlildala (Secchi disc) lugauaaswanluilasonuazlulnsg-
Tulnsianazyinnisnaseuluiesljifnislne 498209 APHA (2005)

NI7INUNUNITNANDN

TUN19IMARB9ATIN LN LN AR LULNTILIEU ANRARIaYAadNgNLsvaINg NItingulszansvisaas
\udaszrianii (Two Independent Samples) tngluusiazgaN1IMAaeIN LAz iBaAAe 1T
= = o o a v O = o = & o
TANNINAAEIN 1 A iendluannzatflatdauuuLannlnaiain Tnafinnsfn ATy 119 uasiunasesn

LANTNAADIN 2 NINT LUENEIUUTEN TNAILAN

S
Figure 1 The segmented image of fish near the water surface without fins, tail,

and background (left), and non-segmented or original image (right).
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Figure 2 The process of segmenting of fish without fins, tail, and background using ImageJ (The image

on the left is an original image and the image on the right is a segmented image).
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Figure 3 The process of image classification using RapidMiner.
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Table 1 Average weight and Percentage of Coefficient of Variation (%CV) of 3 average weight ranges.

Group Weight range (g/fish) Average weight (g/fish) CV (%)
1 300-500 391.03+76.16 19.48
2 501-700 512.98+69.01 13.45
3 701-900 710.14+92.03 12.96
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Table 2 Comparison of accuracy, precision and recall between the segmented images of fish near the water

surface without fins, tail, and background and original images.

Treatments Models Accuracy (%) Precision (%) Recall (%)
Decision Tree 59.03 63.55 59.03
Naive Bayes 5417 53.25 54.17
The segmented images KNN 59.72 61.03 59.72
SVM 61.81 63.52 61.80
Deep learning (CNN) 63.19 63.80 63.19
MeanzSD 59.85+3.45 61.03+4.49 59.58+3.45
Decision Tree 78.47 78.45 78.47
Naive Bayes 77.08 77.79 77.08
Non-segmented images KNN 80.56 80.38 80.56
SVM 84.03 84.03 90.03
Deep learning (CNN) 84.72 85.51 84.72
Mean+SD 80.97+3.35 81.23+3.41 82.17+5.26
P-value <0.05 <0.05 <0.05
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Figure 4 Examples of original images were correctly predicted (a) and incorrectly predicted (b).
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