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Deep Convolutional Neural Networks and Image
Processing for Classification of guppy
gender and counting

Narongrit Piromnok"”, Surasit Songma'

ABSTRACT

This research aimed to 1) compare the effectiveness of using
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deep convolutional neural networks to classify the gender of | IssN: 2730-3829

. Pi K"
guppy fish from images taken at different angles, and 2) test the . Piromno
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efficiency of counting suppy fish wusing image processing | suandusit University

technology with a dataset of 19,665 images captured in the real (narongrit.promnokagmail.com)
environment in Mueang Nakhon Pathom and Nakhon Chai Si | s songma'

1 .
districts, Nakhon Pathom province. The data were processed and | Faculty of science and Technology

Suandusit Universit
analyzed using Python software with deep convolutional neural

(surasit.songma@gmail.com)
networks and image processing technology. The results revealed
that the classification of guppy fish gender from side-view images
using deep convolutional neural networks The highest average ‘Corresponding Author

accuracy value was obtained: mAP = 0.98. This was followed Dy | pecevived date: 28 September 2023
images that combined both top and side views, and then by top- | Revised date: 14 November 2023
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view images, respectively. A detailed consideration found that evised date ovember
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side-view images provided the highest accuracy as they distinctly
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displayed the fish body, color, and tail fin. Furthermore, the
efficiency of counting guppy fish using image processing
technology with images taken under LED lighting resulted in a root
mean squared error of 1.92, which is lower than images captured
under natural light. This is because LED lighting allows clearer
image captures and consistent light control throughout the day.
The research outcomes can be integrated with hardware to
develop a system for classifying gender and counting guppy fish.
This will assist guppy fish breeders in accurately, swiftly, and
effectively segregating by gender and counting their suppy fish

populations.
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Figure 1. Shows the conceptual framework.
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Figure 2. Shows the convolutional neural network process for guppies gender classification.
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Table 1. The details of the number of photos of guppies.

All photos Selected photos
No. Perspective of photo Quantity Quantity
(pictures) Ratio (%) (pictures) Ratio (%)

1 Top view (photo taken at a 9,550 45.64 8,750 44.49

90 degrees angle)
2 Side view photo 4,923 23.52 4,545 23.11
3 Mixed image of both top and side 6,450 30.82 6,370 32.39

views. (Photo taken at an angle of

45 degrees)

Total 20,923 100.00 19,665 100.00
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Table 2. The details on the number of photos of guppies (divided by gender).

Selected photos

No. Perspective of photo
Male (picture)  Female (picture)
1 Top view (photo taken at a 90 degrees angle) 4,473 4,277
2 Side view photo 2,328 2,217
3 Mixed image of both top and side views 3,024 3,346

(Photo taken at an angle of 45 degrees)
Total 9,825 9,840

910 Table 2 wanseaziBondiumunmaeamisungs ssdunmdamsungsiidaidensnld was
WUSENATLLNA LaglanslususosnInwuUmIg 9
2.2 NM3a3191UU (Modeling)
nsTunsdnwiadedl Buduannisfnsimdeyaannguiusznounamizidissiamaungs
Tusneilesunsusy uazduneuastns dminuaslgy uazifudoyanndisvesuaimeungs iieltidy
Foyadmiunsive laensadlunautsoonidu 2 daw il
2.2.1. Mmsldlasanguszanniteuwuunsuligtuddnd msumsduunimavainiaungs anzdlde
Fonltlasstneyszamifisniuuasuligtudsdnlunsduunmaamsungs osanlasenglszamn
FeuuuunsuhgiufianuansalumsaesisUuuuuazanudiiusmeiiuiivestoyaldd vilimngausy

NUATIFUKAEIIUNTRG (Object detection and  classification) uINAIWUVBY 9 wsHAT CNN

1
¥

fuszdvBamlunumardinsizannsaandrguuuuidudeuldd wasdaussouslunsussaanadoyadil
pnudutouldognimiaiuazivsedvinm madeulusunsudmeniwilnveu iunslusunsuiviaanile
16n 19 Opencv ulaus3dmsuauysyanananin RoboFlow @15uni1svi Labelling Lilin3enasng
Dataset Al4lun1si3uiuazdseenluguuuu YOLOV5 PyTorch uazld WanDB lunsaiissenunasensn
Junmusens il lnsudauueswainimaissanidu 3 41U Ao MNYUNBWIUUY NNLUNDIIUTN Lay

ANTERILNNBY IBLUSE U UUSEAVEA NS UNAUAIMN NS

Table 3. The configuring hyperparameters (hyperparameter).

Hyperparameter name Configuration

Batch size: The size of the batch used to train the model 16
epochs: Number of model training rounds 100 epochs
optimizer: Optimizer options (e.g., SGD, Adam) SGD

lr0 (learning rate initial) 0.01

Uf (learning rate final) 0.01
Weight decay: Weight decay value used to prevent overfitting 0.0005
Warmup epochs: Number of epochs used for warmup 3.0
Anchor threshold: Threshold value for selecting anchor boxes 4.0
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Figure 3. Shows the creating a label for a gsuppy class.
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Togiegluninuazdislunisnsadulafieginiu uaznisniduveulagld findContours tenduvay

9 Y
v '
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Figure 4. Shows a work window and guppies count results.
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dmsulfludamiagurumaids it nefiagussasdiieimuilusunsuneyfinnesdmiulflunstu
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Tugandnlunisuszanananin duisin $1uam 200 ndu wdrthundadssunanaaes tenmimiely
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I§ag1ausiuglasfiAsinfiaosvesniiunainindouads (RMSE)  aglugassendne 391 1 6.92
(Chutichaimetha, Kaewtrakulphong, Paosang, Sermsak, and Jesadathamsathi, 2022)
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v P
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Precision =
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nuimsdwunmalamnaungannlugunewinuig memsldaseieUssanieniuunoulig
Fudedn Ialdemnuudugiadonnniian mAP = 0.98 sesasnAeanaInenauT LR UUULaE
AUTY WAZANAEIINYUUBWNUUL AUEWU S18azidEnsa Table 4
Table 4. Results of evaluating the performance of guppies gender classification from images from

different perspectives using deep convolutional neural networks.

Perspective of photo mAP @.50 mAP @.50:.95

1. Side view photo 0.98 0.62
Side view photo (Male) 0.99 0.65
Side view photo (Female) 0.97 0.58

2. Mixed image of both top and side views 0.81 0.46
Mixed image of both top and side views (Male) 0.85 0.52
Mixed image of both top and side views 0.77 0.41
(Female)

3. Top view photo 0.66 0.31
Top view photo (Male) 0.61 0.28
Top view photo (Female) 0.70 0.35

N '

910 Table 4 f{3deRiansaulaelden Mean Average Precision (mAP) Ao Aadsaduusiug lagi
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loU threshold = 0.45 wud1 UsgdnSamnisdnuuninaiaveungsamnnmluyasesnmeudedussdvgam
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Figure 5. Shows a graph of relationship between mAP and epoch (side view photograph).
91A Figure 5 WAAINTINAUALNUSIZAI9 MAP (U epoch VBINNEYUAMIUNEIINIYULDY
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Figure 6. Shows a graph of the relationship between mAP and epoch (side and top view photograph).
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Figure 7. Shows a graph of relationship between mAP and epoch (top view photograph).
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HANINAFaUAIMLINEIvRINTHUTIINUAMNIUNgImensidmalulagnisUssuiananIn 9N
N340 IME18YaIMIUNYIAINYUNBIAUUY flgannsareninlaslduadinainnasnliueads was
aweneficnelnglduassssuni Wlueanisusziianasisnin

WuMAIINTiaevennunaInndeuadetidsaes (Root Mean Square Error: RMSE) annnsld
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Table 5. Results of comparing the actual number of fish and the number of guppies predicted

using image processing technology.

Actual number of fish Prediction results
Use light bulbs Use natural light
111 111 111
100 101 100
96 96 95
92 93 91
92 89 90
93 92 91
99 95 94
97 95 94
88 87 86
86 84 83

Table 6. Results of comparing the square root of mean square error (RMSE) of various imaging

experiments.

Type of photography RMSE
Use light bulbs 1.92
Use natural light 2.39

4. a3UNaIY
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o mudiuuy nmdiespmesinuing wasnmraasmesduULiUA U wagiiuamsungs
WU 2 L Ao LneE (Male) way inalily (Female) wanegsiuiulunimie ilumalaseaiigysyam
Weniuuaoulgdudedn wan1539enudn nmsdnuunwavatnisungaana nlugutasaudng denishy
lasaglszamiiisusuuaauligduidadn laA1n15inUsedvznIn mAPS0 = 0.98 5e3a1ARINAMNENY
wauayunesduUuLazdudne waznmdisanyumeadiIuuL audEy nadadeiiaseiaing
fypdoyanmuareungsyuuasnyuy AliAinuuiuginiguuududesandameungadudan
fidsafieganumsnunimesiudradundn duuudldaliuunlfvhiuguesiuing dalifes
amuamsungslusuuuudl 1 uazguuuudl 3 dlauusiudniuosas 80 wandifiuinlina NN
ansaldldAfuyadeyanimuamsungsianansaueadiuduazdnvasyaazdmalddaau diuyumes
duvuiuoraesdinisianfuiuutoyafiduinniuienissuunfusiugunnty

Tudunanisuszifiuszuumstdusunulamnsungsdu Tnsmsussdiunnuudugilunisifusiuaudan
weungs fMeTBiunumsiniiaessesanunainindeuiidsasaads (RMSE) sesnsldnwiidnelneld
wasanvaonliueadd e = 1.92 iWeifisufuamiidielnglduasssund led = 2.39 Faarnnismaass
Tuguuuumslivaenlnlueadlia RMSE fineudisd Ssuandlififiuindiauaainiadeudian agifiuinnig

Tduaslvanraenueadinaiuisamuauauaiilaaitaue i inansUTsIarRan Lug gy

J. Sci. Innov. Sustain. Dev. (2023) Vol 5 | Issue 2 | December 2023



RESEARCH ARTICLE

Journal of Science Innovation for Sustainable Development
https.//ph01.tci-thaijo.org/index.php/|SISD/index

5. AamnssudsENA

vaveuan Audiiionnuiludaiulyyiuszivgdmsunisfine (Al center for  Education)
AngIngIeansuazinalulad uninerdvaiundn Nlaldaiuwusidiuagnsatvanuiulygiussivg

YOUBUANM HYILANANTIE 3.3 BUNG UaeHPIemans1ansed as.Asng dund Neeglimuugdnagln

NAtUAYUARDALT WAZTBTBUAMLIIOUTINIUNNAUNEINIEANAAINKATIEWMAB LN TYIITATS

nauslevinudou

ALsuveBuduhnuideilifianudaudmnmalsslovinneitesiuunanutiiuunanudus

REFERENCES

Behera, S. K, Rath, A. K. and Sethy, P. K. (2021). Information Processing in Agriculture. 8 (2), 244-250.

Calasan, M., Abdel Aleem, S. H. E. and Zabaa, A. (2020). On the root mean square error (RMSE)
calculation for parameter estimation of photovoltaic models: A novel exact analytical
solution based on Lambert W function. Energy Conversion and Management 210 (2020). pp.
1-16.

Chaiwachiragompol A., Luangmaneerote S., Tasuntia J., Nabumroong B. (2022). Forecasting student
admissions using back propagation multilayer neural network model. Journal of Science
Innovation for Sustainable Development, 4(1), 20-31.

Chutichaimetha, P., Kaewtrakulphong, K., Paosang, T., Sermsak, R., and Jesadathamsathi, S. (2022).
Counting the number of crickets by digital image processing method for the community
enterprise farming (Proceedings of 60" Kasetsart University Annual Conference: Plants,
Animals, Veterinary Medicine, Fisheries, Agricultural Extension and Home Economics).
Bangkok. pp. 302-308. [In Thail.

Gururaj, N., Vinod, V. and Vijayakumar, K. (2022). Deep grading of mangoes using Convolutional
Neural Network and Computer Vision. [Online]. Retrieved November 11, 2023, from the
website https://doi.org/10.1007/511042-021-11616-2.

Indolia, S. Goswami, AK. Mishra, S. P. and Asopa. P. (2018). Conceptual Understanding of
Convolutional Neural Network- A Deep Learning Approach. Procedia Computer Science. 132,
679-688.

Khai, T. H., Abdullah, S. N. H. S., Hasan, M. K. and Tarmizi, A. (2022). Underwater Fish Detection and
Counting Using Mask Regional Convolutional Neural Network. [Online]. Retrieved November
11, 2023, from the website https://doi.org/10.3390/w14020222.

Khamnipat, K. and Pramote, O. (2022). Convolutional neural networks for classification picture of a
dahlia flower. National Academic Conference on Computers and Information Technology. 18"
time (NCCIT2022), 19-20 May 2022 Phra Nakhon Si Ayutthaya: Faculty of Information
Technology and Digital Innovation King Mongkut's University of Technology North Bangkok.
pp. 19-24. [In Thail.

J. Sci. Innov. Sustain. Dev. (2023) Vol 5 | Issue 2 | December 2023



RESEARCH ARTICLE

Journal of Science Innovation for Sustainable Development
https.//ph01.tci-thaijo.org/index.php/|SISD/index

Nakhon Pathom Provincial Fisheries Office. (2023). Important aquatic animals and the market that
receives the produce. [Online]. Retrieved November 14, 2023, from the website
https://wwwd fisheries.go.th/local/index.php/main/view_blog2/58/70324/2374. [In Thail.

Nakvijitpaitoon S., and Tanawong T. (2022).The Analysis System of Assessment of Smartphones
Pawned with Deep Learning. Journal of Science Innovation for Sustainable Development, 4(2),
27-39.

Rathi, D., Jain, S. & Indu, S. (2017). Underwater fish species classification using Convolutional Neural
Network and Deep Learning. 2017 Ninth International Conference on Advances in Pattern
Recognition (ICAPR). IEEE, India. pp. 1-6.

Raya. W. (2015). Breeding of guppies. Kasetsart News, 60(2). pp. 9-25. [In Thail.

Rodloi, A. (2022). Handbook for guppies cultivation in Thailand. Bangkok: Wanida Printing
Limited Partnership. pp. 3. [In Thail.

Shah, D. (2022). Mean Average Precision (mAP) Explained: Everything You Need to Know. [Online].
Retrieved November 13, 2023, from the website https://www.v7labs.com/blog/mean-average-
precision.

Suvarnabhumi Airport Aquatic Animal Checkpoint. (2021). Statistics on import and export of fish at
Suvarnabhumi  Airport. [Online]. Retrieved November 15, 2023, from the website
https://wwwid fisheries.go.th/local/index.php/main/view_qr_group/178/1436. [In Thail.

Thipchote, M. and Kokaew, U. (2021). Studied the subject of analysis of Mudmee silk of Khon Kaen
Province by Convolutional Neuron Networks. 13" ECTI-CARD 2021 National Conference.
"Innovation for a sustainable society" pp. 294-297. [In Thail.

J. Sci. Innov. Sustain. Dev. (2023) Vol 5 | Issue 2 | December 2023



