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ұₑὊ⁫ ῳӨὣὗ Ӥ (ʒAI)
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ұₑὊ⁫ ῳӨὣὗ Ӥ (ʒAI)

378 species

ÅұₑὊ(turtles)ᶷ ṅῇ ҍ ỦṎₒὊԄ ᵁἛ♄, ⱢӔ ◄, Ῠῇ, ◕ Ӕ Ὦ ῦ ᶷ ԂⱠ ᵁ

Å ұₑὊᶷ◕ Ӕ ♄ ῳ ᵡ Ὑ Ṵ ḁ בּ

Å Ὥ Ỵ ◕ Ⱡ ḻₔԂ ә, ֜ ◕ṅῇₔ“ұỦ, Ủ , ֥ ″ Ṵ Ἓ֡Ӊ Ӏ Ӧҟ ꜙҍҔבּ ә

ÅẁỚ♄ ὗὬ֥ IUCN(International Union for Conservation of Nature)Ӧ CITES(Convention on International Trade in Endangered

Speciesof Wild Fauna and Flora) Ҝ ḁ ῳḄ ṯ ұₑ ⁫ ῳӨὣὗ ᶂἍ ә

Å 2025ᵹ֥ ұₑὊ378 62%ҍ Ώә ḁә Ἄ ᾞ55%ᶷԃ ἛӨὣҍ ἛṴἜṍ

[ Ӓ]
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ұₑὊ⁫ ῳӨὣὗ Ӥ (ʒAI)

ÅGlobal threats

- ֥ ″ (Climate change) : ḻ ẁỚⱠ‴ Ӎ ṍᶷῶḁұₑ

ⱠӍ ֥ᶾӽỜ

- ◕ṅῇұỦ(Wildlife trade) : ԝ ₔ“Ὺὺ, ḻ

ÅLocal threats

- ♄ ꜜ (Habitat loss) : ♄ ꜜῳ

- ꜙ℮(Local consumption) : ꜚₔҍᶾ

- (Invasive species) : Ӧ Ӓ , ‾
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ұₑὊ⁫ ῳӨὣὗ Ӥ (ʒAI)

Å Ỵ ꜚ ♄ұₑὊὗ⁫ ֥ ♠ₔ“ ◕ṅῇұỦ֗ , ᾡ ֥ ῳ♄ ᾧ᷄ Ὢ, ῳӨὣҍ Ὥ, ֥ ᶷ

3ҍ Ӕҍ

1. ұₑὊ Ἄ (Morphological difficulties in turtles)

- ҏᶋ ▐Ⱡ

- ⱠӦ♄ ҳ ẁὖ ″

2. ▐֗ᾧ ḓ(Increasing survey volume)

- ▐ḓ◄ בּ ꜚ ҍ

- ҟ ḏ ▐ỳ ҍ

3. ₒὊ ῄҍ ₐ (Shortage of taxonomic experts)

- ₒὊ ꜙҔבּ

- ᾧṭₒὊԄ ҵ ῄҍ ⁫ҍ

Challenges factors

Ý ꜚ ә ₒὊῳӨὣ ṅ ḻԂҍ בּ
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ұₑὊ⁫ ῳӨὣὗ Ӥ (ʒAI)

Å Ӥ (ʒArtificial Intelligence, AI) וּ֥ Ỵ Ӕὗ ֥ Ӧ Ḅבּ ṏּב

Å Ӥ ᶾ ◕ṅῇ⁫ ῳӨὣὗ ᶷḫᵥὣ ṍә ᾞ, ὶ ⱠӦὗұṔә

ÅṼỴ (᷿Deep Learning) ᾧḮ ḫ ♄ Ἓ ә◕ῇ ḁᶷ ҍ

Å֚ ♄ḻConvolutional Neural Network(CNN) ᾧḮ Ⱡ ֥Ὼ ῦ ₒὊ ᵥὣ ṍә ᾞ, 2015ᵹ ҟῼṎ ResNet

ᾧḮ ᾧḮ⁫ḁᾧḮ layerὗְӀ Ҝ ḫ ὗ ҏ ₒὊ ẋ Ỵ 5.1% ῦὭ Ỵ ᵁ ᵖ

[ұₑὊₒὊὗ Ӥ ᶾּ֥ו ]

Artificial Intelligence

Machine Learning

Deep Learning

Convolutional Neural Network (CNN)

Generative Adversarial Network (GAN)

Recurrent Neural Network (RNN)

Machine -Based Decision

Machine -Learned Decision

Self-Learned Machine Decision

Convolutional Neural Network (CNN)
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ұₑὊ⁫ ῳӨὣὗ Ӥ (ʒAI)

[ṼỴ᷿֥Ὼ ῦ ₒὊᾧḮ: Object detection]

Å Object detection ᾧḮ CNNᾧḮ ֥Ὼ Ἓҟῼṍ ᾞ, ֜◕ῇ ‴ ᵥὣ ṍә

Å Object detection ᾧḮ ῦ ₒὊὭ בּ ᶷ CNN ᾧḮӦ Ḇὣ ῦ ₒὊ ╝ ᷄Ớ ῦ ᵒ Ҡ ԝ(regression) ₒὊ

(classification)ὗּב

Å ῦ ᵒ Ỵ Ӧҟ ҍ ᶷӒ Ҏ Ӧҟ ‴ ҍᶾ

<Object detection ᾧḮԂ >

²₠ ԝұ ³e

Ợֿב : ̰ ᵞỸ ∟ΩמỸᶹ

Ợֿב : ̰ ᵞỸ ∟ΩמỸᶹ
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ұₑὊ⁫ ῳӨὣὗ Ӥ (ʒAI)

[ṼỴ᷿֥Ὼ ῦ ₒὊᾧḮ: Object detection]

Å Object detection ᾧḮ 2ҍ ὊἛᵁᶭ

- 2-stage detectors : ԝ(regression) ₒὊ(classification)ὗּד Ἓּב (sequentially)

- 1-stage detectors : ԝ(regression) ₒὊ(classification)ὗṅ בּ (simultaneously)

Å֥ 2-stage detectorsᶷ◄ḓ ἛᾧḮ ḻҍᶋ Ὥḫ ὣꜚḻҍᶵὣḁᶷ ә, 1-stage detectorsᶷ◄ḓ ἛᾧḮ

ḻҍᵎ Ὥḫ ὣꜚḻҍ↑ὔḁᶷ

Å Ὥ ֜ҟῼṍᶷ1-stage detectorsṯ ↑ὖꜚḻὗ ᾞ2-stage detectors ▐ ḻὗҍ ḻἜҟῼṍә

ÝẁỚ♄ ֜ḓₐₒ ◕ṅῇ ῳₒὊ Ԃ ♄ 1ʊ-stage detectorҍ Ἓ▐ ṍә

<2-stage detectors 1-stage detectors ῦ >
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ұₑὊ⁫ ῳӨὣὗ ῦ ₒὊ֥Ὼ Ԃ

1. ԃ ᾡ ֥ (CITES) ұₑₒὊ Ԃ

2. ῶḁұₑ ₒὊ Ԃ

3. ◕ ӔӽỜұₑ ₒὊ Ԃ

4. Hyperparameter tuning ҍꜚ ὗ LLM ֥Ὼ Ԃ
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ԃ ᾡ ֥ (CITES) ұₑₒὊ Ԃ

Å 2009 ~2014ᵹҏ 407 □ ᶷ ԃ ᾡ ֥ בּ Ṏ ҹ Ἓ

Ӕṍ ә,֚ Ὂ(Reptile)ҍ 178 Ἓҍ Ὦ בּ (Import) Ṑ

Å Ὂ ♄ᶷұₑὊ51 , ḻὫ Ὂ49 ἛұₑὊҍҍ Ὦ בּ ṍᶷ

Ἓᵁ ᵉ

Å ұₑὊᶷ ṅῇἛ♄ ֥ҍᶋ ҟ ▐ ᶸ ᵁᾠ♄ּב ֡ ә

ᶷ Ɫ

Å בּ ṍә ᶷԃ ᾡ ֥ ⁫ Ἓ ֥Ὼ Ἓ

‴ ә

Å֚Ỵᵁὺ ḓỳ Ἓּב ṍᶷԃ ᾡ ֥ ♄

Ἓ ‴ ᶷҹ Ӕҍ

ÅẁỚ♄, ԃ ᾡ ֥ בּ Өὣὗ ♄ ,ꜚ Ӏԃ ᾡ

֥ ‴ בּ ᶷ “

[1. ԃ ᾡ ֥ (CITES) ұₑὊ36 ‴]

< ⱢӔῳԃᵒұₑὊұỦṅ >
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ԃ ᾡ ֥ (CITES) ұₑₒὊ Ԃ

ÅұₑὊʊ Ủ ₐ ♄ , Ἓ ṍ ᾞ, ṅῇἛḻּב ҍᶋ ₒὊԄ

Åὺᵹ Ἓ 13,000 ұₑὊҍּב ṍә ᾞ, בּ֜ ҍ ҍ ẁỚₔ“ұỦ ҍ ә

ÅұₑὊᶷ ἛṴ ҕ ◌, ῁᷁, Ἓ ‴ ᵁ ▐ ◌, ῁᷁ὗ ᷆ ṯҏ ‴ Ἄ בּ

Å ,Ṵ ҕ ᶷ◕ (♫ , ṅ) ″ ṏּב ұₑὊ ṅ Ἄ

Åּב ṍᶷұₑὊ ᶷ ұ ,e ḋּבұ ,e ῶḁұₑ ᾧṔ Ṑ

<ұₑ ҏ ▐Ⱡ(Morphological similarity) ᵁ ᵒᶷḓ ῦ >

Geochelone elegans Geochelone platynotan Chelonoidis chilensis Geochelone sulcata Chelonoidis denticulate Chelonoidis carbonaria
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ԃ ᾡ ֥ (CITES) ұₑₒὊ Ԃ

<ұₑὊ36 dataset Ԃ ӍӦ>

Å Data collection : iNaturalist Google ♄ԃᵒἛּב ṍᶷұₑὊ51 ῦ ὗּב è ῦ ҍₐבּ 15 36 ῦ

dataset Ԃ

Å Data selection : ֥ Ṏ֥ ᶄῄῳḻҔ, ῦ ұ(Total : 6,934 )

Å Data augmentation : Horizontal flip, Rotate, Zoom-in, Zoom-out, Translate

Å Model training : Object detection ᾧḮ 1-stage detectors Single Shot MultiBox Detector (SSD)ᾧḮ

<Single Shot MultiBox Detector (SSD) Model Architecture >
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ԃ ᾡ ֥ (CITES) ұₑₒὊ Ԃ

< ṎᾧḮ Ⱡᶾ ҍӍӦ>

<8ҟᾧḮ Ⱡᶾ ҍӍӦ>

Å mAP : 8ҟᾧḮ VGGNet16 model( 77.7% ) ҍ ᵎ ᾞ, ResNet18 model( 87.7% ) ҍ ᶋӀᵁ ᵉ

Å Inference time : ResNet18 model( 0.024 s) ҍ ↔ỡә, DenseNet121 model( 0.052 s) ҍ ᶵὣӀᵁ ᵉ

Å ResNet18 model ҍ ᶋ mAP Inference time ⁫

Model mAP Inference time (s)

VGGNet16 0.780 0.029

ResNet18 0.877 0.024

ResNet34 0.867 0.029

ResNet50 0.859 0.032

DenseNet18 0.861 0.033

DenseNet30 0.852 0.035

DenseNet50 0.855 0.046

DenseNet121 0.849 0.051
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ԃ ᾡ ֥ (CITES) ұₑₒὊ Ԃ

< ṎᾧḮ ₒὊӍӦὗᵁ ᵔconfusion matrix>

Å Average correct classification rate : 82.8%

Å 8ҟᾧḮ mAPҍҍ ᶋ ḠResNet18 model ₒὊⱠᶾ confusion matrix ὗ ᵁ ᵖ

Å ₒὊ ḻҍҍ ᵎ Chelonia mydas (60.7% ) ә, ҍ ᶋ Stigmochelys pardalis Ἓ 100% ӀₒὊṐ
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ԃ ᾡ ֥ (CITES) ұₑₒὊ Ԃ

בּ> Ӓ ♄ >

Å Challenge factors : בּ Ӓ ♄ (Underwater image degradation), ḫ ₐ (Insufficient data), ▐Ⱡ

(Morphological similarity)

Å Future studies : בּ Ӓ ♄ Ⱡᶾ ◄(Underwater performance enhancement, ⁫ ᶷ ῦ ҍּב (Collection

of morphology -clear image), ᾧḮ▐ (Adoption of advanced models) (e.g. YOLOv5)

Chelonia mydasCaretta caretta

Geochelone elegans Geochelone platynotan

Graptemys ouachitensis Mauremys sinensis

<ḫ ₐ >

< ▐Ⱡ>
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ԃ ᾡ ֥ (CITES) ұₑₒὊ Ԃ
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ῶḁұₑ ₒὊᾧḮⱠᶾ ◄ Ԃ

Å ⱢӔ ♄ ᶷῶḁұ (esea turtles) 7 ᾧṔᶷᾡ ֥ Ἓ ṍ ᾞCITESAppendix I ṍ ԃ ⁫ ὗΏә

Å Ԃ1 ♄Chelonia mydas ᶷҍ ᵎ ₒὊⱠᶾ ⁫ ᾞּב Ӓ ♄ᾧḮⱠᶾ ṍᶷҹ

Å Ἓ ῳּב Ӓ ḻ, Ὼ▐Ӯ, ₐ ῇ, ḁ ◕ῇṴ⁬  Ӓ ꜙὗ ә Ҡ ₒὊ ḻὗ ᶷ

Ἓ בּ

ÅẁỚ♄,ּב ♄ ᶷῶḁұₑ ₒὊ ḻὗ ◄ ♄ᶷ ӒӦҠ ὗ Ԃₒ ᶷּ֥ו

Å You Only Look Once(YOLO)ᶷ ԝ(regression) ₒὊ(classification)ὗ ṅ בּ ᶷḓ Ҡ ᾧḮ . ֥ Ҡ ᾧḮḓ℮

ᶋ ḻ ↑ὖ ὣꜚḻὗ⁫ ᾞ, ḁ ◕ῇῳ ◕ṅῇₒὊ Ԃ ḻⱠӤ Ἓ ṍә

[2. Instance segmentation ᾧḮ ᾧḮⱠᶾ ◄]

Caretta caretta Chelonia mydas Eretmochelys imbricataLepidochelys olivacea Dermochelys coriaceaLepidochelys kempii Natator depressus
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ῶḁұₑ ₒὊᾧḮⱠᶾ ◄ Ԃ

Å YOLO-segᶷ Ҡ ὗ ⱥḄ ἛԂₒ , ⁬ ῦ ♄⁫ḁ Ὺ ₒὊҍҍᶾ ḻἜҟῼṎ Ɫ֚ᾗ ⱭᾧḮ(instance

segmentation model)

ÅẁỚ♄, ḄּדҠ ὗᵨ Ҡ ӒӔֱ ⱢῪ ӀԂₒ בּ ᶷ

Å COCO Dataset ֥ ἛMask R-CNNῳYOLACT⁫ḁ בּ Ⱡᶾ ⁫ ᾞ, ḻ ὣꜚḻ ᾠ ♄ᶋ Ӓ Ἅ

Å ⁬ ῳּב  Ӓ Ӓ ♄ḻҠ ӒӔὗ Ὺ ӀԂₒ בּ , ⁫ḁ Ҡ ₒὊ ᾧḮἛ ҍṍә

Å⁮ Ԃ ♄ᶷ7 ῶḁұₑₒὊ Ⱡᶾ ᶋ ֥ instance segmentation ᾞ, ֥ ᾧḮ Ⱡ (ʒobject detection) Ӧ

℮ӽ ә ҍ

< Object detection model> < Instance segmentation model>
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ῶḁұₑ ₒὊᾧḮⱠᶾ ◄ Ԃ

Å Data collection : iNaturalist Google ♄7 ῶḁұₑӦḁ  Ӓ בּ

Å Data selection : ֥ Ṏ֥ ᶄῄῳḻҔ, ῦ ұ(Total : 1,627 )

Å Data augmentation : Albumentation , Mosaic augmentation

Å Model training : Object detection model (YOLOv5)Ӧ Instance segmentation model(YOLOv 5-seg), epoch 1000 , patience 100 , imgsz 640

Species Training set Validation set Test set

Caretta caretta 93 23 30

Lepidochelys kempii 40 10 13

Lepidochelys olivacea 58 14 20

Chelonia mydas 501 125 158

Eretmochelys imbricata 149 37 47

Natator depressus 40 10 14

Dermochelys coriacea 156 39 50

Total 1,037 258 332

< ⁮ Ԃ ♄ ▐Ṏ7 ῶḁұₑ ᶷḫ ⱨ>

< YOLOv5 YOLOv5-seg ᾧḮԂ ḻ>
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ῶḁұₑ ₒὊᾧḮⱠᶾ ◄ Ԃ

Å Overfitting : object detection modelӦ instance segmentation model ᾧṔӦ ᵁ

Å Three loss value (class, objectness, and CIoU): object detection > instance segmentation

Å Discrepancy between predicted and actual results : object detection > instance segmentation

<ҎᾧḮṯ Loss function ₒ♅> 

(A) Classes loss, Lcls, (B) Objectness loss, Lobj, (C) Complete Intersection over Union ( CIoU) loss, LCIoU

(A) (B) (C)
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ῶḁұₑ ₒὊᾧḮⱠᶾ ◄ Ԃ

Å mAP0.5 : object detection model (0.885 ) vs. instance segmentation model (0.918 )

Å mAP0.5-0.95 : object detection model (0.795 ) vs. instance segmentation model (0.831 )

Å Improvement factors : mAP0.5 mAP0.5-0.95 ♄ⱠᶾᾧṔinstance segmentation model ♄ ◄ṍ

Species
Precision Recall mAP0.5 mAP0.5 -0.95

YOLOv5 YOLOv5-seg YOLOv5 YOLOv5-seg YOLOv5 YOLOv5-seg YOLOv5 YOLOv5-seg

Caretta caretta 0.933 1.000 0.922 0.892 0.982 0.987 0.842 0.926

Lepidochelys kempii 0.545 0.789 0.846 0.615 0.607 0.751 0.557 0.571

Lepidochelys olivacea 0.741 0.754 0.750 0.800 0.836 0.815 0.720 0.745

Chelonia mydas 0.963 0.968 0.972 0.952 0.984 0.989 0.925 0.915

Eretmochelys imbricate 0.871 0.900 0.957 0.961 0.958 0.965 0.896 0.897

Natator depressus 0.766 0.866 0.874 0.864 0.849 0.924 0.731 0.856

Dermochelys coriacea 0.905 0.978 0.980 1.000 0.979 0.994 0.891 0.909

Average 0.818 0.894 0.900 0.869 0.885 0.918 0.795 0.831

<⁮ Ԃ ♄℮ӽᾧḮ Precision, recall, and mean Average Precision ( mAP) Ⱡᶾ℮ӽ>
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ῶḁұₑ ₒὊᾧḮⱠᶾ ◄ Ԃ

Å Average correct classification rate : Object detection model (84.3% ) vs instance segmentation model (86.1% )

Å Improvement factors : ₒὊ ḻ ◄, Ⱡᶾ ◄(Natator depressus  ӒӦ ₒὊҟ♠)

Å Challenge factors : ḫ ₐ (Insufficient data), ▐Ⱡ(Morphological similarity)

Å Future studies : ⁫ ᶷ ῦ ҍּב (Collection of morphology -clear image), ᾧḮ▐ (Adoption of advanced

models) (e.g. YOLO11), ᾧḮԂ Ṷ (Architecture design)

(A) (B)

< 7 ῶḁұₑₒὊӍӦὗ⁫ ᶷConfusion matrix >

(A) YOLOv5 model Confusion matrix, (B) YOLOv5 -seg model Confusion matrix 

Cc, Caretta caretta ; Lk, Lepidochelys kempii ; Lo, Lepidochelys olivacea; Cm, Chelonia mydas; Ei, Eretmochelys imbricata ; Nd, Natator depressus; Dc, Dermochelys coriacea
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ῶḁұₑ ₒὊᾧḮⱠᶾ ◄ Ԃ
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◕ ӔӽỜұₑ ₒὊᾧḮⱠᶾ ◄ Ԃ

Å Ԃ 1  Ӓ (invasive species) ḻ ῳ ▓ ҍᶾⱠ ⁫ ᾞ, ᶷ ұỦӦ ╝Ὥ ᷄Ớ ♄ ♄ḻ ֥ Өὣ

Ⱡ ҙ

Å ұₑὊᶷּבᾤ ֩әḁ Ӓ ♄◕ בּ ◕ Ӕ ῦ ᶷ ᾞ, ֥ ◄ Ἓ Ӧ Ӓ ҍᶾⱠḻ ҍ ә

Å ẁỚ♄◕ ӔӽỜұₑὊ ▓ Ὤәҳҙ ◕ Ӕὗ ֥ ♄ᶷ ֥ ῳ ꜚḓ (Early Detection and Rapid Response, EDRR)

Ӧ ᾧ᷄ Ὢ

Å ὗ ♄ᶷәⱠᶾ ṅ ṎᾧḮ ᾞ,֥ ᾧḮ ḫ ⱨ (Optimization) Ἓ Ⱡᶾ ◄ ҍ

Å Hyperparameter optimization ᶷḓ Optimizer selectionӦ Hyperparameter tuning ṍ

Å⁮ Ԃ ♄ᶷ6 Ủұₑ ḓ◄ Ἓ ֥ Ⱡᶾ ᶋ ֥ Hyperparameter optimization ᾞ, ᾧḮⱠᶾ

ҍ ә℮ӽ

< Ӓₐ ◕ ӔӽỜұ >e

Chelydra serpentina Macrochelys temminckii Mauremys sinensis Pseudemys concinna Pseudemys nelsoni Trachemys spp.

[3. Hyperparameter optimization ᾧḮⱠᶾ ◄]
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◕ ӔӽỜұₑ ₒὊᾧḮⱠᶾ ◄ Ԃ

Species Training set Validation set Test set

Chelydra serpentina 1,543 385 483

Macrochelys temminckii 184 46 59

Mauremys sinensis 474 118 149

Pseudemys concinna 539 134 170

Pseudemys nelsoni 643 160 203

Trachemys scripta 1,054 263 331

Total 4,437 1,106 1,395

< Ủұₑ6 dataset Ԃ ӍӦ>

< YOLO11 ᾧḮԂ ḻ>

Å Data collection : iNaturalist Google ♄6 Ủ ұₑ ῦ ὗּב

Å Data selection : ֥ Ṏ֥ ᶄῄῳḻҔ, ῦ ұ(Total : 6,934 )

Å Data augmentation : Albumentation , Mosaic augmentation

Å Model training : YOLO11 ᾧḮ ▐ ᾞ, optimizer selectionӦ hyperparameter tuning (Optimization)
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◕ ӔӽỜұₑ ₒὊᾧḮⱠᶾ ◄ Ԃ

<ḁ optimizer Ἓ ṎᾧḮṯ loss function ӍӦ℮ӽ>

(A) Complete Intersection over Union loss, LCIoU, (B) Classification loss, Lcls, (C) Distribution focal loss, Ldfl

Å AdamW model : Ӧ ῼ◕(Overfitting)

Å RMSProp model : בּ ₔ Ⱡ(numerical instability) Ἓ

Å Nadam model : Ӧ ᵁ (UNo Overfitting), Ɫҍ loss ♄ҍ ᵎ Ⱡᶾ ⁫ (= highest losses)

Å SGD model : Ӧ (No Overfitting), Ɫҍ loss ♄ҍ בּ Ⱡᶾ ⁫ (= lowest losses)

(C)(B)(A)

[Optimizer selection]
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◕ ӔӽỜұₑ ₒὊᾧḮⱠᶾ ◄ Ԃ

<ḁ optimizer Ἓ ṎᾧḮṯ Precision, Recall, mAP0.5-0.95 ӍӦ℮ӽ>

Å mAP0.5 : Nadam model (0.904 ) ~ SGD model (0.959 )

Å mAP0.5-0.95 : Nadam model (0.725 ) ~ SGD model (0.815 )

Å SGD model : ᾧṭ ҍ (Precision, Recall, mAP0.5, mAP0.5«0.95) ♄ҍ בּ Ⱡᶾ ḆⱠ

[Optimizer selection]
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◕ ӔӽỜұₑ ₒὊᾧḮⱠᶾ ◄ Ԃ

<Hyperparameter tuning Ӧ ♄ scatters plot>

Å Random searchὗ SGD model 16ҟ hyperparameter

Å Optimal hyperparameter combination : 114 th iteration

Å Training -related hyperparameters : Ⱡῳ ḻ ◄(Enhance stability and accuracy)

Å Augmentation -related hyperparameters : ḫ Ӛ ꜙ (Minimize data distortion)

[Hyperparameter tuning]

Hyperparameter Description Default model Optimized model

lr0 Initial learning rate 0.01000 0.00688

lrf Final learning rate 0.01000 0.01122

momentum Momentum factor for SGD or beta1 for Adam optimizers 0.93700 0.96821

weight_decay L2 regularization term 0.00050 0.00076

warmup_epoch Number of epochs for learning rate warmup 3.00000 3.45669

warmup_momentum Initial momentum for warmup phase 0.80000 0.93534

box Weight of the Complete Intersection over Union loss function 7.50000 6.28481

cls Weight of the classification loss function 0.50000 0.77211

dfl Weight of the distribution focal loss function 1.50000 1.33119

hsv_h
Adjusting the hue of the image by a color wheel 

to introduce color variability
0.01500 0.01087

hsv_s Altering the saturation of the image 0.70000 0.82473

hsv_v Modifying the value (brightness) of the image 0.40000 0.27159

translate Translating the image horizontally and vertically 0.10000 0.12203

scale Scaling the image by a gain factor 0.50000 0.57497

fliplr Flipping the image left to right with the specified probability 0.50000 0.39212

mosaic Combining four training images into a single image 1.00000 0.53319

<Default model Ӧ Optimized model hyperparameter Җ℮ӽ>
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◕ ӔӽỜұₑ ₒὊᾧḮⱠᶾ ◄ Ԃ

<Default modelӦ Optimized model Loss function ℮ӽ>

A) Complete Intersection over Union loss, LCIoU, B) Classification loss, Lcls, C) Distribution focal loss, Ldfl

Å Overfitting : non -fine -tuned modelӦ fine -tuned model ᾧṔӦ ᵁ (No overfitting)

Å Default model : Lcls ♄ lower values (=lower error)ὗᵁ ᵖ

Å Optimized model : LCIoU , Ldfl ♄ lower values (=lower error)ὗ ᵁ ᵖ
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◕ ӔӽỜұₑ ₒὊᾧḮⱠᶾ ◄ Ԃ

Species

Precision Recall mAP0.5 mAP0.5 -0.95

Default model Optimized model Default model Optimized model Default model Optimized model Default model Optimized model

Chelydra serpentina 0.962 0.962 0.984 0.990 0.993 0.993 0.881 0.900

Macrochelys temminckii 0.975 0.976 0.853 0.889 0.960 0.975 0.793 0.816

Mauremys sinensis 0.949 0.942 0.917 0.935 0.960 0.963 0.788 0.795

Pseudemys concinna 0.955 0.925 0.870 0.932 0.951 0.969 0.835 0.866

Pseudemys nelsoni 0.952 0.976 0.927 0.938 0.962 0.978 0.801 0.831

Trachemys scripta 0.942 0.913 0.856 0.923 0.924 0.959 0.789 0.836

Total 0.956 0.949 0.901 0.934 0.959 0.973 0.815 0.841

< Hyperparameter tuning ᾧḮⱠᶾ℮ӽ>

Å ֥⁮♥ Җ ▐ ᾧḮ Default modelἛᵁ ᵁᾞHyperparameter tuning ᾧḮ Optimized modelἛᵁ ᵖ

Å mAP0.5 : Default model (0.959 ) vs. Optimized model (0.973 )

Å mAP0.5-0.95 : Default model (0.815 ) vs. Optimized model (0.841 )

Å mAP0.5 mAP0.5-0.95 ♄ⱠᶾᾧṔhyperparameter tuning ◄ṍ

<Default modelӦ Optimized model Loss 
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◕ ӔӽỜұₑ ₒὊᾧḮⱠᶾ ◄ Ԃ

Å Average correct classification rate : Default model (89.9% ) vs Optimized model (92.7% )

- Pseudemys concinna : 85.0% ɣ 91.8% (The highest improvement)

- Macrochelys temminckii : 80.4% ɣ 87.0% (The second highest improvement)

- Ἓhyperparameter tuning ֥⁮♥ Җ ḫ ⱨ (Optimization) Ἓ ᾧḮ Ⱡᶾ ◄ ḻ בּ

(A) (B)

< Ủұₑ ₒὊⱠᶾ ⁫ ᶷconfusion matrix>

(A) Default model, (B) Optimized model

Cs, Chelydra serpentina ; Mt, Macrochelys temminckii ; Ms, Mauremys sinensis; Pc, Pseudemys concinna ; Pn, Pseudemys nelsoni ; Ts, Trachemys scripta
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◕ ӔӽỜұₑ ₒὊᾧḮⱠᶾ ◄ Ԃ


