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ⱢẦᵗ ♄ ׄԓȲӐ Ỵ( ) AI ᶾ ⇔

(deep learning)ѠᾎȲ о ♄ Ϣ ׄԓ Ṇ ȴẓ ӭ

Ɫ ♄ ₤ Ȳѿц Ӗ Ҡ Ӣᾼ ֚֯ ᴩ ȴ

Ӑ ֯⅜ὧ ⌡╡ ᾼ⁮ ∂ ɪ ɫȲӣѿ ♄ ד

ᾼ Ȳ ẁ ⇔ ₤ ṿӣȴ Є ᾼ ♄

ȲҒϱӐ Ϣ ֮ὁ ế Ѭ Ȳ Ԛ Ϡ Ϛ

ȲҔᵶ 10 Л֝ᾼ ♄ ế 6 Ѭ₲ ȴ 

Ӑ ṿӣ YOLOv7 ⇔ Ѡᾎṳṿӣֵ ṾоᶾҾ∂Ӵ

♄ ₤ȴ Ὠ ӱ ₤ ῶ ṏ Ȳֻ ἤҠ 95%ȲẔМȲ

ὑ ṓᾼ ᾄ♄ ѿϱᾼכϟצ ἤȷ ὑṿӣ ẓᾼѬ ♄ Ȳ

ἤꜙᴟҠ 99%ȴ ӱӐ П AI ᶾ ֯ ♄ ϱᾼ

Ҡ ἤȴ 

Ӑ Ӗ צ ֯ ѬҠ ѿц ᶹ Ɫ ֚֯ ԈȲ ӣ

DeepSORTֵ ӭ ᶾ ⇔ ѠᾎȲ∂Ӵ ֚֯ ₤ȴ ₤

Ӗ Ҡ Ѭᾼ ἤ ϟכѿϱȲҫҵȲᶺ ᾼ ה ֯ М

ᶹ Ȳ צ ᾄӖ ȲҠ Ẕ Ɫ ֚֯ ȴ Ὠ ӱ ӣ ⇔

Ѡᾎ ֵӭ ᶾ Ҡצ Ӣ ֚֯ ᾼӖ ȲҠ ӱӖ Ỵׄ
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ԓ ᾼ═ ṳ ȴҫҵȲӐ Ϸ Ϡ ֚֯ ӱ

Ṇ ȲҠѿ Ӣ Ἠ ᴯᵛ ן ֚֯ Ӣᾼ ӱȴ 

Ӑ ᾼ Ṇ Ϸ ᴩ иέȲ ẁᵛ ᾼ ♄

֚֯ Ϣ Ȳṳѹ ӱ֯ МȴṆ Ϸ ѿѠ― ᾼ

ה ҏ ȲӑẃҠ ẁ GoOceanӂү ӱṿӣȴҫҵȲӐ Ϸ ὙϠ

Ṇ ᾼṿӣ ạ ᴷȲ ҏҠ ю Ҡ ᾼѠהȴ 

ȲӐ в Ӣɪӱ ɫד ᾼѻ ứȲ

ṳѹ Ӑ ᾼׁשṅכὨȲ ҏӑẃ Ӣӱ ᾼ ế ȲҔᵶ

Ḗȳ Ѡה Ӑכ ᴷȴṳѹⱢϠ ᴷӑẃ ӣ Ϣ ᴩ ᵛ

ᵗᾼҠᴩἤȲѿ ֢ ứᴯᾼѠהȲ Ṇ Ҡ ҏ

М ֚֯ ӢӖ ᾼ ȲϷ ӣ ạ Ϣ ᴞ ᴩԉ

ᾼ֢ ҠᴩѠᾎȲ ṳ Ὑ Ϣ ӣὑ Ӣ ᾼḔ ᾃ ᾼ

Ȳ ҏ Ӣӱ Ϣ Ầᵗ ԉ П☼ ȴ 

 

ֿȸAI ȳ ȳ ѬȳѬ ♄ ȳֵӭ ȳ֚  
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Џᵂ ӭ Ӓ ᵫ в ῶ 

Џᵂ ӭ 
ӒЏᵂ ᵫ  

 װ 

(Ϛ) 

∂

 

1. Ṇ

╟Џ  
ϡ 2-1  p.23-p.27 

2. ᶙכ Ṇ

ц

▐  

ϡ 2-1  p.23-p.27 

(ϡ) AI

ᾎ

Ḃ  

1. ♄

₤∂ ȲҔᵶ

ứ ₤

Ὠ ᴷ 

Ϯ ԓ p.37-p.80 

2. ♄

ᵛ иέ Ȳṳ

֥ GoOceanӂү

ẁ ֥  

Х 5-1

~5-3  
p.103-p.109 

3. ֵӭ ᶾ Ȳ

ṳѹ∂ ֚֯

Ṇ ȲҔᵶ Ϣ

ᶹ

о  

ҳ 4-1

~4-3  
p.81-p.98 

(Ϯ) 

Ӣӱ

ᴷ 

1. ӱ

 

г 6-1

~6-3-1  
p.115-p.129 

2. ӱ ᵂ ☼  
ҳ 4-4  

г 6-2-2  

p.99-p.102ȳ 

p.122-p.124 

3. ӱ ה כ

Ӑ ᴷ 

г 6-3-2

6-3-3  
p.129-p.132 

4. ӱ Ầ֝ Ϣ

ᴩ ᵛ

ᵗҠᴩἤ ᴷ 

г 6-4  p.132-p.138 
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ȳ￼ иέ 

1-1 Ѭ ♄  

Ѭ ♄ Ɫɦᵓӣ ◦ȳᾈЎȳ ☼ц ᾜ Ἤ Ṷᾼ ȳ

Ἠṹ צ ṝїᾼԅ ɧȲ ɪѬ ♄ ᾎɫ Ϯ Ӕ ῶ

ԝ 16 Ѭ ♄ ȲẔМצ 13 ( ᾄȳ ȳ Ѭȳ ὰȳ ѬὰȳὈ

ץ ȳѬϱ Ṟȳמ Ѥᴣȳ ȳ ӫ ȳὈץ ȳ ếӴ֒ה )

╥ ṓὑ М ṶП♄ Ȳ Ṷԉᴶ♄ ᶁ֚֯׀ Ȳ ◦Мᾼ ♄ Ӽ╥

Ȳױֽ ѷꜜ Ӣ ᾼԓ Ѭ ▲ ᵫ╓ҏȲѬ ♄ ׄԓṶԈⱢԓ

Ẑ ế‌юדᾼ›ϫЄ ҵ֪ײȲḕ֪ד ѬṶԈ ṛ 30 ϢᾼἤỄȴ 

Ὼ ϫדẃȲү Ӧὑ∂ ᶶ ᾼכ Ȳṿ Ӗ ὑӢ♄₇ ᾼ

Ḗѡ Ȳԅ ♄ ⱢӢ♄МӇЛҠюᾼϚכ иȲ Ӧ ֮ ц

֮ ц ◦Ȳד ᾼ♄ Ầ ד ӴȲכ ӱ ẃ ֵӖ ṶѬ ♄

Ȳ֢ Ѭ ϢЀצ ẃ цП ȴɪѬ ♄ ᾎɫ Х

ế г Сѻ צ ᴩɦ ạɧꜙ ᴟɦ Ѧɧ ᾼ ϩȲ

Ӗ ֯ ṶѬ ♄ Ἤắצ Ȳ ᴖҏ Ӗ ᶼṶԈȴצ ὑױȲᴩ

╜ ɦ֣Ѝ ɧ∟ȲὑӖ Ϸד109 ҏɦ֣ ɧᾼ╜ Ȳѿɦ Ὅɧȳ

ɦ Ὑɧȳɦὢ ɧȳɦ Ṏɧцɦ ԉɧХЄ ⁄Ȳ Ӗ ɦ῀ ɧ(῀

◦)ȳɦῺ ɧ( Ὼ ◦)цɦ ɧ( Ϥ ◦)Ȳ֯ ’ ◦Ә ᾼ֝ Ȳ

ϚḂ ҟɦ ɧ ɦ ɧᾼѠהȲ ɦ Ὅɧẃậ҅ɦ ạɧȲᶦ ԓ

Ὅ ◦Ȳ’ Ӗ Ṷ ד ♄ П ᵓȴ Ӗ Ṷ♄ ᴞṝ Ȳ
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Ἥ ♄ Ȳᵀ╜Ἀ ẁ ừᾼׄԓ Ἠ╥ ᵫȲ∂Ӵׄԓ Ṇ Ȳ

⁄ ᵅ֪Ѭ ♄ ᴖ ϺᾼҠ ἤȴ 

Ѭ ♄ ᾼ֚ ѻ Ҡ Ɫᴞ ҵϩếӖ ᴩⱢẒЄ Ȳ֪ Мᴞ

ҵϩҔᵶϠ ד ю ᾼ֮ѝ֪ІȲѿц ἤ Єᾼ Ѭѝ֪ІȲᴖӖ

ᴩⱢ⁄╥− оϷ− ạᾼ֪ІȲҬ ◦ ṎḂ Пȴ ◦ỗ

(2019) ᴟד103 ד107 ȲḆ ԓ ϫЄὔ Ѭ Ȳ Ӗ ὑ

ṷ Ṷ♄ ҵᾃ ȴ ṅשׁ◦ (2020)ѿɦ ɧᾼ Ἐậ

҅ɦ֚ ɧȲ в Ỵ иⱢ 85 и ᴩ ȴⱢ ẞɦ֣

ɧ╜ МȲ ɦ Ὑɧ ẁӖ Ể῀П╜ ╓ӱȲ ◦

ṅשׁ (2021) ᴩԓ Ỵ ׄԓ ▲Ȳ ԓ 511 ᾼ (Ỵ)ế 162

צ ♄ ׄԓᾼἬצ Ȳṳ ֚ ⇔֪Іế ⇔֪ІᾼиέȲ

ᴷ֢ (Ỵ) ȴ Ϡᴞ ֪ІҵȲӖ ᴩⱢ֪ Ϸ╥Ϛ ᴷ

♄ ЛҠἨ ᾼ֪ Ȳ ṅשׁ◦ (2021) ɦ ɧȳɦᾌɧȳɦ ɧȳ

ɦ☼ɧȳɦ ɧ ᾼכ (ֽᾌ ᾌṔ)Ȳạứ ϩи ᾼѠᾎȲ ẁ

Л֝ ᾓϯ ֥ Ṷ֢ ♄ Ϣ Пи ȴ 

ѿϱ Ὑ ӱ ҟ ד ◦ỗ ṅשׁ◦ ֯ ♄ ׄԓ

ᴷϱᾼᵘϩȲ ᾼ ᴷ Ὠ╥Ӗ ›Ἇ Ṷ ♄ ᾼ￼ Ȳ

Ҡӣẃ ֥ (ᵅ )ᾼ ( )ȲҠ ẃ Ṷ█

♄ ᾼ֚ ⇔ȴצϠ ṷ￼ ȲҠѿӣẃḟứ ♄ ӭ∟Ȳ

ϯϚ Ḗ╥ ᾼ ֪ІȲѹ ᵛ ẁ ᴕȲ֪ױȲ ◦

ṅשׁ (2022)ᶙכ∂ Ϡ ȲҔᵶ ( ȳᾌȳ☼ )ȳ ȳ
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Ѭ ȳ ᴯ ȳѬ Ȳצ ȲϷצ Ȳ ṷ

ᵛ ֥› ᴷ и ὨȲ ṅשׁ◦ ∂ Ϡɦ

GoOceanӂүɧȲ ӂүȲӖ ֯›Ἇ Ṷ ›ȲҠѿ

ậ ᾼ Ḇ҉ṜȲ Ҡ ᾼ ἕȳ֚ ẞ ᵅȴ 

╜Ἀ ᴩԓ ▲ȳ∂ӴϠᵛ ȳϷ ᴷϠ ♄

Ȳ ᵂⱢӇҠ ᵅ ♄ ֚ ᾼ ӢȲᵀЬ ᾎạѦȴϚẃ╥

оᶶ Ȳ ѿԓ ȷԛ῏╥Ӗ ᴩⱢЬ ѿ Ἠ Ȳ֪ױӑẃ

♄ ḳ ᵅЬ ѿ ᵍȲϯϚḔ⁄╥ṛϤ ᾼЏᵂȴ 

ֽ› Ȳ ♄ ꜙֵȲ֢ ♄ Ẕצ ἤȲҷ (ắḳ)֪כӼצ

ἬЛ֝Ȳֽ ϱ ᾄ( Ѭ)ᾼҷ (ắḳ)╥ ѬȲӭ›֯צϢכ Ѭ ᾼ Ѭ

ᵗ╥ Ӣ (lifeguard) ᴩȲᵀ и ֯ὒủ ⅎϢ ֵ(ֽ щᾼ

ҖӀ )Ȳ ю ᾼ Ӣ ϩצӑ Ȳ ѬײϺᾼ Ҭצ

ϫּהȲ Ӣ ӑ ᵛ ѬӖ Ȳ―Ҡ ҷ Ȳꜙᴟ Ӣ Ṷȴ

ṅשׁ◦ (2022)ɪ צ с вѬ ♄ ׄԓ Ȳ AI

оѬ ׄԓ ᶾ ȴ ӦӐׁשṅ ᴩȲ Ӧ AI ᶾ Мᾼ ⇔

ᶾ ӣᴟѬ ♄ Ѭ₲ Ȳ֯Ɫ Лẞҙדᾼ ᴩ Ȳ

ᶙכϠϚ ῴḔ Ѭ ♄ Ѭ₲ ₤ᾼ Ȳɲ Ὠכ ӱѬ

♄ ᾼң֫ (recall)ӂᶁ 63%ȲѿѬϱ Ṟמ ᾼ Ὠ ṾȲẔ

ң֫ Ҡ 80%ϱϯȴᴖ֯ Ѭ₲ ң֫ ӂᶁּפ 77%ȲẔМ ὑḥצѬ

ῧȳ ҏѬ њᾼ Ѭ₲ Ὠ ṾȲң֫ Ҡ 92%ȴ Ὠכ

ӱṿӣ ⇔ Ѡᾎ ӣὑѬ ♄ ׄԓ ᾼҠᴩἤȴ 
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1-2 ϢЏ ᶾ  

1-2-1 ϢЏ  

ϢЏ (artificial intelligence, AI)ӭᾼⱢ Ἠ ‍Ϣ ᾼϢ ᾬ

֢ Л֝ᾼѠᾎẃ צ и Ϣ ᴿᾼד ȲϢ ᾼᴩⱢ ֽ Ӿȳ

ȳ≈ᴕȳᵒ ѿц Ȳ֪ױϢЏ ╥Ϛ ἘȳӭᾼἨ╥ ▐ȲҠѿ

╗ ֵ Ἐ Ѡᾎȴ֯ϢЏ ᾼ ϯ ӢϠ ֵ ֽ (data 

mining)ȳ (machine learning)ѿц ⇔ (deep learning) ἘцѠᾎȲ

ṷϢЏ Ѡᾎἒדױ Ȳӭ ꞋⱢ צ иὑϢ ᴿᾼד ϩȴ 

Ѡᾎ ֢ Л֝Ѡᾎẃ┤ ӐЄ ѹ ᾼ Ȳӭᾼ֯ ứ

ᾼ М┤ ῀ ȳ Ἠ …ȴ ѠᾎҔᵶϠ ֵ Ѡᾎ

⇔ ѠᾎȲҬ ╥ ὑЄ МиέᾼѠᾎ ᵂⱢ Ѡᾎȴ

╥֯Б ᾼ М Б῀ᾼ ẃ Ṷᾬ ᴩ Ȳ

֯ ᴩ ›Ӈ ứϚ Ҕᵶ ӦϢ ῀ ậҏ ᾼ ȴᴖ ⇔

ὑ (neural network) ȲЛ֝ὑ ѠᾎȲ ⇔ ҟϠ ԒӦ

Ϣ ῀ ẃ ᾼ῀ ậȲᴖ╥ Є М ֵ ᾼ Ɫ

ᴶȲ ᴩ ›Л Ϣ ῀ ᾼЮϤȲֽ 1-1Ἤӱȴ 

Ӈ ֯ ᾼ Ӑṝ֯׀█ṷ ֯ ⁄Ҡѿҟ ȲṳѹצὙ

ᾼӭ Ȳ֯׀ϒứ ⁄⁯ӭ›ṳ еהҠ Ȳ֪ױИ ᵓӣ Ἠ

⇔ ẃ ḟ ȴᴖ ѿц ⇔ М ẞᾼ Ȳ╓ᾼ╥ Ϛ

ṳ М ֯῀ ᾼ Ȳ ᾼ ₤ϭҠиכϮ Ȳ ה



5 
 

(supervised learning)ứϚ Ҕᵶ ᵒ Ἠ ᾼ ᴩ ȳ‍

ה (unsupervised learning)ứϚ ᵀЛҔᵶ ᵒ Ἠ ᾼ ẃ

ᴩи Ἠ╥ ѿц оה (reinforcement learning)⁄

╥ Л ֮ (trial-and-error)ṳ ֯ᾼӔ ẞ֫ ȴ 

Ὼ֪ד ϩ Ȳ ὑᵓӣ ȳ ѿц ⇔ ᾼׁש

ṅ ҏЛ ȲҔᵶ ᶧ ֽῖ ṛ ᾼ ȳ‍ ᶧ ֽ ᾼ

иέ Лצ ᾼ ὨȲֽ 1-2ἬӱȴẔМ ѠᾎҔᵶ Ὥ(Random 

forest, RF)ȳќ ֣ (Support vector machine, SVM)ѿц ᾼϢЏ

(Artificial neural network, ANN) Ȳѻ Ϥ ᴩиέȲ М᷄

ҏ √Ἠ ᴖ ᾼ ᴩ ᾼ ȴẔМ ⇔ ѠᾎҔᵶ

(Deep neural network, DNN)ȳ (Recurrent neural network, RNN)

ѿцẪ (Convolution neural network, CNN) ȴ ᴕ

ἤᾼ ᶧԝ ᾼֻ−צ ὨȲᴖẪ ֯ צ

ᾼכὨȲѻ ϡ ᾼ ᴩ ậȲ ậᾼ М ῀ Ἠ

╥ √ Ȳ ᴖ ᾼ ᴩ ᾼ Ἠ╥ ȴ֪ױȲѿẪ

Ɫ ӢϠ ֵ ▐ ẃ Ȳֽ ᶶ ӭ ᾬᾼ YOLOṆԝȳ

МḕϚ ҁ ᾼ R-CNNȳѿ R-CNN Ɫ Ḃ ⇔ᾼ

Faster R-CNN Ȳֽ 1-3Ἤӱȴ  
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1-1 ⇔ П  

 

 

1-2ϢЏ ȳ ⇔ П▐  

( ѱẃ : https://omnixri.blogspot.com/2019/05/ai.html) 

https://omnixri.blogspot.com/2019/05/ai.html
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1-3 ϢЏ ȳ ⇔ ѠᾎП … 

1-2-2 ⇔  

⇔ ╥ иќϯᾼϚ  Ȳ цᴞ ạȲṿ

Ἠ╥ ȳ Ἠ ᾼѠה ᴩ ȴᴖ ⇔ Ҡ ⱢϚ

ᴞ ᾼẗ Ȳ ֵ֥ ᾼ Ἐẃῶ ᾼ Ȳ ⇔ Ἇ

ᾼ ế ẃ Мᾼ ⁄Ἠ╥ Ȳ ᷄Ϛ ứ Ϥ ҏ

᷄ҏ ᾼғ ẗ Ȳѿ֫ ᾼẂІẃ Ȳ ⇔ ᵛ╥ Л ֮

Ӕẗ Мᾼ Ȳ иӁМ᷄ҏϚ ẗ ֥ Ȳ ᴖ ᾼ

ᾼ ҏⱢᴶȴ ⇔ ֯ס о (optimization problem)ẃ ԉ

ᴶ ӣ ᾼẗ Ȳ ҷẗ (loss function)ẃứ Ȳֽ ד

⇔ᾼᶁѠ (root mean square error)Ȳ оᾼᶾ ṿẔ ế

֥Ἤ ḟᾼ ȲᴖЛ֝▐ ᾼ ⇔ ӭ ╥ⱢϠ ᵗ צ

ᾼ ȴ 
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ᴖӭ›ᾼ ⇔ ѠᾎꞋѿ Ɫ ӢᴖẃȲ (artificial 

neural network)Ɫ ӾϢ Є ц ᵂѠהᾼ ᶾ ȲϢ Є Ӧ

Фד ᾼ Ἤ Ȳḕכ ᾼ ȲᵀЄ ᾼ

֥ ẃᵛ Ҡצ ᾼ ϩȴ 

а(neuron)Ɫ Ӑᾼ כ ᴯȲ а צ ᾼ

‒ ᴟẔ҃ аȲֽ 1-4ἬӱȲ Ϥ X W Ϥᴟ а

∟Ȳ ав ᵛ Ở ᴩ е(1-1)הֽהἬӱȲᴖ Ὠ Y ᵛⱢ

аП ҏ ȴ 

ὣ ὪὲὩὸὪВὡ ὢ —  (1-1) 

ẔМὣⱢ аᾼ ҏ ȲὪὲὩὸⱢ ẗכ Ȳὡ Ɫ

֢ а ᾼ Ȳὢ Ϥ Ȳ— аᾼ  ȴ 

 

1-4 а▐  

▐ Ҕᵶ Ϥ (input layer)ȳ (hidden layer)ѿц ҏ

(output layer)Ȳֽ ᾼ ӭ ֵѹ Єצ ᾼ а ᴩ Ȳ Ɫ

⇔ Ȳ ᾼ Ϥ Ӧ Ϥ ϤȲ ᴟ ᾼ а ᴩ
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Ȳ ḟᾼ П ⇔ аᾼ Ҡѿ╥Ϛ Ἠ╥ֵ Ȳ ∟ Ӧ

ẗ (activation function) ҏ Ȳֽ 1-5Ἤӱȴᴖ ὑ ạỮӑὙ Ἠ╥

Ɫ ᾼ Ȳ ṿӣֽ S₤פ ẗ (sigmoid function)ế פ Ӕйẗ

(hyperbolic tangent function)Ȳṿ ẓצ‍ ἤ ϩȲ∂Ӵ ᾼ

ẗ …ȴῺדẃ ᾼ ϩế Ὲ׀ ᾼ ҒȲ ғכ

ֵȳ а ֵᾼ Ȳ ᴖ Ғ ᾼ ӭȲѩ

Ҡѿ ẁḆ ᾼ ὨȲṿ Ḇ ϚḔ Ϣ ᾼ Ṇ Ȳ

ẓֵצ ᾼ ▐ ȲꞋҠ Ɫ ⇔ (deep neural network)ȲᵛⱢ

⇔ ᾼ Ȳ ֵ Мᾼ аҟ ậ М ᵶᾼ῀ Ἠ╥ Ȳ

ẃ Ɫ ᾼ ȴ 

 

1-5 ⇔  

а ד Ȳḕ МҔᵶ Ȳᴖ ᵛ Л ֮

ṷ ẃ ᴩ ȴӦ Rumelhart et al. (1986)ׁשṅҏ (back 

propagation neural network)Ғϱ ϩѡ ѣ Ȳṿ Ởּטҏὑ

ϢЏ Ȳ Ϣ ᾼ֝ד ᾼ Ȳ
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ч ᵂᾼ ȴ ᵛᵓӣ ᾎẃ

Ḇ Ȳ Л ֮ Ḇ Ȳ ẞҠѿ Ἠ╥ ֥ ḟ

ᾼẗ ȴ ᾎ╥ᵓӣ МἬצᾼ Ȳ ҷẗ ᾼ ⇔Ȳ

⇔ϯ ᾎ(gradient descent)ẃḟứֽᴶ Ӕ Мᾼ Ȳ ẗ

Мᾼ ⇔Ѡ֣ẃ ẞֽᴶ Ӕ ṿ ᵅᾼѠᾎȲֽ 1-6Ἤӱȴ 

ӭ›ⱢѦצ ֵ ⇔ ѠᾎȲẂֽ ⇔ ȳẪ ѿц

Ȳ Ӧ Є М ậ Ɫ ᾼ῀ Ἠ╥ ȲᴟЭ

ѿ ӣ֢֯ ϱȲѿ Le Cun et al.(1990)ѿ ᴩњ ֿ ᶾ

ⱢԒ Ȳᵀ ắ ὑ ᾼЛṜȲ ֯ ṳ Ȳᴖ

Chellapilla et al.(2006)ɔӣ ӱқ(graphics processing unit, GPU)ᾼӂᴩ ϩȲ

Ԓᾼ ⇔ ₤ ᾼ ⇔ сȲϷ╥ Ϛ ṿӣ GPU ᴩӂᴩ ẃ

ᾼ ⇔ ₤ȲKeizhevsky et al.(2012)֯ ד2012 ILSVRC(ImageNet 

Large Scale Visual Recognition Competition) Ȳɔ ӣẪ (convolutional 

neural network, CNN) ₤ ϯ и ѩ ′ ȴ ⇔ Ѡᾎ֢֯ ϱᾼ

ғȲᵮіכ ẃ ֵᾼׁשṅ Ởṿӣ ⇔ ẃ ӣ֢ ϱȲֽ и ȳ

Ϣ ѿцᴞ ṕ (natural language processing)Ȳ֢֯ МꞋ

צ ᾼכ ȴ 
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1-6 ⇔ϯ ᾎӱ  

1-2-3 Ẫ  

֯ МȲ Ӧ ȲḕϚכ Єצ ᾼ аȲ а

Ϥ ẗ ᾼ ȲᵂⱢ аᾼ ҏȲṳ Ὠ ϤϯϚ

аМȴẪ (convolutional neural network, CNN)Ɫиέ ṓᾼ

⇔ ѠᾎПϚȴCNN ▐ ȲҠиⱢ֝ד Ϥ ȳ ѿц

ҏ Ȳ Ϥ ҏ ӣὑ ᾼ Ϥ Ὠᾼ ҏȲCNN Л֝П ֯ὑ

МӦẪ (convolutional layer)ȳᴃо (pooling layer)ȳԓ (fully 

connected layer)Ἤ Ȳֽכ 1-7 Ἤӱȴ Ϥ ֯Ẫ М Ẫ

(convolutional kernel)֯ ϱ ᴩẪ Ȳ ᷄ Мᾼ Ἠ╥

Ȳ ᷄ҏᾼ Ὠ ҏכ (feature map)ṳ ϤϯϚ М ᷄

Ȳ ’ ӭ ᾼῈ ṳ ậҏ֥ ᾼ Ȳֽ 1-8Ἤӱȴᴖ CNNᾼ

╥ Л ֮ ṳ Ẫ ѿц а ᾼ Ȳṿ Ϥ
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Ẫ ∟ ẞ ῶἤᾼ҅צ ȴᴃо ӭᾼⱢ Ẫ ҏᾼ ЊȲ

ᴩϯ (downsampling)ṿ Мᾼ юȲ ᴖ о ᾼ ⇔

ѿц ᵅ ӐȲ֝כ ϭ ’ ᾼ Ȳ ṓᾼᴃоѠצהӂᶁᴃо

(average pooling)ế Єᴃо(maxpooling) ȲѿӂᶁᴃоⱢẂȲ Ϥᾼ и

ֵכ І Ȳ ḕ І Мᾼӂᶁ Ȳṳ ẔᵂⱢ ᾼ ҏᴟϯϚ

Мȴԓ Ẫ ѿцᴃо ậҏẃᾼ ֥Ȳ Ԓϡ ᾼ

Ϛכ ᾼ Ȳṳ Ϥᴟ ⇔ ᴩ Ȳ Л ֮ Ḇ

Ȳ ҏ ứᾼ Ϥԓ Ȳ Ӕ ᴩ и Ἠ╥ Ȳ֪ױ

֯ Ȳ МᾼῈ ᴯ ד ἤȲ Ӧֵ ᾼ

Ȳ ᵒ ҏ ᾼ Ȳ ᴖ ᴩ и ȴ 

 

1-7 CNN▐  
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1-8 Ẫ ᴩẪ ṳ ậҏ  

CNN Ϛ ᾼ ᾼ ᵑ֯ὑ CNN ӣὑ (pattern 

recognition)ȲCNN Ẫ Ҡѿ М ẞῈ (spatial feature)Ȳ

֮ᵒ Мᾼӭ ếӭ ᴯ Ȳד ὑ ӣẃ Ϛ ᾼ Ȳ

Ϛ ᾼ ֽ ϡ Ȳ ϡ ᾼḕ Ϥ МȲ

Є ᾼ аѿц Ȳṳ ҷҟ Ϥ ᾼῈ ἤȲᴖ CNNᾼ

֯ὑ ϡ Ȳ Ϡ ậᾼ֝ ׀’ ᾼῈ ἤҵȲϷ ю

₤Ἤ ᾼ Ȳ ᵒ П ṳиέȲ∂ ҏ ֵᾼ Ȳṿ

Ṝצ ֵᾼ Ҡѿ ᴩ Ȳẓצ ᾼ ϩȲ ѹ Ɫ

ᾼ ȴ 
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1-3 AI ᶾ ֯Ѭ ♄ П ӣ 

ү ҳ ȲῺדẃ ♄ Ḇ╥ Ȳ ֵӖ Ὲ

›Ἇ֢ Ỵ ᴩ ♄ Ȳᵀ֯Ӗ Ὼ ᾼ֝ Ȳ Ϸ ᴴ ᴞ

ḳ ȳϢⱢᴁ╬ ȲẂּֽט ֯Ỵ ҏ ᾼ ᾰ (freak wave) Ӗ ӉϤ

Мȳ ֯ ϯ Ϣ Ὼ ᾼ ☼(rip current)Ἠ╥Ϣ ԉ ệᶃ

Ỵ ◦ ᾬ ȴ֪ Ȳױ ṅשֵׁ ◦ ѠᾎẃϠ ᾼ ᾓȲ

ṿӣ ╦ ếԏ ṳ ᶾ ẃ иέ ᾼ֢ Ȳ

ֽ Dankert et al. (2003)ṿӣ ╦ Ἠ ᾌ ҟиέ ◦Мᾼ ᾌ

(wave groups)ȲGoddijn and White (2006)ҏᵓӣ ᴯד ὁ ẃᴷ

Ѭ ᾼѠᾎȲPugliano et al. (2019)ɔӣԏ ẃ Ỵ ᾼ о ȴ 

ϢЏ ᶾ ᾼ ᾼ Ӣ ֵϢЏ ѠᾎȲ ᵓὑ

⇔ Ѡᾎ֯ ϱᾼ Ȳ ֵᵓӣ ⇔ Ѡᾎẃиέ ╦Ἠԏ

ᾼׁשṅ Ȳ֯ ◦ ϱӼ ȴֽ Dusek et al. (2020) רּ

Є ◦ᶝ(National Oceanic and Atmospheric Administration, NOAA)ὑ ☼ᾼ

иέ Ȳṳה ӱṿӣỴ ѿц ӂᶁ(time-averaged) Ȳ

Ӣ Ẓ῏ẃה ☼ṳ ᴩѩ ȲשׁױṅϷЮ Ϡṿӣ ὑ ☼

(video flow-based)ếϢЏ Ѡᾎẃ ☼Ȳ ֥ ṷѠᾎҠѿ ☼

ᾼ ἤȴXu et al. (2021) ӣϢЏ ᶾ ֯ ◦ ☼ᾼ ӢȲשׁױṅ

ӣϠϮ ⇔ ᾎẃ М ◦ ☼ᾼ ӢȲṳѹⱢϠ ṷ

Ѡᾎ צ Ȳ Ϛ ὑ ◦ ϩ ᾼ ☼ Ѡᾎ ᴩѩ ȴѩ

Ὠ ӱȲ ṷ ⇔ ѠᾎꞋ ◦ ☼ᾼ ӢȲṳѹѿ ֿ έ
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(PSPNet)ῶ ṾȲҠѿ ҏ ֵᾼ ◦ ☼ȴѿϱׁשṅ ӱϢЏ ᶾ

ӣ֯ ◦ ᾼҠᴩἤȴ 

ϠҠ ӣ֯ ◦ ҵȲϷҠ ϢЏ ᶾ ◦ ᾬἨ╥

ᴁ╬ẃ ḟ ◦ᴁ╬ ȴֽ Fallati et al. (2019)╓ҏϢⱢ ◦ệᶃ

(anthropogenic marine debris)Ɫ ◦ ȲẔМѿ ệᶃҜἬצϢⱢ

◦ệᶃϥכѿϱȲשׁױṅᵓӣ ӣ Ϣ (unmanned aerial vehicle, UAV)

RGB έ⇔ Ὲὁ Ỵ Ȳṳѹ ὑ ⇔ ѠᾎȲ и ҏἬ

иצ ֯ ỴϱᾼϢⱢ ◦ệᶃȲ Ὠ ӱ ױ Ѡᾎ צ ỴϢⱢ

◦ệᶃȴChang et al. (2020)ɔӣ CNNѿц (transfer learning)ᾼѠᾎ

א ᾼ ᴩи Ȳ Б ֻᾼ ₤ ᴟ ᾼ Ȳה

█ Б ֻᾼ Ὠ ӣ֯ҫϚ ϱȲṿӣḆюᾼ Ӑẃכ ȴ

ױṅѿשׁױ Ѡᾎẃ ₤Ȳ ╥ᵡ Ἠ╥ ắᴁ╬ᾼᵒ Ȳ

Ὠ ӱױ ᾎҠѿצ ֯ԏ М ԉ ╥ᵡ ᾼ Ȳה

ᵗ ֮╜Ἀ ю ệᶃᾼ╜ ȴDe Laurentiis et al. (2021)╓ҏṿӣ֥כэ

(synthetic aperture radar imagery) ◦ ᾒᾼׁשṅМȲ Єᾼ╚

ПϚ╥ֽᴶ֯ ֵ֯׀ ԏ ạϯȲ ҏ ᾒṶԈȲשׁױṅṿ

ӣ Ϣ ᴩ ᾼ Ȳṳѹᵓӣ CNN ậ‍ ἤ ᾼ ϩѿц ⇔

ᵒ ᾒᾼ ϩẃ∂ ϱ ᾒ ₤Ȳׁשṅ Ὠ ӱױ ϢЏ ᶾ

צ ֮ᵒ ᾒṶԈȴSathish et al. (2023)╓ҏӦὑϢⱢᴁ╬ᾬᾼ֯׀Ȳᾘ Ӣ

Ṇ ắẞ– ȲӢᾬֵ ἤӔ֯ ҷȴⱢϠ ḟ ◦ᴁ╬ Ȳ ϠϚ

ὑ CNNᾼ ⇔ ₤ȲⱢϠ Ṿо ₤ᾼ ȲṿӣϚ ֤Ɫᾧᴩ
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ᾎ(reptile search algorithm)Ȳ с ₤иέ ᾘ Мᴁ╬

⇔ᾼ ϩȲ Ὠ ӱ ₤ צ ὑϟכХᾼ ἤȴѿϱׁשṅᶁ ӱṿӣ

AI ᶾ Ҡצ ᵗ ◦ ᴁ╬ ȴ 

ᴖϢЏ ᶾ ЛҬ ӣ֯ ϱᾼ ȲϷҠ ӣὑ ϯᾼ Ȳֽ

Hu et al. (2022)╓ҏ ἉӰᾒếщ Ӣ ♪ Ҡ ◦

ȲꜙᴟҠ і ѭḳ Ⱨȴ֪ױȲשׁױṅ ṿӣᴞѻѬϯ ẓ

- (autonomous underwater vehicles-robotic fish)ẃ Ѭϯ ♪ ṶԈȲ

Ϡ έ⇔ Ṕ ὁ Ѭϯ ҵȲϷ ⇔ Ѡᾎ

₤Ȳẃ Ѭϯ ♪ ṶԈᾼ Ӣȴ Л֝ѐ⇔ᾼѬϯᾬ ӢѬ

ϯ ♪ Ȳ ẁ ⇔ ₤ ᴩ Ȳשׁױṅ ӱ ֥ ⇔

ᴞѻѬϯ ẓᵛ Ѭϯ ♪ ᾼҠᴩἤȴZhang et al. (2022)╓ҏ

ȳ ◦ оế ⇔ № Ȳ ◦ ԓ ῂ ᾼҠ═ ἤ

Ӣ♄₇ ᴟ ȲϚ иέ ◦ ᾼѠה╥Ѭϯ ▲Ȳᵀ Єᾼ

ṿ и иέ Є ȴ֪ױȲשׁױṅṿӣϢЏ ᶾ

∂Ӵ ₤ȲҠѿ ṳи Ѭϯ ▲ Мᾼ ◦ӢᾬȲ Ὠ ӱױ

ϢЏ ᶾ ∂Ӵᾼ ₤ צ ֮ ѬϯӢᾬᾬ Ȳ ᵗ ▲ԓ ◦

ȴѿϱׁשṅ ӱṿӣϢЏ ᶾ Ҡ ӣ֢֯ ◦ ᾼד Ȳ

Ҕᵶ ◦ ᾼ ȳ ◦ ᾬ ȳѬϯᴁ╬ ȳ ᾒ ȳ ◦Ӣ

ᾬ ᵑ Ȳ ӱϢЏ ᶾ ֯ ◦ ϱᾼҠᴩἤ ֯ ȴ 

Ὼדẃ֪Ɫ ᾼ ѿцϢЏ ᶾ טּ Ȳ֪ Люᾼצױ

ṅϷשׁ ϢЏ ᶾ ӣὑѬ ♄ ȴֽ Green and Blumenstein 
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(2006)ṿӣỴ Ṇ ᾼ ѱ ᴯ Ȳᵓӣ (image enhancement)

и (image segmentation)ʒ ẃ Мᾼӭ Ȳ ױ ậ

ᶾ ậӭ ᾼ Ȳṳӣẃ ₤ Мᾼӭ ᾬ╥ᵡⱢϢ ᾼ

и ȲẔ Ὠ ӱ ӂᶁҠ 90%ϱϯȲ иέ ♄ ȴ

Barbelian et al. (2021) YOLO∂ ᴞ Ṇ ’ Ϣ ᾼׄԓȲ

ṳ ҵᾼ ạ ṮѠᾎȲиέᴕ ֢ ứ Ԉϯᾼ ♄ Ȳֽ

Ἠ ☼ȳᾌ ỵӰ ᾼѬῧȳѬӕ ѿц Ȳ Ὠ ӱẔң֫

ӂᶁҠ 84%ϱϯȴשׁױṅϷ╓ҏ Ϣ ὁ ѿцỴ ᴩ

Ȳ ṿ ⇔ ᾼה ἤ ȴLiu (2021)╓ҏ ὁ

ṳ (computer vision)ѿц ⇔ ẃиέᴟ Ȳ ҏ

Ϛ  ה זּ ᴟ ϱẃиέ ᾼ Ȳṳ ὑ

CNN ẃ и ṓᾼ ₤Ȳ֝ ֥ ᶾ (equal edge 

detection and image detection)ȳ (gradation processing)ѿцӭ ậế

(target acquisition and recognition)Ѡᾎ ֥ẞ МȲ Ὠ ӱẔ Ӕ

Ҡ 91%Ȳ ṜЛ֝ ᾼ ȴRoy et al. (2021)ṿӣϢЏ ᶾ

Мᾼ ⇔ Ȳ∂ӴҠѿ М ⅎȲ ⅎ ẃϠ

⇔Ȳ Ὠ ӱ ӣ ⇔ ∂Ӵᾼ ₤ ⅎצϟכѿϱ

ᾼ ἤȴѿϱׁשṅᶁ ӱ ӣϢЏ ᶾ ὑ ♄ ᾼҠᴩἤȴ

Tellier et al. (2022)ṿӣщ ế ◦ Ȳѿ ֫ ᾎ (logistic 

regression)ẃ ѬṶԈᾼ ӢȲ Ὲ ⇔ȳᾌ ȳủ ѿц╥ᵡⱢ

Ѭדצ Ȳׁשṅ ὨῶὙ֯Ẕׁשṅ ᾼ ѬṶԈҠѿ ›Ϯщ ȴ
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Manssor et al.(2022) ⱢϢ Ṇ ֯ỏ ᴩ ЬצЛṜП Ȳ֪ױ ҏᵓ

ӣ ҵמּ ֥ᵛ ᶧԝȲṳѹḂ YOLOv3 ᾼѻ ▐ Ȳ ỏ

Ϣ ᾼ ϩȲẔӔ Ҡ 90%Ȳ ӱṿӣ Ѡᾎ МἨ╥Ѭϯᾼ

Ϣ ᴩ ȴ 

Ϡ ϱᾼׁשṅȲ֢ ╜Ἀ ᴯϷ Ở ד Ȳֽ ☺ ֮╜Ἀ

Є ֥ᵂȲ Ϛ ᴭᾼ (Smart Beaches)Ȳ и

έȳ ѿц Ӣ ᾼ ֥Ȳ ׀ ᴩ Ȳ ẁ App

ѿцⅎ о ֥ ẁׁשṅṿӣȲҠӣẃ ᴩиέ Ȳ Ϡ ֵỴ

ẃ ᵗ Ӣ Ȳ ϚḔ ẞ ᾼׄԓἤȴ Ϥ ∟ȲҠ

ѿ ᵗ Ӣ ẁќ ὢ ȲҠѿ֯ ᾼ ȳṿӣ֥ ᾼ ẞ ᾼ

ὢ ȴѿἏ Ӣ ֯ḕщ ḇ∟ѿњ Ѡה щᾼṶԈ ♄ Ȳᵀ Ԋ

Ӣ ᾼ ẃ צ ἤ Ȳֽ щṶԈ Ғ

ἤȲṳѹҠ֯Ѭϱ Ṟȳמ ὰϱׄ ứᴯ ᵗ иέȲ ֥щ

Ṇ ∟Ҡѿ ᴩԓѠᴯᾼ ṮȲ ẞ ᾼ ᵂ Ὠȴ 

ѿϱׁשṅ ӱṿӣϢЏ ᶾ Ҡצ ӣ֯Ѭ ♄ ᾼד ȲҔ

ᵶ Ṇ ȳ ȳ Ѭ Ȳṳѹ

Бצ ἨṂϢеҨ Ởׁש ׄԓṆ ȲẦᵗ Ӣ

ὢ ȴ 
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1-4 ӭᾼ 

Ӑ ӭ Ɫ AI ᶾ П ⇔ ѠᾎȲ∂ ὍἤѬ ♄ Ϣ

оׄԓ Ṇ Ȳ שׁ ⇔ ᶾ ȲṿҠ ᴩ ♄ ᵑ

П ѿц ֚֯ ᴩⱢ Ȳ›῏ ὨП иέ ᵗὑצ о ◦

ԏ ᾼ оȲ ẁ ᴯ ᴕȷ∟῏⁄ о ׄԓȲ ẁ ӱ

Ȳ ᵗ ♄ ׄԓἨ ӢϢ ȴ 

1-5 Џᵂ ӭ 

Ӑד⇔ᶾ ѿ ӣⱢӭ Ȳ ᴩ ᾎП Ȳ ứ

Ϛ в   AI Ṇ ɦ ɧȲ ứ

֝ ∟ Ȳ Ө Ӧ ֣ѻ Ө Ȳ П ѻ ȳ

ȳ ц ׀ Ȳѿц▐ П ϩȳ ȳׄ ӣӦӐ

ṅשׁ ȷ Ṇ в Ҕᵶȸ έ ȳ ѻ ȳ ϩẁ ц

ȲṳҔᵶ ȷ Ȳ ҉ ♄

₤ ᾼẃ Ȳ ₤∂ иⱢ ♄ ᵑц ֚֯ Ȳ∂Ӵ

♄ ׄԓ ᾼ їᶾ Ȳṳ ҏӑẃ Ӣɦӱ ɧ

ᴷȴ֪ױȲӐשׁװṅẓ ᶾ Џᵂ ӭҔᵶȸ 

(Ϛ) ∂  

1. Ṇ ╟Џ ȲҔᵶṆ ȳׄ ᵂ ц

ЏᵂȲὑ Џᵂ ϚẆ ӻȴ 
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2. ᶙכ Ṇ ц ▐  

(ϡ) AI ᾎ Ḃ  

1. ♄ ₤∂ ȲҔᵶ ứ ₤ Ὠ ᴷ 

2. ♄ ᵛ иέ Ȳṳ ֥ GoOceanӂү ẁ

֥  

3. ֵӭ ᶾ Ȳṳѹ∂ ֚֯ Ṇ ȲҔᵶ Ϣ

ᶹ о  

(Ϯ) Ӣӱ ᴷ 

1. ӱ  

2. ӱ ᵂ ☼   

3. ӱ ה Ӑכ ᴷ 

4. ӱ Ầ֝ Ϣ ᴩ ᵛ ᵗҠᴩἤ ᴷ 
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1-6 Џᵂ ӡ  

ῶ 1-1 ⇔ӡ (Gantt chart)  

Џᵂ ӭ 
3 

ѣ 

4 

ѣ 

5 

ѣ 

6 

ѣ 

7 

ѣ 

8 

ѣ 

9 

ѣ 

10 

ѣ 

11 

ѣ 

12 

ѣ 

ӻ ᴩЏᵂ            

ӻ╟Џ            

▐    [1]        

♄ ₤∂     [2]       

ᵛ иέ    [3]       

₤ ứ     [4]      

ֵӭ ᶾ ֚֯ Ṇ

 
      [5]    

♄ Ṇ Ὠ ᴷ

ӱ 
      [6]    

ᵛ Ὠṳ ẁ ֥

GoOceanӂү 
      [7]    

ӱ ᵂ ☼ ṳ ӱ Ṇ

 
       [8]   

ӱ            

ӱ ה Ӑכ ᴷ         [9]  

ӱ Ϣ ᵛ ᵗҠᴩἤ

ᴷ 
        [10]  

ӻ М ᵫ           

ӻ Ӓ ᵫ Ӕה ᵫ           

Џᵂ ⇔ᴷ ᴍиѩ( ) 10 20 30 40 50 60 75 85 95 100 

ϱῶМ ᴊᴥῶБ ᶙכП ⇔Ȳ ᴊᴥῶỮӑᶙכȴ֢ ◕Џᵂ ҏ(Ҕ

ᵶ▲ ȲᵛϱῶМᾼ ) Ὑֽϯȸ 

[1] ᶙכ ▐ ( ) 

[2] ᶙכ ♄ ₤∂ ( ₤  (ה
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[3] ᶙכ ᵛ иέ Ὠ( ₤  (ה

[4] ᶙכ ♄ ₤ ứ( ₤  (ה

[5] ᶙֵכӭ ᶾ ֚֯ Ṇ ( ₤  (ה

[6] ᶙכ Ṇ Ὠ ӱ ᴷ( ₤ ה ᵫ) 

[7] ᶙכ Ὠṳẁ GoOceanӂү ֥( ₤ ה ᵫ) 

[8] ᶙכӱ ᵂ ☼ ӱ ( ₤ ה ᵫ) 

[9] ᶙכӱ ȳ ה Ӑכ ᴷ( ᵫ) 

[10] ᶙכ Ϣ Ҡᴩἤ ᴷ ( ₤ ה ᵫ) 
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ȳ ♄  

2-1  

Ӑ AI ᶾ ẃ∂ ⇔ ₤Ȳ ♄ ᾼᴯ

ᵑȴAI ₤ᾼ Ὠֻ ἏἏԊ Ӑᾼ ֵ ἤȲ֪ױȲӐ

֯   ᾼῺỴ∂ Ṇ Ȳѻ ᴩ ♄

Ȳ ẁ ₤ ṳѹҠẁ ὨȲ ᴷӑẃ Ӣ

ӱ ᵂ Ὠȴ 

Ӑ ὑ⅜ὧ ⌡╡ Ϝᾼ⁮ ∂ Ȳ∂ ὁ

ֽ 2-1Ἤӱȴ⁮ ד ὑẔ҃ᴯὑҖ ᾼ ȲϚדҳủד Ȳ

ᵮіЄ᷅Ӗ ›Ἇ ᴩ֢֢ה ᾼ ♄ Ȳ ṓᾼ ♄ Ҕ╗

ȳ ếѬϱ Ṟמ ȴӐ ⁮ ד ᴯ Ϝ е

♄⁮ Ԛ֝ Ȳ Ṇ ∂ ֮ ד ṳᶙכᴩ╜

ᶧ∟Ȳὑ 5ѣ 8ѡ╟Џᶙכ П∂ ȴ 

∂ ὑ⁮ ὧ ᾼ Ӣ ׂП∂ ᾬϱȲṆ ֽ 2-2

ἬӱȲṆ ṿӣ 4 ү έ⇔ ᾼ и◕ὁ ♄ Ȳ

4G Ȳ ὑ׀ ֮ ѻ ȲӼҠ ᴟ

҃ ׀ ȴױ Ɫ⁮ Ӣ ᾼѻ Ȳ ⁮ Ȳ

Ѡ― Ӣ Ȳṳѹ֪ ≡ ᾓ ҏ ȴ Ṇ

ᾼ ד ὑ Ȳὁ ᾼ פּ⇔ 3 Ȳ ⁮ ѻ

♄ ᾼ פּ 100ᴟ 150еѐȴ 
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2-1 Ӑ ⁮ ▐ ᴯ ὁ ӱ  

 

2-2 Ṇ  כ
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ῶ 2-1 ӱ ѻ ₤ Ȳ Ϡ ▐ ὑ∂ ᾬ⅍ҵ ϱȲ

ᴯ ȳ ȳЛ Ṇ Ꞌ ὑ

МȲ ⁄ׄ ὑ∂ ᾬМȲ ∂ ᾬӂ ϠᴟюצϚ֤ Ӣ ׂҵȲ ϱ

∂ ᾬ ϱ ṳצ ȲѿṮ Њ ȴ ṿӣ ֮ Ȳḕ

ѡ Ӫщ 12Њ ᾼ Ȳṳѹ Л Ṇ ═ ứ ᵂѿц

ᵍּ֪ט ᴖ ȴ⁮ ᾼׄ ѡⱢ 5ѣ 8ѡȲὑ ѡנϱ

ϫ ᴟϯрϮ ᴩἬצ ᾼ▐ Ȳṳ֯ϯрϮ ᴟХ ᴩ Ṇ

Ȳׄ ϫи ᵓṳӑ ẞᵺ Ȳὑ֝ѡᶙכ ᾼ∂ ṳӔה

Ở ᴩȲ 2-3Ɫ ╟Џ Ȳ 2-4Ɫ ⅍в ⅍ҵПᶙЏ ȴ 

ᴟ Ӓ ᵫ ӻⱢѦȲ⁮ Ṇ Бὁ פּ 6 ѣᾼ ♄

ȴ Ṇ ᵂϚйӔ Ȳὁ ♄ ֽ 2-5Ἤ

ӱȲ Ṇ ᾼ ѻ Ꞌ ᷂ ὁ П Ȳṳ׀ ֵү

ԌἬצБὁ Ȳẁӑẃ ₤ Ἠ ȴ 

ῶ 2-1 ѻ ׄ ӭ 

ӭ ₤  

Ṇ  

Primocase/UIP-6428-X25 *4  

(2K έ⇔ 2560*1440) 

Primocase ᴯ /UNR3028-32 

 

а/Ử  

(CPU: Intel i7-13th 16 ) 

(GPU: NVIDIA GeForce RTX 4080) 

Л Ṇ  /C-1000F 

 D-Link/G403 

љҵ₤  /FV-1550 
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2-3 ╟Џ  

 

2-4 ᶙכ ȴҿ Ɫҵ (4▐ ₤ )ȳҢ Ɫ⅍в (ᵶ

ѻ Ẕ҃ ) ȴ 
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2-5 Ṇ ὁ  

2-2 Ϣ ὁ Ѭ  

⇔ ₤∂ ᾼכ ѻ ậḟὑ ⇔ ᾼ ₇

Ȳ Мᾼ ֵ ѹ ᾛȲ ₤ᾼ Ὠ ֻȲצᵓὑ

Ṇ ᾼ∂ ȴӐׁשṅ ὑ› ᵛБ פּ 2200 ♄ Ѭ

ȲᴖӐ ׄ ⁮ ᾼ Ȳ Є Ғ ♄

Ȳ ПҵȲϷױ ═ ›Ἇ֢ ὁ ♄ Ȳ ҉ ⇔

ȴ 

Ӧὑ ▐ ὑ⁮ Ȳѻ ὁ ֮ᾼѬ ♄ ȲᵀϷ֪Ɫֽ

ȲἬὁױ ῏ ắ ὑ ֮♄ ₤ Ȳ֪ױȲ צ ᵑᾼ♄ Ἠѩ (

ֽ ѩב Ȳ⁮ ♄ב )ȲӐ ♆ Ϣ ֮›ҟὁ Ȳֽ

2-6Ἤӱȴ 
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2-6 ֢ ♄  

Ӑ ѻ ᾃ ♄ ׄԓȲ ♄ ֵȲ֯ῺỴ

ᴩᾼ ♄ Ϸ−ֵ Ȳᴖ֯ М Ӣᾼ ҵᵛⱢ ѬṶԈȲ֪

Ȳױ Ϡᵓӣ ֽ ᾄȳ ֢ה֢ ♄ ҵȲӐׁשṅ

Ϸѿ ῺỴ ᾼ ѬṶԈⱢѻ ӭ Ȳ Ѭ Ӣᾼ

AI ₤ȴ Ѭ╥╓Ѭ МП♄ ῏Ḛ ϤѬ כ (asphyxia)П ᾓȴᶶ

Ѭ ȲϢ ᵘϩ᷂ ᴼҏѬ Ȳ ẞ ḥϤѬ ∟Ȳẻᵮ ȲѬ☼Ϥϱ

ẻᵮ Ȳ כ Ȳ ן Ȳ ѿẻᵮȲ ᾎ Ȳ֪ױȲ Ѭ

ѩᶺ Мẃᾼ ȲЛ╥ Ϛ Ϣ ᾼ ЄϩὁѬȲ֪ױᵛṿϚ

צϢȲצ Ϸ ѿᾃ ẞ ѬӔ֯ ӢȲ ᾃ ẞᾼ Ȳ Б ╥ ѬᾼϢ

֯ ☼ȳ ḛϠȴ֪ Ȳ ∟ Ὅ ȲѬ ẞẻᵮ ế

ῐ ȴ Ѭ ᾎẻᵮȳ כ ∟Ȳ ҷҟ Ȳїᴜ ȳї√Л Ȳẻ
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ᵮ ᴖײϺȴ ☺ꞌ ӢẦ (Royal Life Saving Western Australia)╓ҏȲ

Ѭ῏צг ȸ(1) Ѭ῏ṝ (Ἠ ) ֣ ֮Ἠ҃ ׄԓᾼѠ֣ȴ(2) Ѭ

῏ᾼ Є и֯ѬϯȲᵀ ђ֣ϱ֯Ѭ  Ὼȴ(3) ֣∟ԊȲ −Єכ

ẃ− Ȳ ђ ֥ ẻᵮȴ(4)ṝ ֯Ѭ ϱϯ ᵀḥ֣צԉᴶϚ Ѡ֣›

Ȳᾄ₲ἡ ѹḥ ȴ(5) Ѭ῏ ֯ᾧ ᶮᾼ ІϚ ȴ(6)ᵛ Ѭᾼכ

ϢҬ ќ ȲẐה20-60ּ Ḇ ȴᴖּר ᴫ Є ֯ NOAA Sea Grant College 

Programќ═ϯȲ Ӣ Ҡ ᾼ Ѭᾭᾓ ᵗѠהȲ҃ Ϸ ҏế ☺

ӢẦ ᴿᾼХ Ѭ῏ ȴ֪ױȲ › ὙѿцẔһ Ȳṳѹ

ֵᴯ ♄ ∟Ȳ Ѭ῏ (Ѭ ѿϱ) Ɫѿϯ 6 Ȳ

ֽӱ 2-7ἬӱҔᵶȸ(1) ֯Ѭ ϱȲ њẻ ȳ(2) ֯Ѭ ϱȲ њẻ

ȳ(3) ḥѬȲ њẻ ȳ(4) ḥѬȲ њẻ ȳ(5) ֣ϯȲ￼ ֣ϱ

(Б Ѭ)ѿц(6) ЛὙᵀ Ѭῧֵ(ὁѬ Ѭ   (כ

AI ה Є ᾼ Ѭ₲ ᴩ Ȳᵀ М

ẞϱ Ѭ₲ ṳЛ ὔȲ Ẃ юἨ Ȳׁשṅ ḆЛᶦ ṓ ѬṶԈᾼ

ӢȲ֪Ɫ ṷ Ẃ҅ῶⱢ ѬἨῺѾ Ѭ ҵṶԈȴ֪ױȲׁשṅ Ѭ

♄ ד ᾼ שׁ ṓᾼ Ѭ₲ Ȳ ẃ ה֢ Ѭ₲ Ȳ

ὁ ᾼѠהȲ Ѭ₲ Ȳ ҉ ⇔ в Ȳֽ

2-8Ἤӱȴ 
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2-7 ṓ Ѭ  

(Ӑ ᴞ Inmagine Lab Pte. Ltd through 123RF.COM) 

 

2-8 ֢ Ѭ ȴ 

2-3 Б П  

Ӑ Ἤ П ♄ Ѭ ᾼѻ Ӧ⁮ Ṇ ȳϢ

ὁ Ѭ₲ ᴖ ȴᴖ ῴ∂ ᶙכᴟ Ӓ ᵫ ӻⱢѦȲ
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ḕѡ ᵂὁ Ϡᴟю 6 ѣѿϱᾼ ȴᴖ ẁ AI ₤ ᾼ

ᾼ ᶧ( 2-3 Ἤ )Ȳ Ἤצὁ ᴖ ᾼ ᴩ ֵѹЛӇ

ᾼ ϢϩכӐȴ ᶁⱢ 25fps ȲӼᵛḕּצה 25 ȲӦὑ

♄ ᾼӭ ᾬ(Ϣ) ᵂч Л Ṫ ᶶȲ Њ оᾼ ᴿ ה

ᵗ ϷЛЄȲ֪ױȲӐ ѿḕ 1и ậ 1 Ȳ4ү ḕѡὁ 12Њ

Ȳ֪ױȲḕѡּפ ậ 2880 ȴḕѡὁ ẞᾼ ṳ‍Ꞌᵶצ

♄ Ȳ ♄ ὑԅ ♄ ȲҠ ֯ ѡᾼ ὁẞѩ ֵ

ᾼ ♄ ȴ 

Ӑ Ԓѿ֯ М ◕∂ ֻᾼ ♄ ₤ Ϛ

ᴖ ᾼ ♄ Ȳ ᾼ Ὠ Ȳ ₤ ҏϚщ ҏצ

♄ ᾼ Ȳ֯ г ѡ Ҡ ῺϝכȲ֯ӂѡ ЛцХכȲ

ֽῶ 2-2ἬӱȲԓ ӂᶁּפⱢ 41%ȴ҅ῶ⁮ ♄ М֯ ѡ ᴩȲ

ẞᾼ ♄ Ȳֵᴖ֯ӂѡ ὁ ẞᾼ

♄ юȴ4ү ḕѡὁ 12Њ Ȳḕѡּפ ậ 2880 Ȳצ

♄ ᾼ ᴾפּ 41%ȲӼᵛӂᶁḕѡҠậ ♄ פּ 1180 Ȳᵛ

ḕѣּצפ 35424 Ȳ Ṇ Бὁ 6 ѣȲБ פּ 20 ѿϱᾼ

♄ ȴ 

ᴖ֯Ϣ ὁ Ѡ Ȳ ᴩᴟЭȲӐ Бֵװ♆ Ϣ ›Ἇү ֢

♄ Ṷ ȲҒϱԒ› Ἤ ᾼ♄ ȲБ Ԛּפ

5000 ȴ֯ Ѭ Ѡ ȲӐ ϷБ♆ Ϣ ὑ ᴩ Ѭ

ṳ ȲҒϱӐ ֯Ԓ› Мᾼ Ѭ ȲБ Ԛּפ 2000
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ȴ ѿϱἬ Ȳ Ṇ ὁ ᾼ♄ ҒϱϢ ὁ Ѭ

ȲБ Ӑ ứᾼ ӭ 10000 ȴ֪ױȲ֯ ∂

Ӵ ⇔ Ȳ֯ Ṇ Ѡ Ȳ ᾃṿӣ ♄

ᾼ ѡ ẃ ᴩ ȲẔ Ϣ ֮ὁ Ѭ ᾼ ⁄

ԓ Ȳ ẁ AI ₤ ṿӣȴ 

ῶ 2-2 ₤ ᾼ Пצ ♄ ѩẂȴБ ֻᾼ

₤ ḕщᾼ Ȳ ҏ֯ḕщ М ẞצ♄ ᾼѩẂ 

 Ϛ ϡ Ϯ ҳ Х г ѡ 

♄ ѩẂ 23% 26% 30% 30% 49% 63% 69% 

2-4 ⇔  

Ӑ Ṇ ѿц Ỵ Ϣ ὁ ѠהȲẃ ֢ה֢

ᾼ ♄ Ȳᴖ ṷ♄ ԛ Ȳ Ở

כ ⇔ ₤ҟ ᾼ Ȳ∂Ӵ ♄ ⇔ ȴ 

 ה 2-4-1

ᵓӣ ⇔ Ѡᾎ֯∂ ₤›Ȳ (label)ᾼ ᶧẃ∂Ӵ ⇔

Ȳẃ ₤ ᴩ ѿц ȴ ╓ᾼ╥ Ϥ ₤ᾼ М ӱ

ҏ Мᾼӭ ᾬ ὑᴶ и ȴѿ ♄ ⱢẂȲᵛ╥ ҏ М

♄ ᴯ ṳ ϱẔ ὑᴶ ♄ ᵑȲ ֽ╥ ᾄȳ Ἠ

ȴ ứϚ оᾼ ֝ὑ ₤ҟ Б῀Ӕ ᾼ Ȳ ₤
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ҟ МἬ ᵶᾼ Ȳ ὑӑẃ ᾼ ֮ ҏ

♄ ȴ 

Ӑ ṿӣ֯ᵓӣ ⇔ ᴩᾬԈ М ӣẃ ᴩ

ᾼ LabelImgȴױ Ҡ Ϥ ⇔ ₤ᾼ МȲ ӭ

ᾬᾼᴯ ѿц ᵑȴ ϢЏᵒ ᵂȲ֯ᶦ ⇔ ₤ ᾼӭ ᾬ

ϱȲ ҏ ᶮ ꜜ (bounding box)ṳѹ Ẕ ♄ ᵑȲ Мᾼӭ

ᾬ Ϛ ∟Ȳԛ ᾼ ҏȲֽ 2-9Ἤӱȴ ѿϱᾼ Ȳ

ᴖẃᾼ Ϛ Ȳ∂Ӵ ♄ ⇔ Ȳѿ―

∟ ⇔ ₤֯ ϱ ȴ 

 

2-9 ṿӣ ♄  

∂ ⇔ ₤›Ȳ ᴖ ᾼ Ở כ ᵗ ⇔

₤ ᾼБ ȴӐ Ἤṿӣᾼ ⇔ ѠᾎⱢ YOLOv7ȲYOLO

ᾎ ῴӦ Joseph Redmon Ϣὑ ד2015 ҏȲ֯ס Ҡ с ₤ ѹ

Лҷҟ ἤȲ ᵛ ӭ ȴד ὑ ᾼӭ ѠᾎȲYOLO ᾎḆ
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Ғ ⇔ᾼ ἤȴ֪ױȲYOLO דṿӣה ὑẔ҃ ⇔ Ѡᾎ

Ḇ ᾼ Ȳה ṿӣѝֿѝԈẃ ׀ Ȳᵛ txt ȴYOLO ה

ᾼ Ϸד Ȳ МᾼḕϚᴩ Ϛ ӭ ᾼ Ȳ М

Ҕᵶӭ ᾬᾼ ᵑ ꜜ ᾼᴯ ȴ 

YOLO ᾼה ֯ὑẔ ἤế᾿ ἤȲ YOLO ᾎᾼ≈ Ϛד

Ȳὔὑ ếṿӣȴ YOLO ҏᴞὑᴞṝᾼ╥ה ᾎἬṿӣȲᵀ

ᵓὑ YOLO ᾎᾼ ᾛ ӣế Ȳѿц ᾼה ἤế ӣἤȲYOLO

ⱢϠכϷה ֵ ⇔ ѠᾎМ ӣᾼ ПϚȴYOLOה ה

Ϡ֯ ₤ϱᾼ ҵȲѻ ꜜ ᾼѠהϷЛ֝ȲYOLOѿ ꜜ

Мї ѿц ꜜ ᾼ ẃᶮכϚ ᶮ ꜜ Ȳֽ 2-10Ἤӱȴ 

 

2-10 YOLO М ꜜ ȴṿӣӭה ᾬМї ꜜ

ẃ ҏ ꜜ  
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2-4-2 и  

Ӑ Ṇ Ỵ Ϣ ד ὁ Ѡה

♄ Ȳ ṷ ϢЏ ᾼ ᶧ∟Ȳ∂Ӵכ ⇔ Ȳ

ẁ ⇔ ₤ ȴ ȲԚצ 10386 ᶧȲҔᵶ

10 ♄ ( ᾄȳ ȳSUPȳ ȳѬϱ Ṟȳמ ȳב ב ȳ

ȳ ᴣ Ѥᴣ) 6 Ѭ₲ ȴ 

Ӑ ֯∂ ⇔ иכϮ ȲиᵑⱢ̪ ȳ̫

̪ ̫ ̪ ̫ȴ ӣ Ɫ Ϛ ₤Ȳ ₤

МᾼḕϚ ᴩв ᾼ Ȳֵ װ ҅ ẞЛ֝

ϯᾼ Ȳ Л ֮ ᵅ ẃ ẞϚ Њᾼ ₤ȴ

⁄╥ӣẃ╚ Ṿᾼ ₤Ȳ ₤Ҡ ẃ ҏЛ֝ ϯᾼ

Ȳṳѹ Ҡӣẃ ᴷЛ֝ ϯᾼ ₤ ϩȲѿױ

ẃ╚ ֯Л֝ ứϯ Ὠ Ṿᾼ ₤ȴ ⁄╥ӣẃ ᴷ

╚ ҏẃ ⇔ ₤ᾼֻ ȲИ ֥ ֮ ẞ ₤ᾼ ὨȲצ ᴷ

₤ᾼ ϩȴ 

Ӑ Ἤ ᾼԓ ṼѩẂи כ ȳ Ȳѿ

ᾼѠהи ԓ ȲṳѹἏ∟∂ ₤ᾼ МꞋЛ ԛḆ Би ֻ

ᾼ Ȳṿ Ҡѿ ∟ Ὠ ᴩ֥ ᾼ ȴ Ҝԓ ᾼ 70%ȳ

ᴾⱢԓ ᾼ 10%ѿц Ɫԓ ᾼ 20%ȴӐ ṳ

ᾼ ⇔ и иӁֽῶ 2-3Ἤӱȴ 
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ῶ 2-3 Ӑ ⇔ и  

    ԓ  

 3266 464 939 4669 

Ϣ ὁ  2695 383 776 3854 

Ѭ  1303 186 374 1863 

ԓ  7264 1033 2089 10386 
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ȳ ♄ ₤  

3-1 ⇔ Ѡᾎ(YOLOv7) 

ἏἏ֝ ᴩ ֵ ♄ ȲẂֽ֯ Ὼ ᾼ֮Ѡצ

Ѭ Ӗ ȳ Ѭϱצ Ṟמ Ȳ AI ᾎ ∂

♄ ₤Ȳ М ♄ ᾼ ᵑ ᴯ Ȳѿ ꜜ ҏ Ϣ

ṳѹ ӱ ₤Ȳֽ 3-1Ἤӱ 

 

3-1 ӣ AI ᾎ ♄ ᵑ ᴯ ӱ  

֢ה֢֯ ᾼ AI ᾎМȲѿ ⇔ ѠᾎᾼẪ (convolutional 

neural network, CNN)֯ ϱᾼ ӣ Ɫ῀֤ȲCNN צ ֮֯

М ậ Ȳṳѹ Ἤ ậᾼ ẃ и (LeCun et al., 1989)ȴ

⇔ ѠᾎЛ ֮ ȲᴟЭБ ҏ ֵ ѿ CNN Ɫ ᾼᾬԈ Ѡᾎ

(object detection)ȲẂֽᵓӣ֯ М Ӣ (region proposal)ԒẪ Ӣֵ
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∟Ȳԛ ϚḔиέ ἤ ᾼ Ὠᾼ Faster RCNN ᾎ(Ren 

et al., 2015)ȴ᾿ ṿӣϚ ṳ ậЛ֝ѐ⇔ᾼ Ғ ЄЊᾬԈ

ᾼ ὨȲ с ⇔ѹ’═ ἤᾼ SSD(single shot multibox detector) ᾎ

(Liu et al., 2015) ȴ ṷᾬԈ Ѡᾎ∂Ӵᾼ ₤ −ֻ֮ Мӭ ᾬ

ᾼᴯ Ȳṳѹ ᵑҏӭ ᾬᾼ ᵑȴ 

Redmon et al. (2016)ҏᾼ YOLO(you only look once) ⇔ ╥Ϛ

ὑẪ ᾼᾬԈ ᾎȲ Ẕ҃ᾬԈ ѠᾎדѩȲYOLOḆ

Ẕ ᾼ ȴֽ Ẫ ṿӣ ậᾼѠ֯ה М᷄ҏֵ

ẃ ӱӭ ᾬԛ ᴩ ȲЛ֝ὑẔ҃ᾬԈ Ѡᾎ ☼ ẃ

ȲYOLOṿӣ װ ›֣ (single forward pass)ẃ ᴩӭ ᾬᾼ Ȳ

ứ ᾬԈ ᾼ☼ Ȳ ᾬԈ Ɫ Ϛᾼ֫ Ȳ᾿ Мᾼ

ẃᴷ ӭ ᾬᾼ Ȳŋ Ϥẞ ҏᾼ Ὠ Ṽ Ϛ

ẃ ᴩȲᵓӣ ֝ Мֵ ӭ ᾬȲ֯

ᵂⱢ ᾼӭ Ȳѩ Ẕ҃ ᾎ ᴩֵװᾼ ȲẂֽ Ẫ

Ԓиҏ ֵ ֯ ᴩ ȲYOLO ᾎ֯ Ȳ

òכòϚװȲϷ ╥ẔỄ֤ᾼӦẃȴYOLO ᾎᾼ Ἐ Ɫ Ȳ

Ϥ∟Ҭ Ϛ Ẫ Ҡ ᴩֵ ӭ ᾬ ꜜ Ẕ ᵑᾼ Ȳֽ 3-

2Ἤӱȴ 
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3-2 YOLO ṿӣ Ẫ ( ᴞ Redmon et al., 2015) 

YOLOᾬԈ М֢ и ᾼԉ ԓ ֥ẞ Ϛᾼ ПМȲṳ

ẔⱢ Ϛ (unified detection)Ȳ ᾼ Ҡ М ậ Ȳ

ṳѹӣẃ ӭ ᾬȲ֝ ֯ ϱ Л֝ᾼӭ ᾬѿ ꜜ ӱᴯ

Ẕ Ȳŋ Ҡѿиέ ᾼ Ȳ ═Ϛứᾼ ϩṳѹ ⇔ȴ

YOLO и כ S*Sᾼ ȲֽὨӭ ᾬᾼМїᴯὑ█ вȲ

ӭױ ᾬᾼ ȴḕ Ҡ ҏ B ꜜ ѿц֢ᴞᾼ‒їи

(confidence score)Ȳ‒їи ч ₤ ὑ ꜜ Ҕᵶӭ ᾬᾼ Ȳѿц

ꜜ ҏ ᾼҠ‒ ⇔ȴYOLO ‒їи ứ  :כ

ὅέὲὪὭὨὩὲὧὩὖὕὦὮὩὧὸὍzέὟ (3-1) 

ֽὨ ꜜ вḥצԉᴶᾼӭ ᾬȲ⁄‒їи ⁄Ɫ 0ȴḕϚ ꜜ Ҕᵶ

ὼȟώȟύȟὬȟὧέὲὪὭὨὩὲὧὩХ ȲẔМ ὼȟώ҅ῶ ҏ ꜜ ᾼМї

Ȳ(ύȟὬ)҅ῶ ꜜ ᾼ ⇔ ⇔ȴḕϚ Ϸ ҏ C Ԉ ᵑ Ȳ

ṷ ҅ῶֽὨ М ꜜ Ҕᵶӭ ᾬȲẔӭ ᾬⱢ█ ᵑᾼ ȴ ֢

ꜜ ᾼ‒їи иᵑ ϱ Ԉ ᵑ Ȳ ẞ֢ ꜜ М █ ᵑᾼ

‒їи Ȳֽה 3-2Ἤӱ: 
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ὖὅὰὥίίȿὕὦὮὩὧὸὅzέὲὪὭὨὩὲὧὩ

ὖὅὰὥίίȿὕὦὮὩὧὸὖz ὕὦὮὩὧὸὍzέὟ

ὖὅὰὥίίzὍέὟ 

(3-2) 

YOLOᵓӣ Ẫ ▐ ∂ ₤ẃ ᴩֵᾬԈ Ȳ

YOLOᾼ ▐ Ӧ Ϛ ỞᾼẪ Ϥ М ậ Ȳᶙԓ

⁄ ҏӭ ᾬᾼ ᵑ ꜜ ᾼ Ȳֽ 3-3ἬӱȴYOLOắ

ẞ GoogLeNet ₤ᾼ (Szegedy et al., 2015)Ȳ МҔᵶ 24 Ẫ ѿ

ц 2 ԓ ȲЛ֝П ֯ὑ YOLO ֮ṿӣ 1*1ᾼ (reduction layers)

3*3ᾼẪ ậ҅ GoogLeNetἬṿӣᾼ Inception Ȳֽ 3-4Ἤӱȴ 

  

3-3 YOLO ᾎṿӣ Ϛ (unified detection)ẃ ӭ ᾬᾼᴯ ᵑ 
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3-4 YOLO ▐ ȴ МҔᵶ 24 Ẫ 2 ԓ  

ԓ ҏḕϚ Ҕᵶӭ ᾬᾼ ꜜ ᵑ Ẕ ᴯ ȲYOLO

ҏ ꜜ ᾼ  ᾼ  Ӕ оẞ 0 ᴟ 1 ᾼ Ȳ ꜜ

ᾼМї Ϸ֝ Ӕ оẞ 0 ᴟ 1 ᾼ ȴᴖ֢֯ ᾼ ẗ

МȲ Ϡ֯ ∟Ϛ ṿӣ ἤ ẗ (linear activation function)ҵȲẔ Ꞌṿӣ

♪ ReLU ẗ (leaky ReLU activation function)Ȳֽה 3-3Ἤӱȴ  

‰ὼ
ὼȟ ὭὪ ὼ π  

πȢρὼȟ έὸὬὩὶύὭίὩ 
 (3-3) 

YOLO ṿӣ ӂѠế(sum-squared error)W Ɫ ₤ ḟứ Ѡ֣ᾼ

ẗ (loss function)ȴᴖЄ иᾼ МЛᵶԉᴶӭ ᾬᾼ ȲἏἏѩҔᵶ

ӭ ᾬᾼ ẃᾼֵȲֽ ṿӣ ӂѠếẃ ֢ Ȳ֯ ₤

ᾼ МȲ Мᾼ ֣ Ἤצ ҏ Лᵶӭ ᾬᾼ ὨȲ

ᾼ Лӂ (training imbalance) ₤ᾼ ϩѿц

ὔ ȴ֪ױȲⱢϠ ḟ ₤ ֪ⱢЛᵶӭ ᾬ ֵᴖ Ѡ֣

ᾼ ȲYOLO ϤẒ ֯ ẗ ПМȲṿ ᾼѠ֣֯ᵶӭ ᾬ Л
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ᵶӭ ᾬ П Ɫӂ ȴҫҵȲЄᾼ ꜜ Њᾼ ꜜ Ἤ҅ῶᾼ ⇔

Лד Ȳ֝T ṿӣ ӂѠế ὑЄЊЛϚᾼ ꜜ Ἤ ҏᾼ ᾎ ӱҏ

Ȳ֪ױȲYOLO Ӧ ꜜ ᾼ ậӂѠ Ȳẃ ЄЊЛ֝ ꜜ ᾼ

Ἤ ẃᾼ ҏẃȴ ∟ȲYOLO֯ḕϚ М ҏֵ ꜜ ẃ Ȳ

ᵀ֯ ꜜ вᾼӭ ᾬ ᵑ Ȳ ꜜ ẃ ᵛҠȲ֪ױȲ

IoU ȲϷ ╥ ֥ӭ ᾬᴯ ᾼ ꜜ ḟứ ӭ ᾬᾼ ᵑȲҠѿиᵑи

έ ꜜ ЄЊ ꜜ вᾼӭ ᾬ Ȳŋ ₤ ЄЊЛ֝ᾼ ꜜ Ḇֻᾼצ

ϩȴ ֥ѿϱἬ ȲYOLO֯ ◕ᾼ ẗ ֽϯה 3-4Ἤӱ: 

‗ ὼ ὼ ώ ώ

‗ ύ ύ Ὤ Ὤ

ὅ ὅ

‗ ὅ ὅ

ὴὧ ὴǶὧ

ᶰ

 

(3-4) 

МὼȟώȟύȟὬ̔ה ῶ ₤ ҏᾼ ꜜ Мї ѿц  Ȳὅ̔ ῶ ₤ ҏ

ꜜ ᾼ‒їи Ȳὴ̔ ῶ ₤ ҏ ꜜ вӭ ᾬᾼ ᵑ ȴὼȟώȟύȟὬȟὅȟὴǶ

⁄҅ῶ ᾼᾭᾓȲϷ ╥ ₤ ᾼӔ ȴ‗ ‗ ⁄╥ϱ ẞ

ⱢϠЛ ₤ Мצ Лӂ ᾼ ἬҒϤᾼ ȴ ҅ῶ i
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Мצ ẞӭ ᾬȳ ҅ῶ i Мḥצ ẞӭ ᾬȳ ҅ῶ֯

i М ₤ ҏᾼ j ᵑȴ ѿϱἬ ȲYOLO ᾼ ẗ МḕϚ

Ẕ҅ῶᾼצ Ȳ Ϛ Ɫ ₤ ҏᾼ ꜜ Мїᾼ ȳ ϡ Ɫ ₤ ҏᾼ

ꜜ   ᾼ ȳ Ϯ Ɫ ẞצӭ ᾬᾼ ꜜ П‒їи ᾼ (ᵛ

ӻẆѩᾼ )ȳ ҳ ḥצӭ ᾬᾼ ꜜ П‒їи ᾼ ѿц Х Ɫ

₤ ẞᾼӭ ᾬПи ᾼ ȴ 

YOLOᾼ ֯ὑ ѩẔ҃ד⇔ ᾎ Ȳʉ ֵӭ

Ϛכ֥ ֫ Ȳ ṿӣ ṳѹ֯ ◕Ꞌ╥ ậ

ᾼ ȲҔᵶ ᵑ ҵ ȲЛ֝ὑ Ẫ ṿӣ

Ȳ ￼ ⱢϚ ᵑӭ ᾬȲ ᾎכẞ ᾼ ȲYOLOᾼ

ᾛо ϩϷ ὑẔ҃ ᾎȲ ӣẞ ᾼ Ἠ ϤЛ ṓᾼ ȲꞋ

Ϛứᾼצ’ ϩȴᵀ YOLO ⱢϠ ⇔Ϸ ẃϚṷ ȲYOLO ֯

ӭ ᾬ ᾼ Ȳɑѹ ὑЊѹ ד Ὼᾼӭ ᾬȲ ὔ ȴ 

ֵᾬԈ ᾎᾼ ҏ Ḃ ȲYOLO ᾎⱢϠᵌὢ֢ ֕ Ȳ

Б Ϡ֢ ᾪӐᾼ YOLOȴRedmon and Farhadi (2017)ҏ YOLOv2ẃḂ ϱ

Ϛ҅ YOLO ᾼ ȲYOLOv2 ֯ Мḕ Ẫ ∟ Ғ᷅ о(batch 

normalization) Ȳ ṿ ҷẗ ḆҒӂ ȲצᵓὑḆֻ֮᷄ẞ М ⇔

ϯ ᾎ ᾼѠ֣Ȳẃ с ₤ᾼן ⇔Ȳṳѹ ю ֥(overfitting)ᾼ

ӢȴYOLOv2 Ϡ Faster R-CNNᾼ ἘȲ֝ іϤϠ (anchor)ᾼ ἘȲ

Ԓ Мᾼԓ ṳѹṿӣ (anchor box)ẃ ҏ ꜜ ȲҠ

֝ ҏӭ ᾬᾼ ᵑ ȴᴖ ᾼ ц њ ứȲԛ
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ẃ … Ȳ ꜜ ᾼ ȲYOLOv2 ⁄╥ ⇔

(dimension cluster)ᾼѠהȲ֯ ₤ Ϛ Ở ứḆẓצ ᾼ ц

Ȳ ₤Ḇ ֮ ҏ ꜜ ᾼᴯ Ȳ֪ױṿӣ k-means Ѡᾎẃᴞ

Мᾼ ꜜ ᴩ Ȳ᷄ҏ √ẃḟứ ȴ Л֝ᾼ k ẃ ᴩ

k-means ѠᾎȲ ҏ Ὼ ꜜ Мї ᾼӂᶁӻẆѩȲᴕ ẞ ₤ ⇔

ϩᾼӂ Ȳ ḟứѿ kⱢ 5ẃ ᴩȲֽ 3-5ἬӱȴYOLOv2

Ẫ іϤ ᾼ ἘȲ Ϛ Ở ὔ ₤Л ứȲѻ

╥ẃᴞὑ ҏ ᾼМї Ȳ֯ Ẫ ╥ ᴷ ᾼ ẃ

Мїᴯ ȲᵀẔᴷ ᾼ Ѡ֣╥ ạᾼȲԉᴶ Ҡҏ ֯ Мᾼԉᴶ

ᴯ Ȳᴖḥᴕ ẞӭ ᾬ ꜜ ᾼᴯ Ȳ ₤ ᾼ  Ȳ֪ױȲ 

YOLOv2 YOLO ᾼѠᾎȲṿӣד ὑ ᾼᴯ ẃᴷ ᴯ Ȳױ

Ѡᾎ ạ ᴯ ᾼᴷ Ȳ֪ױ ₤ М ὔ Ȳṿ ḆҒ

ứȲֽ 3-6Ἤӱȴ ∟ȲⱢϠ с Њӭ ᾬᾼ ȲYOLOv2ҒϤϠ

(pass through layer)Ȳ ᾼ ֥Ẇẞ ᴩ ȲҠ ҒЊӭ ᾬᾼ

Ὠȴ 
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3-5 YOLOṿӣ k-means Ѡᾎẃḟứ ᾼ ( ᴞ Redmon and 

Farhadi , 2016)ȴᴕ ₤ ⇔ ὨȲṿӣ k=5ẃ ᴩȴҢ ӱṿӣ

Л֝ ȲἬ ҏᾼ ЄЊꞋѱֻ ѹ ᾼ ▐ȴ 

 

3-6 YOLO ᴯ ẃᴷ ᴯ ( ᴞ Redmon and Farhadi, 2016)ȴ

ᾼ ⇔ ⇔ᴷ כ Мї ᾼ Ȳṳṿӣ sigmoidẗ ד

ὑ ᾼᴯ ᴷ ᾼМї ȴ 
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YOLO ѩȲYOLOv2ד ѻ ╥і Ϡ֝ Ẫ М ᾼ

ἘȲ с ₤ᾼ ϩȲ֝ ᶶצ’ ӭ ᾬᾼ ἤȴᵀדѩὑ Ẫ

ṆԝȲῶ ṳӑ ᵑּטҏȲ֪ױ Redmon and Farhadi(2018)ԛ ҏϠ

YOLOv3ẃ с YOLOᾼ ϩȲYOLOv3 Ϡ−ֵẔ҃ ᾼ Ȳ

ѻ ḆḂ ậᾼ (backbone)Ȳ YOLOv2 Мᾼ

Darknet-19ḆḂכ Darknet-53ȴDarkNet-53ᵶצ 52 Ẫ 1 ԓ Ȳ

ẃ ὨȲֽ 3-7Ἤӱȴі Lin et al. (2016)ᾼ  ֿ

(feature Pyramid network)Ȳ  ֿ Ҡ ֢ Мᾼ ֥ȲṿẔ

֝ Ғ Ὲ ӭ ᾬ ᾼ Ȳ с ὑЊӭ ᾬᾼ ὨȲֽ 3-8Ἤ

ӱȴYOLOv3Ἥ YOLOv2Мᾼ ἘȲṳѹ k-means Ѡᾎ ậ

ӭⱢ 5 Ғכ 9 Ȳ ∟ ҷẗ МḂṿӣ ֫ (logistic regression)

ẃ ҏ ꜜ ᾼ‒їи ȴ 
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3-7 DarkNet-53 ▐ ( ᴞ Redmon and Farhadi , 2018) 

 

3-8  ֿ ▐ ( ᴞ Lin et al., 2016) 

YOLOẞ YOLOv3ᾼ ȲꞋ╥ YOLOᾼ Ởᵂ῏ Redmon Ẕ Ἤ

ҏȲḂ YOLO ᾎṆԝֵ֯ӭ ᾼ ϩȴᴖҔᵶᶺ МҶׁש

ṅ ѵ∂ Ϣ Bochkovskiy et al. (2020) ֵѠᾎ ֥ YOLO ᾼ▐ М
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ṳ֝ Ϛứᾼצ’ ⇔Ȳ ҏϠ YOLOv4ȴYOLOv4 ’ YOLOv3 ṿӣ

DarkNetⱢ Ȳṳ Є ṓᾼ ᾎ ἤ ᾼ Ȳ᷄ҏ

Ὠ Ṿᾼ ֥ȲҫҵȲYOLOv4 ὑҠӣ ӱқᾼ ҏϚ ᶶ

ѹ ἤ ᾼ ₤ȴᾬԈ ▐ Ϛ Ҡиכ ậ ᾼ

ȳ ֥ ᾼ (neck network)ѿц ֻ֥ᾼ Ὠᵒ ӭ ᾬ

ꜜ ᵑᾼ (head network)ȲYOLOv4ד ὑ YOLOv3֯ ᾼ

иṿӣ DarkNet53ҵȲ ҵ ҒϠ CSPNet(cross stage partial network)֥ כ

CSPDarkNet53ȲCSPNetҠ ю ᾼ ֝ Л ἤȲ с ₤

ᾼ ᾼ ⇔ȴ֯ иȲYOLOv4ṿӣ SPP(spatial pyramid 

pooling) PAN(path aggregation network)ȲSPPѠᾎ ֯ ᾼ ∟Ϛ

Ἤצ ȲPAN⁄╥ѿ FPNⱢ Ḃ Ȳ ᾼ ԛֵҒϚ Ȳ

YOLOv4ᾼ PANצ ᴩ Ȳ Ӑ Ғד и Ḃ֥כẆȲ

Ὠ ֻȲֽ 3-9Ἤӱȴ ∟Ȳ֯ ᾼ иᾘӣ YOLOv3ᾼ Ȳẃᵒ

ӭ ᾬᾼ ꜜ ᵑȴ ѿϱἬ ȲYOLOv4ᾼѻ ▐ Ϡ֯ Ϥ

Ϥ ҏ ҏ Мӭ ᾬᾼ ꜜ ᵑҵȲ ṿӣ

CSPDarkNet53ȳ ֥ SSP PANѿц ᾘӣ YOLOv3ᾼ▐ Ȳ

ֽ 3-10Ἤӱȴ 
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3-9 PAN▐ ( ᴞ Bochkovskiy et al., 2020)ȴҿ Ɫ ԒṿӣדҒ

ᾼ▐ ȲҢ ⁄╥ YOLOv4 Ḃכṿӣ֥Ẇ ᾼ▐  

 

3-10 YOLOv4ѻ ▐ ȴ Миᵑṿӣ CSPDarkNet53

ȳ ֥ SSP PANᾼ ᾘӣ YOLOv3▐ ᾼ  

֯ YOLOv4 ҏϚ ѣ∟ȲYOLOv5 П ҏȲ֪ Ɫ ᵂ῏ṳӑ YOLO

П›ᾪӐᾼ Ȳṳӑ ỪѠἭ Ȳѹ ▐ Ὠᾼ ẞ ֵ╚ Ȳ

Ɫ ἤЛṜȲᴟЭЬצṷ ᾨ Ȳ ֯ GtthubϱиṹẔ ה Ȳṳӑ

ῶד ᾼ ѝȴ ᾨצ׀ ȲYOLOv5ЬצẔ ᴕᾼ Ȳṿӣ

☼ᴩᾼ ⇔ Ԉ PyTorchẃ ה Ȳד ὑ YOLOv4ᾼ ֯ὑḆ

оȲṳ ═ YOLOv4֝ד ⇔ᾼ ϩȴ֯ ϱ YOLOv4ד

ᴿᵀ ϚṷᶾҾẃҒᶶ ȲẂֽҒϤᴞ ѐЉ Ȳ֯ YOLO ᾎ

МȲ Л֝ᾼ Ȳ ứῴỞ ứ  ᾼ Ȳ֯
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ᴩ ȴ֯Ԓ› YOLO ᾪӐМȲ ῴỞ ᾼѐЉ╥ Ӵᾼ ה ᴩȲ

YOLOv5⁄╥ Ϥ ᾼ װМȲ֯ḕה Ȳᴞ ֮ Л֝ МἬ

ᾼ Ṿ ѐЉȴYOLOv5ϷҒϤϠᴞ ѱ ὍȲ Ἇ YOLO

ѱ ὍẞỆứЄЊѿᵓ ȲṿӣᾼѠהⱢ ҉ ὍȲֽὨ Ὅ

ѱ ҉ᾼ ֵȲ כ ֵЛӇ ᾼ Ȳѿᴟὑ ἤ

ᾼ ȲYOLOv5Ḃ Ԓ Ὅ ѱ ѠהȲ ᴞ ѱ Ὅ ’═ Ở

ᾼѩẂ ὍȲYOLOv5ᵂ῏ Ғᶶּפ 37%ᾼ ⇔ȴҫҵȲYOLOv5֯

М ҒϠ֤Ɫ Focusᾼ Ȳѻ їṿӣϠйѱ ᵂ(slicing)Ȳ

йѱ ᵂֽ 3-11МҢӱ ֽ 4*4*3 ᾼ йѱכ 2*2*12ᾼ Ȳҿ

ӱ Ɫ Focus ᾼ ▐ Ȳ Ϥ Ɫ 608*608*3Ȳйѱ ᵂ∟ כ

304*304*12ᾼ Ȳ ∟ 32 Ẫ Ȳ כ 304*304*32ᾼ

Ȳ ᾼйѱ ᵂȲҠѿ’ Ḇֵᾼ ȴ 

 

3-11 YOLOv5 ▐ М Focus ӱ ȴ ӣйѱ ᵂẃ

ẞḆ ᾼ ( ᴞ https://zhuanlan.zhihu.com/p/172121380) 

YOLOv6Ӧ Li et al. (2022) Ϣׁש ᾼ Ϛ҅ YOLOӭ ▐Ȳ ϩὑ

֯Џ ϱ ӣȲ ᾃ ҏ ѹ ⇔ᶶᾼ ▐ȴ֯ Ѡ Ȳ
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YOLOv6Ҡќ ֵ ӂүȲ о֯ ӣ ›ᾼ ЏᵂȴYOLOv6ѻ ֯

▐ ѿц ϱ ᴩϠ ֵḂ ȴ ᾼ ᾼ

ϩ Єᾼ−צ ȲіϤϠ RepVGG Styleᾼ ἘȲ ҏϚ ֯ ϱ

о(re-parameterized)ᾼѠᾎȲ ᾼֵ иќ ᾼ

֥Ȳ֯ ἤ ⇔П ậ Ḇֻᾼӂ Ȳ ϠҠḆ ᾼ

EfficientRep Backbone Rep-PAN Neck Ȳֽ 3-12Ἤӱȴ֯

◕ Ȳ ѻ Ӧ Rep-Block Ȳ֯כ Ȳḕ Rep-Block

Ɫ ReLU ẗ ᾼ 3*3Ẫ ( М a)ȲῶӱⱢ RepConv( М b)Ȳױ Ѡ

ה ṿ֯ CPUἨ GPUϱ ẞ ᾼ ⇔Ȳ҉иᵓӣ ᾼ

ϩȲṿ ᾼ юȴⱢϠ֯ Ӑכ ἤП ậ Ḇֻᾼӂ Ȳ

YOLOv6 ḂϠϚ CSPStackRep ẃ ∂ ( М c)ȲӦϮ 1*1ᾼẪ

Ϛ ӦẒ RepVGGἨ RevConv ᾼכ Ȳẃכ ẞḆ ᾼ

Ȳậ ⇔ ἤП ᾼӂ ȴ֯ ὑϱ YOLOv4ᾼ

PAN▐ Ȳӣ Rep-Block Ϡ YOLOv5 МἬṿӣᾼ CSP-BlockȲ֯

ᴩ ᾼ֝ Ȳ’═ ֻᾼֵѐ⇔ ֥ ϩȴ֯ ϱȲ

ᵮן ꜜ ꜜẔ҃ ᾼ ἘȲṿӣ Ѡה(anchor-free)ẃҒ

ᾼ ⇔ѿцᾛӣởȲṿӣ SimOTA ᾎ и Ӕ Ӑ(ֽ Ϣצ ֯

М)Ȳậ҅ YOLOv5 и ᾼѠהȲױ Ѡᾎ Мᾼ ҏẃи

Ӕ ӐȲ‚ Ӕ Ӑᾼ ṾоȲ с ᾼ ἤȴ 
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3-12 YOLOv6 RepVGG Style Ἐ ӣ֯ ᾼ Rep-

Block( ᴞ Lin et al., 2022) 

ᶺ МҶׁשṅ ѵ∂ Ђ Alexey Bochkovskiy Ϣ֯ ד2020 ҏϠ

YOLOv4Ȳᴖ֯ ֝ד2022 Ӧѵ∂ ЂȳAlexey Bochkovskiy Ӆ Ђ

ҏϠ YOLOv7(Wang et al., 2022)Ȳ 3-13 ӱ YOLOv7֯ᾬԈ ᾼ ⇔

ἤϱ ὑẔ҃ᾪӐᾼ YOLO ᾎȲֽ ὑ YOLO Ṇԝᾼ YOLOv4, 

Scaled-YOLOv4, YOLOR, YOLOv5, YOLOX, PPYOLOȴYOLOv7ѻ иכẒ

Ѡ֣ҟ ṾоȲиᵑⱢ ₤▐ Ṿо Ṿоȴ֯ ₤▐ ṾоМȲ

ҏҠ ᾼ ֥ (extended efficient layer aggregation networks)Ȳ

VoVNet оכ CSPVoVNetȲ֯ ▐ Ϡᴕ ȳ ⇔

֪ ҵȲ иέϠ ⇔ (gradient propagation path)Ȳṿ Л֝ П

Ḇֵ ἤᾼ ȴᴖԛ ϚḔ֮ оכ ạ  ᾼ ⇔

ẃ Ḇ ᾼ Ҡѿצ ֮ ȲӦὑ ֽὨ Ḇֵᾼ Ҡ Л

ứȲ֪ױ YOLOv7 ҏϠ extend ELAN(E-ELAN) ẃ ẞЛ ⇔ ᾭ

֝ ═ Ғ ϩᾼ ὨȲֽ 3-14Ἤӱȴ 
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3-13 YOLOv7 Ẕ҃ ᾎѩ ( ᴞWang et al., 2022)ȴѩ Ҡ

YOLOv7 ֯ ⇔ ╥ ἤϱꞋ ὑẔ҃ YOLO ᾎ 

 

 

3-14 YOLOv7 ὑ VoVNetȳCSPVoVNetᴟ ELAN о ҏ E-ELAN

▐ ȴ М ӱЛ֝ ▐ ѿц њᾎ( ᴞWang et al., 2022) 

YOLOv7 Ϸ ӣϠ ₤ Ὅ(model scaling)ѠᾎȲ ֻᾼ ₤ ᴩ

ὍȲẂֽ Њ Ϥ ᾼЄЊȳ ᾼ Ȳẃ ϚḔ ӣὑЛ֝ᾼ

ϱȲѿ―֯ ᾼ Ӑȳכ ⇔ѿц ἤϱậ ṏֻᾼӂ ȴYOLOv7
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ҏ ֥ ₤ Ὅ(compound model scaling)ȲḂ ֯ѿἏᾼ ₤ ὍѠᾎМȲ

₤ ᴩ Ὅ ֻᾼ ₤֯ ϱᾼṿӣ ϯ ȲYOLOv7

₤ ᴩ Ὅ ȲҬ (computational block)Мᾼ ⇔ ᴩ ὍȲẔ

ᾼ и(transition) ᴩד ᾼ ὍȲ ═ῴỞ ֻᾼ ₤֯

Ἤצ ᾼἤצ Ȳѿ ═ Ṿᾼ Ȳֽ 3-15Ἤӱȴ֯ Ṿо

МȲYOLOv7 Ϡ ᾼ оѠה(model re-parameterized)Ȳṳ Ϡ ӣὑ

֢ ▐ ᾼ о Ȳ ₤ о╥╓֯ ⇔ М ₤ᾼ

ᴩԛ ṳ ᾼ Ȳ ю ṳ ἤȴ 

ҫҵȲ ⇔ (deep supervision)Ɫ ⇔ ᾼϚ ᶾ Ȳ

ҵ ᾼ ᴩ Ȳ ₤ Ὠצ ᾼ сȴYOLOv7ҒϤ

ᶾ Ȳṳ ҏ Ὠᾼ Ɫѻ (lead head)Ȳ

ẃ ᵗ ᾼ Ɫ ᵗ (auxiliary head)Ȳֽ 3-

16ἬӱȴῺדẃȲ Ϡ᾿ ѿ ӭ (ground truth)ẃ Ӣ (hard label)ẃ

⇔ Ȳֽ ⱢצϢἨḥϢ ϡа(binary)и Ꞌ╥ Ȳᴖ

Пד ᾼ (soft label)Ȳ ֽҠ █ Ӑ ὑ֢ ᵑᾼҠ ἤ(

)Ȳᴖ YOLOv7 ᵓӣ ₤ ҏᾼ ꜜ ӭ ᾼӻẆѩẃ Ӣ Ȳ

YOLOv7 ᷂и ᾼ ạ Ɫ и (label assigner)ȴⱢϠ ѻ

ᵗ Ȳ и ӣᾼѠᾎⱢ֢ᴞ Ӵи ȲẒ ᵑᾼ ҏ

Ὠ ӭ (ground truth)ẃи ȲYOLOv7 ҏṿӣѻ ᾼ ҏ Ὠ

ẃ Ӣ Ȳ֝ ẁ ѻ ᵗ Ȳ֪Ɫѻ ẓצ

ᾼ ϩȲӦױ Ӣᾼ Ḇ ҅ῶ Ӑ ӭ П ᾼиӁ ד ἤȲ
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Ҡ ᴩ ᾼ ᵗ ᾿ ẞѻ Б ẞ

ᾼ ȴYOLOv7 Ḇ ϚḔ ӢẒ Л֝ᾼ ȲиᵑⱢ (coarse label)

(fine label)Ȳ ѻ Ἤ Ӣᾼ Ȳᴖ֝ד ⁄

╥ Ὅ Ӕ Ӑи ᾼ ạẃ ӢᾼȲ֪ Ɫ ᵗ ᾼ ϩḥצ

ѻ ẃ Ȳ֪ױ ᵑ о ᵗ ὑӔ Ӑᾼ Ȳ ᵍ ᵗ

ẞ ᾼ Ȳֽ 3-17Ἤӱȴ 

 

3-15 YOLOv7Мᾼ ֥ ₤ Ὅӱ ( ᴞWang et al., 2022) 

 

3-16 YOLOv7ҒϤ ᵗ ẃ ᴩ ( ᴞWang et al., 

2022)ȴ Мҿ ⱢϚ ṓ ▐ ȲҢ ⁄Ɫ YOLOv7ҒϤᾼѻ ᵗ
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3-17 YOLOv7ѻ ᵗ и Ӑ ᾼѠה( ᴞWang et 

al., 2022) 

ᴟЭѡȲYOLO ᾎ֯ᾬԈ ϱБ Ẕכ ȴᴖӐ

ӭᾼⱢ ♄ ׄԓȲ ⇔ ₤ᾼ ⇔╥ѻ ᾃᾼ

ПϚȲYOLO ᾎ ᴟЭБ ҏ YOLOv7ᾪӐȲד ὑԒ›ᾼ YOLO

ᾪӐȲ ḆṾᾼצ ⇔ ἤȲṳѹ YOLO Ɫד  ᾼ ⇔

ᾎȴYOLOv7 ẁ ᾼ ה (https://github.com/WongKinYiu/yolov7)Ȳ ᵛ

Ὅᴞᴩϯ ה ᴩḂ Ȳᵂ῏ ᶦ ֽὨṿӣẞ҃ᾼ ה ȲҠ֯

ᾼ МҒϤ҃ה ẁᾼ ᴕẃ ( YOLOv7 ה ПṿӣњҌ)Ȳṳ

ֽ ᵂ ᾎ ד ᾼᾎ√ּפḇȲֽὨצ ᴕ YOLOv7 ᴩד ∂⁄ṅȲשׁ

֯ ᴕѝ иҒϤ YOLOv7 ᾼ Ở ѝȴ ѹὔ Ḃᾼ ה ȲᴟЭБצ

ṅשֵׁ Ἃᴼᾼ ⇔ Ѡᾎ╥ѿ YOLOv7 Ɫ ▐ ẃ ȴ֪ױȲӐ

ᵓӣ YOLOv7 ᾎ∂ ₤Ȳ Ϣ ᾼ♄ ᵑѿцѿ

ꜜ ӱҏϢ ᾼᴯ Ȳ ҠẦᵗ Ӣ ֚ ṶԈṳ᷂ ҏ  
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3-2 ᴷ╓  

Ϛ ⇔ ₤∂ ᶙכ∟Ȳ ѿ ᾬԈ ᾼ╓ ẃ

ᴷ ҏẃᾼ ₤ כ ֽᴶȴ ὑи ҠԒѿϚ Ɫ

(confusion matrix)ᾼ ẃ ᴷ╓ ȴѿ ♄ ⱢẂȲⱢϡаи

ᾼ Ȳ ₤ Ϣצ ᴩ█ ♄ ѹ ӼⱢֽױⱢ

ἤ(true positive, TP)Ȳ ₤ ӑצϢ ᴩ ♄ ѹ ϷӑצϢ

ᴩ♄ Ɫ ἤ(true negative, TN)Ȳ ₤ Ϣצ ᴩ█ ♄

ᵀ ⁯ӑצϢ ᴩ♄ Ɫ(false positive, FP)Ȳ ₤ ӑצϢ ᴩ

♄ ᵀ Ϣצ ᴩ♄ Ɫ ἤ(false negative, FN)Ȳֽῶ 3-1Ἤ

ӱȴ 

ῶ 3-1 ϡаи  

Confusion matrix 
Actual condition 

Positive(P) Negative(N) 

Predicted 

outcome 

Positive(PP) True Positive (TP) False Positive (FP) 

Negative(PN) False Negative (FN) True Negative (TN) 

1. ң֫ (recall) 

ң֫ ᵛ֯ Ɫ ἤᾼ МȲ ₤Ӕ Ɫ ἤᾼѩ ȲϭҠ Ɫ

ἤ (true positive rate)Ȳ҅ῶ ₤֯ Ϣצ ᴩ█ ♄ ᾼ МȲ Ӕ

Ϣצ ᴩ ♄ ᾼ ϩȲҠӣẃ ᴷ֯ Ϣצ ᴩ♄ Ȳ

₤ Ӕ ҏẃᾼ ϩȴϯהМὖ̔ ῶ М צ ᴩ♄ ᾼӭ ᾬȲὝὖ

⁄҅ῶ ₤Ӕ ӭ ᾬᾼ ȴ 
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ὙὩὧὥὰὰ
Ὕὖ

ὖ
 

(3-5) 

2. (precision) 

ᵛ֯ ₤ Ɫ ἤᾼ МȲֵצюѩ ӼⱢ ἤᾼѩ Ȳϭ

Ɫ ἤ (positive predictive value)Ȳ҅ῶ֯ ₤ ẞ Ϣצ ᴩ

█ ♄ ᾼ МȲ Ӽ╥ Ϣצ Ӕ֯ ᴩ ♄ ᾼѩẂȲҠӣẃ ᴷ

₤╥ᵡ ḥצϢ ֯ ᴩ♄ ⁯ ẞצᾼ ⇔Ȳ ҅ῶ

⇔ ᵅȲᴖ ᵅᵀң֫ ד⁯ Ȳ҅ῶ ₤֯ ♄

צ ᴷᾼ ֣ȴϯהМὖὖ̔ῶ ₤ ҏ Мצ ᴩ♄ ᾼӭ ᾬȲὝὖ

⁄҅ῶ ₤Ӕ ӭ ᾬᾼ ȴ 

ὖὶὩὧὭίὭέὲ
Ὕὖ

ὖὖ
 

(3-6) 

3. F1 (F1-score) 

F1 ҅ῶң֫ П ᾼӂ ȲẔ Ὼ 1 ֻȴF1 ᵅ ҅

ῶצẒ ᾓȲң֫ ế ᵅ ҅ῶ ₤ ὔ ⇔ (Ẃֽ −צ

ֵ ♄ Ӕ֯ ᴩȲᵀ ϱ ṷ ὨМҬצ ╥Ӕ ᾼ)Ȳң֫

ᵅế ҅ῶ ₤ ὔѥ (ẂֽҬ ẞ иᾼ ♄ Ȳ

ᵀ ϱצ−ֵ ♄ Ӕ֯ ᴩ)ȴF1 ᵛ╥ ᴷ ₤ ╥ᵡҷ

ᾼ ϩȴ 

&ρ ÓÃÏÒÅς
ὴὶὩὧὭίὭέὲὶzὩὧὥὰὰ

ὴὶὩὧὭίὭέὲὶὩὧὥὰὰ
 (3-7) 
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4. ԓ ᵑӂᶁ (mean average precision, mAP) 

ԓ ӂᶁ (mean average precision, mAP) ӣ֯ӭ Ȳӣẃ

ᴷ ₤ ὑֵ ᵑ ᾼ ֥ ϩȲӂᶁḕ ᵑἬ ҏᾼӂᶁ

(average precision, AP)v mAPȴAP ֯ Ԓ ₤ ҏᾼ‒ї

(confindet value)W Ɫ ᶧᾼṼ Ȳ ᶧҏЛ֝‒ї ὨἬ ᾼң֫

Ȳ֯Л֝ң֫ ᾼᴯ ậ ᾼ Є Ȳ Ẕ פכ ∟Ȳң֫ -

פ ϯ ᵛⱢ APȴAP Є҅ῶ ₤ ҏᾼ ὨП‒ї ֵᵅȲ ₤

ᶁ Ӕ ᾼ ϩȲ ӱ ₤ ҏ ὨᾼҠ‒ ⇔ȴ ᵑᾼ AP Ѡה

הֽ 3-8ἬӱȲẔМὴ ὶⱢЛ֝ң֫ Ἤ ᾼ Є ȴ Ἤצ AP

ӂᶁᵛҠ ẞmAPȲֽה 3-10ȴ 

!0
ρ

ρρ
ὴ ὶ

ᶰ ȟȢȟȢȟȣȟ

 

 ὴ ὶ ÍÁØ
ǿȡǿ
ὴὶǿ      ύὬὩὶὩ   ὶ

Ὕὖ

ὖ
 

(3-8) 

(3-9) 

Í!0
ρ

.
ὃὖὲ  

(3-10) 

3-3 ₤ Ṿо 

Ӑ ֯ М ᵫБṿӣ Faster R-CNN YOLOv7иᵑ∂ ♄

₤Ȳ ѩ ∟ YOLOv7 Ḇ ֥ӣ֯ ♄ Ȳ ᴖ

ὨҠ῀ ₤Ữצ ḔῈ ȴ֪ױȲӐ Ԓ YOLOv7 ₤ӭ›
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ὨϱЛṜП ᾼҠ ֪Ȳṳѹ ҒϤҒ ₤ ᾼѠᾎ ᶾҾȲ

Ṿо ₤ᾼ Ȳ ẞ Ὠ Ṿᾼ ₤ȴ 

3-3-1 ₤ ứ Ὠ 

֯ ⇔ ₤ ╥ᵡ ᵓ Ȳ Ϡ ₤֯ḕ

ᾼ ҷПҵȲϷҠ ֯ḕ ᾼ ҷȲ ҷ Ϥ

ṳ ҷẗ ᴖ ȴֽ 3-1 Ἤ ȲYOLOv7 ҷᾼ ҷẗ Ҡ

иכϮ ҷȲиᵑⱢ╥ᵡӔ ᵒ ҏ ứ вצӭ ᾬᾼӭ ᾬ ҷ(loss of 

objectness)ȳ╥ᵡӔ ӱҏӭ ᾬ ꜜ ᾼ ꜜ ҷ(loss of bounding box)ѿ

ц╥ᵡӔ ӭ ᾬⱢᴶ ᵑᾼи ҷ(loss of classcification)ȴ

₤ ᾼῶ ȲҠѿϠ ₤ Ὠ ֽᴶḂ ᾼѠ֣Ȳ֪ױȲӐ

Ԓ ҏṿӣ ứ ᾼ YOLOv7 ₤Ȳṳ һᾼ ṳ╓ҏ

Ἤ֯Ȳ ҏ ṾоᾼѠᾎȴ 

3-18 ӱ YOLOv7 ₤ ᾼ ҷᾼ о Ȳ

ҷ Ҡ Ȳ ҷצ ᾼ Ғᴖ ϯ

Ȳᵀ ҷ⁯Л ч ȲẔМϮ ҷꞋϷᵧ ֝ ᾼ ȴ֝ Л֝

ϯ֢ ᴷ╓ ᾼ ὨȲ ֢ ᴷ╓ ֯ῴ צ ֻᾼῶ Ȳ֯

675 ᾼ mAPⱢ 52%ȳPrecision RecallиᵑⱢ 57%ế 50%ȲἬצ ᴷ

╓ ᶁ ᾎ ẞгכѿϱȴ ᾼ ҒȲ֢ ᴷ╓ Ꞌ═ ϯ Ȳꜙ

ᴟẞ ∟ Ὼὑ 0Ȳֽ 3-19Ἤӱȴ҅ῶ ₤֯ М צ ẞ

Мᾼ Ἠ῀ Ȳᵀ ὑЛ╥ Мᾼ (ᵛ )Ȳ ᾎצṏֻ

ᾼ Ὠȴ 



61 
 

 

3-18 ₤֯ М ҷ П оȴ М ӱ

ҷ צ ϯ ȲᵀẔ ҷ⁯чПϱсȲẔМϮ ҷꞋϷᵧ

ᾼ֝ד  

 

3-19 ₤֯Л֝ ֢ ᴷ╓ П оȴ М ӱ ᾼ

ҒȲ֢ ᴷ╓ ᶁ═ ϯ  
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ὑױ ᾼ Ȳ֯ ⇔ ϭ Ɫ ⇔ (overfitting)ȴ ⇔

ҠѿӣϚ ẂІ Ὑȸ ѿֵ ẃה (fitting) ȲϚֵװ

ה ᵛ╥ ἤ֫ Ȳ ᴯὑ֫ ҿҢẒ Ȳ ֵ װה Ȳᶺ

Ὠ ṾȲẞ‍ ᾼֵװ ה Ȳ ֵ ה Ѿ ḕ

Ȳᵀ ֵװ ẃה ὙẒ ᾼ … ṳЛӔ Ȳ ѿ ᾼ

ֵװ ה ҟ в ᾼ Ὠȴ 

⇔ ҅ῶ ⇔ ₤֯ ᾼῶ ꞋЛ ȲẔ ҷꞋ

ᴖ═ ϯ Ȳᵀ Ϥ ᾼ ȲẔῶ ⁯чᴖЛṾȴ ⇔

Ҡ ӱ ₤֯ ⇔ҟ Мᾼ Ἠ╥῀ Ȳчᴖ ὑЛ╥ М

ᾼ Ἠ ȲϷ ╥ ᾼ ḥ ᾎצṏֻᾼῶ ȴᴖ ⇔ ӢᾼҠ

֪ҠЄ иכẒ : 

(1) М  ( װ҅ ֵ) 

(2) М ᾎ Ṝ  

 ҅ῶ ₤Ҡ ֯ › Б ῶ Л Ȳ Лצ

ᾼ ὨȲᵀֽὨḥצᵛ Ѧ Ȳ ₤Л ֮ҟ ȲҠ ₤

ⱢᴞА ЛṜȲⱢϠ ᶙԓӔ ֮ Мᾼ Ȳ ₤ ֣Ḇ

֮ҟ Мᾼ Ȳ ᴖ ⇔ ẞ‍Ӈ ᾼ῀ Ȳ ᾼ

Ὠῶ ᵛד ЛṾȴᴖ ὑ ₤ ᾎ Ṝ ȲϚ ֯ ₤ ᶦ

₤ ὨֻȲ֯ Ȳ ’ МЛ֝ӭ ᾬ ᵑᾼ

Ṝ Ȳֵ ₤Ҡѿֻֻ Л֝ ᵑҠ ҏ ᾼ֢ Ȳѿ ᾄ♄ ẂȲ
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ᾄҠ ҔᵶᴞӦהȳ Ἠה ѬȲ֪ױȲ Ṝ ֵЛ֝♄ ᵑᾼ

Ȳ צ ֮ ᵗ ₤ Ὠ сȴӐ Б ∂

Ṇ ᾼѠהȲ  ᾼ Ҡ Л֝♄ ᵑᾼ Ȳṿ Ҕ

ᵶЄֵ Ҡ ҏ ᾼ♄ Ȳ ₤ Ṝ ֵЛ֝♄ ᾼ ȴ 

ҫҵȲ ₤ ᾎ Ṝ ᾼ ֪ȲϷצҠ ╥֪Ɫ ₤ ӭ ᵀ

Л֝Ṕ⇔Ἠԏ оᾼ ЛṜȲ֝ד ♄ ѹ֝ Ɫ Ӗ ȲҠ

֪Ɫὁ Ṕ⇔ᾼЛ֝Ἠ╥ щԏ ԈЛ֝ᴖצЛ֝ᶮ Ȳ ₤ ὑױ Л֝₤

ᾼ ♄ ᾼ ϱҠ ЛṜȲ ὨЛṾȴ ѿϱ ȲӐ Ғ

Ϥ ѠᾎȲẃ Ғ ₤֯ М ᾼ Ȳ Ҡ ֮ ₤

ḆֵҠ ֪Ɫὁ Ṕ⇔Ἠԏ ԈЛ֝ᴖ ᾼᶮ оȴ 

3-3-2 ҒϤ  

֯ ⇔ ₤ МȲҒϤ Ѡᾎ צ ֮ ₤ ֵ

ẞҠ ᾼ Ȳ ὑӐ ᾼ ♄ ӭ Ȳᵛ╥ ₤

Ѡᾎҟ ♄ ᾼֵ Ҡ ᶮ Ȳ ṷᶮ ЄֵҠ ╥֪Ɫ

ὁ Ṕ⇔Л ȳ֝ щԏ ԈЛ֝Ἠ╥֝ ӭ ᾬ֢ ᵂ ᴖ ֵצכ

ᾼ оȲ֪ Ҡ ҏ ᾼֵ ᶮ оȲӐ ҒϤֵ Ѡᾎ: 

(1) Ὅȳ ȳ ӂ (scale, flip, rotate,and translate) 

Ὅȳ ȳ ӂ ҳ Ѡᾎ ֝ ṿӣȲ╥ Ɫ ṓѹ

ӐᾼѠᾎȲ Ở Ὅṿ ЄἨ ЊȳѬӂ ᵧ ӭ ᾬ

ᾼ ȳ ṿӭ ֯ МצЛ֝Ṕ⇔Ἠ╥ӂ ṿӭ ᾬЛ
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ὑ֝ ᴯ (яẔὁ ӭ ᾬᴯὑМї)ȲꞋ ₤ҟ Л֝

Ṕ⇔ϯᾼ Ȳֽ 3-20Ἤӱȴ 

 

3-20 Ὅȳ ӂ Ѡᾎ 

(2)HSV (HSV transform) 

ԓ ᾼ ҠӣϮ ἤẃῶӱȲиᵑⱢ Мᴥ ᾼᴥד(hue, H)ȳ

ᴥ ⇔ᾼ ế⇔(saturation, S)ѿц ԏὙ ⇔ᾼὙ⇔(value, V)ȲϮ

ἤ ֥ ẃᵛⱢҠӣẃᵧ ᾼ HSV ἤȴᴖ ѠᾎМᾼ HSV

ᵛ╥ Ở Мᾼ HSV ᴖ Ӣ ᾼ Ȳ ὑ ♄

₤Ȳᵛ ₤ Л֝Ҡ ԏ Ԉϯᾼ ȲẂֽ Ở ᾼὙ

⇔ ЊҠ ᾼԏ ԈȲ ₤ ҟ Ҡ ᾼ Ȳֽ 3-21Ἤӱȴ 

 

3-21 HSV Ѡᾎ(HSV ӱ ᴞ

https://en.wikipedia.org/wiki/HSL_and_HSV) 
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(3) ϱ(paste in) 

ᾼ Ѡᾎ Ϛṷ ᶾҾẃ Ӣ ᾼ ₤ Ȳ

Ẃֽ ȳḆḂᴥ ȴᴖⱢϠ ₤֯ М ẞḆֵᾼ

Ȳ֤ Ɫɪ ϱɫᾼ Ѡᾎ Ẕ҃ Мᾼӭ ᾬ ṳ ϱ Ở Ȳ

ϱ‍ Ở Мᾼӭ ᾬẃ Ӣ ᾼѠהȲ ₤ ẞḆ

ֵᾼ Ȳṳѹ ᵅ ӭ ᾬỂ ᾼ Ȳֽ 3-22Ἤӱȴ 

 

3-22 ϱ ѠᾎȴẔМּמ ῶӱ Ẕ҃ М ϱᾼӭ ᾬȲ ֯

Л צ Мᾼּמ  

(4) ᵌ(mosaic) 

ϠҠѿ ѐЉἨᴥ ȲἨ╥ ӭ ᾬᾼᶾҾẃ

Ӣ ȲϷ ֵ ֥ẆכϚ ẃ ₤ Ȳ ᾼ

Ѡᾎ Ɫ ᵌȴ ᵌ ѠᾎѿЛ Ở ѩẂᾼ› Ȳѿ 4
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(Ἠ 9 )֥ẆכϚ Ȳẃ ₤ Лắ￼ Ȳ ᾃὑӭ ᾬᾼ

Ȳṳѹ Ҡ ẞḆֵᾼӭ ᾬᶮ ȴ֝ ֯ṿӣ ᵌ Ѡᾎ Ȳ

֥Ẇᾼ Ϸ Ԓ Ẕ҃ ѠᾎȲ֪ ױ ᵌ ∟ᾼ

ҔᵶḆֵᾼ Ȳ ₤ Ḇԓ ѹ Ҡ Ḇֵ֮ҟ Ȳֽ 3-23Ἤ

ӱȴ 

 

3-23 ᵌ Ѡᾎȴ Ở Ẕ҃ ֥ẆכϚ Ȳ֝

֥Ẇᾼ Ẕ҃ ѠᾎȲṿ ҔᵶḆֵᾼӭ ᾬ  

ⱢϠ ♄ ₤ᾼ ȲӐ ӣֵ Ѡᾎȴ

∟ԛ כ ᾼѠᾎЛ Ȳ֝Ӑ ṷ

Ѡᾎ ӣ֯ḕϚ МȲ Ϥ ₤ ᾼ Ȳᴖ‍ṶԒ֯∂

₤›Ԓ∂ӴϚ ᾼ ȴ֯ḕϚ Ȳ Ѡᾎ ӣ

֯ ϱȲԛ Ϥ ₤ ᴩ Ȳṳѹḕװ ѠᾎМᾼ ⇔
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╥ ᾼȲẂֽ ḟứ HSV ᾼ ⇔ȳ╥ᵡ ᴩ ȴҫҵȲ

Ӑ ứ֯ḕϚ Ꞌṿӣ ᵌ Ѡᾎȴ Ở Ẕ҃Ϯ

֥ẆȲṳѹ ṷ֥Ẇᾼ Ҡѿԛ Ẕ҃ Ѡᾎ ᴩ ȴֽ

֝ϱ Ȳ ᾼ ⇔╥ ḟứᾼȴ֪ױȲ֯ḕϚ МȲ

ᴟюҠ Ở ҳ ѿϱᾼ ȴ֝ Ȳḕװ Ѡᾎᾼ ╥

ᾼȲḕϚ Ἤ Ӣᾼ ѾЛ Ẕ҃ Ӣᾼ

ȴ Ѡᾎ ӣὑ МȲЛ ạ ѠᾎҠѿ

₤ᾼ Ȳṳ ֯Л ṶԒ ӢЄ ᾼ ᴾӣ Ὲ׀ ᾼ

ᾓϯȲ ₤ ẞḆֵ ᾼ Ȳ ᴖ с ₤ᾼ Ὠȴ 

3-3-3 ḆḂ ₤ ѐЉ 

Ӑ ᾼ ӭ Ɫ ♄ Ȳ♄ Ӗ ֯ Мד ὑ ￼ ЊȲ

ὑ Њᾼӭ ᾬȲ ₤ ֯ ϱ Ɫᵺ ȴ ὑ Њӭ

ᾬᾼ ȲҠѿ ḆḂ ₤М ậ ᾼ Ȳ ᾼ

Ғ Ғ ₤ ὑ ᾼ ậȲ с ₤ᾼ Ὠȴ

YOLOv7Ѡᾎ֯ ₤ Ȳ Ϡצ ṿӣȲṳѹⱢ

ᾼ ₤ (YOLOv7 model)ȲϷצ ṿӣᾼ ₤(YOLOv7-

w6 model)Ȳֽ 3-24ȴẒ῏ ₤ Єᾼ ֯ὑẪ ᾼ ȲYOLOv7-w6

₤ Ɫֵ Ȳ Ϥ ḆֵḆ ᾼẪ Ȳ ₤ ậḆ

ᾼ Ȳ ẞḆֻᾼ ὨȴẒ Л֝ ₤ ᾼ ד

ѩȲYOLOv7 ₤ᾼ Ɫ 314 ȳ ϮϾгᴍפּ (36,535,712)Ȳ
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YOLOv7-w6 ₤ᾼ Ɫ 370 ȳ ϥϾϚᴍפּ (81,082,496)ȲҠכҏ

YOLOv7-w6 ₤ᾼ ⇔ѩ YOLOv7 ₤Ὑ ȴ 

ҫҵȲYOLOv7֯ МȲ Ϥ ạ֯ỆứѐЉȲ ὑ Њӭ

ᾬᾼ Ҡѿ Є Ϥ ᾼỆứѐЉȲ ₤ Њӭ ᾬᾼ ϩȴ

Ȳױ֪ ὑֽ ♄ Њᾼӭ ᾬȲӐ Ӑ YOLOv7 ᾼ

ḆḂכ ₤ᾼ Ȳṿӣ YOLOv7-w6 ₤ ᴩ∂ Ȳṳѹ Є Ϥ

ỆứѐЉᴟ ѐЉᾼẒ Ȳ ױ֪ ҒȲṿӣ YOLOv7-w6

₤ṳ Є Ϥ ѐЉ ᴩ פּ Ғ 1.6 ᾼ Ȳᵀ Ғ ₤ ὑ

Њӭ ᾬᾼ ὨȲ ᴖ с ₤ᾼ ϩȴ 
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3-24 YOLOv7 ₤ YOLOv7-w6 ₤ ( ᴞWang et al., 2022) 

3-3-4 ứ 

֯∂ ₤ᾼ МȲ Є а ד ᾼ Ȳӣẃ ṳ

Ȳ ֥ҏϚ ᾼẗ ҟῺᴿ ạἨ ӑὙᾼ Ȳ֪ױ

Мᾼ ╓ Л ֮ ᴩ Ȳṳ аП ᾼ Ȳ᾿ᴟ

Ӕ ֮ ҏи Ἠ ӭ ȴ ᾼ Ѡהṳ‍ Ȳᴖ╥ᵓӣ

ᾎ Мᾼ П …(ᵛ ҷẗ )Ȳ ⇔ϯ ᾎẃḟứֽᴶ
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Ӕ Мᾼ Ȳ ẗ Мᾼ ⇔Ѡ֣ẃ ẞֽᴶ Ӕ ṿ

ᵅȴ 

⇔ ₤ᾼ (hyperparameter)╥╓ ₤֯ › Ԓ ứ

ᾼ Ȳ ṷ ₤֯ ᾼ ⇔ȲẂֽ ₤ Ӕ

в ᾼ ⇔ȴ ṷ ṳ‍Ӧ ₤ᴞṝ ᴖẃȲᴖ╥ ϢⱢԒᴩ

֯Ӕה ₤П›ἬḟứȲ ₤ᾼ Ὠ ן ⇔ȴ֪ױȲ ₤ᾼ

ᾼ ὑ ₤ ╥ᵡ ғѿц╥ᵡכ ẞֻᾼ Ὠᴟ

ȴYOLOv7ⱢẪ Ɫ Ἁᾼ ⇔ ᾎȲѻ Ὠᾼ

ֽϯἬ ȸ 

1. (learning rate, Ɫ) 

ḟứ ᾼ ⇔Ȳᴖ ᾼеהֽה 3-

11 ἬӱȲ Ғϱ ϱ ẗ ᾼ ⇔ᵛⱢ ȲהМѿ ῶӱ

╥֪Ɫ ẗ ᾼ ⇔╥҅ῶ ЄᾼѠ Ȳ֣֪ ױ ᾼѠ֣ Ɫ ẗ

⇔ᾼ Ѡ֣И Л ֮ ṿ Њȴᴖ ױ֯ ϱ ẗ ҅

ῶ ḟứ ẗ ⇔ᾼ ⇔Ȳ ᾼЄЊ ҏ ẗ

⇔ Ȳ ױ ⇔ᾼ ⇔ẃḟứ ᾼ ⇔ȴ 

      ὡ  ὡ –ɳὒύ  (3-11) 

ẔМὡ Ɫ ȳὡ Ɫ ȳ–Ɫ ȳ ὒɳύⱢ ẗ ᾼ ⇔ 

2. … (weight decay, ⱦ) 
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… ᾼғӣⱢḀạ Ḇ ᾼ ⇔Ȳ ҷẗ ҏѿӭ›ᾼ

ҏᾼ Ὠ Ӕ Ὠᾼ Ȳ ֵ ẃ ѿ ẞ Ṿ Ȳ

ҏ Ὠ Ӕ Ὠᾼ Ȳᴖ ֽὨḆ ᾼыᶶ ὔ ⇔ ֥

(overfitting)Ȳ҅ῶ ⇔Ṽ █Ϛ ⇔ Ȳ Ϥ

ᾼ ᾎ ҏӔ Ὠȴ֪ױȲ֯ Ḇ еהԛіϤ ᾼ ἘȲ

… ᵂⱢ ẃḀạ Ḇ ᾼ ⇔ȴ֪ ױ Ḇ еה ϠҔᵶ

ҵȲԛіϤ … Ȳֽה 3-12Ἤӱȸ 

      ὡ  ὡ  –ɳὒύ –‗ὡ  (3-12) 

ẔМὡ Ɫ ȳὡ Ɫ ȳ–Ɫ ȳ ὒɳύⱢ ẗ ᾼ ⇔ȳ‗Ɫ

…  

3. … (momentum, ╥) 

ᴩ ᾼ ȲӭᾼⱢ֯ ҷẗ М᷄ҏԓ Њ (global 

minimum)ȲϷ ╥ Ɫֵю צ Њᾼ ȴᴖ ֽ ֯ Ȳ

ҷẗ ᾼ ⇔ṳЛ ȲϷ ╥ ҷẗ פ ⱢӂỌȲ ᾼ ⇔ ױ֪

Ȳꜙᴟὑ Ѧ Ȳ ᷄ҏᶝ Њ (local minimum)Ȳᴖ ᾎ᷄ҏԓ

Њ ȴ֪ױȲіϤֽѳ ᾎ⁄ᾼ ἘȲ ᴩ ֵ ҒϚṷ Ȳᴖ

Л Ϥ ẗ ӂ Ȳ ѦḆ ᾼᾭᾓȴֽה 3-13ἬӱȲ …

Ϸ ẗ ᾼ ⇔ ᾼ П Ȳ֪ױȲ Ḇ еה Ϡ

Ҕᵶ … ҵȲԛіϤ … Ȳֽה 3-14Ἤӱȸ 

     ὠ  ὠ –ɳὒύ  (3-13) 
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     ὡ  ὡ  –ɳὒύ –‗ὡ ὠ  (3-14) 

ẔМὠ Ɫ … ȳὠ Ɫ … ȳὡ Ɫ ȳὡ Ɫ ȳ–Ɫ

ȳ ὒɳύⱢ ẗ ᾼ ⇔ȳ‗Ɫ …  

ѿϱἬ Ȳ ạ ₤֯ḕϚ ᾼ Ḇ ⇔Ȳ ᾼ

ҠѿҒᶶ ₤֯ ᾼן ȲṳѹḆֻ֮᷄ẞ Њᾼ ֥ȴᵀ

Ἠ ᵅᾼ Ҡ כ ₤ ὨЛṾȴ Ҡѿ ạ ₤֯ṿӣ ⇔

ϯ ᾎ᷄ҏ ḆᵅѠ֣ ᾼ ⇔Ȳᴕ ẞП› ›ᾼ ⇔ Ȳ ᵗ ₤֯

Ғ ן Ȳ ᵑ╥֯ ₤ ῴ Ữӑ᷄ẞὙ Ѡ֣ẃḆ ᵅ Ȳ

ᵗ ₤Ḇᶶ֮᷄ҏԓ Њ ȴ … ⁄╥Ḁạ ₤Ḇ ᾼ

Ḕ Ȳ ₤ ҷẗ ṳṿӣ ⇔ϯ ᾎḆ Ȳᴖ֯ ҷẗ Ғ

ϱ … Ҡּפḇ ⇔ᾼЄЊȲ֯ ₤ ṳḆ Ȳ ṿ оᾼ

ЊȲ ᵅ ₤ҏ ⇔ ᾼҠ ȴ 

Ӑׁשṅ ⱢϠ с ₤ᾼ ὨȲṳ‍ṿӣ ứᾼ ẃ

₤Ȳᴖ╥ ᾎ(grid search)ẃ ứ ȴ ᾎ ֯╓

ứᾼ вȲ Ϛ ἬצҠ ᾼ ֥ẃ∂Ӵֵ ₤Ȳṳѹѿ ᴷ

₤ ֥ ϩᾼ╓ mAPẃ ҏ Ὠ Ṿᾼ ₤ȲѿױѠהẃ ứ ₤

Ṿᾼ ȴӐ ᴕ֝ ṿӣ YOLO ᾎᾼׁשṅṳ ứ

ᾼׁשṅ(Isa et al., 2022; Singh et al., 2023)Ȳ╓ứṿӣ ᾎ ứ

ᾼ ȴ 
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ѿϱᾼ ṾоᾼѠᾎȲṳѹṿӣ ᾎẃ ứ ₤ᾼ

ȴ ứ Ὠ ӱȲ ₤ѿ Ɫ 0.001ȳ Ɫ 0.937ѿц …

Ɫ 0.000498 Ȳ צ Ṿᾼ ὨȲֽ 3-25Ἤӱȴ ứ ὨϷ ӱȲ

Мѿ ᾼ Ɫ Ȳ ứᾼЄЊ ₤ᾼ

ὨȴẂֽ ứⱢ 0.0001 Ȳ Ẕ҃ ứⱢᴶȲẔ ₤

ᾼ ἤ гᴟϝכȲֽὨ ứⱢ 0.001⁄Ҡѿּט ϟכȲ ӱ ֯

₤ ᾼ ἤȴẔװⱢ … Ȳ ױ ứⱢ 0.000498 Ȳ ₤

ᾼ ἤИ טּ ϟכȲֽὨ ứ Ȳ⁄ ₤ᾼ Ὠ ȴ 

ҫҵȲ ₤֯Л֝ ứϯᾼ Ȳ ᾼ ứṳ

Л ₤ᾼ ⇔Ȳᵀ ₤ ᾼ ὨȲѿ Ṿᾼ ứẃ

₤Ȳ ₤ Ḇֻ֮ϯ ᴟ ᵅ Ȳ Ṿ֮ с ₤ᾼ ὨȲ ӱ

ứ ₤ ᾼ ἤȲֽ 3-26Ἤӱȴ 
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3-25 ₤ᵓӣ ᾎ ứ Ὠȴ М ⱢЛ֝ᾼ

ứȳ ⁄ⱢЛ֝ … ֥ᾼ ứȴ 

 

3-26 ₤֯Л֝ ứϯᾼ ( )ȴ М ӱ

ứᾼЄЊ ₤╥ᵡ צ ϯ ᴟ Њ  
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3-4 ₤ ∂  Ὠכ

3-4-1 ₤  

Ӑ ṿӣ YOLOv7 ⇔ Ѡᾎ∂ ♄ ₤Ȳ ӣ

ứ ᾼ ₤ Ὠ Ϣ Ȳ ӱ צ₤ ⇔ ȴ֪

Ȳױ ₤ ЛṾᾼҠ ֪ȲҒϤϠ ѠᾎṳḆḂ ₤ Є

Ϥ ѐЉȲṿ ₤ Ḇֵ оᾼ ṳѹҒ Њӭ ᾬᾼ

ϩȲ ∟ ᴩϠ ₤ ᾼ ứȲ с ₤ᾼ Ὠȴ 

₤ МḕϚ ᾼ ҷЄЊȲҠϠ ₤ Ὠᾼֻ

ȴ 3-27 ӱ ₤ ᾼ ҷ Ȳ ₤ᾼ ҷᶁ

ᾼ Ғᴖ ϯ Ȳ҅ῶ צ₤ М ṳ ϯ ȴᴖ ҷϷ

֝ ҷᾼ Ȳ֝ד ᴖ ϯ Ȳṳѹ֯ װ155

צ ᵅᾼ ҷȲЛ ԛ ϯҟȲ ₤ᵛצЛ ᾼ ὨȴẔ

Мѿ ꜜ ҷ ЄȲᴖи ҷⱢϮ ҷМ ЊȲ҅ῶ ₤֯и ᾼ

ᵅȲѩ Л Ӗ ♄ ᾼ ᵑȴѿϱ Ὠ ӱӐ ҏᾼ

ṾоѠהȲ∂Ӵ ♄ ₤Ȳ ₤ ֯ М═

ᵅ Ȳצ ֮ ♄ М ẞ῀ ȴ 

₤ Ғ ῶ ᾼ оȲϷҠϠ ₤ Ὠ

ᾼֻ ȴ 3-28 ӱ ₤֯Л֝ ᾼ ῶ ȲҠכҏ ₤֯ ῴ

ᾼ ҒᴖЛ с ϩȲ−ᶶ֮ с ϩᴟ ֥ ἤ

ϥכѿϱȲṳѹ═ ֮ с ϩ᾿ẞ װ155 ȲБצ Ṿᾼ
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ῶ Ȳ ᴷ ₤ ֥ ϩᾼ╓ mAP 95.5%ȲẔ ᴷ╓ ᶁҠ ϟ

ѿϱȲPrecisionכ RecallиᵑⱢ 93.5% 90.6%ȲF1и Ҡ 0.91ȴ ӱ ₤

ᾼ Ὠד צ Ȳ צ ᾼ ϩȴ ѿϱἬ Ȳ ṿӣ YOLOv7

Ἤ∂Ӵᾼ ѩȲד₤ Ӑ ҏᾼ ṾоἬ∂Ӵᾼ

♄ ₤Ȳ ₤ צ ֮ ᵅ ♄ ᾼ Ȳ ₤ᾼ ἤꜙᴟҠ

Л гכ сᴟ ϟכȴ 

 

3-27 ♄ ₤ ( ҷ )ȴ(a) ₤

ҷ;(b) ₤ ꜜ ҷ;(c) ₤ӭ ᾬ ҷ;(d) ₤и

ҷ 
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3-28 ♄ ₤ ( ῶ )ȴ М ӱ ₤֯Л֝

ᾼ ῶ ȲҠכҏ ₤ ᾼ Ғᴖ с ϩȲṳѹЛ

ԛḆֵᾼ ᵛצ Ṿᾼ ῶ (mAP=95.5%) 

3-4-2 ₤ Ὠ  Ὠכ

ϚṆԝᾼ Ṿоṳѹ Ϥ ҏ Ṿᾼ ₤(

ȲⱢϠ(װ155 צ ᴷ ₤ ὑ ᾼ ϩȲ

Ϥ ₤Ȳṳ ₤ ֢ ♄ ᵑᾼ ᴷ╓ Ȳ ẞ ₤ᾼ

ὨȲ֥ ѹצ ֮ ₤ ὑ ♄ ᾼ ϩȴ 

ῶ 3-2 ӱ ♄ ₤ ᾼ ῶ ṏֻȲ ᴷ ₤ ֥

ϩᾼ ᴷ╓ mAPӂᶁҠ 94%ѿϱȲ ₤ ẞᾼ Ṿ Ὠ

ῺȲ҅ῶד ₤ḥצ ⇔ ᾼ ȴ ₤ᾼ PrecisionϷҠ 94%Ȳ҅ῶ

₤֯ ҏ Ὠᾼ Ҡ ד ᵅȴ ₤ᾼ RecallҠ Ὼ 90%Ȳ ӱ ₤

Єֵ ᾼ ♄ ȴ ₤ᾼ F1и Ϸῶ ṏֻȲ ӱ ₤֯ ᾼ
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ῶ ṏֻѹד ӂ ȲЛ Ὑצ ⇔Ἠᵅᴷ ᾼ ᶮ Ӣȴ ₤֢֯

♄ ᾼ ῶ ϱҠ Ȳ ₤ ὑЄֵ ᾼ♄ Ꞌ ’═ṏֻᾼ

ϩȲ ҏ ֯ ᾼ♄ ֽ ᾄȳSUP Ѭϱ Ṟמ ȲяẔ

ᾄҔᵶ Ѭ╥ ҏ ᾼ♄ ȲϷ╥ Ҡצ Ӣ֚ ᾼ♄ Ȳ

Ꞌ ’═ϟכѿϱᾼ ἤȴ ₤ ὑ צ ЄᾬԈᾼ ♄ Ḇ╥צ

ϟכХѿϱᾼ ἤȲֽ ב ȳ Ѥᴣ Ȳ ₤ ’═

ᾼ ϩȴ 

₤ᾼ ȲכὨẃכ ₤ צ ֮ Єֵ ♄ ҏẃȴ

₤ṳЛắ ứ ᾼ ạȲֽ ὁ ֮ ȳ ȳṔ⇔Ἠԏ Л֝ ԈȲ

Мᾼ ♄ ᷄ҏṳѹи ♄ ȴŋ ╥ Ὼ ᾼ ♄

ֽ ᾄἨ ѬӖ ȲἨ╥ Ỵ ᾼ ♄ ֽѬϱ Ṟמ Ȳ

₤ Лצ ᾼ Ὠȴ ₤ϷЛ ϱ ḔἨԅ ‍ ѬᾼӖ

כ ♄ ȴᵛṿ֯ М֝ צ֯׀ Ὼṳѹֵצ ᵑᾼ ♄ Ȳ

Є₤ӭ ᾬֽ ἨЊ₤ӭב ᾬֽ ᾄӖ ֯ МЄЊЛϚᾼ ♄ Ȳꜙ

ᴟ Є ѹדФ֯ Мӻ ᾼ ♄ Ȳ ₤Ϸ Лắ ═ṏֻᾼ

ὨȲֽ 3-29Ἤӱȴ 

ѿϱ Ὠᶁ ӱȲӐ ⇔ Ѡᾎṳ ϚṆԝᾼ Ṿо

Ȳֽ ȳ Є Ϥ ѐЉȳḆḂ ₤ ѿц ứ ᶾ

Ҿẃ∂ ♄ ₤Ȳ ₤ᾼ ὨṏֻȲ ὨϷ ӱ ₤

ῶ ṾȲ Єֵ ҏ ֯ ᾼ♄ ȴ ὑϚṷЄ₤ᾬԈᾼ

♄ צ 95%ꜙ ᴟ 99%ᾼ ἤȴ ᾄⱢӖ ֯
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ᴩᾼ♄ Ȳ ᾄᾼ₤ ֢ה֢ Ȳ ֯ Ỵ Ѭẞ֯Ѭ ᾼ֮Ѡ ᾄꞋ╥

Ɫ ᾄ♄ Ȳᴖ ₤ −ֻ֮ ṷ ᾄ♄ ҏẃȲ ἤ ϟ

ѿϱȴכ ӱ ӣױ AI ᶾ ∂Ӵ ♄ ₤ᾼҠᴩἤ Ҡ ἤȴ 

 

ῶ 3-2 ♄ ₤ Ὠ 

 Precision Recall mAP F1-score 

ᾄ(Swim) 92.5 83.6 91.2 0.88 

(Surf) 89.6 78.3 88.0 0.84 

Ӵ (SUP) 95.3 89.7 94.3 0.92 

(Banana boat) 86.5 84.3 89.5 0.85 

Ѭϱ  Ṟ(Jet ski) 91.9 88.6 93.7 0.90מ

 94.0 86.5 92.8 0.90 (Sailing)ב

ב (Sailboat) 96.5 90.8 96.7 0.94 

ӫ (Rubber boat) 96.1 93.1 98.0 0.94 

֒ ᴣ(Dragon boat) 99.4 99.4 99.6 0.99 

Ѥᴣ(Canoe) 97.9 98.6 99.2 0.98 

ӂᶁ 94.0 89.3 94.3 0.91 
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3-29 ♄ ₤П Ὠȴכ ₤ ѿֵ ᴥᾼ ꜜ ẃ

ᵧ Мᾼ ♄  
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ȳ ֚֯ ₤  

ᾼ Ϣ ֵȲ Ϡᵛ Ϣ ᾼ♄ ᶮҵȲϷ

ᾬԈ Ѡᾎ ֵӭ ᶾ Ȳẃᵒ Ϣ ╥ᵡ ὑ֚ ᾓМȴӐ

⁮ Ӣ ӂ ׄԓᾼ Ȳ҃ ╓ҏ֯ Ӗ

ׄԓ ȲḆ ֣ Ṯ֚ Ӣֵὑ ṶԈ ӢИ ȴ ҃ ᾼ Ȳ

Ӧủ ȳщ ᾓכҏḕщ⁮ М ᶹᾼ ȴֽὨӖ Ὼ

ἨБ ϤṪ Ȳ҃ Ở ᶹȲ›Ἇ Ὼ∕Ễꜙᴟ Ӗ Ȳ Ṯԉ

ᴶ ≡ ᾓᾼ ӢȲᵛẘ᷾Ϥ ȴҫҵȲѩ ϢЛצ Ѭἤᴖ ѬȲ֯⁮

Ӣ ҏ ᾼ ᾓ╥צӖ Ἠ☼ Ỵ Ȳ҃ ҏ Ϣ

ׄԓ ֫Ȳ֪ױȲֽὨצӖ Єᾼ ᾄ (Ẃֽ ἤ ᾼЄ₤ᾲ ᾄ

)Ȳ Ӣ Ϸ ᵑ ᶹṪṷӖ ╥ᵡҠ Ӣ֚ ȴ 

ѿϱἬ Ȳ Ӣ ᾼ Ȳ Ӣᾼ ֚֯ Ɫ

Ӗ Ϥ ᶹ ֽ ᶹ ȲẔװⱢӖ Ѭȴ֪ױȲӐ Ӗ Ѭȳ

ᶹ о( ҷ֯ М) ṶԈứ Ɫ ɦ ֚֯ ɧȲ ₤

ֽϱ ᾼ ֚֯ ҏẃṳѹ ҏ ᵫȲ ֚֯ Ӗ ӱ Ӣ

ᾃ ╥ᵡ ֚צ ӢȲ ẁ Ӣ ᵒ ṳᵛ ҏ ȲẦᵗ Ӣ כ

ᾼׄԓȲ ᴖ ṮЛἅṶԈᾼ Ӣȴ 

4-1 Ѭ ₤∂  

4-1-1 ₤ 
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(transfer learning)Ɫ ⇔ М ӣᾼ ᶾҾȲ Б

֯Ẕ҃ ԉ ϱ ֻᾼ ₤Ȳ֯ ᾼ ϱ כ ᾼ ₤Ȳ

ᴿᵀЛ֝ᾼ ԉ ȴ ӣẃ ᾼ ₤ Ɫ ₤

(pre-trained model)ȴϚ ᴖṕȲ ᾿ Ở Ϛ ѩȲṿӣד₤

₤ ᾼ ₤ȲẔ Ὠ ѩ ֻȲ ₤ Ḇᶶ֮ן ᴖЛ ֯ ῴ

ῧ Ϛṷ ᷄ҏ ᵅ ᾼѠ ȴ֣Ӑ ֯ ♄ ₤

Ȳᵛ╥ṿӣБ Є Ϣ ֻᾼ ₤ẃ Ȳ Ϸ ẞ

Л ᾼ Ὠȴ 

ȲӐױ֪ ֯ Ѭ ₤ ȲϷ֝ ṿӣ ᾼᶾҾȲ Б

ֻᾼ ♄ ₤ᵂⱢ ₤ȲҒϤ Ѭ ᴩ ȴⱢϠ

ԒϠ ṿӣ ₤╥ᵡ צ ᵗ Ѭ ₤ᾼ ȲӐ Ԓѿ֯Ԓ

› М ᾼ Ѭ ẃ Ẓ ₤ȲиᵑⱢצἨḥצṿӣ ₤Ἤ

ᾼ ₤Ȳ ѩ Ὠḟứ ԓ ᾼ Ѭ ᶙכ∟Ȳ╥ᵡ ṿӣ

₤ẃ∂Ӵ Ѭ ₤ȴ 

ṿӣ Лṿӣ ₤ᾼ Ὠѿ ᴷ ₤ ֥ ϩᾼ╓ mAP

Ɫѩ Ṽ Ȳ Ὠ ӱ ṿӣ ₤ Ѭ ᾼ ₤Ҡѿ֯ ῴ

ẞѩ ᾼ ὨȲϚ Ởᾼ ἤҠ ХכѿϱȲḥצṿӣ ₤

ᾼ ₤ ϚכȲᵀ╥ ᾼ ҒȲḥצṿӣ ₤ᾼ ἤ−

ᶶ сȲṳѹѩצṿӣ ₤ Ḇᶶ ẞ Ṿᾼ ἤȲṳѹ ѩצ

ֻᾼ ϩȲֽ 4-1Ἤӱȴ҅ῶṿӣ ₤ ᾼ Ѭ ₤ṳЛ
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ѩӑṿӣ ₤ ᾼ ₤ ẃᾼṾȲ Ẓ῏ ҏẃᾼ ₤ ϟצ

ѿϱᾼכ ἤȲᵀṿӣ ₤ṳḥצ ᾼ Ὠȴ 

 

4-1 ₤╥ᵡṿӣ ֻᾼ ♄ ₤ ᴩ П Ὠѩ ȴ

Ὠ ӱЛ ֻᾼ♄ ₤ Ȳ Ѭ ₤Ҡ ẞ

ᾼ Ὠ 

ӣ Ѭ ₤ḥצ с ὨȲ ֪Ҡ ╥ Ϛ

ӣ ᾼ ЛЄ֝דȴϚ ᴖṕȲ ₤ӑṿӣ ₤Ȳ֯Ϛ Ở

Ȳ ₤ в ᾼ ЄЊⱢ СȲṿӣ ₤╥ ᵍ ₤֯

ῴ ᾎ᷄ҏצ ᵅ ᾼѠ֣Ȳ ῧ −ϵᾼ ȴ ᴖȲ

ѿӐ ᾼ Ѭ ₤ᾼẂІẃ Ȳ ЛṿӣБ ֻ ♄

ᾼ ₤Ȳᵀ ♄ ₤ Ȳ֝ד ╥ Ϥ Є₤Ϣ

ֻᾼ ₤ ȴ ᾼЄ₤ Ӣᾼ ₤БṜ

Ѭ ₤֯ ῴ ᾼֻצ Ȳֽ Ὠԛṿӣ ♄ ₤Ɫ
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₤Ȳчᴖ ạ ₤ ᾼѠ֣ȲҬ ᷄ҏᶝ Ṿ ᴖЛ╥ԓ Ṿ ȴ

ȲӐױ֪ ֯ Ѭ ₤ ȲЛṿӣ ₤ᵂⱢ ₤

Ȳᴖ╥ ѿԓ ᾼ ᾿ Ϛ ᾼ Ѭ ₤ȴ֝ Ȳᶺ

Ϸ ₤ṳЛ  ᾼ Ҡѿצṏֻᾼ ὨȲ֪ ױ Ѭ

₤ ю ᾼ ȴ 

4-1-2 ₤  

ϱ ₤ᾼѩ ὨȲӐ ᾿ ѿԓ ⇔

Ҕᵶ Ѭ Ȳ∂ӴϚ Ѭ ₤ȴ ₤ ӱȲ ₤

ᾼ Ғᴖ ϯ ҷ ҷȲṳѹ֯ װ101

Бצ Ṿᾼ ὨȲЛ ԛ═ ᵛ ᵅ ₤ᾼ ᴟ ᵅ ȴἬצ

ҷМȲ ₤֯ ╥ᵡצӭ ᾬѿц╥ᵡи Ӕ ᾼӭ ᾬ ҷ и ҷꞋῶ

ṏֻȲ צ ᵅױẒ ֣ᾼ Ȳṳѿи ҷᾼЄЊⱢ ЊȲֽ 4-

2Ἤӱȴ ♄ ₤ᾼ ҷ Ϛ Ȳ҅ῶ ӣױ ⇔ Ѡ

ᾎὑ ӭ Ȳ ₤ẓ ṏֻи ӭ ᾬ ᵑᾼ ϩȴ 

₤֯ḕ ᾼ֢ ᴷ╓ ῶ Ȳ Ὠ ӱ ₤ ὨṏֻȲ

Ғᴖ с ϩȲ ὨМ ӱ ₤ ֥ ϩᾼ╓

mAPҠ 93.6%ȲPrecision RecallϷῶ ṏֻȲиᵑⱢ 91.2% 87.7%ȲF1и

Ɫ 0.89Ȳֽ 4-3Ἤӱȴѿϱ Ὠᶁ ӱ Ӑ Ἤ ҏᾼѠᾎȲᵛṿҒϤ

Ѭ ẁ ₤ ᴩ Ȳ ₤ᾼ ἤṳЛ ắ ᴖϯ Ȳᴖ╥

֯ Мצ ֮ ᵅ ₤ᾼ Ȳ’═ṏֻ Ѭᾼ ϩȴ 
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4-2 Ѭ ₤ П ҷ о ȴ(a)~(d)иᵑⱢ ҷȳ ꜜ

ҷȳӭ ᾬ ҷ и ҷȴ Ὠ ӱ ₤ ὨṏֻȲ

Ғᴖ ϯ ȲṳѹЛ −ֵᾼ −ᶶ֮ ᵅ ᴟ ᵅ  

 

4-3 Ѭ ₤ П ᴷ╓ о ȴ Ὠ ӱ ₤

ᾼ Ғᴖ с ϩȲ֯ Ϛᴍװ ȲБ ẞṏֻᾼ

ὨȲ ἤҠ ῺϟכХ 
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4-1-3 ₤ Ὠ  Ὠכ

ῶ 4-1 ӱ Ѭ ₤ᾼ ὨȲ Ὠ ӱ ₤ᾼῶ ṏֻȲҠѿ Є

ֵ ᾼ Ѭ₲ ҏẃȲ ֢ Ѭ₲ ᾼ ἤד Ȳ ₤ ֥

ἤ╓ mAPҠ 90.5%Ȳ֝ ₤ᾼ PrecisionϷҠ ῺϟכȲ҅ῶ צ₤

ҏ Ѭᾼ Ӣ ȲẔ ὨᾼҠ‒⇔ד ȲЛ צ ᾼ ᶮ ӢȴἬצᾼ

Ѭ₲ МȲ ₤ᶁ ’═ṏֻᾼ ῶ Ȳ Ѭ῏╥ њἨ њẻ Ȳ ₤

−ֻ֮ Ẕ ҏẃȲẔМ ὑ њ ẻ ᾼ Ϛ Ѭ₲ Ȳ צ₤

96%ᾼ ἤȲꜙᴟ ὑБ ҷҟ ֯Ѭϱᾼ Х Ѭ₲ Ȳ ₤Ϸ

צ ϟכᾼ ἤȴ 

ҫҵȲ֪ⱢӐ ӣӭ Ɫ ׄԓȲ∂Ӵᾼ Ѭ ₤Ӈ

ẓ ֯ Ѭ Ӣᾼ֝ Ȳ Ẕ҃Ӕ ᴩᾼ ♄ ϷӇ ᵑҏẃ

ᾼ ϩȲ ᵅ Ẕ҃♄ Ɫ ѬᾼҠ ἤȲ’═ Ӣ ₤ᾼ Ѭ

Ὠᾼ‒їȴ Ὠ ӱ ₤ ὑẔ҃ ♄ ᾼ ἤϷṏֻȲ ₤

ἤ mAPҠ 94.2%ȲPrecision RecallϷиᵑҠ 92.6% 89.7%ȴ

ᾼ Ὠ Ѿ ♄ ₤ Ὠ֝ד(mAP=94.3%)Ȳ҅ῶ ₤

ѾЛ ắẞ ᾼ Ѭ₲ Ϥᾼ Ȳ ὑ ♄ Ṽ Ҡ

’═ṏֻᾼ ἤȴ ӱӐ ∂Ӵᾼ Ѭ ₤֯ ӣὑ

Ҡᴩἤȴ 

∟Ȳ Ѭ ₤ ὑ Ѭ ᾼ ҏȲכὨҠכ ╥ᴶ

Ѭ₲ Ȳ ₤ −ֻ֮ Єֵ ᾼ Ѭ῏Ȳᵛṿ Ѭ῏֪Ḗ Ἠ ћ Є

ѬῧȲ ₤Ṽ Ẕ ȴ ₤ϷЛ ֪ҒϤϠ Ѭ ᴖắ Ȳ ὑẔ҃
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♄ Ϸ −ֻ֮ ȴ֯ Ѭᾼ֝ ȲϷṳЛ ֝ МӔ

ᴩМᾼ ♄ Ɫ ѬȲяẔ ₤ и ѬӖ ᾄӖ ᾼЛ

֝Ȳֽ 4-4Ἤӱȴѿϱ ὨᶁῶὙȲӐ ∂ӴП Ѭ ₤ צ ֮

ѬṶԈᾼ ӢȲ ӱ ӣױ ⇔ Ѡᾎὑ ֚֯ ᾼҠᴩἤȴ 

ῶ 4-1 Ѭ ₤ Ὠȴ Ὠ ӱ ₤ Ѭᾼ ϩṏֻȲ

ἤҠ ϟכҿҢ  

 Precision Recall mAP F1-score 

Ϛ Ѭ₲  84.0% 78.8% 96.3% 0.81 

ϡ Ѭ₲  88.4% 89.6% 94.3% 0.89 

Ϯ Ѭ₲  82.9% 85.3% 88.6% 0.84 

ҳ Ѭ₲  86.6% 90.2% 92.2% 0.88 

Х Ѭ₲  93.4% 85.9% 93.4% 0.89 

г Ѭ₲  74.3% 75.3% 74.8% 0.75 

Ẕһ♄  92.6% 89.7% 94.2% 0.91 

ӂᶁ 89.8% 86.4% 90.5% 0.88 
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4-4 Ѭ ₤ Ὠȴכ ӱ ₤ −ֻ֮ ẞ Ѭᾼ ӢȲṳѹЛ

Ẕ҃Ӕ ᴩᾼ♄ Ɫ ѬȲ ӱױ ₤ ӣ ׄԓᾼҠᴩ

ἤ 

4-2 ֵӭ ᶾ (DeepSORT) 

ֵӭ ᶾ ֯ס М ֵ ӭ ᾬᾼᴯ Ȳѻ ἘⱢ

ᵒ ֯ М›Ϛ (ᵛ ѱ) ϯϚ Ἤ ẞᾼӭ ᾬ╥ᵡⱢ

֝ ӭ ᾬȲ Ϡ֯ М ứḕ ӭ ᾬᾼ ᵑҵȲϷ ḕ ӭ ᾬᾼ

ȴֵӭ ᶾ ᾼ≈ Л֝ ӢϠẒ ᾎȲ 4-5 ӱϠẒ

ᾎᾼ ᵑȲиᵑⱢ ὑӭ Ὠԛ ᴩֵӭ ᾼ DBT(detection-based 
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tracking)ȲἨ TBD(tracking-by-detection)ѿц Ԓ ᴩӭ ԛ ᴩֵӭ

ᾼ DFT(detection-free tracking)Ȳᴖ ӣֵӭ ᶾ Ȳ ҏ צ

ᾼӭ ᾬҏ Ἠ╥ Ԓӭ ᾬ ҷᾼᾭᾓȲDBT ᾎ ӭ ѠᾎȲᵛ

Мᾼӭ ᾬȲ Ҁױ ᾼᾭᾓȲ֪ױӭ›ѻ☼ṿӣᾼⱢ DBT

ᾎȴҫҵȲ ӱֵӭ ᶾ ϷиⱢ֯ (online) (offline)Ȳ֯

Ѡᾎ֯ ӭ ᾬ ȲἬ ᴕᾼ Ɫ › ᾼ ѿцϱϚ Ȳᴖ

⁄╥ МᾼḕϚ ᵂⱢ Ϥ Ȳẃ Мᾼӭ ᾬȲ

ֽ 4-6Ἤӱȴ ѩ֯ ḆҒ ȲᵀẔ Ϸד  

ֵ(Luo, 2021)ȴ֪ױȲֵӭ ᶾ ҔᵶϠᾬԈ (object detection)ѿц

ᾬԈ (object tracking)Ẓ Ḕ Ȳ֯ᾬԈ Ḕ МἬṿӣᾼѠᾎֽӐ Ἤ

ᵓӣᾼ ⇔ ᾎȲẃ Мᾼḕ ӭ ᾬȲ ӭ ᾬᾼ ὨȲ

ֵӭ ᶾ ԛṿӣϚṆԝᾼ ᾎẃ ḕ ӭ ᾬᾼ ȴ 

 
4-5 ֵӭ ᶾ Мᾼ DBT DFT ᾎ Ἐ ( ᴞ Luo, 2014)ȴDBT

ᾎ ὑӭ Ὠẃ ᴩֵӭ ȲDFT ᾎ⁄╥Лṿӣӭ ẃ

ӭ ᾬ 

 
4-6 ֵӭ ᶾ МҠи֯כ ( ᴞ Luo, 2014)ȴ›῏ṿ

ӣ › ›Ϛ ẃ ᴩӭ ᾬ Ȳ∟῏⁄╥ṿӣ МἬצ ẃ ᴩӭ

ᾬ  
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ᴟЭБ Ӣ ֵ ֵӭ ᶾ Ȳ Ҡ ᵛҠ Ȳכ

⇔ ᾎἬ ҏᾼ ὨȲ ậḕ ӭ ᾬ ꜜ ᾼМї Ȳ

ṳ֯ ϯϚ ӭ ᾬ ϱϚ ᾼ Ȳ᷄ҏẒ῏Мї Ὼᾼӭד ᾬȲ

ᵛҠ Ẕ Ɫ֝ ӭ ᾬȲṳѹ Ẕ ȴ ὔᾼѠᾎ֯ ᾼ

МᵛצЛ ᾼῶ Ȳᵀ ӣֽ֯Ӑ ᾼ Ȳ ҏ ӭ ᾬП

ӻ ѹ Ѡֵ֣ ᾼ ᾓϯ ὨЛṾȴ 

Bewley(2016) ҏϚ ֵӭ ᶾ ṳậ֤Ɫ SORT(simple online and 

realtime tracking)ᾼ֯ ᾎȲṿӣẒ ї ᾎ ȲиᵑⱢқכ

ᾌ (Kalman filter)ѿц֖Ѳᵓ ᾎ(Hungarian algorithm)ȴқ ᾌ Ҡ

›ᾭ ᾼӭ ᾬ ᴩϯ ᾭ ᾼ Ȳᾭ Ҕᵶӭ ᾬᾼᴯ ѿц ⇔

оȲֽϯה 4-1Ἤӱȸ 

8 όȟὺȟίȟὶȟόȟὺȟί  (4-1) 

ẔМόȟὺȟίȟὶῶӱӭ ᾬᾼМї ᴯ ѿц ꜜ ᾼ Ȳόȟὺȟί⁄╥ ›Ϛ

ẞӭ ᾬᾼ ⇔и ȲֽὨⱢ Ϛ Ἠ╥ ᾼӭ ᾬȲ ⇔ᵛⱢ ȴқ

ᾌ ᾭ оᾼӭ ᾬ ᴩϯ ᾭ ᾼ Ȳṳѹ֯ ϯ ᾭ ᾼ

Ȳv ϯϚ ᾼ ὨȲԛ Ѡ֣ẃ ∟ ᾼӭ ᾬᴯ ᾭ Ȳ

ӭ ᾬᾼ ᴩ ȴП∟ԛṿӣ֖Ѳᵓ ᾎẃ ᴩ (data 

association)Ȳ ᾎ ϱϚ ϯϚ Мӭ ᾬᾼᴯ (ᵛқ ᾌ

ᾼ ҏ Ὠ)Ȳ ϯϚ ӭ ὨП ᾼᵭ֥ ⇔Ȳ ╥ṿӣӻẆѩ
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(IoU)Ἠ╥ ה (euclidean distance)Ȳẃ᷄ҏϯϚ ϱϚ М Ҡצ Ɫד

֝ᾼӭ ᾬȲᵛ ᶙֵכӭ ᶾ ȴ 

SORT ᾎБ צ ֮ ᴩֵӭ Ȳᵀ ╥ ὔצ ID (ID 

switch)ᾼ ӢȲ ӭ ᾬ Ẕ҃ӭ ᾬἨ╥￼ Ȳқ ᾌ Ṽ

֯ϱϚ ϯϚ ᾼӭ ᾬᴯ ȲᴖϯϚ ᾼӭ ᾬБ֪Ɫ ᴖЛ֯

МȲ Ẕ҃צֻ ᾼӭ ᾬҏ ֯ Ὼ ᴯ  ῺȲ֖Ѳᵓ ᾎҠ

ẞ ᾼӭ Ȳṳѹ Ӑ ᾼӭ ҏ ∟Ȳчᴖ כ ᾼ

ӭ ᾬȴ 

ȲWojke(2017)ױ֪ ὑ SORT ᾎȲ ӢϚ Ɫ DeepSORTᾼֵӭ

ᶾ Ȳѻ ḟ SORT ᾎ֯ Мӭ ᾬ Ἤ Ӣᾼ ID

ȴDeepSORTἋ SORT ᾎȲṿӣқ ᾌ ֖Ѳᵓ ᾎẃ

ӭ ᾬҵȲ ҵԛ ҒϠӭ ᾬҵ ᾼ Ȳẃᵒ ϱϚ ϯϚ ӭ ᾬП

ᾼ ֥ ⇔Ȳẃ ᵅ ẞ‍Ӕ ᾼӭ ᾬᾼҠ ἤȴDeepSORT֯ ›∟

ӭ ᾬᾼ ֥ ⇔ ȲЛṿӣӻẆѩἨ╥ ה ẃ Ȳᴖ╥ṿӣ ה

(mahalanobis distance) (motion distance)ȲҒϱҵ (appearance 

metric) ҵ (appearance distance)Ȳѩ қ ᾌ ϯϚ ᾼ

ӭ ᾬế ϯϚ ᾼӭ ᾬП ᾼ֯ (ᴯ о) ҵ ᾼדᴿ ⇔ȴ

ᾼ Ҡ Ɫ›∟ ӭ ᾬᾼד ⇔Ȳד ⇔ ᵅ҅ῶ›∟ ẞᾼӭ

ᾬⱢ֝Ϛ ӭ ᾬᾼҠ ἤ ȴ ὑ i Ὠ j ὨȲṿӣ

ה Ȳֽה 4-2Ἤӱ: 
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Ὠρ ὭȟὮ ὨὮ ώ
Ὦ

Ὕ

ὛὭ
ρ ὨὮ ώ

Ὦ
 (4-2) 

ẔМὨ҅ῶ j Ὠᾼ ꜜ Ȳώ҅ῶ i Ὠᾼ ꜜ Ȳ ꜜ

ҔᵶМї   ȴṳѹ ҒϤϚ ѫ Ȳ 95%‒ ҵ

ᾼ ὨȲ֪ⱢЛ ứ ѹ ю Ӑȴᴖҵכ в∂ᾼ CNN

ᴩ ậȲ ẞ֢ ӭ ᾬᾼҵ ֣ ȴ ὑḕ ὨὨꞋҠ

Ϛ ҵ ὶȲϷҠ ϯϚ k Ὠᾼҵ ὶȴ ὑ k

Ὠ j Ὠᾼҵ Ȳѿ Ἄד ἤ(cosine similarity) Ȳ

הֽ 4-3Ἤӱ: 

Ὠς ὭȟὮ άὭὲρ ὶὮ
ὝὶὯ
Ὥ
ȿὶὯ
Ὥ
ᶰᴙὭ  (4-3) 

ד Ȳ֝ ֯ ҵ ӴϚ Ȳֽ ὨЊὑ Ȳ

҅ῶẒ ӭ ᾬП ᾼד Ṝ⇔כ ЊȲҠӣẃ ȴ֪ױȲDeepSORT

ᾎ ›∟Ẓ Л֝ ӭ ᾬ╥ᵡҠ Ɫ֝Ϛ ӭ ᾬ Ȳ Ẓ῏ד ⇔

ᾼ҅ הֽ 4-4Ἤӱ 

ὧὭȟὮ ‗Ὠρ ὭȟὮ ρ ‗Ὠς ὭȟὮ (4-4) 

ẔМὨ ὭȟὮ̔ ῶ ȲὨ ὭȟὮ̔ ῶҵ Ȳ‗⁄҅ῶҒ ȴ ϱ

Іẃה ›∟ ӭ ᾬП ᾼד ⇔Ȳ᷄ҏ ᴿᾼẒד ӭ ᾬȲ ᵅ

ӭ ᾬ ҏ ᾼ ID Ȳ ֵӭ ᾼ ἤȲҠѿ

Мᾼֵ ӭ Ȳ Сḕ ӭ ứᾼ ID Ȳֽ 4-7Ἤӱȴ 
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4-7 DeepSORTֵ ӭ ᶾ Ὠӱ ( ᴞWojke, 2017)ȴױ

ᾎҠѿ С Мᾼ ӭ ᾬ ứ Ȳ ױ ḕ ᾼӭ ᾬ 

ѿϱἬ ȲDeepSORT ᾎⱢϚ ֯ ֵӭ ᶾ Ȳ ֥ ⇔

ᶾ Ȳṳᵓӣқ ᾌ ế֖Ѳᵓ ᾎȲ ḕ ӭ ᾬ ›ᴯ ⇔Ȳ

ӭ ᾬᾼӑẃᴯ ṳ ᴯ ế П ᾼ ᵅѹדᴿ⇔

ᾼӭ ᾬȲѿ ’Ӕ ᾼп ế Ȳ Мᾼֵ Л֝ӭ ȴDeepSORT

ᾎБ צ ֮ ӣ֯ӭ ᾬ ֵѹ ᾼ М ᴩֵӭ ȲᴟЭ

Ьצ ױṅṿӣשֵׁ Ѡᾎẃᶙֵכӭ ԉ ȴӐ П ֚֯

₤Ȳ DeepSORT ᾎȲ ϠҠѿ ҏ МḕϚ ӭ ᾬᾼ♄

ᴯ ᵑҵȲҠ ҏ МḕϚ ӭ ᾬ ᵑ Ȳ ṷ ᵑ Ꞌ╥ Ϛ

ϡᾼȲѿ иЛ֝ᾼӭ ᾬẂֽ 1:Surfȳ2:Swimé ȴ ױ ֢ Ϣ

Ȳᵒ ╥ᵡצӖ ᶹ Ἠ╥ҏ о(ֽ ҷ֯ М)Ȳṳѹ

ὨҠѿ ῀Ӗ ֯ ֚֯ ᾼ═ ȲẦᵗ Ӣ ╟ ᴩ ȴ 
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4-3 ӱ о Ὠ 

Ӣ ֯ ᾼЏᵂЛ ╥֯ ѬӖ ∟ ᴩ ȲἏἏ

╥ᵡצ ⅎ ϤҠ Ӣ֚ ᾼ ᾓМȲ֯ ӢЏᵂМȲ Ṯ֚ ṶԈ

ӢϷ− ȴ Ӣ ẃ Ȳѩ Ӗ Ӣ Ѭ֚ ›ҟ Ȳ҃ Ḇ ֣

ὑῧ їϩҟ Ҡ Ӣ֚ ᾼӖ ȴⱢϠ’ Ӗ ᾼׄԓȲ  

֯ ϱ ᶹ Ȳ ӱҏׄԓᾼ ȴӖ Ҡѿ֯

ᶹ в Л ὔ Ӣ֚ ȴ Ӣ ⁄ Ṽ ױ ᶹ ╥ᵡצӖ ═

ׄԓ Ȳṿᴞṝ ϤҠ Ӣ֚ ᾼ ᾓМȴ 

Ȳױ֪ ӣӐ ᾼ ֚֯ ₤Ȳױ ₤ ӣᾬԈ Ѡᾎ

ֵӭ ᶾ Ȳṳѹ Ӑ ᾼ ȲạứϚה ᶹ ṳ ӱὑ

МȲ ₤ ᴩ ♄ ȲֽὨӔ֯ ᴩ ᾄᾼ Ӗ

ᶹ Ȳ Ӗ ѿּמ ӱὑ Мȴ ֚֯ ₤ѻ ᾃᾼӭ Ɫ

ᾄӖ ȲẔ҃ ♄ ֽѬϱ ‍Ṟṳמ ₤ ᶹᾼ ȲẂֽ ᾄӖ

ֽὨ ᶹ Ỵ ὔ Ӣ֚ ȲT Ѭϱ Ṟ֯Єֵמ ᴯὑ

ᶹ Ỵᾼᴯ ȲӐ ᾼ иέ֯ה ₤ Ὠ Ϸ ᴕ

ẞ♄ ᾼ ᵑȲ Ҭצ ᾄӖ ᶹ И Ẕ ӱҏẃȴױҵȲ

ֵӭ ᶾ ᾼ ὨȲҠѿ ῀ ᶹ ᾼӖ Б ֵϵᾼ Ȳẃ

ӱӖ Ỵׄԓ (Ỵ )ᾼ═ Ӣ֚ ᾼҠ ἤȴ 

Ӑ ậҏ⁮ Ṇ ὁ ẞצ Ӗ ᶹ ᾼ ᵂ

ⱢẂІȲ Ϥ ֚֯ ₤ ᴩ ȴ 4-8 ӱױ ֯Л
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֝ ᾼ Ȳ֯ Ϛ Ởᾼ Ȳ Мṳ ԉᴶӖ

ᶹ Ȳ Ӗ иᵑ ♄ ᵑᴖ ӱ֯ М(ױẂІМⱢ ᾄ)Ȳṳѹ

ḕ Ӗ С ứᾼ ȴ ᴖ ϠХּה∟Ȳ Мҏ ϚᴯӖ ᶹ

( МҢѠ Ȳ 5ӭ ᾬ)Ȳṳѹ ᵑѿּמᴥ ӱȲ ӱױӖ ⱢҠ

צ ֚֯ Ӣ( ᶹ )Ȳ ֵӭ ὨҠכҏ Ӗ ֯ МЛ

֮ ѹ ₲ Ȳꜙᴟ Ữӑ ӱכ ֚֯ ẞ ᶹ Ȳᵀ ₤Ṽ

ṳ ӱẔ ứ Ȳ֪ױȲҠ Ὠ Ӗ ᶹ ᾼ Ȳ

ẁ Ӣ ד ȴ ∟Ȳ ẃ ֵᾼӖ ᶹ Ȳᴖ ֚֯

₤ ḕ ᶹ ᾼӖ ӱὑ МȲṳѹ ḕ Ӗ ᶹ

ᾼ Ȳ ӱὑ ПМȴ 
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4-8 ֚֯ ₤Ӗ ᶹ ӱ ȴ ₤ Мᾼ

Ӗ Ȳ Ӗצ ᶹ Ȳѿּמ ӱӖ ṳѹ ӱӖ ᶹ

ᾼ═  

Ӑ ứ ᾼ ֚֯ ϷҔᵶϠ оȲ оᵛ╥╓֯ ᾼӖ

Ӕ֯ ᴩѡ ♄ Ȳּט ҷ֯ МȲҠ ḛϤѬМȲֽὨӖ ӑԛ ϱ

Ѭ ҏ ֯ МȲ҅ῶӖ Ҡ Б ѬṳѹḛϤѬМȴ ӣֵӭ ᶾ
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Ҡѿ ₤ Мᾼ Ӗ Ȳֽ Ὠ█ ᾼ Ӗ טּ ҷ֯

МȲṳѹЛ╥֯ ᾼ Ȳ ₤ ҏ ᵫȲ ӱ Ӣ ᾃ ╥ᵡצӖ

ѬṳḛϤ Мᾼ ᶮ Ӣȴ 

Ϛ ᴖṕȲӖ ҷ֯ МᾼЄֵ ֪ ╥֯ ᾄ ᴩḛϤѬМṳ

ᾼ♄ Ȳ ֚֯ ₤ֽὨ ױ ᾓ ֚כ ṳѹ ӱ Ȳ

Єכ ᾼ ᶮȴ ₤ ֯Ӗ ᾄ ϤѬМԛ ҏѬ ȲṼ

Ὠẃ Ӗױ ṳѹЛ Ẕ כ о ֚֯ ṶԈȴ֪ױȲ

Ӑ ѿϚ Ӗ ϤѬМϚ◕ ∟ ҏᾼ ѱⱢẂІȲ ₤╥ᵡ

ғכ ẞ ᾄӖ ϤѬМ›∟╥ᵡⱢ֝ϚᴯӖ Ȳֽ ὨҠᴩ

о ғ ȴ 

֯ ₤ ᾄӖ ẂІᾼ ὨМȲҠכẞ֯ ѱ Ở Ȳ צ₤

ẞ ᾄӖ Ȳṳѹ С҃ ứᾼ IDȴ Ӗ Ở ϤѬМȲṳѹ ҷ֯

ПМȲ ₤ṳЛ ẞԉᴶ Ӗ ȴϚЊ◕ ∟Ȳ Ӑ ϤѬМ

ᾼ ᾄӖ Ѭ ҏȲ ᴖȲ ᾼ ὨҠѿ Ȳ ₤ С ᾄӖ

ᾼ ID Б Ḃ Ȳṳ‍╥ Ԓ֯Ӗ ϤѬМ›ᾼ IDȲֽ 4-9Ἤӱȴ

҅ῶ ₤ṳЛ ғכ ϤѬМᾼӖ Ȳ ₤ẃ Ȳ ϤѬМ› ∟ᾼӖ

╥Л֝ᾼӭ ȴֽὨ ₤ ӣ о ֚֯ ȲҠ ҏ ᾼ

Ὠȴ 

₤ ᾎכғ ϤѬМӖ ᾼ ֪Ҡ ֵӭ ᶾ ᾼѠᾎצ ȴ

ӭ›Єֵ ᾼֵӭ ᶾ ҔᵶӐ Ἤ ӣᾼ DeepSORT ᾎȲꞋ╥
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Ԓ› Мᾼӭ ᾬᴯ Ȳo › М Ҡצ ֝ ⱢԒ› Мᾼӭ

ᾬȲѿױѠהẃ ◕ Мᾼḕ ӭ ᾬȴ֪ױȲֵӭ ᶾ ӭ

ᾬ֯ ◕ Мḕ ᾼᴯ ȲИ ═ ֮ ȴֽὨ ᾼӭ ֯ М ҷȲ

₤Б ҷҟӭ ᾬ֯Ԓ›ᴯ ᾼ Ȳ− ԛᵒ ҷϭҏ ᾼӭ ᾬ Ԓ›

ҷ›ᾼӭ ᾬⱢ֝Ϛ Ȳ֪ᴖ ᾎ ϤѬМᾼ ᾄӖ ȴ DeepSORT

ᾎצᴕ ẞҵ ẃ ᴩ Ȳ֯ ᵒ › Мᾼӭ ᾬ Ԓ› М

ᾼӭ ᾬ╥ᵡⱢ֝Ϛ Ȳ ᴕ Ẓ῏П ╥ᵡדᴿȲᵀӦὑ ♄ ṳ‍

Ệứᾼ₤ Ȳчᴖ╥ ‍צ ֵ ᾼ₲ ȴᵛṿ ᾎ֯ ᴕ ӭ ᾬᾼ

ҵ Ȳ ₤Ṽ − Ӗ ϤѬМ› ∟ᾼҵ Мᵒ ҏẒ῏Ɫ֝ ᾼӭ

ᾬȴ 

ѿϱἬ Ȳ ₤ −ֻ֮ Мᾼ ♄ Ȳᵀѿ

ӭ›ᾼֵӭ ᶾ ẃ Ȳ֯ ҷҟӭ ᾬԒ›ᴯ ṳѹ оὙ ᾼҵ

МȲ ҷ֯ Мᾼ ᾄӖ ╥ϫиᵺ ᾼȲᵛṿ ═ ₤Ϸ

Л ȴ҅ῶѿֵӭכ ᶾ ӭ›ᾼ ẃ Ȳ ẞ ҷӭ ᾬᾼ

ϩ Ữ ᾼּט ȴӭ›ᾼֵӭ ᶾ Б −ֻ֮ М═ ҏ

ᾼӭ ᾬȲֽ Ӑ ᾼ ᶹ ὨȲӑẃֽὨᶾ ϱצ ᾼּט Ȳ

Ҡᴕ ӣ ᾼᶾ ẃ о ֚֯ ғ ȴ 
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4-9 ₤ ϤѬМṳ ᾼӖ П Ὠȴ Ὠ ӱӭ› ᾼֵӭ

ᶾ ỮЛ ҷ֯ Мᾼӭ ᾬ 

4-4 ӱ Ṇ  

֚֯ ₤ ѬἨ ᶹ ֚֯ ᾼ ӢȲ

ṷ Ҡѿ ẁ Ӣ נ Ӗ Ҡ ẞ֚ Ȳ ᴖ Ṿ
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Ȳꜙᴟ Ṯ֚ ᾼ Ӣȴ ᴖȲ Ӣ ṳ ᾎ ∕֯ Ӣ

› כ Ȳ Ӣ Ϡ֯ ᾼᴯ ҵȲϷ

ứ ֯ ẃ֫ṥ Ȳ ’Ӗ ᾼׄԓȲѿṮ֚ ṶԈᾼ Ӣȴ

Ȳױ֪ Ӑ Ἤ ᾼ ֚֯ ₤ ѻ ῀ ᶾ ȲҠѿ

ᵗ Ӣ ֯ԉᴶ֮ѠȲᵛ ẞן ֚֯ ᾼ ӱ Ȳ ∕֯ AI

›ȲᵛҠןẞצӖ Ҡ Ӣ֚ ᾼ Ȳ ᴖ ᴩ Ἠ ᴩ

Ȳ Ӗ ᾼׄԓȴ 

ṓᾼѻ ῀ ᶾ ȲҠѿ І‒ ‒ԈἨ╥ѿњ

Ѡᾎẃ ᴩȴᴖ Line NotifyӦ в ṓᾼ LineἬ еҨὑ

ד2016 ҏȲⱢϚ ᵍ Ө ѻ ῀ ὢ ᾼӂүȲҬ ӣљӨ ṳ

ᵛҠ Line Notifyẃ ȴ ᾼḔ Ө Line Notifyὢ Ȳ

Line Notify ȲLineᾼӣљ ẃᴞẔ҃ὢן ᾼ ῀ȴ Line Notify

ὢ ᶙכ∟ȲLine NotifyἬ ẁᾼỪѠ Line ῀ȲѹЛ ѿ

ṿӣ῏ ן ȲϷҠ Line ắ ῀ȴ 

Line Notify֯ ᵂϱҠиⱢ ῀ Ѡȳὢ ẁ῏ѿц Ϯ῏ן

ᴩ Ȳ ῀ ѠⱢ Ө ѻ ῀ ὢ ᾼ Line ӣљȲ Ө ṳ╓ứ

ᴟᾼӣљ ȲҔᵶ ϢἨ╥ ȲLine Notify ӢϚ ậ׀ ḍ(access 

token)ȴὢ ẁ῏Ɫ ᾼὢ ȲϷ ╥ Line Notifyȴ Ӧ ׀

ậ ḍṳᴞᴩ ד ғ ᾼ Ȳֽה pythonȳmatlab ה ṕᶁצ ᴿᾼẗ

ה (Ӑ ᾼ ה ṕⱢ python)ȲᵓӣБ ᶙכᾼ ה ᴩṳ ⅔Ҕ

(data packet) Line Notifyᴻὢ Ȳ⅔ҔМҔᵶ׀ậ ḍѿц ᾼ Ȳ
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ױ ᴟ╓ứӣљ Ȳ ∟ ᵛ῏ן ắ ᾼӣљ Ȳ ҠѿⱢ῏ן

Ϣȳ╓ứ ϚӣљἨ╥ ȴ 

ȲӐױ֪ ӣѻ ῀ ᶾ ӱ ☼ ֽ 4-10ἬӱȲ

֚֯ ₤ ẞ ֚֯ ᾼ ӢȲṳѹ ֚֯ Ӣᾼᴯ ֯

М ӱҏẃȴ ῀ ѠӨ Line Notify ᴞ ῀ ғ Ȳ╓ứ ᾼӣ

љ ( ϢἨ )Ȳ ӢϚ ứᾼ׀ậ ḍȴ ֚֯ Ὠ ứ

ậ׀ ḍ Ӑ ᾼ ה ᴟ Line Notifyᴻὢ ȲLine Notify

֚֯ ԛ ᴟ╓ứӣљ Ȳӣљ Line ᵛ ẞן

ӱ ȴӣљ ѻ ῀ᶾ ẞן ӱ ᾼ ᵂ Ὠֽ 4-11Ἤӱȴ

ֽ Line notify ᾼѻ ῀ᶾ ֚֯ ₤Ȳ

֚֯ ӱ Ṇ Ȳ Ϡ ᵗ Ӣ ֮ ᾼׄԓ

ᾭᾓҵȲӐ ᾼѻ ῀ᶾ Л Ҡ ӱ ᴟ ϢȲϷ

Ȳ֪ Ȳױ вϷҠҒϤד ѻ Ȳᴯ ᴯϠ ׄԓ ᾓȲ

Ϛ֝ ᾼׄԓȴ 
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4-10 ֚֯ ӱ ☼  

 

4-11 ӣљ ẞן ӱ П ȴӐ П ӱ Ṇ Ҡ ᴞ

ứ ᾼѝֿ ╓ứᾼ ѱ 
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ԃȳᵛ ӱЮ  

5-1 ♄ ᵛ  

Ӑ ∂Ӵᾼ ♄ ₤ Ὠṏ Ȳֻ ἤҠ ϟכѿ

ϱȴ ₤Л Ȳ Ҡѿ ᴩ ( ѱ)иέȴ

иέצᵗὑӖ ế Ӣ Ϡ ᾼ ᾓȲ֝ иέ ὨȲ

ẁ ὑ › Мᾼ ♄ Ϣ ѿц֢ ♄ ᾼᵛ Ȳ

ѿ ẁԓ ᾼ ♄ ᾓȴᴖӐ Ἤ∂Ӵᾼ ♄ ₤

fpsⱢ 33ȲᵛḕּהҠиέᴟю 30 Ȳ⁮ Ṇ ὁ ᾼ

Ɫ 25Ȳḕּצה 25 ȴ֪ױȲ ₤ᾼ Єὑ ᾼ Ȳ҅ῶӐ

Ἤ∂Ӵᾼ ♄ ₤Ȳ ᵛ иέ Ἤὁ ẞᾼ ȴ 

♄ ₤ᵛ ֽ 5-1ἬӱȲ ₤ Ὠ

МḕϚ ♄ ᷄ҏṳѿЛ֝ ᵑᾼ ꜜ ӱȲ ₤ ὨЛ

Ȳ֝Ԓ›ⱢϠ ₤ᾼ Ὠ ḕϚ ₤ ҏẃᾼ ♄ ꜜ

Ғϱ‒їи Ȳ ₤ ὑ Ὠᾼ‒ї ⇔ȴᴖ ♄ ᵛ

ӱ ᾼ ⅎכ ⱢӖ Ӣ ȲṳЛ ֵ ᾼ ӱ֯ Мȴ֪ Ȳױ

ⱢϠ ᾼ ὔ ἤȲӐ ᾼᵛ ӱ Мᾼḕ ♄

ꜜ ҏױ♄ ᾼ ᵑȲṳѿЛ֝ ứᾼ ᴥ ӱȴ 

₤ᾼ ὨȲҠѿ М ᴩ֢ ♄ ᾼ ѿц

Ԛֵצю ♄ Ӕ֯ ᴩȲѿɪ Ϣ ɫẃῶӱ › М ᴩ

♄ ᾼ Ϣ Ȳṳѹ֯ ӱ֢ ♄ ᴩᾼϢ ὑᵛ



104 
 

ᾼҢϱṔȲ ẁӖ Ӣ ᵛ ȴӭ› ӱᾼ М

ӱ⁮ ҏ ᾼ ♄ ȲⱢϠ ṳЛ ӱЛ ҏ ױ֯

ᾼ ♄ (ẂֽӐ Ϸצ ᴣ )ȴ ᴖȲ Мᾼ Ҡ

Л֝ᴖḆḂȲҬ ӣᾼ ҔᵶӐ Ἤ ᾼṪ 10 ♄

МȲ ᶺ Ἤ ᾼ Ȳה ḖҠ МἬ ӱᾼ

ȴ 

 

5-1 ♄ ᵛ ӱЮ Ȳ М ӱ ₤ ḕ ♄

ᾼ ὨȲṳѹ Ϣ ֢ ♄ Ϣ ᾼ ӱὑ ҢϱṔ 

5-2 ֚֯ ᵛ  

Ӑ Ἤ∂Ӵᾼ ֚֯ ₤Ȳ ֽ Ѭȳ

ᶹ о ֚֯ ᾼ ӢȴṿӣᾬԈ Ѡᾎ МҠ

ѬᾼӖ ѿּמ ӱҏẃȲ Ӑ Ἤ ᾼ Ȳ֯ה М ҏϚ מּ

ᴥ ᶹ Ȳ ᷄ҏ ᶹ ᾼӖ ṳѹ֝ ѿּמ ӱȴ ֵӭ ᶾ
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Ȳ Мᾼ Ӗ Ȳ ὨҠѿ ṷ ֚֯ Ӣᾼ═

Ȳ ӱ֯ МȲҠ ᵗ Ӣ ᴷ ᾭᾓṳ ֽᴶ ╟ ȴױ ₤

♄ Ȳ֝ד₤ ӣϠᾬԈ Ѡᾎ(YOLOv7)ȲṳҒϤϠֵӭ

ᶾ ẃ Мᾼ Ӗ Ȳ ₤ Ϡ ҵᾼ ᶧ ᵅ ₤ᾼ

ȴ ᴖȲ ₤ᾼ ṳ Ὑ ϯ Ȳ (fps)Ɫ 31ȲḕּהҠиέ 31

ȴ֪ױȲ ₤Ṽ ═ Єὑ ᾼ Ȳ҅ῶӐ ∂Ӵᾼ

֚֯ ₤Ȳ ᵛ иέ ὁ ᾼ ȴ 

5-2 ӱ ֚֯ ₤ᵛ Ȳ ₤ Ϡ ᷄ҏ

МἬצᾼ Ӗ ѿц♄ ᵑҵȲ Сḕ Ӗ Ϛ ᾼ Ȳ

ױ ẃ МḕϚ ӭ ᾬȴ МѿϚ מּ ῶӱ ᶹ ẃ и

ᶹ Ȳ Ӗצ ᶹ ṳ Ϥ ᶹ ( Ỵ ẃ )Ȳ ₤

ᶹ ᾼӖ ѿּמ ῶӱȲṳѹ Ὠ ӱӖ ᶹ ᾼ═ ȴẔ

҃ ֚֯ ֽҠ ѬȲϷҠѿӣ֝ ᾼѠהѿּמ ӱṳѹ ӱ ֚֯ Ӣ

ᾼ═ ȴ ṷ ֚֯ ὨȲҠ М Ӣ ֚֯ ᾼ Ϣ Ȳ

ѿц֢ ֚֯ Ӣᾼ ᵑ Ȳѿ̬ ֚֯ Ϣ ̭ ӱὑ МᾼҢϱ

ѠȲṳѹ ӱ֢ ֚֯ ᾼ ȴ ֚֯ ᵛ иέ ȲҠѿ

ẁ Ӣ ᵛ ᾼ ׄԓ ᾓȲẦᵗ҃ כ

ᾼׄԓȴ 
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5-2 ֚֯ ₤ᵛ ȴ ₤ М ֚֯

ҏẃṳ ӱὑ МȲṳ ֚֯ ӱ֯ҢϱṔȲ ẁ Ӣ

ᴕ 

5-3 ♄ ֚֯ ҏ ӱЮ  

Ӑ ∂Ӵᾼ ♄ ₤ế ֚֯ ₤Ȳ Ẓ ₤ꞋҠ

ᵛ иέ Ȳ ẁ ᾼᵛ ♄ ׄԓ ᾓ Ȳֽ

♄ Ϣ ȳ֢ ♄ Ϣ ѿц ֚֯ Ϣ ȴᴖ ṷᵛ Ὠ

ӑẃҠ ṅשׁ◦ ҏᾼ GoOceanӂү ֥ȴGoOceanӂүѿ сᶺ

Ӗ ♄ ׄԓ Ɫӭ Ȳ о ◦(῀ )ҏ ȳ Ϥ

◦( )ҏ ȳ ṹắ ◦( )ҏ Ȳ Ϥ ֥  ȳ ӂүᾼ› ᶾȲדּ

ẁ ♄ ᾼ цׄԓ ( Ὑȳ Ὑ )ȲẁӖ

Ṷ ◦ ♄ ᴕцᵒ ȴ ṅשׁ◦ ∂ GoOceanӂүȲ ᴞ

∂ ҵȲӼꜜ ҵ ᴯ Ỵ ȲҔᵶ ԏ ᴯȳ Ỵе ᴯ Ȳ

▐ ᾼ ӁӐ ҵȲὑҵ Ϸצ▐ иᾼ ȴ ẁ Ӗ


















































































































