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ֲ ᴋⱵӊѿ ῒ̆ ∞≢ѿ Ἕ

↓Ҭ ֲ ₮ ᵝ Ȃ ԍ ֲ ῏ ֲ

̆ ғ ҹץ Ἕ ȁ Ἕ№ ῒ

῏ ᶫ ̆ ΐ ӈȂ ֲ ԍ ȁ

ꜛ ץ ֲ ̆ΐ ᴇṿȂ 

ֲ Ҭ̆ ᵝ ῒ Ҭ Һ ңҩ №Ȃ

ⱬ Ҭ ∞≢ ̆ ֲ Ȃ

ֲṜ ̆ ῃ ֲ Ҭ ץ ᵞ ̆

ֲ Ҭ ץ ᵞ Ȃ ֲ Ҭ

ץ̆ ῒ ῃ ӟ ֲ Ҭ Һ̆ ᵬ Ҋ  ̔

(1) ԅ ԍᶷ ₮ (Side-output Residual Network, SRN) ֲ

Ȃ ᶏ ᾝ(Residual Unit, RU) ᾝ ₮

ҍ ṿӊ Ȃ ⌠ ᶭ ᾝ̆ʊ ₮ ץ

҉ ף ₮Ȃ Ҍֽ ץ └ ̆ ץ

Ȃ ῒ № ᶷ ₮ ̆ ץ

῀ Ἕ Ḥ Ḥ Ȃ 

(2) ₮ԅ ԍ № (Baysesian Scoring based Proposal 

Reranking) ֲṜ Ȃᴰ Ἕ Ṝ

ᵝ̆p ԍ Ḥ Όᵩ̕ Ḥ

Ṝ ᵝҌ ᵖ ץ Ȃ ң ԑ

₮ԅ ԍ № Ṝ Ȃ ԍѿ ῀ Ἕ̆

№ ᶷ ₮ ̆ ғᶏ ңҩ

Ҋ Ἕ ֟ Όᵩ №Ȃ № Ṝ

Ḡ ԅ ╠ Ҋ̆ ᵞԅΌᵩ Ȃ 

(3) ₮ԅ ԍ PCA (PCA Filters Based Convolutional Channel 
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Features, PCA-CCF) ῃ ֲ Ȃ ҉Ṣ ԅ

ᴨ Ҍ̆ ᶏ PCA ⌠ ̆ Ȃ

Ҍֽ PCA ֜ ῏̆ ғ ⱴԅ

ץ̆ ⱬȂ ҉Ṣ ԅ R-CNN ̆

№ ѿ֓Ṝ ӊ ̆ PCA-CCF AdaBosst№

№ Ȃ ̆PCA-CCF Ҍᶭ ԍ ӟ ֲ

Ȃ 

(4) ᵬ ₮ԅ ԍ ᴨ (Progressive Latent Model, PLM) ӟ

ֲ Ȃῃ ֲ Ҭ̆ ̆ ᵬ Ȃ ԍ

̆ ӟ ֲ ᴨ ̆ ף ȁ

ᴰ ̆ ⌠Ҍᶏ ᴋᵥ ֽ ꜚ ӟ

⌠ ֲ Ȃ ԍᴰ ̆ ᴨ ⱴԅ

̆ ᵞṜ ⱴ ԅ ᵝ ‰ ̆ ̆ᶏ

ԍ ᴰ ᶛ ץ ᶛ ̆ ⱴԅ№

ҍ∞≢ Ȃ 
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Abstract 

Pedestrian detection is one of the most important branches in computer vision, the 

goal of which is to determine whether there is pedestrian in one image or video 

sequence, and if such exists, locate the pedestrian. Pedestrian detection focuses on 

human, the most important object on the earth, and is useful for other computer vision 

tasks, such as retrieval, tracking, and classification. Pedestrian detection is widely 

applied in many practical systems including intelligent video surveillance, driver 

assistant system, intelligent robotics, etc.  

In pedestrian detection framework, the two most import parts are feature 

representation and object location. With discriminative middle-level features, the 

detection performance can be increased in supervised pedestrian detection. With 

accurate low-level features, pedestrian candidates are obtained, which increases the 

computational efficiency of the supervised methods and decreases the search space of 

samples in self-learning method. This dissertation conducts research on the low- and 

middle- level feature representation for supervised and self-learning pedestrian 

detection, and the contributions of this dissertation are as follows: 

(1) A Side-output Residual Network (SRN) is proposed to extract low-level 

features for pedestrian images. SRN leverages output Residual Units (RUs) to fit the 

errors between the object symmetry ground truth and the outputs of RUs. By stacking 

RUs in a deep-to-shallow manner, SRN exploits the óflowô of errors among multiple 

scales to ease the problems of fitting complex outputs with limited layers, suppressing 

the complex backgrounds, and effectively matching symmetry or edge of different 

scales. The proposed SRN is further updated to a multi-task side-output residual 

network for joint symmetry and edge detection.  

(2) A Bayesian Scoring based Proposal Reranking is proposed to release pedestrian 

candidates. Although classical segmentation-based object proposal approach can 

produce region proposals with high localization accuracy, it also incorporates 
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significant redundancy because of the lack of object confidence used to evaluate the 

proposals. The objectness-based approach gives the confidence without localization 

accuracy. With the complementary of the two kinds of approaches, we propose 

Bayesian Scoring based Proposal Reranking to release pedestrian candidates. For an 

image, the contour and symmetry are extracted by Multi-task Side-output Residual 

Network and used to score the bounding box with a Bayesian framework. A subset of 

high-scored proposals can not only guarantee the recall rate, but also decrease the 

redundancy significantly.  

(3) A kind of PCA filters based convolutional channel features (PCA-CCF) for 

supervised pedestrian detection. For pedestrian representation, we use the convolutional 

network architecture with pre-learned PCA filters to enhance the aggregate channel 

features (ACF). PCA-CCF reduces the correlation among ACF with the orthogonal 

PCA filters and increases the representation ability by more feature channels. Besides, 

we use an R-CNN like detection framework. On the candidates generated by weak 

classifier, PCA-CCF features and cascaded AdaBoost classifier are used for fine 

classification. Experiments show that PCA-CCF has significant pedestrian detection 

performance gain compared with ACF.   

(4) A Progressive Latent Model (PLM) is proposed for self-learning pedestrian 

detection. In supervised way, pedestrian detection involves lots of human annotation. 

However, the self-learning approach, for scene-specific surveillance video, is deployed 

as progressive steps of object discovery, object enforcement, and label propagation and 

the pedestrian detector is learned without any data annotation involved. Compared with 

conventional latent models, the proposed PLM incorporates a spatial regularization 

term to reduce ambiguities in object proposals and to enforce object localization, and a 

graph-based label propagation to discover more positive and hard instances in adjacent 

frames to increase the diversity and discriminability. 

Key Words̔Pedestrian Detection, Feature Learning, Deep Learning, Object Proposal, 

Self-learning  
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1.1   

ױֲ ȁ ȁ ȁ ᴰ

Ḥ Ȃ ῀Ḥ ӊף ̆ ȁ ᵣ Ḥ ̆҉ץ70% ғ

Ҍ ⱴ̆ ֓Ḥ Ȃ

ץ ꜛ ױ ׆ꜚ ֓ Ἕ Ҭ ₮ ῐ ᵣ ҍ̆

ҹ Ἕ ȁ Ἕ№ ῒ ῏ ᶫ

Ȃᵬҹ ῏ ῤ ̆ ₃

Ҭ ԅ ғׅ ӊѿ̆ ӄ Ȃ 

Ҭ̆ ֲ ף ѿ ̆ ֲ

ѿ ῏ Ȃ Ҭ̆ ֲ ץ ױ

ֲ̆ᵝ ᾙ̆ ױֲꜛ ⱴ ȁ‰ ῏Ḥ

̕ ֜ ꜛ Ҭ̆ ֲ ץ ’̆ ֜

̕ Ҭ̆ ץ ֲҹ Ⱶ Һᵣ̆ ֲ

Ҍ ѿ №Ȃ 

1.2  ғ ӎ 

1.2.1  

ᵬ ⌠ ⅞̂973 ⅞ ȁ̃

ң ҉ ꜛ̆

ȁ Ҭ ⌠ԅ∆ Ȃ 

1ȁľ ԍ ҹ Ŀ̆

̂ ̔61039003̃̆2011.01-2014.12̆ Ȃ 

2ȁľ ≢ҍ Ἕ ҍ Ŀ̆ 973 ⅞

̂ ̔2010CB731804-2̃̆ 2010.01-2014.12̆ Ȃ 

3ȁľ ֲᵣ Ŀ̆ ҉ ̆̂ ̔
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61271433̃̆2013.01-2016.12̆ Ȃ 

4ȁñ ò̆ ҉ ̆( ̔

61671427)̆ 2017.01-2020.12̆ Ȃ 

1.2.2  

₃ ̆ ₮ ֲ ץ ̆p

ׅ ⌠ └̆└ Ȃ ֓ Һ ̔(1) №

↨ Ȃ Ҭ ױ ῏ ֓ ץ ꜚ ᵣ̆ ῒ ֲ

̆ ꜚ ↨ Ȃ(2) Ȃ Ҍ

Ҭ̆ ֲ ₮Ҍ Ȃ֜ Ҭ̆ ֲ ᾣ №̆

֦ ₮ ̕ ֲ Ҭ № ᴪ ᵞȂ ֓ ҹҬ

ⱴԅ Ȃ(3) Ȃ ᶷ Ҍ׆̆ ѿ ֲ ᴪ

֟ Ҍ  ̆ҹ Ȃ(4) Ȃ ֜

Ҭ̆ ֲ ԑ ̆ ῒ ᵣ Ȃ ᴪ ֲ ᵣḤ

ҡ ̆ ⱴ Ȃ (5) Ӟ ֲ ֟ ԅ Ȃѿ֓

ֲ ᶛ 1-1 ̆ѿ ἝҬ Ȃ 

ҹԅ ȁ ֲ ̆ ױ ₮ԅ

(Hand-craft Features)ץ ֲ ̆ᶏῒ Ҭ

ῒז ᵣ ≢ Ȃ ֓ ᶏ̆ Ἕ

҉ Ἕ (Sliding Window) ҹ Ἕ Ҭ ֲ

ᵝ Ȃ ₃ ₮ ӟ (Deep Learning Feature)̆׆

҉ ‗ԅ ↨ ȁᾣ ȁ ȁ ̆ᶏῒ ⱬ ԍ  

    

1-1 ֲ Ἕ ᶛ 
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Ȃ ̆ ԍ ӟ ⌠ ȁ ȁ

└ ̆ ѿ Ṝ ̆ ῐ ѿ֓ ԍ

№◓ № ֲṜ Ȃ ֓ ᵞԅ

ҩ ̆ᵖ ԍ ӟ ᶭ Ȃ 

ӟ Һ ӟ Ҭ ҩ ̆ ғ ץ

ѿ ̆p Ӟ ѿ ⱴ Ȃ ⌠

̆ ӟ Ҭⱴ῀ѿֲ֓ ̂ᾢ ̃ ̆

ᴪ⁞ Ȃҍ ᴨ̆ Ṝ ץ ѿ ⁞

ҩ ̆Ӟᴪ ⌠⁞ Ȃ ̆ ֲ

Ҭ ԍ ֲ ΐ ᴇṿȂ 

1.2.3  

ֲ ⌠ ȁ Ἕҍ ȁ ץ≢ ӟ

ҩ ̆ ῖ Ȃ ̆ ԍῒ῏ ֲ̆

῏ ѿ Ȃ ֲ ץ Ἕ ҹ ̆

ֲ ֲ ᾙңҩ ̆ῒῖ Ҋ₃ҩ ̔ 

(1)  

Ҭ̆ ῏ ֲ Ȃ ̆ ץ

№ ֲ ꜚ̆Ḡ Ὲ῍ ῃ̕ ̆ ץ ֲ ̆ ᵞ ῃ

̕ ȁ ץ ̆ ץ ֲ∞ ̆

̕ Ҭ̆ ֲ ץ ᵞ ֲ Ȃ

ֲ ̆ Ḡ Ὲ῍ ῃ ̆ ץ ֲⱬ ⱬ

̆֟ ᴪᴇṿȂ 

(2) ֜ ꜛ  

ҹ ₮ֲף Ҍ ѿҩ ΐ̆p ֜ Ԋ

ױֲ Ȃ ֜ Ҭ ֲ ᶏ̆

̆ ץ ᵞ֜ Ԋ Ȃ ȁ ԑ ֲ

Ὲ ╠ ⱬԍ ꜚ ҹ̆ ֲ

ᶫԅ Ȃ ̆ ֲ ҹ ȁ  
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1-2 ֲ  

ᶫ Ȃ 

(3)  

Ⱶ ֲ̆ ̆ ⱴ‰ ֲ ֲ

ҹֲ Ⱶ̆ ֲ ֜ԑ ⱴ Ȃ 

(4) ῒ ᴋⱵ 

ֲ Ӟ ᴋⱵ ̆ ץ № ȁ ֲῬ ≢

Ȃ ֲῬ ≢ ⌠ ̆

ѿҩ∆ ṿȂ ̆ ꜚ ҍ ȁ ҍ ֲῬ ≢

ⱴ ᴪ ⌠ ῏ Ȃ 

1.3  ָ Ҳ  

ᵬҹ ѿ ̆ ֲ ῍ ѿ֓ ̆ ̆Ӟ

ѿ֓ Ȃᵬҹ ѿ ̆ ֲ Ҍֽ ץ

ѿ ῃ Ӟ̆ ᶏץ ᾢ Ḥ Ҍ ’Ҋ

ӟ№ Ȃ Ӟ ⌠ R-CNN ‖₯̆ Ḡ ̆

Ṝ ӊ № Ȃᵬҹ ̆ ֲ Ҭ

Ȃ ᵥ ȁ ȁ⁞ Ḥ ̂

̃ ֲ Ҭ Ȃ 

⁞ ̔ ׆ ֲ [1]⌠ ֲ ׆̆[2] [3]⌠

[4]̆ ῃ Ȃѿ ̆ ᴆ ⱬ

Ҍ ̆ Ȃ ԍ ̆ ᵬ
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Ҍ ̆ Ҍ ⌠Ạץ [2, 3]Ȃ

Ӟᵣ ImageNet[5] COCO[6] ̆ῒ ᶏ

ԍ Ἕ№ Ȃ ѿ ῃ̆ ҹ

̆ (SVM, Surpport Vector Machine) [7]̆ № [8]ȁ

Boost [9] [10]̆ ԅ ᵣ ̆Ạ

ᴋⱵ ⱬ ҉Ȃ 

 ᴆ ⱬ ⱴҹ ̆ᵖ ᴪ ῃ

ӟ ̆ ̆ ׆ ׆ ӈ ‗

ᵬ Ȃ ̆ ӟ(Transfer Learning)[11]

ᶛ ӟ(MIL, Multiple Instance Learning)[12] Ȃ׆ ӈ ̆

Ҭ̆ Ἕ ̆ ᴇף Ҍ Ȃ ԍ

ֲ ̆ ᶏץ ӟ№ Ȃῒ

ԍ ֲ ᾢ Ḥ ≢ ̆Ӟ ԍ ֲ Ȃ 

̔ Ҭ ⱳ ѿ Viola Jones ₮

Adaboost [1]Ȃױז Ҭ ⌠ ֲ Ҭ̆

Ἕ ץ̆ № Ȃ 

҈ ᴨלȂ ѿҩᴨל ‗ Ȃ

ѿ Ἕ҉̆ ̆ Ἕ ̆ ҉ Ҋᶭ

ꜚ̆ ῤ ̆ № Ȃ Ἕ ᵬ̆

ҩ ἝȂ Ṝ ֓№ № ̆

Ӟ ץ ṿ └ ⌠ ‗Ȃ ԍ ̆

№ӊ Ȃᵖ ̆ ⌠ Ҍ ̆ Ҍ

̆ Ҭ Ҍ ⌠ ̆

ңҩᴨ̔ל Ȃ

ץ ̔ ҉ ԍ ѿ֓ ̆

҉ ԍ ѿ֓ Ȃ ῒ̆

Ȃ Ҭ̆ ᶏᶏ ׅ̆ Ҍ

‗ Ҍ Ȃ ̆ ԍ ֲ ̆ ҹ
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ֲ 0.5 ̆ 0.5 ץ ֲ Ȃ 

ΐ p̆לᴨ҉ץ ԍ Ἕ ̆

Ҭ ∞ ҆ ≢̆ ΐ Όᵩ ̕ ѿ ̆

̆ ₃Ӎ Ҍ Ȃ 

R-CNN₮ ӊ╠̆ ᵞԍ ֲ

Ȃ ̆ R-CNN[13]

ⱳ̆ ֲ Ӟ ҳ Ȃ R-CNNҬ̆ ᾢ

Ṝ ̆ ң ҩṜ ̆ ᶏ ⱬ

ӟ ҩ № ȂṜ ӈ

̆ ῒ Ҭ ԅ ̆

‗ԅ ̆p ῒ Ҍ └Ȃ ԍṜ

Ҭ ᵞԅ ҩ ̆ ӟ

Ӟ ≠ ≠ Ȃ 

R-CNN Ạ ̆ Ṝ № ҉ ⌠ԅ

̆ᶏ Ȃ ̆ ֲ Ҭ̆ ᶏᶏ ᴰ

ׅ ⌠Ҍ ̆ ғ ӈ Ṝ

ֲ ҉ Ҍ Ȃ ֓ ѿ ῤ └ԅ R-CNN

ֲ ҉ Ȃ 

V̔J[1]Ҭ ѿҩ № ̆ 1-3 Ȃ

№ ѿ ҹ ᶫԅ Ȃ №

ԍᴋᵥѿҩ ҩ ṿ Ȃ 1-

3Ҭ̆Ẋ 1 Ữ ҩ A ̆ 2 Ữ A Bңҩ

̆ 3 Ữ A Cңҩ ̆ 4 Ữ AȁBȁC D  

̆ Ӈ D ҩ ץ ⌠Ȃ

Ἕ ᵝ Ữ ҩ Ἕ ҹ № Ȃ Ἕ

̆ № ץ ᶏ ̆ ҉ ᵞ Ȃ

ԍ Ἕ ̆ ᶏץ № ⱴ Ȃ 

̆ ᶏ № ⱴ Ạ ѿ  
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1-3 №  

ῤ ֲ Һ ῤ Ȃp ̆ ⱬ №

Ҍ Ȃ ₃ ̆ ӟ ⱬ ҹ  Ȃל

2006 Hinton ҉ [14] ז

2012 ImageNet Ἕ№ Ҭ ⱳ[5]̆ ӟ ῀

Ȃ ӟ ΐ ⱬ̆p ῒ ᴇף

̆ Ἕᴰ ѿ Ạ ҩ ̆ ғ Ӟ ѿ Ἕ ̆

Ӟ Ἕ № ҩ Ȃ ӊ ̆

ֲ Ҭ ֲ ᾢ Ῥ ӞҌ Ȃ ӟ

ֲ Ҭ ῃ ҉ ̆ ӄѿ ≠ [15]Ȃ 

1.4  Ὺ ғӀ  

ῤ ῒ῏ 1-4 Ȃ ԍ ֲ ̆ῃ

ᵬҹ [16]̆ ӟ Ӟ [17]̆p ᵌԍ

₮ Ȃ ԍῃ ֲ ̆

ᴨ̆ל ₮ԅ ԍ PCA [16]Ȃ [16]Ҭ̆Ṝ ׅ

ᴰ ⌠ (Coarse to Fine) ̆ᶏ № ᶫṜ ̆ ῒ  

Ȃҹԅ Ṝ ̆ ѿ ₮ԅ

ԍ № Ṝ [18,19]̆ ѿ ԅ

[20-22]Ȃ ֓ Ṝ ץ ᵞ ӟ ֲ

[17]Ȃ ῤ ҍҺ Ҋ₃ҩץ ̔ 

(1) ԅ ԍᶷ ₮ (Side-output Residual Network, SRN) ֲ 
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1-4 ῤ ῏  

Ȃ ᶏ ᾝ(Residual Unit, RU) ᾝ ₮

ҍ ṿӊ Ȃ ⌠ ᶭ ᾝ̆ʊ ₮ ≠

҉ ԅף ₮ Ҍֽ̆ ץ └ ̆ ғ ץ

Ȃ ῒ № ᶷ ₮ ̆ ץ

῀ Ἕ Ḥ Ḥ Ȃ 

(2) ₮ԅ ԍ № (Baysesian Scoring based Proposal 

Reranking) ֲṜ Ȃ Ἕ Ṝ ᵝ

̆p ԍ Ḥ Όᵩ̕ Ḥ Ṝ

ᵝҌ ᵖ Ȃ ң ԑ ₮ԅ ԍ №

Ṝ Ȃ ԍѿ ῀ Ἕ̆ № ᶷ ₮

̆ ғ Ҋ Ἕ ֟

Όᵩ №Ȃ № Ṝ Ḡ ԅ ╠ Ҋ̆ ᵞ

ԅΌᵩ Ȃ 

(3) ₮ԅ ԍ PCA (PCA Filters Based Convolutional Channel 

Features, PCA-CCF) ῃ ֲ Ȃ ҉Ṣ ԅ ̆

ᵖ ᶏ PCA ⌠ ̆ Ȃ Ҍֽ

PCA ֜ ῏̆ ғ ⱴԅ ̆

ץ ⱬȂ ҉Ṣ ԅ R-CNN ̆ № ѿ

֓Ṝ ӊ ̆ PCA-CCF AdaBosst№ № Ȃ

̆PCA-CCF ֲ Ȃ 
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(4) ̂ ᵬ̃ ₮ԅ ԍ ᴨ (Progressive Latent Model, PLM) ӟ

ֲ Ȃῃ ֲ Ҭ̆ ̆ ᵬ Ȃ ԍ

̆ ӟ ֲ ᴨ ̆ ף ȁ

ᴰ ̆ ⌠Ҍᶏ ᴋᵥ ꜚ ӟ ⌠ ֲ

Ȃ ԍᴰ ̆ ᴨ ⱴԅ ̆ ᵞ

Ṝ ⱴ ԅ ᵝ ‰ ̆ ᶏ̆ ԍ

ᴰ ᶛ ץ ᶛ ̆ ⱴԅ№ ҍ∞≢

Ȃ 

1.5   

ѿ ̆ Ȃ ԅ ֲ ҍ ӈ̆№ ԅ ╠ ֲ

Ҭ ̆ ԅ Һ ῤ ̆↓₮ԅ

Һ Ȃ 

ԋ ̆ ֲ ҍ Ȃ׃ ⌠ᾢ Ṝ

Ῥ ῒ ̆ № ԅ Ṝ

№ ̆ ῃ ֲ ӟ ֲ ԅ № Ȃ 

҈ ̆ ԍᶷ ₮ ֲ Ȃ ᾢ ԅ ӟ

Ἕ Ҭ ’̆ ׃ ԅᶷ ₮ ץ № ᶷ

₮ ̆ ̆ ҩῈ ҉ҍ ԅ

ҍ№ Ȃ 

̆ ԍ № Ṝ Ȃ ᾢ ԅῖ ң

Ṝ ԑ ̆ ׃ ԅ Ἕ ֟ ΌᵩṜ

ᵌ ץ̆ ≠ №

Ḥ ΌᵩṜ Ȃ ҩ ҉̆ ҍ

Ṝ ̆ ԅ ԍ № Ṝ

Ȃ 

ԓ ̆ ԍ PCA ῃ ֲ Ȃ ₮ ԍ PCA

ῒ ֲȂ PCA ⱴ ⱬ ̆ ԅ
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֜ Ȃ ԍ ⱴ̆ № ѿ֓Ṝ Ῥ̆ᶏ PCA

№ ץ̆ ᵞ№ Ȃ Ҭ ԅῃ ֲ ҬṜ

ᶃ ץ̆ ֲ PCA ᵬ Ȃ 

Έ ̆ ԍ ӟ ֲ Ȃ ᾢ׃ ԅ ӟ ֲ

̆ ׃ ԅ ӟ Ҭ ֲ ȁ ֲ ץ ᴰ

̆ № ԅ ӟ ҍ ӟȁ ץ ῃ

Ҭ Ȃ 

҂ ̆ ԅ Һ ῤ ̆ ᵬ ԅ ̆

ӟ ѿ ⱬȁ ⌠ ῃ ֲ ץ

ӟ№ Ҭ ᶏ Ȃ 
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 2  ָ ғ  

Һ̆ №ҹ ꜚ ᴋⱵ ꜚ

Ȃ Ҭ̆ҍ ῏ ֲ ȁ ֲ

Ὲ ῏ Ȃ ԍֲ Ҭ ℗

Ҭ ↨ ᵣ̆ ֲ ῒ ↨ ȁ ̆ ⱴΐ

Ȃ ֲ ץ ⌠ ҬȂɒ ֲ Ҭ

ⱳ (HOG, Histogram of Oriented Gradients)[2]̆

⌠ Ҭ̆ ҹԅ ᵬ DPM(Deformable Part 

Model)[23]Ȃ ᵬӞҹ ֲ ᶫ ̆ɒ ѿҩ

ᵬ R-CNN[13]ҹ ֲ ᶫԅѿ֓ Ṣ Ȃ 

ᾢ׃ ԅ ׆ ⌠ R-CNN ̆Ῥ׃ ԅ Ҭ

Ҍ Ṝ ῏ ᵬ̆ ׃ ֲ ̆ ῃ ֲ

Ӟ ӟ ֲ ң №Ȃ 

2.1   

׆ ҉ ᵝң № ̆

ָӇ̆ ᵝ ᾙ̆ῒ 2-1 Ȃ

ᵝңҩ ῏ №≢ Ṝ Ȃ

̆ ᵬҹ ᶛ ̆ ᵬҹ ᶛ ̆ ѿ  

 

2-1  

Ἕ
Ṝ

№

ᵝ
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׆ Ἕ ⌠ Ҭ̆≠ SVM Boost №

̆ ԋ№ ̆ ᶛ ᶛ № Ȃ ץ

̆ ָӇ Ȃ ̆ ԍѿ ῀ Ἕ̆

ἝҬ Ṝ ῒ ⌠ ӊ ≠̆ ҩṜ

ҹ ̆ ⌠ ᵝ Ȃ № ̆ ԋ№ ̆

ᶛ ᶛ № Ȃ ץ ̆ ָӇ

Ȃ ̆ ԍѿ ῀ Ἕ̆ ἝҬ Ṝ ῒ

⌠ ӊ ≠̆ ҩṜ ҹ ׆̆

ᵝȂ 

Һ ԍ Ҍ ȂD Ҭ Ṝ̆

Ἕ ꜚ Ȃ

̆ᵖῒ ҩ ׅ ץ ẠѿҩṜ Ȃ ԍ ̆

ץ Ἕ ̆ ҩṜ

Ȃ ԍ R-CNN ̆ ԍῒ ̆

Ҍ ῒ̆ ҩṜ ̆

2-1Ҭ №Ȃ 

Ҭ ԅ ⱳ[9, 24-28]̆ ⌠ԅ

Ȃ ԍ Ṝ ῃ ֲ Ҭ Ҍ ̆

ԍ ̆ ֲ Ҭ ԅ ⱳ [29]Ȃ ῏

ԍ ῃ ֲ ѿ̆ ‗Ṝ ̆

ῒ ⱳ ֲ Ҭ̆ ѿ ᴰ ‗ ΐ

ⱬ Ȃ 

2.2  Ṣ  

ᴰ ᵝ Ἕ ҉ Ἕ ̆

№ ҩ № ̆ ῒ ᵣ ⌠ ᵝ

̆ 2-2 Ȃ Ҭ̆ҹԅ⁞ ҩ

̆ ᾢ Ἕ ҉ ̆ Ἕ  
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Ἕ Ἕ  

2-2   

҉ Ἕ ῒ׆ ᵝ Ȃ ץ ‗

ᵣ Ҍѿ ̕ Ἕ ↕ ҽ₮ԅ ҩ ᵝ Ȃp

ᴪ֟ ̆ ԍѿ 720 480³ Ἕ̆ ̆

ῇ ᴪ̆֟ ҆ ≢ Ȃ ֟ ӊ Ҥ ԅ№

̆Ҍ≠ԍ Ȃ ѿ ̆ ӟ Ҍ

ԍ Ȃ ₃ ѿ֓ Ṝ ₮ [30]Ȃ

Ṝ ץ Ṝ ҩ ᵞ⌠ ≢̆ ҩ

№ ץ ᵝ ȂṜ ѿ ԍ№◓ȁ Ḥ

ӟ Ȃ 

№◓ᵬҹ Ἕ ѿҩ ̆ ԅ Ȃ

Uijlings[31,32] ֲ ѿ ‰↕ №◓ Ἕ № ̆ ₮

ԅ Selective Search Ṝ Ȃ ץ Ἕ ҩ

ᵞ⌠ң [9]Ҭ ԅ ⱳ Ȃ ֓ ԍ№◓ Ҍ

Ӱ ̆ᶛ , ғῒ ₮ Ṝ Όᵩ

Ȃ 

Ḥ ᶏ ᵞ ̆

Ӟ ҹṜ ӊѿȂ ԍѿ֓ ᵣ̆

Ҭ ѿ Ӟΐ Ṝ ᵬ Ȃ ᵝ ̆Cheng[33]

׆ֲ ₮ֲ ≢ ᵣ ᾢ ᵝῬ ̆ ῒ

⌠ ѿҩѿ № ̆ Ҍ

Ἕ ץ ‗ ᵣ Ҍѿ Ȃ Ḥ Ṝ Ҭ

ѿҩף ᵬ EdgeBoxes[34]Ȃᵬ ҹṜ ѿ ῒῤ



ֲ ҍ  

14 

̆ №ᵝԍ ῤ Ȃ ԍ Ẋ ̆

ȁ Ḥ ᵬҹṜ Ȃ 

Erhan[35] ֲ ₮ DeepMultiBox ̆ Ἕ ӟѿҩ DNN(Deep 

Neural Network) Ṝ ᵝ ῒ Ḥ Ȃ ᶏ Ἕ҉ Ḥ

ҍ ṿ Ȃ DeepMultiBox

῏ ̆ᵖ DeepMultiBox ץ Ṝ ᵞ⌠ ҉Ȃ 

ᵥ Ṝ ῒ̆ Ḡ ╠ Ҋ

ⱴṜ ᵝ ȁ ᵞṜ ҩ Ȃ ῃ Ҭ̆ ץ ᵞ

̆ ᵞ Ȃ ӟ Ҭ̆ ᵞ

Ȃ 

2.3  ָ Ӏ ғⅎ  

2.3.1 Ὴ ָ  

ѿ ̆ ֲ ⱴ῏ ԍ ҍ Ṝ̆

Ȃ ѿ ̆ ֲ ҹ№ץ ԍ (feature-based)ȁ

ԍ (part-based) ԍ ῏ (multi-cue based) ҈ ῒ̆Ҭ

ΐ ף ᵬ№≢ 2-3⌠ 2-5 Ȃ

ⱬ Ҍ ̆ ⱬ Ȃ Ҍ

Ҋ̆ ӟ ̆p ᶭ ҹԅ ѿҩ

 Ȃל

· ԍ  

ԍ Һ ῖ №

Ȃ №ҹ ӟ ң Ȃ ῒ

ȁ ῏ ȂPapagorigiou Poggio[36] ₮ԅᶏ Haar ₱

Ҭ ȂViola Jones[1] № ҉ Haar ̆

AdaBoost № ̆ ⌠ԅ ȂDalal[2] ֲṢ Ἕ ‰Ҭ ⱳ

SIFT (Scale Invariant Feature Transforms) [37]̆ ₮ԅ HOG (Histogram of 

Orientated Gradient ) ̆ (SVM)ᵬҹ№ ̆  
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(a) HOG[2]                             (b) HSC[48] 

2-3 ԍ ῖ  

ֲ ҉ ԅ╠ ⱳȂ HOG ҉ѿ ᴨ

[38-40]ȂLBP(Local Binary Pattern) ҹ ̆ ғ

ֲ ≢҉ ԅ ȂMu[41] ֲ LBP ԅ ̆ ῒ ֲ

ᵣȂҹԅ ‗ ֲ Ҭ ̆Wang[42] ֲ HOG LBP

ȂDollar[9,43,44] ԍ╠ֲ ̆ № HOG ₮ԅ ACF̆≠ ‗

AdaBoost№ ̆ ԅ ֲ ̆ Ἕ҉

⌠ 30fpsȂNam[45] ‗ ҍ ῏ ℗̆ ACF

ҩ ῏ ᶏ̆ ACF ֲ ҉ Ȃ ӊ ̆

Tuzel[46] ̆ ῒ ҉ № Ȃ 

ӟ ̆ ӟ ѿ֓

Ӟ ױ Ȃ ԍ ̆ ԍ

ׅ ԍ ȂSermanet[47] ֲ ῖ ӟ ̆

ῃ ȂRen[48] ֲ ₮ ῖ ӟ

HSC(Histogram of Sparse Coding)̆ ῃ

HOGѿ ̆ ֲ ҉ HOG Ȃ ̆

ԍῒ ӟ ῖ ̆ ҩ HOG ₃Ṑ

₃ ṐȂLim[49] ֲ ӟ ᵣ Ҭ ̆

ᶭ ԍֲ ȂZhang[50] ֲ ֲᵣ҉

Informed Haar-like ACF ̆ ACFѿ ‗

AdaBoost№ ѿ Caltech ֲ ҉ ԍ 50Ἕ ֲ  
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(a) Ҭ DPM[23]                  (b) ֲ DPM [23]    (c) [51] 

2- 4 ԍ ῖ  

⌠  ҊȂץ35%

· ԍ  

ԍ ⌠ ᵣ ̆ ᵣ№ҹҌ

№ ȂFelzenszwalb[23] ֲ ₮ԅ DPM(Deformable Part-based

≢ ↨ Ȃң F̆elzenszwalb[52] ֲ ѿ DPM

҉ⱴ῀ (Mixture Model) ̆ PASCAL ҉ ԅ

ȂSabzmeydani[53] ֲ ֲᵣ№ҹ ȁ ᵣ ҈ҩ № ғ

№ ӟѿҩ Shapelets ȂWu Nevatia[54] ֲᵣ№ Ҍ №̆

№ Edgelets ӟ̆ Ҭ ԅҌ

ȂGao[51] ֲ ҩ ӊ ῏ ̆ ֲ

҉ ԅ DPM Ȃ 

· ԍ ῏  

ԍ ῏ Һ ѿ֓ҍ ῏ ῒ Ḥ

ꜛȂ ῖ ̆ ץ ᵣ

Ȃ ᵣ Һ ԍ֜ ֲ Ȃ

Zhao[55] ֲ≠ ԍ ᵣ Ḥ ׆ֲ Ҭ ₮ ԅ

ֲ ȂKeller[56]↕ Ἕ҉№≢ HOG ֲ

ȂNishiyama[57] ᵣ ῐ ̆Ῥ №  
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(a) HOF[58]                          (b) ҉Ҋ ῏ [59] 

2-5 ԍ ῏ ῖ  

Ȃ≠ ҙ ̆ɒ Kinect̆ ꜛ ֲ ̆

Ӟ ץ ԍ ῤ Ȃ ᵌԍ[56]̆Spinello[60] HOG

Kinect ҉ HOD(Histogram of Depth)̆ ῒҍ HOG ץ

ֲ ⱬȂBo[61] ֲ ҈ ȁ ȁ

ᵌ ῤ҈ ≢Ȃ ԋ ꜛ ꜚḤ

ȂDalal[58] HOGӊ ₮ԅ HOF(Histogram of Flow)̆ ԅῒ HOG

ԑ ȂWalk[62] ֲ ₮ԅ ᵌ CSS̆ ⱴ῀ ꜚḤ

ⱬ ȂPark[63]↕≠ ᾣ Ḥ ╠ ⌠ ҉ ῒ Ạҹ

Ȃ ҉Ҋ Ḥ Ӟ ⌠ ꜛ ҬȂDalal[2] HOG

ⱴ ̆ⱴ῀ԅѿ֓ Ḥ ȂҬ ꜚ Yan[59]

ֲ ֜ Ҭֲҍ ӊ ᵝ ῏ ⱴ῀⌠ױז ֲ

ҬȂDing[64,65] ֲ ῒ Ҭⱴ῀ ἝҬ Ҭ Ḥ ף ₮ѿҩ

№ Ȃ 

· ԍ ӟ  

ӟ ῐ Ḇᶏԅ DPM ѿ Ğirshick[66] DPM Ҭ

ȁ CNN ȂZhang[29] ֲ R-CNN

҉̆ ҹ 2 ⱴ ץ̆ ֲ Ȃ

⌠ ⱬ ӊ ׅ̆ AdaBoostᵬҹ№ ̆ ⌠ԅ ᶃ

ȂCai[67] ֲ↕≠ ҩ Ṝ  
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2-6 ԍ ӟ ῖ [29] 

№ ̆ ⌠ ̆ ѿ Ҋ ԅ ȁ ֲ ֲ

Ȃ 

2.3.2 ӥ ָ  

ῃ ֲ ᶭ ԍ ῃ ̆ ⌠

ѿ └̆ ғ ̆ ῃ ᴇӞף Ȃ

₃ ᶏ̆ ֲ № ֲ Ӟ ⌠

῏ Ȃ ӟȁ ӟȁ ‗

ῖ Ȃ 

ӟᶏ ҉Ҋ Ḥ ץ № Ҭ

ֲ Ȃ҉Ҋ Ḥ [68,69]ȁ Ḥ ᴰ ץ[69,70] [71] ᶏץ ӟ

Ȃ [72] Ἕ [11] ץ ⱴ ᶛ ֲ Ȃ

῀[73] ץ Ȃ ԅ ӟᵬҹ ̆ [74]

Ӟ ԅѿ Ȃ ӟ Ҍ ⁞̆ ԅֲ

ᴇ̆pף ⌠ ̆ ֓ ֲ

ȁ ᾣ Ȃ ≢ ̆ ӟ ᴪ ⌠

ᶏ̆ Ҍ Ҍ Ȃ ѿ Ҭ

ӟ ֲ ̆ ᾧ Ȃ 

ӟ ԍ ᶏץ Ȃ ῖ detection-by-tracking 

(DBT)[75]ᶏ ֲ ∆ ᵝ ̆Ῥᶏ Ḥ ᵞ

Ȃ Tracking-Learning-Detection (TLD)[76]ᶏ ҩ‰ ∆ ̆

Ҍ ץ Ȃ DBT
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TLD ̆ᵖ ᴪ ҩ ӟ Ҭ

Ȃ 

ӟ(Weekly Supervised Learning, WSL)Ҭ Ἕ ̆

Ҍ ΐᵣᵝ ̆Ӟ ѿץ ᵞֲⱬ [77]Ȃ

ӟҬẊ ѿ ᴪ ҩ ̆ ↕ № Ȃ

ԍ ѿẊ ̆ ᶏץ Ḥ ȁ Ḥ ȁ ȁ ᴰ ץ ᶛ

ӟ ᶛ ֲ ̆ └ ӟ ֲ Ȃ ӟ ᵌԍ

̆ ף Ȃ ԍ Ḥ ̆ ֲ ᵝ ҹѿҩ

̆ ᴨ € ̆ ῀ ṿ Ȃ 

ԍ ӟ̆Wu ֲ[78]ᶏ ᴨ ̆

ᵖ ӟѿҩ Ȃ ̆ ӟ № ҹ

ңҩԑ ᾝȂXiao ֲ[79] ₮ѿ ῃ Ṝ

̆ ᾢ ̆ ῒ ̆ ∆

ѿ ᶛ Ȃ ץ ף ֟

ֲṜ ̆ᵖҌ ∞ ҩṜ ֲȂ 

2.4   

ֲ Ҭ Ḥ ȁ ҍ ҈ ̆

ԅ ץ ֲ Һ Ȃ ῏ Ṝ

№ ѿ ҬṜ ῏ ᵬȂ ҈ ԅᶏ

ᶷ ₮ ᴨ ֲ Ḥ ̆ ᶏ ֓

Ḥ ΌᵩṜ ץ ⌠ᶏ

ᵝ Ȃ ֲ ῏ ԍῃ ֲ ӟ ֲ Ȃ

ԓ ̆ ῏ ԍ ̆ ₮ԅ PCA Ȃ ԍ

Ṝ ̆ Έ ᴨ ҉ ֲ ̆ ⌠

ԅ ӟ Ȃ 
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 3  ԓᶽ ₴ ָ  

Һ ῏ ֲ ҍ Ḥ Ȃ Ḥ ┴ץ ֲ ̆

Ḥ ┴ץ ֲ ̆ ңҩḤ ץ ѿҩ Ҭ

ֲ [19]Ȃ 

ԍ ӟ Ҭ̆ Ḥ ẠἝ ԋ№ [20,21,80-

83]Ȃ Ἕ ̆ ᶏץ ӟ № ἝҬ

ҩἝ ≢ ̆∞ ῒ ᵝԍ ҉Ȃ ӟҬ̆ ⌠

ῃ (Fully Convolutional Network, FNC) ₮[84] ᶏ̆ Ἕ

№ ҹ Ȃ ᾢ ׃ ῃ ̆ ׃ ѿ ῃ

̆ʊ ₮ [20]̆ Ἕ Ḥ ̆ ҉ ԅ №

ץ Ἕ Ḥ [21]̆ Ὲ ҉ ᶷ ₮

Ạ№ Ȃ 

3.1  Ὴ  ב

ῃ ∆ ҹԅẠ Ἕ ӈ№◓(Semantic Segmentation) ῒ̆

3-1 Ȃῃ ȁἝ № ҉ ҈ № Ȃ

3-1Ҭ̆ ԍѿ ῀ Ἕ̆ № 7 4096

̕Ἕ № ׅ ≠ ӟѿҩ№ 21 №

(PASCAL VOC[3] Ҭ 20 ѿ ) ҉̕ №

⌠ ῀ Ἕ ̆ softmax ҩἝ Ȃ 

 

3-1 ῃ [84] 
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       (a)                           (b) 

3-2 ῃ Ҭ Ἕ №  

 ῃ Ҭ Ἕ № 3-2 ȂҌ ԍ Ҭ ῃ

ԍ Ἕ [5,35,85-87] ῃ̆ Ҭ ᵬҹἝ Ȃ

3-2(a) ̆ ᵣҹѿҩἝ ̆ ῒ ҹ

1 2

, , , , , , , ,x ( , , , )K

l i j l i j l i j l i jx x x=  ῒ̆Ҭ l ╠ ̆ ,i j Ἕ ̆

1,2, ,k K= Ȃ ̆ ᶏץ ѿҩ1 1³ ᵬҹ№

₱ lf ̆ῒ ҹ1 1 K³ ³Ȃ Ἕ № ҹ̔ 

  , , , ,xl i j l l i jy f=                            (3-1)  

ԍ Ҭ (Pooling) ̆ № № ԍ

῀ Ἕ № ̆ ץ ᶏ ҉ ᶏῒ ῀ Ἕ ѿ Ȃ

FCN[84]Ҭ ҹ ῀ Ἕ 1 32̆ Ḥ Ȃ

⁞ ҩ Ȃ 3-3 ̆ᾢ 32³҉ ̕ ᵞ⌠ѿ

ӊ ̆ conv5 ̆ 16³҉ ̕Ῥ conv4 ̆

8³҉ ̕ 8³҉ץ ᵬҹ ₮Ȃ 

 

3-3 ῃ Ҭ [84] 
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3-4 ᵣ HED [82] 

(Deeply Supervised Network) ₮ [88] ѿ̆ ⌠ ῃ

̆ ᵣ (Holistically-Nested Edge Detecion, HED),

҉̆ ԅ [82]̆ 3-4 ȂHED Ӟ

ᵬҹ№ ȂᵖҌ ԍ FCNҬ ̆HEDᶏ Ҍ

ᵬҹἝ ᶷ ₮(Side-outputs)̆ Ῥ ҩ ᶷ ₮̆

Ҍ ᶷ ₮ⱴ ᵬҹ ȂẊ ᶷ ₮ҹ is̆

₮ ҹ̔ 

.i i

i

o w s=ä                           (3-2) 

ԍ ΐ ᾢ ̆ 5ҩ №≢ҹ

4ȁ14ȁ40ȁ92 196̆ ᶏ HED Ὶ Ḥ

ῃ Ḥ Ȃ HED ҉ [̆89] ᶏ ԅ Ạ ̆

⌠ԅ Ȃ 

҉ ̆Ҍ Ҍ ̆ Ҍ Ḥ ̆ᶏᶷ ₮

ץ Ҍ Ḥ Ȃp Ӟ ҹ Ҍ ̆ ⱴ

̆Ҍΐ ȂӞ ԍ ҩ ̆

ᴪ€ ῒ ֟ Ȃ ̆ ᵥ ѿҩ ̆

ѿ ҉ ̆ ᴪ HED Ȃᶷ ₮

(Side-output Residual Network, SRN) ꜜⱬ[20]Ȃ 
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3.2  ԓᶽ ₴ Ḫ  

ᾢ׃ ץ ῒ ̆ ׃ ԍ Ḥ

ᶷ ₮ ӟ Ȃ 

3.2.1  

Ḥ ԍ Ҭ̆ɒ ȁ ֲ

ȁ Ȃ ῒԑ ӊ ῏ ᶫԅ Ḥ Ȃ

֓Ḥ ץ Ạ № [90,91]ȁ Ἕ╠ №◓ [92,93]ȁ Ṝ

ץ[94] [95] Ȃ 

̆Ӟ ҹ ̆ ԋṿ Ἕ[96,97]Ȃ

ԋṿ Ἕ̆ ץ Ἕ Ȃ

̆ ԅѿ֓ΐ Ἕ ῏ᴪ ҉

Ḇ̆ Ἕ҉ [22,98]Ȃ ҩ Ḥ

῏ ῏ Ҭ Ȃ [20,99-

101]̆ Ӟ׆ ⌠ ӟ Ḥ Ȃ

ѿ֓ 3-5 Ȃ 

Ҋ̆ Ἕԋṿ Ἕ ѿҩ Ȃp

҉ ׅ 1̔̃ ңᶷ 2̃̕ ңᶷ⌠

ᵌȂ ̆ Ḥ ׅ ₮ Ȃ

ԍ ֲ ̆ Ḥ ץ ῒ Ȃ 

 

3-5 Ҋ  
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3.2.2 ᶽ ₴  

ᶷ ₮ ᶭ ᾝ(Residual Unit, RU)

Ȃ ᾝ ᾝ ῀ҍ ṿӊ ṿȂ ѿҩ∆

ṿӊ ̆ ᾝᶭ ṿҍ ṿӊ ̆

ᶏ Ȃ ᾝҌֽ HED[82] ̆ ғ

Ӟ ᶏ Ȃ 

ᾝ̔ 

[86]Ҭ ԅ ⱳȂҌ ԍ ӟ

Ἕ ̆ ᾝ Ȃ ᾝ 3-

6 ̆Ẋ ѿҩ r̆ ( )y ̆ Ӈ ₮ҹ ( )+r y Ȃ

ᾝ ῀ ₮ ⱴ ̆ ץ ҹ̔ 

 ,
( )

r y

r y y

ºë
ì
+ ºí

                         (3-3) 

Ὲ ץ ₮̆ ᶏ ᾝ ῀ ₮ ṿ̆

Ӈ ( )y ᾝ ῀ r ṿ yӊ Ȃ ҩ

ᾝ ѿ Ṝ̆ῒ ( )y ᴪ ԍ 0Ȃ ᶷ ₮ Ҭ̆

( )y ῏̆ ᾝ ԅѿ ⱬȂ ’Ҋ̆

ᾝ ῀ r ᴨ̆ Ӈ ҩ ᴪḆᶏ ( )y ԍ 0Ȃ

ѿ ᵬᶏ ԍ ₮ ⱴ

[86]Ȃ 

 

 

3-6 ᾝ  
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3-7 ᶷ ₮  

̔ 

ᾝ Ҍ ̆ ץ ң ᶷ ₮ №̆≢ҹ

⌠ ⌠ ̆ 3-7 Ȃ VGG[102]ᵬҹ

ȂVGG ԓҩ ̆ ҩ ԋ⌠҈ ̆

ҩ ӊ Ȃҹԅ Ḃ ̆ 3-7Ҭ ԅ҈ҩ Ȃ Ҭ̆

ҩ ᾝ ῒ ᶷ ₮(SOP, side-output) ѿ ̆ ғ iҩ

ᾝ ₮ ẠRUOPi (RU output)Ȃ 

⌠ ̔ ⌠ Ҭ ᾝ ⌠

ᶭ ̆ 3-7(a) Ȃ№≢ iҩᶷ ₮ ҹ is̆ iҩ

ᾝ ῀ ₮ ҹ 1ir+ irȂ ԍ ѿҩ ᾝ RU2̆ ῒ ῀

ҹ ᶷ ₮̆ 3 3r s= ̕ ԍῒ ᾝ̆ ῀ҹῒ҉ѿҩ ᾝ

₮Ȃ 3-7(a)Ҭ ῀Ὲ (3-3)̆ ԅ ᶷ ץ₮ ̆ῒ ᶷ

₮ ᶭ Ȃ ̆ ᾝ ₮ᵬҹ

₮Ȃ ԍ ԋ№ ̆ ᶏ sigmoid₱ ₮

ѿ ⌠ 0⌠ 1ӊ Ȃ 

⌠ Ҭ̆ ᾝ 3-8(a) Ȃ ҩ Ҭ̆

ᾝ ₮ Ἕ ir ᶷ ₮ Ἕ is ѿ ̆ ῒ ῀ Ἕ 1ir+  
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(a) ⌠                        (b) ⌠   

3-8 ᾝ  

2³ ҉ Ȃ ⱴ
is ҉ 1ir+ ̆ ԅѿҩ

1 1³ ῒ ⱴ Ȃ 3-8(a)̆ ᾝ ץ ҹ̔ 

1( ),c r

i i i i ir w s w r+= +                         (3-4) 

ῒҬ ,c r

i iw w Ȃ Ὲ (3-4) ῀Ὲ (3-3) ץ ⌠ ( )i y  ̔

1( ) ( 1) .c r c

i i i i i iy w s w w r+= Ö + -                       (3-5) 

Ҭ̆ ԍΐ ̆ ῒץ Ḥ  

   

ῃ Ḥ Ȃ ᶷ ₮Ӟ ṿ ⱴ Ӟ̆

ԍ ѿҩ ∆ ṿȂ 

⌠ ̔ ⌠ 3-7(b) ̆ῒ ᾝ 3-8(b)

Ȃ ҩ Ҭ ᶷ ₮ ҉ ῀ Ἕ Ῥ̆≠

ᾝ Ȃ ̆ ץ ⌠ ( )i y ̔ 

1( ) ( 1) .s c c

i i i i i iy w w s w r+= Ö + -                      (3-6) 

ӟ  

1{( , )} N

n n nS X Y ==  ̆ N Ȃ

( ){ , 1, , }n

n jX x j T= = ( ){ , 1, , }n

n jY y j T= =  №≢ ѿ ῀ Ἕ ῒ

ṿ̆ Ἕ TҩἝ Ȃ ( ) 1n

jy = jҩἝ ᵝԍ ҉̆ ӊ ( ) 0n

jy =  

Ἕ ҹ Ἕ ȂẊ ҹW ғ Mҩᶷ

₮̆ Ӈ ᴪ 1M-ҩ ᾝ ѿ Ȃ Ҭ VGGẠҹ
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̆̓̀ 5M =ҩᶷ ₮Ȃ ӟ ץ 3-7(a)Ҭ ⌠ ҹᶛ̆

⌠ ᵌ Ȃ 

ԍᵬҹ∆ ṿ ᶷ ₮̆ ԍ 3-7(a)Ҭ RUOP3̆ ῒ ҹ̔ 

( , ) log Pr( 1 | ; , ) (1 ) log Pr( 0 | ; , ),b b

b j j

j Y j Y

b
w y X w y X wb b

+ -
Í Í

=- = - - =ä äW W W     (3-7) 

ῒҬ bw ҹῒ№ ̆ ҹ | | | |b
+

=Y Y |̆ |+Y | |-Y №≢ ᶛἝ

ᶛἝ ҩ Ȃᶏ sigmoid № ⌠ [ ]Pr( 1| ; , ) 0,1b

j
y X w= ÍW  Ȃ

ҩṿ ѿҩ ᵝԍ ҉Ȃ ԍ i ҩ ᾝ̆ῒ

ҹ̔ 

( , ) log Pr( 1 | ; , , ) (1 ) log Pr( 0 | ; , , ), b q b qq
+ -

Í Í

=- = - - =ä ä
i i i i

i j j

j Y j Y

i i
y X w y X wwW W W    (3-7) 

ῒҬ ,( )c s

i i iw wq= ᾝҬ ̆ iw № Ȃ ץ

ҹ̔ 

1

2

( , ) ( , ) ( , ), , .a aq q
=

= +ä
M

b i i

b i b

i

w w wW W W                (3-8) 

ץ ҹᴨ ᶏ ̔ 

*
( , ).( , , ) argmin ,w wq q= WW                    (3-9) 

ӟ⌠ѿҩ ᴨ ӊ ̆ ̆ ѿ Ἕ X , ῒ

ҹ̔ 

* * *Ĕ Pr( 1| ; , , ).jY y X wq= = W                    (3-10) 

ѿ ̆ʊ ₮ ↓ ⌠ ᵞ№ Ȃ

ꜚ └Ҭ ᵀ [103]Ȃ ↓

̆ʊ ₮ ᶏ Ҭ ᶭ ⁞ Ȃ ѿ

̆ᶷ ₮ ѿ № [104]Ȃ ҩ

ᶷ ₮ ץ Ạ ѿҩ № ̆ ₮ ԍ ԅ ҩ № Ȃ 

3.3  ԓ ⅎ ғ Ḫ  

ԅ Ḥ ӊ ̆ Ḥ Ӟ ⌠ Ȃ ѿ  ̆
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3-9 № ᶷ ₮  

Ӟ ץ ẠѿҩἝ ԋ№ ̆ Ӈᶷ ₮ Ӟ

⌠ ҩ ҉Ȃ 

ᶷ ₮ ѿҩ ѿҩ Ḥ

̆ Ӈ Ἕ Ἕ Ṝ̆ Όᵩ Ȃ Ҭ̆

№ ᶷ ₮ ѿ ᶏ̆ ῀ Ἕ

Ḥ Ḥ ̆ 3-9 Ȃᶷ ₮ ץ №ҹң №̔

Ἕ №̆ № ҩᶷ ₮Ȃ № ᴋ

Ⱶ Ḥ ῒ̆ ԅѿҩ ᶷ ₮ ̕ №

ᴋⱵ ῒ̆ ԅѿҩ ᶷ ₮ Ȃ

ṿ ̆ № ᶷ ₮ №  

 

̆ ᶭ ף № № Ȃ № ᴪᶏ

ᴋⱵ ꜚ̆ ҩ№ ӊ╠ᾢⱴ

ѿ ‖ Ȃ ‖ ᶏἝ ꜚ⁞ ̆

Ӟ ץ Ἕ ⌠ѿҩ ҬȂ ‖

RPN(Region Proposal Network)Ҭ ⌠ԅ ᶏ [67]Ȃ 

̆ № ᶷ ₮ ᴪ ңҩ ₱ ̔ 

( , ),
T T S S

wq= W                      (3-11) 
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( , ),
E T E E

wq= W                      (3-12) 

ῒ Ὲ (3-8) ̆ῒҬ
TW ̆ ,q qS E

№

№ ̆ ,S Ew w № № № Ȃ ᶭ

ңҩ ₱ ̆ 

( , )arg min ,
T S S

wqW                    (3-13) 

( , )arg min ,
T E E

wqW                    (3-14) 

̆ ῀ѿ Ἕ̆ ңҩ№ Ҭ ╠ ᴰ ץ̆

Ȃ 

№ ᶷ ₮ ԅ ԅ ᴨ ӊ ̆ Ҋᴨ 1̔)

Ἕ ῍֣̆ ᵞԅ Όᵩ ̆ ≠

Ȃ ⌠ԅ ̆ῒ ⱬ ⌠ԅⱴ Ȃ 

2) ҩ№ ⱴԅ ‖ ̆ᵖ ῍ ׅ̆ ԅ

Ữ Ȃ3) ץ Ḥ Ḥ ̆ ⱴԅ

Ȃ 

3.4  ⅎ  

ᶷ ₮ HED[4] ҉Ạ ̆ № ӊ╠̆ ᾢ  

 

3-10 SRN HED ҍ  
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ᶷ ₮ HED ̆ 3-10 Ȃ Ҭ

№≢ҹ ⌠ ץ₮ ₮̆҉ ң ԅ HED ̆

Ҋ ң ԅᶷ ₮ Ȃ׆ Ҭ ץ ⌠̆ʊ ₮

⌠ ₮ᶭ ̆ΐ ѿ ⱬȂ HED

Ҍ ᶷ ₮ ⱴ ̆ ԍᶷ ₮ Ȃ 

3.4.1  

̔ Ҭ ᵀ ̔ SYMMAX [82]̆WH-

SYMMAX [99] S̆K506[100] ץ̆ Sym-PASCAL[20]̕ BSDS500[83]Ȃ 

SYMMAX 300 Ἕ ῒ̆Ҭ 200 ̆ 100

̆ ԅ╠ Ḥ Ȃ Ṝ̆ ᴋⱵ ⱴ῏

╠ ̆ᵖ ԍ Ḥ ̆ ҩ ΐ ⱬȂ 

WH-SYMMAX 328 Ἕ ῒ̆Ҭ228 ᵬ ̆

100 ᵬ Ȃ ҩ ῏ ѿ ̆ ғ ἝҬ Ҍ ̆

ҹᶷ Ȃ 

SK506 WH-SYMMAX ѿҩᵬ ₮ ̆ 300

Ἕ 206 ἝȂ ἝҬ ׅ ℗ Ȃ 16 ̆

ῒҬ ȁ ֲȁ Ȃ 

Sym-PASCAL 648 Ἕ 787 ἝȂ

ᶏ Ἕ ΐ̆ ̆ ̔ ̆ ῍ ̆

ҍ ӊ ȁ ҍ ӊ ̆ Ȃ 

BSDS500 ῖ ̆ 200 Ἕȁ200

Ἕץ 200 Ἕ Ȃ 

̔ VGG-16[102]ᵬҹἝ Ῥ (fine-

tune)̆ ᴨ ҹ̔ ף ῀ Ἕ ҹ 1̕ ԍ

Ἕ ӟ ҹ 810-̆ ԍ Ἕ ҹ 610- ̕ʊ ₮ ҹ 1 ᴨ̕ ꜚ ҹ 0.9̕

↕ ҹ 0.002̕ № ∆ ҹ 0̕ ף 18000 Ȃ ̆

ṿ └ [105]ᵬ Ȃ 

‰̔PR F-measure ᵬ ‰̆F-measure Ὲ
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(3-15) ̔ 

2
,

PR
F

P R
=
+

                             (3-15) 

ῒҬ ,P R№≢ (Precision) (Recall)Ȃ׆ 0⌠ 1 ѿ ↓

ṿӊ ̆ ץ Ҍ ṿҊ ̆ └ PR ȂPR Ҭ

҉ ̆F-measure ̆ Ȃ 

3.4.2  

ᶷ ₮ Ҭ Һ ҈ҩ ̔ ⌠ ⌠

̆ ᾟ ̆ conv1 ᶷ ₮

Ȃ 3-1 Ȃ ңң ̆ ⌠

⌠ ̆ ҹ ⌠ ∆ Ạ̕ ᾟ

̆ ҹ ԍ ѿἝ ̆ ᴪ

̆ ᶏѿ֓ Ҍ ̕ conv1 ᶷ ₮̆ ᵌ̆

conv1 5ҩἝ ̆ ԍ HED Ҍ ץ Ӈ Ҋ

Ḥ ̆p ԍᶷ ₮ ̆ ԍῒ ⌠ ᶏ

conv1 Ҍ֟ Ȃ 

Ҭ̆ ⌠ ̆ ᾟ̆Ҍᶏ conv1

ᶷ ₮Ȃ 

 

Architecture 
Augmentation  Conv1 F-

measure 

Shallow-

deep 

1x with 0.381 

w/o 0.397 

0.8x, 1x, 1.2x with 0.371 

w/o 0.396 

Deep-

shallow 

1x with 0.443 

w/o 0.443 

0.8x, 1x, 1.2x with 0.384 

w/o 0.397 

3-1 ᶷ ₮  
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3.4.3 ⅎ  

Ҭᾢ Sym-PASCAL ҉ № ̆ ῒ

҈ҩ ̆ ₮ Ȃ 

Sym-PASCAL ҉ ̔Sym-PASCAL ҉

3-11 3-2 Ȃ ᵬ ᶫ ף

ӊ Ȃ 

׆ 3-2 ץ ⌠̆ᴰ Ҍֽ Ҍ ̆ ғ

Һ̆ ҹἝ Ῥ̆ ⌠

ӊ ᴪ Ṑ ⱴ ȂD Ҭ̆ ᶛ ӟ

(Multiple Instance Learning, MIL)[99]̆F-measure ⌠ԅ 0.174Ȃ

Lindeberg[81]̆ CPU ҉ 5.79 ѿ ἝȂ Levinshtein[106]̆

Lee[107] Particle Filter[108]↕ Ȃ 

ԍᴰ ̆ ⌠ ӟ Ҍֽ ҉ ̆ ғ

Ȃ ԍ ‰ HED ̆F-measure ץ ⌠ 0.369̆ ѿ

Ἕ GPU҉ 0.1 ȂFSDS[100] HED ҉ⱴ῀ Ḥ ץ ⱴ

№ ‰ ̆ῒ ԍ HED ⌠ԅ 0.418̆ ֽֽ HED ԅ 0.02

Ȃ ᶷ ₮ Ӟ HED ҉ ̆ᵖ Ҍ ᶏ

Ḥ F̆-measure ⌠ԅ 0.443Ȃ ԍ HED̆ ԅ 7.4%̆ ᶏ ԍ FSDS̆

Ӟ ₮ԅ 2.5%Ȃ 

⌠ ӟ Sym-PASCAL ҉ 3-12

Ȃ׆ ᶷ ̆ᶭ ԅ Ҋ ȁ Ҋ ȁ

Ҋ ȁ Ҋ ȁ Ҋ ץ̆ ’Ҋ

Ȃ׆ Ҭ ץ ₮̆ʊ ₮ ṿ ⱴ

ѿ Ȃ 

№ ̔ ԍ Ҋ ѿ ᶭ ԍ ӈ

№◓ ̆ ץ ԅᾢᶏ ӈ№◓ №◓ ̆

Ῥ ԋṿ№◓ ҉ Ȃҍ ̆ ԍ FSDS ₮ Һ ᶏ

̆ ԅᾢᶏ Ῥ̆ᶏ FSDS  
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3-11 Sym-PASCAL ҉ PR  

 

methods F-measure Runtime(s) 

Particle Filter[108] 0.129 25.3 

Levinshtein[106] 0.134 183.87 

Lee[107] 0.135 685.94 

Lindeberg[81] 0.138 5.79 

MIL [99] 0.174 80.35 

HED (baseline)[82] 0.369 0.10 

FSDS[100] 0.418 0.12 

FasterRCNN[109]+FSDS[100] 0.343 0.33 

YOLO[26]+FSDS[100] 0.354 0.12 

FCN[84]+skeleton[110] 0.386 0.76 

SRN (ours) 0.443 0.12 

3-2 Sym-PASCAL҉  
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3-12 ⌠ ӟ Sym-PASCAL҉  

Ȃ׆ 3-11 3-2Ҭ ץ ₮̆ № Ҍ

⌠ Һ̆ ҍ ӈ№◓ ׅ ῃ ‗

ᴋⱵ̆ ᴪ Ȃ № ԍ ң ̆

ԍ ⌠ ̆ Ȃ 

ῒ ̔ Ӟ ԅᶷ ₮ ץ ῒ

҈ҩῈ ҉ ̆ 3-13 3-3 Ȃ Sym-PASCAL

Ҭѿ ̆ ⌠ ӟ ₮ԅ ̆ SK506 WH-

SYMMAX ҉̆ᶷ ₮ ԅ Ȃ SYMMAX ҉ᶷ ₮

ԍ FSDS̆ ̆ᵖ ԍ ‰ HED Ȃ 

 ̔ ̆ ԅᶷ ₮ ץ HED ̆

3-14 Ȃ Ҭ ԅ ף ⱴ̆ ₱ ṿ ̆

ץ ’Ҋ ⌠ Ȃ 

׆ Ҭ ץ ⌠̆HED ѿ ԍ ̆ᵖ ף

ⱴ̆HED ԍ Ȃ ᶷ ₮

̆ל HEDѿ ҉ ѿ ӊ ԍ Ȃѿ ᶷ ₮

ץ ̆ ѿ ԍᶭ ̆ʊ ₮ 
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(a) WH-SYMMAX                       (b) SK506                        (c) SYMMAX 

3-13 Ὲ ҉ PR  

 

datasets Levinshtein[106] Lee[107] Lindeberg[81] Particle Filter[108] MIL [99] HED[82] FSDS[100] SRN(ours) 

WH-SYMMAX  0.174 0.223 0.277 0.334 0.365 0.732 0.769 0.780 

SK506 0.217 0.252 0.227 0.226 0.392 0.542 0.623 0.632 

SYMMAX  -- -- 0.360 -- 0.362 0.427 0.467 0.446 

3-3 Ὲ ҉ F-measure  
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ץ 3-14 F-measure 

⌠ҍ HED Ȃ 

3.4.4 ⅎ  

ץ F-measure ṿ(ODS, Optimal Dataset Scale)̆F-

measure ṿ (OIS, Optimal Image Scale) ץ̆ (AP, Average Precision)

҈ҩ Ȃ BSDS500 ҉ 3-15 3-4

Ȃ ԍ BSDS500 Ἕ ᵝ ̆ ῒ ⌠ֲҹ

ODS=0.8̆ OIS=0.8Ȃ Ӟ ץ Ạ ⌠ ҉ Ȃ

ףףѿױ ꜜⱬ̆ Ӟ ֲҹ ȂCanny

[111] Ҍ ̆ᵖ ῒ ѿҩ ᴨ Ȃ ԍ

ף SE[105] Sketch Token[49]̆ ӟ ԅ Ȃ

⌠ DeepContour[112] ԅ ̆ᵖ ̆ ⌠

HED ץ ᶷ ₮ Ҍֽ ғ ȂHED ODS ⌠

ԅ 0.780̆ ᶷ ₮ ⌠ԅ 0.782Ȃ ╠ № ̆ ֲ

̆ ᶏ Ӟ ѿ ӈȂ 

3.4.5 ⅎ ⅎ  

№ ᶷ ₮ Ҭ̆ ׅױ ᶏ VGG[102]ᵬҹ Ȃ ԍ

Ҍ ̆ ץ ױ ᶏ ԅ VGG ԓҩ

ᶷ ₮ ᶷ ₮ № Ȃ Ҭ ‖ ₮ ῒ ҉ѿ 
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3-15 BSDS500 ҉ PR  

 

Methods  ODS OIS AP FPS 

Human  0.800 0.800 -- -- 

Canny[111]  0.590 0.620 0.578 15 

Sketch Tokens[49]  0.721 0.739 0.768 1 

SE[105]  0.739 0.759 0.792 2.5 

DeepContour[112]  0.757 0.776 0.790 0.03 

HED[82]  0.780 0.797 0.814 2.5 

SRN (ours) 0.782 0.800 0.779 2.3 

3-4 BSDS500ҏ  

 

ѿ Ȃ ῍№ҹԓҩ ̆ ҩ ѿ № ѿ

№ Ȃԓҩ ף №≢ҹ 8000ȁ6000ȁ4000ȁ2000 1000̆

╠ңҩ ӟ ҹ -610 ̆ ҈ҩ ҹ -810 Ȃ 

ᾢ ԅ ‖ Ḡ ꜚ҉ ᵬ ̆ 3-16
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Ȃ ױ ӈ ꜚ ‰ҹ̔ 

2
1t t

l ld w w+= -                        (3-16) 

ῒҬ
t

lw tҩ Ҭ lҩ ̆ ꜚ ↕̆Ὲ (3-16)

ṿ Ȃ׆ 3-16 ץ ₮ ѿҩ№ ̆ ҩ ꜚᴪ

ᵞ̆ᶛ ↨׆ ⌠ף E1 ף ѿ Ȃ №ѿҩ׆ ⌠ ѿҩ

№ ̆ ꜚᴪ ̆ᶛ E1 ῀ S1 Ȃ ԍ ‖ ̆

ץ ⌠ ꜚ № ᴪ ̆p ᵣ ל ԍ

0Ȃ 

№ ᶷ ₮ ׅ ҉ ⌠ ̆

3-5 Ȃ ҉ №̆ ԅ ᶏ ᶷ ₮ ҩ

҉ ȂҊ № ԅᶏ BSDS500№≢ SYMMAXȁ

WH-SYMMAXȁSK506 Sym-PASCAL № ᶷ ₮

Ȃ ԍ(BSDS500, SYMMAX ) ̆ 0.782 ⌠ 0.785̆

0.446 ⌠ 0.464Ȃῒ ҈ (BSDS500, WH-SYMMAX)ȁ

(BSDS500, SK506) (BSDS500, Sym-PASCAL)҉Ӟ ₮ԅ ᵌ Ȃ 

ңҩ ᴋⱵ ҹ ֟ Ҍ≠ ̆ ⱴ Ȃ

ѿ ҹ Ҭ̆ ⱴԅ̆ ᶷ ₮

20000 ⱴ⌠ № 42000 ᶏ̆ Ȃ ѿ

ҹ ᶏ ᶏ̆ ⱬ Ȃ Ӟҹ

Ἕ⌠ Ἕ ᴋⱵ ᶫԅ ̆ ᶏץ ῒ ᴋⱵ

Ἕ Ȃ 

3.4.6 ָ Ḫ  

INRIA ҉ № Ἕ 3-17 Ȃ ץ ⌠

̆ ̆ ԅ ֲ

̆ ԅᵞ ̆ ҹ ᵝ ᶫԅ ⱴ Ȃ 

 



ֲ ҍ  

40 

 

3-16 № ᶷ ₮ Ҭ ꜚ 

 

 

 Datasets 
ODS 

(edge) 

F-measure 

(symmetry) 

SRN 

BSDS500 0.782 -- 

SYMMAX  -- 0.446 

WH-SYMMAX  -- 0.780 

SK506 -- 0.632 

Sym-PASCAL -- 0.443 

MTSRN 

(BSDS500, SYMMAX) 0785 0.464 

(BSDS500, WH-SYMMAX ) 0.779 0.807 

(BSDS500, SK506) 0.786 0.639 

(BSDS500, Sym-PASCAL) 0.784 0.453 

3-5 № ᶷ ₮ ҉  
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3-17 INRIA ҉  

3.5  

₮ԅᶷ ₮ ̂SRÑ ԍ ֲ Ȃᶷ ₮

≠ ̆ ᾝᶭ ᵀ ∆ ṿ

ṿӊ ̆ Ҍ ⁞ ₮ ̆ ԅ

Ȃ № ᶷ ₮ ̆ ץ

῀ Ἕ Ḥ ̆ ᵞԅ ̆⁞ ԅ Ữ Ȃ 
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 4  ԓ ⅎ Ṣ  

ԍ Ḥ Ἕ Ἕ ̆ Ὲ ҉

ץ ԍῒ Ἕ̆ Ҍ Ȃ

Ḥ ӊ ̆ ץ ῒ ꜛ Ṝ Ȃ

ᾢ ׃ Ṝ ῖ ̆ ֓ ԑ ₮

ԅ ԍ № Ṝ ̆ Ὲ ҉

ԅ ֲṜ ҉ Ȃ 

4.1  Ṣ ῝  

Ṝ ῖ ң ̔ ԍ Ἕ

Ẋ Ḥ Ȃ ׃≢№ ң Ҭ ῖ

Selective Search[31,32] EdgeBoxes[34]Ȃ 

4.1.1 Selective Search 

Ἕ ֟ Ṝ ᾢ ◓[113] Ἕ№

Ἕ ̆ Ἕ ѿ֓Ṝ Ȃ NP Ȃ

Selective Searchѿ ѿ֓ Ἕ ᵌ ̆

̆ ⱴ Ȃ ѿ Ҍ ֟ Ҍ Ἕ Ἕ̆

ⱴ Ȃ ԍ ̆ῒ 4-1 Ȃ 

 

4-1 Selective Search № [31,32] 
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ѿҩ Ἕ ( , )i jr r ̆ῒ ᵌ ץ Ὲ (4-1) ̔ 

1 2 3 4( , ) ( , ) ( , ) ( , ) ( , )i j c i j t i j s i j f i jd r r a d r r a d r r a d r r a d r r= Ö + Ö + Ö + Ö       (4-1) 

ῒҬ
cd ̆ td̆ sd

fd ҹ ҩ ‰ №̆≢ ẁ ԍᴨᾢ ᵌȁ

ᵌȁ Ἕ ̆ {0,1}ia Í ‰

ᵬҹ ( , )i jd r r ѿ №Ȃץ ᵌ ҹᶛ̆ ᴋңҩ Ἕ

∆ ̆ Ἕ ̆ ҩ

₮ҹѿҩṜ ̆ ҍῒ Ἕ Ȃ ף Ἕ

ѿ Ȃ Ҍ ̆ ץ ⌠ 16 Ȃ 

ҹԅ ѿ S̆elective Search ԅҌ Ἕ ∆

̔1) Ҍ ̔HSV ȁLab ȁ ѿ RGB RG

ⱴ҉֦ ȁHSVҬ H ֦ 2̕) Ҍ ∆ Ἕ ̆

№≢ ҹ 50̆ 100̆ 200 500Ȃ 

ᴪ֟ Όᵩ ̆ ᴪ − ∆

ΌᵩȂSelective Search ᴨ ῒ ᵝ‰ ̆ ҹ

Ἕ Ȃ ׆ ֓Όᵩ Ҭ ѿҩ ץ

№ ̆ ԍ ₮ ҩ S̆elective Search

ᴺ ₮ ╠ № Ȃ Ҍ Ȃ 

4.1.2 EdgeBoxes 

Ἕ ∆ ̆ ѿ

̆ ҩ

Ḥ Ȃ ₮ѿ ̆ Ḥ ₮ №

╠ № ̆ ₮ Ḡ Ȃ ̆

ғ ҩ Ḥ ̆ᵖῒ ᵝ Ҍ Ἕ Ȃ

EdgeBoxes Ḥ ῖ ̆ῒ 4-2

Ȃ҉׆⌠Ҋ№≢ҹ̔ Ἕ̆ ҩἝ ҉ ҍ ̆

ҹ ̆ ῐ ̆ ῤ  
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4-2 EdgeBoxes [34] 

̆ ҹѿҩ ῒ Ȃ 

4.2 ԓ ⅎ Ṣ  

╠ ̆ ԍ Ἕ ᵖ ᵝ ̆ ԍ Ḥ

ᵝҌ ᵖ ῒ̆ ԑ Ȃ ԍԑ ₮ԅ ԍ №

Ṝ ̆ῒ 4-3 Ȃ ԍѿ ῀ Ἕ̆

№ ᶷ ₮ ᶏ̆ Ἕ

Όᵩ Ṝ ̆ ≠ Ḥ №≢ ҩṜ

Ҍ Ҋ Ḥ ̆ ‰↕ Ҍ Ḥ ҹѿҩ

̆ ԍ ΌᵩṜ Ȃ

ᴇף ԅ Ἕ ҍ Ḥ ᴨ Ȃ 

ᾢ ׃ Ἕ ᵌ (Similarity 

Adaptive Search)̆ ׃ ԍ Ἕ Ḥ ̆ ₮

№ Ȃ 
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4-3 ԍ № Ṝ  

4.2.1 ᵒ  

Ἕ 4-4 ̆ Ἕ
1 2{ , }a a ̆ 1 2 3{ , , }b b b ץ 1 2{ , }c c  

ӊ ₮ῒ ̆ 4-4(a)Ҭ ̆ῒ ⌠

Ἕ 4-4(b) Ȃ 

ԍ Ἕ ̆ Selective SearchҬ ңҩ ̆

ῒ ᵌ ҹ̔ 

( , ) ( , ) ( , )mean m n c m n t m nD R R d R R d R R= +                    (4-2) 

ῒҬ
mR nR Ἕ ̆ 4-4(b)Ҭ ĂB CȂ׆Ὲ (4-2) ץ

₮̆ ԍ ҩ Ἕ ҩ ᵌ

‗ Ȃ 

Ṝ̆ ҩ Ἕ (high-complexity) Ӟ̆

Ҍ ף ҩ Ҭ ҩ Ἕ Ȃ 4-4(b)Ҭ̆ A

B C ̆Ҍֽ ‗ԍ ( , )cd A B ̆ ғ ‗ԍ

Ἕ ( 1, 2)cd a b ( 2, )cd a c Ȃ ⌠ Ἕ ᵞ

ᵌ ӈҹ[114]̔ 
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(a)                                (b) 

4-4 Ἕ  

( , ) min{ ( , ) ( , ) | , }L m n c i j t i j i m j nD R R d r r d r r r R r R= + Í Í               (4-3) 

             ( , ) max{ ( , ) ( , ) | , }= + Í ÍH m n c i j t i j i m j nD R R d r r d r r r R r R                  (4-4) 

 ᵌ (Similarity Adaptive Search)Ҭ̆ңҩ Ἕ

ӈҹ̔ 

1

2 , ,

3 4

( , ) ( , )

                   ( ( , ) (1 ) ( , ))

                   ( , ) ( , )

r r

=

+ + -

+ +

m n mean m n

m n L m n m n H m n

s m n f m n

D R R b D R R

b D R R D R R

b D R R b D R R

              (4-5) 

ῒҬ {0,1}ibÍ ̆
,m nr Ἕ ꜚ ̆ sD

fD

ӈ Ὲ (4-1)Ҭѿ Ȃ
mR nR Ҭ ѿҩ Ἕ ̆Ὲ (4-5) Ὲ (4-1)

ѿ Ȃ 

ᵌ ӊ ̆ ԅ MTSE(Multi -Thresholding 

Straddling Expansion) [115] ѿ ḱ Ṝ ᵝ Ȃ [115]Ҭ̆ ӈ Ἕ

ҹ̔ 

| | (| | | |)
,

| |

d

Í

-
=ä

bs

s s s b
T

b
                     (4-6) 

ῒҬ
b
ҹ bҬ Ἕ ̆Ö ӈ Ἕ ̆ ( ) (| | | |)d dÖ -s s b

=1 ғֽ Ἕ ῃᵝԍ bҬȂ Ἕ ῃᵝԍbῤ ̆

₱ ṿҹ 1Ȃᵖ № Ἕ № b ̆ ᶏ ֓Ἕ

ῃ ῀ ῤ ̆ ץ ⌠ ṿȂ ᴨ Tᶏῒ

⌠ Ṝ Ȃ 
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4-5 Ἕ Ḥ  

4.2.2 Ṣ Ḫ  

҈ ῏ ̆ ԍ № ᶷ ₮ ץ ‰

Ἕ Ḥ ̆ 4-5 Ȃ ׆ץ 4-5(b) 4-5(c)

Ҭ ⌠̆

ᴪ ѿ֓Ȃ 

№̔ [34]Ҭ Ẋ ̆ ѿҩ Ҭ ↕̆

ῒ ῐ Ḥ Ȃ ѿ Ἕ̆ 4-5(b) ̆

Ẋ ҹ { }iS s=  ̆ ӇṜ Ҭ
b SS Ë ̆

is҉ ҹ
| |

1{ } is

ij jT t == ῒ̆Ҭ is Ἕ ҩ ȂṜ b №

Ҋ ̔ 

( )

( )

,
2

k
=

+

ä b i i

i
e

w h

w s m

w
b b

                       (4-7) 

ῒҬ im is҉ ṿӊ ̆
wb hb Ṝ Ȃ

ѿ ̆ ѿ 1k>
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Ȃ is ( )b iw s ӈҹ̔ 

-1

1

1

1    if  is in         

( ) 1- max ( , ) if  overlap ,

0    if  is out of   

+

=

ë
î
î
=ì
î
î
í

Ô

i

P

b i j j i
P

j

i

s b

w s a t t s b

s b

               (4-8) 

ῒҬ ( )1,j ja t t + jt 1jt + ᵌ ̆Pҹ is҉ ↓̆ῒ ҹ

| |P ȂῈ (4-8) ῃᵝԍ bҬ ̆ῒ ҹ 1̕ ῒ ῃᵝ

ԍ b ̆ ҹ 0̕ ῒ b҉ ̆ῒ

↓‗ Ȃ 

ԍ ̆ Ὲ (4-7) b № ᴇף

̆₃Ӎ Ҍ Ȃ № ̆ b ῐ

ᵣȂ 

№̔ Ḥ Ӟ Ἕ Ḥ ̆ ᵌԍ № Ẋ

̆ ѿҩṜ ῒ̆ ѿҩ ῐ

ᵣȂ ѿҩ ̆ 4-5(c) ̆ ץ ᵌԍ(4-7)

№Ȃ 

4.2.3 Ṣ  

ᵌ ΌᵩṜ Ạ { }1 2, , , NB b b b= ̆ ҩ

№ № Ạ 1{( , )}j j N

e s jH w w == Ȃ Ҋ̆

Ḥ № ( , )y f H B= ץ ѿҩ ̔ 

( | ) ( | ),N Np y p y´                          (4-9) 

ῒҬ
1{( , )} N

N j j jH b == Ȃ ңҩ Ἕ ̆ Ẋץ ῒ

№Ҍ ῏̆Ὲ (4-9)  Ώᵬ̔ץ

2

1

( | ) ( | ),
=

=Ô
i

N N

i

p y P y                        (4-10) 

ῒҬ 1

1{( , )}j N

N e j jw b == ̆ 2

1{( , )}j N

N s j jw b ==  Ȃ ԍ № № ѿҩ ԍ 0

̆ᶏ s i g m o i d₱ ῒ ҹ ̆ (( , ) | ) ( )e eP w b y sigmoid w=
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(( , ) | ) ( )s sP w b y sigmoid w= Ȃ ѿҩ bץ ῒ № ( , )e sh w w= ̆ Ҭ

ῐ ᵣ ҹ̔ 

 ( | ( , )) (( , ) | ) (( , ) | ).e sp y b h P w b y P w b y´ Ö                    (4-11) 

4.3  ⅎ  

Ҭ̆ ᾢ ᴇԅ ᵌ ȁ ԍ № Ṝ

ᵬ ̆ ῒҍ Ạԅ № ̆ ₮ԅ ֲ

Ȃ 

4.3.1  

̔ Ṝ [30]ѿ Ȃ Ҭ̆ ױ

ᶏ PASCAL VOC 2007 [116] ȂPASCAL Ҭ 20 ̆

ԅ 4501 Ἕȁ2510 Ἕ 4952 ἝȂ ԍ ῏

Ṝ ̆ ץ Ҍ ᶏ Ȃ

№ ᵬ ̆ Ἕ̆ ῒ ἝȂ

ӊ ̆Ӟ ᵀԅ MS COCO [6] ȂCOCO 80 ̆

40504 Ἕ̆ ΐ ѿ Ȃ 

‰̔Ṝ Һ ‰ ȁ ץ ֜

(Itersection over Union, IoU)[30,34]Ȃ 

̔ ҈ҩ Ҭ ‰Ȃ ѿ֓ Ṝ

Ҭ ₮ ̆ ᶏ ҬҊѿ № № ‰ Ῥ Ӟ̆ ₮

Ȃ ↕ Ȃ  

̔ ̆↕№ ᴇף Ȃ ғ ̆

ᶏץ № ӟ [31]Ȃ 

֜ ̔֜ ↕ Ṝ ᵝ Ӟ̆ ᶏץ

ӟ ‰ Ȃ 

҈ҩ ԑ῏ ̆ ᵣ Ḡ ’Ҋ̆

ᵞ ⱴ֜ Ȃp ҈ҩ ѿ ᵀ ̆ ᵀ ҹ̔

֜ Ҍ̆ ’Ҋ ̕ ֜ ’Ҋ  ̆
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(a)                      (b) ֜  

4-6 ᵌ  

῏ ̕ ’Ҋ̆ ҍ֜ ῏ Ȃ 

4.3.2 ғ ‼  

ԍ ᵌ Selective Search[31,32] ҉ ̆ ᾢ

ң ̆ ᶏ №Ạ (F+C) ᶏ

Ḥ (F+C+S) ԍ № ̆ 4-6 Ȃ 

IoU=0.7 ̆ ҍ 4-6(a) Ȃ

̆ ץ ⌠̆ ᶏ 100ҩ 1000ҩ ̆ ԍ

№ Selective Search ԅ Ȃ҉ץ10% Ӟ 0.85

⌠ԅ 0.89Ȃ ‰ Selective Search ԍ 1777ҩ ⌠ 75%

̆ ԍ № 601ҩ Ȃ 

1000ҩṜ ̆ ҍ֜ 4-6(b) Ȃ׆ Ҭ

ץ ₮̆ IoU 0.5⌠ 0.8ӊ ̆ ԍ № ԍ ‰

Ȃ IoU ԍ 0.8 ̆ῒ ‰ ᵞȂ ’

ҩ ѿҩ Ḥ ӊ ̆ ᶏױ ԅ ṿ └ ѿ ᵞԅΌᵩ Ȃ ԍ

֜ 0.5⌠ 0.8 ҩ ̆ ᵝ ‰ ԅ̆ ץ ԍ

№ Ṝ ԍ ‰ Selective SearchȂ 
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(a) IoU = 0.5                        (d) #100 

  

(b) IoU = 0.6                        (e) #500 

 

(c) IoU =0.7                        (f) #1000 

4-7 ԍ № Ṝ ҍ  
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Approach AUC N@25% N@50% N@75% Recall 

BING[33] 0.20 302 - - 0.28 

Rantalankila[124] 0.25 146 520 - 0.70 

Objectness[117] 0.27 28 - - 0.38 

RandomizedPrims[122] 0.35 42 358 3204 0.79 

Rahtu[123] 0.36 29 310 - 0.70 

Rigor[121] 0.38 25 367 1961 0.81 

Selective Search[31,32] 0.39 29 210 1416 0.87 

MTSE[115] 0.41 18 175 1112 0.89 

CPMC[119] 0.41 15 112 - 0.65 

CA[114] 0.42 27 167 1418 0.88 

Endres[120] 0.44 07 112 - 0.66 

MCG[118] 0.46 10 86 1562 0.82 

EdgeBoxes[34] 0.47 12 96 658 0.88 

Our approach (C) 0.48 12 91 535 0.88 

Our approach (C+S) 0.49 10 71 476 0.89 

4-1 25%̆ 50% 75% Ṝ ҩ  

4.3.3ғῚ  

PASCAL VOC 2007 ҉̆ ԍ № Ṝ

ῒ ԅ ̆№≢ Objectness[117]ȁMCG[118]ȁCPMC[119]ȁ

BING[33]ȁEndres[120]ȁRigor[121]ȁRandomizedPrims[122]ȁRahtu[123]ȁRantalankila[124]ȁ

Selective Search[31,32]ȁComplexity-Adaptive(CA)[114]ȁMTSE[115] EdgeBoxes[34]Ȃ

ԅ ӊ ̆ῒ [30]׆ ̆ ף ᶏ EdgeBoxes

ף [34]Ȃ 

№≢ ֜ (IoU)ҹ 0.5ȁ0.6 0.7 ̆ ҍ 4-

7(a)⌠ 4-7(c) Ȃ Ҭ ̆ ᵥ ֜ ̆ ԍ

№ Ṝ ԍῒ Ȃ№≢ Ṝ

ҹ 100ȁ500 1000 ̆ ҍ֜ 4-7(d)⌠ 4-7(f)

Ȃ 4-7(d)Ҭ ԅ 100ҩ ̆ IoU 0.5⌠ 0.7ӊ Ĕndres, CPMC

MCG ԍ ₮ Ȃ 500ҩ 1000ҩ ̆

⌠ԅ Ȃ 

4-1Ҭ̆ ԅ IoU=0.7Ҍ └

Ȃץ 1000ҩ AUC(Area under Curve)ṿȂ № Ṝ



ֲ ҍ  

54 

MTSE ⌠ԅ ᶃ 0.89̆ ‰ Selective 

Search ԅ 0.02Ȃ ᶏ № ̆AUC׆ Selective Search 0.39 ⱴ⌠

0.48̆ ᶏ № ӊ ѿ ⱴ⌠ 0.49Ȃ 4-1 ԅ №≢

ץ25%̆50% 75% ̆ ҩ Ȃ75%

recall ԍ ѿҩ ṿȂ ҩ Ҋ ₮

476ҩ ̆ ῒ Ȃ ῒ ⱴ῀ ӊ ̆ ᴺ  

 

 

4-8 Ṝ ᵝ‰  

 

 

4-9 Ṝ  
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‰ Selective Search 1000ҩ Ȃ 

ᶏ 1000ҩ ’ ĬoU └ ԍ 0.7 ̆ ԍ № Ṝ

ҍ Selective Search Ṝ №≢ 4-8 4-9 ѿ

ԋ Ȃ 4-8 ԅ ᵝ‰ ̆ ӊ

‰ ╠Ȃ 4-9 ԅ ̆

Ṝ ╠Ȃ 

4.3.4 COCO ⅎ  

COCO ῒ ץ Ἕ ΐ Ȃ

ԅ ң Ṝ Ҭ ῖ Selective Search[31,32]

EdgeBoxes[34]̆ 4-10 Ȃ COCO ԍ PASCAL VOC ΐ

ԅ Ҋ ⌠ 60% ̆ ׅ ׆

Selective Search 57% 6ҩ № ⌠ 63%Ȃ 

 

  

 (a)                   (b) ֜  

4-10 COCO ҉Ṝ  

4.3.5 ָ ҏ ⅎ  

ֲ INRIA ҉̆ ԍ № Ṝ ҍῒ

4-11 Ȃ IoU=0.7 ̆ ᶏ ̆

̆r ԅ ᵞ Ȃ 1000ҩ ̆
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IoU 0.50⌠ 0.65 ԍ EdgeBoxes̆ ῒ ṿ

ԍ EdgeBoxesȂ ԍ ֲ ̆ Ṝ

Ҍ⌠ № Ṝ ̆ ԓ

҈ Ҭ Ȃ 

 

  
(a) IoU=0.7                            (b) #1000 

4-11 INRIA ҉Ṝ  

4.4   

Ἕ Ḥ ң Ṝ ᴨ ̆ ₮ԅ ԍ

№ Ṝ ȂΌᵩṜ ᵌ ̆

ԅ Ἕ ӊ ᵌ Ȃ Ḥ ↕ Ҋ

Ḥ ѿ̆ ΌᵩṜ Ҭ ῐ Ȃ ̆

Ḥ Ṝ ̆ ץ Ḡ ᵝ‰ ̆

ᵞṜ ҩ ȂṜ ҩ ᵞ̆ ῃ Ҭ ץ № ̆

ӟ№ Ҭ ץ ᵞ Ȃ 
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 5  ԓ PCA Ὴ ָ  

R-CNN[13] ₮ ̆ ῃ ׆ ⌠ ᾢ Ṝ

̆Ῥ № ҉ Ȃ ᶏ Ҭ̆ ⌠

̆Ӟׅ ңҩ [25-27]Ȃ 

ԍ PCA ῃ ֲ Ҭ̆ ҉Ṣ ԅ

̆p ץ ⱴ ⱬׅ̆ ԍ

ѿ ̕ ҉Ṣ ԅ R-CNN ̆ᾢ ѿ֓Ṝ ӊ

ῬẠ № ̆ ῏ ԍ № Ҭ Ȃ Ҭ̆ ᾢ׃

ԅ ‰ [9]̆ ׃ ԅ ԍ PCA ῃ ֲ

̆ Ҭ№ ԅ ֲ ҬṜ ץ Ȃ 

5.1  ԓ ָ  ב

ѿ Ἕ I ̆ (ACF, Aggregate Channel Feature) ҩ

₱ Ἕ ⌠ѿҩ Ȃ ԍ ҩ ₱ №≢ᵬ

ԍ ҩἝ ̆ Ҭׅ ѿ ѿ Ἕ̆ ῒ ҹ Ȃ

₱ ץ ҹ̔ 

( )f I=W                               (5-1) 

W ̆ 5-1 ̆ ץ ҩἝ ̆Ӟ

ץ ץ ̕ ץ №(DoG, 

Difference of Gaussian)̆Ӟ ץ (Gradient Hist)Ȃ  

 

5-1 ֲ  
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5-2 ֲ ᴨ  

W ѿҩѿ ₱ ̆ ᵬץ Ἕ ҉̆ᶛ ₮ ҩ №

ṿ̆ 5-1(a)ȁ5-1(b) 5-1(h) ̆Ӟ ᵬץ ץ ҩἝ ҹҬ ѿ  

҉̆ᶛ ṿ̆ 5-1(e) 5-1(f) Ȃ

Wҹѿҩ ₱ ̆ ҹ ҩѿ ₱ ᴪ̆ ṿ̆

5-1(c)ȁ5-1(d) 5-1(g) Ȃ ACFҬ̆ ₮ԅ

ҩ №̆≢ L̔UV Ҭ ҈ҩ ȁ ѿ ṿ̂ |G| ȁ̃

Έҩ ̂G1-G6̃ ̆ 5-2 Ȃ 

ᴰ Ҭ̆ ץ

̆ ҹ №Ȃ ᶏ ̆ Ἕ

̆ ԍῒΐ ṿ [45]̆ ץ ᵞ Ȃ

Ἕ ̆ ҩ ̆ ῤ ῃ ѿ

ѿ Ȃҹԅ ѿ ⱴ ̆ ACFҬ ҩ

ԅ2 2³Ҋ Ȃ 

ACF № ғ ̆ᵖ ῒ Ҭ №

Ҍ̆ ԍᶏ SVMᵬҹ№ ȂAdaBoost№ ACF ᶃ ̆

5-3 Ȃѿ ĂdaBoost№ ץ ӟ⌠ № ̆ ѿ

AdaBoost№ ץ ⌠ ᵬ ̆ ACF ᵞ⌠

ᵞ ( ԍ AdaBoost № ҩ )Ȃ 

ACFҬ̆ң ‗ ᵬ № ̆№≢ 32ȁ128ȁ512ȁ2048

‗ ҩ № Ȃ ҩ ᴪ ѿ ᶛ ץ ⱴ

№ ‰ ȂӞ ҹ ⌠ԅ ᶛ ̆ ץ ⱴ̆ 
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5-3 ‗ AdaBoost№  

‗ Ӟ ⱴȂ № 2048 ‗

№ Ȃ 

5.2  ԓ PCA Ὴ ָ  

PCA PCA [125] ̆ ң

ᶏῒ ⱬ ̆ ֜ ᶏӞῒ AdaBoost

№ Ȃ 

5.2.1 PCA ӥ 

PCANet[125]Ҭ̆ Ἕ ᶏ PCA ̆

Ҭ̆ ԍҌ ӊ ῏ ̆ ҩ ӟԅѿ ̆

5-4 Ȃ 

Nҩ ᶛ 1I { } N

i iI == ̆ῒҬ ҩ ҹw h³Ȃ ױ ACF

ᵬ ,{ }i kf ῒ̆Ҭ 1,2, ,i N= 1,2, ,k K= ̆ iҩ kҩ

Ȃ ԍ kҩ ̆ ҩἝ ѿҩm m³ Ȃ

,j kx ↓ ӊ ̆ ץ ⌠ ̔ 

1, 1, ,X [ , , , ] R mm Mwh

k k k M kX X X ³= Í              (5-2) 

ῒ ҹ ҩ ҬἝ ҩ mm̆ῒ↓ M ҹ Nҩ Ἕ ҩ

MwhȂ 

PCA ᵬ ѿ ↓ ῏ ֜ ⌠ѿ֓ Ҍ ῏

҉Ȃ ᴨ ѿ ֜ ҉ Ȃ ԍ kҩ

̆ ₱ ҹ̔ 
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5-4 Ҍ PCA  

2

min X X

. . 

T

k k

T

L

VV

s t VV I

-

=

                       (5-3) 

ῒҬ LI ҹѿҩ L L³ ᵝ ץ̆ VҬ ֜Ȃ Ὲ (5-3) ץ

V̆ῒ ѿ↓ ҹ ѿҩ Ȃ ֓ ҹԋ

m m³ ̆ ץ Ạѿ ֜ ̔ 

 , ( ) R , 1,2, ,m m

l k iP mat V l L³= Í =                 (5-4) 

ῒҬ ( )matÖ ׆ ҹ ᵬȂ 

 Ҭ̆PCA ҹ 5 5m m³ = ³Ȃ ԍ PCA

ṿ ̆ ṿ Ḥ ̆

ҩ ҉ ױ ԅ╠ Lҩ ᵬҹ PCA Ȃ 5-4 Ҭ ↓

Ҭ ѿҩ ԅ Ḥ ̆ ≢ Έҩ ѿҩ PCA

ҍ ѿ Ȃ 

5.2.2 PCA  

PCA № №̆≢ҹ ȁ ȁ ץ

̆ 5-5 ȂῒҬ ACF [9]Ҭ ҩ ̆

5-5Ҭ ACF extraction Ȃ 

̔ ҩ Ҭ̆ᶏ PCA ̆ ҹ̔ 
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5-5 PCA  

, ,l k l k kCONV P f=                        (5-5) 

ῒҬ ,l kP ץ kf ҹ kҩ Ȃ ӊ ̆ѿҩ

K ⱴ⌠ L K³ ҩ̆ ֜№ ⱴԅ ⱬ̆

5-5Ҭ Covolution Ȃ 

̔ ᵌԍ ̆ PCA Ҭ̆Ӟ ҉

̆ 5-5Ҭ Pooling Ȃ ԍ ץ ᵞ ̆ 

Ӟ ץ Ḡ Ḥ Ȃ ӊ ԅῖ 2 2³  

̔ 

, ,

, ,

_ ( , ) max{ ( ( , ))}
,

_ ( , ) min{ ( ( , ))}  

l k l k

l k l k

FS MAX i j CONV R i j

FS MIN i j CONV R i j

=ë
ì

=í

           (5-6) 

̔ 

, ,

, ,

_ ( , ) max{ ( ( , ))}
,

_ ( , ) min{ ( ( , ))}  

l k l k

l k l k

FS MAX i j CONV R i j

FS MIN i j CONV R i j

=ë
ì

=í
            (5-6) 

ῒҬ , ( ( , ))l kCONV R i j ץ kҩ ᶏ lҩ PCA ӊ

Ἕץ̆҉ ( , )i j ҹҬ ѿҩ2 2³ Ȃ ԍ ACF Ҭ ᶏ ԅҊ ̆

ᵬ { _ , _ }FS FS MAX FS MIN= ҹ

2 / 4L K W H³ ³ ³ ³ ̆ῒҬW H³ ῀ Ἕ Ȃ 

̔ PCANet[125]Ҭ ץ ҩ
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₮ Ḥ ҡ Ȃ ᵌ ̆Ӟ ⱴѿ֓ ACF ҩ ӊ ԑḤ

Ȃ ᴋ ң ѿҩ ̆ ҹ

ᵌԍľ Ŀ ᵬ̆ Ḡ ң Ḥ ̆ ᵌԍ

ľҍĿ ᵬ̆ Ḡ ң ῍ Ḥ ̆ 5-5Ҭ First layer max-min pooling

Ȃ 2

102³ LC ҹ̆ԅ ̆ ѿ Ҭ

Ḥ Ȃ ҹ̔ 

(1) (2)

(1) (2)

, 1, 1,

, 1, 1,

C _ ( , ) max{ , }

_ ( , ) min{ , }  

l k k k

l k k k

F MAX i j FS FS

FC MIN i j FS FS

=

=
           (5-7) 

ῒҬ (1) (2)1, 1,
,

k k
FS FS (1)k (2)k ңҩ ѿ Ӟ̆

ᶏ ѿҩ PCA Ȃ 

ץ  ̆ ҹ̔ 

 { , }.F FS FC=                      (5-8) 

5.2.3  

ҹ PCA ѿҩ ̆ῒ

ԍ ACF ̆ Ṝ ӊ Ῥ Ṝ ↕ ⱴ ̆

ҩ ֲ 5-6 Ȃ ԍ ֲ ̆ ֲ

ץ ⌠ Ȃ Ṝ № Ҍ

ֽ ץ ⌠ Ṝ ȁ ᵝ ȁ Ṝ

‰̆ ғ № Ḥ Ӟ ץ ∞ Ȃ Ṝ

̆ ᵞ ACFҬ AdaBoost № ץ Ḡ ̆

ғ ACFҬ ᶏ Ḡץ ᵝ‰ Ȃ 

 

 

5-6 ԍ PCA ֲ  



5  ԍ PCA ῃ ֲ  

63 

5-6 ̆ ̆ᾢ ѿҩ҈ ACF№ ̆ ῒ

ᶛ Ȃ ᶛ ⌠ ᶛ ѿҩ PCA

№ Ȃ ̆ ԍѿ ῀ Ἕ̆ᶏ ҈ ACF№ ѿ֓

Ṝ ̆ Ῥ PCA № ⱴ № Ȃ 

5.3  ⅎ  

Ҭ̆ ᾢ ԅᶏ ACF ᵝ ҉ѿ ᵝ

ֲ ҉ ̆ ԅ PCA ҩ № ̆

ҍῒ ֲ ԅ Ȃ 

5.3.1  

̔ Ὲ INRIA [2] Caltech[126] Ȃ 

INRIA ѿ ῤ Ạῃ ֲ ‰ Ȃ

Ἕ ̆ Ҭ 614 ᶛ Ἕ̆1218

ᶛ Ἕ̆ Ҭ 288 ἝȂ Ҭ ᶛ Ἕ 1208ҩ ֲ

̆ ᶛ ἝҬҌ ֲ ̆Һ ᶛ ȂINRIA ҹ

̆ ῒҬ ֲ № ѿ ̆ ғ

₮ Ȃ 

Caltech 640*480 ֜ ̆№ ᵞȂ ԅ

250000 Ἕ̆ 350000ҩ ֲ ̆ῒҬ 67000 Ἕ̆65000

ἝȂCaltechҬ ֲ ▲ ̆ ֲ 97ҩἝ

̆ 27ҩἝ ̆ ῒ№ҹ ȁҬȁ ҈ҩ ̆ Ạ≢№ץ

Ӟ ץ ѿ Ȃ ԅ № ӊ ̆CaltechҬ ԍ 50Ἕ

Reasonable Ӟ Ạ ȂCaltech ѿҩ

’Ҥ ̆ ԅ ֲӊ ̆ ֲ ȁ ѿ №̆ ֓

ⱴԅ Ȃ 

‰̔ ᶏ [126]Ҭ (miss rate)ҍ Ἕ

(FPPI, False Positive) ̆ FPPI Ҭ̆ץḂ

№ Ȃ 
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ԍѿҩ dtBB  ‰ ̔ 

 
( )

0.5
( )

dt gt

o

dt gt

area BB BB
a

area BB BB

Æ
= >

Ç
                  (5-9) 

ῒҬ gtBB ᶛ ̆ dtBB
gtBB ֜ ԍ 0.5 ҹ

Ȃ miss rate↕ ӈҹ 1-detection ratĕ ᵞȂ

ѿҩ № ṿ ̆ ץ ṿҊ FPPIȂ ѿ

↓ ṿӊ ץ Ȃ 

ԍ Ҍ ԍ ̆ ⌠ԅ Ȃ ҹ

FPPI׆ 210-⌠ 210 Ҭ № Ӝҩ ṿȂ 

5.3.2 Ṣ  

ῃ ֲ Ҭ̆ Ḥ ᶏץ ̆ ץ ץ № Ṝ

Ȃ ԅ҈ ACF № ҉ѿ Ҭ ῖ

Selective Search[31,32]ȁBING[33]ץ EdgeBoxes[34] Ṝ ̆ 5-7

Ȃ 

5-7(a) ԅ 0.7 ֜ ’Ҋ̆ ҍṜ ӊ

῏ Ȃ҈ ACF № ᶏ 1ҩṜ ⌠ 0.40 ̆

ῒ Ҍ⌠ 0.05̕ ץ ⌠ 0.95̆ BINGȁSelective Search

EdgeBoxes№≢ҹ 0.23ȁ0.61 0.93̕ ᶏ 300ҩ ̆ ⌠

̆ EdgeBoxes 3000ҩ҉ץȂ 

5-7(b) ԅ 1000ҩ ̆ ҍ֜ ӊ ῏ Ȃ҉ѿ

ԍ ̆֜ 0.7 ᵝ ‰ ȂBING

IoU=0.7 ̆ ᵞ̆Selective SearchӞ ᵞԅ҈№ӊѿ҉ץȂ

IoU=08 ̆EdgeBoxes ᵞ⌠Ҍ IoU=0.5 ѿ Ȃ ҈ ACF

№ ᶏ ֜ ⌠ 0.9 ׅ ₮ Ҋ ̆ѿ

Ȃ 

B̆ING ̆ ץ ⌠ 100 ҈̆ ACF

ץ ⌠ 14.3 ̆ EdgeBoxes ѿ Ἕ 0.2 S̆elective Search
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↕ 3⌠ 5 Ȃ҈ ACF № ⌠ Ȃ 

҉ ̆ ԍῃ ’̆ ҈ ACF № Ṝ

ԅ ԍ BINĞῒ ҩ ԍῒ ̆ ҈

ACF № ҹῃ ֲ Ṝ Ȃ 

 

   

(a) IoU=0.7                          (b) #1000 

5-7 ῃ ֲṜ  

 

 

5-8 PCA  
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5.3.3 PCA  

PCA INRIA ҉ ̆

5-8 Ȃ҈ ACF № №≢ᶏ 32,128 512 ‗ ȂPCA

8̆ 5 5³Ȃ 

№ Ӟ ᵬҹץ ֲ ̆ῒ ҹ 22.00%Ȃ ᶏ

PCA ̆ ҹ 15.77%̆ ԅ 6.23%Ȃ ⱴ῀

̆ №≢ҹ 14.79% 14.24%̆ №≢ ԅ 0.98% 0.55%Ȃ ᴋᵥ

ᴋⱵҬ̆ ԍ ̆ ӈ Ȃ 5-8 ԅ PCA

ҩ Ȃ 

5.3.4 Ὴ ָ ⅎ  

INRIA Caltech ҉ ԅ ԍ PCA ֲ

ῒ Ȃ ֓ №≢ ҈ ᴰ VJ[1]ȁHOG[2] LatSvm-

V2[23,52]̆ ‰ ACF[9], ῒ ᴨ ̔Shapelet[53]ȁChn-

Ftrs[44]ȁConvNet[48]ȁSketch Tokens[49]ȁVaryFast[127]ȁFPDW[45]ȁRoerei[128]ȁ 

 

 

5-9 INRIA ҉ ֲ  
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(a) Reasonable                     (b) Overall 

5-10 Caltech ҉ ֲ  

MultiFtr-Motion[62]ȁMOCO[65]ȁMT-DPM+Context[59]  ACF-SDt[63]̆

[129] Ȃ 5-9 ԅ INRIA ҉ ֲ

Ȃ ῖ VJȁHOG ₮ ̆҉ץ20% ԍѿҩ

Ȃ ҩ Ҭ̆PCA № ҹ 14.24%̆ ԍ ‰ ACF

ԅ 3.04%̆ ҍ Roerei SketchTokens ̆ ң

№≢ҹ 13.53% 13.32%Ȃ 

5-10 ԅ Caltech ҉ ֲ Ȃ 5-10(a)ҹ

Reasonable Ȃ ԍ 50Ἕ Reasonable ҉̆PCA

№ ⌠ԅ ᶃ 33.49%̆ ԍ ‰ ACF̆ ԅ 17.87%̆

ACF-SDt ₮ 3.95%Ȃ 5-10(b)ҹ ȂPCA

№ ⌠ԅ 75.65%̆ ԍ ‰ ACF ԅ 6.28%̆ᵖ ԍ

MT-DPM+contextȂMT-DPM+contextҌֽ ԅңҩҌ №

ғᶏ ԅ ֲҍῒ ῏ ̆ Ḥ ̆Ӟ ԍ

Caltech ҩ ▲ ȁ Ҥ Ȃ 

5-11 ԅ PCA № ̆ ѿ INRIA ҉

̆ ң Caltech҉ ȂINRIA Ҭ ֲ

̆ ᶏ ѿ ̆Ӟ ץ ȂCaltechҬ ֲ ⌠

ȁ ̆ᵖ׆ 5-11 ץ ₮ PCA №  
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5-11 ֲ  

ᴨ Ȃ 

5.4  

׃ ԅ Ṝ № ῃ ֲ Ҭ

ȂṜ № ̆ ֲ ҉̆ №

Ṝ ȁ ᵝ ⱴ Ȃ № ̆

҉̆ ₮ԅ ԍ PCA ̆ ᶏ ‗ Boost№
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№ Ȃ ԍ PCA ӟ ⌠ ̆ ץ Ҍ

ᴰ ’Ҋ ⱴԅ ∞≢ ⱬ̆ ғ ֜

ԅ Boost№ Ȃ 
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 6  ԓ ᴮ ӥ ָ  

ῃ ֲ Ҭ̆ ̆ ᵬ Ȃ ԍ (Scene 

Specific) ̆ ԍῒ ꜛṢץ Ḥ ̆ ᶏץ ӟ

ӟ[130,131] ̆ᵖ ң ѿ ̆ ғ

ᴪ └№ ӟ Ȃ Ṝ ץ №

Ҍ ̆ ӟ ֲ ̆ ῒ ꜚ ֲ ̆

ף ֲ [17] ᶏ̆ ӟ⌠ № ⱬ Ȃ ᾢ ׃

ӟ ֲ ץ ̆ ӟ ҌẠᴋ

ᵥ ’ҊӞ ץ ⌠ ֲ Ȃ 

6.1  ӥ ָ  

 ӟ ֲ ̆ ԅ ῀ ӊ ̆

ᶏ ѿ֓ ֲ ᶛ ἝȂ ֓ ᶛ Ἕ ԍ ֲ

ᵞ ̆ ғ ᶛ Ἕ ԅ ᶛ ̆ ꜛԍḆ

ӟȂ ԍ ᶏ ̆ ץ ӟ ֲ ѿҩ ֲ  

 

 

6-1 ӟ ֲ ҈ҩ  
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̕ Ҍ Ḡ ῒѿ ԍ ֲ ̆ ᶏץ ѿ֓ Ḥ

̆ ₮ Ḥ Ạ ᶛ ҹ̕ԅ ̆

ᴰ ⱴ ֲ Ȃ ҈ҩ ץ ף ̆

ӟ ᵝ h № bȂ ԍhҹ ̆ b ԑᶭ ̆ ץ

ҩ ᴨף ҹ (Progressive Latent Model̆PLM)Ȃ 

ӈ xÍ ҹ Ҭ ѿ◐ Ἕ̆

ᶛ Ἕ ̕ yÍ ̆ {0,1}= ҹ Ἕ Ḥ Ȃ 1y= ѿ Ἕҹ

ᶛ Ἕ̆ ѿҩ ֲ ̆ ӊ 0y= ѿ Ἕҹ ᶛ Ἕ̆

ֲ Ȃ ₱ ץ ҹ̔  

 

* *

( , )
,

,

{ , } arg min ( , )

            arg min ( , ) ( ) ( , ),

h

l s g
h

h h

h h

b

b

b b

b l b g b

=

= - +
              (6-1) 

ῒҬ ( , )l hb ֲ Ҭ№ ̆ ̕ ( )s b ֲ

Ḥ ̆ ̕ ( , )g hb ᴰ ᴇ̆ף ̆l g ↕

Ȃ 

ᾢ ׃ ֲ ̆ ֲ ᴰ ̆ ׃ ӟ

ֲ Ȃ 

6.1.1 ָ  

ԍ ᴋᵥ ̆ ғҌ Ḡ ↓ ѿ ֲ

̆ ֲ ∞ ֓ ᶛ Ἕ̆ ᶛ ἝҬ ҩᵝ

ҹ ֲ ̆ ӟѿҩ№ ᶏ ҩ № Ȃ ҩᴨ

ץ ҹ̔ 

* * *

, ,

{y , , }=arg max ( , , ),
b

b b
Í Í

ÖT

y Y h H

h v x y h                (6-2) 

ῒҬ ( , , )v x y h x҉ ҩ y ҩᵝ h Ȃҹԅ

ᵞ ̆ h 1{ } N

i i== ֲ Ṝ Ȃ 
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6-2 ֲ  

ԍ ̆ i i Ṝ ̆ ԍ ᶛ Ἕ̆ ץ

ѿ֓ ᵬҹ ᶛ Ȃ 

Ὲ (6-2)̆ᴪᶏ ᶛ ⌠ № № └ ᶛ Ἕ

№ №Ȃ (Latent SVM) ̆ ӟ⌠№  

b̆ ᶏ №  

2

, ,
1

1
min ( , ) min || || ( , , , ),

2b b
b b b

=

= +ä
N

l i i
h h

i

h l x y h            (6-3) 

ѿ (max-margin)̆ ԋ ҹ№ ̆ ҹ ↕ Ȃ№

ץ ҹ̔ 

,
( , , , ) max( ( , , ) ( , ))

max ( , , )

b b

b

= Ö +D

- Ö

T

i i i i
y h

T

i i
h

l x y h v x y h y y

v x y h
          (6-4) 

№ ̆ = iy y ̆ ( , ) 0iy yD =̆ ↕ ( , ) 1iy yD =Ȃ ₱

№ № ᶛ ᵝ h̆ № bᶏῒҍῒ №

Ȃ 

ֲ 6-2 ̆ ѿ ᴨ

⌠ № № Ȃ ץ ₮ ѿ Ҍ 


































































