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Abstract 

III  

Abstract 

With the development of social economy̆ more and more population move into 

city. And with the accelerating urbanization, traffic congestion has become a difficult 

problem in the field of transportation. A wide range of vehicle detection can timely 

obtain the traffic information, improve the traffic safety, and also has important 

significance for urban planning. Recently, deep learning has been heavily used in object 

detection, and deep convolutional neural network is a specific model of deep learning, 

which is very suitable for image processing. It has a highly learning capacity. We apply 

it into vehicle detection in remote sensing images. At first, we will extract road region 

from the original image. This operation can reduce the amount of data, and also reduce 

the false alarm. Vehicle detection is divided into location and recognition. In this paper, 

we use superpixel method to locate the position of the potential vehicle window. And 

using deep convolutional neural network to deal with the recognition problem. Due to 

less image data we have in our hand, we do the data augmentation during training the 

deep convolutional neural network. The network will classify the candidate window 

whether it is vehicle or not, than we will use the non-maximum suppression to get the 

final result. The main contents of this dissertation are as follows: 

1. Based on superpixel method and support vector machine, we extract the road 

region. And using Hough transform extract the line to improve the performance of road 

region.  

2. We detailed describes the deep convolutional neural network method. We use 

data segment and then make it modified in order to deal with vehicle detection in remote 

sensing image.  

3. We apply superpixel method into extracting road region and vehicle detection to 

accelerate the process of the subsequent algorithm.  

Key words̔ Remote Sensing̕Vehicle Detection̕Superpixel̕ Deep Convolutional 

Neural Networks 
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ᴆ ҉ ԅҌ ᴍ Ȃ Ӝ ∆ף SVM Ҍ

҉ ⌠ԅ ̆ ῒ Ἕ ≢̆ ≢҉ Ȃ

SVMҌ ̆ ԅ ѿҩ ңҩ ῤ ̆

ᶏ ῀⌠ԅ Ȃ ҉ ңҩҺ

̔ ѿҩ ᴪẢ ᴨ ҉ Ҍ ῃ

ᴨ ̕ ԋҩ ̆ ғ ₮ ̆

Ҭ Ạ Ḥ Ȃ⌠ 2006 ̆

Hinton[11] ҉ Ҭ ₮ԅ Ӈѿҩ ̔

ֲ ӟ ҹᵞ ̆ ӟ⌠ ᵞ

ⱴ ̆ ̆ ṿ

∆ ӊ Ῥ ץ ‗ ⱴ

̂gradient vanish̃ ̆ ҩ ‗ ҹ

Ȃӊ H̆inton ֲ ₮ԅ Ḥ ̂Deep Belief Network̃ [12] V̕incent

ֲ ₮ԅ ꜚ ̂Stacked Denoising Autoencoders̃ [38]̕

Salakhutdinov ֲ ₮ԅ ῗ ̂Deep Boltzman Machinẽ [39] L̕ee

ֲ ₮ԅ Ḥ ̂Convolutional Deep Belief Networks̃ [40]Ȃ2012

Krizhevsky ֲ ⱴԅ 2012 ImageNet҉ ≢ ̂ImageNet 

Large Scale Visual Recognition Competition̆ILSVRC̃ ̆ᶏ

[19]̆ῒ ≢ ῒז ȂῒҬ ԅ

₱ ץ̆ ᶏ ῃ dropout ̂
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Ώ Ҍ ᵬ ̃ ⁞ ᾝҩ Ȃ

ᶏ ⱬ ץ ̆ ғ ӞҌ ̆

֓ ᶏ ӟ ῒῤ ⱬȂӊ ImageNet҉

Ҭ̆ Ȃ ӟֲ

ᾝ ӟ ῒ̆Һ ̆ Ἕ

Ȃ [41] caffe ̂ ӟ ̃ Ḃ≠ԅ

῏ ֲ ̆ ӞҺ ᶭ ҩ Ȃץ ң ԍ

[42] [43] [44] [45] [46] ҉ ᵈ ֲ ᵬȂѿ

Ҋ DeepMindῈ ₮ ֲ AlphaGŏ

2015 10 ץ ṕ ᴨל ԅ  ´̂ ҙԋ ̃̕2016

3 AlphaGo ҍҕ  ´̂ ҙӜ ̃ Ҭץԓ

№ ԅ ѿ ≠̆ ֲ ңҩҌ

ᵬ Ҋ ̆ῒҺ ᵬ Ӟ ԍ ӟ Ȃ 

ӟ ױ ׆̆ ⌠ ̆ ғ

ӟ ⌠ ױ Ҭ ᶏ ֟ ҉̆

Ȃ ӟ ≢ ἝҬ ᵣ̆ Ḥ ̆

ῐ ̆ ῏ Ȃ 

 

2.1 ᴰ ≢  

 

ᴰ ӟ ԍ ױ ҉̆ ѿ ץ

̆ ѿҩ ≢ ӟ ῏

ץ̆ ѿҩ ѿҩ ῤ

ӊҹ Ȃ ‰ ҍ ῏̆

ֲ ̆ ֲ ̆

Ȃ ᵬҺ Ҭ №Ȃ ̆ ԅ

ἝҬΐ ᵥ ̆v № ҍ Ҍ̆

≢
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҉Ạԅ ᵬȂ ׆ ҩ ₮ ѿҩ ᴨ Ҋ

ѿ ̆ ѿҩ№ № ≢ ᾢ ῀

≢Ȃ ӟ ꜚ֟

≢ Ȃ ӟ ѿ

ӟ ̆ ҩ ᵖ ̆ ҩ ҉ѿ

ѿ ̆ ΐ Ȃ

ӟ ₱ Ȃ ѿҩ№ ᴋⱵ ̆ ᴪ

֓ № ᾝ ᵬ ̆ ᴪ └ ֓ № Ҍ ῏ᾝ

№Ȃֲ Ḥ Ӟ № № Ȃ

⌠ Ȃ׆ᵞ ⌠ ῤ

ΐ ̆ ₮ ἝҬ Ḥ ̆

ѿ ֓ Ḥ ⌠ΐᵣ ᵣ № Ḥ Ῥ̆ ҉

ץ ֓ ҩ ᵣ Ȃ ῒ̆ ӈḤ ү

ΐᵣ̆ ≠ԍ № ≢Ȃ 

ӟ ӟ ̆ ᵖ ΐ

ᵞ ѿ Ȃ ̆

ѿ ╠ѿ Ȃҽҩᶛ ̆ ѿ ̆ Ἕ׆ץ Ҭ ⌠

ѿ ̆ ѿҩ ᵝ Ȃ ԋ

׆ץ ֓ Ḥ Ҭ ⌠ ̆ № Ȃ

҈ ץ ֓ ѿҩ ᵣ̆ ѿҩ

ѿ №ȂҊѿ ֓ ᴆ ≢₮ ᵣȂ ӟ ῏

ԍ ֓ Ҍ ֲ ̆ ױ ѿ ӟ ׆

Ҭ ⌠ Ȃ ⱬᴪ ⌠ ‰ ̆ ӟ

‗ ֲ ҉ ԅ ̆ ̆ Ἕ

≢̆ ≢ ⌠ԅ Ȃ ӟҬҌ ӟҍ ̆῍

ԍ ӟ̂supervised learning̃̆Ẋ ѿҩ Ἕ

№ ̆ ѿҩ ̆ ҩ ̆

⌠ ҍ ӊ ≢ ̆ ҩ ≢Ҍ Ҭ

Ȃ ѿҩῖ ӟ Ҭ̆ ַ ץ̆
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Ȃ Ҋ ̂Stochastic 

Gradient Descent̆ SGD̃ ↕̆Ғҙ ҹ ᴰ ̂Back-

PropagatioñȂ Ἕ ≢ Ἕ ѿ ↓ Ȃ

ᵞ ȁҬ ץ № ѿ ⌠

ҬȂ ҉ ү ᶭץ ȁ

⌠Ȃ ӟ ѿ ָ̆Ӈ ̆Ҋ

׃׆ ֲ Ῥ̆ ץ̆

ᴰ Ȃ 

2.2.1 ָ  

ԅ ᾢֲ׆ ֲ̆ ҩ

ᾝ ̆ῒ ᾝ Ҋ ̔ 

 

 

2.2 ᾝ [36] 

 

ῒ Ὲ Ҋ̔ 

Ὤȟ ὼ Ὢὡ ὼ ὪВ ὡὼ ὦ             (2.1) 

Ὢ ᵬ ₱ ̆ ץ sigmoid₱ ̔ 

Ὢᾀ                          (2.2) 

ҩ ᾝ ̆ ₮ № Ṝ̆

ԅֲ ,Ҋ ѿҩֲ ̆ ԅѿҩ Ȃ 
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2.3 [36] 

2.2.2  

Ӟ̆ ѿ ῒ̆ Ἕ ҉ ₮

̆ ֲ ᾝ ץ ѿ ῤ ἝἝ ᾝȂ Ἕ

Ҭ ץ Ἕ ҹ Ἕ Ȃ ץ ѿҩ 100*100 Ἕ

ѿҩ 10000 Ȃ ҉ ֲ Ạ Ẋ̆

ҩ Ӟ 10000ҩ̆ Ӈ ױ ṿ ᴪ 108ҩ̆ ᶏ

Ȃ Ἕ ᴪҡ Ἕ

҉ҍ ӊ ῏Ḥ Ȃҹԅ ᵞ ң

̔ ṿ῍֣Ȃ 

[47]̆ Ҭ ҹֲ ԍ ᵣ ѿ ⌠ῃ

Ȃ ἝҬ Ἕ ҉Ӟ ӊ ῏ ℗̆ Ἕ

ӊ ῏ ̆ ῏ ῏ Ȃ ̆ ԍ ҩ ᾝ

ҩ Ἕ ῃ Ḥ Ȃ ץ ᾝ ѿ

ῤ Ḥ ̆ ╠ ᾝ ӊ҉ ֓

ᾝ Ḥ ⌠ ԍ Ҍ̆ ҉

⌠ ҩ ἝӞ ῃ Ȃ ҉ Ӟ

ԅ ѿ Ȃ1958 DavidHubel Torsten Wiesel ԅѿ ҹñ

ò̂ Orientation Selective Cell̃ ̆ ԅ ╠ ᵣ

̆ ғ ҩ ҩ ̆ ᾝ ᴪ Ȃ ᾝ

ᵣ ῏Ḥ ̆ ┬ ֓

ᾝȂ 
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2.4 ῃ ᾝ [13] 

 

҉ ҹῃ ̆ ҹ Ȃ ҩ ᾝ ѿҩ 10*10

̆ ⁞ ⌠ԅ 108̆ ҩ 10*10 ᾝ ῏ Ἕ

Ҭ Ἕ Ȃ 

ṿ῍֣ ѿҩ ᵞ ̆ ҉ ⌠ ᶛ Ҭ

ҩ ᾝ 100ҩ ̆ ᾝ ῍ ҩ ҹ 106ҩȂ ѿ 106ҩ

ᾝҬ ᶏ Ҭ ҩ ԅ 100ҩȂѿҩ ᾝ

10*10 ῤ Ἕ̆ ҩ ᾝ ԍѿҩ ̆

ҩ Ἕ Ȃ ҩ ҍᵝ ῏ ̆

Ἕ ӊҹ Ӟ ₮ ἝҬ ᴋ ᵝ Ȃ ѿҩ

ᾝ Ἕ҉Ạ ᵬ ̆ ҩ Ἕ ҩ ᾝ ̆

ṿ ᵝ ҩ ᾝ ҩᵝ ⌠ ┬ Ӟ̆ ץ ҩᵝ

Ȃ 

ѿҩ Ҍ ̆ ѿ Ҍ̆ ᾟ№ Ԋ

̆ ץ ⱴ ҩ ̆ ӊҹ ᾝ ̆ 32

ҩ ̆ ҩ Ṝ ץ ӟ⌠Ҍ ̆ ₮Ԋ Ҍ

̆ ’Ҋ ⌠ 32 Ԋ ̆ ⱴ Ҍ

≢ ӊ № ̆ ᾝ Ҋ ̔ 
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2.5 [13] 

 

2.6 ̆Ҍ Ҍѿ Ȃ ҩҌ

ᴪ ѿ ҩ ȂῬ҉ѿ ᾝ

ѿ ҉ ѿ Ȃ 

 

kѿ k+1

 

2.6 ᾝ ᴰ  

 

2.7 ҉ѿ ⌠ ѿ ΐᵣ Ȃ

ѿ ̆Ҭ № ᵬҹ ╠ ῀ ҩ Ȃ m

ҩ ₮ Ȃ ҩ Ҭ ѿҩ

̆ ҩ ҉̆ ҩ Ҭ ҩ ῍֣ԅ ̂ ṿ῍֣̃̆

ҩ Ἕ ̂ Ȃ̃ ₮ ѿ
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ҩ ᾝ ҹτ ς ς̆ ѿҩ 4 ԍ ῀ 4ҩ ̆

ς ς ҩ ҩ ̆ Ӟ

Ȃ 2.7Ҭ ₮ ҉ ѿҩ ץ Ҭ ᾝ ҩ

ҹρ τ ς ςȂ 

ᾝӊ ᴪ ⌠Ԋ Ȃӊ ץ ᶏ

≢№ ῀ ׆ ⌠Ԋ ῏Ḥ Ȃ ҉ ץ

ҩ ԍ № ̆p ᶏ ᴪ №

ȂҌֽ ̆ ғ ₮ ̂overfitting̃ Ȃ

ԍ ἝҬ ҩ ҉Ӟ ̆

֟ ԅ ̆ ⁞ᵞ ̆

ӊҹ ̂pooling layer̃ Ȃ ᵬ Ȃ 

Ҭ ᶏ ₱ ̂activation functioñ ̆ ₱ ῀

ⱴ ̆ ⱬҌ Ȃץ╠ ₱

Sigmoid₱ ̂S ץ̆̃ ᾝ̂ Rectified Linear 

Units̆ ReLŨ 2̔Å,5ὼ ÍÁØπȟὼȂ ₱ Ӟ ᾝ 2̆001

̆ DayanȁAbott[48]׆ ̆ ₮ԅ ᾝ Ḥ

̆ [49] ԅ ӟ ᶏ ReLU

̆ Ҋ̔ 

 

 

2.7 ᾝ [49] 
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2.7Ҭ ҍ ReLU ᵌ̆ReLU ₱ ԍ Sigmoid

₃ҩᴨ̆ל ᾢῒ ₱ ̆ ᴇף Ӈ ̆ ₱

Ҍ ₱ Ȃᶏ ReLU ₱ ᶏ ῒז ₱

҉ ̆ ӟ ̆ ҉

ᴨלȂῒ ₱ ̆ ԍ 0 Ȃ 

῀ᴰ ReLU ӊ╠ Ҭ

ᴪ ῏ ѿ ᵬ̆ ᶏ ѿ ̂Local Response 

Normalization̆ LRÑ[19] ѿ ̂Batch_Norm̆ BÑ[50] ѿ

ᵬȂLRNӞ ⌠ ᾝ Ȃ 

Dropout[51] ѿ ⌠ ѿ ῒ̆ ḱ

ȂҺ ᵬ ῃ ҉̆ Ҭף

ѿ ᶛ ῃ ᾝ ⱳ Ҍ̆ ױ ҍ ף Ȃ ⁞

̆ ԍ ף ᾝ ᶏ̆

₮ Ҍ Ȃ ԍ ᾝ ̆ ץ

Ḡ ңҩ ᾝ ѿ Ҍ ₮ ̆ ṿ ҌῬᶭ ԍ

῏ ᾝ ῍ ᵬ ̆ ⁞ ֓ ֽֽ ῒז

ꜛҊ ’Ȃ 

Ӟ ᵬ ̆ ̆

Ҍ ᴪᶏ Ҍ ᾟ№̆ ᴪᶏ ₮

Ȃҹԅ ֓ ’ ᴪ Ȃ

ѿ ‗Ⱳ ̆p ֲⱬ ⱬ̆

ғ ≢ᵞ̆ ҉Ạѿ֓

ꜚ ׆̆ ⌠ Ȃ Ἕ Ҋ̆

Ạץ ₃ᵥ ⱴ Ҭ Ȃ ѿҩ ȁ

ⱴ ȁ ѿ ץ№ Ạ

̆ ץ ҉ ң ҉ץ Ȃ 

2.2.3 ᴶ  

╠ ᴰ ̂Forward Propagation̆ FP̃ ѿ ̆
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҉ ץ ҹ ҹ Ȃ╠ ᴰ Ḥ ׆ ῀

Ҭ ⌠ ₮ ᴰ ̆D Ḥ ҬḤ ⌠

₮ ̆ ╠ ᴰ Ὲ Ҋ̔ 

ὢ Ὂ ȣ Ὂ Ὂ ὢȟύ ȟύ ȣ ȟύ               (2.3) 

ὢҹ ῀ ὢ̆ҹ ₮̆ ԍҬ ѿ ץ Ҋ

Ὲ ̔ 

ὢ Ὂὢ ȟύ                      (2.4) 

ύҹ ╠ ̆ὢ ҹ ╠ ῀Ӟ ҉ѿ ₮̆ὢ↕ ╠

₮Ȃ Ҭ ̆ Ҭ ₱

ѿҩ ₱ ̆ ₮ҍ ₮ ṿ̆ ᴨ ᶏ ҩ ṿҌ

⁞ ̆ ᴋⱵȂ ҩ

҉ ѿҩԋ№ ̆ ₱ ֜ ₱ ΐᵣῈ Ҋ̔ 

ὒ В ὣὰέὫὖώ Ὥ                  (2.5) 

ῒҬ m ῍ ≢ҩ ̆ὣ i ὣ ρ̆

ῒז Ṝὣ πȂῒҬὖώ Ὧ ₮ ῀ ԍ k

̆ῒ Ὲ Ҋ̔ 

ὖώ Ὧ
В

                 ̂ 2.6̃  

ῒҬὢ ₮̆ ѿҩ m ғ Ҭ ѿҩ №≢

ѿҩ ≢ ₮̆ὢ ₮ Ҭ k ₮̆

҉ Ὲ Ӟ ᵬ softmax₱ ̆ ṿ ҹ ≢ ̆

ѿ ᶏ ṿῬ 0 1ӊ Ȃ ץ ⌠ ῀ ԍ ҩ

≢ ̆ ӊҹᵌ Ȃ ҩ ץ Ҋ ̔ 
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Xi-1

F1(X0,W1)
w1

dE/ dW1

Fi(Xi-1,Wi)
wi

dE/ dWi

Fn(Xn-1,Wn)wn

dE/ dWn

X1

Xi

Xn-1

L(Xn,Y)

Xn Y

dE/ dX1

dE/ dXi-1

dE/ dXi

dE/ dXn-1

dE/ dXn

῀X ₮ Y

E

 

2.8 ᴰ [15] 

 

ѿҩ Ҭ ѿ ̆ № ̆

֜ ₱ ̆ Ҭ̆ ҉ ṿȂҹ

ԅ ̆ ׆ ҉ E ῀ W

Ȃᾢ׆ i ὢ Ὂὢ ȟύ ̆Ẋ ╠ Ҭ ⌠

ԅ ̆ ԅ E Ӈ ὢҬ ҩ ̆

↕̂chain rulẽ ̆Ὲ Ҋ 

ȟ
                ̂2.7̃  

ԍὊ ₮ Xi Wi ̆ ץ
ȟ

҉ ѿҩὊ ὡ ᾥ

Ȃ ᾥ Ҭ ᾝ ̂k̆l̃ kҩ ₮ l ҩ ῀

̆ῒ Ὲ Ҋ̔ 
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ȟ ȟ
             ̂ 2.8̃  

Ӟ ⌠ ̆ Ẋ ╠ Ҭ ⌠

ԅ ̆ ӊ ԅ E Ӈ ὢҬ ҩ ̆

↕ ̆Ὲ Ҋ 

ȟ
                 ̂ 2.9̃  

̆ ԍὊ ₮ Xi ὢ ̆ ץ
ȟ

҉ ѿҩὊ

ὢ ᾥ Ȃ ᾥ Ҭ ᾝ ̂k l̆̃ kҩ ₮ l ҩ

῀ ̆ῒ Ὲ Ҋ̔ 

ȟ ȟ
             ̂ 2.10̃  

⌠ ҹ ⌠ԅ Ҭ E W Ὲ ׆̆

ץ  

Ὁ

ὢ

ὒὢȟὣ

ὢ
 

Ὁ

ὢ

Ὁ

ὢ

Ὂ ὢ ȟύ

ὢ
 

Ὁ

ύ

Ὁ

ὢ

Ὂ ὢ ȟύ

ύ
 

Ὁ

ὢ

Ὁ

ὢ

Ὂ ὢ ȟύ

ὢ
 

é 

⌠ ⌠ ѿ ̆⌠ ԅ ̆Ὥɴ ρȟὲȂ Ӟ ӊ

ҹ ᴰ Ȃ ῀ ╠ ᴰ ᴰ⌠ ѿ Ῥ̆׆ ѿ

ᴰ ⌠ ṿ Ȃ ҩ ṿ

Ҋ ̂stochastic gradient descentS̆GD̃ ‖ ̂momentum̃

Ὲ Ҋ̔ 

ὺ πȢωz ὺ πȢπππυz ύz  ộz ȿỚ        (2.11) 

ύ ύ ὺ                       (2.12) 

ҩῈ Ҭ i ṿ i ף 0̆.9 ‖ ᾝ ‖̆

ᾝ ꜛԍ Ҭ ṿ 0̆.0005 ṿ ⁞ ̆ ṿ ⁞
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ҹԅ ₱ ⱴѿҩ Һ̆ ҹԅ ᾧ ̆ ṿ ӟ ̆

Ὀ i ҩ ̆ ộ ȿỚ ₱ i Ҭף

ύ i ҩ ҉ ṿȂὈҬ ҩ ̂ ̃

Ӟ Ȃ ̆ ῃ ץ ῃ

Ӟ̆ ҩ ҩ ҩ ̆ ῃ

Ҋ ף ᵣ̆ ⌠ ṿ Ȃ ԍ

ѿҩ ̆ ῤ └ ѿ̆ ῀

Ҍ Ȃ ҹ 1 ӟ̆

Ҋ ץ ḱ ̆ ץ ⌠ Ȃ 

2.3  

Һ ׃ ңҩ № ῤ ̆ ᾢ ῤ ԅ

׃ ̆ ҍ ≢ ῏ ῒ̕

ӟ ῤ ԅ׃ ̆ ӟ ῏

̆ ׃ ӟ ҩ ῏ Ȃҹ ᵬ ᶭ

῏ ԅ ̆ ҹ ῏ ῤ

Ҋ Ȃ 
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Ҏ  ԍ SVM  

Ἕ Ҭ̆ ῤ Ҭ ⌠ ̆ ᾢѿ

ῐ ̆ ԍ ≢ ꜛᵬ Ȃ

ῐ ᾢᴪᶏ ≢ ᵣ Ȃ

ԍ ≢ ⁞̆ ԅ

ῒ̕ ԍ ҉ῒז ᴪ ≢ ѿ №

̆ ᾢ Ἕ ̆ №֟ ҉

Ҍ Ȃ ԍ ≢ Ȃ Ҭ

ᴪᾢ׆ ἝҬ ῐ ӊ̆ Ῥ ⌠ ῐ ҉

≢ Ȃ Һ ׃ ἝҬ ῒ̆

Һ Ҋ̔ 

 

3.1 Ҭ Ἕ  

3.1 ̆ ᾢ Ἕ Ἕ №◓̆ № ᶏ
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Ἕ №◓ ף ̂Simple Linear Iterative Clusterinğ

SLIC̃ Ἕ №◓ [52]̆ Һ ԍ SLIC №◓ Ἕ

⌠ №◓ Ἕ ̆ ҩ Ἕ ₃Ӎ

̂ ⌠ ᶏ ̆ ̃̆ Ḡ

Ḥ ̆ ץ ҩ № ᶏ SLIC Ἕ №◓Ȃ Ἕ

№◓ӊ ̆ ԅ ҩ Ἕ Ḥ Ӟ ף Ἕ

ȂҺ Ἕ ῤ ԋṿ ̂Local Binary Pattern̆ LBP̃

Ḥ Ȃ ᶏ ᾢ SVM[53]№

№ ̆№ ף ҩ Ἕ № ̆ ⌠ԅ ҍ

ԋṿ ἝȂSVM № ֲ Ḥ Ἕ ῏

Ȃ ⌠ ԋṿ Ἕ ̆Ῥ ῒ ῏ ̆Һ

҉ ᾟ

ҍ ⌠ Ȃ 

3.1 ἥ ⅎ◙  

3.1.1 ἥ ӎ 

Ἕ 2003 Ren ֲ[54] ₮̆ Ἕ ἝҬ

ӈ ̆ ץ ↨ף Ἕ Ȃ Ἕ ף Ἕ

ᵬ̆ ⱴץ ԍἝ ̆ ѿ֓ ’ Ȃ Ἕ

ҹ №Ȃ Ἕ №◓ Ἕ

ӈ ̆ ץ ף Ἕ Ȃ ̆ ῤ Ἕ

ԅ ̆ ҹԅ ῏

Ȃ 

╠ ⌠ ἝҬ Ἕ ̆ Ҍ ΐᵣ ̆

Ἕ №◓ Ҍ Ҋ Ҍ ץל ᴨלȂ Ἕ №◓

Һ ҹ№ҹң№ץ ̔ ԍ №◓ ѿ Ἕ №◓ ̆

ԍ Ҋ ѿ Ἕ №◓ Ȃ ԍ Graph-

base [55]ȁNcut [56]ȁSuperpixel lattice ץ[57] ԍ [58]
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Ȃ ԍ Ҋ №◓ № [59]ȁ ԍ Mean-shift [60]ȁ

Turbopixels ץ[61] SLIC [52] ȂNcut ᴇᴪף ⱴ

̆ └ Ἕ ̆ SLIC Ҍ ҩ Ȃ 

3.1.2 ἥ ⅎ◙ SLIC 

SLIC ѿ Ἕ №◓ Ȃ Ἕ ᵬ № ӈ

̆ Ἕ Ḡ Ἕ Ḥ ץ̆ Ἕ ҹ ᾝ

҉ ᵬᴪ ȂSLIC ᵬҹѿ Ἕ №◓ ̆ ῒ №

◓ ΐ Ҋץ ᴨ̔ל ᾢ ≠ ῤ Ḡ̆ Ḥ ҍῒז

̆ Ȃ SLIC └̆

ᵞ̆Ҍᴪ ᶏ ᴇף ▲ ⱴȂ 

 

3.2 a. ‰ ҩ Ἕ b.SLIC ѿҩ └ ῤ [ 52]  

 

SLIC ῒז Ἕ №◓ ԍ └ ̆

└ Ҋ Ȃ CIE-LAB̂ ᴪ ѿҩ ̃

Ҭ R̆GB ץ ⌠ CIE-XYZ Ῥ̆׆ CIE-XYZ ⌠ CIE-

LAB ȂCIE-LAB ԍֲ ȂRGB CIE-XYZ ӊ

Ҋ̔ 

Ὑ
Ὃ
ὄ

0.412453 0.357580 0.180423
0.212671 0.715160 0.072169
0.019334 0.119193 0.950227

Ὑ
Ὃ
ὄ

           (3.1) 

S S

2S

̂ã ̂b̃
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CIE-XYZ ⌠ CIE-LAB Ὲ Ҋ̔ 

ὒ ρρφὪὣὣ ρφ 

ὃ υππὪὢὢ Ὢὣὣ                 (3.2) 

ὄ ςππ Ὢὣὣ Ὢὤὤ  

 

ῒҬ Xn=95.047̆ Yn=1000.000̆ Zn=108.883̆ f(t)₱ Ҋ̔ 

Ὢὸ
ὸ                                        ὸ

ὸ                                  ῒז
              (3.3) 

SLIC ѿҩ Ἕ ҩ Ὧ̆ Ҭ

2*S  

Ὓ ὔ
ὑ                          ̂ 3.4̃ 

ῒҬ N Ἕ Ἕ ҩ ȂSLICҬ ⌠ԅ Ὲ Ҋ̔ 

Ὀ ὨὭί ά                  ̂ 3.5̃ 

ῒҬ m ₃ᵥ d̆iscolor

ҹңҩἝ ӊ ̆ΐᵣ Ὲ Ҋ̔ 

ὨὭί ὰ ὰ ὥ ὥ ὦ ὦ            ̂ 3.6̃ 

ῒҬ i j Ҍ Ἕ l̆ ă b̆ Ἕ CIE-LAB ṿȂ

Ἕ ̆ΐᵣ Ҋ̔ 

ὨὭί ὼ ὼ ώ ώ                ̂ 3.7̃ 

SLIC Ҋ̔ 

1. Ἕ ∆ ҩ Ἕ Ҭ ὅ

ὒȟὃȟὄȟὢȟὣ ,k kҩἝ L̆k Ăk B̆k Ἕ CIE-LAB

ṿ̆Xk,Yk Ἕ ἝҬ Ȃ∆ ҩἝ i

̆ὰὥὦὩὰρ̆ ∆ ҩἝ ⌠ Ҭ

ὨὭίὸὥὲὧὩЊ̕  

2. ҩ Ἕ Ҭ Ck 
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a) CkҬ ς Ὓ ς Ὓ ῤ ҩἝ ĭ CkҬ ҍἝ i ӊ

D̕ 

b) D ԍἝ i ╠⌠ Ҭ distancei

̆ Ἕ i Ἕ ̔ὰὥὦὩὰὯ̆ ╠

̔ὨὭίὸὥὲὧὩὈ̕  

3. ҩ Ἕ [l,a,b,x,y] ṿ ⌠ Ἕ

Ҭ Ck̆ ╠Ἕ Ҭ ҍ҉ѿ Ἕ Ҭ Ĕ

E ԍѿҩ ṿ̆ ⌠ 4̆ 2̕ 

4. Ἕ ҩ ῀⌠ ῒזἝ

ȂSLIC ̆ ҩἝ labeli SLIC ⌠ Ἕ

№◓ Ȃ 

SLIC Ҭ̆ ᴪ ⌠ ̆ Ἕ ҩ

k ᴪ ⌠ Ἕ Ἕ №◓ Ȃ ԍ № Ἕ̆SLIC

ѿף 10 ῤץ ᴪ Ȃ 

3.2  

҉ Ҭ Ҭ ╠ᾢ ᶏ SLIC

Ἕ№◓ Ἕ Ῥ̆ Ἕ ῤ Ḥ Ȃ

ҩ №ᶏ Һ ԅ LBP RGB ҈ҩ Ḥ ңҩ ṿ

Ἕ ῤ Ḥ Ȃ 

3.2.1 LBP 

LBP ѿ Ἕ Ḥ ̆ῒᴨ ΐ

Ҍ Ҍ ȂLBP T.Ojala ֲ ᾢ ₮[62]̆

ᶏ LBP ץ ⌠ Ἕ ̆ ғ Ἕ

Ȃ 

LBP ӈ Ҋ̔ ѿҩἝ 3*3 ῤ̆ Ҭ

Ἕ ҍ ῇ Ἕ ̆ Ἕ ṿ ԍҬ Ἕ

ṿ Ἕ ᵝ ҹ 1̆ Ҍ ԍҬ Ἕ ṿ Ἕ
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ᵝ ҹ 0̆ ⌠ԅѿҩҬ Ἕ Ἕ ῏ 8ᵝԋ └ ̆

ҹ └ӊ Ἕ ᵝ LBP ̆ῒṿ 256 Ȃ ҩἝ

ӊ ⌠ ҩ LBP Ȃΐᵣ Ҋ ̔ 

 

 

3.3 Ҭ LBPṿ 

 

3.3 ̆ Ἕ ҈ҩ ̆ ҩ ץ ⌠ѿҩ LBP

̆ ҉ ѿ Ἕ ῒ LBP ӊ ̆

⌠ LBP ᶭ ץ ҹ ѿ ̆ῒṿ ↨ Ӟ 0ҍ 255

ӊ ̆ Ҍ ҉ ҌῬ Ἕ Ḥ Ἕ LBPṿȂ 

3.2.2  

ᶏ LBP Ҭ̆ѿ Ҍᴪ LBP

ᵬҹ ԍ№ ≢̆ № ȁֲ ≢ Ȃ ҹ LBP

ᵝ Ḥ ῏ ̆ ң LBP

ᴪ ҹ ᾢ ‰ ֟ ≢Ȃ ҉ ᶏ LBP

Ṝ LBP

ᵬҹ ᵣ ̆ ҬӞ ᶏ LBP

ԍ № ≢Ȃᾢ Ҍ Ἕ ѿҩҩ ̆

Ἕ №◓ №◓₮ ѿҩҩ Ἕ Ȃ ҩ Ҭ Ἕ

ῒ LBP ̆ Ῥ ҩ ῤ ῤ LBP Ȃ

Ҭ Ἕ №◓ №◓₮ Ἕ Ȃ 

Ἕ ҈ҩ №≢ ₮ῒ ᵝ ҩἝ LBP ṿ̆

҈ҩ LBP ̆ RGB҈ҩ

Ḥ ⱴ ̆ ԅΈ ̆ Έ Ҭ ҩ Ἕ

Ҭ ҩ Ḥ ᵬҹ Ἕ Ȃῒΐᵣ 0-255

⅞№ Ῥ̆ ѿ ҉ ѿҩ Ἕ Ҭ ṿ ҩ
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҉̆ ѿҩ Ἕ Ҍ ᵬҹ Ἕ Ȃ

ԍR Ἕ Ҭ ҩἝ Rṿ ⌠ѿҩ ҹ 16

҉̆ Ῥ ץ ҩ Ἕ Ҭ Ἕ ҩ ץ ѿ ̆ ⌠

ԅ R 16 Ȃῒז 5ҩ Ạѿ ᵬ̆ ⌠ԅ ҩ Ἕ

ҹ 96 Ȃ 

3.3  

Һ ᾢ̆ Ἕ №◓ Ἕ№◓ ѿҩҩ Ἕ ̆

ҩ Ἕ ̆ ѿҩ SVM№ ̆

⌠ ῀ SVM№ Ҭ ≢̆ Ἕ ̆

῏ ⌠ ҩ № Ȃ 

3.3.1  

̂SVM̃ ѿ ԋ № ῒ̆ ᶏ

ӈ ҉ ңҩ № Ȃῒ

ᶏ ̆ ҹ€ԋ ⅞ Ῥ Ȃ 

SVM ѿҩ № ̆Ẋ ԅԋ ҉ ѿ֓ңҩ ≢ ̆

x ̂x ץ ̆ ҉ ⌠ ̃̆ y

ң Ҍ ≢ ̆ y 1 ṿ Ṝ ҩ ҹѿҩ ̆y -1

Ṝ ҩ ԍ ѿҩ ≢Ȃ ╠ ₮ ╠ Ҋ ѿ̆ҩ №

ץ ҹ ҩԋ ῤ ѿҩ ңҩ ≢⅞№ ̂

ѿҩ n ̆ № ѿҩ ̃̆ ҩ

ץ ҹ̔ 

ύὼ ὦ π                       (3.8) 
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3.4 ԋ № [53] 

 

3.4 ̆ ԋ ҉ ң ף̆ Ҍ ≢№

≢ ѿҩ Ȃ҉׆ ץ ₮ ҩ №

̆ ӊ № ̆ ץ ѿ ◓№ױ ̆

№ ̆ ץ ץ ѿ ң № Ȃ ҈ №

ѿҩ ңҩ №◓ ̆

Ҭ ңҩ №◓ Ȃ Ҭ ץ ₮̆ ≢ ∞ ̆

῏ ̆ ֓ Ӟ̆ ѿҩ

ᶏ ҍ ӊ Ȃ҉ Ҭ ѿ

y -1̆ ѿ y 1Ȃ ҩ ץ

₱  

Ὢὼ ύὼ ὦ                       (3.9) 

Ȃ Ḥ ῀҉ Ὲ ̆ ṿҹ ҩ ᵝԍ

҉̆ ṿ ԍ ԍ №≢ ңᶷ̆ ң ’№≢

Ҍ ≢ Ȃ ύὼ ὦ π ᴆҊ̆ x ⌠

ץ ȿύὼ ὦȿ Ȃ ץ ύὼ ὦ ṿҍ y

ѿ ҍ ∞ ╠ № Ȃ ץ Ùz ύ ὼ ὦ

ṿ ∞ ╠ № Ȃ ₮ԅ₱



҈  ԍ SVM  

33 

̂fuctional margiñ Ȃ₱ ӈ ӈ Ҋ̔ 

 ώz ύ ὼ ὦ ώὪὼ                 (3.10) 

ѿҩ ӈ ₱ ̆ ῃ ҉ ₱ ӈ

Ҋ̔ 

 άὭὲ
ȟȣȟ
                          (3.11) 

∞ ̆ Ȃ

ᶏ ⌠ ҍ ӊ

̆Ӟ ᶏ ₱ ɾ Ȃ ҩ Ṝ Ҭ ύ Ӟ SVM

⌠ Ȃ ⌠ ύ ÂңṐ̆ ̆p ₱

ԅ ңṐȂ 

 

3.5 ⌠ [53] 

3.5 ̆ὼ ҉ ѿҩ ̆w ԍ ѿҩ ̆  

ὼ ὼ 
ᴁ ᴁ

                     (3.12) 

ᴁύᴁ ύ ԋ ,ὼ ҉ ѿҩ , ῀Ὲ ̂3.9̃ ₮̔ 


ᴁ ᴁ ᴁ ᴁ

                    (3.13) 

ѿ ⌠ԅ₃ᵥ ̔ 

 ώὪὼ ώ
ᴁ ᴁ

                   (3.14) 

ῃ ₃ᵥ ҹ̔ 

 άὭὲ
ȟȣȟ
 ώ

ᴁ ᴁ
                (3.15) 

₱ ҉ Ὲ ̆Ӟ ᴁύᴁ ρ ṜȂ Ṝ ύ

Â̆ ᴁύᴁӞ ̆ ₃ᵥ Ȃ 

╠ ⌠ ̆ ⌠ѿҩ ᴨ ᶏ̆ῒ
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⌠ ӊ Ȃ ҹῈ Ҋ̔ 

άὥὼȟȟ    

ίȢὸȢ   ώ ύ ὼ ὦ ȟὭ ρȟȣȟά           ̂3.16̃  

ᴁύᴁ ρ 

Ὲ 3.16 SVM ▼̆Ҋ ᵥ ύ Â ԅȂ

₃ᵥ ₱ ӊ ῏ ץ ҉ ̔ 

άὥὼȟȟ ᴁ ᴁ                      ̂ 3.17̃  

ίȢὸȢ   ώ ύὼ ὦ ȟὭ ρȟȣȟά  

ҩ Ṝ Ҍ ᴁύᴁ ρ ̆ ҹ ׅ ύ ὦ ṿ̆

ץ Ạԅ └ Ḡץ̆ ѿ ̆  ρ̆ ҩ Ṝ
ᴁ ᴁ

ṿ

ԅ ᴁύᴁ ṿ̆҉ Ώ  

άὥὼȟ ᴁύᴁ                    ̂ 3.18̃ 

ίȢὸȢ   ώ ύὼ ὦ ρȟὭ ρȟȣȟά  

ҹ ԋ ⅞ ̆ ҩ ᶏ KKT ᴆ

ӗ Ȃ Ҍ № ̆ ᶏץ ῏

₱ ׆ Ҍ № ѿҩ Ῥ̆

Ȃ 

3.3.2  

SVM№ ≢ ₮ Ҍ Ȃ ᾢᴪ №

ῒ̆ ᴪ № ᵖ ҹ Ȃ

̆ № ₮

ԅ̆ ץ ҉ ₮ ҉̆ ԅ ῏ ץ̆ Ҍ

Ȃ ԍ ᴪ Ȃ ԍ ֲҹ

̆ № Ḥ ̆ ץ Ҭ

ᶏ Ἕ Ḥ Ῥ̆ ֓ Ḥ Ḥ

̆ ᶏ ԅ Ҭ ̆ Ҭ ̆
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ҍ ₮ ̆ ң ֜ Ḡ̆ ᵬ

ҹ ῐ ̕ ң ֜ ҹ ֓ ֜

Ҍ ԍ ױ Ҍᴪⱴ῀⌠ ₮

ҬȂ 

ԍ ̔ ҍ ԑ

Ҭ̆ ңҩ Ҭ ῏ Ȃ Ҭ

Ҍ Ҭ ѿ ̆ Ҭ ѿ

Ҭ ץ ѿҩ Ȃ Ҭ ױ ԍ

̆ ֓ ץ ѿ̆ҩԋṿ Ἕ ץ Ạѿҩ

̆ ἝҬ ץ ҹ Ҭ Ȃ 

 

3.6 ҍ  

3.6 ̆ Ҭ ѿ ̆ ҍ

Ȃὶ ⌠ ӊ ̆— ҍ x ̆ ὶȟ—

Ҋ ѿҩ ̂ Ҭ ̃̆ Ҭ ץ ὶȟ— ̆Ὲ

Ҋ̔ 

ὶ ὧέί — ὼ ίὭὲ— ώ                (3.19) 

ԍ Ҋ ὼȟώ ԍ Ҋ ѿ  

ὶ ὧέί— ὼ ίὭὲ— ώ               (3.20) 

Ҋ Ҋ ѿ ̆ ֓ ֜ ̆

֜ № Ҭ ⌠ Ҋ

Ȃ 
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3.3.3 ғⅎ  

Ҭ ⌠ ׆ ҉ Ҋ ̆ ῍ 140 ̆ №

̂ Ἕ҉ ңҩ Ἕ ӊ ҕ Ҭ ̃ ҹ 0.135 Ȃ

Ҭ ֲ ԅ ԍ Ȃ

ԅ 75 ᵬҹ ̂ 75 Ҍ̆ ᶏ

̆ Ȃ̃ᶏ ң

ᵬҹҺ ̆ Ἕ ҩ ҹ

51454894ҩἝ Ȃ 

 

̂ã             ̂b̃             ̂c̃            ̂ d̃ 

3.7  

 

҉ 3.7(a) Ἕ ̆ 3.7(b) SVM Ἕ

ῐ ̆ ҹ ₮ №̆ ץ ₮

Ҍᾟ№̆ ѿ № ԍ ≢₮ ̆ 3.7(a)

3.7(b)ң ̆ ᶏ ҩ ̆ᴪᶏ
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ѿ Ҍ ₮ ≢⌠̆ ҹ ԅȂ

3.7(c) ԅ Ἕ ԅ ̆ ȂῬ

ҍ SVM ԅ ῏ ⌠ Ȃ׆

Ҭ ץ ₮ ̆ ≢ ҉ №

Ӟ ≢₮ ԅȂ 3.7(d) ҉

Ȃ Ἕ ҉̆ Ҭ ṿ

ᶏ Ȃ ԍ Һ

ἝҬ ≢̆ ץ ԍ ≢ ‰ Ҍ ̆

≢ Ȃ ᶏ ѿ֓ Ӟ̆ ᾧᶏ

ҹ ≢ ᵞ Ҍ⌠ ≢ Ҭ

≢ Ȃ 

ᴇ IOÛIntersection - Over- Unioñ №̆Ὲ Ҋ̔ 

ὍὕὟ
᷊ ṿ

᷾ ṿ
               (3.21) 

 

3.1 IOU ṿ 

Ἕ  1 2  

10 10 87.75% 87.56% 87.62% 

15 15 86.69% 89.35% 88.41% 

25 25 84.22% 75.07% 78.00% 

35 35 65.05% 56.09% 58.90% 

 

3.1 ̆ Ἕ ҹ 10 10̆ 15 15

IOU ᵖ ԍ╠ 10 ρπ ̂ 15 ρυ

Ҋ ԅ Ȃ̃ 3.8 3.9 Ҋ Ȃ 
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̂ã  

̂b̃ 

̂c̃ 

3.8 1 

 

 

 

 



҈  ԍ SVM  

39 

̂ã 

̂b̃ 

̂c̃ 

3.9 2 

3.4  

ᾢ ₮ԅҹָӇ ╠ Ἕ Ȃӊ

׃ ԅ Ἕ №◓ ҉ᴨל

׃ ԅ Ἕ №◓ Ȃῒ ׃ ԅ Ҭ ᶏ ⌠ ῏

ῒ Ȃ ׃ ԅ ץ ῏ ̆

Ἕ ̆

҉ № Ȃ 
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 ԍ  

ᶏ ԍ Ἕ №◓ Ἕ№◓ ѿҩҩṜ

̆ ֓ № ֓ Ҭ

̆ ṿ └ ⌠ Ȃ ≢

Ҋ̔ 

 

4.1  

 

Ạ ӊ╠ ᾢ ̆ Ҭ

ᶏ Ἕ №◓ Ἕ ׆̆ ֓ Ἕ Ҭ ̆

ᶏ ֓ Ȃ ≢ ̆ ѿ

Ἕ Ṝ ᾢ̆ᶏ ҉ѿ ⌠ Ἕ ₮

ῐ ̕ ᶏ Ἕ №◓ ῒ№◓ ҩ Ἕ ̆ ҩ Ἕ

ᴪ ῒ ᵝ ₮ ̆ ҩ ╠

Ạ ≢̆ ⌠ ԍ ̕ ᶏ

ṿ └ ᵩ ׆̆ ⌠ Ἕ

≢ Ȃ 

4.1 ԓ ἥ ⅎ◙  

ԍ Ἕ №◓ Ἕ ѿҩ ̆ Ὃ ὠȟὉ

Ȃὺᶰὠ ◓№ף ᾝ ̆ ἝҬ ҩἝ Ȃ ὺȟὺ ᶰὉ

Ȃύ ὺȟὺ ̆ ңҩ ӊ

ᵌ Ȃύ ὺȟὺ Ὲ Ҋ̔ 

ἝἝ №◓ № ṿ └

ἝἝ №◓
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ύ ὺȟὺ ὼ ὼ ώ ώ ὶ ὶ Ὣ Ὣ ὦ ὦ (4.1) 

ѿҩ№◓ 3 6№◓ Ҍ ̆ ҩ #ɴ 3 ѿ

ҩ ὋȬ ὠȟὉȭ̆ῒҬὉȬṖὉȂѿ Ἕ ῤ ᾝ ӊ

ᵌ̆Ҍ Ἕ ӊ ῤ ᾝ ӊ Ҍ ᵌȂ 

Ἕ ῤ ṿ ӈ Ἕ ῤҌ ᵌ ̆

Ὲ Ҋ̔ 

ὍὲὸὩὶὅ άὥὼ
ᶰ ȟ

ύὩ                   (4.2) 

ῒҬ-34ὅȟὉ Ἕ ῤ Ȃ ԍҌ Ἕ ̆

ὅȟὅṖὠ̆ ңҩ Ἕ ӊ ԑ ᵌ ṿ ӈ Ὲ̆ Ҋ̔ 

ὈὭὪὪὩὶὅȟὅ άὭὲ
ȟ ȟ ȟ ᶰ

ύ ὺȟὺ          (4.3) 

ὅ ὅ ὈὭὪὪὩὶὅȟὅ Њ̆ ԍңҩ Ἕ ӊ

ҊῈ ∞ ̔ 

$ὅȟὅ
ὸὶόὩ     $ÉÆÆÅÒὅȟὅ ὓὍὲὸὩὶὅȟὅ

ὪὥὰίὩ                                                                 ῒז
    (4.4) 

ῒҬὓὍὲὸὩὶὅȟὅ ӈ Ҋ̔ 

ὓὍὲὸὩὶὅȟὅ άὭὲὍὲὸὩὶὅ †ὅ ̆ὍὲὸὩὶὅ †ὅ   (4.5) 

ῒҬ ṿ₱ † ңҩ Ἕ ӊ Ȃ ԍ Ἕ

Ἕ )ÎÔÅÒὅ Ҍ ѿҩ Ἕ ̆ †ץ ҍ

Ἕ ҩ ῏ ѿҩ₱ ̆ Ҋ̔ 

†ὅ Ὧ
ȿὅȿ                          (4.6) 

ῒҬȿὅȿ Ҭ Ἕ ҩ Ȃ 

ԍ №◓ Ҋ̔ 

ṿ ⁞ ⌠“ έȟȣȟέ ,∆ №◓ ҹί, ҩἝ

ף ѿҩ№ ̕ 

1. ή ρȟȣȟά̆ Ạ 2 

2. ὺȟὺף q ңҩ ̆ὅ ί №◓ Ҭ Ἕ

ὺ Ἕ ̆ὅ ί №◓ Ҭ Ἕ ὺ Ἕ ̆
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ὅ ὅ ғύέ ὓὍὲὸὩὶὅ ȟὅ , ὅ ȟὅ ⌠

№◓ ί̕ ί ί ̕  

3. №◓ ҹÓ ίȂ 

4.2 ԓ ⅎ  

4.2.1  

4.2.1.1 6  

4.2  

 

4.2 ῒ̆ ѿҩ ̆ ҈ ̂C1̆

C2̆ C3̃ ҈ ̂M1̆M2̆M3̃ ̆ῒҬ ԅ ReLUҍ LRNȂ

ѿҩ ₮ nҩ ̂҉ѿ ҩ ̃̆

╠ ₮ ҉ѿ ҩ №≢ ѿҩ ҉̆ Ҭ

ѿҩ ̆ ⱴ ⌠ ⱴ҉ѿҩẒ ṿ ⌠ Ȃ

῀ ׆ ⌠ ѿ ≢ ̆ ῃ Ӟ̆

№̆ ῃ ̂feature maps̃ ᴪ ̆ ῃ

₮ ≢ ̆ ץ ѿҩԋ№ ̆

ᴪ ңҩ ₮ ̆ ҩ ף ԍ ҩ ≢ Ӟ̆

Ҍ ∞ Ȃ 

ᵣ ҉ ṿ └ № ῒ̆Һ

ᵩ ̆ ⌠ ᶃ ҩ ̆

Ҋ ̔ 


















































