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ABSTRACT  

 

Colorization aims to adding colors to a grayscale image or video. This task is 

ill -posed in the sense that assigning the colors to a grayscale image without any prior 

knowledge is ambiguous. Most of the previous methods require some amount of user 

interventions. This paper proposed a novel automatic grayscale image and video 

colorization method, based on the assumption that user can provide an image or a 

collection of images with similar contents as that in the target image or video. In 

image colorization, we compute the spatial map using textureness method. And then, 

we perform automatic segmentation on both the spatial map and the intensity map, so 

that we can match these segmentations between the color source and the target image. 

With this information we can compute the local and global luminance-color 

correspondence, which can later be used directly for colorizing the target. In video 

colorization, we perform a simple image registration algorithm on the image 

collection, so that we can match a proper color source to each key-frame detected 

through our video clipping algorithm. After the colorization of key-frames, we can 

utilize the intermediate data to colorize rest of the frames. 

 

Key words̔ Image Colorization̕ Image Registration̕ Video Clipping̕   

Video Colorization̕ Textureness 
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Ἕ№≢ Ȃ ≠

ᶫ Ḥ Ἕ ῒ̆ Ẋ Ἕΐ ᵌ ῤ

Ȃ Ἕ Ἕ ₱ ̆ ѿἝ ֦

№ Ȃ ӈ֦ № ֲ Ἕ Ȃ

҉̆ ԅ Soonmin ֲ ₮ [4] ᵬҹ Ȃ 
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„ „ ԍ №῏ Ȃʎ ԅ ̆ Ҭ
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Durand Dorsey ₮ Ҍ ̆ѿ֓ ֲ ᴪ₮ [4]Ȃ

׃ױז ԅѿ ľḱ Ŀ ̆ ≠ Ҍ Ἕ ̆

ᵖ֞ױז ₮ԅ Ҍ ֲפ Ȃ ѿ Ḥ ᾣ
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└№ ᾧ Ȃΐᵣ ̆ ױ ᶏ

ҍ ῀ ̆ ғҌᴪ ԍ ױ ṿ₮ Ȃ

ҹԅ ⌠ ҩ ̆ ױ ԅѿҩ  ὺ ὼȟώ :  



2011 ҙ ̂ ̃ 

5 

ὼ

ừ
Ử
Ừ

Ử
ứπȟ     ὭὪ ίὭὫὲ

Ὀ

ὼ
ίὭὫὲ 

Ὀ

ὼ
Ὅ

ὼ
ȟ    ὭὪ

Ὀ

ὼ

Ὅ

ὼ
                     

Ὀ

ὼ
ȟ    έὸὬὩὶύὭίὩ                         

 

ώ № ώ ץ ᵌ ӈȂ ץ Ȃ
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2.2.3  

Soonmin ׃ֲ ѿ ῤ ׆̆[4] №
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ᶏ ῒ ṿ Ȃ ꜚ ѿ ṿ ᵞ Ȃ ѿ

ᶫԅѿҩ Ȃ 2- 2
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̂Statistical Adaptive Gamma Correction, SAGC̃
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Ҋ ̔ 

ὰ
ρ

ὓὔ
Ὢὼȟώ ‘ π 

̆ ̂NewtonĽs Method̃ ץ ⌠ Ȃὰ ҹ 

ὰᴂ
ρ

ὓὔ
Ὢὼȟώ ÌÎὪὼȟώ  

ץ Ҋ ԅף ̔  

  Ὤ
ὰ

ὰᴂ
  

ῒҬὬ Ȃ Ҭ̆ ↕ᴪᶏ

Ὤ̆ ӊ֞ Ȃ Ὤ ֞ ѿҩ ף ̆ ҩ Ҭף 

↕̆ὬᴪⱴṐ̆ ↕ ᴪױ Ὤ⁞ ⌠ ץ Ȃ

̆ ױ  ӈҹὰ ὰ πȂ ҉ ѿ

̆ Ҭ Ȃ 

ѿ ף ∆ ṿ ץ ᵍ ӈ Ὲ ̆  



ρ
ὓὔ
В В Ὢὼȟώ

‘
 

ᵍ ԅ ԍ ̆ ץ ԍ ῒז

Ҭ̆ ȁ Ἕ ̆ ֓ῤ

ӊ Ȃ ̆ ױ Ȃ 

ὰᴂ ̆ὰ π̆ ὰ ѿҩ ⁞₱ Ȃ ̆ ױ

ץ ὰπ ρ ‘ πғὰЊ ‘ π̆ ₱ ̆

‚ ‚ πȂ 

ὰ ԋ ҹ̔ 

ὰᴂᴂ
ρ

ὓὔ
Ὢὼȟώ ÌÎὪὼȟώ  

ץ  ὰ  πȂ יּ ̂TaylorĽs Theorem̃̆ 

ὰ‚̆ ̔ 
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π ὰ‚ ὰ ‚  ὰ ‚ 
ὰ –

ς
  

 

ȿ‚ ȿ
ὰ

ὰᴂ
‚ 

ὰ –

ςὰᴂ
 

Ῥ ף Ὲ ̂Ẋ Ὤ ρ̃̆ ̔ 

ȿ‚  ȿ ‚ 
ὰ –

ςὰᴂ
 

╠ ᴆὰ π ὰ  π̆ ҉ ңҩῈ ץ ⌠̔ 

ȿ‚  ȿ

ȿ‚ ȿ

‚ 
ὰ –
ςὰ

ὰ
ὰᴂ

‚ 
ὰ –
ςὰᴂ

 

ץ ₮҉ Ὲ  

ȿ‚  ȿ

ȿ‚ ȿ
ρ 

ὯᴼЊ ̆ ף ̆ ᶏץ ᴼ‚Ȃ Ȃ 

    

(a) Ὕ (b) Ὕ  (c)  Ὓ (d) Ὓ  

2- 3̔ ᵍ ԍ ҉  

ᵍ ӊѿ̆ ᾣ Ἕ Ȃ׆

҉̆ ’  

‘
ρ

ὓὔ
Ὢὼȟώ 

ѿ ₱ Ȃ ̆ ԍ ᾣҌ Ἕ̆

ץ 1⁞ ῒṿῬ ̆ Ῥ ṿ Ȃ ѿ Ạԑ

ᵍ ̂Complementary SAGC̆cSAGC̃̆ Ҋ Ὲ ̔ 

Ὓ ρ ἡἋἑἍρ Ὕ 

̂ ‘ πȢυҊ ̃ ԍ ΐ

̆ 2- 3 Ȃ 

2.4 ꜘ ⅎ  

Ҭ ᶏ ԅ ⱴ ̂Locally Weighted Linear 
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Regression, LWLR̃ Ȃ ױ ӈ ῒ ҩ ṿ

ώ Ȃ ץ ̆ ҩ ṿ҉ ⱴ

⌠ ῒ̆Ҭ ѿ ṿᵬҹҬ ῒ̆ᵩ ṿᵬҹ

Ȃ 

—ἘἥἘἠ ÁÒÇÍÉÎύὮ—ὼὮ ώὮ  

ύὮ ṿȂ ӟ ѿ̆ҩ ҹ ‰ Bell ̆

̔ 

ύὮ  ÅØÐ  
ᴁὼὮ ὼᴁ

ς†
 

ԍ ⱴ ѿ ̆ ױ ѿҩὼ

Ȃ ױ Ҋ ὢ ώ̔  

ὢ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ ύρὼρ

ύςὼς

Ệ

ύάὼά Ứ
ủ
ủ
ủ
ủ
ủ
Ủ

ȟώ

ụ
Ụ
Ụ
Ụ
ợ ύρώρ

ύςώς
ể

ύάώάỨ
ủ
ủ
ủ
Ủ

  

Ӈ ױ ץ Ҋ Ὲ ⌠ ̔ 

— ὢὢ ὢώ 

׆ ҉ ̆ Ἕ ᵞ ᵬҹץ Ἕῤ № Ȃ ѿ

ԍ ֦ Ḥ ѿ Ȃ ѿ ₱ ̆ №

Ҍ Ȃҹԅ ⌠ № Ἕῤ ̆ ᾢ

̆ Ḃ ׃ױ ⱴ Ȃ 

҉׆ Ҭ ץ ̆ ԍ ѿҩὮ̆ ң №̆

№≢ ώ — Ὦ — ὮȂ ᵬ ѿ ӈ

ᵌ ̆ᵖ ѿ Ȃ ױ ᶏץ ÈὮ — Ὦ ѿ

Ȃ ױ ⌠ ̂ ṿ ̃̆ ⌠ÈÊҬ

0 Ȃ 

    

(a)  (b) ⱴ  (c) — Ὦ (d) ώ — Ê 

2- 4̔ ⱴ ᶛ  

Ἕ Ҍ ̆ ῒ ᵬȂ
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ῒ ׆ Ҭ− ѿ № Ȃҹԅ Ḡ ң

̆ └ ԅҊ ↕ ̔ 

1.  ңҩ ᾝ ҩ ̆↕ ׆ Ҭ− ╠

ѿҩ Ȃ − ҍ - Ҍ Ȃ 

2.  ѿ ⁞ Ҋל ̆↕−

̆ ⌠ Ҍ⌠ ңҩ Ȃ 

3.  Ҍ⌠ 2 ׆↕̆ Ҭ− ṿ

ңҩ ̆ ⌠ңҩ ҩ Ȃ 

ױ ҉ ҹ Ȃ ѿ ᴪ ԍӊ ֦ -

῏ Ҭ̆ ҹ ѿ Ӟ ⱴ Ȃ

ѿ Ҭ̆ № ԋ ̆ ҹ ѿ ױ

ԍ ⁞ ҬȂᾀל ᾀ ѿ῏ ᾟ ᴆ  ̔

ÍÉÎ ὬᾀȟὬᾀ ÍÉÎὬᾀ ȟὬᾀ  

ғ 

ÍÁØ ὬᾀȟὬᾀ ÍÁØὬᾀ ȟὬᾀ  

№ ἝҬ ṿ ȂẊ Ὦ

ѿҩ № ̆ Ӈ ÈὮ ԍ 0ғÈὮ ὬᴂᴂὮ ρȂ ԍ

ṿȂ 

    

(a)  (b) Ἕ (c)  (d)  

  
 

(e) №  (f) №  (g)  

2- 5̔ №  

2.5 ἥ ꜠  

ҹԅ Ḡ Ҭ ѿ ̆ Ἕ ֦ ᴪ

ᵬҹ ᶏ Ȃҹԅ ⌠ ѿ ̆ ᾢ ≠ ⱴ

ҍ ֦ Ἕ № ῒ̕ ̆ ҩ№ Ḥ
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ץ ῒ ֦ - ῏ Ῥ̕ ̆ ֦ - ῏

ⱴץ ⌠ῃ ֦ - ῏ ̕ ̆ ῃ ֦ - ῏ ̆

Ἕ ֦ Ḥ ̆Ḃ ץ ῒ ᵣ Ȃ 

JFIF ӈ YCbCr Ȃҍῒ

׆̆ RGB ѿ ̆ ғ ץ ⌠ 8ᵝ ӊῤȂ

֦ - ῏ Ҭ̆ ֦֓ ṿҌ ԍᴋᵥѿ

Ḥ ̆ ҹԅ Ḡ ֦ ̆ ױ Ẋ Cb Cr ṿ 128Ȃ 

ҹԅ ֦ - ῏ ̆ ᾢ ⌠ ѿҩ №

ῤ ҩ֦ ὧȂ ҩ № ῤ ֦ ⱴ

ҍ Ȃ ֓ Ḃ ᵬҹץ ѿҩ № ῤ

֦ - ῏ Ȃ 

Ẋ ӊ ֦ ̆– ֦ ṿ̆ ңҩ

ӊ ֦ ̆ Ӈ ץ Ҋ Ἕ ֦ -

῏ ὧ̆ῒҬὧ ̔ 

ὧ
В ύ ὭȟὮ –




–ȟ


ὧὭ

В ύ ὭȟὮ –



–ȟ



 

҉׆ Ὲ ץ ̆ ֦ - ῏ ѿ ⱴ

Ȃ ᾧ № ῤ ֲ Ȃ

ֽֽ ֦ № ԅ ̆ Ḥ ̆ Ҍ

ᴇԍ Ἕ ᵬȂ 

ԅ ֦ - ῏ ӊ ̆ ץ Ҍ № ӊ ѿ

῏ Ȃ ҉ ῒ̆Ҭ

№ Ҭ № Ȃ ѿ Ḃ̆

ԅ ץ Ἕ ῃ ֦ - ῏ ̂ Global 

Luminance- Color Correspondence, GLCC̃Ȃ 

    

(a) ֦  (b) ֦  (c) ֦ -  (d)  

2- 6̔ Ἕ ꜚ ᶛ  

ῃ ֦ - ῏ ֞ ѿ ԋ Ἕ̆ῒ

№≢ ֦ Ȃ ѿ ץ Ἕ ̆

ΐᵣ ̆ ѿҩ Ἕ֦ ̆ ңҩṿ
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Ἕ Ȃ 2- 6 ӊ╠ᶛ Ȃ 
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Ҏ    ꜠  

3.1 ꜠  

 

3-1̔ ꜚ  

ꜚ ץ Ἕ ꜚ ҹ Ȃ ᵣ

ꜚ ҉̆ 3- 1 Ȃ ꜚ ῏ץ ̂Key- framẽ

ҹҺ ̆≠ Ἕ ꜚ ῏ ҉ ᶏ ◄

̂Video Clip ̃ Ȃ 

ꜚ Ἕ ꜚ ҉̆ ⱴԅң ῏

̆ Ἕ ‰̂ Image Registration ̃ ῏ ̂Key- frame 

Detection Ȃ̃ Ἕ ‰ Ἕ № ̆ Ἕ ⌠

Ҭ Ḃԍץ̆ Ἕ ԍῤ ≢Ȃ ῏

Ἕ ↓ № ̆ №̆ ₮῏ ῒ

◄ Ȃ 

Ἕ ‰ҍ Ҭ̆ ԍҺᾝ№ ̂ Princ ipal 

Components Analysis̆ PCÃ [9] ̂Support Vector Machines ̃̆

ῒҬҺᾝ№ ץ Ἕ ᵬҹ ῤ № ̆ Ἕ ‰

̆ Ἕ ≢ ᴇף ̕ ץ Ἕ ̂Features̃

ҹ ̆ Ἕ ‰ ̆ᵖ ̆ Ἕ ≢ ᴇѿף

Ȃ Ἕ ≢ ̆ Ҍΐ ̆

Һᾝ№ Ȃ 

Ҭ Ἕ ѿ ̆ ̆ ױ ῀ԅ῏ ̆

ץ Ҭ ῏ ◄ Ȃ ῏ Ἕ Һ

̆ ץ ῒ ◄ ѿ Ȃ ѿ ץ

Ȃ 

3.2 ԓӀᾣⅎ ἥ ‼ғ  

Һᾝ№ ὼɴ ᴙľ Ŀ ⌠ Ὧ Ҭ̆ῒҬ

ὯḺὲȂӞ ̆Һᾝ№ ≢ Ḥ ȂҺᾝ№
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ҩ ѿҩ ̆ ῒ ԍ

ԍ Ȃ ̆ ҩ ץ ѿҩ ṿ№

̂Singular Value  Decomposition̆ SVD̃ ⌠Ȃ ╠ ף

ΐ ṿ№ Ȃ 

Һᾝ№ ӊ╠̆ ᴪ ̆ ѿ ᵬ̔ 

1. ‘פ  В ὼ ̕ 

2.  ὼ ‘ ὼף ̕ 

3. ʎפ  В ὼ ̕ 

4.  ὼ Ⱦʎ ὼף Ȃ 

1- 2 ṿ 0̆ᵖ ԍ ṿҹ 0 ץ Ȃ

3- 4 ҩ ᶏ̆ῒΐ ᵝ Ḡ̆ ԅҌ

ѿ ľ Ŀ Ȃ Ԋᾢ ҩ ѿ ̆↕

3- 4֞ Ȃ Ἕ ҬҌ 3- 4 Ȃ 

ѿ ӊ ̆Ҋѿ ‗ ľ Һ Ŀ όȂ ѿ ץ

ҹ ᵝ ό̆ ⌠ό҉ ̆ ό ⌠ԅ

Ȃ ̆ ↨ Ḃΐ ѿ ̆ ױ ⌠ѿҩ

ό̆ ᶏ ױ ᶃ ֽ όḂ ᵌ Ȃ 

 
3- 2̔Һᾝ№  

ҹԅ ̆ ᾢ ץ ѿҩ ᵝ ό ѿҩ ὼ̆

Ӈ ὼ ⌠ό ҉ ὼόȂӞ ̆ ὼ ѿҩ Ҭ

̆ Ӈ ό ҉ ὼό Ȃ ̆

ץ ᵝ ό ̔ 
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ρ

Í
όὼ  

ρ

Í
όὼ ὼ ό ό

ρ

Í
ὼ ὼ ό 

̆ ᴁόᴁ ρ ᴆҊ ҉ ṿ ҉ᴪ ⌠

# В ὼ ὼ ȂῒҬ# Ȃ 

ӊ̆ ⌠ѿҩ 1 ↕̆ פץ

ό ҹ# Һ Ȃ ⌠ ѿ ’̆ ⌠Ὧ

Ҭ̂Ὧ ὲ̃̆ Ӈ # ╠Ὧҩ όȟȣȟόᵬҹ Ȃ ֓

҉ ԅ ѿҩ ֜ Ȃ 

Ҭ ὼ ̆ ̔ 

ώ

ụ
Ụ
Ụ
ợ
όὼ

όὼ
ể

όὼ Ứ
ủ
ủ
Ủ

ᶰᴙ  

ὼɴ ᴙ̆ ώ ҹѿҩᵞ ̂Ὧ ̃ ὼ ᵌȂ ̆Һᾝ№

ᵬ ⁞ Ȃ όȟȣȟό ᵬ ҺὯᾝȂ 

≠ Һᾝ№ Ἕ ‰ҍ [9]Ȃ Һᾝ№

Ἕ ‰ҍ ̆ῒҬ Ҭԍֲ ≢ Ȃ

Һᾝ№ ԍ Ἕ ‰ҍ ץ

Ȃΐᵣ ̆ Ἕ ‰ Ҋ ̔ 

1.  Ἕ ̂Stacked Vectors ̃̆ ҩ Ҭ ץ

Ἕ ̕ 

2.  ҩ Ҭ ṿ̆− ῒ ṿ̂ ṿ ҹ 0̃̕ 

3.  ⌠ ̆ ṿ№ ̂Singular Value 

Decompositioñ ̆ ֓ ṿ̂Latents̃

̂Coefficients ̃̆ Ҭ ̂Scorẽ Ȃ 

Ἕ ̆ Ἕ ҉ ⌠

Ҭ̆ ̂Nearest Scorẽ Ȃ ѿ Ȃ 

3.3 ẅⅎ Ӏᾣⅎ  

ṿ№ ̂Singular Value Decomposition, SVD ̃ Һᾝ№

̆ ҹ ╠≠ ṿ№ № ΐ̆

ғ̆ ṿ№ Ҍ Һᾝ№ Ҭ

Ȃ 

Ẋ ὓ ѿҩά ὲ ̆ Ӈ ῒ ѿҩ Ҋ № ̔ 

ὓ Ὗ ὠ  



2011 ҙ ̂ ̃ 

15 

ῒҬὟ ѿҩά ά ᵝ ɫ̆ ѿҩά ὲ ῒ̆ ᾝ ҹ ̆

ὠ ὲ ὲ ᵝ ὠ Ȃ ѿҩ№ Ạ ὓ ṿ№

Ȃ 

 

(a) ‰ Ἕ  

 

(b) Ἕ  

 

 

(c) Һᾝ№ Latent  (d) Һᾝ№ Scorê 25ҩҺᾝ  ̃

3- 3̔ ֲ ≢ Ἕ  

ԍ҉ ӈ̆ ױ ץ ὓ ὓΏ Ҋ ̔ 

ὓ ὓ Ὗɫ6 Ὗ 6 ὠ ὟὟ 6  

̆ ԍὟ ѿҩά ά ᵝ ̆ ὟὟ ᾝ ̆

ὟὟ ὍȂ ԍ ױ ӈԅ  ÄÉÁÇ„ȟ„ȟȣȟ„ ̆ῒҬὯ ÍÉÎ άȟὲ̆

ױ   ÄÉÁÇ„ȟ„ȟȣȟ„ Ȃ 

ὓ ὓ ̔ 

ὓ ὓ ὠ ὟὟ 6  ὠ Ὅ 6  ὠ 6  

№ ӈ ̆ѿҩὲ ὲ ὃ ץ ҹὃ ὛɤὛ̆ῒҬὛ

ѿҩὲ ὲ ᵝ ̆ ὃ ᵝ ̕ɤ ὃ ṿ

Ȃ 
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̆ ὓ ὓ ⌠ Ҭ ⌠ ὠ 6̆ ҉ὠ ὓ ὓ

 ̆ ὓ ὓ ṿ Ȃ ̆ ץ Ὗ ὓὓ Ȃ 

⌠Һᾝ№ ҉ ̆ ҉ ױ

ὅ В ὼ ὼ Ȃ ӈ ὢҹ̔ 

ὢ

ụ
Ụ
Ụ
Ụ
ợὼ

ὼ
Ệ

ὼ Ứ
ủ
ủ
ủ
Ủ

 

Ӈ ץ ὅ ὢὢȂ 

ף ץ ̆ ὢὢӗץ Ҍ ῒ Ȃ ὅ

ὢ ṿ№ ̆ῒҬὢ Ὗ ὠ̆ ὠҬ

Ȃ 

3- 3 ₮ԅ≠ ֲ ≢ ֲ ≢ Ἕ ‰ Ȃ

ῒҬ Ἕ ἝȂ ԍ ≠ױ ԅ ṿ№ Һᾝ№

̆ Ҋ 44 512*384 Ἕ ‰ 17 ӊῤ̆≠ 25ҩ

‰ ҹ 500 Ȃ 

3.4 ꜠◑  

Ȃp

ѿ Ἕ ҍ ̆ ԍ ꜚ ᴋⱵ̆

῏ Ȃ 

  

(a) ῏ 1/509 (b) ῏ 295/509 

  

(c) ῏ 360/509 (d) ῏ 439/509 

3- 4̔῏ ◄ ѿҩᶛ  

῏ ף ῤ ῏ Ἕ̆̓͂

ȁ ᴰ ῒז Ҭ Ȃ ῏
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ԍ [11] ̆ ̆ ѿ ̆ᵖ ԍ

ױ Ȃ 

̆ ҍ ӊ Ἕ ṿ ᵬҹץ ӊ ῤ ≢

̆ Ἕ ṿ ῏ ◄ Ȃ ̆ ῏

ң ̆ѿ ῏ ̆ԋ ԍ῏ ◄ Ȃ

3- 4 ԅ Ȃ 

Ҭ 5̆00 720*576 ץ 1№ ӊῤ ῏

ҍ ◄ ̆ ץ Ȃ 3- 5 Ȃ 

ԅ῏ ̆ Ἕ ҍ ‰ ̆ ≠ ῏

Ἕ ◄ ѿ Ȃ 

 

3- 5̔῏ ◄  
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3.5 ꜠  

ꜚ ῏ץ ҹ ≠̆ ῏ ῏

◄ ׆̆ ᵣ Ȃ 

ԍ ꜚ Ẋ ᶫѿ ҍ ῤ

ᵌ Ἕ ̆ ױ ᾢᴪ ѿ Ἕ ԍҺᾝ№ ‰̆ ≠

‰ ԍῤ ̆ ѿ ῏ ѿ ᶏ̆ ῏

ꜚ Ȃ 

 

(a) ₮ ῏ ῒ ◄ Ҭ  

 

(b) ῏ ῒ ◄  

3- 6̔ ꜚ  

῏ ӊ ̆ ꜚ◄ ⌠ ◄ ̆

ҩ Ҭ ≠ ῏ Ἕ Ȃӊ╠ ⌠̆ Ἕ

Ҭ ῏ ῃ ֦ - ῏ Ȃ

◄ ѿ Ҭׅ̆ ѿ Ἕ ̆ ≠

Ҭ֟ ֦ ◄

̆ ῒ Ȃ ᵌ ᾢ ӈ ῤ̆↕ ץ

῏ Ҭ֟ ῃ ֦ - ῏ Ἕ Ȃ

ӊ Ώ῀ ⌠ Ȃ ҹ

720*576̆ 8s/ Ȃ 
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   ⅎ ғ  

4.1 Ὶ ש  

₮ Ἕ Ҭ≠ ԅ ῒ̆Ҭ῏

Ȃ ѿ ῏ Ḡ ̆ ѿ

ᶏӊ ԍ ꜚ Ἕ ȁ Ἕҍ ῐ Ἕ ӊ

ҬȂp ԍ ԍ֦ ̆ ԍῒ

Ȃ ԅ ᵌԍ Paris ֲ[5] ₮ ̆ῒ

ᾢ 50- 60ṐȂ ѿ ԍ ױ ԅ ̆

ҹ ≠ױ ԅ ף CPU ̂Vectorization ̃ ⱬȂ ῏

ҌẠ ̆ᵖ ץ Intel SSEx ↓ פ

Ȃ 

ӊ╠ ⌠̆ ץ ҹ̔ 

ÂÆὍ
ρ

Ὧ
Ὣ ᴁὴ ήᴁὫ Ὅ Ὅ Ὅ

ᶰ

 

ῒҬ 

Ὧ  Ὣ ᴁὴ ήᴁὫ Ὅ Ὅ

ᶰ

 

Ὣ ÅØÐ Ȃ ױ ѿҩ ̆ῒ

ԋ Ἕ ⌠ ֦ ҈ ӊҬ ׆̆ ᶏ ֦

ѿ ѿ Ȃ 

Ẋ ὐ ἝὍ ̆ ̔ 

ὐὴȟὰ  
ὍὴȟὭὪ Ὅὴ ὰ
πȟέὸὬὩὶύὭίὩ

 

↕ ̔ 
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ÂÆὍ
ρ

Ὧ
Ὣ ᴁὴ ήᴁὫ ȿὍὴ ὍήȿὍή

ᶰ

                                

ρ

Ὧ
ÅØÐ

ᴁὴ ήᴁ

„
ÅØÐ

ȿὍὴ Ὅήȿ

„
Ὅή

ᶰ

ρ

Ὧ
ÅØÐ

ᴁὴ ήᴁ

„
ÅØÐ

ȿὍὴ Ὅήȿ

„
Ὅή

ᶰ

ρ

Ὧ
ÅØÐ

ᴁὴ ήᴁ

„

ȿὍὴ Ὅήȿ

„
Ὅή

ᶰ

ρ

Ὧ
ÅØÐ

ὴ ή

„
 ȟ
 ὰ ὰ

„
 ὐήȟὰ

ᶰȟɴ

 

̆ Ẋ ҈ Ὣ ὼȟὰ ÅØÐ  ȟ ғ̆ Ҋ

̔ 

ÂÆὐ ȟ

ρ

Ὧ
Ὣ ᴁὴ ήᴁȟᴁέ ὰᴁὐήȟέ

ᶰȟɴ

 

ῒҬ 

Ὧ Ὣ ᴁὴ ήᴁȟᴁέ ὰᴁ

ᶰȟɴ

 

Ӈ ץ  

ÂÆὍ ÂÆὐ ȟ  

҉ ̆ ἝὍ ̆ ץ ԅ

ὐ ѿ ׆̆ ≠ ף ⱬ

Ȃ Ҭ̆ ԍ ѿ ᵞ ̆ ץ

ᾢ ѿ ̆ Ҍᴪ Ȃ ҉

ԅ Ȃ 

↨ ̆Ẋ Ἕ - .̆ ֦ ,̆ Ӈ

/ -.  ÌÏÇ-. ̆

/-.,ÌÏÇ-.,Ȃ׆ ҉ №ץ ̆ᵖѿ

≠ץ ị ҈ ᵣ ᾟ̆№≠ ԅ CPU ⱬ

ῤ ֜ ⱬ̆ ԅ₃ Ṑ ̆ᶏ ҹ Ȃ

4- 1 Ȃ 
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4- 1  

Ἕ ף     

128*96 3.9711s 0.2375s  

256*192 5.7994s 0.3558s  

512*384 17.1844s 0.8787s  

1024*768 120.5443s 2.5774s  

2048*1536 533.4667s 10.0776s  

 

4.2 ֬ - ῗ  

    

(a)  (b) Ἕ (c) ӊ╠  (d) ӊ  

4- 1̔ ֦ - ῏  

⌠ῃ ֦ - ῏ ӊ ̆ ץ ֦ Ἕ

ṿ Ἕ Ȃ Ҭ̆ ҉ ֦ Ἕ ṿ

Ἕ Ἕ ׆̆ Ȃ ӊ╠ Ҭ̆ ԍ ױ

Ἕ ҹ8ᵝ ῃ̆ ֦ - ῏ ѿ 256*256 Ἕ̆

ѿ ף 65536Ȃ ѿ ѿ 1024*768 Ἕ ᴪ 8

№ ̆ Ҍ Ȃ ̆ ױ ῃ ֦ - ῏

ѿ ̆↕ ץ ҉Ҍ Ἕ ’Ҋⱴ ̆

ᶏ ῃ ֦ - ῏ ⌠ 5 ӊῤȂ 

ӊ╠ ̆ ῏ Ἕ

20 ̂1024*768̃̆ ῏ 4 ̆ ӊῤȂ

Ἕ ҹ 1024*768̆ ῒ ҹ 24 Ȃ 4- 2 ₮ԅ

Ἕ Ȃ  
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4- 2̔ Ἕ ᶛ 

  






