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Ӑ ѝ֯ס Ϛ ᾎȲһҠѿ֝ с ПӔ ң֫ ȴʌ ẞȲ

֯֝ϚᾬԈϱ Ὼᾼ Ȳ֯Ӕ ȲẔ (ֽṔ⇔ ȳЄЊ Ὅȳᴯ ) ╥ϫ

иדӾᾼȷ ὑ ἤ Ȳᶺ П Ȳѿ ъῈ (Hough space)Мᾼ ⇔ᴷ ẃ

ȴẓ ẃ Ȳᶺ ḕϚ ȲṼẔ ᷾ ᴟ ъῈ Ȳṳ֯ẔМᴷ ⇔

ẃᵒ ᾼӔ ἤȴד П ҠṼױѠה ᴩӻФ ᴶ Ȳ֪ᴖ

ПӔ ȴҫϚѠ Ȳᶺ כ (locally grouped features) Ϛ ἤ ᾼ Ȳ

ṳṼױ ֮ ҒҠ ἤ П Ȳѿ― ң֫ ȴϱ Ẓ ἒױ ֥Ȳᶺ ѿ

҅ ṾоᾼѠᾎ ъ (Hough transform) ч ъ (inverted Hough transform)Ȳ Ḕ֮

֥ ᾼ Ȳ ᴖ ẞḆֵӔ ᾼ ȴ ∟֯Ϯ (benchmark)יּ ᾼ

Ὠ ӱᶺ ҏᾼѠᾎҠѿצ ֮ ẞ ȴ 

 

ȸ ȳ ъ ȳч ъ  
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Ϛȳ Ю  

 

 ṅӭᾼשׁ

(feature correspondence)֯ М ắ ӭȲẔӭᾼ֯ὑ ᵑẒ Ἠֵ

П ᾼ …ȴ ╥Ϛ ϫи ᾼ в иέᶾ ȲϷ╥ ֵ ד ӣᾼ Ӑа

ȲẂ ȸֽӭ (object recognition) [1]ȳ (image retrieval) [2]ȳ3D ∂(reconstruction) [3]ȳ

[4] [5], [6]ȴ ẓצ ⇔П ӣἤȲ ∂Ӵ ₇ ᾼ Ь ᴟюẒצ

ᾼ֯׀ ȴ ϚȲ֯ п ᾼᵅӔ ἤ(low precision)ȴӦὑ∂Ӵ ѻ ᾼѠ

ᾎ╥ Ở ӢҠ ἤ П Ȳ֯ ⇔ᴿד Ȳ І(local descriptors)

ᾼ Б ᾼ ḔȲᵀ І ᾎ ᾬ ֯ҵ Ἠ ᴶϱᾼ ═Л ἤȲѹЄ ᾼ￼

Ḇṿ І ᾎכғи ҏӔ ᾼ …ȲἬѿ ѠᾎᾼӔ ắẞ ȴ ϡȲ

ᵅң֫ (low recall)ᾼ ȴ ֵḂ ᾼѠᾎ[7], [8], [9], [10] Ӧ ’ ᴶᾼϚ ἤẃ Ӕ Ȳ

ᵀ ᴶ ▲ṿ ṷѠᾎḥצ−ֻ֮ ȲҫҵȲ҃ ἏἏ ὑֽᴶ֯ῴỞ∂ ᾼ

֥М᷄ Ӕ ᾼ ȲᴖḥצᵓӣБ ẞᾼ Ȳҟ᷄ҏẔ҃ᾼ ֯Ӕ Ȳ֪ᴖ ạ

ᴰ Ӕ ᾼ (recall)ȴ 

 

 

[ Ϛ] (ϱ)ᶺ ᷾ ᴟ Ὲ Ȳṳ М ⇔и Ӕ (מּ) ( )ᾼ ȴ

(ϯ) ֯ᾼ( ) Ҡѿ Ӧ BPLRs [11] Пכ ᾼ ⇔иᵉ Ḕ ᴖ ȴ 

 

Ӑ ѝПв ѻ ᴕ[35]Ȳ֯ẔМⱢϠҠѿ֝ ḟϱ Ẓ Ȳᶺ ѿϯᾼ

Ϛ ᾼ ᾎȴᶺ ẞȲ֝ϚᾬԈᵛṿ֯ҵ צ ֵЛ֝ᾼ Ȳᵀ֝ϚᾬԈМד ᾼ

֯ ȲӇẓדצӾП (transformation or homography)Ȳᴖ ṷӔ ֥(feature 

correspondence)ᾼ ἏἏ ֯Ẕ Ὲ (transformation space)М ֯Ϛ ȷדчᾼȲ

ᾼ ֥ᾼ ֪ЛẓצϚ ἤȲ֪֯ױ Ὲ Мᵧ иᵉȴ Ằ ȲḕϚ
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֥ᾼӔ ἤҠѿ ӦẔ֯ Ὲ ᾼ ⇔ẃ Ȳ ὑ ἤȲʌ ᵒ Ӕ ᵡᾼ Ȳ

оⱢϚ֯ Ὲ М ⇔ (density estimation) ᾼ ȴẓ ᴖṕȲᶺ ѩ Ὲ ᾼ

⇔ȲẃᵒứḕϚ ֥╥ᵡӔ ȷҫϚѠ Ȳ Ὲ М ⇔П Ȳᶺ

Ҡѿ ֮ Ғ ֯ᾼ ֥Ȳ ṓ ϚП Ὑȴ 

 

ѝ  

Пׁשṅѝ ד ᾛȲ ᶺ Ӑ ѝ Ɫד ᾼ и ᴩ ȴ 

 

ὑ І(descriptor)∂Ӵ П ᾎ 

ѿ ІⱢ ᾼ п ╥ ᾼѻ ѠהȲϚṷ ᾃ ᾼׁשṅȲ

╥[12], [13], [14], [15]Ȳ Ɫ ẃϠ ᾼ Ḕȴ ṷ І(local descriptor)

Ϛ ᶮ Ϛứᾼצ ἤȲ ᴖ֯ Э ӣϱȲ ᾼ Ь╓ҏȲḥצϚ ІṜѿӣ

ὑ Ӧ‍ ἤ ᶮ(nonrigid deformations)ȳ‐⇔(illumination) ₲ (pose)Ḃ ᾼ ֥ כ

ᾼ ȴ 

 

ᶮи (graph partition)∂Ӵ П ᾎ 

Ϛ ѿḆֵᾼ ᴶ ▲ẃ ḟ ᾼѠᾎ╥ оⱢϚ ᶮп (graph 

matching)ᾼ ȴ[16], [17], [18], [19]Ꞌ ӱȲ Ӧứ Ϛ ὑԏ⇔דᴿ(photometric similarity)

ếכ П ᴶד ἤ(geometric compatibility)ᾼӭ ẗ (objective function)Ȳ ᶮ

п Ҡѿ ẞ҆Ϣ Ὠȴ ᴖȲ ṷѠᾎ ֯Ẓ ҬҔᵶ ϚᾬԈȲ ￼ ᾼὁ

ԈϯҠѿ ṏֻᾼпכ ὨȲ Ẓ ֵצ Ԛ֝ᾬԈҏ Ȳ Ѡᾎ╥ ᾎ ᾼȴֽ

֝[20] Ἤ ẞᾼȲױ ᾎ ὔắẞ ᾼ ѿц (outliers)ᾼ ȴ ‭ ἤȲṿ

ᶮп ᾎ֯ ֵ ᾼ М ᾎ ᾛṿӣȴ 

 

и (clustering)∂Ӵ П ᾎ 

ὑи ạᾼׁשṅБ ӣ֯ ḇпפּ (unconstrained matching)ᾼ ᾓȴӦϯᴖϱᾼ

ᾎ(bottom-up clustering)Ҡѿ ֥ᶝ ḇ(locally adaptive constraints)פּ Ϛ ᾼ ֥ȴ

ACC [21] ה֥ и ᾎ(hierarchical agglomerative clustering)Ȳ ᴩѿᾬԈⱢ П

(object-based image clustering)ȴNRDC [4] ӣϚ ᴟ (coarse-to-fine)ᾼѠהѿц ᾼ

ἤẃ (dense matching)ȴ֯ҫҵϚѠ ȲCVP [20] ҏϚ Ӧϱᴖϯᾼ

ᾎ(top-down clustering)Ȳ֯ Ὼ ᶮ(affinity graph)ϱ ᾼ Ȳṳѹ֯ М᷄ҏֵ Ԛ
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֝ ὰ(common visual patterns)ȴ ₤ ᾎ ὑ￼ ᾼ ⇔ Ȳᵀ╥Ь ֯׀

Ȳ ѻ ᾼ ױ╥ ᾎП ⇔ Ȳ Л ֥֯Є М ᴩ Ȳ

ԛẃ ╥ ȳ ֥Ẇᾼ ếדᴿ Ԉ(similarity thresholds) в ד Ȳ− ᷄

ẞϚ ȲҠѿ ӣὑ֢ ᾓȴ 

 

᷾ (voting)∂Ӵ П ᾎ 

RANSAC [22]╥Ϛ ᴶ ᾼ ₤ȲҠѿế І ֥ẃ Ẕ ȴ[23]᷂ḕϚ

… ᷾כ ῏(voter)ȲṳѹṿӣϚ Ὼ (affinity matrix)ḟứ ṷ …ֽᴶ Ẕד

ἤ(compatibilities) СẔ҃ ד… ᾼи ȴ RANSACȲ҃ ᾼѠᾎ Ҭ ӣὑ Ϛᾬ

ԈϯП ȴ[24]Ɫ ḟֵ ᾬԈᾼ Ȳ ҏϚ ъ ᾼ Ȳ҃  ֿ п (pyramid 

match)[25]ᾼѠהȲ ֥ ᶧȴ Ѡᾎᶁл о Ὲ ѿ ẞᶶ Ȳ ᴖȲӔ ᾼ

…֯ П∟ἏἏᵧ Л ⁄иᵉȲ ᴖ Ӕ ϯ ȴᶺ ᾼѠᾎϷ╥Ϛ ὑ᷾

ᾼṆ (voting-based system)ȲЛϚ ᾼ֮Ѡ֯ὑḕϚ ᴩ ъ᷾ (Hough voting)ᾼ

⇔ ֥ᾼ ╥Фד Ӵᾼȷԛ῏ȲẔ ֮ ҒҠ П ֥Ȳѿᵌὢᵅң֫ ᾼ

ȴ 

 

֥ (correspondence enrichment) 

Є иᾼ ᾎ ὑ Ԓ ứᾼЊІ ֥М᷄ Ӕ ᾼ Ȳ֪ ױ ֥

ⱢϚכ ד ᾼ ȴп ᾼѠᾎ[16], [26]ѿҵ(match-growing) כ Ɫ ȲᵓӣБ῀ᾼ

… Ὼ ᾼ (pixel) Ȳᵀ Ѡᾎ‍ Ϛ Ở∂Ӵ …ᾼӔ ἤȴҫ

ҵϚѠ Ȳ[27] Ϛ ᾼ(region-growing) כ ᾎẃ иӔ ЛӔ ᾼ ȴ[28] ҏ

Ϛ ᾼה ᶮп ▐ ẃ ῴỞᾼ ӭȲ ᴖ֯ Ғ ᾼҠ ȲױѠᾎ

֣ ậ ⇔ ᾼ Ȳᴖѹ ὨҠ ֪ⱢẒ ᾼ иӁЛ֝ᴖ ȴדч

ᾼȲᶺ ᾼѠᾎ ӣὑӦ BPLRs ╓іᾼ ḇ(feature bundles)ȲἬѿ ᾼϚ ד

ᾼ ȴṶ ὙȲ Ҡѿ Ḇצ ֮ ȲѹӦױ Ӣᾼ ֥(candidate 

correspondences)ḆҒצ ἤȴ 

ϡȳ ׁשṅѠᾎ 

Ӑ ѝМȲᶺ ѻ ֯ὑ Ϛ ᾼ ᾎȲṿẔҠѿᵓӣӔ ֥֯

Ὲ МᾼиӁϚ ἤȲ с ѩ П ȴѿϯиⱢẒ и ᴩ ὙȲ Ϛ иԒứ ᶺ

ᾼ Ȳ ϡ иԛ Ю ᶺ Ἤ ҏᾼѠᾎȴ 
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ứ  

ứẒ  Ὅ ế ὍȲṳ ᵑ ậϚ  ὠ ὺ  ế ὠ ὺ ȴ  ὺᶰ

ὠ ᷾ὠ Ἤ֯ᾼ ếМї иᵑѿ Ὓ ế ὀ ῶӱȴ ὺ ᾼҵ (appearance)ӣ ֣  Ἵ Ȳᴖ

ẔѠ֣ — ╥ ֯ ⇔᾿Ѡ (gradient histogram)МᾼϚ ѻ Ѡ֣ᴷ ᴖ [29]ȴ Ὲ  ꜟ

ὠ ὠ  ̔ῶἬצҠ ᾼ Ȳᴖᶺ ᾼӭ ⁄╥ ֯ ꜟ М᷄ẞ Ҡ ֵᾼӔ ȴ 

 

Ὲ  

 ὺ ᾼ ᶮᾭếᴯ ҠѿӣϚ  σ σ ᾼ  Ὕὺ ȲẔῶӱ ὺ ᾼϚ ὑӔ

о (normalized patch)[29]ᾼӾ (affine transform)ȸ 

Ὕὺ
ὃὺ x

ρ
 ( 1 ) 

ẔМȲὃὺ ╥Ϛ  ς ς ᾼ‍ố (non-singular matrix)ȴ 

ứϚ  ὺ ᶰὠ ế ὺ ᶰὠȲ  ὺ ẞ ὺ ᾼד (relative transformation) Ὄ  Ҡѿ

ӢⱢ 

Ὄ Ὕὺ Ὕzὺ  ( 2 ) 

֯Ӑ ѝМȲᶺ ѿϚ ϮԈ (triplet) ά ὺ ȟὺ ȟὌ  ῶӱϚ ֥Ȳᵛ֯

ד ϱᾼẒ Ẕד ȴֽ֝ Ὄ  ╥Ϛ гᴞӦ⇔Ӿ (6-dof affine 

homography)Ȳά  Ҡѿ Ɫ֯г Ὲ МᾼϚ ȴ 

 

Ὲ Мᾼ ⇔  

ứẒ ֥ ά ὺ ȟὺ ȟὌ  ế ά ὺ ȟὺ ȟὌ Ȳά ד  ὑ ά  ᾼ᷾

(projection error)Ҡѿứ Ɫ 

Ὠ ȿ x ”Ὄ
x

ρ
  ( 3 ) 

where ” ὥ ὦ ὧ ὥȾὧ ὦȾὧ  ( 4 ) 

һ ▲ Ὄ  ╥ᵡ  Ø ᷾ ẞ Ø Ể ȴ 

ὑϚ ֥ ά  ế ά ȲֽὨһ ᴿᾼדצ (corresponding homography)Ȳ҅ῶ

һ ד╥ ᾼȲ֪ױᶺ ӣ ᷾ (re-projection error)W Ɫ Ẕד ⇔ᾼѠהȲᵛȸ 

Ὠά ȟά Ὠ ȿ Ὠ ȿ Ὠ ȿ Ὠ ȿ   ( 5 ) 

ᾃ ᾼ╥Ȳһ╥ ᾼṳѹ ӣẃ ֯ Ὲ МЛ֝ ֥П ᾼ ȴ 
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[ ϡ] ҅ ъ ч ъ П☼  

 

҅ ъ ч ъ  

ẓדצ ᴶ ᾼ(geometric configuration)כ ֯п ᾼȴᶺ׀ФṼד╥ BPLR

(detector) [11] Ṽ׀⇔(feature dependence)Ȳṳ оⱢϚ ⇔

ȴӐ ѝѿ ҅ ъ ч ъ᷾ ᾼѠᾎẃ ϱ ἘȲ›῏ Ӧ ֥᷾ ᴟ Ὲ

Ϛ ᾼ ȷ∟῏ Ϛ ᾼ Ḕ ҒҠ ᾼ ֥Ȳ ѠᾎᾼḔ ֽ ϡἬӱȴ

ѿϯȲᶺ Ԓ Ὑֽᴶ∂ ῴỞ …Ȳ ԛиᵑЮ ӣὑ ᾼ ъ ч ъ

ȴ 

 

ῴỞ  

ᶺ ᾼѠᾎ ∂ ῴỞᾼ Ởȴ ὑḕϚ  ὺ ᶰὍȲᶺ ҵ ᾼדᴿ

⇔Ȳ֯ Ὅ М᷄  ὶ Ҡ ᾼ ὺ Ȳṳѹ ạ  ὶ Л צ ⇔ ȴ כ ӭ

ᾼȲҠѿ ἬצҠ ᾼדᴿ⇔ и ᶧ∟ȲṼᶧ᷂Ṫṷ Ẕ› צ ᾼ (strong 

overlapping) ҟ ȴẓ ᴖṕȲᶺ ᵓӣ SIFT Іᴷ Ẓ П ᾼדᴿ⇔Ȳᵛ

 Õ Õ  ȲᴖẔ ⇔⁄╥ӦẒ῏ ᾼӻ ѿẒ῏ ᾼ ᴷ ᴖ Ȳv  Ὓ ᷊ὛȾὛ ᷾

Ὓ ȴ ὺ   ὺ ᾼῴỞ ֥Ɫ 

יִ ά ὺȟὺȟὌ  ( 6 ) 

ẔМȲὌ  ╥  ὺ ẞ ὺ ᾼד ȴ  Ὅ МḕϚ ϱ Ḕ П∟Ȳѿ 

יִ ẕ יִ  ( 7 ) 

∂ ῴỞ …ᾼ ֥ȴ 

ῴỞП ȿיᾼЄЊ╥ȿִ יִ ֥ ὶ ὔ ȲẔМҔᵶ ֵ ᾼ Ȳ֪Ɫ֯ḕϚ יִ   Ҭ

Ϛ֯׀ Ӕ ᾼ ֥ȴ֯ ᾼ ԉ МȲ Ӣᾼ ᾓ╥Ȳ֯ ꜟ МӔ ᾼ ֥Ȳ

ҬצϚЊ и ԝϤ ִי Мȴ Ȳᶺ ֯Ἤצᾼ М ứ ὶ υȲ֪Ɫ  ὶ Єὑ υ ᾼ
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Ȳ ᾼӔ ≡ ϯ ȴ 

 

   
(a) Ϥ  (b) ъ᷾ ȸ207/222 (c) ч ъ᷾ ȸ337/369 

[ Ϯ] ѿᶺ ᾼѠᾎ᷄ẞП ȴ (a) Ϥ  Ὅ ế ὍȲҒϱ Ὅ МἬצᾼ ếϚṷ

BPLRs ( )ȴ (b) ъ᷾ ѿцһ SIFTᾼѩ ȴ ъ᷾ Ȳ֯ ִ222 י Ӕ ᾼ

М ҏ 207 ȴӪᴥ ῶӱẒ Ѡᾎ צ ẞᾼӔ Ȳּמᴥ ‌ᴥᾼ ⁄иᵑ҅ῶҬ

צ ъ᷾ ếҬצ Ὼ SIFT ᾎ᷄צẞᾼӔ ȴ (c)ч ъ᷾ ȴһ ẁ 147( σφωςςς)

Ӕ ᾼ Ȳṳѹԛ ғᾼכ ъ᷾ П∟Ȳ ẞ ҵ 130( σσχςπχ) Ӕ ᾼ (

ᴥ )ȴ 

 

ъ ὑ  

◕ᾼӭ ╥ МӔ יִ  ᾼ ֥Ȳᴖ Ҡѿ╥ῴỞᾼ יִ  ֥Ἠ╥

ϯϚ ◕ ᾼ ֥ȴᶺ ẞȲӔ ᾼ Ϛצ ᾼ ȲᴖṪṷЛӔ ᾼ ⁄ צ

һ ֢ᴞЛ֝ᾼ Ȳ ὑ ἤȲ֯ ӣ ъ᷾ ᴩ Ȳ֪ⱢһҠѿ ẓצ

ѩẂЛӔ ᾼ ᾓȲṳ ⇔ ẃ Ӕ ᾼ ȴẓ ẃ ȲḕϚ ֥ᾼד

Ɫ֯ ъῈ (Hough space)МᾼϚ Ȳѹ Ɫ╥Ϛ ὑᾃ ֯ (underlying 

homography of interest)ᾼ ȴ 

ъ Ẕצ ἤȲᵀһ ֯Ϛ ϱȲᵛ Ὲ ╥ Ӵ᷾ П ếȲ ᴖ

ἕ МᾼῈ ṼȴӔֽ[30]Ἤ╓ҏȲד ᾼ᷾ ῏(voter)╥ ъ Мᾼ Ȳ ᵑ

╥ ᷾ צФד῏ ᾼ ȴᶺ ẞ֯֝ϚᾬԈМ ῺП ἒדױ Ȳṳ Ҡ

ѿᾃ ẞᾬԈ ꜜѿц ậᾬԈᶝ ᶮᾭᾼ BPLR ד ᾼ ֥ ẃȴṶ ὙȲ ъ

᷾ ᾼ צ ֮ ȴױҵȲ֯ ⇔ Ҭṿӣד ѹЊ₤ᾼ ֥ȲᴖЛ╥ Ȳיִ 

Ϛẃ―ҠҒױֽ ᷾ ȴ 

ϱ еהоȲѿ ꜞ ὦЉ ̔ῶ֯  Ὅ М ẞᾼ BPLRs ȴ֥ ὑḕϚ  ὺ ᶰ

ὍȲᶺ ӣ “ὺ Ṗ  ꜞῶӱ  ὺ Мї ᾼ BPLRs ֥ȴ ὑḥצ ԉᴶ BPLR ẞᾼ ὺȲ

ᵛ “ὺ Ȳɲᶺ ֮ Ẕи ᴟ Ὼᾼ BPLRȲЛ ֪Ɫ BPLRs╥ ậ ᾼȲἬѿ

ᾼ ᾓṳЛ Ӣȴ ᶺ  ὺ ד ᾼ и Ȳᴖи ᾼṼ ╥ Ӧ ▲һ ╥ᵡԚ֝

ὑᴟюϚ BPLRМȲᵛȸ 

Ὃὺ ὺȿ“ὺ ᷊“ὺ ᶮ ( 8 ) 
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ᶺ כ ᾼ ֯п ᴿᾼדצ Ȳ֪֯ױ ъ᷾ МȲ  ὺ ד ᾼ

֥Ҡѿ ӦϯԝᾼהІ ֯Ϛ ȸ 

Ὑὺ ẕ ᶰיִ  ( 9 ) 

еיִה ά ὺȟὺȟὌ  ( 6 )Ȳ֯ ִי  М Ϛ֯׀ֵ Ӕ ᾼ Ȳ ъ᷾

ѿц᷾ ῏ Ὑὺ  ╥ӣẃ  ὺ ד ֥ ᾼ ȴẓ ẃ Ȳᶺ ╥ ӣ KDE 

(kernel density estimation)Пᶾ ẃ ъῈ Мᾼ᷾ ạȲᵛ ⇔ ȸ 

άᶻ ÁÒÇ ÍÁØ
ɴִי

В ÅØÐ
ȟ

ᶰ   ( 10 ) 

ẔМȲ„ ╥Ϛ Ӕ ȲẔ Ɫ צ М ᾼӂᶁȴ ᾃ ᾼ╥ȲӔ о ӭ ρȾὙὺ  ṳЛ

еהάὭὭǋᶻ ÁÒÇ ÍÁØ
ɴִי

В ÅØÐ
ȟ

ᶰ   ( 10 )ᾼ ὨȲᵀ╥֯

П ѩ ⇔ Ȳ ӭ╥Ӈ  ᾼȴ֯׀

֥ ᾼ ֥ᾼ Ḕ ֯  Ὅ МḕϚ ϱ ᴩȲ ∟ Ӣ ὔ  

ứᾼ ᶻיִ ֥ άᶻ ȴᶺ ԛ еהάᶻ ÁÒÇ ÍÁØ
ɴִי

В ÅØÐ
ȟ

ᶰ  

 ( 10 )Ȳ һ ᾼד ⇔ ᶧȲṳ ϯ ᴯ֯Ϛ   П›ᾼṪṷ ֥ȴ Ϯ(b)

ⱢױḔ П Ὠ Ẃȴ 

 

ч ъ ὑ ֥  

֯ ъ ҏӔ ᾼ ȲṳѹיᶻṖִיִ ֥ с ᾼӔ П∟Ȳч ъ ᾼӭ

⁄╥ ѿ יִ  ң֫ ȴ BPLRs и ᾼ Ȳצ Ϛ ᾼ ȲᴖѹҠѿ֯

֥᷄ ᾼ ФדẦᵗȴᶺ ἤ ṳ ч ъ Ȳṿכ ᾼ һ ᾼ

ἒױȲṳ ṷ ᾼ ẃ ẁḕϚ Ϛ ᾼ ֥ȴ 

ὑḕϚ  ὺ ᶰὍȲᶺ ӣеהὋὺ ὺȿ“ὺ ᷊“ὺ ᶮ ( 8 )ᾼὋὺ  Ẕ

ד ᾼ Ȳ֯ ṷ МȲḕϚ ẁϚ ὑ ὺ П ᾼ Ȳᴖ ṷ

֯ 

יִ άᶻȿὺ ᶰὋὺ  ( 11 ) 

ẔМ άᶻ ╥ ὺ ъ᷾ ∟Ἤ ᾼ …ȴ֯ ִי  ֥ МȲҠ ҔᵶӦ ᾼ

ᾼכ Ȳ֪ױᶺ ╚ Є и֥  ά ᶰִי  ᾼ ᵂⱢ∂ ȲẔМ 

ά ÁÒÇ ÍÁØ
ᶻ ɴִי

В ÅØÐ
ᶻ ȟ

ɴִי   ( 12 ) 
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Ȳά ד  ᾼ ╥ Ὄ Ȳᴖ ὺ  Ὄ   Ὅ ᷾ ẞ Ὅ ᾼ ӣ Ὓ ῶӱȲṪ ֯ Ὅ М

ᾼ ⁄╥ӦϯԝѠהḟứȸ 

ὺ ÁÒÇ ÍÁØ
ᶰ

᷊

᷾
 ( 13 ) 

Ȳά ὺȟὺȟὌ  ∂ ⱢҠכ ᾼ …Ȳᵛִי ᴺִי ᷾ά Ȳ ὑ Ὅ МḕϚ

ᴩ Ḕ Ȳᴖ ∟֯еיִה ẕ יִ  ( 7 ) ẞᾼ Ḕ יִ ֥ ȴч ъ

ᾼ Ẃ ӱὑ Ϯ(c)ȴ 

ъ ч ъ ᾼғ ד╥ ᾼȲ›῏ὑכד ᾼ М Ӕ ᾼ ȷ

∟῏Ӧὑצ ֻᾼ ὨҠѿ ẁ ế (harmonic enrichment)ȴᶺ Ҡѿ’ ҅᷾

ᶧᾼן ἤȲ֪Ɫ ֥( )ꜟᾼ Ȳ╥צ ѹỆứᾼȲ֯ḕϚװᾼ ҅Ȳ יִ) )ᾼ

ᵧ ȲԛҒϱ ִי ╥ ꜟ ᾼІ ȲἬѿ ҅ ᶧӇứ ן ȴ ϱẃכȲ

֯ װ ҅П∟ −ᶶ֮ן Ȳ֯ᶺ Ἤצᾼ М ╥ 2ẞ ȴ֯Ӑװ4 ᾼ ∟Ȳ ᶺ

ᾼѠᾎ ֯ ᾎ 1ȴ 

ᾎ 1 ᾎ 

1:  Input:  Feature sets ὠ  and ὠ ; Max iteration Ὕ 

2:  Output: Matched correspondences ִיᶻ 

 Ὥ=άὭὭὯ=ὺὭὖ, ὺὭὯὗ, ὌὭὭὯὯ=1ὶ ( 6 )יִ ὭὭ=1ὔὖ viaיִ

4:  while ὸ Ὕ do 

ᶻᴺיִ      :5  ɲ

6:      for all  ὺ ᶰὠ  do 

7:          Detect correspondence άᶻ ᶰִי  via άὭὭǋᶻ

ÁÒÇ ÍÁØ
ɴִי

В ÅØÐ
ȟ

ᶰ   ( 10 ); 

 ; ᶻ᷾άᶻיᶻᴺִיִ          :8

9:      for all  ὺ ᶰὠ  do 

ὺὯὗ via ὺὯὗ=arg maxὺὯὗɴ ὠὗὛ᷊ὛὯὗὛ᷾ὛὯὗ ( 13 ); 

11:          Construct ά ὺȟὺȟὌ  ; 

יִ          :12 ᴺִי ᷾ά  ; 

13:  Sort elements in ִיᶻ with thresholding; 
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Ϯȳ Ὠ  

ᶺ ᴩϮ ẃ ᴷӐ ѝ ҏПѠᾎῶ ȴ Ϛ Ȳ ֵ Ԛ֝ᾬԈѠ Ȳ

ᶺ ᾼѠᾎ Ẕ҃ ᾼᶾצ ѩ ȴ ϡ Ȳ ӱϠᶺ ᾼѠᾎ֯ Ḕ ᾼֻ

ȴ Ϯ ȲῶὙᶺ ᾼѠᾎҠѿếЛ֝ᾼ ІϚ ṿӣȲṳ֯ԏ צ оᾼ

ϱ ᴩ ȴ 

 

ֵ Ԛ֝ᾬԈ ᴩ  

֯ Мṿӣᾼ╥ SNU [16]ȲẔМҔᵶ 6 Ȳ Мצ Ԛ֝ᾬԈȳ

ѿц ᾼ￼ ȲѹᾬԈҏ ᾼЄЊȳѠ֣ ᴯ ἬЛ֝Ȳצ ṷ ╥֯

ᾼ╚ ȴ ᴖȲһ ẁϚ ṏֻᾼ ӂүȲ ᴶ ᾼ ἤȴ 

ᶺ ᴕ[31]Ȳ ⱢֽὨ Пӻ ѿẒ П Єὑ 40%Ȳ⁄

҅ῶ ╥Ӕ ᾼȴᶺ ṿӣӔ ң֫ ᴷ Пῶ ȲẔМӔ ╓ᾼ╥֯

ẞᾼ М╥Ӕ ПѩẂȲᴖң֫ ╥╓֯ἬצӔ Мצ ẞᾼ ἬҜПѩẂȲ

∟ precision-recallפ ẃᵧ ḕ ѠᾎП Ὠῶ ȴ 

 

 

 

 

[ ҳ] ֯ SNU МḕϚ ϱПЛ֝Ѡᾎᾼѩ ȴ 

 

ᶺ ᾼѠᾎ Hough voting and inverted Hough voting (HVIV) Ẕ҃ ᾼѠᾎצ ѩ ȲҔᵶ

ὑ ІᾼѠᾎȸopponent SIFT (OSIFT) [32]ȷ ὑи ᾼѠᾎȸcommon visual pattern discovery 

(CVP) [20]ȳagglomerative correspondence clustering (ACC) [21]ȷ ὑ ᶮᾼѠᾎȸspectral matching 
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(SM) [18]ȳreweighted random walks (RRWM) [33]ȴױҵȲʌ  ҒϚ baselineȲHough voting (HV)Ȳ

baselineҬ ᴩᶺ ᾼѠᾎМ ъ ᾼ иȴⱢḖצеӂᾼѩ Ȳԓ ᾼѠᾎ ṿӣ֝דᾼ

ȲḕϚ ꞋӦ Hessian affine detector [29] ẞȲṳӣ opponent SIFT descriptor [32]ẃ Ȳ

ἬצѠᾎᾼῴỞ ֥⁄╥ opponent SIFTᾼ Ὼ Ἤ ứȴ 

оᾼ Ὠ ὑ ҳМȴ ὑ ᶮп ᾼѠᾎȲẂֽȸSM ế RRWMȲ֪Ɫ ὔắẞ

ᾼ ȲἬѿῶ ṳЛ ứȴ֯ М∂ ῴỞ … Ȳ ᾼ ֵὑӔ ᾼ

ȴBaseline OSIFT֪ ⱢṿӣϚа (unary local feature)ȲḥצṜ ᾼ ϩ ᾼ￼

ѿц ᾼᾬ ᶮ ȲἬѿḥֻצᾼῶ ȴדчᾼȲCVPȳACCȳHV ế HVIV Ӧ

ᴶᾼϚ ἤẃ ἤ ȷẔМȲʌ ᾼ HVIV ֯Є и ᾓϯᾼῶ ϭ ὑ CVPȳACCếHVȲ

╥֪Ɫᶺ ᾼѠᾎ ד П и ӣὑ Ȳһ ᵍ ᾼ Ȳ ḟ

ҟ ὑῴỞ ᾼ ạȲṳ֪ױ ẞ Ӕ ң֫ ȴ֢ ѠᾎᾼϚṷ

Ὠ ӱὑ ХȲҠѿ ẞᶺ ᾼѠᾎ᷄ẞḆӔ ѹ ᾼ …ȴ 

 

 

[ Х] ֢ Ѡᾎ֯Ϛṷ ϱᾼ Ὠȴ(a)~(c) Booksȷ(d)~(f) Bulletins ȷ(g)~(i) 

Toysȴḕ Ꞌצ ӱἬṿӣᾼѠᾎѿцẔῶ МȲӔ יִ ) ẞᾼ /Ӕ ᾼ )ȴ 

 

֥ Ḕ  

֯ МȲ ӱᶺ ᾼѠᾎ֯ ֥ Ḕ ᾼֻ Ȳṳ baseline Hough voting (HV)ȳ

progressive graph matching framework (PROG) [28]ѩ ȲẔМ PROG╥֯ ֥Ѡ ֻᾼ

ѠᾎПϚȴ 
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ᶺ ӣӦ[28]ן ᾼ יּ ẃ ᴷȲẔМҔᵶ 30 ȲḕϚכ

ҬҔᵶϚ ᾬԈȴ ṿӣᾼ ứֽ֝ϱ ȲҔ╗ṿӣ֝דᾼ ȳ Іц ᴷ

ȴPROGⱢ ᾼה ᶮп ẁϚ ӣ ạȲἬѿһҠѿ ԉᴶϚ ὑ ᶮᾼѠᾎϚ

ṿӣȲ֯ ӣ RRWMᵂⱢ PROGП ᶮп ᾼ (module)Ȳ ὑ PROGᾼ  Ὧ ế Ὧ и

ᵑ ứⱢ 10ế 5ȴ 

 

 
[ г] ṿӣ RRWM+PROGȳHV ếᶺ ᾼ HVIV ẞП ὨȴRRWM+PROGế HV

Ѿ ẞԓ Ӕ Ȳ ᴖᶺ ᾼѠᾎ Ӧ Ḕ ֥ ϚḔḂ Ὠȴ 

 

ṿӣ֝דᾼ ȳ Іȳп ếῴỞ …Ȳ г ӱиᵑӣ RRWM+PROGȳHV

ế HVIV ẞᾼӔ ȴᾃ ẞȲRRWM+PROG ẞᾼ Ὠế Ở ѝᾼצἬЛ֝Ȳ Ҡ

╥֪Ɫ Ὠ ὔắẞ ӣᾼ ȳ Іếп ȴ 

Ҡѿ ẞȲHVIV Є Ғ ᾼ ȲᴖצḆֻᾼ ὨȲ ╥֪Ɫ֯ᶺ ᾼ

ѠᾎМȲ … ẒḔ ᾼӭ ẗ Ꞌ֯ ⇔ϱ ҏȲצẔϚ ἤȲ Ẓ Ḕ ד ד

ȲԚ֝כ ẃḆֻᾼ Ὠȴ ПҵȲӦױ BPLRs כ ᾼ Ȳ֯ ъ ч ъ МȲ

ἔ ֮ ד ᾼ᷾ ῏(voter)Ȳ ױ и ᾼ᷾ ῏ ṳ ẁ ₇ ᾼ∂ ȴ֯֝דᾼӔ

ϯȲʌ ᾼѠᾎ֯ ᾼ …(true correspondences)МȲ HV ѩ Ȳӂᶁ ẞ 54.0%ᾼכ  Ȳ

ᴖ PROGѩ Ϸצ 44.4%ᾼכ  ȴ 

 

ӣẔ҃ Іᾼ plug-in 

ᶺ ᾼѠᾎҠѿ ⱢϚ ᴶ (geometric filter)Ȳһ ᴶ ▲ҟ ᾼ ֥Ȳ

∟ Ӧ֯ד ᾼ П Ϛ ᾼ ẃ Ȳʌ Ҡѿ һ ӣ֯Л֝ ₤ᾼ

Іṳ с ȴ֯ МȲᶺ ᾼѠᾎ LIOP І[34]Ϛ ṿӣȲ֯ԏ צ оᾼ

П ∂Ӵ …ȴ 

ᶺ ֯ ᾼ illumination [34]ϱ ᴩứ иέȲһҔᵶẒ Desktop ế
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Corridor ȴҫҵȲϷ ӣ֯ Oxford Мצ ԏḂ ᾼ Leuven ȴ ὑḕϚ Ȳ

ṿӣ Hessian-affine ứᴯ ᴯ ȲᴖῴỞ ⁄╥ᵓӣẓצԏ Л ἤᾼ LIOP ẃ

∂ ȴ 

 

 
[ ϝ] Plug-in LIOP֯Ϯ ϱПѩ ȴ 

 

HV ếᶺ ᾼ HVIV ӣ֯ LIOP᷄ẞᾼ ֥ϱȲכὨѿ precision-recallפ ᾼᶮהᵧ

֯ ϝМȴ LIOPБẓ֯צԏ оϯᾼ ἤȲᵀһᾼῶ Ь Ҡѿ ᾼϚ

ἤѿц ẃ ȴ 

 

ҳȳ  

֯Ӑ ѝМȲᶺ ҏϚ צ⁯ ᾼѠᾎȲ ҅ ᴩ ъ᷾ ч ъ᷾ Ȳѿ֯

ᾼп ԉ М∂Ӵ Ȳṳ Ӕ ếң֫ ȴ Ѡᾎ оⱢϚ ⇔

ᾼ Ȳ Ӧ ҅ ṾоȲ ᾼ М ҏḆֵӔ ᾼ ֥Ȳᴖ֯ד П

Ϛ ᾼ Ȳ Ḕ ֥ ᾼ ֥ȴױҵȲᶺ BPLRs ᾼ׀ФṼד

כ Ȳ Л с ϷҒᶶ ⇔ȴ֯Ϯ ṿӣЛ֝ᾼ ІȲ ὑ ҏᾼѠᾎ ᴩ

֥ ᴷȲ ὨҠѿכẞẔ ӣἤȴӑẃȲ ᷂ᶺ ᾼѠᾎ ӣẞ Ԛ֝й ȳ цכ֥

∂Ȳ֪Ɫ ₇ ѹ ᾼ ᵓὑצ ṷ ӣȴ 
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