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Abstract

ᵜ文ᡁԜᓄ⭘元胞自动机üüа动ᘱᴤᯠ机ࡦⴤ
㿲ൠ检测显著ⴞḷǄ俆ݸˈᡁԜᶴᔪҶањ基于㛼Ჟ
的显著性മǄ䘉њ显著性മᱟ䙊䗷઼࠶㊫的䗩㕈ᆀ
䘋㹼仌㢢オ䰤઼䐍オ䰤к的ሩ∄ᗇࡠ的Ǆ❦ਾᡁԜ
ᨀࠪҶа基于元胞自动机的ᯠරՐ机ࡦˈᒦ䙊䗷
䛫ት䰤的ӂӔ⍱ᶕ᧒㍒լ४ฏѻ䰤的പᴹޣ㚄Ǆ
ᡁԜ䙊䗷ᶴᔪᖡ૽ഐᆀ⸙䱥઼㖞ؑᓖ⸙䱥ᶕᒣ㺑н਼
元胞ሩ⇿њ元胞ла⣦ᘱ的ᖡ૽࣋Ǆᡰᴹ元胞的显著
性٬Պᦞᡰᨀࠪ的ᴤᯠ਼ࡉ↕ᴤᯠǄᡁԜਁ⧠ᰐ
䇪⧠ᴹ㇇⌅的㔃᷌ᘾԜṧˈ਼↕ᴤᯠ机ࡦ䜭ਟԕ
ሶԆԜ的㔃᷌Ոॆᨀ儈ࡠањլ的≤ᒣǄᴰਾˈᡁ
ԜᨀࠪҶа基于䍍ਦᯟ⨶䇪的㶽ਸ㇇⌅৫࡙⭘н਼
㇇⌅ᗇࡠ的显著性മ的Ո⛩Ǆ൘ޝњޜᔰᮠᦞᓃк的
བྷ䟿ᇎ傼㺘᰾ᡁԜᡰᨀࠪ的㇇⌅㾱Ո于䗴ӺѪ→ᴰݸ
䘋的ᯩ⌅Ǆ

1.ᕅ䀰
ᴰ䘁ˈ㠤࣋于ࡠമۿ中ᴰ䟽㾱䜘࠶的显著性检

测ᐢ㓿൘䇑㇇机㿶㿹亶ฏ䎺ᶕ䎺Პ৺ [1, 14]ǄѪമ
亴༴⨶䗷〻ˈ显著性检测ਟԕ㻛ᓄ⭘于ᖸཊ㿶㿹ᐕۿ
ˈ∄ྲ㿶㿹䐏䑚 [26],ⴞḷ䟽ᇊս [11, 39],മ࠶ۿ㊫
[37]઼മࢢ࠶ۿ [35]Ǆ
䙊ᑨˈ显著性检测的ᯩ⌅ਟԕ㻛࠶Ѫ自к㘼лᡆ㘵

自л㘼кєǄ自к㘼л的ᯩ⌅ [3, 27, 31, 50]ᱟԫ࣑
傡֯රˈ䴰㾱Ӫᐕḷ⌘的ⵏ٬മᒦ䘋㹼ⴁⶓ䇝㓳ǄѪ
ҶᴤྭൠӾ㛼Ჟ中䗘࡛显著⢙փˈᡁԜ䴰㾱ᓄ⭘儈㓗
઼ؑⴁⶓᯩ⌅ᶕᨀ儈显著性മ的߶⺞⦷Ǆ৽ˈ自
л㘼к的ᯩ⌅ [15, 18, 22, 40, 41, 48]䙊ᑨ࡙⭘վ㓗㓯㍒ˈ
∄ྲ⢩ᖱˈ仌㢢઼オ䰤䐍ᶕᶴᔪ显著性മǄаᓄ
⭘ᴰཊ的ࡉᱟሩ∄ᓖՈݸࡉǄ䘉ࡉѫ㾱ᱟ䙊
䗷䇑㇇ањ४ฏ઼ઘത⧟ຳ的仌㢢ሩ∄ᓖ઼オ䰤ሩ∄
ᓖᶕᗇࡠ䈕४ฏ的显著性٬ [7, 8, 18, 21, 22, 33, 43]Ǆ
ਖཆˈ䘈ᴹаӋᯩ⌅ᱟ基于䗩㕈Ոݸ性ǄᆳԜٷ䇮മ
ᴹਟ㜭ᡀѪ㛼Ჟ࣐䗩㕈的४ฏᴤۿ [19, 23, 44, 49]Ǆ䈊
❦ˈമۿ的䗩㕈ᴹᖸབྷ的ਟ㜭ᡀѪ㛼Ჟˈ䘉൘ᕅ文
[5, 36]中ᴹᡰ䇱᰾Ǆնᱟˈۿѻࡽབྷཊᮠᯩ⌅䛓ṧˈሶ
മۿ䗩㕈кᡰᴹ的⛩䜭ᖂѪ㛼Ჟ⛩ᒦнਸ⨶Ǆྲ᷌ⴞ
ḷ⢙փࠪ⧠൘മۿ的䗩㕈ˈ㻛䘹㛼Ჟ的ᆀቡՊн
߶⺞ᒦⴤ᧕ሬ㠤㔃᷌的䭉䈟Ǆ

൘䘉ㇷ文ㄐ中ˈᡁԜᨀࠪᴹ᭸的ᯩ⌅ᶕ䀓ߣк䘠

的䰞仈Ǆ俆ݸˈᡁԜᓄ⭘ K-means㇇⌅ሶമۿ的䗩㕈
Ѫн਼的㊫࡛Ǆ⭡于⇿ањ䗩㕈㊫的㍗ᇶᓖˈᡁԜ࠶
ਟԕӗ⭏н਼তӂ㺕的仌㢢ᐞᔲമˈᒦ࡙⭘オ䰤䐍
ሶᆳԜ㔃ਸ൘а䎧Ǆ❦ਾˈᡁԜᕅޕ基于元胞自动
机 [42]的Ր机ࡦᶕ࣐ᕪլമۿ४ฏ䰤的显著性٬
的а㠤性Ǆ䙊䗷䛫ት䰤的ӂᖡ૽ˈ䭉䈟ൠ㻛䘹Ѫ㛼
Ჟᆀ的元胞ሶՊ自动䈳ᮤᆳԜ的显著性٬Ǆᴰਾˈ
ᡁԜᓄ⭘অቲ元胞自动机৫Ոॆ⧠ᴹ的㇇⌅ԕӗ⭏ᴤ
ྭ的㔃᷌Ǆ

൘显著性检测亶ฏᐢᴹᖸཊᴹ᭸的㇇⌅ˈ⇿㇇⌅
䜭ᴹԆԜ自的Ո⛩ [7, 17, 23, 33, 52]ǄѪҶ㔃ਸн਼
ᯩ⌅的Ո⛩ˈᡁԜᨀࠪҶаѪཊቲ元胞自动机的
㶽ਸ⁑රǄཊቲ元胞自动机ሶн਼的显著性മѪ䗃
䘋的ᯩ⌅Ǆݸ的㔃᷌Ո于㠣Ӻᴰࡠ㶽ਸਾᗇˈޕ

ㆰ㘼䀰ѻˈᵜ文的ѫ㾱䍑⥞वᤜ˖
1)ǃᡁԜᨀࠪаᴹ᭸的㇇⌅ᶕ㶽ਸޘተᐞᔲ⸙䱥ˈᒦ
ᓄ⭘元胞自动机৫࡙⭘ተ䜘լ性ᶕՈॆࡍ的显著
性മǄ
2)ǃঅቲ元胞自动机ਟԕᶱབྷൠᨀ儈⧠ᴹ㇇⌅ᗇࡠ的
㔃᷌Ǆᒦфᰐ䇪ᶕ的显著性മ的߶⺞⦷ྲօˈ䜭ਟ
ԕሶަᨀ儈ࡠањլ的߶⺞⦷≤ᒣǄ
3)ǃ基于䍍ਦᯟ⨶䇪的ཊቲ元胞自动机ਟԕ㶽ਸཊᑵ
显著性മᒦᗇࡠањᴤྭ的㔃᷌Ǆ

2.ޣᐕ
䘁ᶕˈ䎺ᶕ䎺ཊ的自л㘼к的ᯩ⌅ੁٿ于䙊䗷䘹ᤙ

മۿ的䗩㕈Ѫ㛼Ჟᆀᶕᶴᔪ显著性മǄ㘳㲁ࡠ㛼
Ჟ४ฏ的㚄㌫性ˈWeiㅹӪ [44]ሶ⇿ањ४ฏоമۿ
䗩㕈的ᴰ⸝䐍ᇊѹѪᆳԜ的显著性٬Ǆ൘ [19] 中ˈ
оമۿ䗩㕈的ሩ∄ᶴᡀҶањᯠ的४ฏ⢩ᖱੁ䟿Ǆ䈕
ੁ䟿㻛⭘ᶕ㺘⽪㛼Ჟ的⢩ᖱǄ൘ [49]中ˈYangㅹӪ䙊
䗷⍱ᖒᧂᒿ䇑㇇⇿њമۿ४ฏоമۿ䗩㕈的ޣ性ˈ
ᒦԕ↔Ѫ⇿њ४ฏ的显著性٬Ǆ൘ [52]中ˈањᴤ
ᐳǄ࠶४ฏ的オ䰤ۿっᇊ的基于䗩㕈的㇇⌅㘳㲁Ҷമ࣐

ਖཆˈаӋᴹ᭸的㇇⌅ᱟ基于䍍ਦᯟ⨶䇪ᨀࠪ的Ǆ
൘ [34] 中ˈRahtu ㅹӪᴰݸᓄ⭘䍍ਦᯟ⨶䇪ᶕՈॆ显
著性മᒦਆᗇҶᖸྭ的㔃᷌Ǆ൘ [46, 47] 中ˈXie ㅹ
Ӫᓄ⭘Ӿࠨव中ᗇࡠ的վ㓗മۿ㓯㍒ᶕ䇑㇇㿲测լ
❦ᓖǄ൘ [51]中ˈ䢤于㿶㿹⢩ᖱ的自ؑˈ൘䍍ਦᯟ
⨶䇪的Ṷᷦлˈ显著性ⴞḷՊ自❦ࠪ⧠ǄਖཆˈLiㅹ
Ӫ [23]䙊䗷ᇶ䳶઼〰⮿䟽ᔪᗇࡠҶ显著性മˈᒦᨀࠪ
Ҷ⭘䍍ਦᯟ㇇⌅ᶕ㶽ਸн਼的显著性മǄԕкᡰᴹ㇇
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⌅䜭㺘᰾䍍ਦᯟ⨶䇪൘显著性检测ᯩ䶒的ᴹ᭸性Ǆ
元胞自动机ˈᴰݸ൘ [42] 中㻛ᨀࠪˈᱟаᴹ⵰

ㆰঅ的㔃ᶴնᱟ༽ᵲ的自㓴㓷㹼Ѫ的动ᘱ㌫㔏Ǆ䘉њ
⁑ර⭡ањᯩᖒṬᆀ㓴ᡀˈṬᆀк的元胞ᴹ⵰ᮓ的
⣦ᘱǄṩᦞᓄ的㿴ࡉˈ元胞ਟԕ൘ᮓ的ᰦ䰤↕䟼
нᯝᴤᯠ自ᐡ的⣦ᘱǄ⇿њ元胞лаᰦ的⣦ᘱ⭡ᆳ
自ᐡ的ᖃࡽ⣦ᘱ઼ᆳ䛫ት的ᖃࡽ⣦ᘱߣ਼ޡᇊǄ元胞
自动机㻛ᓄ⭘于⁑ᤏᖸཊ༽ᵲ的动ᘱ㌫㔏的╄ॆ䗷
〻 [4, 9, 10, 28, 29]Ǆ㘳㲁ࡠ显著⢙փᙫᱟੁٮ于ᱟ䳶㚊
的ˈᡁԜᓄ⭘元胞自动机ᶕ᧒㍒䛫ት䰤的ᵜ䍘㚄㌫ᒦ
ቁլ४ฏ䰤的ᐞᔲ性Ǆ㔃ਸ䍍ਦᯟ⨶䇪ˈ元胞自߿
动机ѪаՐ机ࡦ㻛ᕅޕ䘉а亶ฏˈᒦਟԕᖸྭ
ൠՈॆ显著性മǄ

3.㇇⌅
൘䘉䜘࠶ˈ基于࠶㊫的䗩㕈ᆀˈᡁԜ俆ݸᶴᔪҶ

ተ仌㢢ᐞᔲ⸙䱥઼オ䰤䐍⸙䱥ˈᒦሶᆳԜ㶽ਸᡀޘ
аᑵ基于㛼Ჟ的显著性മǄ❦ਾˈᡁԜ࡙⭘基于元胞
自动机的ᯠරՐ㇇⌅৫᧒㍒լ४ฏ䰤的ᵜ䍘㚄㌫Ǆ
ᡁԜҏᴤ␡ޕൠ䇘䇪Ҷ䘉а㇇⌅൘Ոॆ⧠ᴹᯩ⌅к的
ᴹ᭸性઼励ἂ性Ǆ

ተᐞᔲ⸙䱥的㶽ਸޘ.3.1

ѪҶᴤྭൠ㧧ᗇമۿപᴹ的㔃ᶴؑᒦᨀ儈䇑㇇
᭸⦷ˈᡁԜᓄ⭘ SLIC ㇇⌅ [2] ሶаᑵമࢢ࠶ᡀ N њ
ሿ的䎵ۿ㍐⛩ˈᒦᓄ⭘ۿ㍐⛩的ᒣ൷仌㢢⢩ᖱ઼ᒣ
൷ḷᶕ᧿䘠⇿ањ䎵ۿ㍐⛩ǄѪҶ㧧ᗇᴤՈॆ的㛼
Ჟᆀˈ基于മۿ䗩㕈⛩的 CIE LAB 㢢ᖙ⢩ᖱˈᡁ
Ԝ䘀⭘ K-means ㇇⌅ሶമۿ的䗩㕈࠶ᡀ K ㊫Ǆ൘䘉
ㇷ文ㄐ中ˈᡁԜԕ㓿傼Ѫѫൠሶ䗩㕈的㊫ᮠ䇮㖞Ѫ
K = 3Ǆ于ㅜ k ㊫的䎵ۿ㍐⛩的ᙫᮠ⭘ pk 㺘⽪,ަ
中 k = 1, 2, · · · ,KǄ基于 K њн਼的㊫ˈᡁԜਟԕᶴ
ᔪ K њн਼的ޘተ仌㢢ᐞᔲമ (GCD)Ǆ൘ GCD⸙䱥
S= [sk,i]K×N 中ˈ元㍐ sk,i 㺘⽪൘ㅜ k њ GCDമ中ˈ
元胞 i的显著性٬ˈਟ⭡ԕлޜᔿ䇑㇇ᗇࡠ˖

sk,i =
1

pk

pk∑
j=1

1

e
−

∥ci,cj∥
2σ1

2 + β

(1)

ަ中 ∥ ci, cj ∥ᱟ䎵ۿ㍐⛩ i઼ j ൘ CIE LAB㢢ᖙオ
䰤中的⅗ᔿ䐍ǄᡁԜሶᒣ㺑ᵳ䟽٬䇮㖞Ѫ σ1 = 0.2
઼ β = 10Ǆᖃ β ∈ [7, 15]ᰦˈ㔃᷌基ᵜнਈǄ
Ӿമ 1 中ᡁԜਟԕⴻࠪ㲭❦基于䗩㕈㚊㊫ᗇࡠ的

GCDമˈ㔃᷌ᒦн䇙Ӫ┑ˈնᱟ⇿ᑵമ中䜭ᴹаӋ
儈߶⺞ᓖ的䎵ۿ㍐⛩Ǆ⭡于Ոॆਾ的⇿њ䗩㕈㊫䟼的
䎵ۿ㍐⛩ᴹ䶎ᑨབྷ的լ性ˈK њ GCDമѻ䰤ӂӂ
㺕Ǆᖃањ䎵ۿ㍐⛩的显著性٬ᱟ基于Ԇᴰ䘁的㛼
Ჟ㊫䇑㇇ᰦˈᆳ的显著性٬ቡ䎺߶⺞Ǆഐ↔ˈᡁԜᶴ
ᔪҶޘተオ䰤䐍 (GSD)⸙䱥W= [wk,i]K×N ᶕᵳ㺑
н਼ GCDമѻ䰤的䟽㾱性Ǆwk,i ԓ㺘䎵ۿ㍐⛩ i઼ᡰ
ᴹㅜ k ㊫㛼Ჟ⛩ѻ䰤的オ䰤䐍Ǆᆳਟ⭡лᔿ䇑㇇ᗇ
˖ࡠ

wk,i =
1

pk

pk∑
j=1

e
−∥ri,rj∥

2
2

2σ2
2 (2)

Figure ᔿޜ.1 1中ޘተ仌㢢ᐞᔲമ (GCD)઼ޜᔿ 2中ޘተオ
䰤䐍ᐞᔲമ (GSD)的㶽ਸǄ

ަ中 ri ઼ rj ᱟ䎵ۿ㍐⛩ i ઼ j 的ḷˈσ2 ᱟањ᧗
ᵳ䟽的ᑨ䟿Ǆᖃࡦ σ2 ∈ [1.1, 1.5] ᰦˈ㔃᷌っᇊнਈǄ
൘䘉ㇷ文ㄐ中ˈᡁԜ䇮㖞 σ2 = 1.3Ǆ基于㛼Ჟᗇࡠ的
显著性മ Sbg= [Sbg

1 , · · · , Sbg
N ]T ਟԕ䙊䗷㔃ਸオ䰤ؑ

wk,i ઼仌㢢ؑ sk,i ᶕ䇑㇇˖

Sbg
i =

K∑
k=1

wk,i × sk,i (3)

മ 1㺘᰾ˈ⭘オ䰤䐍ᶕ㓖ᶏ GCDമˈਟԕ࣐ᕪተ
䜘४ฏ的ሩ∄ˈӾ㘼显著ᨀ儈显著性٬的߶⺞性Ǆ䙊
䗷ᴹ᭸ൠ࡙⭘н਼ GCDമ的Ո࣯ˈ基于㛼Ჟᗇࡠ的显
著性മቡՊᴤ࣐的߶⺞઼ԔӪؑᴽǄ

3.2.基于元胞自动机的਼↕ᴤᯠ机ࡦ

൘অቲ元胞自动机 (SCA) 中ˈ⇿ањ䙊䗷 SLIC ㇇
⌅ᗇࡠ的䎵ۿ㍐⛩ԓ㺘ањ元胞ǄᡁԜሩѻࡽ的⁑ර
[38, 42]ѫ㾱ڊҶй⛩؞᭩Ǆ俆ݸˈ൘⧠ᴹ的元胞自动
机⁑ර中ˈ元胞的⣦ᘱ䜭ᱟᮓ的 [30, 45]Ǆ❦㘼ˈ൘
䘉ㇷ文ㄐ中ˈᡁԜ⭘⇿ањ䎵ۿ㍐⛩的显著性٬Ѫ
ᆳ的⣦ᘱˈ䘉њ٬ᱟ ࡠ0 1ѻ䰤的䘎㔝٬Ǆަ⅑ˈᡁԜ
㔉䛫ትҶањᴤѪᒯ⌋的ᇊѹˈ䘉઼മ䇪中的 z ቲ
䛫ትլ（൘䘉䟼 z = 2）Ǆањ元胞ᯠᇊѹ的䛫ትव
ᤜᆳ䛫的元胞ԕ৺઼ᆳ䛫的䛫ትޡᴹ਼а䗩㕈的
元胞Ǆ਼ᰦᡁԜ䇔Ѫ൘മۿ䗩㕈的䎵ۿ㍐⛩ᱟᖬ↔
䘎的ˈഐѪԆԜ䜭㻛ᖃ㛼ᲟᆀǄᴰਾˈн਼于ᐢ
ᴹ的元胞自动机⁑රˈ䛫ት的ᖡ૽࣋ᒦнᱟപᇊнਈ
的Ǆԫօаሩ元胞ѻ䰤的ᖡ૽࣋оԆԜ൘㢢ᖙオ䰤中
的լᓖ㍗ᇶ㚄㌫Ǆ

3.2.1 ᖡ૽ഐᆀ⸙䱥

ⴤ㿲кˈᡁԜՊ䇔Ѫྲ᷌ањ䛫ትоḀ元胞ᴹᴤ
լ的仌㢢⢩ᖱˈቡՊሩ䈕元胞лаᰦ的⣦ᘱӗ⭏ᴤ
བྷ的ᖡ૽Ǆԫօаሩ䎵ۿ㍐⛩的լ性ᱟ⭡ CIE LAB
㢢ᖙオ䰤中ᡰᇊѹ的䐍ᶕ㺑䟿的ǄᡁԜ䙊䗷ᇊѹ䎵

2



(a) (b) (c) (d)
Figure 2.অቲ元胞自动机的⭘Ǆ(a)䗃ޕ的മ⡷ (b)基于㛼
Ჟᗇࡠ的显著性മ (c)㓿䗷元胞自动机Ոॆਾ的基于㛼Ჟ的
显著性മ (d)ⵏ٬മǄ

⛩㍐ۿ iሩ于䎵ۿ㍐⛩ j 的ᖡ૽ഐᆀ fij ᶕᔪ・ᖡ૽ഐ
ᆀ⸙䱥 F= [fij ]N×N :

fij =

{
exp(−∥ci,cj∥

σ3
2 ) j ∈ NB(i)

0 i = j or otherwise
(4)

ަ中 ∥ ci, cj ∥ԓ㺘 CIE LAB㢢ᖙオ䰤中䎵ۿ㍐⛩ i઼
j ѻ䰤的⅗ᔿ䐍ˈσ3 ᱟањ᧗ࡦլ性࣋ᓖ的৲ᮠǄ
ᡁԜۿ [49]аṧˈ䇮㖞 σ3

2 = 0.1ǄNB(i)ᱟ元胞 i的
䛫ት的䳶ਸǄѪҶᖂаॆᖡ૽ഐᆀ⸙䱥ˈᡁԜᇊѹҶ
ᓖ⸙䱥 D= diag{d1, d2, · · · , dN}ˈަ中ˈdi =

∑
j fijǄ

ᴰਾˈᡁԜਟԕṩᦞлᔿሩᖡ૽ഐᆀ⸙䱥䘋㹼㹼ᖂа
ॆ˖

F∗ = D−1 · F (5)

3.2.2 㖞ؑᓖ⸙䱥

㘳㲁ࡠ⇿њ元胞лаᰦ的⣦ᘱᱟ⭡ᆳ自ᐡ઼ᆳ的
䛫ትᖃࡽᰦ的⣦ᘱߣ਼ޡᇊˈഐ↔ᡁԜ䴰㾱ᒣ㺑䘉
єњߣᇊ性的ഐ㍐Ǆаᯩ䶒ˈྲ᷌൘仌㢢オ䰤中ˈа
њ䎵ۿ㍐⛩઼Ԇ的䛫ትᴹᖸབྷ的ᐞᔲˈ䛓Ѹᆳлаᰦ
ᇊǄਖߣ的⣦ᘱᰦࡽ的⣦ᘱሶՊѫ㾱⭡ᆳ自ᐡᖃ
аᯩ䶒ˈྲ᷌ањ元胞઼ᆳ的䛫ትᖸլˈ䛓Ѹᆳᖸ
ᴹਟ㜭㻛ተ䜘的⧟ຳ਼ॆǄഐ↔ˈᡁԜᔪ・Ҷањ㖞
ؑᓖ⸙䱥 C= diag{c1, c2, · · · , cN} ৫ᴤྭൠ׳䘋ᡰᴹ
元胞的ᴤᯠ╄ॆǄ⇿њ元胞ሩᆳ自ᐡᖃࡽᰦ⣦ᘱ的
㖞ؑᓖਟ⭡лᔿ䇑㇇˖

ci =
1

max(fij)
(6)

ѪҶ؍䇱 ci ∈ [b, a + b]ˈᡁԜ䙊䗷лᔿ䇑㇇㖞ؑᓖ
⸙䱥 C∗= diag{c∗1, c∗2, · · · , c∗N}:

c∗i = a · ci −min(cj)

max(cj)−min(cj)
+ b (7)

ަ中 j = 1, 2, · · · , NǄᡁԜ࡛࠶ሶᑨᮠ a ઼ b 䇮㖞Ѫ
0.6 ઼ 0.2Ǆྲ᷌ a ٬പᇊѪ 0.6ˈᖃ b ∈ [0.1, 0.3] ᰦˈ

㔃᷌基ᵜнਈǄᴹҶ㖞ؑᓖ⸙䱥 C∗ˈ⇿њ元胞ሶՊ自
动ᴤᯠ╄ॆࡠањᴤ࣐߶⺞઼っᇊ的⣦ᘱǄ൘䛫ት的
ᖡ૽лˈ显著ⴞḷሶᴤᇩ᱃㻛检测ࠪᶕǄ

3.2.3 ਼↕ᴤᯠࡉ

൘অቲ元胞自动机中ˈᡰᴹ的元胞ṩᦞᴤᯠ਼ࡉ
↕ᴤᯠԆԜ的⣦ᘱǄ㔉ࠪᖡ૽ഐᆀ⸙䱥઼㖞ؑᓖ⸙䱥
ਾˈ਼↕ᴤᯠࡉ f : SNB → S ণਟᇊѹྲл˖

St+1 = C∗ · St + (I− C∗) · F∗ · St (8)

ަ中 Iᱟঅս⸙䱥ˈC∗઼ F∗࡛࠶ᱟ㖞ؑᓖ⸙䱥઼ᖡ૽
ഐᆀ⸙䱥Ǆᖃ t = 0ᰦˈS0 ቡᱟޜᔿ 3中的 SbgǄ㓿䗷
N1 њᰦ䰤↕（ањᰦ䰤↕㻛ᇊѹѪሩᡰᴹ元胞的а⅑
䙽শᴤᯠ）̍ ᡁԜਟԕᗇࡠᴰ㓸的显著性മˈ⭘ SN1 㺘
⽪Ǆ
基于བྷཊᮠമۿ的ᵜ䍘⢩⛩ˈᡁԜᨀࠪҶᴤᯠࡉǄ

俆ݸˈ于ࡽᲟ的䎵ۿ㍐⛩䙊ᑨᴹլ的仌㢢⢩ᖱǄ
䙊䗷࡙⭘䛫ት䰤的പᴹ㚄㌫ˈঅቲ元胞自动机ਟԕ࣐
ᕪլ४ฏ的显著性٬的а㠤性ᒦᖒᡀањっᇊ的ተ
䜘⧟ຳǄަ⅑ˈ显著ⴞḷ઼ަઘത⧟ຳ൘仌㢢オ䰤中
ᴹᖸབྷ的ᐞᔲ性Ǆ䙊䗷լ䛫ትѻ䰤的ᖡ૽ˈ൘ⴞḷ
઼㛼Ჟѻ䰤Պ自❦ൠࠪ⧠ањ᰾显的࠶⭼㓯Ǆ基于㛼
Ჟᗇࡠ的显著性മ㻛অቲ元胞自动机Ոॆѻਾਟԕ⭘
BSCAᶕ㺘⽪Ǆമ 2㺘᰾অቲ元胞自动机ਟԕᖸྭൠ࣐
ᕪࡽᲟᒦᣁࡦ㛼ᲟǄ
ਖཆˈঅቲ元胞自动机ਟԕᴹ᭸ൠ䀓ߣ൘ㅜ 1䜘࠶

中ᨀࡠ的䰞仈Ǆᖃ显著的䎵ۿ㍐⛩㻛䭉䈟ൠ䘹Ѫ㛼Ჟ
ᆀᰦˈᆳԜሶՊ൘ተ䜘⧟ຳ的ᖡ૽л自动ൠ࣐ᆳ
Ԝ的显著性٬Ǆമ 3㺘᰾ᖃⴞḷ⢙൘മۿ䗩㕈ᰦˈᵜ
文㇇⌅ӽ❦㜭ཏᗇࡠԔӪ┑的㔃᷌Ǆ

3.2.4 Ոॆ⧠ᴹ㇇⌅

⭡于显著ⴞḷ的䘎䙊性઼㍗ᇶ性ˈ㓿䗷ᴤᯠ╄ॆਾˈ
മۿ中显著的䜘࠶Պ自❦ൠࠪ⧠Ǆнӵྲ↔ˈᡁԜᖸ
ཷ的ਁ⧠˖ণ֯基于㛼Ჟᗇࡠ的显著性മ的㔃᷌ᖸ
ᐞˈঅቲ元胞自动机ӽਟԕᖸ߶⺞ൠࡔᯝࠪ显著⢙փˈ
↓ྲമ 4 (b)ᡰኅ⧠的аṧǄഐ↔ˈᡁԜ֯⭘ࠐ㓿ި
的㇇⌅ᗇࡠ的显著性മѪݸ傼മˈᒦфᦞ਼↕ᴤ
ᯠࡉнᯝᴤᯠ⇿њ元胞的显著性٬Ǆ⭡н਼的ᯩ⌅
ӗ⭏的显著性മ㻛⭘ᶕᖃޜᔿ 8中 t = 0ᰦ的 StǄ䙊
䗷অቲ元胞自动机Ոॆਾ的㔃᷌ྲമ 4ᡰ⽪ǄᡁԜਟ
ԕⴻࠪণ֯ᶕ的显著性മᒦнྭˈ㓿䗷元胞自动机
的ᴤᯠ╄ॆਾˈᡰᴹ的㔃᷌䜭㻛ᨀ儈ࡠլ的߶⺞ᓖǄ
䘉㺘᰾ᡁԜ的⁑රᒦн䎆于ݸ傼മˈᒦфਟԕᖸྭ
ൠՈॆ⧠ᴹ的ᯩ⌅Ǆ

4.ཊቲ元胞自动机
䗴ӺѪ→ˈ൘显著性检测亶ฏᴹᖸཊᯠ仆的ᯩ⌅Ǆ

н਼的ᯩ⌅ᴹԆԜ自的Ո⛩઼㕪⛩ǄѪҶ࡙⭘⇿а
ᯩ⌅的Ո⛩ˈᡁԜᨀࠪҶаᴹ᭸的ᯩ⌅৫㶽ਸM
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(a) (b) (c)
Figure 3.ᖃⴞḷ⢙փࠪ⧠൘മۿ䗩㕈ᰦ的显著性മǄ(a)䗃ޕ
的മۿ (b)䙊䗷অቲ元胞自动机ᗇࡠ的显著性മ (c)ⵏ٬മǄ

н਼ᯩ⌅⭏ᡀ的M њ显著性മǄ⇿ањ显著性മቡ
ᱟаቲ元胞自动机Ǆ

൘ཊቲ元胞自动机 (MCA) 中ˈ⇿ањ元胞ԓ㺘а
њۿ㍐⛩ˈаᑵമ中ᡰᴹ的元胞ᮠѪ HǄᡁԜ⭘显著
性٬㺘⽪元胞的⣦ᘱǄн਼于 3.2 䜘࠶中ሩ䛫ት的ᇊ
ѹˈ൘ཊቲ元胞自动机中ˈн਼显著性മ中ᴹ⵰਼
ս㖞的ۿ㍐⛩ӂѪ䛫ትǄҏቡᱟ䈤ˈሩ于ԫаᑵ显
著性മ中的元胞ˈᆳԜሶᴹM − 1њ൘ަᆳ显著性മ
к的䛫ትǄᡁԜٷ䇮ᡰᴹ的䛫ትሩ元胞лаᰦ的⣦
ᘱᴹ਼的ᖡ૽࣋Ǆۿ㍐⛩ i 的显著性٬ԓ㺘ᆳᡀѪ
Ჟࡽ F 的ਟ㜭性ˈ⭘ P (i ∈ F ) = Si 㺘⽪ˈ㘼 1 − Si

㺘⽪ᆳᡀѪ㛼Ჟ B 的ਟ㜭性ˈ⭘ P (i ∈ B) = 1 − Si

㺘⽪ǄᡁԜ⭘ OTSU [32]㇇⌅ӗ⭏的䘲ᓄ性䰸٬ሩ⇿
аᑵമ䘋㹼Ҽࢢ࠶٬Ǆ䰸٬ਚ઼ᴰࡍ的显著性മᴹ
ᤱнਈǄㅜ؍ᒦфˈޣ mᑵ显著性മ的䰸٬⭘ γm 㺘
⽪Ǆྲ᷌ۿ㍐⛩ i ൘ࢢ࠶ਾ㻛ࡔᯝѪࡽᲟˈࡉ㻛䇠Ѫ
ηi = +1ˈ㊫լൠˈᡁԜ⭘ ηi = −1 㺘⽪ۿ㍐⛩ i Ҽ
٬ॆਾ㻛ࡔѪ㛼ᲟǄањۿ㍐⛩㻛ࡔᯝѪࡽᲟᡆ㘵
Ҽ٬ॆѪࡽᲟᒦнԓ㺘ᆳⵏ的于ࡽᲟˈഐѪࢢ࠶
ᒦнаᇊᙫᱟ↓⺞Ǆྲ᷌ањۿ㍐⛩ i 于ࡽᲟˈᆳ
的䛫ት j（൘ަᆳ显著性മкᴹ਼ḷ的⛩）㻛ࡔ
ᯝѪࡽᲟ的ᾲ⦷Ѫ λ = P (ηj = +1|i ∈ F )Ǆᓄൠˈ
µ = P (ηj = −1|i ∈ B) 㺘⽪ᖃۿ㍐⛩ i 于㛼Ჟᰦˈ
ᆳ的䛫ት j 㻛ࡔᯝѪ㛼Ჟ B 的ᾲ⦷ǄᡁԜਟԕਸ⨶
ൠٷࠪڊ䇮ˈλ઼ µᱟㅹ的ф൷Ѫᑨ䟿Ǆਾ傼ᾲ⦷
P (i ∈ F |ηj = +1)ਟԕ䙊䗷лᔿ䇑㇇˖

P (i ∈ F |ηj = +1) ∝ P (i ∈ F )P (ηj = +1|i ∈ F ) = Si·λ
(9)

ѪҶ䚯ݽᖂаॆᑨᮠˈᡁԜሶݸ傼ᾲ⦷∄ֻᇊѹѪ
Λ(i ∈ F )ˈ䇑㇇ྲл:

Λ(i ∈ F ) =
P (i ∈ F )

P (i ∈ B)
=

Si

1− Si
(10)

(a) (b) Ours (c) FT (d) CA (e) IT
Figure 4.н਼㇇⌅ᡰᗇ㔃᷌䰤的ሩ∄ԕ৺䙊䗷਼↕ᴤᯠࡉ
Ոॆਾᡰᗇ㔃᷌的ሩ∄Ǆ(a)ㅜа㹼઼ㅜй㹼ᱟ䗃ޕമۿˈㅜ
Ҽ㹼઼ㅜഋ㹼ᱟⵏ٬മǄ(b) - (e)ㅜа㹼઼ㅜй㹼ᱟн਼㇇⌅
ᡰᗇ的㔃᷌ǄӾᐖࡠਣ˖基于㛼Ჟᗇࡠ的显著性മˈ䙊
䗷 FT [1]ˈCA [13]ˈIT [16]⭏ᡀ的显著性മǄㅜҼ㹼઼ㅜഋ
㹼ᱟ䙊䗷অቲ元胞自动机Ոॆਾᗇࡠ的㔃᷌Ǆ

❦ਾˈਾ傼ᾲ⦷∄ֻ Λ(i ∈ F |ηj = +1)ቡਈᡀҶ˖

Λ(i ∈ F |ηj = +1) =
P (i ∈ F |ηj = +1)

P (i ∈ B|ηj = +1)
=

Si

1− Si
· λ

1− µ
(11)

⌘ࡠㅜа亩ᱟݸ傼ᾲ⦷∄ֻˈᒦф⭡于 l = ln(Λ)的
ਈॆᱟ࣐⌅的ˈᡰԕᡁԜᴤᇩ᱃ሩ Λ 䘋㹼ሩᮠ䘀㇇Ǆ
ഐ↔ᡁԜਟԕᗇࡠ˖

l(i ∈ F |ηj = +1) = l(i ∈ F ) + ln(
λ

1− µ
) (12)

൘䘉ㇷ文ㄐ中ˈݸ傼ᾲ⦷∄ֻ Λ(i ∈ F )઼ਾ傼ᾲ⦷∄
ֻ Λ(i ∈ F |ηj = +1)ҏ㻛ᇊѹѪ˖

Λ(i ∈ F ) =
St
i

1− St
i

, Λ(i ∈ F |ηj = +1) =
St+1
i

1− St+1
i
(13)

ަ中 St
i 㺘⽪ۿ㍐⛩ i൘ tᰦ的显著性٬ǄᡁԜሶ਼

↕ᴤᯠ机ࡦ f : SM−1 → S ᇊѹѪ˖

l(St+1
m ) = l(Stm)+

M∑
k=1
k ̸=m

sign(Stk−γk ·1) · ln(
λ

1− λ
) (14)

ަ中 Stm= [St
m1, · · · , St

mH ]T 㺘⽪ t ᰦᰦˈㅜ m ᑵ
显著性മкᡰᴹ元胞的显著性٬ˈᒦф⸙䱥 1=
[1, 1, · · · , 1]T ᴹޡ H њ元㍐Ǆⴤ㿲кⴻˈྲ᷌ањۿ
㍐⛩ਁ⧠ᆳ的䛫ት㻛ࡔѪࡽᲟˈᆳᓄ䈕࣐自ᐡ的显
著性٬Ǆഐ↔ˈޜᔿ 14㾱≲ λ > ࡉˈ0.5 ln( λ

1−λ ) > 0Ǆ

൘䘉ㇷ文ㄐ中ˈᡁԜ㓿傼性ൠ䇮㖞 ln( λ
1−λ ) = 0.15Ǆ

N2 њᰦ䰤↕ਾˈᡁԜਟ䙊䗷лᔿᗇࡠᴰ㓸的显著性മ
SN2˖

SN2 =
1

M

M∑
m=1

SN2
m (15)
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(a) (b) (c) (d) (e) (f) (g) (h)
Figure 5.ᓄ⭘䍍ਦᯟ⨶䇪ᗇࡠ的ཊቲ元胞自动机的᭸᷌Ǆ(a)䗃ޕ的മۿǄ(b) - (f)࡛࠶䙊䗷 HS [48]ˈDSR [23]ˈMR [49]ˈwCO
[52]઼ᵜ文㇇⌅ BSCAᗇࡠ的显著性മǄ(g)㶽ਸਾᗇࡠ的显著性മ SN2Ǆ(h)ⵏ٬Ǆ

൘䘉ㇷ文ㄐ中ˈᡁԜᓄ⭘ཊቲ元胞自动机ᶕ㶽ਸ HS
[48], DSR [23], MR [49], wCO [52]઼ᡁԜ的㇇⌅ BSCA
ᗇࡠ的显著性മǄ䙊䗷മ 5ᡁԜਟԕᖸᾊൠⴻࡠ㶽
ਸਾ的显著性മਟԕ൷रൠケࠪⴞḷ⢙ˈᒦфᴤ࣐᧕
䘁ⵏ٬Ǆ

5.ᇎ傼䇴ԧ

ᡁԜ൘ޝњḷ߶ᮠᦞᓃкሩᡰᨀࠪ的㇇⌅䘋㹼䇴
ԧ˖ASD [1], MSRA-5000 [25], THUS [6], ECSSD [48],
PASCAL-S [24] ઼ DUT-OMRON [49]ǄASD ᱟᓄ⭘ᴰ
ᒯ⌋的ᮠᦞᓃᒦфሩㆰঅǄMSRA-5000वਜ਼Ҷᴤཊ
ᴹ⵰༽ᵲ㛼Ჟ的മ⡷ǄTHUSᱟᴰབྷ的ᮠᦞᓃˈवਜ਼Ҷ
10000ᕐമۿǄECSSDवਜ਼Ҷ 1000ᕐᴹн਼བྷሿфཊ
ⴞḷ的മ⡷Ǆަ中ᴹаӋമ⡷ਆ自于䶎ᑨ䳮的՟ݻ
࡙ 300ᮠᦞᓃǄPASCAL-Sᶕ自于 PASCAL VOC 2010
的ᮠᦞᓃᒦवਜ਼Ҷࢢ࠶[12] 850ᕐ㻛༽ᵲ的㛼Ჟത㔅的
自❦മۿǄᴰਾ DUT-OMRON वਜ਼Ҷ 5168 ᕐ䶎ᑨ䳮
的മ⡷ˈ䘉Ӌമ⡷ᴹۿ㍐⛩㓗࡛的ⵏ٬ḷ⌘㔃᷌Ǆ

ᡁԜሶᵜ文㇇⌅઼ᴰ㓿ި的ᡆ㘵ᴰݸ䘋的㇇⌅䘋
㹼∄䖳ˈ䘉Ӌ㇇⌅वᤜ IT98 [16], FT09 [1], CA10 [13],
RC11 [8], XL13 [47], LR12 [36], HS13 [48], UFO13 [20],
DSR13 [23], MR13 [49], wCO14 [52]Ǆн਼ᯩ⌅的㔃᷌
㾱Ѹᱟ⭡㘵ᨀ的ˈ㾱Ѹᱟ䙊䗷䘀㹼ਟᗇࡠ的ԓ⸱
઼〻ᒿᗇࡠ的ǄᡁԜᨀࠪ的㇇⌅的ԓ⸱ਟԕ൘ᡁԜ的
㖁ㄉкᗇࡠǄ

5.1.৲ᮠ઼䇴ԧḷ߶

ᇎ⧠㓶㢲 ൘ᡰᴹ的ᇎ傼中ˈᡁԜሶ䎵ۿ㍐⛩的ᙫᮠ
䇮㖞Ѫ N = 300Ǆ൘অቲ元胞自动机中ˈ䙽শ的ᙫᰦ
䰤↕ѪN1 = 20Ǆ൘ཊቲ元胞自动机中ˈ䙽শ的ᙫᰦ䰤
↕Ѫ N2 = 5ǄN1 ઼ N2 অቲ元胞自动机઼ཊቲ⭡࡛࠶
元胞自动机的᭦ᮋᰦ䰤ߣᇊǄᖃ动ᘱ㌫㔏䗮ࡠっᇊᰦˈ
㔃᷌нਈॆǄ

䇴ԧḷ߶ ᡁԜ䙊䗷ḷ߶的㋮⺞ᓖüਜഎ⦷ᴢ㓯ሩᡰ
ᴹ的ᯩ⌅䘋㹼䇴ԧǄ䙊䗷Ӿ ࡠ0 255ѻ䰤䇮ᇊ䰸٬ˈᡁ
Ԝਟԕሩ显著性മ䘋㹼Ҽ٬ॆˈᒦሶҼ٬ॆਾ的㔃᷌
оⵏڊ٬∄䖳ǄབྷཊᮠᰦىˈᡁԜнӵ䴰㾱儈㋮⺞ᓖˈ
ҏ䴰㾱儈的ਜഎ⦷ˈᡰԕᡁԜᨀࠪҶ F-measureѪᮤ
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(a) (b)
Figure 6. ᵜ文㇇⌅的᭸᷌Ǆ(a) ൘ ASD ᮠᦞᓃк的 PR ᴢ㓯
(b)൘MSRA-5000ᮠᦞᓃк的 PRᴢ㓯Ǆ

փ性㜭的䇴ԧ机ࡦǄ

Fβ =
(1 + β2) · precision · recall

β2 · precision+ recall
(16)

ަ中ˈᡁԜṩᦞᕅ文 [1]中的ᔪ䇞ˈ䇮㖞 β2 = 0.3ᶕケ
ࠪ㋮⺞ᓖ的䟽㾱性ǄѪሩ PRᴢ㓯的㺕ݵˈᡁԜҏӻ
㓽Ҷᒣ൷㔍ሩ䈟ᐞ（MAE）Ǆᆳᱟԕۿ㍐⛩Ѫঅսൠ䇑
㇇显著性മ઼ⵏ٬ GT ѻ䰤的ᒣ൷ᐞᔲ˖

MAE =
1

H

H∑
h=1

|S(h)−GT (h)| (17)

䘉а䇴ԧᯩ⌅ਟԕ显⽪ࠪ显著性മоⵏ٬ѻ䰤的լ
〻ᓖǄᆳ൘н਼的䘀⭘中䎧ࡠᖸ䟽㾱的⭘ˈ∄ྲമ
࢚㻱ۿമ઼ࢢ࠶ۿ [33]Ǆ

5.2.㇇⌅检傼

ѪҶ䇱᰾ᵜ文㇇⌅的ᴹ᭸性ˈᡁԜ൘ ASD ઼
MSRA-5000 ḷ߶ᮠᦞᓃк䘋㹼Ҷ测䈅Ǆ䙊䗷മ 6 中
的 PRᴢ㓯ਟԕⴻࠪ˖1）基于㛼Ჟᗇࡠ的显著性മ᭸
᷌ᐢ㓿䖳Ѫケࠪ˗2）অቲ元胞自动机ਟԕᴹ᭸ൠᨀ儈
基于㛼Ჟ的显著性മ的߶⺞ᓖ˗3）䙊䗷ཊቲ元胞自动
机㶽ਸਾᡰᗇࡠ的显著性മᴤ࣐߶⺞ǄᡁԜҏ൘ަԆ
的ᮠᦞᓃ中䘋㹼Ҷᇎ傼ᒦᗇࡠҶլ的㔃᷌ˈѪҶㆰ
⌱ᵚ൘↔ኅ⽪Ǆ
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Figure 7.н਼㇇⌅的 PRᴢ㓯઼ F-measureᴢ㓯ԕ৺ᆳԜ㓿䗷অቲ元胞自动机Ոॆਾ的 PRᴢ㓯 (-SCA)ǄӾкࡠл࡛࠶ᱟ൘˖
MSRAˈTHUSˈECSSDˈPASCAL-S઼ DUT-OMRONᮠᦞᓃк测䈅Ǆ
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FT[1] IT[16] CA[13] RC[8] XL[47] LR [36] HS[48] UFO [20] BSCA MCA
ASD 0.205 0.235 0.234 0.235 0.137 0.185 0.115 0.110 0.086 0.039
ASD∗ 0.083 0.098 0.093 0.084 0.082 0.083 0.073 0.073 - -
MSRA 0.230 0.249 0.250 0.263 0.184 0.221 0.162 0.146 0.131 0.078
MSRA∗ 0.132 0.137 0.134 0.130 0.127 0.128 0.121 0.118 - -
THUS 0.235 0.241 0.237 0.252 0.164 0.224 0.149 0.147 0.125 0.076
THUS∗ 0.128 0.125 0.129 0.125 0.121 0.126 0.117 0.116 - -
ECSSD 0.272 0.291 0.310 0.302 0.259 0.276 0.228 0.205 0.183 0.134
ECSSD∗ 0.188 0.186 0.186 0.182 0.181 0.183 0.179 0.180 - -

PASCAL-S 0.288 0.298 0.302 0.314 0.289 0.288 0.264 0.233 0.225 0.180
PASCAL-S∗ 0.227 0.225 0.225 0.220 0.226 0.223 0.220 0.215 - -
DUT-OMRON 0.217 0.256 0.255 0.294 0.282 0.264 0.233 0.180 0.196 0.138
DUT-OMRON∗ 0.180 0.186 0.189 0.184 0.194 0.185 0.181 0.180 - -

Table 1. н਼㇇⌅的 MAE ٬ԕ৺ԆԜ㓿অቲ元胞自动机Ոॆਾ的 MAE ٬Ǆн਼㇇⌅的ᴰࡍ㔃࡛᷌࠶䱸ࡇ൘ ASDˈMSRAˈ
THUSˈECSSDˈPASCAL-S઼ DUT-OMRON㹼Ǆᴰྭ的єњ㔃࡛᷌࠶⭡㓒㢢઼㬍㢢ḷ⌘ࠪᶕǄн਼ᯩ⌅Ոॆਾ的㔃࡛᷌࠶䱸
൘ࡇ ASD∗ˈMSRA∗ˈTHUS∗ˈECSSD∗ˈPASCAL-S∗ ઼ DUT-OMRON∗ 㹼Ǆ

(a) Input (b) FT (c) RC (d) LR (e) HS (f) UFO (g) wCO (h) BSCA (i) MCA (j) GT
Figure 8.н਼ᮠᦞᓃк的显著性മ的ሩ∄ǄBSCA˖⭘অቲ元胞自动机Ոॆ基于㛼Ჟ的显著性മǄMCA˖䙊䗷ཊቲ元胞自动机
㶽ਸн਼ᯩ⌅ᗇࡠ的显著性മǄGT˖ⵏ٬Ǆ

5.3.о⧠ᴹᴰݸ䘋㇇⌅的∄䖳

ྲമ 7ᡰ⽪ˈ䖳于ަԆ⧠ᴹ的㇇⌅ˈ൘ 5њн਼
的ᮠᦞᓃкˈᡁԜᨀࠪ的ᯩ⌅ BSCAᴹ⵰ᴤ儈的㋮⺞
ᓖ઼ਜഎ⦷Ǆᒦф䘉ᯩ⌅оަԆᯩ⌅∄ˈᴹᴤབྷ
㤳ത的儈 F-measure٬Ǆнӵྲ↔ˈ㺘Ṭ 1ᡰኅ⽪的

ᖃվ的 MAE ٬㺘᰾ҶᡁԜ的显著性മ઼ⵏ٬的լ
性ǄѪҶⴤ㿲ൠ䘋㹼㔃᷌䰤的∄䖳ˈᡁԜ൘മ 8中ኅ
⽪ҶаӋ显著性മǄ

⧠ᴹ㇇⌅的ᨀ儈 ൘ 3.2.4中ᡁԜਟԕⴻࠪˈ䙊䗷অቲ
元胞自动机ਟԕᴹ᭸ൠᨀ儈н਼㇇⌅ᡰᗇࡠ的㔃᷌Ǆ
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മ 7 中的 PR ᴢ㓯઼㺘Ṭ 1 中的 MAE ٬∄䖳Ҷ൘н
਼的ᮠᦞᓃкˈᯩ⌅的㔃᷌ԕ৺ᯩ⌅㓿䗷অቲ
元胞自动机Ոॆਾ的㔃᷌ǄPRᴢ㓯઼ MAE٬䜭㺘᰾
SCA㇇⌅ਟԕᴹ᭸ൠሶ⧠ᴹ的㔃᷌ᨀ儈ࡠањլ的
߶⺞ᓖ≤ᒣǄণ֯䗃ޕ的显著性മᒦнԔӪ┑ˈՈ
ॆਾᡰᗇ㔃᷌基ᵜਟԕ䗮ࡠ⧠ᴹᴰݸ䘋㇇⌅的≤ᒣǄ

⧠ᴹ㇇⌅的㶽ਸ ൘ㅜ 4㢲中ˈᡁԜᨀࠪҶаᯠ仆
的㇇⌅ᶕ㶽ਸࠐᴰݸ䘋的᭸᷌ᖸྭ的㇇⌅Ǆമ 7中
的 PRᴢ㓯ᴹ᭸ൠ䇱᰾൘ 5њᮠᦞᓃкˈཊቲ元胞自动
机∄ᡰᴹ⧠ᴹ的㇇⌅ᴹᴤ儈的߶⺞ᓖǄᒦфˈമ 7中
MCA的 F-measureᴢ㓯っᇊ൘ањᖸ儈的ᮠ٬кˈᒦ
н䲿⵰䰸٬的ਈॆ㘼ਈॆǄਖཆˈྲ㺘 1ᡰ⽪ˈ൘н
਼的ᮠᦞᓃкˈཊቲ元胞自动机的ᒣ൷㔍ሩ䈟ᐞᙫᱟ
ᴰվ的Ǆᖸվ的ᒣ൷㔍ሩ䈟ᐞ٬㺘᰾㶽ਸਾᡰᗇ的显
著性മ䶎ᑨ᧕䘁于ⵏ٬മǄᡁԜਟԕӾമ 8中㿲ሏࡠ
⭡MCAӗ⭏的显著性മࠐѾоⵏ٬മаṧǄ

5.4.䘀㹼ᰦ䰤

⭘ Matlab ൘ањ䝽㖞Ѫ i7-4790k, ᆈ 16G-
B,4.00GHz CPU 的 PC 机к䘀㹼ᡁԜ的〻ᒿˈ䲔৫ࡂ
⨶㍐的ᰦ䰤ˈBSCA㇇⌅༴ۿ䎵࠶ ASDᮠᦞᓃк的а
ᕐമۿᒣ൷㙇ᰦ 0.470。Ǆ㇇⌅中的ѫ㾱䜘࠶ SCA༴
⨶аᕐമ⡷ᒣ൷㙇ᰦ㓖 0.284。Ǆ਼ᰦˈཊቲ元胞自动
机（MCA）ਚᒣ൷㙇ᰦ 0.043 。ቡਟԕ㶽ਸн਼的㇇
⌅ᒦᗇࡠᴤྭ的显著性മǄ

6.㔃䇪
൘䘉ㇷ文ㄐ中ˈᡁԜᨀࠪҶаᯠ仆的自л㘼к的

㇇⌅ᶕᶴᔪ基于㛼Ჟ的显著性മǄ䈕㇇⌅਼ᰦ㘳㲁Ҷ
ተ的㢢ᖙ઼オ䰤䐍⸙䱥Ǆ基于元胞自动机ᡁԜ䇮ޘ
䇑Ҷаⴤ㿲的ᴤᯠ机ࡦǄ䈕机ࡦ䙊䗷䛫ት䰤的ӂ
Ӕ⍱ᶕ࡙⭘显著性ⴞḷ䜘的പᴹ㚄㌫Ǆ䘉基于⧟
ຳ的Ր机ࡦਟԕሶԫ⧠ᴹ的㇇⌅ᗇࡠ的㔃᷌ᨀ儈
ањլ的߶⺞ᓖ≤ᒣǄнӵྲ↔ˈ൘䍍ਦᯟ⨶䇪ࡠ
的ṶᷦлˈᡁԜᨀࠪҶѪཊቲ元胞自动机的㶽ਸ㇇
⌅Ǆ䈕㇇⌅ਟԕ㔃ਸн਼ݸ䘋的ᯩ⌅ӗ⭏的显著性മ
的Ո⛩ˈሶԆԜ㶽ਸᡀаᑵާᴹᴤ儈߶⺞ᓖ઼ਜഎ⦷
的显著性മǄᇎ傼㔃᷌㺘᰾䖳于ަԆ⧠ᴹ的㇇⌅ˈ
ᵜ文㇇⌅㜭ཏᗇࡠᴤྭ的㔃᷌Ǆ

㠤䉒˖ ᵜ文ਇࡠҶഭᇦ自❦基䠁 #61472060઼䟽⛩儈
ṑ基⹄ウ䍴䠁 DUT14YQ101的᭟ᤱǄ

References
[1] R. Achanta, S. Hemami, F. Estrada, and S. Susstrunk.

Frequency-tuned salient region detection. In Computer Vi-
sion and Pattern Recognition, 2009. CVPR 2009. IEEE Con-
ference on, pages 1597--1604. IEEE, 2009. 1, 4, 5, 7

[2] R. Achanta, A. Shaji, K. Smith, A. Lucchi, P. Fua, and
S. Süsstrunk. Slic superpixels. Technical report, 2010. 2

[3] B. Alexe, T. Deselaers, and V. Ferrari. What is an object?
In Computer Vision and Pattern Recognition (CVPR), 2010
IEEE Conference on, pages 73--80. IEEE, 2010. 1

[4] M. Batty. Cities and complexity: understanding cities with
cellular automata, agent-based models, and fractals. The
MIT press, 2007. 2

[5] A. Borji, D. N. Sihite, and L. Itti. Salient object detection:
A benchmark. In Computer Vision--ECCV 2012, pages 414-
-429. Springer, 2012. 1

[6] M.-M. Cheng, N. J. Mitra, X. Huang, P. H. Torr, and S.-M.
Hu. Salient object detection and segmentation. Image, 2(3):9,
2011. 5

[7] M.-M. Cheng, J. Warrell, W.-Y. Lin, S. Zheng, V. Vineet, and
N. Crook. Efficient salient region detection with soft image
abstraction. In Computer Vision (ICCV), 2013 IEEE Interna-
tional Conference on, pages 1529--1536. IEEE, 2013. 1

[8] M.-M. Cheng, G.-X. Zhang, N. J. Mitra, X. Huang, and S.-M.
Hu. Global contrast based salient region detection. In Com-
puter Vision and Pattern Recognition (CVPR), 2011 IEEE
Conference on, pages 409--416. IEEE, 2011. 1, 5, 7

[9] B. Chopard and M. Droz. Cellular automata modeling of
physical systems, volume 24. Cambridge University Press
Cambridge, 1998. 2

[10] R. Cowburn and M. Welland. Room temperature magnetic
quantum cellular automata. Science, 287(5457):1466--1468,
2000. 2

[11] Y. Ding, J. Xiao, and J. Yu. Importance filtering for im-
age retargeting. In Computer Vision and Pattern Recogni-
tion (CVPR), 2011 IEEE Conference on, pages 89--96. IEEE,
2011. 1

[12] M. Everingham, L. Van Gool, C. K. Williams, J. Winn, and
A. Zisserman. The pascal visual object classes (voc) chal-
lenge. International journal of computer vision, 88(2):303--
338, 2010. 5

[13] S. Goferman and A. L Tal. context-aware saliency detection.
Computer, 2010. 4, 5, 7

[14] S. Goferman, L. Zelnik-Manor, and A. Tal. Context-aware
saliency detection. Pattern Analysis and Machine Intelli-
gence, IEEE Transactions on, 34(10):1915--1926, 2012. 1

[15] X. Hou and L. Zhang. Saliency detection: A spectral resid-
ual approach. In Computer Vision and Pattern Recogni-
tion, 2007. CVPR'07. IEEEConference on, pages 1--8. IEEE,
2007. 1

[16] L. Itti, C. Koch, and E. Niebur. A model of saliency-based
visual attention for rapid scene analysis. IEEE Transactions
on pattern analysis and machine intelligence, 20(11):1254--
1259, 1998. 4, 5, 7

[17] B. Jiang, L. Zhang, H. Lu, C. Yang, and M.-H. Yang. Salien-
cy detection via absorbing markov chain. In Computer Vi-
sion (ICCV), 2013 IEEE International Conference on, pages
1665--1672. IEEE, 2013. 1

[18] H. Jiang, J.Wang, Z. Yuan, T. Liu, N. Zheng, and S. Li. Auto-
matic salient object segmentation based on context and shape
prior. In BMVC, volume 3, page 7, 2011. 1

[19] H. Jiang, J. Wang, Z. Yuan, Y. Wu, N. Zheng, and S. Li.
Salient object detection: A discriminative regional feature in-
tegration approach. InComputer Vision and Pattern Recogni-
tion (CVPR), 2013 IEEE Conference on, pages 2083--2090.
IEEE, 2013. 1

8



[20] P. Jiang, H. Ling, J. Yu, and J. Peng. Salient region detection
by ufo: Uniqueness, focusness and objectness. In Comput-
er Vision (ICCV), 2013 IEEE International Conference on,
pages 1976--1983. IEEE, 2013. 5, 7

[21] Z. Jiang and L. S. Davis. Submodular salient region detec-
tion. In Computer Vision and Pattern Recognition (CVPR),
2013 IEEE Conference on, pages 2043--2050. IEEE, 2013. 1

[22] D. A. Klein and S. Frintrop. Center-surround divergence of
feature statistics for salient object detection. In Computer Vi-
sion (ICCV), 2011 IEEE International Conference on, pages
2214--2219. IEEE, 2011. 1

[23] X. Li, H. Lu, L. Zhang, X. Ruan, and M.-H. Yang. Saliency
detection via dense and sparse reconstruction. In Comput-
er Vision (ICCV), 2013 IEEE International Conference on,
pages 2976--2983. IEEE, 2013. 1, 5

[24] Y. Li, X. Hou, C. Koch, J. Rehg, and A. Yuille. The secrets
of salient object segmentation. CVPR, 2014. 5

[25] T. Liu, Z. Yuan, J. Sun, J. Wang, N. Zheng, X. Tang, and H.-
Y. Shum. Learning to detect a salient object. Pattern Analysis
and Machine Intelligence, IEEE Transactions on, 33(2):353-
-367, 2011. 5

[26] V. Mahadevan and N. Vasconcelos. Saliency-based discrim-
inant tracking. In Computer Vision and Pattern Recognition,
2009. CVPR 2009. IEEE Conference on, pages 1007--1013.
IEEE, 2009. 1

[27] L. Marchesotti, C. Cifarelli, and G. Csurka. A framework for
visual saliency detection with applications to image thumb-
nailing. In Computer Vision, 2009 IEEE 12th International
Conference on, pages 2232--2239. IEEE, 2009. 1

[28] C. Maria de Almeida, M. Batty, A. M. Vieira Monteiro,
G. Câmara, B. S. Soares-Filho, G. C. Cerqueira, and C. L.
Pennachin. Stochastic cellular automata modeling of urban
land use dynamics: empirical development and estimation.
Computers, Environment and Urban Systems, 27(5):481--
509, 2003. 2

[29] A. C. Martins. Continuous opinions and discrete actions in
opinion dynamics problems. International Journal of Mod-
ern Physics C, 19(04):617--624, 2008. 2

[30] J. v. Neumann and A. W. Burks. Theory of self-reproducing
automata. 1966. 2

[31] A. Y. Ng, M. I. Jordan, Y.Weiss, et al. On spectral clustering:
Analysis and an algorithm. Advances in neural information
processing systems, 2:849--856, 2002. 1

[32] N. Otsu. A threshold selection method from gray-level his-
tograms. Automatica, 11(285-296):23--27, 1975. 4

[33] F. Perazzi, P. Krahenbuhl, Y. Pritch, and A. Hornung. Salien-
cy filters: Contrast based filtering for salient region detec-
tion. In Computer Vision and Pattern Recognition (CVPR),
2012 IEEE Conference on, pages 733--740. IEEE, 2012. 1,
5

[34] E. Rahtu, J. Kannala, M. Salo, and J. Heikkilä. Segmenting
salient objects from images and videos. In Computer Vision-
-ECCV 2010, pages 366--379. Springer, 2010. 1

[35] C. Rother, V. Kolmogorov, and A. Blake. Grabcut: Interac-
tive foreground extraction using iterated graph cuts. In ACM
Transactions on Graphics (TOG), volume 23, pages 309--
314. ACM, 2004. 1

[36] X. Shen and Y. Wu. A unified approach to salient object
detection via low rank matrix recovery. In Computer Vision
and Pattern Recognition (CVPR), 2012 IEEE Conference on,
pages 853--860. IEEE, 2012. 1, 5, 7

[37] C. Siagian and L. Itti. Rapid biologically-inspired scene clas-
sification using features shared with visual attention. Pattern
Analysis and Machine Intelligence, IEEE Transactions on,
29(2):300--312, 2007. 1

[38] A. R. Smith III. Real-time language recognition by one-
dimensional cellular automata. Journal of Computer and Sys-
tem Sciences, 6(3):233--253, 1972. 2

[39] J. Sun and H. Ling. Scale and object aware image retargeting
for thumbnail browsing. In Computer Vision (ICCV), 2011
IEEE International Conference on, pages 1511--1518. IEEE,
2011. 1

[40] J. Sun, H. Lu, and S. Li. Saliency detection based on inte-
gration of boundary and soft-segmentation. In ICIP, 2012.
1

[41] N. Tong, H. Lu, Y. Zhang, and X. Ruan. Salient objec-
t detection via global and local cues. Pattern Recognition,
doi:10.1016/j.patcog.2014.12.005, 2014. 1

[42] J. Von Neumann. The general and logical theory of automata.
Cerebral mechanisms in behavior, 1:41, 1951. 1, 2

[43] L. Wang, J. Xue, N. Zheng, and G. Hua. Automatic salient
object extraction with contextual cue. In Computer Vision
(ICCV), 2011 IEEE International Conference on, pages 105-
-112. IEEE, 2011. 1

[44] Y. Wei, F. Wen, W. Zhu, and J. Sun. Geodesic saliency using
background priors. In Computer Vision--ECCV 2012, pages
29--42. Springer, 2012. 1

[45] S. Wolfram. Statistical mechanics of cellular automata. Re-
views of modern physics, 55(3):601, 1983. 2

[46] Y. Xie andH. Lu. Visual saliency detection based on bayesian
model. In Image Processing (ICIP), 2011 18th IEEE Inter-
national Conference on, pages 645--648. IEEE, 2011. 1

[47] Y. Xie, H. Lu, and M.-H. Yang. Bayesian saliency via low
and mid level cues. Image Processing, IEEE Transactions
on, 22(5):1689--1698, 2013. 1, 5, 7

[48] Q. Yan, L. Xu, J. Shi, and J. Jia. Hierarchical saliency detec-
tion. In Computer Vision and Pattern Recognition (CVPR),
2013 IEEE Conference on, pages 1155--1162. IEEE, 2013.
1, 5, 7

[49] C. Yang, L. Zhang, H. Lu, X. Ruan, and M.-H. Yang. Salien-
cy detection via graph-based manifold ranking. In Computer
Vision and Pattern Recognition (CVPR), 2013 IEEE Confer-
ence on, pages 3166--3173. IEEE, 2013. 1, 3, 5

[50] J. Yang and M.-H. Yang. Top-down visual saliency via joint
crf and dictionary learning. In Computer Vision and Pattern
Recognition (CVPR), 2012 IEEEConference on, pages 2296-
-2303. IEEE, 2012. 1

[51] L. Zhang, M. H. Tong, T. K. Marks, H. Shan, and G. W. Cot-
trell. Sun: A bayesian framework for saliency using natural
statistics. Journal of vision, 8(7):32, 2008. 1

[52] W. Zhu, S. Liang, Y. Wei, and J. Sun. Saliency optimiza-
tion from robust background detection. In Computer Vision
and Pattern Recognition (CVPR), 2014 IEEE Conference on,
pages 2814--2821. IEEE, 2014. 1, 5

9


