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Abstract 

Human vision is truly delicate, and the 
human brain is more amazing. But if either of 
them has problems, daily lives are very 
challenging. Assistive living requires emerging 
technology, and integrative research needs 
collaboration. For this end, funding support is 
important, and user engagement is even more 
critical. Further, the goals of research at higher 
education are not only to inspire new ideas, 
but also to train the next generation workforce, 
to do good to society. Under the support of an 
NSF program Emerging Frontier in Research 
& Innovation (EFRI), in the topic area of Man, 
Machine and Motor Control (M3C), human 
and machine vision research has been carried 
out at the City College of New York. This 
article describes some of the results and 
findings. It has been found that multimodal 
perception is the key for assistive technology, 
and integration of mobile and cloud computing 
is the backbone. Both virtual reality and 

gaming can be more positive and beneficial, 
and if we are not constrained by conventional 
wisdom, substitute perception can be 
developed and well accepted. One of our 
objectives is for location-based services go 
indoors, with multimodal sensing and deep 
learning techniques. It also becomes evident 
that public transportation needs to be 
improved, to be both smart and accessible. 
Together with technology development and 
application-driven implementations, the hope 
is that the mystery of the human brain can be 
further explored as well. 

ᕅ䀰 

䖵ࣙᢰᵟ˄Assistive Technology˅ˈ亮

਽ᙍѹˈቡᱟ⭘਴⿽ᢰᵟᶕ䖵ࣙ䛓Ӌ䴰㾱

ᑞࣙⲴӪˈ⢩࡛ᱟ൘ᝏ⸕ᡆӔ⍱ᴹ᥁ᡈⲴ

ᴻ৻ˈྲ㿶䳌[1]ˈ㠚䰝[2]Ǆᵜ᮷⵰䟽൘ᝏ⸕

䖵ࣙᢰᵟкǄӪᵪᝏ⸕ˈቡᱟ㾱㔃ਸӪⲴ

ᝏ⸕઼䇑㇇⢩䮯઼ᵪಘ˄वᤜ䇑㇇ᵪǃᵪ

ಘӪǃՐᝏಘㅹ˅Ⲵ⢩䮯ˈᴤྭൠ䇙ᵪಘ

ᴽ࣑ҾӪ㊫Ǆᵜ᮷ԕањ㖾ഭ㠚❦、ᆖส 

《海外学人》2017年特刊 信息技术专刊                                                        http://www.cast-usa.org/ 67



䠁˄NSF˅䍴ࣙⲴ䐘ᆖ、Ӫᵪ䖵ࣙ㿶㿹⹄ウ

Ⲵ亩ⴞѪѝᗳˈӻ㓽ал㓭㓖෾ᐲᆖ䲒

˄CCNY˅㿶㿹䇑㇇ᇎ傼ᇔ䘁ࠐᒤӪᵪ㿶㿹

઼䖵ࣙᢰᵟⲴ⹄ウǄ䘉њ NSF 䍴ࣙⲴ⹄ウ

EFRI˅亩ⴞˈᱟєᡰ䲒ṑӄњ˄⋯ࡽ䙐ࡋ

ᇎ傼ᇔⲴ㚄ਸ˖෾ᐲᆖ䲒Ⲵ㿶㿹䇑㇇ᇎ傼

ᇔǃჂփᇎ傼ᇔǃ઼㝁、ᆖᇎ傼ᇔ [3, 4, 5]ˈ

ր⋫ӊ⨶ᐕⲴᵪಘ㿶㿹ᇎ傼ᇔ઼⭏⨶ᇎ傼

ᇔ  [6, 7]Ǆ⹄ウⲴ޵ᇩ⏥ⴆ㖁㟌઼㝁Ⳟቲ

TMSˈབྷ㝁᷀࠶ˈ㠼ཤ䈫മˈḷ䇶䇶࡛ˈ

␡ᓖ䀖㿹ˈ㖁㟌〫Ἵˈ䘀ࣘ᷀࠶ㅹˈѫ㾱

ᓄ⭘ሩ䊑Ѫ㿶䳌Ӫ༛˄മ 1˅Ǆᵜ᮷ਚӻ㓽

઼෾ᐲᆖ䲒㿶㿹㿶㿹ᇎ傼ᇔᇶ࠷⴨ޣⲴࠐ

њᯩ䶒ˈᒦ䈅മӾ䖵ࣙ㿶㿹ᢙኅ䚃⏥ⴆᴤ

ᒯⲴᝏ⸕䖵ࣙᢰᵟⲴ⹄ウ઼ᮉ㛢[8-11]ˈ൘ᓄ

⭘ᯩ䶒ᴽ࣑Ҿ㿶࣋䳌⺽ǃੜ࣋䳌⺽ˈ䘀ࣘ

䳌⺽ǃཡᗶ⯷ǃ㘱ᒤӪǃ㠚䰝⯷ㅹˈ ൘、

ᆖ⹄ウᯩ䶒᧒㍒Ӫ㝁Ⲵྕ〈ˈवᤜᝏ⸕ǃ

㺘ᛵ઼⽮ՊӔ⍱Ǆᡰᣕ䚃Ⲵ⹄ウ㔃᷌ቊ⿫

ᵏᵋᴹнቁᐞ䐍ˈն≲ᵜ᮷ᡰ᧿䘠Ⲵ、⹄

᧒㍒㜭੟ਁᴤཊⲴ⹄ウᙍ䐟ᒦሬ㠤ᴤᡀ⟏

Ⲵ⹄ウᡀ᷌Ǆ 

л䶒ˈᵜ᮷ݸԕањӪᵪ㿶㿹⹄ウⲴ

ᆖᵟ⹄䇘ՊѪѫˈ䇘䇪㿶㿹䖵ࣙᢰᵟ⹄ウ

઼ᔰਁᯩ䶒Ⲵᴰᯠ䘋ኅ⛩┤઼а⛩ᙍ㘳Ǆ

❦ਾˈ ޽ӻ㓽㿶㿹ᇎ傼ᇔޣҾӪᵪᝏ⸕઼

䖵ࣙᢰᵟⲴӄњѫ㾱у仈˖  

˄1˅㿶㿹ሬ㡚ᢰᵟ˖वᤜৼⴞǃঅⴞǃ

 ⴨઼й㔤㿶㿹Ⲵ䖵ࣙ㿶䳌ᓄ⭘Ǆޘ

˄2˅ᴯԓᝏ⸕ᯩ⌅˖वᤜޘ䓛ⴞ䇮䇑ˈ 
㗔ᑞ⵬ቍ䈅ˈ㚼⭥䗘༠ࡍ᧒ˈ㠼

ཤ“ⴻ”മṸ⍻䈅Ǆ 

˄3˅䶒䜘䇑㇇⹄ウ˖वᤜӪ㝨䇶࡛ǃ

㺘ᛵ䇶࡛ǃ␡ᓖᆖҐ઼Ӫ㝁ᝏ⸕

⹄ウǄ 

˄4˅⍻䈅ᓄ⭘ᒣਠ˖वᤜањᒫຳо

⑨ᠿ⍻䈅઼䇝㓳ᒣਠˈ઼ањᲪ

㜭ᰐ䳌⺽Ӕ䙊ᒣਠǄ 

˄5˅ᮉ㛢઼ษ䇝亩ⴞ˖वᤜањ᳁ᵏ

Ⲵษ䇝⍫઼ࣘањᵜ、Ⲵ㚄ਸᇎ

Ґ䈮〻Ǆ 

Ѫ䇘䇪ㆰ⌱䎧㿱ˈ൘ᾲ䘠ԕкӄњᯩ

䶒Ⲵу仈ᰦˈ ⇿ању仈䝽а俆ሿ䈇㺘䗮

Ṩᗳᙍᜣˈᒦԕമ⽪઼৲㘳᮷⥞ڊ㺕ݵˈ

Ӿ㘼䈫㘵аᯩ䶒ᰐ䴰алᆀ䘋ޕ㓶㢲ˈਖ

аᯩ䶒ˈ㤕ᴹޤ䏓␡ޕҶ䀓ਟ৲䰵ᴹޣ᮷

ㄐǄྲ㤕䇽н䗮᜿ˈݸ䈧㿱䈵ˈնᐼᵋ㙀

ᗳ㓶䈫ˈ 亶Պབྷ᜿ ˈᗵᗇӋ䇨੟ਁǄ 

䐘ᆖ、㿶㿹䖵ࣙᢰᵟ⹄ウ 

ṩᦞĀ2012 ᒤц⭼ছ⭏㓴㓷ᣕ੺ā [1]ˈ

ᴹ䎵䗷 2.85 ӯ㿶䳌Ӫ༛ˈަѝ 3900 зӪཡ

 
 

മ 1 CCNY-Georgia Tech Ӫᵪᝏ⸕৺㿶㿹䖵

ࣙᢰᵟ⹄ウ[8]Ǆ⎹৺ᗇᢰᵟवᤜ˄㠚ᐖк亪

ᰦ䪸˅˖㖁㟌઼㝁Ⳟቲ TMSˈ㝁᷀࠶ˈ㠼ཤ

䈫മˈḷ䇶䇶࡛ˈ␡ᓖ䀖㿹ˈ㖁㟌〫Ἵˈࣘ

֌᷀࠶Ǆ 

68  朱志刚---- 人机感知和辅助技术研究



᰾Ǆ㿶࣋ਇᦏӪ༛ѝˈ㓖ᴹ 65ˁᱟ 50 ኱ԕ

кˈ㘼䘉аᒤ喴㓴ঐц⭼ӪਓⲴ 20ˁᐖਣǄ

䲿⵰䇨ཊഭᇦ㘱ᒤӪਓⲴ໎࣐ˈᴤཊⲴӪ

ሶ䶒Ѥᒤ喴⴨ޣⲴ㿶࣋䳌⺽Ǆሩཊ⁑ᔿ઼

ᴯԓᝏ⸕Ⲵ⹄ウሶሩ⽮ՊⲴڕᓧ઼⾿࡙ӗ

⭏䮯ᵏᖡ૽ˈнӵᱟሩ㿶࣋ᴹ᥁ᡈ㘵ˈ㘼

фሩҾ㓿ᑨ൘ড䲙⧟ຳѝᐕ֌ⲴӪઈˈྲ

⎸䱢ઈˈਨᵪ઼༛ޥҏሶྲ↔Ǆ⭡ NSF 䍴

ࣙǃᵜ᮷֌㘵઼ཊս਴њ亶ฏуᇦѫᤱⲴ

2013 ᒤ IEEE 㿶࣋䳌⺽ཊ⁑ᘱоᴯԓᝏ⸕⹄

䇘Պ˄MAP4VIP 2013ˈ മ 2˅[12]ˈᱟޣҾ

䘉њ䈍仈Ⲵㅜањ IEEE ⹄䇘ՊǄMAP4VIP 
2013 ᰘ൘֯ᶕ㠚ཊњᆖ、˄वᤜ䇑㇇ᵪ㿶

㿹ˈ⾎㓿、ᆖˈཊჂփ䇑㇇ˈՐᝏಘᢰᵟ

઼䖵ࣙᢰᵟᓄ⭘˅Ⲵ⹄ウӪઈ઼Ӿъ㘵䇘

䇪㿶㿹ᝏ⸕ǃ䇑㇇Ც㜭ǃ⾎㓿、ᆖ઼㿶㿹

փ〫ἽⲴสᵜ䰞仈ˈԕᑞࣙⴢӪ઼㿶䳌ٷ

Ӫ༛઼൘ᴹ㿶㿹᥁ᡈⲴ⧟ຳѝᐕ֌ⲴӪˈ

ᒦ䘋а↕׳䘋Ӫ㝁ᝏ⸕࣏㜭Ⲵ、ᆖ⹄ウǄ

⹄䇘ՊⲴѫ仈वᤜ˖˄1˅ᑞࣙ㿶㿹кᴹ᥁

ᡈ㘵Ⲵ䇑㇇ᵪ㿶㿹ǃᝏ⸕઼ᆖҐ㇇⌅ˈव

ᤜ⭥ᆀ᯵㹼ᨤࣙˈ⭥ᆀሬੁ䖵ࣙˈḷᘇỰ

⍻ˈ䀖㿹ᱮ⽪ˈ㝨䜘䇶࡛ˈ䚃䐟઼䳌⺽⢙

Ự⍻˗˄2˅㿶㿹ٷ㛒઼ӪᵪӔӂˈवᤜ㿶

㖁㟌Ἵޕ⢙ˈ㿶㿹Ⳟቲࡪ◰ˈ⭏⢙⁑ᤏ઼

⭏⢙㌫㔏ᐕ〻᧒㍒˗˄3˅⾎㓿、ᆖ/⭏⢙࣋

ᆖ/ᗳ⨶/⽮Պ⹄ウˈवᤜӪ㊫ᝏ⸕ˈ⾎㓿䇑

㇇ˈ㿶㿹㕆⸱ˈᝏ㿹䘀ࣘ⁑රˈཊᝏ㿹ᮤ

ਸˈ㌫㔏䇴ՠˈ、ᆖᢰᵟ᭯ㆆ઼ᵚᶕ䎻࣯Ǆ 

⹄䇘Պሶवᤜԕл޵ᇩ˖  ѫ仈╄䇢

˄ањח䟽ӪⲴ㿶㿹ˈਖањח䟽㿶㿹ٷ

㛒˅˗уṸ䇘䇪˄वᤜ㓖 6-7 ਽ᶕ㠚ᆖᵟ⭼ˈ

㹼ъˈ᭯ᓌ઼⽮४Ⲵуᇦ˅˗ਓཤᣕሬ

 
 

മ 2 IEEE /NSF ཊ⁑ᔿᴯԓᝏ⸕㿶䳌䖵ࣙഭ䱵⹄䇘Պ[12](䍴ࣙঅս˖IEEEˈ㖾ഭ㠚❦、ᆖส

䠁ˈᗞ䖟⹄ウ䲒ˈ㓭㓖෾ᐲᆖ䲒) 

《海外学人》2017年特刊 信息技术专刊                                                        http://www.cast-usa.org/ 69



˄वᤜ⢩䚰╄䇢઼ޜᔰᖱ᮷ ˅˗ԕ৺ⴻ⡸/
╄⽪˄ᒤ䖫/ᆖ⭏⹄ウӪઈⲴ⹄ウ㔃᷌˅Ǆ

уṸ䇘䇪ǉ㿶㿹䖵ࣙ˖䴰≲ˈ᥁ᡈ઼ᐼᵋǊ

Ⲵ䇞仈वᤜ˖˄1˅ᛘ䇔Ѫ൘ᵚᶕ 5 ᒤ޵ਟ

㜭ᔰਁⲴ㿶䳌䖵ࣙ㻵㖞ⲴᵏᵋⲴ䍘䟿ᱟӰ

Ѹ˛ 䘉⿽䇮༷ⴞࡽ㜭ݱ䇨㿶䳌Ӫ༛ڊӋӰ

Ѹ˛ ˄2˅㿶䳌Ӫ༛൘ᰕᑨ⭏⍫ѝ䶒ѤⲴа

Ӌᴰབྷ᥁ᡈ઼䳌⺽ᱟӰѸ˛ ˄3˅ᔰਁ㿶㿹

䖵ࣙᢰᵟᖃࡽⲴаӋ䲀ࡦᱟӰѸ˛ ˄4˅ᴹ

ଚӋ⌘᜿һ亩ᶕ⺞ᇊ䖵ࣙᢰᵟ䇮༷ᱟ੖ሶ

㻛䟷⭘ᒦ㻛ᒯ⌋֯⭘˄ֻྲᡀᵜˈቪረ˅˛ 
˄5˅ᡁԜਟԕ઼㿶䳌Ӫ༛ਟԕ䘋㹼ଚӋ㊫

රⲴḷ߶ॆ઼、ᆖ⍻䈅ˈԕྲօ䟿ॆ㿶㿹

㻵㖞Ⲵᙗ㜭ᨀ儈ԕ৺਴⿽䖵ࣙ䇮༷ሩᨀॷ

⭏⍫䍘䟿Ⲵᖡ૽˛ 

⹄䇘Պ਴㹼уᇦਁ㺘Ҷ㠚ᐡⲴ㿱䀓˗

䈖㿱[12]ǄаӋᴹԓ㺘ᙗⲴ䇔䇶वᤜ˖൘н

⟏ᚹᡆ༽ᵲ⧟ຳ䟼Ⲵ㿶㿹ሬ㡚ᢰᵟӽᴹᖸ

བྷⲴ᥁ᡈˈ䴰㾱䐘亶ฏⲴ⹄ウˈवᤜ⭥㝁ǃ

Ӫ㝁ᒦ⭏⨶䈨ᯩ䶒˗㿶㿹ᱟањ⵬㿱ǃ㝁

㇇ਾ㹼ࣘⲴ㔬ਸ䗷〻ˈ䇑㇇㿶㿹䈫ḷ䇶ǃ

ራ᢮ᰕᑨ⭏⍫ѝⲴ⢙Ԧབྷᴹ䴰㾱˗䖵ࣙ㿶

䳌Ⲵ⹄ウ䴰㾱∄⹄䇘Պᴤ䘋а↕Ⲵާփਸ

֌˗㿶㿹㖁㟌〫Ἵ㻵㖞䴰㾱ᴤ儈Ⲵ࠶䗘⦷ˈ

∄ྲ൘ӄᒤ޵䗮ࡠ 16x16ˈ⺜Ԧᯩ䶒䴰㾱ᴹ

ケ⹤ˈ䖟Ԧᯩ䶒ҏ䴰㾱ᇶ࠷䝽ਸ˗䇑㇇ᵪ

㿶㿹઼㗔ᑞ˄Crowdsourcing˅ᢰᵟѪส⹰

ⲴᲪ㜭᡻ᵪ઼クᡤ㻵㖞Ⲵᓄ⭘䖟Ԧ˄Apps˅
ਟ㜭Պབྷ䝽⭘൪˗ᴹਟᤱ㔝ᙗⲴ᭯ᓌ઼≁

䰤Ⲵ䍴ࣙᗵнਟቁ˄ྲ෾ᐲᆖ䲒㿶㿹ᇎ傼

ᇔⲴ⹄ウቡᱟњֻᆀ [8-11]˅˗⹄ウнӵ䴰

㾱䐘ᆖ、ǃᒦ㔃ਸ਴ᯩ䶒ⲴՈ࣯ˈᴤ䴰㾱

⭘ᡧⲴᇶ࠷৲о˗ 㲭❦䖵ࣙᢰᵟ䴰≲ᖸབྷˈ

ն⭡Ҿ㿶䳌⭘ᡧབྷ䜭኎Ҿվ᭦ޕⲴ㗔փˈ 
ᯠⲴᢰᵟ䳮ԕᤃኅᐲ൪ˈᡰԕਟ৺ᙗ

˄accessibility˅Ⲵⵏ↓ᇎ⧠䴰㾱઼ᨀॷ਴

㓗᭯ᓌԕ৺≁ՇⲴ᜿䇶⴨䝽ਸ˗䖵ࣙ㿶㿹

㻵㖞Ⲵᇎ⭘࣏㜭Ⲵਟ䶐ᙗ઼֯⭘Ⲵᇩ᱃ᓖ

ᱟ㿶䳌⭘ᡧᴰޣᗳⲴєབྷഐ㍐ˈն㌫㔏Ⲵ

ᙗ㜭ԧṬ∄઼ӪᵪᲪ㜭Ⲵᴹ᭸㔃ਸҏᱟ䟽

㾱Ⲵ㘳㲁ഐ㍐˗㻵㖞Ⲵḷ߶ॆǃ、ᆖ⍻䈅ˈ

઼བྷ㿴⁑Ⲵ⭘ᡧ䈅⭘઼৽侸䶎ᑨ䟽㾱˖ᡁ

Ԝ䲿ਾⲴ䈳⹄ҏਁ⧠ˈᴯԓ㿶㿹Ⲵ䙄㓿ᖸ

ཊˈवᤜ⢙⨶ǃᮠᆇ઼५ᆖㅹйᯩ䶒Ⲵ䙄

ᖴ[13]Ǆ⧠ᴹⲴ⹄ウ઼ᔰਁᱟⲮ㣡喀᭮ˈव

ᤜ⭡㙣ǃ㠼[14]ǃ䓛ǃ᡻ᝏ⸕Ⲵᴯԓᯩ⌅ˈ

ᴤᴹᵪಘ㿶㿹⨶䀓Ⲵᯩ⌅઼㖁㟌〫Ἵ [15]ˈ 
ն、ᆖ⍻䈅ḷ߶઼⭘ᡧ䈅⭘Ⲵᯩ⌅઼ᒣਠ

ӽ❦㕪ቁ[13]Ǆ 

ਖањӪᵪ㿶㿹ਟԕབྷᱮ⭘൪Ⲵ亶ฏ

ᱟᑞࣙ㠚䰝ᛓ㘵Ⲵ⽮Ӕ઼ᆖҐǄ㔏䇑㺘᰾ 
[2]ˈ൘㖾ഭ 68 њӪѝˈቡᴹањ൘㠚䰝䉡

㌫䳌⺽ ˄ASD˅кˈ䘉ѫ㾱ᱟབྷ㝁ᐕ֌Ⲵ

⢩ᔲᙗ䰞仈Ǆ઼㿶䳌㘵㊫լˈԆԜҏᴹѕ

䟽Ⲵ㹼઼ࣘӔ⍱кⲴഠ䳮Ǆᖃ❦䘈ᴹަԆ

ᴹ᥁ᡈ㘵઼㘱Ӫˈ 䖵ࣙᢰᵟ⢩࡛ᱟ㿶㿹䖵

ࣙਟԕᨀ׋ᖸབྷⲴᑞࣙˈवᤜሬ㡚ǃ䈫㝨ǃ

᢮ൠᯩㅹǄ൘䘉Ӌᯩ䶒ˈཊ⿽ᯠޤᢰᵟ䜭

ਟ⭘кˈ वᤜཊ⿽Րᝏǃᇊսᢰᵟǃ〫ࣘ

䇑㇇ǃ␡ᓖᆖҐㅹǄᙫѻˈӪ⵬࣏㜭⭊㋮

㓶ˈབྷ㝁䘀֌ᴤྕ〈˗ ॳз㋮㤡喀ࣚ࣋ˈ

ᡀ᷌仁ࠪ䴰㔗㔝ʽ 

ᵪಘ㿶㿹ᢰᵟ 

䖵ࣙ㿶㿹Ⲵㅜањѫ㾱ᯩ䶒ˈቡᱟᵪ

ಘ㿶㿹ՐᝏಘⲴ䘹ᤙ઼㿶㿹㇇⌅Ⲵᇎ⧠Ǆ

⭡Ҿ䴰㾱Ӫ䓛クᡤᡆᩪᑖˈ㘼ф㿶䳌Ӫ༛

བྷ䜭ᱟվ᭦ޕˈᡰԕሿරॆǃ䖫ׯǃⴱ⭥ǃ

ᇌᱟѫ㾱Ⲵ㘳㲁Ǆᖃ❦Ӿᙗ㜭ᯩ䶒ˈᇎׯ

ᰦ઼ਟ䶐ᱟสᵜⲴ㾱≲Ǆ䘉єᯩ䶒ᖰᖰᱟ
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⴨ӂ⸋⴮Ⲵˈᡰԕᣈ㺧ਟ㹼ⲴᯩṸׯᱟ⹄

ウⲴ䟽⛩Ǆ㿶㿹䖵ࣙਟᴹཊњቲ⅑ǃཊњ

ᯩ䶒ǄӾሬ㡚ᶕ䈤ˈᴹ䘁䐍⿫Ⲵᆹޘ㾱≲

˄ਟ㹼䙊䐟઼䚯䳌˅઼䘌䐍⿫Ⲵᯩੁᤷ⽪

˄ൠᯩ઼䐟ḷ䇶࡛ㅹ˅ǄᡁԜл䶒Ⲵйњ

ᢰᵟ⵰䟽о䘁ǃѝ䐍⿫Ⲵᆹޘሬ㡚ˈণᇊ

սǃᇊੁ઼䚯䳌ǄᡁԜ俆ݸӻ㓽ањᇔ޵

ሬ㡚⹄ウⲴ਴⿽ᯩṸѝ[16-18]Ⲵањ⢩࡛Ⲵǃ

㓿⍾Ⲵᯩ⌅ˈቡᱟ൘Ც㜭᡻ᵪк㻵䖭ањ

ㆰ᱃Ⲵ 360 ᓖੁޘ䮌ཤ˄മ 3˅ˈᔪ・ањ

ᇔ޵൪ᲟⲴമۿᮠᦞᓃˈ❦ਾ⭘മۿỰ㍒

Ⲵᯩ⌅ᇊս[16, 19]ǄѪҶ䀓ߣᇎᰦ䇑㇇䙏ᓖ

઼བྷᮠᦞ䟿Ⲵ㾱≲ˈᡁԜ䟷⭘Ҷ〫ࣘ䇑㇇

઼Ӂㄟ䇑㇇⴨㔃ਸⲴᯩṸ[16]ˈ਼ᰦ൘ᔪ⁑

ᰦ㶽ਸҶަᆳⲴᢰᵟˈवᤜൠമ亴䈫ˈ䐟

ᖴ㿴ࡂㅹ[20]ǄㅜҼњᢰᵟᱟৼⴞ㿶㿹ⲴᲪ

㜭䟷ṧᯩ⌅˄മ 4˅ˈѫ㾱ᱟѪ䀓ߣ⧠Ӻվ

׋䗘⦷㿶㿹ᴯԓ㻵㖞ᴹ᭸㿶㿹ؑ᚟Ⲵᨀ࠶

䰞仈˄ྲ㖁㟌〫Ἵӗ૱ Argus II [15] ਚᴹ

6x10 ˈ Brainport Ⲵ㠼ཤ䈫മᶯ [14] ਚᴹ

20x20˅ ǄަѝṨᗳᱟ䪸ሩᇔ޵൪Ჟ㓩⨶ቁ

ⲴᛵߥⲴањสҾᖙ㢢മࢢ࠶ۿⲴ・փ㿶

㿹३䝽㇇⌅[21, 22]઼൘ަส⹰кⲴањᲪ㜭

䟷ṧ઼ᝏޤ䏓ⴞḷ໎ᕪⲴ㇇⌅[23, 24]Ǆᴰਾ

ањ䖵ࣙ㿶㿹ᯩṸᱟ⭘অᑵമۿ䘋㹼й㔤

᧘⨶Ⲵᯩ⌅ˈⴞḷᱟ⭘Ც㜭᡻ᵪⲴᩴ઼ۿ

䇑㇇࣏㜭ˈণਟ䘋㹼ᾬ䚃ᡆ㺇䚃ᯩੁⲴй

㔤ՠ䇑઼䘁ǃѝ⭊㠣䘌䐍⿫䙊䚃˄ྲ䰘ਓ˅

 
 

മ 3 Ც㜭᡻ᵪੁޘ䖵ࣙ㿶㿹 (ᐖ˖ཤⴄ㌫

㔏˗ਣ˖᡻ᤱ㌫㔏) 

 
 

മ 4 ৼⴞ㿶㿹Ც㜭䟷ṧ (ᐖк˖⁑ᤏᖙ㢢മۿˈवᤜൠ䶒ˈᾬ䶒ˈᯩᖒ⢙ˈ㓶ᵶ˗ਣк˖␡ᓖ

മۿ˗ᐖл˖20x20 Პ䙊䟷ṧ㓶ᵶђཡ˗ਣл˖20x20 Ც㜭䟷ṧ㓶ᵶ؍ᤱ) 
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മ 5 䴽ཛਈᦒঅⴞ⍻䐍[25]˄ਣ˖৏മкḷ⌘䎠ᓺ઼ᡯ䰘ⲴỰ⍻㔃᷌ˈᒦй㔤ᇊսᮠᦞ˗ᐖ˖Ự

⍻㔃᷌Ⲵй㔤㓯⭫മ⁑ර˅ 

ⲴỰ⍻઼䐍⿫ՠ㇇ǄᡁԜቍ䈅䗷є⿽ᯩ⌅˖

สҾ䴽ཛ˄HOUGH˅ਈᦒⲴᯩ⌅˄മ 5˅
[25]઼สҾ㓗㚄˄J-LINKAGE˅Ⲵᯩ⌅[26]Ǆ  

x Ც㜭᡻ᵪ㿲ੁޘˈമۿỰ㍒ᇊᯩս˗
[16] 

x 〫ࣘй㔤ᴤᘛᦧˈᔪ⁑ᇊսᐢᇎᰦǄ
[17, 18] 

x ᇔ޵ㆰ⌱ቁമṸˈ・փ३䝽ᴹ䳮༴˗ 

x മ࠶ۿѪ㠚❦ඇˈ ⚥ᐗ䟷ṧᮠᦞ㋮Ǆ
[21-24] 

x Ც㜭᡻ᵪ᣽➗᱃ˈ䇑㇇࣏㜭ҏ䎵ᕪ˗ 

x Ӫ⵬অⴞਟ⍻䐍ˈ㕈օн䇙ᵪಘڊ˛
[25, 26] 

x অ亩ᢰᵟᙫᴹ䲀ˈཊ⿽㶽ਸᴤᆼழ˗ 

x ൠമ亴䈫ݸ㿴ࡂˈᲪ㜭᡻ᵪ㚄ӁㄟǄ
[18-20] 

ᴯԓᝏ⸕ᢰᵟ 

䖵ࣙ㿶㿹ⲴㅜҼњѫ㾱ᯩ䶒ˈቡᱟྲ

օሶ䟷䳶઼༴⨶Ⲵ㿶㿹ؑ᚟Ր䙂㔉㿶䳌⭘

ᡧˈԕ৺᧒㍒ᴹᰐ䲔Ҷᵪಘ㿶㿹ԕཆަᆳ

ᴹ᭸Ⲵᯩ⌅Ǆк䶒䇘䇪ⲴйњᯩṸᗇࡠⲴ

ᇊսǃᯩੁؑ᚟ˈ䲔Ҷਟԕ⭘㖁㟌〫ἽⲴ

ᯩ⌅ⴤ᧕Ր䙂㔉⭘ᡧⲴ㿶⾎㓿ཆˈ⭘䈝丣

৽侸 ᙅᱟᴰᇩ᱃ᜣࡠҏᴰᴹ᭸Ⲵᯩ⌅Ǆ

նᱟཚ仁㑱ঐ⭘䈝丣仁䚃Պᖡ૽㿶䳌⭘ᡧ

㹼ѻᴹ᭸Ⲵੜ࣋ሬ㡚࣏㜭ˈᡰԕަᆳⲴᴯ

ԓᝏ⸕Ր䙂ᯩ⌅ҏᴮᒯѪ⹄ウǄᡁԜቍ䈅

ᡆ⍻傼Ҷഋњᯩ䶒Ⲵᴯԓᝏ⸕ᢰᵟ˖˄1˅ 
Āޘ䓛ⴞāⲴ䇮䇑઼ᴰՈॆ ˖ ቍ䈅⭘Ⳟ㛔

਴њ䜘սᶕᝏ⸕䴷ࣘⲴᕪᕡѪ⭘ᡧᨀ׋ഋ

ઘⲴ䐍⿫ᝏ⸕ؑ᚟[29]ˈᒦߣᇊՐᝏಘⲴཊ

ቁ઼ս㖞[30]ǄѪ↔ᡁԜ䇮䇑Ҷ਴⿽⁑ඇॆ

Ⲵ䐍⿫-䴷ࣘᝏ⸕অݳ˄മ 6˅[31]ˈ䝽ԕ䘲

ᖃⲴクᡤ䜘Ԧˈᒦ⭘ BLE վ㙇㬍⢉ᢰᵟሶ

ަоаᲪ㜭᡻ᵪ䘎᧕ˈӾ㘼нӵᯩׯ䇮㖞

৲ᮠˈ㘼фᇩ᱃᭦䳶ᮠᦞǄ˄2˅Ā㗔ᑞ⵬ā

䈅傼㌫㔏઼⍻䈅˄മ 7˅˖ᵪಘ㿶㿹ᱟᴰ֣

䘹ᤙˈնᱟⴞࡽሿᐗվᡀᵜⲴ䀓ᯩߣṸӽ

ᖵᔰਁǄ֌ѪањᴯԓᯩṸˈᡁԜቍ䈅⭘

ⴞࡽ䶎ᑨ⍱㹼Ⲵ㗔ᑞ˄Crowdsourcing˅ᢰ

ᵟˈᶕᑞࣙ㿶䳌⭘ᡧᇎᰦሬ㡚[32, 33]Ǆ˄3˅
㚼⭥മ˄EMG˅䗘丣˖ᡁԜҏ⹄ウҶ⭘㖞
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Ҿ䶒䜘Ⲵཊњ EMG ⭥ᶱ઼␡ᓖ Bayesian 㖁

㔌˄DBN˅ᶕ䈅傼ਟ੖䇶࡛䇢䈍㘵˄മ 8˅Ǆ

Ӿањ 20 ։ӪⲴᇎ傼ѝˈᡁԜਁ⧠ˈ䇢䈍

㘵ਚ䇢ањ㤡᮷অᆇˈ⭘ EMG ਟԕ䗮઼ࡠ

⭘䈝丣਼ṧⲴ䇶࡛⦷ [34]Ǆ䘉њᇎ傼䈤᰾

EMG ؑਧ䟷䳶Ҷ䈍㘵⴨ޣⲴؑ᚟ˈሶᶕਟ

㜭Ѫ㿶䳌઼ަᆳ↻䳌⭘ᡧᨀ׋ᝏ⸕ᑞࣙǄ

ᡁԜ↓൘䘋㹼਼ᰦ⭘㚼⭥മ˄EMG˅઼㝁

⭥മ˄EEG˅ˈᶕ䢤࡛ᇎ傼㘵Ⲵ㺘ᛵਈॆˈ

Ӿ㘼ᴤྭൠ䇔䇶Ӫ㝁Ⲵᐕ֌ᵪ⨶Ǆ˄4˅㠼

ཤĀⴻāⲴ⍻䈅ǄᡁԜҏ઼㝁、ᆖ઼ᝏ⸕

уᇦਸ֌ˈ⍻䈅Ҷ Brainport Ⲵ㠼ཤ䈫മ[14]ˈ

㲭❦ᡁԜਁ⧠⭘ަ䇶࡛മṸӽ䶎ᑨഠ䳮ˈ

նҏ䇨ਟԕ⭘ަᇎᰦᤷ⽪⭘ᡧ㹼䎠Ⲵᯩੁ 
˄മ 9˅[35]ˈӾ㘼ਟԕオࠪ⭘ᡧⲴ㙣ᵥ઼᡻

ㅹˈԕަׯᴤ㠚❦Ⲵ㹼䎠Ǆ 

x ޘ䓛ᱟⴞᴹ亴⍻ˈⳞ㛔㜭Āⴻā㿱

ሿ䈤[27, 28]˗ޘ䓛⊹⎨䐍⿫൪ˈᥟࣘ

ᕪᕡਟ㺘䗮[29-31]Ǆ 

x 㚼⭥ؑਧᶕ䗘丣ˈ␡ᓖᆖҐڊ∄䖳˗ 
аᆇ䇶ᗇ䇢䈍㘵ˈ᭸᷌๚∄⭘䈝丣 
[34]Ǆ 

x 㠼ཤⴻമࡍ⍻䈅ˈ䇶࡛മṸᖵ୶ῧ˗ 
ᡆਟᐗ⭘ᤷᯩੁˈオࠪ᡻ǃ㙣ަڊ

ᆳ [35]Ǆ 

x 㗔ᑞᐢᡀᯠᰦቊˈօн⭘ަࣙሬ㡚˛ 
⭘ᡧ㿶仁Ր㖁кˈ㖁৻Շⴞᶕ㗔ᑞ
[32, 33]Ǆ 

䶒䜘䇶઼࡛␡ᓖᆖҐ 

ሩҾ㿶䳌઼㠚䰝Ⲵ⭘ᡧˈ䲔Ҷ┑䏣Ԇ

ԜสᵜⲴሬ㡚઼ᤷੁ䴰㾱ཆˈᴤ䘋а↕Ⲵ

ᵪಘ㿶㿹ᢰᵟਟᑞࣙԆԜ໎ᕪоԆӪӔ⍱

Ⲵ㜭࣋ˈӾ㘼ᨀ儈ԆԜⲴ⭏⍫䍘䟿Ǆ䘉ਟ

ԕ֌Ѫ䖵ࣙᢰᵟⲴㅜйњѫ㾱ᯩ䶒Ǆަѝˈ

Ӫ઼Ӫѻ䰤ањѫ㾱ⲴӔ⍱䴰㾱ᱟӪ㝨䇶

઼࡛㺘ᛵⲴ䇶࡛ǄᡁԜᴮ⭘ RGBD Րᝏಘˈ

⭘ᖙ㢢઼й㔤ؑ᚟ѪⴢӪᨀ׋Ӫ㝨䢤࡛Ⲵ

㜭˄മ࣏ 10˅[36]ǄᡁԜ䲿ਾᴤཊⲴ⹄ウ䳶

ѝ൘Ӫ㝨㺘ᛵⲴ䇶࡛кˈԕׯѪ㿶䳌઼㠚

 
 

മ 6 ਟクᡤޘ䓛ⴞⲴ৏ර䇮䇑[31]Ǆa.ㅜаԓശᖒ䇮䇑˗ b. ㅜҼԓᡱᖒ䇮䇑˗ c. ㅜйԓᲪ㜭᡻ᵪ

㬍⢉䚕᧗䇮䇑˗ d. а⭘ᡧ䈅ᡤǄ 
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䰝⭘ᡧᨀ׋ᴤᴹ᭸ⲴоԆӪӔ⍱ⲴᐕާǄ

∄ྲˈᡁԜ䇮䇑ҶањᲪ㜭᡻ᵪ Appˈ䙊

䗷ањㆰঅⲴ⭘㺘ᛵ᧗ࡦⲴ⑨ᠿˈ䇝㓳㠚

䰝ᛓ㘵Ⲵ㺘ᛵ䇶઼࡛৽侸˄മ 11˅[37]ǄѪ

Ҷ䘉Ӌᓄ⭘Ⲵᴹ᭸ᙗˈᡁԜ䘋㹼Ҷ㌫ࡇⲴ

⹄ウ˖⭘ѫ㾱Ⲵമۿᩌ㍒ᕅ᫾᭦䳶઼␵⨶

ࠪҶањᴹазཊᕐ㠚❦ⲴӪ㝨㺘ᛵമۿ

Ⲵᮠᦞᓃ CIFE [38]˗สҾ䈕ᮠᦞᓃ䇝㓳Ҷа

њг㊫㺘ᛵ䇶࡛Ⲵ␡ᓖধ〟㖁㔌˄CNN˅ˈ

ԕ↔Ѫᕅ᫾ˈ䇮䇑Ҷањㆰ⌱Ⲵ㺘ᛵਟ᧗

⑨ᠿˈ൘ањᴸቡ᭦䳶ࡠ 100 ཊњ⑨ᠿ⭘

ᡧⲴ䎵䗷азӄॳᕐ㺘ᛵമۿˈ⭏ᡀҶ㺘

ᛵᴤ᧕䘁ᰕᑨ⭏⍫ǃгњ㊫࡛Ⲵമۿᮠⴞ

ҏᴤᒣ㺑Ⲵ GaMo 㺘ᛵമۿᓃ[39]˗മۿǃ

༠丣ǃ㿶仁ㅹཊ⿽⁑ᔿ㶽ਸǃӪᐕ䇮䇑઼

 
 

മ 7 㗔ᑞ⵬Ⲵ৏⨶⽪᜿മ[32]˖㿶䳌⭘ᡧⲴ㿶仁㓿亴༴⨶઼঻㕙Րᖰӂ㚄㖁ˈ㖁кᘇᝯ㘵઼ᵪಘ

㇇⌅ᨀ׋ᇎᰦ㹼䎠ᤷ⽪ˈ㓿༴⨶㌫㔏䗷└䳶ᡀਾˈ⭘༠丣ᡆ䀖㿹ㅹᤷ⽪⭘ᡧሬ㡚Ǆ᭦䳶Ⲵᮠᦞ

ਟ׋Ӫᵪ㿶㿹⹄ウ⭘Ǆ 

 
 

മ 9 ⍻䈅㔃᷌㺘᰾[35]ˈ㠼ཤⴻമ䖳䳮⭘Ҿᖒ

⣦䇶࡛ǄնᱟਟԕᖸྭⲴ䗘࡛йњᯩੁⲴ㓯

ᶑˈഐ↔ਟ⭘Ҿሬ㡚ᤷ⽪Ǆ 

മ 8Ǆཊ⁑ᔿ䈍㘵䇶࡛[34]˖മۿǃ䈝丣઼㚼

⭥മؑਧ㓿⭡␡ᓖ⾎㓿㖁㔌䳶ᡀਾˈ䈤䈍㘵

䇢ањᆇণਟ䇶࡛Ǆ 
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␡ᓖᆖҐ⴨㔃ਸⲴ⢩ᖱᨀਆǃ઼ཊṨᆖҐ

Ⲵᯩ⌅ˈ֯ᗇᡁԜ䇮䇑Ⲵ㇇⌅൘ 2015 ᒤⲴ

ACM 㺘ᛵ䇶࡛᥁ᡈ˄EmotiW˅Ⲵ 60 њ৲

䎋ѝˈ਽ࡇㅜӄ[40]ǄѪҶ䘋а↕⹄ウӪ㝨

㺘ᛵⲴᵪ⨶ˈ ᡁԜ⹄ウҶสҾ␡ᓖᆖҐⲴ

㺘ᛵঅݳ˄Action Unit ˅䇶࡛ˈ䇮䇑Ҷ㔬

ਸ␡ᓖধ〟ᆖҐ䖜〫˄Learning Transfer˅ˈ

ཊቲ⅑ޤ䏓㕆⸱˄Attention Coding˅઼䮯

⸝ᵏ䇠ᗶ˄LSTM˅ᰦオ䳶ᡀⲴ⁑රˈ֯ᡁ

ԜⲴ㺘ᛵঅݳ䇶࡛ᙗ㜭∄ⴞࡽᴰྭⲴ㔃᷌

ᨀ儈Ҷ 10%ԕк[41, 42]Ǆ 

x ௌᙂ૰Ҁ߉㝨кˈ䶒䜘䇶࡛ᖸ䟽㾱˗ 
ᰐླྀ㿶䳌н㜭㿱 [36]ˈ㠚䰝ᛓ㘵Ӗ

֌䳮 [37]Ǆ 

x ␡ᓖᆖҐ䇶㺘ᛵˈ㖁к᭦䳶Շ㝨䉡 

 
 

മ 11 ᑞࣙ㠚䰝⯷⭘ᡧ䇝㓳㺘ᛵⲴᲪ㜭᡻ᵪ

⑨ᠿ㌫㔏⭼䶒 Ǆ 

 
 

മ 10 ᇎᰦй㔤Ӫ㝨䇶࡛ࡍ↕䈅傼[36]Ǆⴞḷᱟ

⭘Ҿ㿶䳌⭘ᡧⲴӔӂǄ 

 
 

മ 12 㲊ᤏ⧠ᇎՐᝏಘԯⵏ઼ሬ㡚⍻䈅Ǆ 
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[38]˗ ধ〟㖁㔌Ѫᕅ᫾ˈ䇮䇑⑨ᠿ

䟷ᮠᦞ [39]Ǆ 

x ཊ⿽⁑ᔿᶕ䳶ᡀˈᇎᡈ㺘ᛵࡽࡇ㤵
[40]˗ ӪᵪᲪ㜭⴨㔃ਸˈཊṨᆖҐ

ᴰ㔉࣋Ǆ 

x 㺘ᛵঅݳᱟṨᗳˈᆖҐ䖜〫ⴱ䇝㓳˗ 
䏓㕆⸱ᱮ᭸᷌ [41]ˈᰦオ䳶ᡀᴤޤ

ᨀॷ [42]Ǆ 

⍻䈅઼ᓄ⭘ᒣਠ 

䖵ࣙ㿶㿹઼ަᆳ䖵ࣙᢰᵟⲴㅜഋњѫ

㾱ᯩ䶒ᱟ⍻䈅઼ᓄ⭘ᒣਠǄᡁԜ䘉䟼ӻ㓽
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