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第一章 具身智能的概念与内涵

ऎദᇆିቔູದ۽ᇆିਵთ֥၂۱ᇗေ࿹࣮ٚཟđህᇿႿᇆିุ๙ݖ໾৘Чุ

აຓ׮޺࣢֥ߌࢸটൌགྷᇆି֥৘ંა࠯ඌ࿹࣮đۋ࣢ߌۂݤᆩa࠺ၫ๷৘aؓࢌ߅

ᇏᅚൕԛোࢸᄝᆇൌ໾৘ൗطඌđՖ࠯ྟކቔᆳྛ֩ሸ׮a߃aሱᇶ࿐༝aथҦܿ޺

ದ֥ᇆିྛູbཌྷбႿ࣡෿a৖ദ֥ದ۽ᇆିđऎദᇆିऎႵടദྟa౦࣢ྟaᇶ׮

ࠏ࿐a॓ࠏෘ࠹ҭหྟđაࢌ࿐॓؟აކඌವ࠯؟หׄbऎദᇆି࡙ऎ֩ྟ޺ࢌބྟ

ఖದ࿐aപࣜ॓࿐aಪᆩ॓࿐֩҂๝ਵთࣅ׻ૡཌྷܱđః࿹࣮ٓԐa࿹࣮ٓൔđଽݤ

ຓ࿼္ᄝ҂؎ؿᅚᇏbऎദᇆି୍࣍ট֤֞ਔ࿐ඌࢸaӁြ֥ࢸնਈܱᇿđФಪູ൞

ದ۽ᇆି֥༯၂۱Еׄؿđ൞ದ۽ᇆିሼཟ໾৘ൗ࡯ܱྏނ֥ࢸđᄝ࠹ݓ૶ള֩۲ٚ

૫׻ႵᇗնమᄝႋႨࡎᆴb

1.1 具身智能发展历史

ऎദᇆି֥ဆࣉ৥ӱॖሔිᇀ 20ൗࡀ 50୍սđః৘ંჷሱႇࢭݓԛ֥࠹ෘࠏ

॓࿐ࡅέধc๭ਲčAlan TuringĎ֥ധख़࡮׳b1950୍đ๭ਲᄝఃऎႵ߃ൈսၩၬ֥

ં໓u࠹ෘࠏఖაᇆିvčComputing Machinery and IntelligenceĎᇏđ൮Ցܒམਔ၂

ᇕିܔა׮ྛࣉ࣢ߌ෿޺ࢌaऎСሱ໡࿐༝ି৯֥ᇆିൌุbھᇆିุФഡམູିܔ

ཞದো၂ဢۋᆩຓ࣢ߌࢸaሱᇶܿ׮ྛ߃ਫ਼ࣥaቓԛथҦđѩऎСིۚᆳྛ಩ༀ֥ି

৯đᆃ၂ܒམФ൪ູऎദᇆିčEmbodied IntelligenceĎ֥Ԛ҄৘ંॿࡏb

҄ೆ 20ൗࡀ 80୍սđෛሢದ۽ᇆି࿹࣮֥҂؎ധೆđྛູᇶၬ AI࿐ஊष൓ᅙ

੝๨࢘đఃᇏઅ֣ୄc҃ਗ਼क़ථčRodney BrooksĎ֩࿐ᆀ֥࿹࣮Ⴍູ๬ԛb෰ૌ఼ט

๙ۋݖᆩა׮ቔ֥ࣅૡླྀ๝đഡܔି࠹აྛࣉ࣢ߌႵི֥޺ࢌᇆିࠏఖbᆃ၂ൈ௹֥

oऎദpࠏఖದൌဒᇶေऊࢊႿ০Ⴈઆࠠܿᄵෘمაࠏఖದ႗ކࢲ֥ࡱđၛൌགྷหק

֥ႋႨିۿb࣐ ܵᆃུൌဒഉԩႿԚ҄ฐ෬؍ࢨđ֌෱ૌູऎദᇆି֥ؿᅚק׍ਔᇗ

ေࠎԤb

ෛሢ࠯ඌ֥҂؎ࠒ৆აԷྍđऎദᇆି႒টਔॹ෎ؿᅚ֥ࣁߛൈ௹bധ؇࿐༝

čDeep LearningĎa఼߄࿐༝čReinforcement LearningĎ༵֩ࣉෘمଆ྘֥Ⴄགྷđູऎ

ദᇆିิ܂ਔ఼ն֥࠯ඌᆦӻbᆃུෘمଆ྘൐ࠏఖದିֹݺ۷ܔ৘ބࢳԩ৘گᄖ

ඌ֥࠯ࡱఖაᆳྛఖ֩႗ۋb๝ൈđԮູྛ֥ࠃਲބᇆିࡆൌགྷ۷ط࣢ྐ༏đՖߌ֥
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҂؎҄ࣉđ္ཁᇷิശਔࠏఖದ֥ۋᆩૹೌ؇ࣚ׮ྛބሙ؇bᄝᆃ၂؍ࢨđoऎദp

ᄝoದߎ૫౼֤ਔᇗေ๬௥đٚؿఖದ࿹ࠏᄝٟളࣇᅚđ҂ࣉඌ౼֤ਔཁᇷ࠯ఖದࠏ

ᇆି۽ ఖದࠏb২ೂđหථঘ֥ದྙق҄ྟקഈજԛਔथކವ߄ఖದp֥ᇆିࠏ+

Optimus๙֥ࣉ༵ݖ൪त-ე࿽-׮ቔଆ྘ၛࠣࣚಒ֥ࠏ׈॥ᇅ࠯ඌđൌགྷਔᇆିa୅

ದ֥޺ࢌđᅚൕਔऎദᇆିᄝࠏఖದਵთ֥ऍնమ৯b

୍࣍টđෛሢնე࿽ଆ྘čLarge Language ModelsđLLMsĎ֥ྖఏđऎദᇆି֥

ᇆିႤགྷି৯đູބఃധި֥๙Ⴈᆩ്९ࢹᅚ႒টਔྍ֥ۚӖbնଆ྘௝ؿ ఖದิࠏ

ۣܡ৯bି޺ࢌ߄୅ದބᆩaሱᇶथҦۋਔ۷ۚҪՑ֥ᇆି܂ DeepMind๷ԛ֥ RT

༢ਙࠏఖದđႭః൞ RT-HϱЧđ๙ݖԷྍ֥಩ༀࢳٳაე࿽ᆷ਷ሇ߄Ҧ੻đൌགྷਔ

಩ༀᆳྛ֥ۚࣚ؇აིۚੱđࣉ၂҄๷׮ਔऎദᇆିᄝگᄖ಩ༀԩ৘ٚ૫֥ି৯b

ՎຓđMeta AI֥҃ؿ CortexBench൪त௟ࠎܙሙၛࠣህູऎദᇆିഡ֥࠹ VC-1

൪तଆ྘đູऎദᇆି֥ѓሙ߄௟ܙაଆ྘Ⴊ܂ิ߄ਔᇗေ۽ऎbႇ຿ղčNVIDIAĎ

ቔູ GPUބ AI࠹ෘਵთ֥ਵ֝ᆀđᄝऎദᇆିਵთ๝ဢቓԛਔཁᇷ܊ངb෰ૌ๷ԛ

ਔ GR00TದྙࠏఖದࠎԤଆ྘ࠣ Jetson Thorྍॻದྙࠏఖದ࠹ෘࠏđѩؓ Isaacࠏ

ఖದषؿ௜෻ྛࣉਔಆ૫ശࠩđູࠏఖದ࠯ඌ֥ӻ࿃Էྍิ܂ਔႵ৯ᆦӪb

1.2 具身智能多学科交叉特性

ऎദᇆି֥නམބ࿹࣮ॴᄀਔ۱؟࿐॓đЇওᅽ࿐aಪᆩაപࣜ॓࿐a࠹ෘ॓ࠏ

࿐aࠏఖದ࿐֩đุགྷਔཁᇷ֥؟࿐॓ࢌҭหྟb

vᇏಪູđྏ߿ष൓නॉྏਲაദุ֥ܱ༢b෰ᄝuંਲ֣ࣼ؟༐ছ֥࿰৚ൖܞ

ਲ൞ളଁุ֥ЧᇉྙބൔđڮჍള໾ၛۋᆩaනॉބᄎି֥׮৯b20ൗࡀ 80୍սđ

ಪᆩ॓࿐ؿࡅᅚਔऎദಪᆩ৘ંđಪູಪᆩݖӱ҂ࣇࣇ൞նଷ֥ଽ҆׮ࠃđط൞ദ

ุᄝაބ޺ࢌ࣢ߌᯒކᇏӁള֥bപࣜ॓࿐ؓࣤཞപࣜჭ֥࿹࣮ؿགྷնଷॖၛіᆘ

ః෰׮໾֥ྛູđࣉ၂఼҄߄ਔऎദᇆିᄝಕุ޺ࢌᇏ֥ቔႨbࠏఖದ࿐ࡅ๙ܒݖ

ᄖگ҂ླေطൌགྷđ޺ࢌࢤ࣢֥ᆰߌᇆିุაݖགྷᇆିྛູॖၛ๙ؿఖದࠏᇆିࡹ

֥ଽ҆іᆘbᆃུ࿹࣮๷׮ਔ࠹ෘ॓ࠏ࿐ࡅՖۋᆩྛ׮ᆜ֥࢘ކ؇࿹࣮ऎദಪᆩ֥

ྐ༏႘ഝݖӱbگᄖ༢๤ਵთ֥࿹࣮ᆀᄵՖဆྐބ߄༏ં֥࢘؇ᆷԛđᇆିุ֥ྛ

ູॖၛुቔ൞၂۱ሑ෿ෛൈࡗဆگ֥߄ᄖ׮৯༢๤đᄝྐ༏ቋႪ֥߄ჰᄵ༯ྛࣉሱ

ቆᆮ࿐༝đӁളა֥޺ࢌ࣢ߌฐ෬ྛູb࣍௹֥၂ུ࿹࣮ᄵՖ఼߄࿐༝֥࢘؇ؿགྷđ

b־Ԯ࠽սބ߄ࣉᇆିྙ෿֥ࣉᄖྟ՜گ࣢֥ߌ



ऎദᇆି֥؟࿐॓ࢌҭหྟ൞ః࿹࣮ؿބᅚ֥ᇗေ౺׮৯b๙ݖॴ࿐֥॓ࢌҭ

ವކđऎദᇆି҂ࣇ๷׮ਔದ۽ᇆି֥৘ંԷྍđࢳູߎथགྷൌ໙ีิ܂ਔྍ֥࠯ඌ

൭؍b

1.3 具身虚实结合现状

୍࣍টđऎദᇆିਵთԛགྷਔࠫᇕྴ୅აགྷൌ֥ٓކࢲൔđೂ๭ 1-1෮ൕbႮႿ

ᄝᆇൌൗࢸᇏҐࠢህࡅൕٓ׮ቔ྽ਙ֥ൈࡗӮЧა࠯ඌေ౰ۚࢠđᆰྴࡼࢤ୅࣢ߌ

ᇏ࿞਀֤֥֞Ҧ੻థ၍֞ᆇൌൗ҆ࢸඇ߶૫ਢ࿸ᇗ֥oྴ୅-གྷൌ܎ޟčSim-to-Real

GapĎpbၹՎđ၂༢ਙٚمႋᄎطളđᆻᄝྴࡼ୅აགྷൌކࢲđ࣐ॖି૛ކᆃ၂܎ޟb

ᆇൌ߄఼ۋ [1–6] ᛴಙ֥ۋᇹۚᆇൌࢹ 3D Gaussian Splatting֩іൕٚࡹܒمӆࣟ

࣢ᇏ֥ህߌ୅ྴࡼđۋ࣢֥ᆇൌߌᄹ఼ଆ୅ݖ࣢ᇏ֥ඔሳ੶ളđ๙ߌᇆିุᄝྴ୅ބ

đࣉဢሰ֥ࢸൕٓᛴಙӮᆇൌൗࡅ ᆇൌඔऌ౼ࠆथࢳଆٟ࿐༝đၛྛࣉಞऎദᇆିط

ඌӮЧ֥໙ีđ๝ൈൌགྷႵི֥ྴ୅-གྷൌҦ੻థ၍b࠯ބӮЧࡗӱᇏۚൈݖ

图 1-1 具身智能领域几种虚实结合的方法范例

ದ۽ൌൈۄყ [7] ൞၂ᇕ๙ݖᄝᆇൌӆࣟᇏྛࣉൌൈದۄ۽ყট࣯ᆞࠏఖದྛູđ



Ֆط෪ཬྴ୅֞གྷൌم֥ٚ܎ޟb൮༵đᄝྴ୅࣢ߌᇏ࿞਀ၛࡹ৫ࠎЧҦ੻bෛުđ

ᆞྛູbՖᆃ࣯ބყۄൌൈྛࣉ࣢ᇏđ֒ԛགྷհ༂ൈđದোߌᆃུҦ੻҆ඇႿᆇൌࡼ

ყᇏ൬֥ࠢඔऌႨႿ࿞਀җҵҦ੻čresidualۄུ policyĎbቋުđࠎࡼЧҦ੻ބҗҵ

Ҧ੻ཌྷູކࢲቋᇔҦ੻bᆃᇕٚمཁᇷ֮ࢆਔؓᆇൌ࣢ߌඔऌҐ֥ࠢླ౰đ๝ൈൌགྷ

ਔྴ୅֞གྷൌ֥Ҧ੻థ၍b

ӆࣟෛ߄ࠏ [8–10] ๙ݖᄝଆ୅ݖӱᇏႄೆෛࠏҕඔđᄹ఼ਔᄝଆ୅࣢ߌᇏ࿞਀֥

ଆ྘ؓགྷൌൗࢸӆ֥ࣟٗି߄৯bෙಖྴ୅ބགྷൌ׻࣢ߌ๙ݖཌྷࠆࠏ౼൪त๭ཞࣉ

ᄶ؇֩эਈ൐֤ྴ୅֞གྷൌ֥Ҧ੻థ၍թᄝ঒଴bၹܻބᆩđ֌໾ุ֥ଉ҈༢ඔۋྛ

Վđӆࣟෛمٚ߄ࠏ๙ݖᄝଆ୅࿞਀ᇏෛ߄ࠏҕඔđॖၛᄹ఼Ҧ੻֥ٗྟ߄đՖطႋ

ؓᆇൌӆࣟᇏ֥۲ᇕэ߄b

༢๤്љ [11–13] ᆻᄝࡹܒᆇൌ࣢֥ࣚߌಒඔ࿐ଆ྘đ׮ۂݤ৯࿐หྟა൪तᛴಙ

֩ཌྷܱҕඔbఃଢ֥൞൐ଆ୅࣢ߌაགྷൌൗࢸӆ࣐ࣟॖିཌྷරđՖطಞᄝྴ୅ӆࣟᇏ

࿞਀֤֥֞Ҧ੻ॖၛඨ০֞؈ݖᆇൌ࣢ߌb

ე࿽ଆ྘ିڮ [14–16] Ⴈሱಖე࿽ቔູూਃđ๙ݖ൐Ⴈ๭ཞ֥໓Ч૭ඍቔູॴਵთ

֥๤၂ྐݼđϺᇹଆ྘࿐༝֞҂൳ਵთ႕ཙ֥๭ཞหᆘđՖิطശᄝଆ୅ބᆇൌ࣢ߌ

ᇏ֥ٗି߄৯b൮༵ႨջႵॴਵთე࿽૭ඍ֥๭ཞඔऌ࿞਀၂۱щ઒ఖđၛ࿐༝๙Ⴈ

֥๭ཞหᆘbಖު০Ⴈᆃུ࿐֥֞๙Ⴈหᆘđ࿞਀၂۱؟ਵთa؟಩ༀ֥ྛູଆٟҦ

੻đᆃ۱Ҧ੻߶۴ऌე࿽ᆷ਷টᆳྛ಩ༀbᆃোٚم০Ⴈਔնਈಸၞࠆ౼֥ଆ୅ඔऌ

ট૛Ҁᆇൌӆࣟඔऌ֥҂ቀđՖֹݺ۷طൌགྷՖྴ୅֞ᆇൌ࣢֥ߌథ၍b



第二章 具身智能的关键技术

ऎദᇆିቔູದ۽ᇆିਵთ֥భခٚཟđఃܱ࠯࡯ඌۂݤ໾ุҠቔaۋ࣢ߌᆩa

಩ༀ৘ࢳაथҦ๷৘ᆃඹնٳ҆ྏނđ෱ૌ܋๝ܒӮਔࠏఖದ֥o൭ -င -ଷpđླྀ

๝ᆦӪఏᇆିุᄝགྷൌӆࣟᇏ֥ሱᇶྛି׮৯b

აԮ๤ࠏఖದթᄝཁᇷҵၳđऎദᇆି֥໾ุҠቔႵሢࠞۚေ౰bԮ๤ࠏఖದ֥

ҠቔສສअཋႿหקa࣢ߌ߄ܒࢲ༯ູࢠֆ၂aᇗ׮֥گቔđطऎദᇆିᇏ֥໾ุҠ

ቔሔ౰֥൞ᄝگᄖa׮෿౏֥߄ܒࢲ٤ᆇൌൗࢸӆࣟᇏđିܔਲࠃaࣚሙֹა۲ো໾

ఖದླေଦఏ҂๝ྙሑaҋᇉaࠏༀӆࣟ৚đऎദᇆିڛ๖ࡅb২ೂđᄝ޺ࢌྛࣉุ

ᇗਈ֥ҔऎđປӮϥ٢Ҕምa൬േҔऎ֩၂༢ਙ಩ༀđᆃࣼေ౰ఃऎСࣚ༥֥৯ਈ॥

ᇅაਲె֥׮ቔܿି߃৯bऎദҠቔऽӫ֒ࣂऎദᇆି౵љႿݖಀ֥ܱ࡯෮ᄝđ൞ః

ቋ࠯֥ྏނඌࢫߌᆭ၂b๙ྀࠏ֥ࣉ༵ݖഡ࠹ა॥ᇅෘمđࠏఖದ֥o൭pିܔଆ୅

ದো൭֥҆׮ڶپቔđൌགྷᇭೂሂa໤aୖaୢ֩؟ᇕگᄖҠቔđՖطൡႋ؟ဢ֥߄

಩ༀླ౰b

ऎദۋᆩđՖٓԐഈඋႿ࠹ෘࠏ൪त֥၂҆ٳđ֌ႻႵሢ׿ห֥ҧᇗׄb෱۷ູ

ܱᇿაࠏఖದ಩ༀࣅૡཌྷܱ֥ۋᆩྐ༏bᄝگᄖ࣢ߌᇏđࠏఖದѩ٤ླေۋᆩ෮Ⴕ

֥൪तჭ෍đط൞ऊࢊႿؓປӮ಩ༀႵࡎᆴ֥҆ٳbၛ໾ੀҝԥӆູࣟ২đࠏఖದᄝ

Ϭᄎࠊ໾ൈđఃऎദۋᆩ༢๤ᇶေܱᇿࠊ໾໊֥ᇂaྙሑaԄժၛࠣᇛຶॖିթᄝ֥

ᅰθ໾֩ྐ༏bູղӮᆃ၂ଢѓđԢਔᄎႨԮ๤֥൪तԮۋఖđߎ߶ವކᇭೂܻࠗূ

ղaӑലѯԮۋఖ֩؟ᇕো྘֥Ԯۋఖđၛ۷౼ࠆಆ૫aሙಒ֥࣢ྐߌ༏đູު࿃֥

थҦაྛࡔ܂ิ׮ൌ֥ඔऌࠎԤb

ᄝ಩ༀ৘ࢳაथҦ๷৘ٚ૫đऎദᇆି૫ਢሢᇭ็؟ᅞb෱ླေؓگᄖӉӱ಩ༀ

ࠃ၂༢ਙॖᆳྛ֥ሰ಩ༀb২ೂđᄝᆳྛ၂ӆն྘ູٳఃҷࡼđѩሱᇶࢳധ؇৘ྛࣉ

Ϭᄎምູࢳ಩ༀҷࡼੀӱაླ౰đ֥׮ࠃᆜ۱ࢳఖದေ৘ࠏӆֹ҃ᇂ಩ༀൈđ֥׮

ၕa҃ᇂ໷෻a࿇ܫል൥֩ሰ಩ༀđߎေކ৘ܿ߃ᆳྛඨ྽აሧჷٳ஥b๝ൈđऎദ

ᇆିุླߎऎСোದّ֥නაטᆜି৯bᄝ಩ༀᆳྛݖӱᇏđೂݔმ֞๬ؿሑঃđೂ

Ϭᄎ֥໾௖ݖᇗ֝ᇁ၍׮঒଴đࠏఖದႋିࠣൈّන֒భҦ੻đטᆜϬᄎٚൔđೂ࿙

ᅳڣᇹ۽ऎڿࠇэϬᄎਫ਼ࣥ֩đၛಒЌ಩ༀିܔඨ০ປӮb

ᄝЧᅣࢫᇏđ໡ૌࡼധೆ௩༅ᆃུܱ࠯࡯ඌđҪҪࢣൕ෱ૌೂޅཌྷླྀ޺ቔb໾ุ
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Ҡቔ၇ঠऎദۋᆩࠆ౼֥ࣚሙྐ༏টܿ׮߃ቔđ಩ༀ৘ࢳაथҦ๷৘ູ໾ุҠቔބ

ऎദۋᆩิ܂ଢѓაٚཟᆷႄb෱ૌдՎࢌᆮaཌྷ޺՜ࣉđູऎദᇆି֥யѱؿᅚᇿ

ೆჷჷ҂؎֥׮৯đ๷׮ఃՖ৘ં࿹࣮જཟܼ֥ٗൌ࠽ႋႨb

2.1 具身感知

ᆩ҂ᄜ൞ۋᄝऎദᇆିე࣢༯đطᆩ༢๤൞ള໾ุൌགྷᇆିྛູ֥આࠠఏׄđۋ

໾৘ൗؓࡹܒӱđᆻᄝݖ෿׮ᇏ֥ߌᆩоۋ-ቔ׮൞၂۱ധళႿط൬đࢤ৫֥ྐ༏ܛ

ൔሇэđ൐֥ٓߌđᆃᇕՖ࣡෿֞оط෿іᆘbಖ׮ധҪ֥؇ົࡗaეၬࠣൈޅࠫࢸ

ջট֥็ᅞğႮႿֆܴׄҩ֥अཋྟđᇆିุсྶࢸᆩ༢๤сྶᆰ૫ᆇൌ໾৘ൗۋ֤

ऎСᇶۋ׮ᆩაฐ෬ି৯đ๙ڿݖэ໊ረᇶ׮ᄹ఼ሱദ֥ۋᆩି৯Ġ૫ؓ໾৘࣢ߌ

Ҁྟটᄹ఼ਗ਼ϿྟĠᆌؓ޺০Ⴈॴଆ෿ކଆ෿ྐ༏ವ؟ݖಠđ༢๤сྶ๙ۄᄖگ֥

གྷൌ࣢֥ߌෛൈߏࡗતэ֥߄หྟđۋᆩෘمсྶൌགྷི֥ۚ׮෿࣢ߌሱൡႋି৯Ġ

Վຓđ൳ཋႿ၍ࠏ׮ఖದႵཋ֥ϰᄛෘ৯đଆ྘౞ਈ္߄Ӯູਔۋᆩෘمઋֹ֥ᇗေ

bࢫߌ

ᇶۋ׮ᆩაฐ෬൞ऎദᇆିൌགྷሱᇶྟބൡႋྟ֥ିྏނ৯bაԮ๤֥Фۋ׮

ᆩ҂๝đऎദۋᆩ఼טᇆିุ֥ᇶྟ׮đࠧᇆିุି۴ܔऌ಩ༀླ౰đᇶט׮ᆜሱദ

ረ෿a൪࢘ٚ޺ࢌࠇൔđၛڶپ۷౼ࠆa۷ཌྷܱ֥࣢ྐߌ༏đՖֹݺ۷طປӮ಩ༀb

ᇶۋ׮ᆩ༢๤ѩ٤ಆ஍ࢤ൬෮Ⴕۋᆩྐ༏đط൞ࠎႿ಩ༀଢѓ࣢ߌބሑ෿đႵ࿊ᄴ

ֹܱᇿหྐק༏ [17]bᇶۋ׮ᆩ఼ۋטᆩݖӱა׮ቔ֥ࣅૡކࢲbᇆିุ๙ݖ॥ᇅሱ

ദ֥൪࢘ٚ޺ࢌބൔđᇶࠆֹ׮౼Ⴕ০Ⴟ৘ۋ࣢֥ߌࢳᆩྐ༏b২ೂđࠏఖದॖၛ๙

۷ౢ༉֥๭ཞ౼ࠆᆜ๨҆ረ෿টטݖ [18]a๙ݖԨଃট്љ໾ุ֥උྟ [19]aࠇᆀᇶ׮

ၛሔሶҠቔ໾ุࠏᆜཌྷט [20]bԢਔ؋௹ଽڣᇹۋᆩ֥ᇶູྛ׮đᇶۋ׮ᆩߎЇও۷

Ӊൈ௹ଽ֥ܿ߃ฐ෬b২ೂ MP5ෘم [21] ᄝ Minecraftᇏൌགྷਔࣚ༥֥ۋ࣢ߌᆩҦ੻

ᄖ֥಩ༀbActiveGAMERگԩ৘۷ܔđିمᆩෘۋ׮ਔଢѓ֝ཟ֥ᇶؿđष߃ܿ [22]

০Ⴈ 3Dۚථࡷഝ֥ᛴಙหྟ௟࣢ߌܙᇗࡹ಩ༀ֥ྐ༏ᄹၭđ౺ࠏ׮ఖದᇶ߃ܿ׮ቋ

ᆩაᇆିุྛູ֥؊֞؊࿐༝ٚ૫đۋ׮bᄝᇶିྟࡹ൪࢘đൌགྷਔ۷Ⴊ֥ಆअᇗࡄ

APPLE [23]ഡ࠹ਔ၂۱ᇶۋ׮ᆩ֥Ҧ੻࿐༝ٚمđѩဒᆣਔఃᄝ؟ᇕ಩ༀᇏ֥ॖौྟb

ᄝऎദᇆିุ༢ᇏđ؟ଆ෿ۋᆩᆞᄝՖᄪ௹֥Ԯۋఖؐןཟ۷ധ؇֥ಆܲۋі

ᆘᯒކሇэbֆ၂ଆ෿֥अཋྟေ౰༢๤сྶᆜކ൪तეၬaܻࠗূղaԨतّঌࠣ

Чุۋ൳֩؟ჷඔऌđၛൌགྷሙಒ֥࣢ߌ௟ܙaၩ๭৘ࠣࢳνಆथҦ [24,25]bູႋؓඔ



ऌၳྟܒაܱ৳ࡹଆ็ᅞđᄪ௹࿹࣮ᇶေҧᇗႿหᆘࠩ৳ ކथҦࠩವބ[26] [27]đၛࠣ

০Ⴈࢌҭᇿၩ৯ࠏᇅൌགྷၳܒหᆘؓఊ֥๤၂ॢࡗіᆘ [28]b୍࣍টđऎദۋᆩ۷఼

ᆩି৯֥ຉᅚٚ૫đۋఖ֥ླྀ๝ؓఊbᄝۋԮ؟ᆩਗ਼Ͽྟაۋᇏ֥޺ࢌ߄ܒࢲᄝ٤ט

٤൪თӮཞ࠯ඌ [29] ๙ݖ೘ົଆࡹނ޴ଆაॢࡗཌྷܱྟᇗҐဢđൌགྷਔؓᅻ֓ଢѓ֥

đູࡹяੱൌൈᇗٳۚ ఖۋਔྍ֥ॖିྟbᄝԮ܂ᆩิۋఖದᄝ൪त൳ཋӆࣟ༯֥ࠏ

ླྀ๝ٚ૫đMetasensor [30]ิԛਔ၂ᇕࠎႿԮۋఖဆܒࡏ֥ࣉđ๙ݖሱൡႋࠏ؇טᇅ൐

ᇆିุିᄝ൪त൳ཋൈ໭ߐ్ډᇀః෰ۋᆩٳᆦđൌགྷਔ૫ཟ಩ༀ֥ቋႪۋᆩ్ߐb

๝ൈđVTDexManip [31]ა൪त-Ԩतყ࿞਀ॿࡏ [32]֥࿹࣮іૼđ๙ݖ൪Ԩतࠫޅധ؇

ؓఊđॖ ູ࣍ए৖ࣚ༥Ҡሺิ܂࿰ݸ૜ّ֥ࠩঌđႵི૛ҀԮ๤൪त࡟ҩᄝᅻ֓࣢ߌ

༯֥ۋᆩ઩౵bᆃུࣉᅚѓᆽሢ؟ଆ෿ۋᆩၘॴᄀࡥֆ֥ეၬۋᆩ಩ༀđજཟऎСӻ

࿃ൈॢ၂ᇁྟ֥ಆܲۋ໾৘ಪᆩb

ᄝ׮෿࣢ߌᇏđۋᆩଆॶ֥ሱൡႋି৯ᇀܱᇗေđᆃ൐֤ᇆିุିܔൌൈטᆜః

థ၍࿐༝টൌགྷbᄝཌބᄝཌ࿐༝ݖbᆃᇕൡႋྟᇶေ๙߄࣢֥эߌᆩҦ੻ၛႋؓۋ

࿐༝൐ᇆିุିܔ๙ݖა࣢֥ߌӻ࿃޺ࢌটᇯ҄Ⴊ߄ఃۋᆩଆ྘b๙ݖӻ࿃ࢌ࣢ߌ

ᆩି৯đѩ࿐߶۷Ⴕֹི০Ⴈྐ༏টປӮ಩ༀۋđᇆିุॖၛӻ࿃ิശ޺ [33]bൌགྷ

ᆃ၂ଢѓླေࢳथਆ۱ܱ࡯໙ีğ൮༵൞ིۚ൬ࠢྐ༏֥ڶپ࿞਀ဢЧđӈႨ֥ѓሙ

Їওეၬބ҃ٳ҂ಒྟק [34]ĠఃՑ൞ೂޅ০ႨᆃུဢЧট۷ྍۋᆩଆ྘đགྷႵ࿹࣮

ฐ෬ਔ୉׮৯࿐ყҩଢѓ [35]aൈॢ၂ᇁྟჿඏ [36]aฐ෬ྛູ࿐༝ bቋ֥࣍مٚ֩[37]

࿹࣮ [38] ᄵष൓Ӈ൫ປ೿ᆜ۱ሱ߄ࣉऎദᇆିॿࡏđิԛਔ࠺ၫሱ໡۷ྍa಩ༀሱ໡

đᅚགྷਔऎٳᆃ໴۱ᇗေቆӮ҆߄ࣉଆ྘ሱ໡ބ࣢ሱ໡ყҩaऎദሱ໡ൡႋߌaߐ్

ദᇆି֥߄ࣉమ৯b

ܱႿऎദᇆିۋᆩ֥౞ਈ߄࿹࣮đఃᆞᄝՖᄪ௹֥࣡෿ଆ྘࿢෪જཟധ؇ᯒކ

གྷൌ಩ༀა႗ָࡱҪหྟ֥ಆٚ૫Ⴊ߄đྏނଢѓ൞ᄝшჸҧႵཋ֥ݻۿაෘ৯ჿ

ඏ༯đົӻۚ௔aۚࣚ؇֥ۋ࣢ߌᆩࡹଆbᄝෘمҪ૫đᆌؓ൪त Transformer࠹ෘ

ᇅაॴଆࠏభ๼ԛิ߄ႄೆਔҪࠩࢸՑٚᄹӉ֥௞࣠đ࿹࣮ؽᄖ؇ෛՍჭඔਈӯگ

෿ႄ֝Ҋ֩ࡧ಩ༀ౺ࡆ֥׮෎࠯ඌ [39,40]bᆃུ࠯ඌିܔଆٟದো൪तՖՙ৬؇֞༥

৬؇֥ԩ৘ݖӱđ၇ऌ࣢ߌეၬ଴؇ࠣൌൈე࿽ᆷ਷׮෿ัԢб২ཁᇷ֥಺Ⴥ൪त

ՍჭđಒЌ࠹ෘሧჷࣚሙऊࢊႿଢѓ޺ࢌ౵თđՖطᄝົӻྟି֥భิ༯ն֮ࢆږཁ

թაջॺ࿢৯bՎຓđ౞ਈ߄ഡࣉ္࠹၂҄༯Ӧᇀ႗ָࡱҪ [41–43]đᆌؓ႗ࡱหྟൌ

གྷႵᆌؓྟ֥ࡆ෎ഡ࠹bᆃᇕՖෘمઆࠠ֞ྉோ֥ܒࡏധ؇ླྀ๝đࢳߏਔଆ྘ᄝሧჷ

൳ཋᇔ؊҆ඇ֥ൌൈྟ௞࣠b



2.2 具身推理

ऎദ๷৘൞ᆷऎദᇆିุ๙؟ݖଆ෿ۋᆩčೂ൪तaԨतaЧุत֩Ďൌൈѽሚ

aѩ߃ᆳྛ֥಩ༀܿॖູࢳٳᄖ಩ༀگࡼطଢѓა৥ൎࣜဒđՖູྛކ࣢ሑ෿đವߌ

aҠቔݴఖದሱᇶ֝ࠏۂݤbఃׅ྘ႋႨࡏ෿ྩᆞᆳྛհ༂֥ಪᆩॿ׮၂҄োದֹࣉ

ඨ྽॥ᇅaದ۱ٚ؟֩޺ࢌࠏ૫b๙ݖоّߌঌࠏᇅđᇆିุᄝᆳྛ׮ቔުӻ࿃ࡓҩ

थҦҦ੻đൌགྷሱ໡ބđѩ০Ⴈᆃّུঌྐ༏۷ྍଽ҆ಪᆩଆ྘ݔࢲᆳྛ࠽ൌܙ௟ބ

ّනטᆜބႪ߄bᆃ൐֤ᇆିุିܔሱگࢳٳ׮ᄖ಩ༀaൡႋ࣢ߌэ߄ѩ҂؎Ֆࣜဒ

ᇏ࿐༝b২ೂđ၂۱ڛༀࠏఖದᄝࡅ๖࣢ߌᇏᆳྛoሙСᄪҔpᆃ၂گᄖᆷ਷ൈđ҂

໾a஬ᘡaϥ஍֩၂༢ਙऎุҠቔđ౼ູ߄ఃሇࡼሱಖე࿽૭ඍ֥ଢѓѩࢳေ৘ླࣇ

ಪᆩथҦა໾ࡼӱᇏđऎദ๷৘ݖbᄝᆃ၂߃࠹ᆜט࣢ሑ෿ߌᆩ֥֞ۋ۴ऌൌൈླߎ

৘ّঌࣅૡᯒކđ൐ࠏఖದᄝᆇൌൗࢸᇏіགྷԛ۷֥ۚਗ਼Ͽྟބൡႋྟbᄪ௹֥࿹࣮

ᇶေࠎႿݼژ๷৘ܿބᄵ༢๤đ၇ঠದ۽ყ༵קၬ֥ܿᄵaሑ෿ׅࣜࠇࠏ AIܿ߃ఖ

čೂ PDDLܿ߃Ďđᆃᇕٚمສສ଴ၛႋؓष࣢ߌ٢aԎའଢѓ࣢ߌ߄ܒࢲ٤ބb

୍࣍টđෛሢնე࿽ଆ྘؟ބଆ෿նଆ྘֥๷৘ି৯҂؎ᄹ఼đ๷৘ି৯҂ࣇ

ᄝሱಖე࿽ԩ৘ਵთ౼֤ਔཁᇷӮݔđ္ᅚགྷԛᄝࠏఖದܿ߃ა޺ࢌᇏ֥ऍնమ৯b

࿹࣮ದჴᆞฐ෬ೂࡼޅնଆ྘఼֥ն๷৘ି৯აࠏఖದ֥ۋᆩބ॥ᇅཌྷವކđ൐ࠏ

ఖದିܔ৘ۚࢳҪᆷ਷ѩ๷৘ԛऎุ֥ྛ׮྽ਙđՖ۷طႵֹིປӮ಩ༀbࢹᇹնଆ

྘ᄝᆩ്ބ౼ࠆ๷৘ٚ૫֥Ⴊ൝đࠏఖದॖၛᄝਬဢЧࠇഒဢЧ่ࡱ༯৘گࢳᄖᆷ

਷ѩሱ׮ളӮྍ಩ༀ֥ᆳྛ҄ᇧđՖطնࡨږഒದ۽ഡ࠹ყקၬܿᄵ֥۽ቔਈbᆃᇕ

Ֆݼژದ۽щஆཟඔऌ౺׮ᇆି֥ܿ߃ሇэđ൐ऎദ๷৘ॿࡏऎСਔ۷֥ۚ๙Ⴈྟ

ൡႋྟbބ

նଆ྘ᄝऎദ๷৘ᇏ֥ቔႨᇶေุགྷᄝ೘۱ٚ૫ğ

č1Ďეၬ৘ࢳაଢѓٳ༅ğࡼଆ֥޴ሱಖე࿽ླ౰ሇૼູ߄ಒ֥ଢѓ൞๷৘֥ࠎ

Чіགྷྙൔbնଆ྘๙ݚؓݖਈሱಖე࿽ეਘ֥࿐༝đି ᆷ਷ᇏ֥ႅ޼ሙಒѽሚႨܔ

൬֞o໡ࢤଢѓbᆃᇕି৯൐֤ᇆିุᄝ֥߄༉aਈౢູ߄૭ඍሇ֥޴ଆࡼ౰đླݣ

ॗਔpᆃဢ֥Ԏའᆷ਷ൈđିܔሇູ߄o֚၂Жඣѩෂ֞ದ֥૫భpᆃဢ֥ऎุౢط

༉֥ଢѓđՖֹݺ۷ܔିطӯགྷದބऎദᇆିุᆭ֥ࡗದ޺ࢌࠏᇆିb

č2Ďჰሰ׮ቔࢳٳğࡼሹุ಩ༀଢѓॖູࢳٳᇯ҄๷֥ࣉሰ಩ༀđѩሇࠏູߐఖ

ದ֮Ҫॖି࠯ᆳྛ֥ჰሰ׮ቔ྽ਙđ൞๷৘ି৯֥ਸ਼၂۱ᇗေุགྷbնଆ྘ླေࡼᆜ

ุଢѓҷູࢳ၂༢ਙ৵ܺaॖ Ҡቔ҄ᇧb২ೂđิۣܡԛ֥ SayCan đؓمٚ[44] ႿႨ޼



ఖದ၇ऌࠏҪሱಖე࿽ᆷ਷đնଆ྘߶ൻԛ၂༢ਙॖି֥ሰ಩ༀ૭ඍđಖު֥ۚ܂ิ

ၘ࿐༝֥ି࠯९࣢ߌބሑ෿đ๙ࠏݖఖದ࿐ᇏ֥ࡎᆴݦඔྟྛॖࠇଆ྘čaffordanceĎ

ؓᆃུީ࿊ሰ಩ༀྛࣉյٳđট࿊ԛ֒భቋކൡ֥ჰሰ׮ቔb২ೂđ૫ؓᆷ਷o໡Ϝ

ႂਘյيਔđ୆ିϺ໡ગĤpđնଆ྘ି߃ܿܔԛ৵֥ܺྛ׮྽ਙđᇭೂoሼ֞݊෻đ

ଦఏݚ૥đ҈൚၁ุp֩҄ᇧbᄝૄ၂҄ᆳྛުđնଆ྘۴ऌྍ֥࣢ّߌঌ࠿࿃ܿ߃

༯၂҄đᆰ֞಩ༀປӮbᆃᇕࡼնଆ྘֥ᆩ്ა๷৘ି৯๝ࠏఖದؓ໾৘ൗ֥ࢸᆳྛ

ି৯ཌྷ֥ٚކࢲൔđ൐ࠏఖದॖၛປӮᇭೂo൬േ೒ԛ֥ႂਘpᆃোگᄖ಩ༀđѩཁ

ᇷࡨഒਔ҂్ൌࠇ࠽҂ॖᆳྛ֥հ༂b

č3Ďّනაטᆜğ۴ऌሰ಩ༀ֥ᆳྛ౦ঃބൌൈ࣢ّߌঌđטᆜჰሰ׮ቔܿ߃đ

Ⴊ߄಩ༀᆳྛੀӱđᄵ൞ऎദ๷৘ӯགྷ۳ऎദᇆିุ֥ۋ࣢ߌᆩ֥ିྏނ৯b২ೂđ

ԛ֥ิۣܡ ReAct [45] ቔđ൐ଆ྘ି׮ჰሰބհ֥๷৘නົ৽ࢌ০Ⴈնଆ྘ളӮمٚ

ᆳྛ׮෿๷৘টԷטބࡹᆜྛ߃࠹׮đ๝ൈაຓ҆ح౼ࠆ޺ࢌ࣢ߌຓྐ༏đᄝऎദ

໙ճ׮޺ބथҦ֩಩ༀᇏ౼֤ਔཁᇷ֥๷৘ྟିิശbථฌิڞԛ֥ Text2Motion [46]

ಒЌეၬઆࠠ࠻ቔ྽ਙൈ׮đᄝളӮކࢲնଆ྘ა໾৘ॖྛྟყҩଆॶཌྷࡼđمٚ

ᆞಒđႻဒᆣགྷൌҠቔ֥ॖྛྟb༢๤ളӮ่؟ਫ਼ࣥđ๙ݖ௟่ૄܙਫ਼ࣥᄝൌ࣢ߌ࠽

ᇏ֥ᆳྛིݔѩ׮෿טᆜऎุ҄ᇧđՖطЌᆣࠏఖದ࠻ડቀᆷ਷ေ౰đႻିक़ڛᆇ

ൌ࣢ߌᇏ֥໾৘ཋᇅbิۣܡԛ֥ VLP ൪तྐ༏đѩ০Ⴈ൪௔ളކࢲ၂҄ࣉمٚ[47]

ӮࠎԤଆ྘ᄝ಩ༀᆳྛభყဆྛݖ׮ӱđ๙ݖඎෆ෬௟ૄܙ၂֥҄ކ৘ྟაॖྛྟđ

൐ࠏఖದᄝൌ࠽ᆳྛభьି്љమᄝ֥ڄགđՖטطᆜ಩ༀܿ߃bᄝാϧ࡟Ұაّන

ٚ૫đREFLECTॿࡏ๙ݖ LLMٳ༅൪तࠎԤଆ྘ّঌ֥࡟ҩݔࢲđ࡟Ұሰଢѓ൞

ିࣇ҂مٚھൌൈ࣯ᆞđ֥߃࠹ބാϧჰၹ๷৘ྛࣉ০Ⴈնე࿽ଆ྘طࣉղӮđڎ

հ༂čೂ࿊ᄴਔհ༂֥ଢѓ໾߃љ്ܿିߎઋĎđוҩᆳྛհ༂čೂ໾ุФၩຓ࡟ܔ

ุĎđູऎദ๷৘༢๤ิ܂ਔᇗေ֥ሱ໡࣯հି৯b

ಖطđഈඍٚم௴ђ၇ঠყקၬ֥׮ቔି࠯९đᆃᄝष٢ӆࣟᇏթᄝཁᇷ֥अ

ཋྟđޓ଴౫ई෮Ⴕమᄝ׮ቔି࠯bູ๬௥ᆃ၂अཋđ࿹࣮ᆀૌิԛਔս઒ളӮ֥

ٓൔđᆰࢤՖሱಖე࿽ᆷ਷ളӮࠏఖದᆳྛҦ੻ս઒đՖࡨط౞ؓყഡ׮ቔ९֥၇

ঠbCode-as-Policies [48] ቔູׅ྘սіđ০Ⴈնე࿽ଆ྘щཿࠎႿሱಖე࿽֥॥ᇅս

઒đ׮෿טႨࠏఖದ APIđളӮൡႋྟྛູҦ੻bRoboCodeX [49] ਔކࢲ၂҄ࣉمٚ

൪तّঌྐ༏đࡹܒਔ؟ଆ෿ս઒ളӮॿࡏđࠩۚࡼದোᆷ਷ა൪तܴҩކࢲđࢳٳ

Ӯၛؓའູᇏྏ֥Ҡቔֆჭđᄜሇູ߄ൡႨႿ҂๝ࠏఖದ௜෻֥॥ᇅս઒bս઒ളӮ

đൌགྷਔՖሱಖე࿽֞ॖކವࠏఖದᆳྛି৯Ⴕࠏ৯აିࢳնଆ྘֥ეၬ৘ࡼඌ࠯



ᆳྛҦ੻ི֥ۚሇ߄đ൐ࠏఖದᄝگᄖ࣢ߌᇏᅚགྷԛభ෮ໃႵ֥಩ༀൡႋྟބᆳྛ

ਲྟࠃb

ྍ၂սऎദ๷৘༢๤ᆞӔሢ؟ଆ෿ധ؇ವބކሱൡႋҦ੻ٚཟ҂؎જࣉbᄝVox-

Poser [50]aOmniManip ބ[51] ReKep [52]֩ቋྍ࿹࣮ᇏđ࿹࣮ದჴ০Ⴈ൪तaე࿽֩؟ჷ

ྐ༏ࡹܒਔൌൈaо֥ߌथҦଆ྘bVoxPoser๙ݖളӮ೘ົࡎᆴ๭đ࣢ߌࡼᇏ֥ॖҠ

ቔ౵თაᅰθ໾ᆰܴ႘ഝđ൐ࠏఖದᄝ಩ༀܿ߃ൈ໭ླ၇ঠყഡ׮ቔଆϰđط൞ࠎႿ

֒భӆࣟᆰ࠹ࢤෘԛቋႪ݅ࠖĠაՎ๝ൈđOmniManipބ ReKepᄵ০Ⴈܱׄ࡯ჿඏ

׮ᄎ߄ൌൈ൪तّঌ҂؎Ⴊݖቔሰଢѓđѩ๙׮֥߄၂༢ਙࣚ༥ູࢳᄖ಩ༀҷگࡼ

ਫ਼ࣥđՖطᄝ׮෿࣢ߌᇏൌགྷ۷ࣚࡆሙ֥॥ᇅb၇ກնე࿽ଆ྘ބ൪तଆ྘఼֥ն๷

৘ି৯đᆃ၂ಆྍ֥ٓൔ҂ࣇऎСਬဢЧ಩ༀൡႋྟđܔିߎ๙ݖоّߌঌࠏᇅࠣൈ

ሱಖე࿽ᆷ਷ሇ֥޴ଆࡼܔb༢๤ିࢫᆜҠቔ༥ט෿׮ᆳྛ౦ঃ࠽ᆩொҵđ۴ऌൌۋ

ቔb׮၂༢ਙॖᇯ҄ᆳྛ֥ჰሰູࢳٳᆜุ಩ༀࡼ၂҄ࣉଢѓđѩ֥߄ಒaਈૼູ߄

๙ݖᆰࢤളӮॖᆳྛҦ੻ս઒đᆃᇕٚمնն֮ࢆਔؓყקၬ׮ቔ९֥၇ঠđູ ఖࠏ

ದᄝष٢ӆࣟ༯ሱᇶथҦิ܂ਔಆྍ֥නਫ਼ބ๯ࣥbಖطđ๙Ⴈ؟ଆ෿նଆ྘ᄝᆰࢤ

ᆳྛऎദ๷৘಩ༀൈđສສᆺ၇ঠყ࿞਀௹֥֤ࠆࡗᆩ്đಌكህ૊֥ऎദ಩ༀܿ

֥ٚࢤb۷ᆰ߃৘֥ܿކൕĎটྩᆞ҂ิ۽ຓّ֥ঌଆॶčೂದح৯đၹՎླေି߃

࣢༯֥಩ༀླ౰đߌđ൐ః۷ൡႋᆇൌטັྛࣉ൞০Ⴈ൪तე࿽ඔऌؓყ࿞਀ଆ྘م

Ֆطյᄯ۷఼ն֥ऎദնଆ྘b২ೂđิۣܡԛ֥ Palm-E ໓Ч๤ބሑ෿a๭ཞࡼ[53]

၂щ઒đ๙ݖሱᇿၩ৯ࠏᇅളӮ಩ༀܿ߃Ġط EmbodiedGPT [54]ᄵ၇ກ EGO4D [55]ඔ

ऌࠢđࡹܒਔЇݣ൪௔ோ؍აჰሰҠቔეၬ஥֥ؓ EGOCOT [53] ऎദනົ৽ඔऌࠢđ

ႄೆਔߎԤഈđቋ֥࣍࿹࣮ࠎཁᇷิശbᄝ൪तე࿽նଆ྘֥ିྟ߃ఃܿުטັࣜ

RT-1 [56]aRT-2 [57]aRT-X [58] ބ π0 [58] ֩൪त-ე࿽-׮ቔնଆ྘b෱ૌ๙ݖ০Ⴈ޺৳ຩ

ഈ֥ڶپ൪त๷৘಩ༀඔऌྛࣉყ࿞਀đѩކࢲ؊֞؊ൻԛָҪ׮ቔ֥Ҧ੻Ⴊ߄đൌ

གྷਔՖۚҪᆷ਷֞ऎุ׮ቔི֥ۚሇ߄bު࿃ᅣࡼࢫབྷ༥ᅚषऎദնଆ྘ᄝ۲ো಩

ༀᇏ֥іགྷაႋႨൌ২đࣉ၂҄ฐษఃᄝऎദ๷৘؟ބଆ෿޺ࢌᇏ֥భခࣉᅚb

2.3 具身操作

ऎദҠቔ൞ྍ၂սᇆିࠏఖದؿᅚ֥࠯ྏނඌđ൞ࠏఖದିڎປӮ۷ྍ؟಩ༀ֥

ᅚٚཟb֒ؿđսіਔऎദᇆି֥ᇗေ࡯ܱ ༯đԢਔഈඍ VoxPoser [50]aOmniManip [51]

ބ ReKep [52] ֩٤؊֞؊֥࿹࣮đૄ၂ൈख़ᇯ҄ൻԛ׮ቔ֥؊֞؊Ҡቔଆ྘൞༯၂



ቔնଆ྘čVision-Language-Action׮-đఃᇏ൪त-ე࿽്܋ᅚ֥ᇶੀؿඌ࠯҄ Modelđ

VLAĎč๭2-1Ď๙ݖವކൌൈ൪तۋᆩaሱಖე࿽৘׮ބࢳቔ॥ᇅ೘նଆॶđູ؟ဢ

ބࢸఖದᇆିᇏ൷đᄝಆ౯࿐ඌࠏथٚσđФ൪ູྍ၂սࢳਔ๙Ⴈ܂ఖದ಩ༀิࠏ߄

Ӂြࢸႄۚؿ؇ܱᇿbᄝ 2026୍đෛሢ൪௔ଆ྘֥ࣉ၂҄Ӯඃđࡼ൪௔ყҩ׮ބቔ

ყҩವ֞ކ๝၂۱ଆ྘ᇏ֥ൗ׮ࢸቔଆ྘čWorld-Action ModelđWAMĎđิശਔࠎ

Ⴟ׮ࣇቔყҩ֥ VLA֥ٗି߄৯đӮູਔြܱࢸᇿ֥ྍಣׄb

֒భ VLAଆ྘ᇶေЇও೘ն࠯ඌਫ਼ཌğ

č1ĎࠎႿ VLM ܒࡏቔଆ྘׮+

ҐႨ൪त-ე࿽նଆ྘čVisual-Language Model, VLMĎࢳ༅಩ༀᆷ਷ބ൪तྐ༏đ

๙ݖᆩ്๷৘ႄ֝׮ቔଆ྘ളӮ॥ᇅᆷ਷bׅ ྘ႋႨೂן၉ڛaҔއᆜ৘֩ࣚ༥߄Ҡ

ቔ಩ༀb

č2ĎࠎႿ VGM ܒࡏቔଆ྘׮+

Ⴟ൪௔ളӮଆ྘čVideo-Generationࠎ Model, VGMĎყҩ಩ༀᆳྛݖӱ֥൪त݅

ࠖđ๙ݖ൪௔іᆘ୉ཟ๷֝॥ᇅᆷ਷bൡႨႿླေყ஑৵࿃׮ቔ྽ਙ֥گᄖҠቔӆ

ࣟb

č3ĎࠎႿ VLM+Latent+Actionܒࡏ

ູਔԉٳ০Ⴈ۲োၳܒඔऌđᄹ఼Ҧ੻֥ٗି߄৯đ޺ࡼ৳ຩ๭໓ඔऌࠏބఖದ

ඔऌކࠁ࿞਀đ๙ݖ๙ݖყҩႅൔ׮ቔѓ࠺čLatent Action Tokens)ট૛ކ๭ཞ-໓Ч

ൻೆაࠏఖದᆳྛ׮ቔᆭ܎ޟ֥ࡗb

೘ᇕ࠯ඌਫ਼ཌᄝ ᅚđ֌ଢభഉໃྙӮ๤၂ٓൔđӯࣉ๬௥ྟ֤౼ࡗ2024-2025୍

གྷ؟ჭ߄Էྍ۬अb

图 2-1 Physical Intelligence的 π0模型以及字节跳动的 GR-2模型



Ⴟࠎ VLM ඌਫ਼ཌğ2024୍ᇏđPhysical࠯֥ܒࡏቔଆ྘׮+ Intelligence҃ؿਔ

π0ଆ྘đ၇ກ޺৳ຩࠩඔऌ࿞਀֥ VLMᇶۄຩ઎đ๙ݖॴܒ྘ყ࿞਀ +ֆܒ྘ު࿞

਀đൌགྷ༡၉ࠏ౼၉aҔއᅼࡅ֩ן๖ڛༀି৯bౢ޿ն࿐҃ؿਔ RDTଆ྘đၛ׮

ቔଆ྘ູܒࡏྏނđ๙ݖॴܒ྘ඔऌࠢՖਬष൓֥ყ࿞਀đކࢲචфࠏఖದު࿞਀đ

ӮۿປӮචф֚ඣaႳ༤൭ѣҠ॥֩಩ༀb2025୍đFigure҃ؿਔ VLA҆ඇ֞ದྙ

ଆ྘ҐႨھఖದቔြđࠏ VLMა׮ቔଆ྘֥ࢳᯒഡ࠹đۋᆩඔऌѩྛൻೆᆃਆ۱ଆ

྘bܒࡏھປᆜ҆ඇਆ۱ଆ྘ିܔᆦӻᄖ੹ም૫ᆜ৘֩گᄖ಩ༀđ္ ॖ๙ݖᆺ҆ඇ׮

ቔଆ྘ൌགྷЇࠎ֩ࡣٳݕԤ಩ༀb

Ⴟࠎ VGM Ⴟࠎඌਫ਼ཌğა࠯֥ܒࡏቔଆ྘׮+ VLM+׮ቔଆ྘֥ܒࡏোරđࠎ

Ⴟ VGM ਔ҃ؿ׮๋ࢫඌਫ਼ཌ္Ⴕਆোbֆ၂ଆ྘ٚ૫đሳ࠯֥ܒࡏቔ׮+ GR-2ଆ

྘đҐႨնܿଆದো൪௔ඔऌყ࿞਀ +ཬܿଆࠏఖದඔऌު࿞਀֥ٚൔđൌགྷॖٗ

ཬ֌္ࠞऎսіྟ֥ࢠӁളਔ၂ུཌྷؓࢸ૫đ࿐ඌٚܒࡏҪٳ಩ༀĠᄝࡣٳ໾௖֥߄

ଆ྘đ২ೂౢ޿ն࿐ิԛ֥ ATMđ൐Ⴈܱܻׄ࡯ੀቔູᇏࡗіᆘࢳᯒ൪௔ყҩ׮ބ

ቔଆ྘đൌགྷഒဢЧࠏఖದඔऌັט༯֥ି࠯࿐༝Ġଲလ৘۽ն࿐ิԛ֥ FLIPđᄵ

൐ႨԒૡܻੀቔູᇏࡗіᆘႄ֝׮ቔളӮb

ඌਫ਼ཌğູ࠯ႿVLM+Latent+Action֥ࠎ ਔԉٳ০Ⴈ۲োၳܒඔऌđᄹ఼Ҧ੻֥

৯đ2025୍Ԛᇆჭิԛਔି߄ٗ Vision-Language-Latent-Action (ViLLA)ऎദҠቔն

ଆ྘bა VLAܒࡏཌྷбđViLLA๙ݖყҩႅൔ׮ቔѓ࠺čLatent Action Tokens)đ૛

Ӊൈ಩ༀބਲెҠቔ֥ࢸbᄝᆇൌൗ܎ޟ֥ࡗቔᆭ׮ఖದᆳྛࠏ๭ཞ-໓Чൻೆაކ

ٚ૫іགྷሜᄀđჹჹӑݖਔၘႵ֥षჷ SOTAଆ྘bViLLAܒࡏ൞Ⴎ VLM+ކࠁህ

čMoEĎቆӮđఃᇏࡅ VLMࢹᇹݚਈ޺৳ຩ๭໓ඔऌ֤ࠆ๙Ⴈӆࣟۋᆩބე࿽৘ࢳ

ି৯đMoEᇏ֥ႅൔܿ߃ఖčLatent PlannerĎࢹᇹնਈॴЧุބದোҠቔඔऌ֤ࠆ๙

Ⴈ֥׮ቔ৘ିࢳ৯đMoEᇏ֥׮ቔህࢹࡅᇹϤຣᆇࠏඔऌ֤ࣚࠆ༥֥׮ቔᆳྛି৯b

ᄝ๷৘ൈđVLMaLatent Plannerބ Action Expert೘ᆀླྀ๝۽ቔb

ཌྷбႿ VLAଆ྘ࣇളӮ׮ቔđWAMଆ྘֥ଢѓ൞ؓ׮ቔ-༯၂۱ሑ෿ྙӮ֥ٳ

đѩ০Ⴈᇿၩۄଆbၹູ༯၂۱ሑ෿๙ӈ൞๭ཞđ෮ၛҐႨ൪௔ଆ྘ቔູᇶࡹྛࣉ҃

৯ࠏᇅൌགྷ׮ቔٳᆦࠎႿ൪௔ളӮݖӱᇏ֥หᆘؓ׮ቔྛࣉყҩbᆃ่࠯ඌਫ਼ཌཌྷ

бႿ VLAଆ྘ିࢤܔ൳টሱ༯၂۱ሑ෿ყҩ֥ะ؇đඔऌ০Ⴈ۷ིۚbNvidia቎࿖

ᆃ่ਫ਼ཌđ๷ԛਔ DreamZerođൌགྷؓႿྍ಩ༀđླࣇ ᇒ֥ဆൕඔऌࠧॖջٳ10-20

টྟିิശbઓၖਲѯ֥॓࠯ LingBot-VA္൞WAMਫ਼ཌ֥սіྟ۽ቔđ๙ݖၹݔ

ᇿၩ৯֥ഡ࠹đൌགྷ๷৘֥ࡆ෎đྟିഈ֤ࠆਔোර DreamZero֥ંࢲb



图 2-2 NVIDIA的 DreamZero和蚂蚁灵波的 LingBot-VA

2.4 具身导航

ऎദ֝ݴ൞ᆷᄝ׮෿࣢ߌᇏᇆିุۋᆩൈॢܱ৳ଽಸѩა޺ࢌ࣢ߌđطࣉ၍׮

֞Ⴎหקቕѓ [59]a໾ุ [60]aე࿽૭ඍ [61] ๭ཞࠇ [62] ᆷ֥קଢѓ໊ᇂbھ಩ༀᇏđᇆ

ିุԩႿໃᆩ࣢ߌᇏ֥ଖ၂ෛࠏԚ൓໊ᇂđླေ۴ऌ༵భ֥֝ࣜݴဒট֝֞ݴᆷק

֥ଢѓ໊ٚbऎദ֥֝ݴ࿹࣮໙ีࠢᇏႿೂޅ࿐༝༵֥֝ݴဒᆩ്đᆃᇕ༵ဒᆩ്ႋ

֒ᄝໃᆩ֥a؟ဢ֥࣢ߌᇏऎႵਅྟ߄֥ٗݺđՖطটϺᇹᇆିุࠎႿᆃུࣜဒটॹ

෎aֹིۚ֝֞ݴଢѓ໊ᇂb

აԮ๤၍ࠏ׮ఖದᇏ֥ࠫݴ֝ޅଆॶཌྷбđऎദܱ֝ࡆ۷ݴᇿoႄ֝ࠏఖದЧุ

భສ၂۱ିܔປӮ಩ༀ໊֥ᇂpbԮ๤֝ݴ๙ӈၛົؽᅅ۬ࣚۚࠇ؇ֹ๭ູࠎԤđᄝ

ၘᆩࠇ೐э࣢ߌ߄ᇏܿ߃၂่໭ஷሏaࠫ ਫ਼ࣥđ֝؋ၩၬഈ֥ቋޅ ყ༵۳ູ؟ଢѓݴ

൪࢘aॖҠቔ౵თၛࠣ಩ༀეၬ֥ࠏఖದЧุྙ෿aཌྷࠏ෿ਫ਼ѓđؓ࣡ࠇቕѓ֥ׄק

ॉ੮Ⴕཋbऎദ֝ݴᄵ٢ݴ֝ࡼᄝऎദ಩ༀᆜุоߌᇏğ၂ٚ૫đଢѓॖିၛoᅳ֞

ଖ۱ॖ࡮/҂ॖ࡮໾ุpao۴ऌ၂ओሱಖე࿽૭ඍַղଖ౵თp֩ۚҪეၬྙൔ۳ԛđ

ᇆିุсྶ৳ކ൪तaე࿽აЧุሑ෿ྛࣉ๷৘Ġਸ਼၂ٚ૫đ֝ݔࢲݴ҂ࣇေ౰ࠏఖ

ದַղଖ۱ቕѓđߎေЌᆣު࿃Ҡቔčೂሂ౼aष૊aҬϙa׈ะ֩޺ࢌĎ֥ॖղྟ

хᅰჿඏbՖބۂڭ൪့ܤa࡙ࡗॢ׮фᄎྀࠏൽൡྟđ২ೂླေ૫ཟም૫aყ਽ބ

༢๤ुܒࡏđࡥֆֹᄝऎദࠏఖದഈoᆰࢤνልԮ๤֝ݴଆॶpᆃᇕٚൔສສݴ֝ࡼ

൪ቔ၂۱აۋᆩaҠቔ۩ਚ֥އޑሰğഈҪᆺ۳ԛଢѓቕѓđ֝ݴଆॶࠇْࠖ݅߭ࣇ

෎؇॥ᇅbᆃᇕٚൔᄝ߄ܒࢲaܿᄵ߄ӆࣟ༯ࠧॖડቀླ౰đ֌ᄝष࣢ߌ٢ᇏթᄝૼ

ཁअཋğః၂đಌؓكეၬଢѓބ಩ༀჿඏ֥ཁൔࡹଆđ଴ၛԩ৘oοეၬᆷ਷ಀສ

ଖো໾ุ࣍ڸpaoູਔު࿃ሂ౼טطᆜረ෿p֩ऎദ಩ༀĠఃؽđಌكაҠቔ॥ᇅ֥



၂ุླྀ߄๝đ֝ࢲݴඏުສສླߎေحຓ໊֥ረັگބטᄖ֥ሑ෿ࢤ༺ࠏĠః೘đԮ

๤ଆॶ؟၇ঠ൭ࡹ۽ଆטބҕđᄝ׮෿ದಕa఼ᅻ֓aԮۋఖᄮല֩ӆࣟ༯૫ਢਗ਼Ͽ

ྟ௞࣠bཌྷࢠᆭ༯đऎദ֝ݴ๙ӈ๙ࠇ؊֞؊ݖଆॶ߄࿐༝đࡼ൪त-ე࿽іᆘaൈ

oಀଧaᄸ߄༯๝ൈႪࡏᇏđᄝ๝၂สॿࡗཚіᆘॢ܋ቔҦ੻๤၂֞၂۱׮ބၫ࠺ॢ

હಀa֞ղުೂ࠿ޅ࿃ᆳྛ಩ༀp֩ଢѓđᄝໃᆩ࣢ߌaӉൈ྽a؟ଢѓ಩ༀᇏᅚགྷ

ԛ۷ି߄֥ٗݺ৯ބ಩ༀປӮིੱb

ູਔ࿐༝ॖٗࣜݴ֥֝߄ဒđ֒భ֥ٚॖمၛླູٳေ࿞਀ބ૧࿞਀ਆᇕো྘đ

ఃᇏླေ࿞਀֥ٚࣉॖم၂҄ٳ߃ӮࠎႿ؊֞؊఼߄࿐༝ࠎބႿଆॶ߄࿐༝ਆᇕো

྘b؊֞؊఼߄࿐༝ٚࣜݴ֝ࡼمဒࡹଆӮ؊֞؊֥Ҧ੻ຩ઎đѩ๙ݖᄹࡆ౦࠺࣢

ၫ [63] ൪तіൕࣉڿބ [64] ֩ٚൔটᄹ఼Ҧ੻ຩ઎đᆜ۱Ҧ੻ຩ઎๙ݖᄝ࿞਀࣢ߌᇏ

࿐༝֥Ґဢ߄৯൳ᇅႿ఼ି֥مٚ؊֞؊đط࿐༝bಖྛࣉم࿞਀ٚ߄఼؊֞؊֥

ི֮a࿞਀ӮЧۚ֩अཋྟbՎຓđႮႿಌكཁൔ֥࠺ၫֹ๭đᆃߎཋᇅਔఃᄝگᄖ

ࡹܒݖ๙مđᆃᇕٚم֥ٚ߄Ⴟଆॶࠎ৯bਸ਼၂ো൞ି߄༯֥ٗݴӉൈ྽֝ބ࣢ߌ

ეၬֹ๭ [60] টࣚಒ࠺ၫॢܱࡗ༢đಖު๙׼ࡓݖ࿐༝ყҩეၬ๭шࢸ [60] ݖᆀ๙ࠇ

ሱ׼ࡓ࿐༝ყҩეၬֹ๭֥ໃᆩ౵თ [65]đऌՎׄݴ֝ࡹܒყҩଆॶѩྛࣉਫ਼ࣥܿ߃đ

Ֆط࿙ᅳቋႵࡎᆴ֥֝ٚݴཟၛൌགྷི֥ۚฐ෬bଆॶم֥ٚ߄ෙಖ๙ݖႄೆ࠺ၫ

ଆॶᄹ఼ਔٗྟ߄đ֌૫ཟྍଢѓಯླေحྛࣉຓ࿞਀đ෮ၛٗิྟ߄ശႵཋb૧࿞

਀֥ٚم҂ླေحຓ֥࿞਀౏ॖၛൡႨႿष֥ކ٢ࠢଢѓđᆃུٚࢹمᇹႿ൪त-ე

࿽ଆ྘čVLMĎࠇնე࿽ଆ྘čLLMĎটࣜݴ֝౼ࠆဒѩൌགྷ׮ቔ֥ყҩbᄝᆃো

࣢ଽಸၛߌ໓Чྙൔ֥ࡼ໓Чđಖުູߐᆩ֥൪तଽಸሇۋ෮ࡼቔ۽ቔᇏđնਈ֥۽

ࠣ৥ൎྐ༏ൻೆնე࿽ଆ྘টყҩ֝׮ݴቔbऎุط࿽đࠎႿ VLM֥ٚم [66] ০Ⴈ

൪त-ე࿽ყ࿞਀ଆ྘ ႄ֝ᇆିطඔđՖٳཌྷܱྟ֥ࡗෘൌൈܴҩაଢѓეၬᆭ࠹[67]

ุཟٳඔ֥ۚࢠ౵თ֝ݴbࠎႿ LLM֥ٚم [68]০Ⴈ LLM఼ն֥༵ဒᆩ്đѩ๙ݖ

ิൕૄ۱ш֥࣍ڸࢸ໾ุোљট࣍ࢤ࠹ܙଢѓ֥ੱۀđႄ֝ᇆିุ҂؎ੱۀۚ࣍ࢤ

шࢸđطࣉ҂؎࣍ࢤଢѓb૧࿞਀֥ٚم൞ਲ֥ࠃđଆ྘ܒࢲഈ္Ⴕሢູࢠ๤၂֥ॿ

bمႿ࿞਀֮ٚିྟݴ࣢֥ႋႨऎႵ۷ܼখ֥భࣟđ֌ః֝ߌđ౏ᄝᆇൌࡏ

ߌҵएđѩิശᆇൌ߄࣢֥ٗߌ࣢࿞਀֥ଆ྘థ၍֞ᆇൌߌ၂҄෪ཬଆ୅ࣉູ

࣢ᇏ֥֝ିྟݴđ၇ঠႿ֝؟ݴଆ෿ඔऌট؊֞؊ັטնე࿽ଆ྘֥֤ٚ֞مਔն

ਈ֥ܱᇿbᆃোٚࠖ݅ݴ֝ࡼم൪௔ྐ༏ൻೆ൪௔іᆘଆ྘đၛ߄ܒࢲ౼ࠆඨ྽ྐ

༏đѩ৳ކე࿽ᆷ਷֩؟ଆ෿ྐ༏܋๝ൻೆնე࿽ଆ྘đطࣉ؊֞؊࿞਀൪तე࿽

ྛູଆ྘đປӮ׮ቔყҩb૫ཟᆇൌ࣢ߌ༯֥ऎദᇆି༢๤đ֒భऎദ֥֝ݴ࿹࣮



ٚཟՖܱᇿᄝໃᆩଆ୅ఖ࣢ߌ༯Ⴕཋࠢିݴ֥֝ކ৯đᇯࡶ࿼ഥܱ֞ᇿႿषݴ٢֝a

ᆇൌ࣢ߌ༯֥֝ݴaၛࠣ֝ླྀݴቔ֩۷گᄖaሸކaٗ߄a๙Ⴈ֥֝ݴ౦ࣟᇏb

2.5 强化学习

୍࣍টđ఼߄࿐༝čRLĎᄝऎദᇆିਵთ౼֤ਔཁᇷࣉᅚbऎദᇆି֥ྏނ৘

୑ᄝႿᇆିุ๙ݖა໾৘޺ࢌ࣢֥ߌđ࿐༝ѩປӮ಩ༀđ߄఼ط࿐༝ቔູ၂ᇕࠎႿߌ

࿐༝ٓൔđၘ֥߄Ⴊྛࣉᇅࠏৣࢂބ൫հݖa๙޺ࢌ࣢ ࣜӮູൌགྷऎദᇆି֥࠯ྏނ

ඌᆭ၂bෛሢധ؇࿐༝a࠹ෘି৯ބෘمႪ֥߄๬௥đ఼߄࿐༝࠯ඌՖൌဒ൩࿹࣮ሼ

ཟਔൌ࠽ႋႨđ๷׮ਔࠏఖದᄝሱᇶथҦ࣢ߌބൡႋٚ૫֥ؿᅚđ҂۱؟ູࣇऎദᇆ

ି಩ༀčЇও֝ݴaҠቔaᄎ׮a޺ࢌĎิ܂ਔ࠯ඌᆦӻđ္ູໃট֥Էྍק׍ਔࡔ

ൌࠎԤb

๙ӈمਫ਼ࣥѩхषᅰθ໾bԮ๤ෘ߃࣢ᇏሱᇶܿߌᄖگ಩ༀေ౰ᇆିุᄝݴ֝

၇ঠ൪तൻೆđࠏఖದ๙ݖ๭ཞඔऌۋᆩ࣢ߌѩቓԛथҦb఼ ࡹ಩ༀݴ֝ࡼ࿐༝ᄵ߄

ଆູઔڏॖغथҦݖӱđ๙ݖა޺ࢌ࣢֥ߌϺᇹᇆିุ࿐༝ቋႪਫ਼ࣥܿ߃Ҧ੻b২

ೂđUC Berkeleyิԛ֥ NoMaDॿࠎࡏႿঔ೛ଆ྘ྛࣉҦ੻࿐༝đ๝ൈԩ৘ଢѓ֝

ཟ֝ݴა໭ଢѓฐ෬đ൐ࠏఖದᄝໃᆩ࣢ߌᇏିਲࠃෆ෬ѩղ֞ᆷקଢѓ [69]bMeta

֥ NWMॿࡏᄵ๙ކࢲݖ๭ཞঔ೛ളӮଆ྘đᄹ఼ളӮൔ఼߄࿐༝Ҧ੻đՖطൌགྷ

߃ܿݴఖದᄝ۷ष٢ӆࣟᇏ֥֝ࠏ [70]b

ᄝҠቔ಩ༀᇏđ఼ ಩֩ןؐބປӮ໾ุሂ౼aϬᄎֹ؇ࣚۚܔఖದିࠏ࿐༝൐߄

ༀđѩᄝگᄖ࣢ߌᇏᇯ҄Ⴊ߄ҠቔҦ੻b࣍ ୍টđࡼVLAčVision-Language-ActionĎଆ

྘ა఼߄࿐༝ཌྷܔିم֥ٚކࢲᆜކ൪तྐ༏aე࿽ᆷ਷ა׮ቔथҦđ਷ࠏఖದ҂ࣇ

ऎС໾്ุљି৯đିߎ৘ࢳѩᆳྛࠎႿე࿽֥಩ༀᆷ਷đՖิطശҠቔིੱb২ೂđ

DeepMind֥ RoboCat๙ݖყ࿞਀ଆ྘ളӮඔऌ՜ުࣉ࿃࿞਀đѩ߄఼ކࢲ࿐༝֥ሱ

ൡႋหྟđྙӮሱ໡֥ࣉڿ࿖ߌđնն֮ࢆਔؓնਈѓᇿඔऌ֥၇ঠ [71]bStanfordิ

ԛ֥ HumanPlusđࡼଆ୅࣢ߌᇏ఼֥߄࿐༝აགྷൌൗؓࢸᆇದྛູ֥ଆٟ࿐༝ކࢲđ

ൌགྷਔऎദᇆି֥ሱᇶି࠯࿐༝ [72]b

აྟק࣢ᇏ֥໗ߌ෿׮ఖದᄝࠏ॥ᇅ಩ༀᇏၘܼٗႋႨႿิۚ׮࿐༝ᄝᄎ߄఼

ਲྟࠃđႭః൞ᄝ๹ቀࠏఖದ٦ྛބ॥ᇅਵთ [73,74]bࢹᇹ఼߄࿐༝ّ֥ঌࠏᇅđࠏఖ

ದିܔ๙ݖა࣢֥ۚߌ௔׮޺ᇯ҄Ⴊ߄॥ᇅҦ੻đՖطൌགྷི֥ۚᄎࣚބ߃ܿ׮ಒ

॥ᇅ [75]bඹቀࠏఖದਵთđUC Berkeleyิԛ AMPෘمđ൐Ⴈଆٟؓॆຩ઎ูսԮ



๤఼߄࿐༝ෘمᇏگᄖ֥ৣࢂഡ࠹đࣉ၂҄ิۚਔ఼߄࿐༝ٚمᄝᄎ॥಩ༀᇏི֥

ຉᅚྟॖބੱ [76]bഈࢌݚ๙ն࿐ิԛ֥ HugWBCॿࡏ๙ݖ๤၂֥ᆜุ॥ᇅҦ੻đൌ

གྷਔದྙࠏఖದ؟ᇕሱಖ҄෿֥ࣚ༥॥ᇅđѩᆦӻഈ϶ദຓ҆॥ᇅ֥ൌൈۄყđՖط

ิശਔࠏఖದᄎ֥׮ਲބྟࠃਗ਼Ͽྟ [77]b

ᄝ޺ࢌ಩ༀᇏđ఼߄࿐༝֥ႋႨ൐֤ᇆିุିܔაದোࠇః෰ᇆିุࡆ۷ྛࣉ

Ⴕི֥ކቔაࢌੀb๙ݖଆ୅აّঌࠏᇅđ఼߄࿐༝҂؎Ⴊ߄ᇆିุ֥ྛູҦ੻đ൐

ఃᄝ޺ࢌᇏ۷ࡆሱಖaᇆି౏ིۚb۽ြ࣢ߌᇏđAmazon Robotics֥ҝ९༢๤൐Ⴈ

ఖࠏ࿐༝Ϻᇹᆃུ߄಩ༀđఃᇏ఼ࡣٳބ౼ቔđປӮ໾௖Ϭᄎaթ۽ఖದླྀ๝ࠏ۱؟

ದൌགྷਔ಩ༀٳ஥aਫ਼ࣥܿބ߃ൌൈൡႋ࣢ߌэିۿ֩߄đՖطննิശਔҝ९Ҡቔ

֥ሱ߄׮ඣ௜ੱིބ [78]bᄝದ޺ࢌࠏਵთđRHINOॿࡏ๙ݖҪՑ߄࿐༝đ൐֤ದྙ

ᆜ಩ༀᆳྛđູט෿׮ູྛބൌൈّႋđѩ۴ऌದো֥ᆷ਷ܔఖದିࠏ ໃটਲބࠃν

ಆ֥ದק׍޺ࢌࠏਔࠎԤ [79]b

2.6 具身交互

ᄪᄝ 2001୍đᄝऎദᇆିۀ୑ഉໃྙӮᆭభđऎദ޺ࢌčEmbodied InteractionĎ

৘ંьႮࡆᇜն࿐୸໓ٳ཮֥Ќઅc؄৚൉čPaul DourishĎ࢝ ൱ิԛđఃսіྟᇷቔ

uྛ׮ᄝޅԩğऎദࠎ֥޺ࢌԤv[80] ༢๤ӂඍਔऎദಪᆩቔູದ޺ࢌࠏഡ࠹৘ંࠎԤ

֥ᇗေၩၬđؓݖಀ൅Ⴥ୍֥޺ࢌഡ࠹৘ંაൌ࡬Ӂളਔധჹ႕ཙbᄝھ৘ંॿࡏ

༯đಪᆩФ൪ູჷႿദุa࣢ߌაྛ׮ᆭ׮֥ࡗ෿ᯒݖކӱđܛ٤ط৫֥࠹ݼژෘb

ෛሢऎദᇆି֥ॹ෎ؿᅚđऎദ֥޺ࢌଽݤФࣉ၂҄ຉᅚაധ߄đ҂ۂݤࣇऎദᇶุ

ა໾৘࣢ߌᆭݖ޺ࢌ֥ࡗӱđ္Їওದোҕა༯֥ದࠏᄝߌčHuman-in-the-loopĎࢌ

ൔbٓ޺ࢌ๝֥๤၂ླྀࠏ࣢ൡႋაದߌކӮವྙطଆൔđՖ޺

ऎദᇶุა޺ࢌ࣢֥ߌ൞ऎദᇆିॿࡏᇏ֥ࢫߌྏނᆭ၂bᇆିุ๙؟ݖଆ෿

Ԯۋఖؓྛࣉ࣢ߌ༥৬؇ۋᆩđѩࠎႿۋᆩݔࢲᄝ఼߄࿐༝ॿࡏ༯ྛࣉथҦა׮ቔ

࿊ᄴbᄝᆃ၂ݖӱᇏđᇆିุა࣢֥ૄߌ၂Ց׻޺ࢌ߶ӁളّঌྐݼđّھঌЧᇉഈ

൞ؓఃྛູ֥ݔࢲ௟ܙbᄝ఼߄࿐༝ე࣢༯đᆃোّঌ๙ӈФྙൔູ߄ඔᆴࠇৣࢂ

ӲـđႨႿ౺׮Ҧ੻֥ӻ࿃Ⴊ߄b๙ݖoۋᆩiथҦiྛ׮iّঌp֥оࠏߌᇅđऎ

ദᇆିุିܔᄝگᄖ׮෿࣢ߌᇏ҂؎טᆜྛູҦ੻đൌགྷؓ࣢֥ߌሱൡႋაӻ࿃࿐

༝b২ೂđᄝऎദሂ౼಩ༀᇏđ൞ڎӮۿሂ౼ଢѓ໾ุܒӮّ޺ࢌঌĠᄝऎദ֝ݴ಩

ༀᇏđ൞֞ڎղଢѓ໊ᇂؿࠇളஷሏ๝ဢّ႘ਔݔࢲ޺ࢌb



ᄝऎദؓ߅čEmbodied DialogueĎ಩ༀᇏđᇆିุ҂ླࣇေაࣅྛࣉ࣢ߌૡ޺ࢌđ

ቔbऎദؓླྀࠏሱಖაི֥ۚದࡆ๙đၛൌགྷ۷܎ྛࣉ޼ሱಖე࿽აದোႨݖ๙ླߎ

৯đ২ೂᄝᆷ਷թᄝఆି޺ࢌ׮ѩᆳྛದোᆷ਷֥๝ൈđऎСᇶࢳᇆିุᄝ৘ט఼߅

ၬൈྛࣉӳౢđࠇᄝྐ༏҂ቀൈᇶ׮౨౰ҀԉđՖิطശ಩ༀᆳྛ֥ሙಒྟაਗ਼Ͽ

ྟ [81]bھ಩ༀ๙ӈေ౰ᇆିุऎС؟ଆ෿ۋᆩაವିކ৯đିܔሸކ০Ⴈ࣢ྐߌ༏a

ე࿽ൻೆၛࠣದোّঌྛࣉथҦbՖࠏ޺ࢌᇅഈुđऎദܱؓ߅ᇿದࠏᆭ֥ࡗචཟa

ᇅࠏ߅֥ؓ߄෿ဆ׮၇ঠႿ޺ࢌӱbႵི֥ݖ੽ླྀ๝؟ [82]đࠧᇆିุᄝ಩ༀᆳྛݖ

ӱᇏିܔᇶؿ׮ఏ࿘໙đѩ۴ऌႨّ޼ঌ҂؎ྩᆞྛູҦ੻bᆃᇕචཟ޺ࢌଆൔ๬௥

ਔԮ๤ֆཟᆷ਷ᆳྛ֥ٓൔđ൐ᇆିุᇯ҄ऎСླྀ๝थҦି৯bູ๷ٚھ׮ཟ֥ؿ

ᅚđ࿹࣮ᆀࡹܒਔ၂༢ਙᆦӻචཟؓࠎ֥߅ሙ಩ༀაඔऌࠢđೂ DialFRED [81]bࣉ၂

ֹ҄đ၂ུ࿹࣮ष൓ଆ୅ᆇൌࡅ๖࣢ߌᇏ֥ದ޺ࢌࠏӆࣟđ҂ࣇЇݣದ߅ؓࠏđߎႄ

ೆਔնਈದোᆭླྀ֥ࡗቔؓ߅ [83]đՖطཁᇷิശਔ಩ༀگᄖ؇აགྷൌྟbᆃোඔऌ

ਔᇗေᆦ܂࿹࣮ิ߅ӱđູऎദؓݖ޺ࢌ෿׮ა߃಩ༀܿ҄؟aࢳᄖᆷ਷৘گۂݤ

Ӫbऎദׅ֥ؓ߅྘ྙ޺ࢌൔೂ๭ 2-3෮ൕb

图 2-3 具身对话示例

ದࠏᄝ֥ߌऎദ޺ࢌčHuman-in-the-loop Embodied InteractionĎ൞၂ᇕದোაᇆ

ିุധ؇ླྀ๝֥޺ࢌଆൔđఃྏނᄝႿ๙ݖႄೆದোҕაđൌགྷؓᇆିุ࿐༝aथҦ

აᆳྛݖӱ֥Ⴕིט॥აᄹ఼bھଆൔᇶေॖູٳਆᇕׅ྘ྙൔğ



၂ো൞ࠎႿದোّঌ֥ᄝࠏߌᇅđࠧದো๙ݖᇶّ܂ิ׮ঌaᆷ֝ა׼ࡓđҕა

ᇆିุ֥࿞਀აथҦݖӱđՖิطശఃᄝگᄖ࣢ߌᇏ֥ൡႋྟაνಆྟbᄝھଆൔ

༯đದো๙ӈ҂ᆰࢤҕაऎุ಩ༀᆳྛđط൞ၛoຓ҆׼ࡓᆀp֥࢘೤ؓᇆିุྛ

ᇅၘܼٗႋႨႿնე࿽ଆ྘ࠣऎദնଆ྘čೂࠏb୍࣍টđᆃ၂߄཮ᆞაႪྛࣉູ

RT-2 [84]ĎᇏđႭఃᄝԩ৘ۚ҂ಒྟקაӉൈ྽थҦ಩ༀൈđିܔཁᇷิശଆ྘ྟି

ა໗ྟקb๝ൈđದোّঌ֥ႄೆߎႵᇹႿᄹ఼ଆ྘֥ॖࢳ൤ྟაॖ॥ྟđՖۚิط

༢๤ᆜุ֥ॖྐ؇ [85]bਸ਼၂ো൞ದোധ؇ҕა֥ླྀ๝޺ࢌଆൔđࠧದোᆰࣉࢤೆऎ

ദᇶุ֥۽ቔॢࡗđაᇆିุ܋๝ປӮ಩ༀbᄝھଆൔ༯đದোაᇆିุٳљ۲ߨؿ

ሱႪ൝ğᇆିุ၇ກఃۋᆩა࠹ෘି৯ᆳྛऎุҠቔđطದোᄵᄝگᄖथҦaၳӈԩ

৘ࠣۚڄག࡯ܱ܂ิࢫߌᆦӻbᆃᇕླྀ๝ٚൔ๙ӈაऎุႋႨӆࣟۚ؇ᯒކđ২ೂᄝ

၄ਏ൭ඌa۽ြླྀቔ֩ۚࣚ؇಩ༀᇏऎႵᇗေႋႨࡎᆴbၛ൭ඌࠏఖದູ২đऎദࢌ

ૡླྀࣅЇওაದোҠቔჴčೂຓ॓၄ളĎ֥ߎđ޺ࢌ࣢֥ߌఖದა໾৘ࠏടࠣࣇ҂޺

๝bLong֩ದ [86]č๭2-4Ďࡹܒਔ၂۱ᆦӻۚᇉਈದٟ֥޺ࢌࠏᆇ௜෻đࡼದোၹ෍

ཁൔႄೆऎദᇆି༢๤ᇏbൌဒݔࢲіૼđھದࠏᄝ޺ࢌߌଆൔ҂ิܔିࣇശ൭ඌ

ᄖҠቔᇏ֥ҕაđႵིЌᅰ༢๤گथҦა࡯ದোᄝܱݖ๙ܔିߎఖದ֥ሱᇶྟđࠏ

֥νಆྟაॖौྟbሹุط࿽đದࠏᄝ֥ߌऎദ޺ࢌ๙ݖವކದোᇆିაࠏఖᇆିđ

ᄝิശ༢๤ྟି֥๝ൈ఼߄ਔνಆྟაॖ॥ྟđູऎദᇆିᄝۚڄགაۚگᄖ؇ӆ

ࣟᇏ֥ઋֹႋႨิ܂ਔᇗေᆦӪb

图 2-4 人机在环的手术场景具身交互流程



2.7 群体具身智能

ಕุऎദᇆି൞ࠏఖದࠢಕ࠯ඌაऎദᇆିധ؇ವ֥ކభခٚཟđ௝ࠏ؟ࢹఖ

ದླྀ۽ٳቔ֥ྏނႪ൝đၘ Ӯູሱࢳ߄׮थگᄖ۽ӱ໙ี֥ܱ࠯࡯ඌ൭؍đॖ ᄝگᄖ

಩ༀӆࣟᇏᅚགྷԛӑᄀֆ၂ࠏఖದ֥ቔြིੱა಩ༀປӮ؇ [87]b୍࣍টđࠏఖದࠢ

ಕ༢๤௝ܼࢹখ֥ႋႨభࣟӮູ࿐ࢸ࿹࣮ಣׄđᆄࡾն࿐๶ؒ࿹֥ؿඹ࿈ၴ໭ದࠏ

ࠢಕ༢๤ൌགྷਔૡ့ࠢຓ࣢ߌ༯֥ো୔ಕሱᇶ֝ݴđॖᄝඎਟࡗਲࠃԬ෨ [88]Ġཐۖ

ᇏ໓ն࿐čധᎪĎ๶ؒิԛ֥ଆॶ߄ሱᇗࠏܒఖದđିܔ๙ࠏ؟ݖ৵ࢤቆކൡ஥گᄖ

࣢ߌ߄ܒࢲ٤ [89]bࠏఖದࠢಕᇆି࿹࣮ᆞՖԮ๤҃ٳൔaࠢᇏൔླྀ๝ܿ߃ა॥ᇅ֥

ླྀ๝ᄎ׮Ҫࠩđཟླྀ๝ಪᆩaሱᇶथҦაگᄖ༢๤ט؇֥ླྀ๝ಪᆩაቔြ؍ࢨॴᄀb

၂҄ิശࠢಕ༢๤ಪᆩaླྀࣉູ ቔაथҦି৯đ࿹࣮ದჴࢹᇹնଆ྘৘ࢳა๷৘

ି৯đषᅚࠎႿࠢಕࠎቖଆ྘֥ᇆିथҦܒࡏ࿹࣮đູࠢಕᇆିᇿೆoಪᆩა๷৘ႄ

ౣpbೂ๭ 2-5෮ൕđಕุऎദᇆି௜෻ᇶေႮնଷaཬଷࠣֆჭ௜෻ቆӮđࠢಕऎദ

նଷڵᄳथҦđ๙ࠏݖఖದЧุྐ༏܋ཚaದ޺ࢌࠏa಩ༀაٳ؇ົ؟࣢֩ߌ༅ఖ఼

ധ؇આࠠ๷ဆđൌྛࣉҪथҦնଆ྘פა಩ༀ֥ಪᆩି৯Ġ၇ກࢸᇆିุؓ໾৘ൗ߄

གྷࠢಕྏނ๷৘აथҦିۿđѩ๙ࠢݖᇏൔ҃ٳࠇൔٚൔྛࣉ಩ༀט؇აٳ஥Ġࠢ ಕ

ཬଷڵᄳЧุ֥ᆳྛҦ੻đ؟ކࢲଆ෿ඔऌაۚࣚൗࢸଆ྘đۋࡹܒᆩ-׮ቔ-Ҡቔо

ಕࠢݖ৯Ġቋᇔđ๙ିܒ࣢༯ሱᇶхᅰაᇗߌ෿׮ჍࠢಕᄝڮऎദҦ੻đ؊֞؊֥ߌ

նଷaླྀቔཬଷࠣ௜෻Чุۋᆩ॥ᇅି৯đൌགྷླྀࠏ؟๝ۋᆩथҦa׮෿࣢ߌሱᇶх

ᅰᇗܒaگᄖ಩ༀླྀ۽ٳቔ֥ྏނଢѓđۚࡹܒਗ਼Ͽྟaۚླྀ๝ྟaۚൡႋྟ֥ऎദ

ᇆିࠢಕ༢๤đ๷ࠏ׮ఖದࠢಕ࠯ඌՖֆ၂಩ༀཟگᄖऎദҠቔ಩ༀ֥ॴᄀൔؿᅚb

2025୍ၛটđಕุऎദᇆି࠯ඌൌགྷ๬௥ྟؿᅚđӻ࿃۪ྍնଆ྘౺֥ࠢ׮ಕथ

Ҧܒࡏđᇆჷ࿹࣮ჽิԛ֥ RoboOSॿࡏ๙ݖᄉ؊նଷა؊ҧཬଷ֥ླྀ๝ܒࡏđࢳथ

ਔၳࠏܒఖದࠢಕ֥๤၂ט؇଴ี [90]ĠLaMMA-Pॿࡏ൮Ցൌགྷնე࿽ଆ྘ა PDDL

ੱۿӮ߃ᇆିุӉൈ಩ༀܿ؟ശิږđնކఖ֥ധ؇ವ߃ܿ [91]Ġࠢಕऎദ๷৘ି৯

ӻ࿃ᄁശđArcadiaᇆିоߌ࿐༝ॿࡏ [92]ა Uni-Walkerଆ྘ [93]ሢ৯ࢳथ׮෿࣢ߌ༯

ࠢಕ༢๤֥ӻ࿃࿐༝აᄙ଴ྟ၌ອ໙ีĠཐۖᇏ໓ն࿐čധᎪĎ࿹࣮๶ؒิԛၩ๭ؓ

ఊଆٟ࿐༝ٚمđࢳथ؟ᇕၳࠏܒఖದčݣ໭ದࠏa໭ದԯa੽ቀࠏఖದaದྙࠏఖ

ದaྀࠏ൭֩Ďၩ๭ࠩྛູൡႋაླྀቔ଴ี [94]đູಕุऎദᇆିaၳࠏܒఖದࠢಕ

ླྀቔิ܂ਔಆྍ֥࠯ඌٓൔb

ಕุऎദᇆିᆞࣜ৥Ֆoླྀ๝၍׮p֞oླྀ๝ಪᆩ +ླྀ๝ቔြp֥ധҪэ۪đ༢



๤Ֆ࣡෿ܿ߃ሼཟ׮෿ൡႋaՖ๝ླྀܒ๝ሼཟၳܒವކaՖದোഡ࠹ሼཟሱ໡߄ࣉđ

ໃটٚཟЇওᆩ്๭௶აնଆ྘֥ധ؇ᯒކa؟ᇆିุൗࢸଆ྘֩ٚ૫࿹࣮đູ ᄙݝ

ࣷჱaᇆ߰໾ੀaਟြฐҩa֩࠯॓ٝݓႋႨ࠯ק׍ඌࠎԤb

图 2-5 具身智能集群系统框架图

2.8 具身世界模型

ෛሢնე࿽ଆ྘čLLMĎᄝሱಖე࿽ԩ৘ਵთ֥ॹ෎ؿᅚ [95]đၛࠣնܿଆ൪तଆ

྘ބ൪तე࿽ଆ྘čVLMĎؓ ৯֥ิۚି߄൪त಩ༀ֥ਬဢЧ/ཬဢЧٗࠏෘ࠹ [96–99]đ

࿐ඌຶࢸಡೂޅൌགྷ๙Ⴈದ۽ᇆିčAGIĎ[100]ྛࣉਔնਈ֥ษંbᄝՎМࣟ༯đൗࢸ

ଆ྘ၘࣜӮູࠏఖದ࿐ᇏ֥၂ᇕэ۪ྟٓൔđ൐ࠏఖದିܔᄝگᄖ࣢ߌᇏႵֹིۋ

ᆩaყҩބᆳྛ಩ༀđః૫ཟऎദᇆି֥ሱᇶᇆିᆜุܒࡏೂ๭ 2-6෮ൕb



ඌ࠯նე࿽ଆ྘֥ཌྷܱݖఖದਵთ๙ࠏ [44,101,102] Ԥଆ྘ࠎਔࡹܒ [103]đᆃڮჍਔ

॥ᇅ֥ି৯bෙಖᆃུଆ྘ᅚൕਔѽሚ۲׮മᇀᄎ߃ᆩa಩ༀܿۋࢸఖದ༢๤ൗࠏ

ᇕൗࢸᆩ്֥ି৯đ֌ಯಌك၂۱ଽ҆ൗࢸଆ྘টყҩൗࢸሑ෿ѩაགྷൌൗ޺ࢌࢸb

Ha֩ [104] ๙ࡹݖ৫ൗࢸଆ྘đؓགྷൌൗۋྛࣉࢸᆩࡹބଆđՖطധೆਔࢳఃమᄝࠏ

ᇅĠط LeCun [100]ಪູđൗࢸଆ྘ߎႋھऎСყҩໃটሑ෿֥ି৯đၛьູथҦิ܂

ҕॉĠൗࢸଆ྘ყҩ ିॖ࡮ყܔఖದିࠏໃটሑ෿đ൐֥ࢸყҩൗࢤቔᆰ۽֩[105,106]

֥ሑ෿э߄ѩᇶّ׮ႋđູࠏఖದᆰࢤაགྷൌބ޺ࢌྛࣉ࣢ߌ࿐༝ิ܂Ϻᇹb

图 2-6 自主智能架构

ູਔϺᇹࠏఖದۋᆩބ৘ࢳൗࢸđ൪त TransformerčViTĎ[107,108] ֩൪तଆ྘ࡼ

๭ཞ֥൪तหᆘ႘ഝᇀଆ྘ॢࡗᇏđ൐ࠏఖದି്ܔљ࣢ߌᇏ֥ܱ࡯໾ุĠRobo

Craft [109] ๙ݖ๭പࣜຩ઎ѽሚָҪ༢๤֥ܒࢲĠPointNet ቔ۽ [110,111] ؓ೘ົׄᄉࣉ

หᆘĠGornet֩ࡗ࣢֥ॢߌࠆඔщ઒ၛѽݦྛ ֥֤ࠆअ҆ෆ෬ਫ਼ࣥݖ๙ࡼቔ۽֥[112]

ܴҩࠢކđঔᅚູఃమᄝॢࡗᇏ֥ಆअіൕđ൐ࠏఖದି۵ܔሶ࣍ࢤބห֥קଢѓb

ෛሢط LLMs [95,113,114] ؓე࿽৘֥ࢳ҂؎ࡆധđ๙ݖ LLMs [115–118] ໓Чіൕၛൌ֤ࠆ

གྷ่ࠏ߄ࡱఖದ಩ༀᆷ֝ӮູॖିbBC-Z [119]aText2Motion [120]൐Ⴈე࿽หᆘቔູ಩

ༀіൕđѩࡼሱಖე࿽ᆷ਷ҷٳđ۴ऌԩ৘֥گᄖӱ؇ྛࣉҠቔ಩ༀ֥νஆbؓႿ֝

đReasoned߃ܿ׮಩ༀᇏ֥ᄎݴ Explore ބ[121] Not Train Dragon [122]൐Ⴈ LLM௟ࡎਫ਼

ࣥшࢸčࠧᄝࡗॢົؽᇏФಪູק༯၂ൈख़ᄎ֥׮మᄝॖᆳྛਫ਼ཌĎb

ᄝປӮۋᆩބ৘࣢ߌࢳሑ෿֥ࠎԤഈđࠏఖದླေ۴ऌ಩ༀླ౰ყҩ༯၂҄ྛ



图 2-7 Genie[111]处理框架

ູđሱᇶປӮྛູᄎ׮ѩ஑؎֒భथҦؓໃট֥႕ཙbMORL [123]ႄೆਔֆטච౷ଆ

྘টყҩѩ۷ྍྛູҦ੻đTrajectron++ [124] ๙ࡱ่ݖэٳሱщ઒ఖ࠹ෘໃট֥݅ࠖ

Ⴟঔ೛ଆ྘ࠎଆ྘൐Ⴈ؟࣢bՎຓđ۷ߌটყҩ҃ٳੱۀ ބ[125] Transformer [126]֥൪

௔ളӮٚྛࣉمໃটሑ෿ყҩđೂ VIPER [127] ০Ⴈყ࿞਀֥ሱ݂߭ Transformerđႄ

طఖದᆞಒֹᆳྛ಩ༀđࠏ֝ Genie [128] ๙ݖ৥ൎ൪௔ྐ༏׮ބቔ྽ਙটყҩ࣢֥ߌ

༯၂۱ሑ෿đఃᆜุԩ৘ॿࡏೂ๭ 2-7෮ൕbՎຓđGR-2 [129,130]๙ݖնܿଆ޺৳ຩ໭

ѓద൪௔ྛࣉყ࿞਀ѩᄝࠏఖದ಩ༀഈྛࣉਔັטđൌགྷਔࠏఖದؓໃট๭ཞ֥ሙ

ಒყҩ׮ބቔ݅ࠖളӮb

ᄝՎࠎԤഈđਸ਼၂ো۽ቔࣉ၂҄ࡼঔ೛ଆ྘֩ളӮൔଆ྘ཁൔႨቔൗࢸଆ྘đႨ

Ⴟࢳ൤໾৘ܿੰѩყҩऎദᇆିุ֥ໃটܴҩაሑ෿҃ٳbսіྟٚمЇওğUniPi

ෘم [131]০Ⴈঔ೛ଆ྘ᄝ๭ཞॢࡗളӮᆳྛ݅ࠖđѩ࿞਀୉׮৯࿐ଆ྘Ֆ๭ཞ྽ਙܙ

ቔĠRoboDreamer׮࠽ൌ࠹ [132] љ൐Ⴈঔ೛ଆ྘ളӮٳֆ۱ᆷ਷đູࢳٳᆷ਷ކቆࡼ

൪௔݅ࠖđၛކӮྍ໾ุა׮ቔ֥ቆކđՖطᄝໃ࡮಩ༀഈ߄ٗྛࣉĠVPDD [133]০

ႨնܿଆದোҠቔඔऌࠢ࿞਀݅ࠖყҩଆ྘đᄜႨഒਈࠏఖದඔऌטັྛࣉđ֮ؓࢆ

ᆇൌ޺ࢌඔऌ֥၇ঠĠReflectVLM [134]ᄵ০ႨളӮଆ྘oམའpໃটൗࢸሑ෿đѩ๙

ᄝమݖđ๙مଆ྘֥ٚࢸႿളӮൔൗࠎӱbᆃোݖҦ੻๷৘߄නটႪّ֥ࢳՑႪؓݖ

ᄝॢࡗᇏྛࣉo൫ဒpაყҩđູگᄖथҦิ܂ਔ۷༵֥ڶپဒࢳ۷఼֥ॖބ൤ྟᆦ

Ӫb

2.9 具身大模型

୍࣍টđնܿଆყ࿞਀ଆ྘ᄝሱಖე࿽ԩ৘؟ބଆ෿ۋᆩ֩ਵთ౼֤ਔཁᇷ๬

௥đᅚགྷԛਔ఼ն֥࣢ߌ৘ࢳaઆࠠ๷৘ބᆩ്ٗି߄৯bᆃུࣉᅚູऎദᇆି֥ؿ

ᅚิ܂ਔᇗေᆦӪđѩᇿೆਔྍ֥׮৯bऎุط࿽đೂ๭2-8෮ൕđऎദᇆି༢๤ၛ



环境

感知层
多模态传感器输⼊

规划层
环境信息与表征 任务⽬标

执⾏层

动作序列与策略实时反馈

物理交互

具⾝⼤模型

图 2-8 大模型赋能的感知-规划-执行闭环

oۋᆩ-ܿ׮ྛ-߃pоٓߌൔቆᆮܒࡏྏނđఃᄎቔࠏᇅॖູܒࢳ೘۱ҪՑğ൮༵đᄝ

ଆۋᆩ༢๤čЇও֌҂ཋႿ൪तaԨतa৯त֩Ԯۋଆ෿؟໾৘Чุ֥ݖᆩҪ๙ۋ

෿Ďđؓ ႿЧุྙ෿࿐หᆘčೂࠎҪ߃ĠఃՑđᄝܿࢳ෿іᆘაეၬ৘׮ྛࣉ࣢ჿඏߌ

࿐ଆ྘Ďၛࠣ׮ఖದ֥ᄎࠏ׮၍ࠇܒࢲࢫఖದ֥ٟളܱࠏф֥ሱႮ؇஥ᇂaದྙྀࠏ

಩ༀऎุหྟൌീ಩ༀࢳᯒაਫ਼ࣥܿ߃đളӮ๝ൈડቀЧุᄎ׮࿐aൈॢ࣢ߌ஥ᇂၛ

ࠣ಩ༀหྟჿඏ֥ॖྛҦ੻ĠቋᇔᄝᆳྛҪ๙׮౺ݖЧุൌགྷ໾৘޺ࢌđ๝ൈࡹܒൌ

ൈّঌ߭ਫ਼đؓ ಩ༀᆳྛིྛࣉݔਈ߄௟ܙၛ౺׮Ҧ੻םսb๙ݖ০Ⴈݚਈ؟ଆ෿ඔ

ऌྛࣉყ࿞਀֥նଆ྘đି ི౼ശหᆘิิ؍ࢨᆩۋğᄝ߄۱Ҫ૫ൌགྷ๝҄Ⴊ؟ᄝܔ

ੱđᄝܿ؍ࢨ߃ᄹ఼಩ༀ֥ࢳٳႵིྟđᄝᆳྛۚิ؍ࢨᄎ׮॥ᇅ֥ࣚ؇bᆃᇕՖඔ

ऌॢ֞ࡗ໾৘ॢ֥ࡗ႘ഝథ၍ି৯đ൐ᇆିุିܔႵིႋؓ߄ܒࢲӆࣟᇏ֥ಒྟק

ჿඏၛࠣ࣢ߌ߄ܒࢲ٤ᇏ֥๬ؿಠ׮đՖطൌགྷऎദᇆି༢๤ᄝo࣢ߌ৘߃ܿ-ࢳള

Ӯ-׮෿ᆳྛpಆ৽ਫ਼ഈ֥ླྀ๝Ⴊ߄bࠎႿഈඍ༢๤ྟܒࢳđ༯໓ࡼབྷ༥ฐษնଆ྘

ᄝॴଆ෿ۋᆩაіᆘ࿐༝aᇆିथҦܿ߃ၛࠣ׮෿ᄎ׮॥ᇅ֩ٚ૫ؓऎദ༢๤֥ڮ

ᇅbࠏି



2.9.1 跨模态感知与表征学习

൮༵đնଆ྘ۋ֥ିڮᆩ༢๤๙ݖԩ৘؟ჭԮۋఖൻೆ֥ඔऌđൌགྷหᆘิ౼ა

ॴଆ෿ྐ༏ವࣉކđ ࣢ྐ༏đູߌ࡯აᆳྛ֥ܱ߃຋डԛᆦӪܿط ऎദᇆିุ֥ٗ߄

༅໾ุაӆࣟሑٳႪ༵مཁൔაႅൔਆোbཁൔູٚٳॖمᆦӻbཌྷܱٚ܂ิିྟ

෿đࠆ౼໾ุ໊ረaॖҠቔ౵თࠣӆࣟඋྟ֩ྐ༏đѩݔࢲࡼԮ۳־༯Ⴓܿ߃აᆳྛ

ଆॶb২ೂđSAM-6Dٚم [135] ০Ⴈყ࿞਀ٳ۩ଆ྘ SAM֥ਬဢЧି৯đൌགྷਔؓ

ྍ໾ุ֥ 6D໊ረ࠹ܙđ๬௥ਔোљ၇ঠཋᇅbAffordanceLLMٚم [136] նଆ྘ކࢲ

֥ൗࢸᆩ്ა 3Dࠫྐޅ༏đ๙ݖ൪तე࿽ଆ྘čVLMĎളӮॖҠቔྟ๭bAffordance

Diffusionٚم Ⴟঔ೛ଆ྘đՖֆᅦࠎ[137] RGB๭ཞളӮކ৘֥ದ൭-໾޺ࢌ๭ཞđѩ

ิ౼ॖྛ֥ 3D൭҆ረ෿bReKepٚم [138]ᄵ০Ⴈ൪तଆ྘്љӆܱࣟׄ࡯čೂϜ൭a

ЖჸĎđѩ๙ݖնე࿽ଆ྘ࡼఃჿඏܱ༢ሇູ߄ඔ࿐ܿᄵđᆷ֝಩ༀᆳྛᇏ֥ॢܱࡗ

༢ົ޹b

ႅൔٚمᄵᆰࢤ০Ⴈնଆ྘ؓۋᆩྐ༏֥หᆘіղđᆦӻ༯Ⴓܿ߃აᆳྛ಩ༀb

২ೂđPIE-Gෘم [139]๙ݖԮ๤๭ཞყ࿞਀ඔऌࠢ࿞਀൪तщ઒ఖđ০Ⴈщ઒ު֥ཟ

ਈ࿐༝ᆴݦඔބҦ੻bPVRٚم [140] ᄵࠇ׼ࡓࡼሱ׼ࡓ࿐༝֥֞൪तіᆘᆰࢤႨᄝ

ᆩնଆۋbՎຓđ૫ཟऎദᇆି֥ݔᇏđႨႿิശऎദҦ੻࿐༝ི֥ࡏ࿐༝ॿ߄఼

྘ӈ൐Ⴈֻ၂ದӫ൪֥࢘ದোҠቔඔऌđೂ Ego4D [141]aSomething-something [142]֩đ

০ႿథࡆфҠቔۚ؇ཌྷරđ෮࿐༝֥֞іᆘ۷ྀࠏყ࿞਀bႮႿֻ၂ದӫ൪࢘აྛࣉ

၍b২ೂđR3M [143] ൐Ⴈ൪௔྽ਙᇏ֥ൈ྽ܱ༢đၛࠣე࿽-൪௔֥ཌྷܱܱ༢ܒᄯؓ

б࿐༝෥ാđ֥֤ࠆყ࿞਀ଆ྘ॖၛބଆٟ࿐༝߄఼ࠇ࿐༝ෘކࢲمđႨႿྀࠏф

Ҡ॥bVoltronଆ྘ [144] ᄵ০Ⴈე࿽૭ඍაದোҠቔ൪௔đ๙ݖ൪௔ᇗࡹა໓Чყҩđ

๝ൈ࿐༝ָҪაۚҪหᆘၛᆦӻ༯Ⴓऎദ಩ༀb

2.9.2 智能决策规划

ᄜᆀđնଆ྘֥ۚିڮҪ಩ༀܿ߃၇ऌ࣢ߌჿඏބऎദᇆିุ֥Чุหྟđؓ

Ҧ੻࿐ྛࣉളӮ၂༢ਙॖࡼӱݖbᆃ၂ࢳҷ֥߄ҪՑྛࣉᄖ֥aӉ௹֥಩ༀଢѓگ

༝֥ሰ಩ༀ྽ਙbᄝൌ࡬ᇏđնე࿽ଆ྘čLLMsĎ௝ࢹఃؓགྷൌൗࠏބ࣢ߌࢸఖದ

಩ༀ֥ۚҪՑ༵ဒᆩ്đିܔ๙ݖනົ৽๷৘Ⴕིܿگ߃ᄖ಩ༀbಖطđնე࿽ଆ྘

္૫ਢಌكᆇൌൗି޺ࢌࢸ৯đ໭مᆰࢤ௟֩ݔི߃ܿܙ໙ีđཋᇅਔఃᄝऎദߌ

࣢ᇏ֥ႵིྟbູՎđSayCanٚم [145] ൐Ⴈყ࿞਀ି࠯ᄹ఼նე࿽ଆ྘đ൐ఃିܔ



ᄝหקӆࣟ༯ิ࣢ߌކژ܂ഈ༯໓֥ܿݔࢲ߃ĠInnerMonologueٚم [146]ᄵႄೆ࣢ߌ

ّঌࠏᇅđ๙ݖஷሏ࡟ҩaӆࣟ૭ඍބ಩ༀӮّۿঌ֩টࡹܒоߌ༢๤đ׮෿טᆜܿ

࣢ĠDoReMiߌᄖ֥گҦ੻ၛႋؓ߃ [147] ᄵ০Ⴈ൪तე࿽ଆ྘ቔູ࡟Ұఖđᄝૄ၂҄

ဒᆣӆࣟჿඏ൞ڎડቀbູิശଆ྘֥ٗି߄৯ĠLLM-Planner [148] ๙࡟ݖ෬ཌྷර಩

ༀളӮิൕՍđᄹ఼նე࿽ଆ྘ؓໃ࡮಩ༀ֥ܿି߃৯đѩᆦӻࠎႿ࣢ܴߌҳ֥ᇗ

bোරֹđRoboGPT߃ܿྍ [149]๙ݖႄೆࠏఖದܿ߃ඔऌࠢބᇗܿࠏ߃ᇅđࣉ၂҄ิ

ശ֥ܿ߃ႵིྟބሙಒྟĠSayPlan [150] ০Ⴈ೘ົӆࣟ๭ିڮնე࿽ଆ྘đѩކࢲԮ

๤ਫ਼ࣥܿބ߃ᇗྍܿمٚ߃ಒЌܿॖݔࢲ߃ᆳྛĠVILA [151]ᄵᆰࢤ০Ⴈ൪त-ე࿽ଆ

྘čVLMĎđࡼ൪तۋᆩྐ༏ବೆ಩ༀ๷৘აܿ߃ᇏĠREPLAN [152]ᄵᄝ൪त-ე࿽ଆ

྘֥ࠎԤഈࣉ၂҄๙ݖᇗྍܿࠏ߃ᇅটิശଆ྘ሙಒྟb

2.9.3 动态运动控制

ቋުđնଆ྘ָ֥ିڮҪ಩ༀᆳྛ๙ݖაଆٟ࿐༝֩ॿކࢲྛࣉࡏđൌགྷᆳྛ

Ҧ੻֥Ⴊ߄࿐༝b၇ກնଆ྘֥؟ଆ෿ეၬࢳ༅ି৯đᄝႵཋऎദඔऌັࠎ֥טԤ

ഈđॖ ࣚሙൡ஥ऎุႋႨӆࣟđཁᇷ֮ࢆҦ੻࿞਀ؓऎദ಩ༀඔऌ֥ླ౰ܿଆb২ೂđ

ALOHA-ACT [153]ခႨщ઒ఖ-ࢳ઒ఖܒࡏđ০Ⴈऎദඔऌྛࣉଆٟ࿐༝đ๙ݖ൪तඔ

ऌщ઒ᆰࢤളӮ॥ᇅ྽ਙbิۣܡԛ֥ RT༢ਙᄵ๙۷ݖնე࿽ଆ྘؟۷ބऎദ಩ༀ

ඔऌิശིݔbఃᇏđRT-1 [154]൐Ⴈ EfficientNet-B3ิ౼൪௔ᆠหᆘđކࢲሱಖე࿽

ᆷ਷ᆰࢤൻԛ৖೛׮߄ቔĠRT-2 đ൐൪त-ე࿽ଆ྘ॖ࠺໓Чѓູ߄ቔ྽ਙሇ׮ࡼ[84]

ၛᆰࢤൻԛҠ॥׮ቔđषఓਔ൪त-ე࿽-׮ቔնଆ྘֥࿹࣮ĠRT-X [155]ᆜކಆ౯ ؟60

۱ൌဒ൩ྀ֥ࠏфඔऌđۂݤ 22۱ൌุބ 16ຣᇕ಩ༀđمٚھཁᇷิശਔଆ྘ٗ߄

ି৯b֌ഈඍ۽ቔषჷӱ؇Ⴕཋđ଴ၛປಆگགྷbູ૛Ҁᆃ၂҂ቀđOpenVLA ܒ[156]

ਔࡹ 7Bҕඔ֥൪त-ე࿽-׮ቔଆ྘đ০Ⴈ Open-Xඔऌࠢ थٚࢳषჷ܂đิטັ[155]

σbRobotFlamingo [157] ᄵᄝषჷ൪त-ე࿽ଆ྘ Flamingo [158,159] ೆҦ੻ყҩࡆԤഈࠎ

ຩ઎đᆰࢤൻԛ׮ቔbোර۽ቔߎЇও Octo [160]bSpatialVLA [161]ᆌؓگᄖ 3DӆࣟҠ

ቔđႄೆ Ego3D໊ᇂщ઒ᆜކ 3Dॢྐࡗ༏ა 2Dეၬྐ༏đѩ๙ݖሱൡႋ׮ቔຩ઎

ൌགྷྍӆࣟັטbHi Robot [162] ᄵ০ႨҪՑ߄൪त-ე࿽-׮ቔնଆ྘đ๝ൈൌགྷگᄖ

಩ༀ֥ܿ߃აᆳྛb

ਸ਼၂ᆦ۽ቔᇏđ࿹࣮ᆀૌࡼնܿଆঔ೛ଆ྘֥گᄖࡹ҃ٳଆି৯ႄೆᇆିุथ

ҦݖӱđᇶေႨႿᆰࢤളӮऎദᇆିุ֥׮ቔ྽ਙbսіྟ۽ቔЇওğDPčDiffusion

PolicyĎٚم [163] ๙ݖঔ೛ଆ྘֥ࡆᄮაಀᄮݖӱđᄝ൪तܴҩႄ֝༯৘ࢳቋႪ׮ቔ



྽ਙ҃ٳđ൐ᇆିุᄝگᄖ׮ࠇ෿࣢ߌᇏളӮႵི׮ቔĠ3D DP ޅ၂҄ႄೆࠫࣉ[164]

หᆘބ໾৘ჿඏđᄹ఼ӆࣟۋᆩି৯đ൐ᇆିุᄝᆳྛ಩ༀൈॉ੮ᅰθ໾a໾ุྙሑ

ࠣ໾৘׮޺Ġπ0ଆ྘ [165] ᄵ০Ⴈ൪त-ე࿽ଆ྘щ઒൪तܴҩაე࿽ᆷ਷đ๙ࡱ่ݖ

ੀ௄஥ࡹଆ׮ቔ৵࿃҃ٳđ࿞਀׮ቔህࡅଆॶࡼᄮലሇ׮ູ߄ቔ྽ਙb

ՎຓđളӮൔնଆ྘ູॖߎऎദ಩ༀളӮնਈ࿞਀ඔऌđࢳߏඔऌ༎ಌྟ็ᅞb

ׅ྘֥২ሰೂ GenSim [118]đھॿࡏ০Ⴈնე࿽ଆ྘ൌགྷ಩ༀิԛaܒ࣢ߌᄯa಩ༀࢳ

थაඔऌҐ֥ࠢಆੀӱሱ߄׮ğ൮༵۴ऌ಩ༀ૭ඍളӮٟᆇӆࣟս઒ѩဒᆣॖྛྟđ

ෛުࡹܒ಩ༀ९ႨႿྍ಩ༀ࡟෬აႪ߄đቋުҐࠢህࡅඔऌ࿞਀ଆٟ࿐༝Ҧ੻b

๙ݖഈඍٳ༅ॖ࡮đնଆ྘ቔູऎദᇆି֥ྏނଆॶđᄝۋᆩaܿ߃აᆳྛ֩Ҫ

૫ᅚགྷԛ҂ॖูս֥ࡎᆴb֒ భ࿹࣮ᆞᇁ৯Ⴟܺ๙ᆃུҪՑđࢹᇹնଆ྘ᇗෑऎദᇆ

ି֥༢๤ܒࡏbෛሢնଆ྘࿞਀࠯ඌაऎദᇆିඔऌ֥ധ؇ವކđཌྷܱ࿹࣮Ⴕຬᄝྍ

ӱᇏಯླႋݖđᆃ၂طԷྍႋႨbಖ؟ြᇅᄯࠣྍ྘୪ြ֩ਵთբള۷۽ༀြaڛྖ

චᇗླ౰aॴთॴ௜෻֥קaིۚॹ෎აνಆ໗ޙᇗ็ᅞğ๙Ⴈྟაൡ஥ྟ֥ಃ؟ؓ

ᆴ֥ॉਈbࡎაದোੰم௞࣠đၛࠣ੾৘a֥ྟ߄ٗ

2.10 具身智能安全

ൌགྷνಆ֥ऎദᇆିđླေՖܿ߃a֝ݴaҠቔ۱ٚ؟֩޺ࢌބ૫ಒЌ༢๤֥໗

ᆩଆۋԤđ֌ႮႿ҂๝಩ༀؓࠎᆩνಆ൞ऎദᇆିνಆྟ֥ۋაॖौྟbఃᇏđྟࡲ

෿֥ླ౰҂๝đЧᅣࡼఃଽಸٳљವೆ֝ݴνಆაҠቔνಆਆ۱ሰᅣᇏb২ೂđূղ

োԮۋఖᇶေႨႿ֝ݴ಩ༀđၹՎཌྷܱνಆ໙ีࡼᄝ֝ݴνಆ҆ٳᅚषษંĠԨतԮ

བྷ༥ӂඍbٳఖᇶေႨႿҠቔ಩ༀđఃνಆྟᄵᄝҠቔνಆ҆ۋ

ᄝऎദᇆି֥ܿݖ߃ӱᇏđթᄝ೘۱ܱିॖࢫߌ࡯ႄؿνಆڄགb൮༵đᇆିุ

ॖି൳֞ذၩეၻࢪ֥ࠌ۾ӻđࠌ۾ࡼᆀൻೆ༂്љູمކᆷ਷đՖطളӮ҂֥֒ܿ

νಆჿඏđᆳྛק࠻đ൐ః๬௥ࠌ۾૊ުࠇࠌ۾σbఃՑđᇆିุॖିᄥ൳ᄀსٚ߃

మᄝາག֥಩ༀbቋުđᇆିุᄝܿ߃ളӮݖӱᇏॖିԛགྷߘतགྷའđ֝ᇁఃࠎႿհ

༂ྐࡌྴࠇ༏ᇅ߃ܿקđՖطႄؿνಆႅߑb

č1Ďଢ֥ࢪӻbႮႿეၻᆷ਷ऎႵьྟིۚބྟࢮđ෱ၘӮູྸ؟ऎദᇆିุࢤ

൬ଁ਷֥ᇶေٚൔbಖطđᆃ၂หྟ္൐ᇆିุಸၞ൳֞ეၻࠌ۾đࠌ۾ᆀॖ๙ݖ

b߃Ҡ॥ᇆିุളӮհ༂֥ܿطၩეၻᆷ਷đՖذᇿೆࢺຩ൪௔֩ૂ৳޺෻ܼѬa׈

ଢభđӈ֥࡮ეၻٚࠌ۾ൔЇওၛ༯ඹᇕğֻ၂ᇕႅູمٚࠌ۾ҟეၻᆷ਷ࠌ۾ [166]đ



ࢳ࿽଴ၛ৘طᇏіགྷູؓದোݼᆷ਷ᄝეၻྐࠌ۾ඌđ൐࠯০Ⴈؓॆྟეၻࠌ۾ھ

֥ᄮၻđ֌ᇆିุಏିᆞಒࢳ༅ѩᆳྛĠֻؽᇕູӑലѯࠌ۾ [167]đࠌ۾ھ০Ⴈӑല

ѯ௔؍Ԯྐ־༏đି࠻хषದো֥๐तۋᆩđႻॖಡݖეၻ॥ᇅ༢๤֥νಆࠏᇅđ൐

ᇆିุհ༂ֹࢤ൬ࠌ۾ᆀ֥ᆷ਷Ġֻ೘ᇕ൞ྏ৘ല࿐ࠌ۾ [168]đ০Ⴈലၻ௔ੱᄝದো

๐त༢๤ᇏ֥ဃзིႋđ൐ಠ׮ലၻ֮ࢆᇀದোॖۋᆩ֥ᚐᆴᆭຓđՖ֮ࢆطФದো

ࠌ۾༅Ġֻඹᇕ൞ؓॆဢЧࢳᆩ֥ॖିྟđ֌ಯॖФᇆିุۋ [169]đࠌ۾ھ๙ؓݖ಩

ၩၻ௔ീັࡆཬಠ׮đ൐ᇆିุࡼః༂്љѩሇ੣ູห؋קეđՖطႺ֝ᇆିุᆳྛ

಩ༀb֥קᆀഡࠌ۾

č2Ďᄀსުބ૊ࠌ۾bᄝᇆିุ০Ⴈնე࿽ଆ྘ࢳ༅ᆷ਷࣢ྐߌބ༏֥ݖӱᇏđ

ၞ൳֞ᄀსުބࠌ۾૊֥ࠌ۾ຯཽbᄀსࠌ۾ [170–172] ൞ᆷࠌ۾ᆀ๙ܒྏࣚݖᄯ֥ൻ

ೆᆷ਷đ൐ऎദᇆି֥಩ༀܿ߃ఖಡݖყഡ֥νಆჿඏđطࣉᆳྛჰЧ൳ཋᇅࠇऎ

Ⴕνಆڄག֥ྛູbᆃোࠌ۾๙ӈ০Ⴈؓॆྟᆷ਷aۋᆩൻೆҠሺࠇνಆࠏᇅ੐׳đ

൐ᇆିุᄝ໾৘࣢ߌᇏᆳྛၩຓമᇀາག֥Ҡቔđ২ೂܿхνಆཋᇅaࠇοᅶࠌ۾ᆀ

֥ၩ๭ປӮหק಩ༀbު ૊ࠌ۾ ൌീbᄝ໓Чྛࣉ൪तଆ෿ࠇႿ໓Чଆ෿ࠎॖ[173,174]

ଆ෿༯đࠌ۾ᆀᄝൻೆᆷ਷ᇏళೆหקԨؿՍđ൐ᇆିุᄝ࡟ҩ֞ھՍൈളӮذၩܿ

ھᆩ֞ۋའđ၂֊ᇆିุؓؿ࣢ᇏ٢ᇂყഡ֥൪तԨߌᆀᄝࠌ۾bᄝ൪तଆ෿༯đ߃

ؓའđьॖିԨႅؿҟ֥ު૊ྛູđ֝ᇁܿ߃ொ৖ᆞӈ݅ࠖđമᇀᆳྛࠌ۾ᆀყഡ֥

ۚາ಩ༀb

č3Ďߘत໙ีbߘतᆷնე࿽ଆ྘ളӮ֥ଽಸෙੀӎ౏ሱటđ֌ა൙ൌ҂ࠇژ௝

ॢୖᄯྐ༏bᆃ၂གྷའॖି֝ᇁଆ྘ิ܂հ༂ճσaྴܒႄႨđമᇀщᄯ҂թᄝ֥ۀ

୑bᄝऎദᇆି֥ܿݖ߃ӱᇏđߘत໙ีॖିႄؿνಆႅߑđ২ೂ༂֝ྟ಩ༀܿࠇ߃

҂ކ৘֥ྛ׮थҦbູߘࢳߏतགྷའđགྷႵ࿹࣮ᇁ৯ႿҐႨྙ܋ყҩ [175,176]aҐဢٳ

༅ [177]aຓ҆ᆩ്ႄೆ [178] ࣉđсေൈ߄ሱ໡Ⴊྛࣉѩྟק҂ಒ߃ਈܿޙđၛمٚ֩

၂҄ཟದোህࡅ౰ᇹb

ᄝܿ߃ປӮުđऎദᇆି಩ༀ๙ӈ߶Фބݴູ֝ࢳٳҠቔਆᇕሰ಩ༀbఃᇏđሱ

νݴఖൻೆٚ૫đ֝ۋνಆbᄝԮݴఖದ֩ӆࣟनླಒЌ֝ࠏ๖ࡅބࠏ൒a໭ದࡐ׮

ಆᇶေ၇ঠႿؓሱദሑ෿ބᇛຶۋ࣢֥ߌᆩbՎຓđᇆିุൻԛ֥ਫ਼ࣥܿߎ߃сྶऎ

Сνಆхᅰࠤࣅބхགି৯b

č1ĎGPSࠌ۾bᄝ၍ݴ֝׮ᇏđሱദሑ෿ᇶေЇও GPSྐ໊ק༏ၛࠣ๙ࡆݖ෎

ᇁνಆ൙֝طđՖࠌ۾ၩذඋྟbᆃུྐ༏ಸၞ൳֞׮aຄ઄၎֩ഡСҩ֤֥ᄎ࠹؇



bᆌؓܣ GPS֥ࠌ۾ᇶေႵ GPSۄಠބ GPS௺ௌਆᇕٚൔbGPSۄಠ [179,180]൞ᆷ๙

đ௧൐ݼಠྐۄ؇ഝ఼ۚؿݖ GPSഡС໭ࢤم൬֞ჰ൓ GPSྐݼbGPS௺ௌ [181,182]

ᄵ൞ᆷࠌ۾ᆀເᄯ GPSྐݼđ௺ௌ GPSഡСđՖطҠ॥ഡС໊֥ᇂྐ༏a෎؇ބൈ

಩ݴ٦౵თ֩మᄝາགྛູb֝࣌ࠏ໭ದݖਫ਼ཌaಡקҕඔđ֝ᇁഡСԛགྷொ৖ყࡗ

ༀᇏ෮ླ֥ᄎ׮උྟЇও෎؇aࡆ෎؇࢘ބ෎؇֩đᆃུඔऌ֥ࠆ౼၇ঠႿࣚૡ֥Ԯ

ඌؓᆃোԮ࠯ᆒ܋ലѯݖᆀ๙ӈ๙ࠌ۾ಠbၹՎđۄᆒ܋൳֞ၞࡱđᆃུቆࡱఖቆۋ

ಠۄྛࣉఖۋ [183,184]b

č2ĎԮۋఖࠌ۾bᄝ֝ݖݴӱᇏđᇆିุ๙ӈ๙ݖ൪तԮۋఖaӑലѯԮۋఖބ

ܻࠗূղࠆ౼ᇛຶ࣢ྐߌ༏đѩ০Ⴈᆃུඔऌֹࡹܒ๭ࠇ୔᩵๭ၛڣᇹਫ਼ࣥܿ߃bᄝ

࣢֥ਗ਼ϿྟߌਜذఖླေऎСؓۋӆࣟ༯đᇆିุ֥൪तԮ֥ࠌ۾ၩذ٤ [185,186]đ২

ೂᄝ໼ᵬܻ֮ބᅶ่ࡱ༯ಯି໗۽קቔĠطᄝ૫ਢذၩࠌ۾ൈđᄵླᆌؓ҂๝֥ࠌ۾

ྙൔᇅحקຓ֥ٝპҦ੻bᆌؓ൪तԮۋఖ֥ٚࠌ۾ൔЇওğᄝܴҩ๭ཞᇏళೆؓॆ

ྟᄮല [187]aᄝགྷൌ໾ุഈᅔ์ؓॆྟҀנ [188]a০Ⴈܻࠗᅶഝ࣢ߌ໾ุ [189]a൐Ⴈ๧

႕၎๧ഝྴ୅ؓའ [190]֩đۄಠࠇҠሺଢѓ്љaეၬݔࢲ֥۩ٳbᆌؓധ؇Ԯྐۋ

༏֥ٚࠌ۾ൔЇওğ๙٢ݖᇂ 3Dؓॆ໾ุ [191]a്љ໊ܱॆؓ࡯ᇂ [192]a০Ⴈܻࠗᇿ

ೆྴׄࡌᄉ [193]aҠሺᇆିุ݅ࠖ [194] ֩ٚൔূܻࠗࠌ۾ղĠՎຓđॖߎ๙ݖҩ൫ӑ

ലѯԮۋఖ઩౵aᅻ֓ؿഝఖࢤࠇ൬ఖa০Ⴈല࿐ஞଐဃۂ໾ุaເᄯӑലѯ߭ലၛ

ᇅᄯۄಠ [195,196]֩ٚൔࠌ۾ӑലѯԮۋఖb

č3Ďνಆਫ਼ࣥܿ߃bᄝਫ਼ࣥܿٚ߃૫đ֒భ۽ቔᇶေࠢᇏᄝೂޅളӮνಆ౏໭ஷ

ሏ֥ਫ਼ࣥđၛࠣೂޅႋؓ๬ؿνಆ൙ܣbളӮνಆਫ਼֥ܱࣥ࠯࡯ඌЇওνಆ఼߄࿐

༝ [197]aଆ྘ყҩ॥ᇅčMPCĎ[198]aঔ೛Ҧ੻ [199] ֩b๝ൈđνಆჿඏ֥ഡ္קᇀܱ

ᇗေđӈႨ֥ჿඏ࠯ඌЇও॥ᇅᅰθݦඔčCBFĎ[200]aνಆࠢෘم [201]֩bູਔಒЌ

ਫ਼֥ࣥνಆྟđ๙ӈླေࡼνಆჿඏაνಆҦ੻ཌྷކࢲbႋؓ๬ؿ൙ܣൈđᇆିุླ

ေᄝ൙ܣӆࣟᇏྛࣉնਈ֥࿞਀ބҩ൫đ֌ႮႿ൙ܣӆ֥ࣟඔऌ଴ၛ֤ࠆđ๙ӈ߶ॉ

੮൐ႨളӮ֥ؓॆྟඔऌ [202–204] ট૛Ҁᆃ၂҂ቀbሸഈđ֝ݴνಆՖሑ෿࠹ܙaߌ

đ൞ऎദᇆିᄝᆇൌӆࣟᇏॖौᄎྛ֥భิbߌӮ၂۱ປᆜоܒ߃ᆩ֞ਫ਼ࣥܿۋ࣢

ა֝ݴνಆཌྷбđҠቔνಆ۷ܱᇿᇆିุᄝࢤԨ໾ุݖ࣢ߌބӱᇏ֥৯॥ჿඏ

აದദνಆđఃܱ࡯໙ีॖۀওູၛ༯ਆٚ૫b

č1Ďνಆۋ࣢ߌᆩbᄝҠቔ಩ༀᇏđᇆିุ֥ۋ࣢ߌᆩᇶေ၇ঠႿ൪तބԨतਆ

ᇕଆ෿bҠቔ಩ༀᇏ֥൪तۋᆩ૫ਢ֥νಆຯཽა֝ݴ಩ༀোරđॖିᄥ൳ؓॆဢ



Чॆؓࠇࠌ۾Ҁࠌ۾נ [205]bՎຓđႮႿҠቔ಩ༀ๙ӈടࠣࣚ༥֥׮ቔ॥ᇅđѩ౏Ҡ

ቔؓའ۷؟ࡆဢđᇆିุླሙಒ്љ໾ุ֥࿾೤aҋᇉaྙሑ֩หྟđѩࠎႿᆃུྐ

༏๷৘మᄝ֥νಆڄག [206]b҆ٳҠቔ಩ༀߎႄೆԨतۋᆩđၹՎླحຓॉ੮Ԩतν

ಆྟbᇆିุႋᄝᇅ׮ൈࡗaᇅ׮ए৖aീࡆ৯֥նཬࠣஷሏਲૹ؇֩ٚ૫ಒЌνಆ

ྟ [207]b

č2Ďνಆ׮ቔᆳྛbᄝ҆ٳҠቔ಩ༀčೂྀࠏфሂ౼Ďᇏđᇆିุ๙ӈ༵ളӮᄎ׮

ਫ਼ཌѩ׮ྛࣉቔ۵ሶđࠇᆰࢤളӮЇ׮ݣቔ྽ਙ֥݅ࠖbၹՎđᆃো಩ༀა֝ݴ಩ༀ

ऎႵ֥ۚࢠཌྷරྟđ๙ӈҐႨνಆჿඏčೂ॥ᇅ௠ᅰݦඔa௠ᅰ Lyapunovݦඔ [208]Ď

ၛࠣνಆ॥ᇅఖčೂࠎႿ఼߄࿐༝aMPCaঔ೛Ҧ੻֥֩νಆҦ੻ĎটಒЌᆳྛν

ಆྟbਸ਼၂ো಩ༀᄵ၇ঠնე࿽ଆ྘ࠇ൪त-ე࿽-׮ቔଆ྘đൌགྷ؊֞؊֥νಆ׮ቔ

ളӮ [209,210]bՎຓđ҆ٳ಩ༀടࠣऎദᇆି֥ྛሼି৯đ২ೂඹቀࠏఖದᄝگᄖֹྙ

čೂੌะaఈᖯਫ਼૫Ďഈ֥ਗ਼Ͽྛሼ [211]bหљֹđ၂ུ࿹࣮ฐษਔᄝ൪तଆ෿൳ཋ֥

౦ঃ༯đೂޅ০ႨЧุۋᆩൌགྷνಆ֥ੌะ஋஁ ॴᄀັཬᅰθ໾ބ[212] [213]b

ᄝ؟ᇶุބದ܋ࠏթӆࣟ༯đ޺ࢌνಆࣉ၂҄ঔᅚਔऎദᇆିνಆྟ֥шࢸđᇶ

ေุགྷᄝ؟ᇆିุླྀቔݖӱაದაᇆିุᆰ޺ࢌࢤਆ۱Ҫ૫b

ऎദᇆି֥޺ࢌνಆᇶေۂݤਆ۱ٚ૫ğ၂൞ᇆିุ޺ࢌ֥ࡗđؽ൞ದაᇆିุ

ᆭ޺ࢌ֥ࡗbཌྷбႿაՂ޺ࢌ࣢֥ߌđః෰ᇆିุࠇದোቔູؓ޺ࢌའऎႵ۷֥ۚ҂

ಒگ۷ބྟקᄖ֥थҦླ౰đၹՎေ౰༢๤ᄝྐ༏܋ཚaླྀቔथҦྐބ಩ࡹ৫֩ٚ

૫ऎС۷֥ۚνಆЌᅰbູՎđ༢๤ླေഡ࠹ህ૊֥ٝࠏ޹ᇅđၛٝٓذၩྛູ۾ބ

Ќᅰbٳνಆन֤֞ԉބթ֥ӆࣟᇏđ۲֥ٚ০ၭ܋ࠏᇶุླྀቔၛࠣದ؟đಒЌᄝࠌ

č1Ď؟ᇆିุླྀቔνಆbྐ༏܋ཚ൞؟ᇆିุླྀቔӆࣟᇏ֥၂۱գ೐ࢫߌđࠌ۾

ᆀॖିເልӮଖ۱ކቔᆀđѩཟ൳ݝᆀؿෂྴ֥ࡌඔऌbྐ ༏܋ཚࠌ۾֥ࢫߌᇶေႵ

ਆᇕٚൔğֻ၂ᇕ൞ᆰࢤ՞ڿԮۋఖ֥ۋᆩඔऌđೂ LiDARׄᄉඔऌ [214]Ġֻؽᇕ൞

ӱݖކหᆘ๭ವࠌ۾ [215]bՎຓđᄝ؟ᇆି఼ุ߄࿐༝ॿࡏ༯đνಆྟ໙ี္ᆴ֤ܱ

ᇿbࠌ۾ᆀॖି๙ݖᆱೆު૊đ॥ᇅބ՞ڿ൳ݝᇆିุ֥׮ቔৣࢂࠇ [216]ĠࠇᆀҠ॥

ଖ۱ᇆିุ֥׮ቔđၛ႕ཙః෰ᇆିุ֥ྛູ [217]b

č2Ďದ޺ࢌࠏνಆbದ޺ࢌࠏνಆᇶေ၇ঠၛ༯ܱྛࣉࢫߌ࡯Ќᅰb൮༵đᄝᆳ

ྛ಩׮ޅቔᆭభđᇆିุླေؓದোྛູࡓྛࣉҩđၛሙಒۋᆩӆࣟᇏದো໊֥ᇂა

ྛູbᆃ๙ӈ၇ঠ൪तԮۋఖა೘ົྐ༏Ԯۋఖൌགྷ [218]bఃՑđᄝᆳྛ׮ቔൈđླ

ಒЌνಆჿඏ֤֞࿸۬቎൯bູ൐ᇆିุܿ߃ԛ҂߶ؓᇛຶದোᄯӮഄ׮ྛ֥ݝਫ਼



ࣥđླေԉٳॉ੮νಆჿඏ [219]đѩᄝླྀቔ಩ༀᇏކ৘ඨႋದো֥׮ቔđၛಒЌ޺ࢌ

֥νಆྟ [220]bᆃ၂ݖӱაҠቔνಆ֥ေ౰োරđ֌ᄝଖུҠቔ಩ༀᇏླࣇડቀ௹ຬ

Ҫ૫֥νಆေ౰đطᄝದ޺ࢌࠏᇏđνಆྟླ֤֞۷ࡆ࿸֥۬Ќᅰbቋުđᄝടࠣᆰ

॥ᇅbູݝԨൈൌീ෥ࢤളၩຓؿԨದো֥಩ༀᇏđླҐႨνಆ॥ᇅҦ੻đѩᄝࢤࢤ

ડቀᆃਆোνಆླ౰đᇆିุླေऎСԨतۋᆩି৯ [221]đѩࠎႿԨतّঌൌགྷࣚಒ

֥৯؇॥ᇅۚބਲૹ؇֩Ԩतνಆหྟ [207]b



第三章 具身智能数据集与平台

భඍ۲ᇕऎദᇆି࠯ඌ֥࿞਀ླေࠎႿۚᇉਈ֥࿞਀ඔऌބЯᆇ౏ི֥ٟۚᆇ

௜෻֥ᆦӻbЧᅣࡼ༢๤ྟֹࢺകऎദᇆିਵთ֥ඔऌٟࠢބᆇ௜෻b൮༵đࢺക۲

োऎദᇆିඔऌ֥ࠢหׄaҐࠢٚൔࠣսіྟ۽ቔč3.1ࢫĎđෛުٳ༅ᇶੀٟᆇ௜෻

ቋުษં֒భࢫĎb๝ൈđૄࢫč3.2مඌaൡႨӆࣟࠣଆ୅֞གྷൌ֥థ၍ٚ࠯ྏނ֥

૫ਢ֥็ᅞčೂඔऌ༎ಌྟaٟᆇᆇൌྟa؟ଆ෿ۋᆩ֩ĎࠣໃটؿᅚٚཟčೂളӮ

ൔٟᆇaሱ߄׮ඔऌҐࠢaॴଆ෿࿐༝֩Ďđູު࿃ᅣࢫษંऎദᇆି֥ႋႨࠎק׍

Ԥb

3.1 具身智能数据集

ೂ๭ 3-1෮ൕđऎദᇆିඔऌࠢॖၛοᅶࠆ౼ӮЧႮ֮ۚ֞aॖܿଆ߄ӱ؇Ⴎ֮

֞ۚնᇁູٳ߃ğᆇࠏඔऌaٟᆇඔऌ޺ބ৳ຩ൪௔ඔऌbླေ఼֥ט൞đඔऌoᇉ

ਈpѩ҂ᆺႮඔऌো྘ֆ၂थקđ҂๝ো྘֥ඔऌᄝ಩ༀཌྷܱྟaᄮലඣ௜ބѓᇿࣚ

؇֩ٚ૫۲ऎႪ൝აअཋbଢభđᇶੀ۽ቔࡼऎദᇆିଆ྘࿞਀ٳӮ൪तე࿽ٗ߄a

০Ⴈ҂๝ো྘֥ඔऌࠢbٳԉطđՖ؍ࢨ۱؟໾৘ᆩ്࿐༝֩ࡗॢ

图 3-1 具身智能数据金字塔

Ҡ॥ࠏఖದᄝᆇൌ࣢ߌᇏა໾ุ޺ࢌ෮֥֤ࠆᆇࠏඔऌЇݣਔྐࡗॢ֥ڶپ༏a

໾৘ྐ༏a؟ଆ෿ྐ༏đؓऎദᇆିଆ྘֥࿞਀ᇀܱᇗေbಖطđᆇࠏඔऌ֥൬ࠢ๙
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ӈླေህ૊֥ൌဒഡСބӆֹđඔऌҐࠢaѓᇿݖӱگᄖđၹՎࠆ౼ӮЧۚaඔऌਈ

Ⴕཋb

ᆇࠏඔऌ֥Ґࠢٚൔ؟ᇕ؟ဢđ۲ႵႪಌׄbᇶေЇওၛ༯ࠫᇕğ

č1Ď຀ှൕ࢝

ᄪ௹ٚم๙ݖ൭׮຀ှྀࠏфປӮ׮ቔa࠺੣ඔऌbᆃᇕٚࡥمֆٚьđ֌໭م

ਲࠃ॥ᇅྀࠏфbՎຓđᆃᇕٚم༯ֻ೘൪࢘ཌྷࠏ߶அജ֞ದ൭đ္ູଆ྘࿞਀ջট

ಠbۄຓ֥ح

č2Ďሱ׮൬ࠢ

๙ݖଢѓ്љ࠯ඌaщཿܿᄵ࢖Ч֩൭؍ሱ࠺׮੣ࠏఖದ֥Ҡቔඔऌđࡥֆٚ

ьđ֌଴ၛൡႋگᄖ಩ༀb္Ⴕ๙߄఼ݖ࿐༝ෘمಞࠏఖದᄝ࣢ߌᇏሱᇶฐ෬đ࠺੣

ఃӮۿҠቔඔऌđ֌ླնਈ࠹ෘሧჷބൈࡗb

č3ĎဪҠቔ

๙ݖದোჹӱ॥ᇅࠏఖದྛࣉҠቔđ࠺੣Ҡቔඔऌđॖॹ෎൬ࠢඔऌđ൞୍࣍ট

ቋູੀྛ֥ٚൔbଢభđੀྛ֥ဪҠቔٚൔЇওՖф [222] ဪҠaຓᷘܠဪҠa3Dඊ

ѓဪҠaVRဪҠ֩b֌ဪҠսۚࡎđҠቔᆀ֥ࣜބି࠯ဒ္߶႕ཙඔऌᇉਈb

č4Ď൭ӻࡃሃ

࣍টđ၂ུٚم๙ݖ൭ӻࡃሃྛࣉҠቔҐࠢඔऌđೂ UMI [223]bᆃᇕٚิܔିم

Ⴊྮ֥Ґིࠢੱb֌ᆃބҠቔ֥ࠃഡСaਲ֥ࢮᆰܴ֥Ҡቔุဒa֮৷֥ӮЧaь܂

ᇕٚمҐࠢࣚ؇Ⴕཋb

ଢభđᆇࠏඔऌࠢᄝඔਈ؟ބဢྟٚ૫ၘࣜႵਔӉቀ҄ࣉđѩ౏ࠎႿᆃུඔऌࠢ

ᄝնܿଆଆٟ࿐༝ყ࿞਀ഈ౼֤ਔཁᇷࣉᅚbಖطđᆇࠏඔऌ֥ࠆ౼ӮЧಯಖཋᇅਔ

ఃնܿଆঔᅚbսіྟ֥ᆇࠏඔऌࠢೂі 3-1෮ൕğ

ٟᆇඔऌ๙ٟݖᆇ࣢ߌॹ෎նਈളӮđӮЧ֮aьࢮਲࠃbٟᆇඔऌؓऎദᇆି

ଆ྘֥࿞਀ބԚ҄ဒᆣ٤ӈᇗေđॖϺᇹଆ྘ॹ෎࿐༝ࠎЧ֥ॢࡗ৘ࢳaҠቔି࠯

ҵၳb֥ࡗ࣢ᆭߌ࣢აᆇൌߌđٟᆇඔऌ֥ᇶေअཋྟ൞ٟᆇطଆൔbಖ޺ࢌ࣢ߌބ

ႮႿٟᆇ໾৘ଆ྘ބᆇൌൗࢸթᄝҵၳđ֝ ᇁଆ྘ࠧ൐ᄝٟᆇ࣢ߌᇏіགྷਅݺđ֌ᄝ

ᆇൌ࣢ߌᇏಏॖି߶҆ඇാϧbՎຓđٟᆇඔऌಌكᆇൌ࣢ߌᇏ֥ᄮലބ҂ಒྟקđ

္ॖି֝ᇁଆ྘ᄝᆇൌ࣢ߌᇏ֥ٗି߄৯҂ቀb

ٟᆇඔऌ֥ླࡹܒေԷࡹඔሳ੶ളଆ྘bඔሳ੶ളଆ྘ॖิۚ܂Ќᆇ֥ٟᆇඔ



数据集名称 数据集简介

RoboTurk [224] Їݣ 2.1k่݅ࠖa2ᇕି࠯a1ᇕӆࣟđࠏఖದЧุູֆфࡃሃđ๙
ჹӱဪҠҐࠢࠏ൭׮ᄎݖ

RoboNet [225] Їݣ 162k่݅ࠖa10ᇕӆࣟđࠏఖದЧุູֆфࡃሃđ๙ݖყഡ׮
ቔބ҃ٳሱ࢖߄׮ЧҐࠢ

RoboMIND [226] Їݣ 55k่݅ࠖa36ᇕି࠯đࠏఖದЧุູֆфࠇචфaࡃሃࠇਲ
ె൭đ๙ݖՖфဪҠ׮ބѽ༢๤Ґࠢđݣധ؇ඔऌ

RT-1 [227] Їݣ 130k่݅ࠖa8ᇕି࠯a2ᇕӆࣟđࠏఖದЧุູֆфࡃሃđ๙
ݖ VRဪҠҐࠢ

RH20T [228] Їݣ 13k่݅ࠖa33ᇕି࠯a7ᇕӆࣟđࠏఖದЧุູֆфࡃሃđ๙
ധ؇ඔऌބԨतඔऌčੂົ৯ĎݣԨतഡСဪҠҐࠢđݖ

Bridge Data V2 [229] Їݣ 60.1k่݅ࠖa13ᇕି࠯a24ᇕӆࣟđࠏఖದЧุູֆфࡃሃđ
85%๙ݖ VRဪҠҐࠢđ15%๙ݖሱ࢖׮ЧҐࠢ

RoboSet [230] Їݣ 98.5k ่݅ࠖa6 ᇕି࠯a11 ᇕӆࣟđࠏఖದЧุູֆфࡃሃđ
๙ݖVRဪҠҐࠢđѩ๙޺ࢌؓݖ໾ุބМ֥ࣟඔऌᄹ఼ؓඔऌࠢࣉ
ྛਔঔԉ

DROID [231] Їݣ 76k่݅ࠖa86ᇕି࠯a564ᇕӆࣟđࠏఖದЧุູֆфࡃሃđ
๙ݖ VRဪҠҐࠢ

OpenX-Embodiment [232] Їݣ 1.4M่݅ࠖa217ᇕି࠯a311ᇕӆࣟđࠏఖದЧุູֆфࠇච
фࡃሃđႮ۱؟ሰඔऌࠢ๤၂۬ൔቆطކӮđႨႿॴᄛุaॴ಩ༀ࿹
࣮

Agibot World [233] Їݣ 1M่݅ࠖa76ᇕି࠯a25ᇕӆࣟđࠏఖದЧุູචфࡃሃࠇ
ਲె൭đ๙ݖ VRဪҠҐࠢđݣԨतඔऌč൪ԨतĎaധ؇ඔऌބհ
༂߫گඔऌ

MIME Їݣ 8.2k่݅ࠖđۂݤ 20ᇕ಩ༀো྘bඔऌ๙ݖֆф֥ဪҠቔ൬ࠢđ
ᆻᄝᆦӻ؟ဢ֥߄ದ޺ࢌࠏ࿹࣮

ARIO Їݣ 3.6k่݅ࠖđۂݤ 105ᇕ಩ༀো྘bඔऌ๙ݖֆфaචф֩ࠏ
ఖದЧุ֥ဪҠቔ൬ࠢđᄝՎࠎԤഈವކਔ 2.3M่षჷඔऌࠢđᆦ
ӻگᄖ಩ༀ֥ࠏఖದ࿐༝࿹࣮

RoboMIND 2.0 [234] ݣ 310K่݅ࠖa739ᇕ಩ༀđࠏఖದЧุູචф၍׮Ҡቔ௜෻đڭ
ۂ 6ᇕࠏఖದྙ෿đᄝᆇൌ࣢ߌᇏҐࠢđݣԨतᄹ఼ඔऌč12K่Ď
Ҡቔඔऌč20K่Ďđѩ஥ส׮၍ބ 20K่ඔሳ੶ളٟᆇ݅ࠖ

Humanoid Everyday [235] Їݣ 10.3K่݅ࠖa260ᇕ಩ༀa7ো಩ༀđࠏఖದЧุູದྙࠏఖ
ದđ๙ݖದ׼ࡓဪҠቔҐࠢđݣ RGBaധ؇aLiDARaԨतބሱಖე
࿽ѓᇿ֩؟ଆ෿ඔऌđѩ஥สᄉ؊ѓሙ߄௟ҩ௜෻

表 3-1 常用真机数据集



ऌđࣚಒଆ୅ᆇൌࠏބ࣢ߌఖದ༢๤đ֌Է޹ົބࡹӮЧۚđ౏ླնਈህြᆩ്đೂ

3Dࡹଆaህြ໾৘ႄౣaᆇൌۋᛴಙ֩b୍࣍টđ3DളӮਵთ֥ॹ෎ؿᅚ֮ࢆਔඔ

ሳ੶ള֥Էࡹ૊ࡪđཁᇷ๷׮ਔ Real2Simaඔሳ੶ള࠯ඌ֥ࣉᅚb

ٟᆇඔऌॖၛ๙ݖোරᆇࠏඔऌሱ׮Ґ֥ࠢٚൔྛࣉҐࠢbᄝٟᆇ࣢ߌᇏđ໾ุ

໊֥ᇂaྙ ሑ֩ҕඔ׻൞ॖ٠໙֥đᆃ൐֤щཿܿᄵ࢖Ч॥ᇅྀࠏфປӮ಩ༀ۷ࡆಸ

ၞb

ଢభđٟᆇඔऌᄝӆࣟa಩ༀaԮۋఖ֥؟ဢྟٟބᆇ֥ᆇൌྟ֩ٚ૫ၘࣜႵਔ

ࠞն֥ิശbಖطđᆇൌ࣢ߌᇏگᄖ໾৘֥޺ࢌଆ୅଴؇ᇅჿਔٟᆇؿ࣢֥ߌᅚbս

іྟ֥ٟᆇඔऌࠢೂі 3-2෮ൕğ

aࢳa໓Чᆷ਷৘ࢳϺᇹଆ྘ᄹ఼ᄝ൪तӆࣟ৘ܔຩ൪௔ඔऌඔਈஔնđି৳޺

಩ༀ๷৘֩ٚ૫֥ٗྟ߄bಖطđᆃུඔऌಌكაࠏఖದҠቔᆰࢤཌྷܱ֥ྐ޺ࢌ༏đ

଴ၛູॢࡗ৘ົ֮ބࢳ॥ᇅ֩Ҡቔ಩ༀิ܂сေᆦӻbၹՎđ۽؟ޓቔฐ෬ਔೂ۷ޅ

ԉֹٳ০Ⴈ޺৳ຩඔऌđႭః൞ؓॢྐࡗ༏aᄎྐ׮༏֥Ԏ౼b

č1Ď০ႨၘႵ֥ VLM

၂ᇕቓم൞০ႨགྷӮ֥؟ଆ෿նଆ྘đೂ RT-2 [84]aOpenVLA [156] ֩b؟ଆ෿ն

ଆ྘ᄝնܿଆ֥޺৳ຩ๭໓ඔऌഈྛࣉਔყ࿞਀đط๙טັݖᆃུଆ྘ൡႋऎദ಩

ༀđॖၛ൐ଆ྘࠿ӵؓ൪त໓Ч֥৘ିࢳ৯ބ๷৘ି৯đิۚଆ྘֥ٗି߄৯b

č2Ď൪तіᆘყ࿞਀

၂ུбࢠᄪ֥ٚم๙ݖᆰࢤᄝ޺৳ຩ൪௔ඔऌഈყ࿞਀ট࿐༝఼֥ٗྟ߄൪त

іᆘđՖطႪ߄༯Ⴓऎദ಩ༀഈ֥ྟିđ২ೂ R3M [143]bಖطđᆃোٚمಯಖླေࣉ

ྛնਈ֥ັטҌିປӮҠቔ಩ༀđؓ޺৳ຩ൪௔ඔऌᇏ֥׮৯࿐ᆩ്০ႨႵཋb

č3Ď׮৯࿐ყ࿞਀

ቋ࣍đ၂ུቓم๙ݖᄝ൪௔ඔऌഈყ࿞਀࿐༝ᆞཟࠇ୉ཟ׮৯࿐ᆩ്b২ೂđGR-

2 [130]๙ݖሱֹ݂߭ყҩ൪௔ଽಸ࿐༝ᆞཟ׮৯࿐ᆩ്đط LAPA [248]๙ݖ࿐༝๭ཞᆠ

ᆭ֥ࡗ৖೛మᄝ׮ቔ࿐༝୉ཟ׮৯࿐ᆩ്bᆃུٚܔିمϺᇹଆ྘ࣉ၂҄Ֆݚਈ޺

৳ຩ൪௔ᇏิ౼׮֥ڶپቔეၬb

གྷႵ֥ඔऌҐࠢສສᄝൌဒ൩֩ٿо֥aࣚྏ҃ᇂ֥࣢ߌᇏᆳྛֆ۱หק಩ༀb

ಖطđದোສສླေᄝ׮෿࣢ߌᇏ৵࿃ֹᆳྛ҂๝ো྘֥಩ༀbᆃေ౰ଆ྘ऎСሱൡ

ႋି৯aоّߌঌି৯؟ބଆ෿ۋᆩି৯đၹՎླေᄝᆇൌቔြ࣢ߌᇏҐࠢ۷ሱಖa



数据集名称 数据集简介

Franka Kitchen [236] Ⴟࠎ MuJoCoႄౣđЇ۱؟ݣԝٜӆࣟᇏ֥گᄖҠቔ಩ༀđ൐Ⴈ Franka
ቔቆ׮ކሃ֥षࡃބ؇෎࢘ࢫфྀ֥ܱࠏႮࡗቔॢ׮Ҡቔbྛࣉфྀࠏ
Ӯ

Meta-World [237] Ⴟࠎ MuJoCoႄౣđЇݣ ఖದҠቔ಩ༀđ൐Ⴈࠏ50۱ Sawyerྀࠏфࣉ
ྛҠቔb׮ቔॢࡗႮଌ؊ᆳྛఖ໊֥၍ࡃބሃ୥इቆӮ

RLBench [238] Ⴟࠎ CoppeliaSimႄౣđЇݣ ఖದҠቔ಩ༀđ൐Ⴈࠏ100۱ Franka Emika
Panda ಩؍ࢨ؟ᄖ֥گ֞౼ֆ֥ଢѓሂࡥҠቔb಩ༀЇওՖྛࣉфྀࠏ
ༀbRLBenchЇ࢘ࢫܱݣa෎؇a৯इaRGB-Daٳ۩ဃ઒֩؟ଆ෿ඔऌ

BEHAVIOR-1K [239] Ⴟࠎ OMNIGIBSONႄౣđЇݣ 1,000۱ರӈ׮ࠃđࡅۂݤ๖a޽ჳaҔ
๏֩ 50ᇕӆࣟބ ބဢྟ؟֥׮ࠃט۱໾ุbBEHAVIOR-1K఼؟9,000
གྷൌྟ

CALVIN [240] Ⴟࠎ PyBulletႄౣđЇݣඹ۱൩ଽҠቔ࣢ߌđ൐Ⴈ Franka Emika Pandaࠏ
ྀфྛࣉҠቔbCALVINᆦӻӉൈთე࿽่ࡱ಩ༀđކࢲਔሱಖე࿽ᆷ
਷aRGB-DaԨतaЧุۋᆩ֩؟ଆ෿Ԯۋఖൻೆ

LIBERO [241] Ⴟࠎ RoboSuiteႄౣđЇݣ 130۱ე࿽่ࠏ֥ࡱఖದҠቔ಩ༀbLIBERO
ܱࡗ৯đЇওॢି߄ఖದᄝ҂๝ᆩ്ሇ၍ӆࣟ༯֥ٗࠏ༢๤ֹ࿹࣮ܔି
༢a໾ุۀ୑ބ಩ༀଢѓ֥ሇ၍

RoboSuite [242] ႿMuJoCoႄౣđᆦӻࠎ PandaaSawyer֩؟ᇕࠏఖದଆ྘a؟ᇕࡃሃބ
॥ᇅఖđЇݣ 9۱಩ༀđЇওࡥֆ֥ଢѓሂ౼֞گᄖ֥චфླྀቔ಩ༀbՎ
ຓđRoboSuiteิ܂൪तa৯इaЧุۋᆩ֥֩ڶپԮۋఖඔऌ

RoboCasa [243] Ⴟࠎ RoboSuiteބMuJoCoႄౣđህᇿႿࡅ๖࣢ߌᇏ֥ࠏఖದ಩ༀb෱Ї
ݣ 120۱ԝٜӆࣟބ ۱؟2,500 3D໾ุđۂݤ ݖ۱োљđѩ๙؟150 3D
ളӮ۽ऎᄹ఼ӆ֥ࣟᆇൌ؟ބۋဢྟ

ManiSkill3 [244] Ⴟࠎ SAPIEN௜෻֥ GPUѩྛࠏ߄ఖದٟᆇაᛴಙॿࡏđିܔൌགྷбః
෰௜෻ॹ 10-1000П֥෎؇ࡨބഒ 2-3П֥ GPUଽթᅝႨbၹՎđMan-
iSkill3҂ࣇᆦӻི֥ۚ൪तٟᆇđܔିߎॹ෎aࣚಒֹଆ୅ೈุྙэބ
൪Ԩतྐݼ

RoboTwin [245] ႨႿචфࠏఖದҠቔ֥ളӮൔඔሳ੶ളॿࡏđ෱ିࠎܔႿ 3D ളӮଆ྘
ຓܴ֥ބնე࿽ଆ྘ളӮऎႵ҂๝ྙሑaնཬބ 3Dඔሳ੶ള໾ุđѩࢲ
ఖࠏჿඏѩളӮࣚಒ֥ࡗॢ؎ሰ಩ༀđ๷ູࢳٳᄖ಩ༀگࡼ༢ܱࡗॢކ
ದᄎࠖ݅׮

VLABench [246] ݣႿMuJoCoႄౣđЇࠎ 100োე࿽่ࠏࡱఖದҠቔ಩ༀބ ۱໾؟2000
ุđ൐Ⴈ Franka Emika Pandaྀࠏфࠣ௜ྛࡃሃྛࣉҠቔđ఼ ൔၩ๭ႅט
৘ބࢳӉൈ྽҄؟๷৘đѩิ܂ሱ߄׮Ґ֥ࠢ࿞਀ඔऌ

MS-HAB [247] Ⴟࠎ Home Assistant Benchmark֥๭ྙԩ৘ఖࡆ෎ൌགྷđЇ؟ݣᇕࡅ๖ᇗ
ஆ಩ༀđ܋ 4.4ຣ่݅ࠖđݣґ೤๭ཞaധ؇๭ཞࠏބఖದሑ෿ඔऌđѩ
ੲളӮ֥ဆൕඔऌݖཌࠣܿᄵࠎ࿐༝aଆٟ࿐༝߄఼܂ิ

表 3-2 常用仿真数据集



ӻ࿃֥؟ଆ෿ඔऌčೂԨतଆ෿Ďbໃটđ۷ིۚa۷ਗ਼Ͽ֥֮ӮЧa౞ਈࠩඔҐ༢

๤Ⴕຬିࢳथᆃ۱໙ีb

གྷႵٟᆇ࠯ඌᄝԩ৘ೈุҋਘ֥گᄖྙэൈđສສླေնਈ֥࠹ෘሧჷđ౏ٟᆇ

࿐༝ࠣགྷൌ҆ඇᄯӮਔቅθbໃି࠯࣢ᇏೈุҠቔߌሙಒྟႵཋđᆃٟؓᆇ֥ݔࢲ

টđࣚ؇aིੱ۷֥ۚളӮൔٟᆇෘمႵຬିࢳथᆃ۱໙ีb

3.2 具身智能模拟器

ऎദᇆି༢๤ླေ৘ࢳѩҠቔᆇൌ֥໾৘ൗࢸđᆃေ౰෱ૌିۋܔᆩ࣢ߌa๷৘

໾৘ܿੰѩᆳྛࣚಒ֥׮ቔbषؿᆃဢ֥༢๤૫ਢሢٚ؟૫֥็ᅞğ൮༵đᄝᆇൌߌ

࣢ᇏ൬ࠢ࿞਀ඔऌݻ࠻ൈႻυ݌ĠఃՑđ໾৘ൌဒॖିթᄝνಆڄགđหљ൞ᄝҩ൫

ໃࣜဒᆣ֥ෘمൈĠቋުđᆇൌ࣢ߌᇏ֥םսᇛ௹Ӊ౏ིੱ֮đཋᇅਔ࿹࣮ࣉᅚ֥෎

؇bଆ୅࣢ߌ๙ྴ܂ิݖ୅֥໾৘ൗࢳࢸथਔᆃུ็ᅞb෱ૌିܔളӮࠫެ໭ཋ֥࿞

਀ඔऌđᄍྸ࿹࣮ದჴॹ෎םսෘمഡ࠹đമᇀଆ୅ᄝᆇൌൗࢸᇏ଴ၛᇗགྷ֥ӆࣟb

Վຓđ๙ݖѩྛ߄đଆ୅ఖॖၛ๝ൈᄎྛඔϤമᇀඔత۱ൌ২đննࡆ෎ਔ࿐༝ބႪ

ӱbݖ߄

ၛ༯໡ૌࢺࡼകࠫ۱ᇶေ֥ଆ୅௜෻b

NVIDIA֥ Isaacള෿༢๤Ⴎਆ۱ᇶေቆܒࡱӮğIsaac Simބ Isaac Gymđ෱ૌ܋

๝ູऎദᇆି࿹࣮ิ܂ਔಆ૫֥۽ऎࠢb

Isaac SimࠎႿ NVIDIA Omniverseࡹܒđ൞၂۱ҕॉࠩႋႨӱ྽đ൐षؿದჴି

ҩ൫ބ࣢ᇏଆ୅ߌႿ໾৘֥ྴ୅ࠎᄝܔ AI౺ࠏ֥׮ఖದࢳथٚσb෱ᆦӻ೘۱ࠎЧ

ఖದ࿐༝bIsaacࠏބҩ൫ߌᄝࡱӮඔऌളӮaೈކቔੀӱğ۽ Sim֥၂۱ཁᇷหׄ൞

ఃყልࠏఖದଆ྘ބ SimReadyሧӁ९b௜෻ЇݣնਈࠎႿ OpenUSDֻ֥ࡹܒ೘ٚ

ఖದčೂࠏఖದଆ྘đЇওದྙࠏ 1XaAgilityaFourier Intelligenceބ SanctuaryĎaࠏ

ྀфčೂ FanucaKUKAaUniversal Robotsބ TechmanĎaඹቀࠏఖದčೂ ANYboticsa

Boston Dynamicsބ UnitreeĎބሱᇶ၍ࠏ׮ఖದčೂ idealworksaiRobotĎbՎຓđ௜෻

ݖӑ܂ิ 1,000۱ SimReady 3DሧӁđႨႿٟࡹܒᆇӆࣟbᄝԮۋఖଆ୅ٚ૫đIsaac

Simᆦӻ؟ᇕԮۋఖđЇওࠎႿ൪त֥Ԯۋఖaূ ղaࠗ ܻূղaࢤԨԮۋఖaܸ ྟҩ

ਈֆჭބሱקၬԮۋఖbᆃᇕಆ૫֥Ԯۋఖᆦӻ൐࿹࣮ದჴିܔଆ୅ࠏఖದۋᆩ༢

๤֥۲۱ٚ૫đᆃؓႿषؿऎദᇆି༢๤ᇀܱᇗေbIsaac Sim܂ิߎਔؓ ROS/ROS2

֥ಆ૫ᆦӻđЇওሱקၬ ROS2ཨ༏ބ URDF/MJCFषჷᆦӻđၛࠣა ROS2ЇࠢӮ



ᅜbࡱఖದೈࠏဒᆣބቔੀӱđႨႿଆ୅۽֥

ა Isaac SimཌྷбđIsaac Gym۷ህᇿႿۚྟି֥ GPUࡆ෎໾৘ଆ୅đหљ൞ູ

หׄ൞০Ⴈྏނbః࠹࿐༝࿹࣮ഡ߄ఖದ఼ࠏ GPU նܿଆѩྛ໾৘ଆ୅đྛࣉ෎ࡆ

൐఼֤߄࿐༝ෘܔିمᄝֆ۱ GPUഈ๝ൈ࿞਀ඔత۱ࠏఖದൌ২đննิۚਔ࿞਀

ིੱbIsaac Gym֥ള෿༢๤Їও۱؟ൕ২ࠎބ࣢ߌሙҩ൫đೂ IsaacGymEnvsaBi-

DexHandsaDexPBTބ TimeChamberbᆃུ۽ऎᅚൕਔ Isaac Gymᄝ۲ᇕࠏఖದ॥ᇅ

಩ༀᇏ֥ႋႨđՖࡥֆ֥ᄎ׮॥ᇅ֞گᄖ֥ਲెҠቔ಩ༀbᄝऎദᇆି࿹࣮ᇏđIsaac

GymФܼٗႋႨႿਲెҠቔބሂ౼čೂ UniDexGrasp++aGenDexGraspĎaච൭ླྀט

čೂ Dynamic HandoveraTowards Human-Level Bimanual Dexterous ManipulationĎaᄎ

čೂݴ֝ބ॥ᇅ׮ Legged Locomotion in Challenging TerrainsaRapid Locomotion via

Reinforcement LearningĎၛࠣ؟ଆ෿ۋᆩა॥ᇅčೂVisual DexterityaRotating without

SeeingĎ֩ਵთb

MuJoCočMulti-Joint dynamics with ContactĎ൞၂۱ህູࠎႿଆ྘֥Ⴊ߄ഡ֥࠹

໾৘ႄౣđหљ൞๙ࢤݖԨႪ߄bቔູ၂۱षჷ۽ऎđMuJoCoູऎദᇆି࿹࣮ิ܂

ਔ෎؇aࣚ؇ࡹބଆି৯֥׿หቆކbMuJoCo֥࠯ඌหׄЇওܼၬቕѓଆ୅čх૧

ၬĎaჿඏ๤၂קݺԨ֥౦ঃ༯္ିਅࢤ৯࿐čࠧ൐ᄝթᄝ׮୉֥ࡲĎa໗ّິࢫܱ

ԨaࢤჿඏᆦӻčЇওೈ߄ဢ؟Ďၛࠣ߄ൔ܄ჿඏࡗൌགྷ৵࿃ൈ߄๪Ⴊݖč๙߄ൔ܄

ཋᇅaۄଉ҈֩ބൔჿඏĎbՎຓđMuJoCoߎᆦӻ৬ሰ༢๤a҃ਘaഷ෬ބೈุؓ

འ֥ଆ୅đၛࠣ؟ᇕᆳྛఖো྘čЇওࠏ׈aగےaࠔಽaࠔᦜ߁ބॶ-౷ѣܒࠏĎb

ᄝ౰ࢳఖ࿊ᄴٚ૫đMuJoCo ఖࢳ౰غ๧႕ۚථ-೗֣ࠇم؇ᣢะ܋aمਔ୤ؘ܂ิ

֥࿊ཛđၛࠣሓྙࠇງჵଉ҈ሓaૡࠢࠇ༎ൿ࿮ॖбइᆔ֥ଉ҈ଆ྘࿊ᄴđބ୸ঘم

ఖ࿊ᄴbMuJoCoٳࠒඔᆴ֥م੃۬-९ෳࠇ ᄝऎദᇆି࿹࣮ᇏ֥ႋႨᇶေࠢᇏᄝ఼

Ҡ֥ڶپԨࢤa߄čೂଆ྘ყҩ॥ᇅa݅ࠖႪ߄ఖದ॥ᇅაႪࠏଆaࡹ࿐༝ა྽ਙ߄

ቔĎၛࠣള໾৯࿐࿹࣮čೂದุᄎ׮ଆ୅aࠔಽ-ᷘܠ༢๤ࡹଆaള໾ఓࠏؿఖದഡ

߄Ⴊބ৯࿐׮ෘིੱa୉࠹Ԩԩ৘aࢤĎ֩ਵთbაః෰ଆ୅ఖཌྷбđMuJoCoᄝ࠹

֝ཟഡٚ࠹૫ऎႵႪ൝bಖطđ෱္թᄝ࿐༝౷ཌ׷ࢠaൌൈྟିॖି҂ቀၛࠣ๭ྙ

ᇉਈཌྷؓࡥֆ֩ཋᇅb

PyBullet൞ Bullet໾৘ႄౣ֥ Pythonࢤ१đิ܂ਔ၂۱౞ਈࠩaਲࠃ౏఼ିۿն

֥໾৘ଆ୅࣢ߌđหљൡކॹ෎ჰ྘ഡބ࠹࿹࣮ൌဒbఃഡ࠹৘୑൞ิ܂၂۱ၞႿ൐

Ⴈ౏ི֥ۚ໾৘ଆ୅࣢ߌđྏނหྟЇওၞႨ֥ Pythonࢤ१aۚ ི֥໾৘ଆ୅a؟ဢ

ଆॶđିۿ֥ڶپਔ܂࣢֥ࠢӮbPyBulletิߌ࿐༝߄ఖದଆ྘ᆦӻၛࠣა఼ࠏ֥߄



ᆦӻ۲ᇕ໾৘ଆ୅ࠏބఖದ॥ᇅ಩ༀđЇওࠎԤ໾৘ଆ୅č׮ุې৯࿐ބஷሏ࡟ҩa

ჿඏࢫܱބଆ୅aೈุ҃ބਘଆ୅a৵࿃ஷሏ࡟ҩĎaࠏఖದ॥ᇅčᆞཟބ୉ཟᄎ׮

࿐aܱࢫ॥ᇅaࠎႿ৯֥॥ᇅބቅॆ॥ᇅa݅ࠖܿބ߃ᆳྛĎaԮۋఖଆ୅čཌྷࠏᛴ

ಙaࢤԨ৯ࢤބԨׄ࡟ҩaഝཌ๧ഝބஷሏҰ࿘aܱࢫሑ෿׮ބ৯࿐ྐ༏Ďၛ఼ࠣ߄

࿐༝࣢ߌčყקၬ֥ࠎሙ࣢ߌaॖקᇅ֥ݦৣࢂඔܴބҳॢࡗaѩྛ࣢ߌᆦӻa໗ק

ି࠯࿐༝aҠቔ׮ఖದᄎࠏཌൌགྷĎbᄝऎദᇆି࿹࣮ᇏđPyBulletФܼٗႋႨႿࠎ֥

࿐༝a൪तႄ֝॥ᇅ؟ބଆ෿࿐༝֩ਵთbః࠯ඌൌགྷࠎႿӮඃ֥ Bullet໾৘ႄౣđ

๙ݖ Python-C++ϾקൌགྷđЌӻਔָҪ C++ႄౣ֥ྟିđ๝ൈิ܂ਔ Python֥ၞႨ

ྟbაః෰ऎദᇆିଆ୅ఖཌྷбđPyBullet֥ᇶေႪ൝ᄝႿၞႨྟa౞ਈࠩa఼߄࿐

༝ࠢӮࠃބᄁ֥षჷഠ౵bಖطđᄝଆ୅ࣚ؇aۚࠩބିۿѩྛྟିٚ૫đPyBullet

ॖି҂ೂ၂ུህြଆ୅ఖb

SAPIENčSimulAted Part-based Interactive ENvironmentĎ൞၂۱఼ն֥ଆ୅ఖđህ

ູऎദᇆି࿹࣮ഡ࠹đิ หྟЇওGPUྏނbఃିۿ໾৘ଆ୅߄ဢ؟֥߄GPUѩྛ܂

ཌሔሶĎၛܻބჷܻ׮ཌ๭aܻੀaᇶمଆ෿ᛴಙčЇওധ؇๭a؟෎໾৘ଆ୅aࡆ

৫ᄝࡹ໾ุіൕb߄ࡱ҆ࠣ SAPIENᆭഈ֥ManiSkillॿࡏ൞ SAPIENള෿༢๤֥ᇗ

ေቆӮ҆ٳđູࠏఖದ࿐༝۽ቔੀӱิ܂ਔປᆜ֥ࢳथٚσbManiSkill֥ᇶေหׄ

Їও GPU ѩྛ߄൪तඔऌ൬ࠢ༢๤aGPU ѩྛ߄ଆ୅aGPU ѩྛܒၳ߄ଆ୅a؟

ဢࠏ֥߄ఖದൌീa؟ဢ֥߄಩ༀো྘aਲ֥ࢱࡥࠃ಩ༀࡹܒ APIaReal2Sim࣢ߌ

ၛࠣࠏ֥ڶپఖದ࿐༝ࠎཌbᄝऎദᇆି࿹࣮ᇏđSAPIENФܼٗႋႨႿ໾ุۋᆩა

Ҡቔaॖٗ߄Ҡቔ؟ބି࠯ଆ෿࿐༝֩ਵთbః࠯ඌൌགྷᇿᇗྟିބਲྟࠃđЇওۚ

ིᛴಙaࣚಒ໾৘ଆ୅ॖބঔᅚܒࡏbაః෰ऎദᇆିଆ୅ఖཌྷбđSAPIEN֥ᇶေ

Ⴊ൝ᄝႿ GPUѩྛ߄a҆߄ࡱіൕa؟ଆ෿ᛴಙބManiSkillॿࡏbಖطđؓႿྍႨ

টඪđᅧ໤޼ SAPIENބManiSkill֥ಆ҆ླିॖିۿေ၂קൈࡗđ౏ູਔԉٳ০Ⴈ

GPUѩྛି߄৯đSAPIENॖିླေ֥ۚࢠ႗ࡱေ౰b

Genesis൞၂۱Էྍ֥ଆ୅ఖॿࡏđ۲ࡼᇕ໾৘౰ࢳఖࠣఃᯒࠢކӮ֞၂۱๤၂

֥ॿࡏᇏđѩႮളӮൔս৘ॿࡏᄹ఼đᆻᄝൌགྷࠏఖದ࿐ࠣః෰ਵთ֥ಆሱ׮ඔऌ

ളӮbఃྏނหྟЇও๤၂໾৘ႄౣॿࡏaളӮൔս৘ॿࡏaۚྟିѩྛଆ୅؟ބ

ဢ֥߄໾৘ଆ୅ି৯bGenesis ᄝྟିٚ૫ཌྷбః෰ GPU ఖದଆ୅ఖऎႵࠏ෎֥ࡆ

ཁᇷႪ൝bྟିҩ൫іૼđGenesis֥ሹ FPSॖၛෛሢѩྛ࣢ߌඔਈ֥ᄹطࡆཌྟঔ

ᅚđቋ؟ᆦӻӑݖ 32768۱ѩྛ࣢ߌbᄝऎദᇆି࿹࣮ᇏđGenesisФႋႨႿॖັٳ

Ԩतଆ୅a๙Ⴈࠏఖದ࿹࣮ބնܿଆ఼߄࿐༝֩ਵთbః࠯ඌൌགྷᇿᇗྟିބਲࠃ



ྟđЇওࣚྏטᆜ֥౰ࢳఖഡᇂaGPUࡆ෎ॖބঔᅚܒࡏbაః෰ऎദᇆିଆ୅ఖ

ཌྷбđGenesis֥ᇶေႪ൝ᄝႿ๤၂ॿࡏaളӮൔս৘aѩྛྟିބሂ౼಩ༀྟିࢠ

ۚbಖطđቔູ၂۱ཌྷ֥ؓྍࢠଆ୅ఖđGenesis֥໓֖࢝ބӱॖି҂ೂ၂ུ۷Ӯඃ

֥ଆ୅ఖປ೿đ౏Ⴈ޼ഠ౵ॖିཌྷؓࢠཬb

໾৘ଆ୅֥ࣚ؇ੱིބ൞௟ܙଆ୅࣢֥ߌᇗေᆷѓbMuJoCo ᄝᆃٚ૫іགྷԛ

೤đ෱֥ܼၬቕѓଆ୅х૧ਔّܱິࢫđಒЌਔଆ୅֥໾৘ሙಒྟđ๝ൈఃࢤԨႪ߄

Ԩ౦ঃbNVIDIA֥ࢤᄖ֥گԩ৘ིۚܔ൐ఃିمٚ Isaac Sim๝ဢิ܂ਔۚࣚ؇֥

໾৘ଆ୅đ၇ກႿ NVIDIA PhysXႄౣ఼֥նିۿđหљ൞ᄝ׮ุې৯࿐ބஷሏ࡟ҩ

ٚ૫b

ᄝིੱٚ૫đGenesisބ Isaac Gym๙ݖ GPUࡆ෎ൌགྷਔሜᄀ֥ྟିbGenesis֥

ҩ൫іૼđఃሹ FPSॖၛෛሢѩྛ࣢ߌඔਈ֥ᄹطࡆཌྟঔᅚđቋ؟ᆦӻӑݖ 32768

۱ѩྛ࣢ߌbIsaac Gym๝ဢ০Ⴈ GPUѩྛ࠹ෘି৯đ൐఼֤߄࿐༝ෘܔିمᄝֆ۱

GPUഈ๝ൈ࿞਀ඔత۱ࠏఖದൌ২b

PyBulletෙಖ҂ೂഈඍ௜෻ᄝྟିഈ๬ԛđ֌ః౞ਈࠩหྟၞބႨ֥ Pythonࢤ

१൐ఃӮູॹ෎ჰ྘ഡބ࠹ൌဒ֥৘མ࿊ᄴbؓႿ҂ླေࠞۚଆ୅ࣚ؇ࠇնܿଆѩ

ဒbุ޼Ⴈ֥ݺਅބ໾৘ଆ୅ି৯֥ܔਔቀ܂࿹࣮ཛଢđPyBulletิ֥߄ྛ

ᄝۋᆩଆ୅ٚ૫đ҂๝௜෻ᅚགྷԛ۲ሱ఼֥ཛbIsaac Simิ܂ਔಆ૫֥Ԯۋఖ

ଆ୅ᆦӻđЇওࠎႿ൪त֥Ԯۋఖaূ ղaࠗ ܻূղaࢤԨԮۋఖྟܸބҩਈֆჭ֩b

ᆃᇕ؟ဢ֥߄Ԯۋఖᆦӻ൐࿹࣮ದჴିܔଆ୅ࠏఖದۋᆩ༢๤֥۲۱ٚ૫đᆃؓႿ

षؿಆ૫֥ऎദᇆି༢๤ᇀܱᇗေb

SAPIENᄝ؟ଆ෿ᛴಙٚ૫іགྷԛ೤đᆦӻധ؇๭aمཌ๭aܻੀaᇶܻ׮ჷބ

ܻཌሔሶ֩؟ᇕᛴಙଆ෿bᆃུ֥ڶپ൪तྐ༏൐࿹࣮ದჴିܔଆ୅҂๝֥Ԯۋఖ

ൻೆđູऎദᇆି࿹࣮ิ܂ಆ૫֥ۋᆩඔऌb

PyBullet ෙಖᄝۚࠩ൪तིٚݔ૫ॖି҂ೂభਆᆀđ֌ఃཌྷࠏᛴಙିۿčЇও

RGBaധ؇ٳބ۩๭ཞĎaࢤԨ৯࡟ҩބഝཌ๧ഝ֩ࠎЧۋᆩଆ୅ି৯ቀၛડቀྸ؟

࿹࣮ླ౰bMuJoCo๝ဢิ܂ਔࠎЧ֥൪तᛴಙބԮۋఖଆ୅ିۿđෙಖః๭ྙᇉਈ

ཌྷؓࡥֆđ֌ؓႿն؟ඔ఼߄࿐༝ބ॥ᇅ࿹࣮টඪၘࣜቀܔb

ᄝնܿଆѩྛଆ୅ٚ૫đGenesisބ Isaac GymᅚགྷԛཁᇷႪ൝bGenesis֥ྟି

ҩ൫іૼđఃሹ FPSॖၛෛሢѩྛ࣢ߌඔਈ֥ᄹطࡆཌྟঔᅚđቋ؟ᆦӻӑݖ 32768

۱ѩྛ࣢ߌbᆃᇕঔᅚྟؓႿླေնਈඔऌ֥ധ؇఼߄࿐༝࿹࣮ᇀܱᇗေb



Isaac Gym๝ဢ๙ݖ GPUࡆ෎ൌགྷਔི֥ۚѩྛଆ୅đ൐఼֤߄࿐༝ෘܔିم

ᄝֆ۱ GPUഈ๝ൈ࿞਀ඔత۱ࠏఖದൌ২bSAPIEN֥ GPUѩྛି߄৯ᄝ໾৘ଆ୅

ᆦӻ༯đॖၛི֥ۚࡏਔཁᇷ֥ྟିႪ൝đหљ൞ᄝManiSkillॿ܂ิ׻ᛴಙٚ૫ބ

ֹ൬ࠢބԩ৘նਈ൪तඔऌb

MuJoCoෙಖ҂൞ູնܿଆѩྛଆ୅ഡ֥࠹đ֌ఃۚྟି࠹ෘหྟčЇও؟ཌӱ

ҐဢބႵཋҵ࣍ٳරĎ൐ఃᄝֆ࣢ߌࠏᇏіགྷԛ೤bPyBulletᄝѩྛྟିٚ૫ཌྷؓࢠ

೐đ֌ؓႿ҂ླေࠞۚѩྛ֥߄࿹࣮ཛଢটඪಯಖ൞၂۱Ⴕࡎᆴ֥۽ऎb

模拟器 底层物理引擎 并行能力 渲染速度

Isaac Gym PhysXčGPUĎ ࠞۚč10k–100kѩྛĎ ᇏčࠎԤᛴಙĎ

Isaac Sim PhysX 5 ᇏčႵཋѩྛĎ čۚRTXܻሔaPBRᛴಙĎ

MuJoCo（传统版） ৯࿐ႄౣč৵࿃ॖ׮༅ࢳ
֝Ď

ᇏčCPUֆࠞނॹĎ ᇏč౞ਈࠩᛴಙĎ

MuJoCo 3.x（新版） ৯࿐׮༅ࢳ + GPUࡆ෎ ۚčGPUࡆ෎ ཌӱĎ؟+ ᇏč౞ਈᛴಙĎ

PyBullet BulletčPGSࢤԨ౰ࢳĎ ᇏčCPUѩྛႵཋĎ ᇏčࠎԤᛴಙĎ

SAPIEN 3.0 PhysXčധ؇קᇅĎ ᇏ/ۚčGPUࡆ෎Ď ۚčܻሔ +ۚᇉਈཌྷࠏĎ

Genesis 1.2 ๤၂౰ࢳఖčABDĎ ࠞۚč>30kѩྛĎ ۚčGPUᅦਈ߄ᛴಙĎ

表 3-3 主流具身智能模拟器：底层引擎、并行能力与渲染速度对比

ऎദᇆିٟᆇଆ୅ఖaؓႋ֥ࠎሙҩ൫ࠢࠣఃཌྷܱหׄ૭ඍೂі іބ3-3 3-4෮

ൕğ

ෙಖଆ୅࣢ູߌऎദᇆି࿹࣮ิ܂ਔ఼ն۽ऎđ֌ࡼᄝଆ୅࣢ߌᇏ࿐༝֥Ҧ੻

ሇ၍֞ൌุࠏఖದഈಯಖ૫ਢᇗն็ᅞbᆃ၂໙ีđ๙ӈӫູoଆ୅֞གྷൌҵएpđ

൞ऎദᇆି࿹࣮֥็ྏނᅞᆭ၂b

ଆ୅֞གྷൌҵएটჷႿ۱ٚ؟૫b൮༵đ໾৘ଆ୅Ⴅჹ໭مປૅگᇅᆇൌൗࢸ

ӱđޭ੻ັཬ֌ॖݖଖུ໾৘߄ࡥ߶ଆ୅ఖ္֥ࣉbࠧ൐ቋ༵ྟק҂ಒބᄖྟگ֥

ିᇗေ֥༥ࢫbఃՑđԮۋఖଆ୅๙ӈ໭مѽሚᆇൌԮۋఖ֥෮Ⴕᄮലหྟބཋᇅb

ቋުđࠏఖದଆ྘ॖିაൌ࠽႗ࡱթᄝҵၳđᆃུҵၳᄝᆳྛࣚ༥॥ᇅൈႭູૼཁb

࿹࣮ഠ౵षؿਔ؟ᇕٚمটࢳथଆ୅֞གྷൌҵएğ

1⃝თෛ߄ࠏğ๙ݖᄝଆ୅ᇏෛ߄ࠏ໾৘ҕඔa൪तຓܴࡱ࣢่ߌބđ࿞਀ؓ҂ಒ
ᄝمਗ਼Ͽ֥Ҧ੻bᆃ၂ٚࡆ۷ྟק Isaac SimބMuJoCo֩௜෻ഈ֤֞ਔܼٗႋႨb

2⃝ਵთൡႋğ൐ႨՖᆇൌൗࢸ൬֥ࠢഒਈඔऌđטᆜᄝଆ୅ᇏ࿐༝֥Ҧ੻đ൐ః
ൡႋᆇൌ࣢֥ߌหྟbSAPIEN֥ManiSkillॿ܂ิࡏਔ Real2Sim࣢ߌđᆦӻᆃᇕൡ

ႋݖӱb



3⃝ଆ୅ҕඔႪ߄ğ๙ݖႪ߄ଆ୅ҕඔ൐ଆ୅࣍ࢤ࣢۷ߌᆇൌ࣢ߌbᆃᇕٚم๙ӈ

ླေՖᆇൌ༢๤൬ࠢඔऌđಖުטᆜଆ୅ҕඔၛቋཬ߄ҵၳb

4⃝ჭ࿐༝ğ࿞਀ିܔॹ෎ൡႋྍ࣢֥ߌҦ੻đᆃུҦ੻ᄝმ֞ൌ࣢ߌ࠽ൈିܔ࿡
෎טᆜb๙ݖᄝ۱؟ଆ୅࣢ߌэุᇏ࿞਀đҦ੻࿐߶ਔೂޅൡႋ҂๝่ࡱb

ऎദᇆିଆ୅࣢֥ߌໃটؿᅚࡼӔሢ۱ٚ؟ཟ๷ࣉđၛડቀ࿹࣮ഠ౵҂؎ᄹӉ

֥ླ౰ğ

ෛሢऎദᇆି༢๤ᄀটᄀ၇ঠ؟ᇕԮۋఖൻೆđໃট֥ଆ୅؟఼ؓࡆࡼ࣢ߌଆ

෿Ԯۋఖ֥ଆ୅đЇও۷ሙಒ֥൪तིݔaԨतّঌaലၻԮѬބః෰ۋᆩଆ෿b๝

ൈđໃট֥ଆ୅۷܂ิࡼ࣢ߌሙಒ֥໾৘ଆ୅đหљ൞ᄝೈุ׮৯࿐aੀุࣚބ޺ࢌ

༥ࢤԨ׮৯࿐֩ٚ૫bᆃུࡼ҄ࣉ൐ଆ୅۷࣍ࢤᆇൌൗࢸđࡨഒଆ୅֞གྷൌҵएbᆃ

࣢ᇏ֥ൡႋߌᄖگఖದᄝࠏᆩ༢๤đิۚۋ۷ಆ૫֥ؿषܔ൐࿹࣮ದჴିࡼࣉڿུ

ି৯b๝ൈđЌӻ࠹ෘིੱࡼ൞၂۱ᇶေ็ᅞđॖିླေ۷༵֥ࣉෘބم႗ࡆࡱ෎࠯

ඌb

ູਔડቀധ؇࿐༝߄఼ބ࿐༝ෘؓمնਈඔऌ֥ླ౰đໃট֥ଆ୅ࣉࡼ࣢ߌ၂

҄ิۚѩྛି߄৯đᆦӻ۷նܿଆ֥҃ٳൔଆ୅bᆃ၂౴൝ၘࣜᄝ Genesis ބ Isaac

Gym֩௜෻ᇏཁགྷđໃটࡆ۷ࡼ௴ђbᄉ࠹ෘބшჸ࠹ෘ֥ିॖ҄ࣉ൐ᆃᇕնܿଆ

ଆ୅۷ࡆ௴ࠣđ൐۷؟࿹࣮ᆀି٠ܔ໙ۚྟିଆ୅ሧჷb

ളӮൔ AI֥ࡼ҄ࣉ՜ࣉሱ߄׮ӆࣟളӮބज़ӱ࿐༝֥ؿᅚbໃট֥ଆ୅࣢ॖߌ

ିࠢӮളӮൔଆ྘đሱ׮Է؟ࡹဢ֥߄࿞਀ӆࣟބ಩ༀđՖࡥֆ֞گᄖđϺᇹᇆି༢

๤ၛቋࡄਫ਼ࣥ࿐༝bGenesis֥ളӮൔս৘ॿࣜၘࡏӔᆃ၂ٚཟજԛਔֻ၂҄đყ࠹

ᆃ၂౴൝࠿ࡼ࿃ؿᅚb



模拟器 基准集 特点描述

Isaac Gym
Legged Gym Parkour ඹቀࠏఖದگᄖֹྙᄎି׮৯ҩ൫đЇওҦ੻ᆕ

ඇ҆ࠏᆇބ਼

Extreme-Parkour ࣢đҩ൫๋ᄁa஋஁֩ۚ଴ߌ෿ྟࠞཋ஝८׮ۚ
ቔ׮؇

Isaac Sim

BEHAVIOR-1K ॴ௜෻ࡅ๖ࠎ޺ࢌ࣢ߌሙđЇݣ 1000+ರӈ಩ༀ

OmniGibson ປᆜ۽ऎ৽ᆦӻ֥ࡅ๖ӆࣟ࣢ߌ޺ࢌ

ARNOLD ದྙࠏఖದᄝགྷൌ࣢ߌᇏ֥֝ݴა޺ࢌ಩ༀҩ൫

MuJoCo

RoboSuite + Robomimic ປᆜ֥ࠏఖದҠቔ࿐༝۽ऎ৽đᆦӻଆٟ࿐༝

LIBERO ૫ཟე࿽ᆷ਷֥ࠏఖದҠቔࠎሙ

MetaWorld ჭ࿐༝ა؟಩ༀ࿐༝֥ѓሙ߄಩ༀࠢ

Gymnasium-Robotics ሸࠎྟކሙ௜෻đЇݣ Fetch(၍ྀࠏ׮ф)a
Shadow Dexterous Hand(ਲె൭)aMaze(֝ݴ)a
Adroit Hand(ۚሱႮ؇൭Ҡቔ)aFranka Kitchen(ԝ
ٜ಩ༀ)ބMaMuJoCo(؟ᇆିุླྀቔ)

RoboCasa a໾ุᆜ৘֩ࢱఖದ಩ༀࠢđೂౢࠏༀڛ๖ࡅ

RoboHive ሸࠏྟކఖದି࠯࿐༝௜෻

SAPIEN
ManiSkill ໾ุҠቔࠎି࠯ሙҩ൫đ఼ࠎטႿ֥҆ࡱ໾ุࢌ

޺

RoboTwin Ⴟࠎ 3DളӮაնე࿽ଆ྘֥ህࡅඔऌሱ׮ളӮ
ა௟ҩ၂ุ߄චфࠏఖದࠎሙ

CoppeliaSim

RLBench 100+ᇕ؟ဢࠏ߄ఖದ࿐༝಩ༀࠢކ

PerAct2 ఖದࠏ 3Dۋᆩ-׮ቔ࿐༝ࠎሙ

COLOSSEUM ࣢ߌఖದླྀቔაࣩᆚࠏ؟

PyBullet

CALVIN Ӊ྽ਙࠏఖದҠቔି࠯࿐༝

Ravens ఖದ൪तҠቔ಩ༀࠢࠏ

VimaBench ሙҩ൫ࠎଆ෿ᆷ਷۵ෛ؟

表 3-4 具身智能仿真模拟器与对应的基准测试集及其特点描述



第四章 具身智能行业应用

҂๝ႿԮ๤֥၇ঠෘمა৖ཌඔऌ֥ದ۽ᇆିđऎദᇆିቔູ၂ᇕྍ྘ᇆିྙ

ൔđఃྏނ৘୑఼טᇆିุᄝაݖ޺ࢌ࣢֥ߌӱᇏđ๙ۋݖᆩaྛބ׮࿐༝টൌགྷᇆ

ିथҦbᆃᇕٚൔڮჍਔᇆିุ࣢ߌൡႋູྛބႪି֥߄৯đՖࠞطնຉᅚਔఃႋႨ

మ৯bऎദᇆି࠯ඌଢభᄝ۽ြᇅᄯa၄ਏूအaࡅ๖ڛༀ֩ਵთđᅚགྷԛܼখ֥ႋ

Ⴈభࣟb

ᄝ۽ြᇅᄯਵთđ၂෻ձᄛྍ྘ᇆି༢๤ྀ֥ࠏфᆞుಖڿэሢളӁܿᄵbᆃส

Ⴎ Physical Intelligence࿹֥ؿ Pi-Zero༢๤҂๝ႿԮ๤۽ြࠏఖದđ෱ିཞದো۽࠯

Ϯ๙ܴݖҳট࿐༝ྍି࠯đ൐ࠏఖದऎСਔਬဢЧ࿐༝ބ૫ཟگᄖ಩ༀ֥ᆳྛି৯b

ࣚૡል஥ਵთ္ࣜ৥ሢۋᆩ࠯ඌ֥๬௥ྟ۪ྍđັၡᇆᄯ֥”Է Tron”༢ਙഡСࠢӮ

ਔٟള൪त༢๤đఃܻ؟௶ജཞ๨ି๝ൈѽሚॖܻ࡮აޣຓหᆘđᄝིۚࣚۚބ؇

֥ል஥۽ቔᇏіགྷ๬ԛđն֮ࢆږਔӁཌט൫ӮЧbᇆି॥ᇅਵთᆞ႒টე࿽޺ࢌ

֥۪ଁđັೈ۽ӱഽ๶ؒ࣍௹ᅚൕਔ๙ݖሱಖე࿽ᆷ۽ߨြഡС֥๬௥ྟࣉᅚğ০

Ⴈ ChatGPT౺֥׮॥ᇅ༢๤ିሱࢳ׮༅ეၬđളӮѩဒᆣ॥ᇅᆷ਷đն֮ࢆږਔ൫

հӮЧbᄝथҦᇆିٚ߄૫đέ৚ᄉࡼత໙նଆ྘ა۽ြࠏఖದധ؇ᆜުކđԷᄯԛ

ऎСᅞ੻නົ֥ᇆିุb༆νᇏܻ॓׈๷ԛ֥ᇆିࠏࢤݯఖದᄵᆻᄝูս۽ࢤݯದđ

ิۚളӁིੱđ֮ࢆളӁӮЧbᆃུ࠯ඌ๬௥ᆞᄝᇗܒᇅᄯြָ֥Ҫઆࠠbऎദᇆି

҂ࣇջটਔֆིׄੱิശđ۷ᇗေ֥൞ࡹܒఏऎႵି߄ࣉ৯֥ളӁ༢๤đ൐֤۽ြള

Ӂ༢๤൮ՑऎСਔӻ࿃ሱ໡Ⴊି֥߄৯b

ᄝႋؓದ१঺ਭิބ߄ശ၄ਏඣ௜֥චᇗ็ᅞᇏđऎദᇆିᆞᅚགྷԛ׿หࡎᆴb

ၛղٯఅ൭ඌࠏఖದູ২đᆃॻ۪ଁྟ֥ຓ॓൭ඌڣᇹ༢๤ିࣚܔಒᆳྛ్۩აډ

ᅚbರࣉਵთ๝ဢ౼֤ਔ๬௥ྟ޹ᅶۋҠቔđࠞնิۚਔ൭ඌ֥νಆྟაིੱb౦ކ

ЧӁြ࠯ඌሸކ࿹࣮෮ष֥ؿ ParoᇆିݚГࠏఖದđ๙ݖԨतّঌބലၻ്љ࠯ඌđ

ॖၛູ঺୍ದิ܂౦ۋᆦӻđࢳߏఃࢊ੮აۋ׿ܛbऎദᇆି࠯ඌ֥ؿᅚсࣉࡼ၂҄

ิۚ၄ਏაڛༀਵთ֥ᇉਈੱིބđ۷Ⴕֹིࢳߏ၄޹ದჴ֥۽ቔ࿢৯b

ᄝหᇕቔြਵთđऎദᇆିࠏఖದᆞᄝ๬௥ದো֥ି৯шࢸbᆃུᇆି༢๤หљ

ൡކᆳྛ೘োܱ࡯಩ༀğ൮༵൞ࠞ؊࣢ߌቔြđбೂݴ฿ฐҩބധݚाҰđࠏఖದॖ

ၛսูದোӵ൳ۚ࿢aڕഝ֩າག่ࡱĠఃՑ൞ႋࣷࠤჱđᇆିࠏఖದିധೆᄙݝགྷ

ӆෆࣷྜྷթᆀaᄎෂࣷࠤ໾ሧĠቋު൞າག௖ԩᇂđЇওֹূஆҰބЕᅉ໾ԩ৘֩ۚ
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ႋႨσ২ႆᆣਔᆃུႪ൝ğ໩क़ধफٚҐႨ֥࠽གቔြbൌڄ STIೡূ໭ದࠏ༢๤đ

ః့ຓቔြིੱղ֞ದ۽ஆূ֥ 4ПĠૅݓდݴअ҆ඇ֥”ၪ৯ྒࠅ”ݼӚđᄵᅚൕ

ਔሱᇶҐဢ॓ބ࿐ฐҩ֥ሜᄀି৯bᆃུԷྍႋႨ҂ࣇЌᅰਔದჴνಆđ۷նิږശ

ਔหᇕቔြི֥ੱॖބौྟb

Ֆ۽ြᇅᄯ֞ࡅ๖ڛༀđՖ၄ਏूအ֞หᇕႋႨđऎദᇆିᆞᄝၛః׿ห֥Ⴊ൝

ᄝ۲۱ႋႨਵთᅚགྷԛ٤ُ֥మ৯bෛሢ۷؟ఒြބ࿹࣮ܱ֥ܒࠏᇿđऎദᇆିсࡼ

৯b׮֥؎ჷჷ҂܂ᅚđູഠ߶֥Էྍაሇ྘ิؿ෎ࡆ

4.1 生活服务业

ऎദᇆିࡼᄝളڛࠃༀӆࣟᇏߨؿऍն֥ቔႨbᄝࡅ๖ᇏ߄ദಆିܵࡅđሱᇶປ

Ӯ༡၉ቓٖaౢࢱᅶ޹đൌൈ൯޹঺ದظ๠νಆĠᄝҔႂਬ൲ӆࣟэദູᇆି׋ჴđ

ۋ౦ູࢨࣉༀĠᄝ࢝ტதϴਵთڛ৘֥ಆ৽่ܵࡏࠊ֞ࡩ๷߄a۱ྟ۽ࡆՖൊҋ܂ิ

๬௥ದ৯ࡼbఃႋႨ׮޺აྏ৘ᆦӻđമᇀଆ୅౔Ⴖჹӱ֝ڣ࿐༝߄ᇅק܂ϴđิࠄ

अཋđᇗෑڛༀြ෿đൌགྷՖѓሙ߄সู׮սཟۚࡆڸᆴڛༀԷᄯ֥ॴᄀbᆃቋᇔࡼ

բളoದ܋ࠏളpྍള෿đӞָ൤٢۱ྟ߄aࠧൈ֥߄ളڛࠃༀమ৯b

၉໾༡ۂݤ৯ିྏނbః߄׮ༀಆੀӱሱࡅఖದᆞᇯ҄ൌགྷࠏༀӆࣟᇏđڛ๖ࡅ

ൡႋ༯ྙֹ؟෿хᅰა׮čࢱა൬ବĎaֹ૫ౢןোaᅼٳčᇆି്љҋᇉѩປӮ޹

֥গࡣٳࠍĎࠣ஬ᘡڣᇹčൊҋࡣٳa్஥აᄱ෻ҠቔĎbՎຓđ༢๤ିࣚ༥ܵ৘ူ

௖ࠣರႨ௖९թၛൌགྷಌྜิࠊაࣚሙ־ෂĠ๙࡟֚יݖҩაາག׮ቔყࣞčೂظ

๠஋஁ĎԨࠤࣅؿཙႋđൌൈࡅ޹ࡓ๖ӮჴνಆĠ๝ൈҠ॥ᇆିंࡅഡСč֧ܻ/ॢ

νಆྟაь০֥ࠃളࡅஞaୢ઄පĎđಆ૫ิശं֧ߐֆົྩč۷ࡥĎѩᆳྛࢫטט

ྟbᄝ࠯ඌ๬௥აӁ௖ઋֹٚ૫đ1X Technologies֥ NEOࠏఖದҐႨЇ׈֥ࢋ݁ڭ

၁ᇁ׮ఖൌགྷٟളࠔಽൔ౺׮đၛোڑҋਘଆ୅ದุࠔቆᆮྟ֐đࣚ܂ิ࠻ሙ৯ਈႻ

Ќᅰਔνಆྟđࠏھ྘Ⴟ 2025୍ 10ᄅᆞൔषఓყ൲đ߃࠹Ⴟ 2026୍ᄝૅݓ൧ӆष

൓ڱࢌbFigure AIੱ༵๷ԛ؊֞؊൪त⚶ე࿽⚶׮ቔčVLAĎଆ྘đᆺླ၂ओሱಖე

࿽ᆷ਷oPick up the [X]pࠧॖᄝᄖ੹࣢ߌᇏਬဢЧሂ౼಩ၩཬ྘ࡅႨ௖Ġఃֻؽս

Figure ಆྍކࢲ02 Helixଆ྘ࣉ၂҄ൌགྷਔॴࡅ๖࣢֥ߌᆩ്థ၍đѩఓ׮ਔᆇൌࡅ

๖ҩ൫bᇯ׮࠽৯࿹֥ؿ VideoGenMotiončVGMĎෘླࣇمӆࣟ๭ோބᆷ਷ࠧॖള

ӮҠቔ݅ࠖđϥຂਔؓݚਈᆇࠏඔऌ֥၇ঠĠః ֥҃ؿ2025୍ LimX OliಆԄժದྙ

ࠏᄖ಩ༀ֥ᆳྛି৯bᇆჭگຩ౯֩ࡤđᅚൕਔಆሱᇶم॥ᇅෘ׮ᄎྏނކࢲఖದࠏ



ఖದ๷ԛࠎႿϤຣᆇࠏඔऌ࿞਀֥ GO-1ऎദնଆ྘đൌགྷן၉ڛa֚ඣ֩Ӊ྽ਙگ

ᄖ಩ༀĠఃoჹᆘ A2-Wp੽ൔ๙Ⴈࠏఖದၘᄝ۽ြӆࣟൌགྷ࣍Ϥ෻ܿଆ֥҆ඇbత

࿙ᇆି֥ Spirit v1 VLAଆ྘۾क़ਔ಼ྟ໾ุҠቔ଴ีđ၉໾ᅼןӮੱۿჿ 70%-80%Ġ

2025୍Ⴛ๷ԛಆദۚࣚ؇৯॥֥ Moz1ࠏఖದࠣശࠩϱଆ྘đᅚགྷਔ֥ࠞۚࡅༀٗ

ఖದ֥WALL-A؊֞؊նࠏള෿္႒টਔᇗնԷྍbሱэਈࢸbഅြଆൔაॴྟ߄

ଆ྘ᄝԩ৘ਉ၉ڛaߐᆼ์ѓ֩಩ༀᇏ׮෿޺ࢌ಼ېࢫטđگᄖྙэӆࣟӮੱۿӑ

90%Ġ2026୍Ԛ۷৳ކo58֞ࡅpᄝധᎪ๷ԛਔႮЌࢱದჴაࠏఖದླྀ๝ቔြ֥ᇆ

ିЌڛࢱༀଆൔbྒӣᇆି๷ԛ Astribot S1đൌགྷഷ౺Ԯ׮ა಼ېᯒކഡ࠹đປӮ҈

ምaೡগ֩ࠍ಩ༀđѩ๙ݖԨत௃ڑնิږശνಆྟbՎຓđ׈ࡅაӚఒ֥ॴࠞࢸն

ఖದđିࠏള෿֥oૅঘpචቀंࡅೆᇆିࢤ؇๖ള෿ğૅ֥ࠢ๶๷ԛധࡅਔڶپ

ᆰັ׮৳ࢤѯ੖ა༡ຜࠏѩ߃࠹ ĠཬவచӚ֥׋ሁཌ༯ุဒࣉ2026୍ IronᄵҐႨሱ

ᇶ࿹֥ؿ E-Skin಼ྟކگҋਘቔູಆദۂڭҪđԨ࣍ࢤۋದোᆇ௃đն֮ࢆږਔࡅ

๖Ӯჴ֥ྏ৘ஆԇۋbᄝݚຓభခฐ෬ᇏđหථঘ Optimus Gen फԝٜӆࣟđఃࣉ3

஥С֥ 22 ۱ሱႮ؇֥ਲె൭ᆻᄝᆦӻ۲োളࠃӆࣟᇏ֥ࣚ༥ҠቔĠApptronik ކ৳

Google DeepMind ൐ ApolloࠏఖದऎСਔ҄؟๷৘აӈ്આࠠܿି߃৯č২ೂҰ࿘

ܿᄵުᆳྛগٳࠍো಩ༀĎĠپโ֥ PunyoೈุࠏఖದԷྍྟ০Ⴈ಼ೈ֥ྣ҆აචф

षჷ֥ڞԨνಆྟĠථฌࢤАն྘ᇗ໾đิശਔ໾৘ߌ Mobile Alohaᄵၛ֮ӮЧۚ

ඌডЧb࠯ఖದ֥ࠏ஬ᘡؿбӮູਔಆ౯࿹ࡎྟ

Ҕႂაਬ൲ӆࣟᇏđࠏఖದᆞಆ૫ିڮಆ৽่ڛༀbᄝުԝđࠏఖದིۚСҔđ

ൌགྷൊҋ్۩aᇆିީࠅ॥ᇅაࣚሙል஍Ġᄝభ๏đ༢๤ᆦӻ؟ምླྀ๝஥ෂaეၻ޺

ఖದିൌࠏĎb๝ൈđ׽োაཨٳ൬čҔऎ്љaҗᄿ߭ࢱౢ߄׮ճၐၛࠣҔު֥ሱ׮

ൈࡏࠊྛࣉᇆି࿛࡟ა׮෿९թყҩđ๝҄ປӮҀࠊഈࠣࡏਢ௹ิྜb၇ກ໭ದ߄ҝ

ԥ༢๤đऎദᇆିॖൌགྷ 24ཬൈۚ෎ࡣٳaۚૡ؇ࠊ௖թ౼ࠣרֆյЇ์ѓđᄝູ

ཨٮᆀิุ߄۱ྟ܂ဒčุ྘/ொ֥׮౺ݺԬձ๷ࡩaקᇅऴ٥ঘ޽Ď֥ ๝ൈđಆ૫ิ

ശਔᄎႏིੱbഅြႋႨσ২ᅚགྷਔ֥ࠞۚઋֹ෎؇ა࠯ඌധ؇bFigure AI֥ Helix

VLAଆ྘ିᄝໃ֥ݖ࡮ᆇൌӑ൧ࠊ௖ഈđࣇ௝ሱಖე࿽ᆷ਷ࠧॖ്љaሂ౼ѩٳো

ള༷აЇልൊ௖đൌགྷਔ oؓతэຣ߄അ௖pਬဢЧҠቔ֥๬௥bNEURA Robotics֥

oಪᆩླྀቔࠏఖದpMAiRAࠢӮ 3D൪तaეၻ്љaੂሱႮ؇৯/୥इԮۋაԨଃۋ

ᆩđॖᄝࡗࡏࠊሱᇶປӮoൌൈ஍ׄ-ᇆିҀࠊ-ֹ૫ౢࢱpಆੀӱ಩ༀĠ๝ൈđః๙

Ⴈದྙࠏఖದ௜෻ 4NE-1ࣉ၂҄ۂڭਔোਬ൲აࡅᆟކࠁ಩ༀbၿފ๙Ⴈ҂ࣇൌགྷ

ਔ 24ཬൈ໭ದူٜ֥ಆሱᇶူ௖ࡣٳა஥ෂđ۷ᄝ 2025୍ઋֹಆ౯൮۱oၿފ෾ॢ



Ҝpऎദᇆି໭ದь০׋đ׋ଽ Galbot G1ࠏఖದॖሱᇶᇅቔѢᛝਥࠣགྷଈऴ٥đປ

Ӯಆоߌ໭ದ߄ᄎႏbྒ ֥ؿჭषࡀ׮ ERA-42նଆ྘ކࢲఃሱ࿹֥໴ᆷਲె൭ྒ׮

XHAND1༢ਙđၘିປӮୢ઄පa֚ඣ֩ഈϤᇕگᄖਲెҠቔ಩ༀĠቋྍྒ֥҃ؿ

׮ L7ࠣQ5۷൞ࡼᆃུି৯ཟҔႂభ๏აުԝླྀቔധ؇ຉᅚbდඎ֥॓࠯Unitree G1

ਈӁϱၛ֥ࠞۚྟࡎбյೆ൧ӆđӮۿᅚൕਔषఓނลaԝٜ஬ᘡ֩ࣚ༥ି࠯đӮູ

ཬັਬ൲აҔႂӆ֥ࣟమ৯ࠏ྘b

ݖb๙ିۿ߈ܱۋਔᆩ്Ԯ൱ა౦ކఖದധ؇ವࠏ๖࢝ტაதϴӆࣟᇏđࡅ AI

඲࢝đࠏఖದॖൌགྷቔြᇆି஻ڿაᆩ്ׄҷࢳđ൭Ϝ൭ᆷ֝щӱაၜඌఓ૎đѩष

ᅚ؟ეᇕ౦ࣟؓ߅࿞਀bࠎႿັі౦აეၻٳ༅đࠏఖದିൌൈ്љ౦࿂ѯ׮đളӮ

ܒఖದॖ๝҄ࠏႳ༤ĎbՎຓđ߄ᇅקඍaࢃ൙ܣčೂ׮޺౦܋܂ඌѩิ߅੮ൿ֝ࢊ

ჱĠ۷ॖ๙ࣷࠤࣅaෂူ່ඣࠣྜิူڛؿҩุაྏੱၳӈѩԨࡓđߌ৘оܵूࡲࡹ

აླྀቔି৯bె࠯๙܎๠֥ظӆ֥ࣟ࢘೤ϲဆႳ༤đ༢๤ྟ஡အࢌ๖ഠࡅ/ଆ୅཮ჳݖ

ཌྷܱႋႨᆞࡆ෎ཟཨٮაूအ൧ӆറ๩bႪс࿊֥WelliႪ၊ಖࠏఖದࠢӮეၻaԨ

तa൪त؟ଆ෿޺ࢌđᆦӻࡓूࡲҩა౦ۋதϴđି๙ݖ౦࿂്љෘٳم༅ظ๠૫҆

і౦ބეၻეטѩ׮෿טᆜ׮޺ଽಸĠ๝ൈđఃཨࠩٮ Alpha༢ਙಆ૫ശࠩਔ AIGC

৯๷ԛ֥ᇆି׮ఖದ္ᆞᇯ҄ᄝۚ؊အ঺ഠ౵ઋֹbົ෰ࠏაщӱ࢝࿐đूအ߅ؓ

ϴෛࠏఖܐ VbotԷྍႄೆְൖୄم߂׮ᄵഡ׮޺ࢌ࠹ቔđ๙ݖಆଆ෿ࣚ޺ࢌሙѽሚ

Ⴈ޼౦࿂ѩิྏ܂৘ൿ֝đః VLAଆ྘๤၂ਔoु׭-๐׭-ቓؓ-ࢳ൤ౢԣp֥ಆ৽

ਫ਼đଢభၘაࣘתղӮᅞ੻ކቔࣉफཨٮ൧ӆbໄড֥॓࠯ BabyAlphaࠏఖܐശࠩ

ਔ GPT؟ଆ෿޺ࢌđଽᇂնე࿽ଆ྘ѩຉᅚਔظ๠߻Чᄇିۿ׮޺؀֩bڰ০ွᇆ

ିᆌؓूအӆࣟ๷ԛ GR-3đ٢ఙਔ۽ြڄ႗঵ຓ॔ሇطҐႨჵ೎໑୰֥ೈԨۋЇڭ

ҋᇉđᇶյ౔ބ৯ა౦޺ࢌۋđ҂്ିࣇљ঺ದ౦࿂ྛࣉ਍฿νڢđ۷ᇁ৯Ⴟડቀڣ

ᇹத޹აӉᆀु֥޹໾৘ླ౰b

4.2 工业

ြऎദᇆ۽ čିIndustrial Embodied IntelligenceĎ൞ᆷ๙؟ݖଆ෿ۋᆩವކa׮෿

ြӆࣟᇏđ၇ऌളӁଢѓေ౰۽קఖದ֩ᇆିุᄝཋࠏđ൐ߌଆაሱᇶथҦоࡹ࣢ߌ

ჷၳ؟Ⴟࠎหᆘіགྷູğྏނඌა༢๤bః࠯ၜੀӱჿඏđປӮളӁቔြ಩ༀ֥۽ࠣ

ၜ۽৯đၛࠣൡႋି߃ᆜ֥ൌൈथҦܿט෿׮৯a૫ཟӁཌିࢳᆩ৘ۋ࣢ߌඔऌ֥ܒ

ᄁശაνಆྟקശࠩaᇉਈ໗߄ӱ֥ᇆିݖս֥ࣚሙ಼ྟᆳྛି৯đቋᇔൌགྷᇅᄯם



ളӁЌᅰb

ཌྷࢠႿष࣢ߌ٢༯֥๙Ⴈऎദᇆିđ۽ြӆࣟऎႵ߄ܒࢲӱ؇ۚa۽ၜੀӱѓሙ

๷ބြऎദᇆିႵຬ۷ᄪൌགྷնٓຶઋֹ۽ყҩ֩ཁᇷหᆘđၹՎॖ׮࣢ಠߌa߄

ܼbಖطđགྷսᇅᄯြӯགྷ಼ྟؿ߄ᅚ౴൝đऎႵ൧ӆླ౰קᇅ߄aӁ௖۷ྍםսॹa

؟ܤ࡙ྶߎ๝ൈđ֥؇ࣚ۽ࡆਔᇅᄯӁཌေᄝЌᆣᇅᄯקၜ௖ᇉေ౰ۚ֩หׄđथ۽

ॻӁ௖࡙ބಸ؟ᇕ۽ၜbၹՎđ಼ྟᇅᄯൈս֥۽ြऎദᇆି૫ਢਆն׿ห็ᅞb

಼ྟൡ஥ა۽ၜࣚ؇֥׮෿௜ޙğᄝႋؓ؟௖ᇕaཬ஻ਈളӁླ౰ൈđࠏఖದ࠻

ေЌᆣᇅᄯࣚ؇čೂచӚል஥ࣚ؇ສສླေղ֞පࠩ ±0.05mmĎđႻေਲࠃႋؓၹᇅ

ᄯ௖ো۽ބၜ׮෿э߄ႄఏ֥۽ঃэ߄aӁཌᇗ็֩ܒᅞbՎຓđႮႿཬ஻ਈᇅᄯ

଴ၛ๙ݖᇅᄯܿଆটข௜ӮЧđ಼ྟᇅᄯӁཌສສ໭مቓ֞ཞԮ๤նܿଆᇅᄯӁཌ

֥ࣚ؇b২ೂđྍିჷచӚӚ྘۷ྍםսॹđສສླေ၂่ӁཌࠁӁ؟ᇕӚ྘đӁཌ

ࣚ؇აԮ๤ಗႲӚᇅᄯ֥ህႨӁཌ໭م๝ರطეđ֌ѩ҂ିၹ۽֮ࢆطၜඣ௜ေ౰b

ၹՎđೂޅᄝ֮ࣚ؇ӁཌഈປӮۚࣚ؇۽ၜđ္ູ۽ြऎദᇆିջটਔऍն็ᅞb

๙Ⴈି࠯აህ૊۽ၜ֥Ⴕࠏ๤၂ğᇆିᇅᄯࠏఖದ࠻ေऎСॴਵთ֥ࠎԤҠቔ

ି৯đೂሂ౼a٢ᇂaል஥aୢࣅa݅ࠖ۵ሶa౷૫ෛྙ֩đႻေᅧ໤૫ཟหקᇅᄯ

đႻླေି࠯Ԥࠎ۵ሶ֥ډݯေऎСླ࠻ఖದࠏࢤݯb২ೂđᇆିି࠯ࠩࡅၜ֥ህ۽

ऎС۽ࢤݯၜᆩ്đೂ҂๝۽ࢤݯၜaଛҋᇕোa௡१ྙሑ่֩ࡱ༯֥۽ၜҕඔഡ

ᇂđၛࠣᆩ്-ඔऌච౺۽ࢤݯ֥׮ၜ॥ᇅି࠯đ๙ࢤݯؓݖಶӽ֥ൌൈࡓ॥ބоߌ

ّঌđؓ׈ࢤݯੀaݯశ࢘؇a၍׮෎؇֩۽ၜҕඔྛࣉൌൈט॥đՖطಒЌࢤݯᇉ

ਈbၹՎđೂࠎޅႿࠎԤ๙ႨҠቔି࠯ൌགྷหگקᄖᇅᄯ۽ၜđ൞۽ြऎദᇆି૫ਢ

ห็ᅞb׿֥

ြᆭଷđೂ๭۽ބြᆭ൭۽ြᆭငa۽ູٳඌնᇁॖ࠯ྏނြऎദᇆି֥۽ 4-

1෮ൕb۽ြᆭင๙ࣚݖૡۋᆩ༢๤ؓᇅᄯؓའݖބӱࣚྛࣉሙࡓҩđླ๬௥߄ܒࢲ

ӆ֥ࣟህႨۋᆩđൌགྷ૫ཟگᄖaॖэ۽ঃ֥؟ଆ෿a๙Ⴈۋ߄ᆩა৘ࢳbླေᇿၩ

֥൞đ۽ြᆭင൞၂۱ܼၬ֥ۀ୑đѩ٤ᆺЇݣ൪तۋᆩđ္ۂݤ৯Ԩतaӑലѯa

ൌൈaࣚሙҠ॥টൌགྷଖݖఖದ๙ࠏြ۽ြᆭ൭൞ᆷ۽ᆩbۋᇕଆ෿֥؟֩ݼྐ׈

ᇕᇅᄯ۽ၜ֥ᆳྛაט॥đླ๬௥૫ཟყഡ۽ၜ֥৖ཌщӱཋᇅđൌགྷ૫ཟگᄖᇅ

ᄯ۽ၜ֥ሱൡႋaᇆି߄aᄝཌט߄॥b۽ြᆭଷ൞۷ູބ߃֥ܴܿޡथҦđ၂Ϯ൞

ᆷؓᆜ۱ᇅᄯӁཌ֥ᇆିט؇aஆӁႪ߄აቋႪ॥ᇅđླ๬௥קܥᇅᄯੀӱ֥Ⴊ߄đ

ൌགྷ૫ཟ؟಩ༀa؍۽؟a໊۽؟ಆअஆӁႪ߄đ๝ൈླߎေਲࠃൡႋളӁ಩ༀ֥׮



෿э߄čೂרֆэ۷aҬֆ֩Ďb֒ಖđᆜ۱۽ြӁཌ֥ᇆିaིۚᄎሇđ൞҃ٳᄝ

۲ԩ֥ԮۋఖčငĎބᆳྛఖč൭Ďđᄝࠢᇏ҃ٳࠇൔ҆ඇ֥۽ြᆭଷ֥๤၂ࡓ॥ބ

bݔࢲᄎྛ֥טᆭ༯ླྀ؇ט

图 4-1 工业具身智能的挑战与核心技术

4.3 农业

ෛሢಆ౯୪ြ૫ਢস׮৯؋ಌaሧჷႵཋބగީэ؟֩߄ᇗ็ᅞđ୪ြބ߄ྀࠏ

ᇆି߄Ӯູิശ୪ြളӁིੱॖބӻ࿃ؿᅚ֥ܱ࡯ਫ਼ࣥb୪ࠏልСa୪ြࠏఖದ֥ऎ

ദᇆି࠯ඌđቔູ୪ြགྷս֥߄ᇗေቆӮ҆ٳđᆞᄝ࿡෎ဆࣉbᄝoۋᆩ-थҦ-॥ᇅ

čᆳྛĎpܒࡏ༯đ๙ࠢݖӮ໊קა֝࠯ݴඌaԮۋఖ࠯ඌa๙ྐ࠯ඌaऎദᇆିაඔ

ऌԩ৘࠯ඌaۋᆩ-थҦ-॥ᇅ၂ุ߄ഡ࠯࠹ඌ֩ऎദᇆିčEmbodied IntelligenceĎభ

ခ࠯ඌđऎദᇆି࠯ඌ҂ࣇཁᇷิശਔ୪ြྀ֥ࠏሱᇶቔြି৯đߎൌགྷਔࣚሙ୪

ြaሧჷႪ߄஥ᇂ࣢ߌބႶݺ྘ളӁđఃׅ྘႗ܒࡏࡱೂ๭ 4-2෮ൕb

ຶಡ୪ࠏልС֥ऎദᇆିđ֒భൌ࡬ᇶေࠢᇏᄝၛ༯ࠫ۱ٚ૫ğ

č1Ďሱࡐ׮൒༢๤



图 4-2 农机装备具身智能硬件架构



གྷࣂđಆ౯ᇶေ֥୪ࠏᇅᄯഅđೂჿغְݩčJohn DeereĎaCNH ြčCNH۽

IndustrialĎa຺Ҹূ໥aᇏݓ၂຀aᇏ৳ᇗ॓aࠞ࠯٦॓a޿ҩ֝֩ݴđࣜၘ׻๷ԛ

ਔႵሱࡐ׮൒֥ିۿ୪ࠏഡСbᆃུഡСࠢӮਔۚࣚ؇ GNSSaLiDARބജཞ๨֩

Ԯۋఖđѩձᄛਔ༵֥ࣉሱᇶ֝ݴෘمb෱ૌିܔᄝყഡਫ਼ࣥഈሱᇶቔြđൌགྷሱ

غְݩᆜਫ਼ࣥbбೂđჿטљᅰθ໾ѩ്ିߎbՎຓđᆃུഡСݴ֝׮ 2025୍๷ԛ

Next-Gen Autonomy Kitა AutoTrac 2.0đ8R/9RX༢ਙሱࡐ׮൒຀ঘࢹࠏᇹձᄛ 16ਫ਼

৫ุ൪तა Nvidia AIྉோđ360°ۋᆩa24૜ຓхᅰa±2.5cm໊קđିᄝگᄖ୪โ

ቔđ๷ԛކູ޿đᆦӻིۚ໭ದቔြb຺Ҹূ໥აݴ࣢ᇏൌགྷሱᇶ֝ߌ CVTᇆି຀

ঘࠏč340ઔ৯Ďđ๙ݖК׶ +5G+шჸ࠹ෘđൡ஥նโა౭ਲ਼đປಆ໭ದࡐ൒b޿ҩ

ݴ֝ ҃ؿ2025୍ NX612ሱ׮ሇཟ༢๤đҐႨ؟ଆ GNSSčRTK/PPPĎđ֝ݴ༂ҵᄝ

±2cmၛଽđൡ஥ಆֹྙb

č2Ď୪ြࠏఖದࠢಕ

ࠢಕᇆି࠯ඌቔູ୪ြ໭ದࠏčUAVĎა୪ြ໭ದӚčUGVĎᆳྛॢֹླྀט಩ༀ

ԤྟᆦӪbᆌؓࠎ֥ UAVა UGVླྀቔđ۴ऌщؒჭ෍ቆӮ֥҂๝đఃླྀቔቆᆮྙ

ൔᇶေູ؟ UAVॢᇏླྀቔa؟ UGVֹ૫ླྀቔࠣ UAV-UGVॢֹླྀቔbླྀቔщ֥ؒ

ቆᆮྙൔ۴ऌ۲ྐׄࢫ༏ٚ޺ࢌൔ҂๝đ၂Ϯ҃ٳູٳൔaࠢᇏൔٳބ೛ൔđႮႿٳ

҃ൔҦ੻൞ࠎႿअ҆ྐ༏޺ࢌປӮླྀቔщؒđఃაള໾ࠢಕ֥ྐ༏Ԯྙ־ൔ۷์࣍đ

๝ൈॖၛ࡙ܤቔြࣚ؇აྐ༏ڵ޺ࢌք֩ٚ؟૫ྟିđླྀ҃ٳቔऎႵ۷ູ๬ԛ֥ႋ

ႨႪ൝აฐ෬ࡎᆴbطᄝअ҆ྐ༏޺ࢌ༯đൌགྷࠢಕླྀቔቔြđིۚࣚሙປӮ୪ြ಩

ༀđӮູ୪ြ UAV-UGVླྀט಩ༀ֥ܱࢫߌ࡯bࠢಕླྀቔᄝ୪ြਵთᇶေᆳྛဪۋa

ҩ߻aѨԋࠣݝᄖҤࡓ൪aീူ֩୪ြᆱЌ಩ༀđၛࠣ୪ြ൬ࠆaᄎൻ಩ༀbбೂđ

CNH۽ြ֥ሱࡐ׮൒༢๤ᆦӻࠏಕླྀ๝aэਈቔြđᄝКૅaଲૅնܿଆႋႨbᇏݓ

၂຀֥ޣٚת LF2204/LF1104໭ದ຀ঘࠏđ๙ݖК׶ RTK֥֝ݴ༂ҵ॥ᇅᄝ ±2.5cm

ၛଽđᆦӻሱו׮๨aࠢಕቔြb

č3Ďࣚሙ୪ြႋႨ

ऎദᇆି࠯ඌᄝࣚሙ୪ြ৚֥ႋႨჟܼٗؿđೂሱ׮Ѭᇕaࣚሙീ٧aࣚሙந

ူaᇆି൬۩֩׻ࢫߌЇݣᄝଽbᇆି୪ିࠏൌൈࡓҩ๲ಛു؇aအݣٳਈၛࠣቔ໾

ളӉሑ෿đ၇ऌ҂๝౵თ֥ླ౰ሱט׮ᆜቔြҕඔđࣚሙ০Ⴈሧჷbбೂđീ٧໭ದ

࣢ߌӁളطਈീ٧ݖᆜđٝᆸၹטၛࡆീ٧౵თބఖඔऌൌൈؓീ٧ਈۋ০ႨԮࠏ

໪ಙބջটࣜ࠶෥ാbᇏ৳ᇗ֥॓ඣ֟ᇆିҬဖࠏձᄛᇆࡐ༢๤đሱࡐ׮൒a၂ದ؟



֥࠯ຣଙҩ൫bࠞ٦॓ݖࣜࠏ۩Пđః໭ದ൬يaིੱࠏ APC2ሱࡐ၎đ֝ݴ༂ҵᄝ

±2.5cmၛଽđൡ஥຀ঘࠏaҬဖࠏaҐૣࠏđApp၂߃ܿ࡯ਫ਼ࣥb

č4Ďᇆିхᅰაνಆ༢๤

ᇆିхᅰ༢๤ࢹᇹ؟Ԯۋఖವ࠯ކඌđି ൌൈؓᇛшۋྛࣉ࣢ߌᆩđ് љమᄝᅰ

θ໾đሱؓ׮ቔြਫ਼ࣥࡆၛטᆜđՖطЌᅰ୪ࠏᄝگᄖ୪โ࣢ߌ৚νಆᄎྛb༢๤ࢹ

ᇹ AIෘॖمყҩᅰθ໾׮෿э߄đՖิطభቔԛّႋbਸ਼ຓđᇆିνಆ༢๤္Ⴕࣅ

νಆྟაॖ֥ࠏ၂҄ิۚ୪ࣉ߶đᆃିۿ॥aνಆࣞБ֩ࡓҩaჹӱ࡟ᅰܣ๔ᆸaࠤ

ौྟbбೂđCNH۽ြ֥ᇆିхᅰ༢๤߶ൌൈؓ LiDARބജཞ๨֥ඔऌٳྛࣉ༅đ

Ֆطሱ׮хषᅰθ໾đЌᆣቔြൈ֥νಆྟb

č5Ď୪ܵूࡲࠏ৘აყҩྟົ޹

ᇆି୪ࢹࠏᇹ໾৳ຩაնඔऌٳ༅đିൌൈࡓҩ֥ࡱྀ҆ࠏሑ෿đषᅚܵूࡲ

৘đྛࣉିߎყҩྟົ޹b༢๤ٳ༅Ԯۋఖඔऌđॖყҩమᄝܣᅰđิభົ޹ഡСđ

ٳྛࣉఖ֥ඔऌۋ໑؇ԮބఖۋԮ׮ᆒݖაົྩӮЧbбೂđ๙ࡗൈࠏഒഡС๔ࡨ

༅đࣼିࠣൈҳतࠇࠏ׮ؿᆀԮ׮༢๤֥ၳӈđՖྛࣉطყٝྟົ޹đ࿼ӉഡС֥൐

Ⴈ൰ଁbჿغְݩ๙ݖ Operations Centerൌགྷჹӱࠏಕܵूࡲ৘޹ົބb

č6Ď୪ିࠏჷܵ৘აੳ೤୪ြ

ੳ೤୪ြᄝໃট୪ြؿᅚᇏ൞ᇗေٚཟđӚᄛऎദᇆି࠯ඌᄝିჷܵ৘ٚ૫ఏ

ሢܱ࡯ቔႨbؿᅚཞࠇ׮׈ᆀ׮ކࠁ৯໭ದ୪ࠏᆃোི֥ۚ׮ିࢫ৯༢๤đࡨ࠻ഒਔ

ࠏ॥୪ࡓ࣢໪ಙbᇆିିჷܵ৘༢๤ॖൌൈߌഒਔฏஆ٢აࡨെಗਘ֥၇ঠđႻ߄ؓ

֥ିჷ൐Ⴈ౦ঃđѩྛࣉႪ߄đՖିۚิطჷ০Ⴈིੱđ՜ࣉ୪ြഡСཟੳ೤ٚཟሇ

эbбೂđ໭ದ຀ঘࠏႵ׮׮׈৯༢๤ބᇆିିჷܵ৘༢๤đॖၛႪି߄ჷٳ஥Ќᅰ

ቔြൈࡗӉ౏ིۚb

໭ದࡐ൒୪ࠏေൌགྷሱᇶቔြđࣚ ሙ໊קა֝ݴ൞ࠎԤđᆃဢ୪ࠏҌିοყקਫ਼

ིࣥۚaνಆֹປӮ۲ᇕ୪ြ಩ༀbཌྷܱܱ࠯࡯ඌЇওğ

č1Ďಆ౯֝ݴ໏ྒ༢๤čGNSSĎ

ğԢਔԮ๤໊֥קކ༢๤ವ؟ GPSaGLONASSaGalileoބК׶༢๤đགྷս୪ࠏ

ӈҐႨ؟༢๤ವ࠯ކඌđ๙؟ݖ໏ྒ༢๤֥ྐݼčGPSaGLONASSaGalileoބК׶

׮ौྟbൌൈॖބ؇໊ࣚק࣢ᇏ֥ߌᄖ୪โگĎॖၛิۚᄝݼ۱໏ྒ༢๤֥ྐ؟֩

෿໊קčRTKĎაຩ઎ RTKğRTK࠯ඌ০Ⴈࠎሙᅟؿԛ֥ҵྩٳᆞྐ༏đൌൈิശ



GNSS໊ࣚק؇ᇀ৐૜ࠩbቋྍ֥ຩ઎ RTKڛༀࢹᇹܼთຩ઎đ৵ࠎ۱؟ࢤሙᅟđൌ

གྷਔ۷ܼ֥ٗۚࣚ؇໊קđᄹ఼ਔ໊֥קਲྟࠃაۂڭ౵თĠᄹ఼྘ GNSSྐݼԩ

৘ğ؟ࡼਫ਼ࣥၝᇅۄॆބಠ࠯ඌ༵֩ݼྐࣉԩ৘ෘمཌྷކࢲđၛՎิۚ GNSSྐݼ

֥໗ބྟקሙಒྟbᄎႨࠏఖ࿐༝ෘمটႪࢳݼྐ߄ෘੀӱđᄹ఼ᄝگᄖ࣢ߌ৚֥ק

໊ྟିb

č2Ďܸྟ֝ݴ༢๤čINSĎ

ۚࣚ؇ MEMS ܸྟԮۋఖğቋྍ֥ MEMS ܸྟԮۋఖࣚ؇۷ۚđ໗۷္ྟק

఼đᄝັཬ֥ᆒ׮აԊ࣢ߌࠌ༯đି۳ԛॖौ໊֥קඔऌbෛሢ༵֥ࣉᇅᄯ۽ၜބ

ҋਘ॓࿐֥ؿᅚđINS༢๤္۷ࣅࡆ՘a౞ਈ߄đ൐ఃିࠢܔӮ֞۲ো୪ࠏልСᇏb

GNSS/INSധ؇ವ࠯ކඌğ০Ⴈധ؇࿐༝ބሱൡႋੲѯෘمđିૼܔཁิۚᆜุ໊ק

༢๤֥ࣚ؇ބਗ਼ϿྟbGNSSି܂ิܔӉ௹֥ध໊ؓקđط INSିิ؋܂௹֥ཌྷؓק

໊bؽᆀཌྷކࢲđࣼିղӮۚ௔ੱ౏࿼Ӿ֥֮۷ྍ໊קđᆃဢ୪ࠏᄝگᄖֹྙაذਜ

฿గ่ࡱ༯֥ӻ࿃֝ିݴ৯ࣼି֤֞Ќᅰb

č3Ď൪त֝ݴა৚ӱ࠹

čVisualࡹܒაֹ๭໊ק൪त๝֥҄ࣉ༵ SLAMĎğࡼധ؇࿐༝ଆ྘ބൌൈ๭ཞ

ԩ৘࠯ඌཌྷކࢲđิۚ Visual SLAMᄝ׮෿ބໃᆩ࣢ߌ৚֥໗ྟקაሙಒྟbҐႨ

؇࣢ֹ๭đၛൌགྷۚࣚߌ֥߄ඌđളӮࣚ༥࠯ఖۋяੱূղԮٳۚކࢲജཞ๨༢๤؟

֥ሱᇶ֝ିۿݴbധ؇ജཞ๨ა৫ุ൪तğҐႨऎСۚ׮෿ٓຶčHDRĎ౏ᆌ֮ؓᅶ

ധ؇ജཞ๨đิ֥߄࣢Ⴊߌ؇ ശᄝ҂๝ܻᅶ࣢ߌ༯֥೘ົۋ࣢ߌᆩି৯bϜ৫ุ൪त

ෘބمധ؇࿐༝ཌྷކࢲđิۚᅰθ໾࡟ҩაਫ਼֥ࣥܿ߃ሙಒྟაൌൈྟb؟ଆ෿Ԯ

࣢ߌđಞކଆ෿ವ؟ྛࣉఖඔऌۋ൪तྐ༏۵ূղaӑലѯᆭো֥ః෰Ԯࡼğކವۋ

đކࢲ૜ѯূղඔऌཌྷݸބ൪तඔऌࡼശbбೂඪđิ֤֞׻ᆩ֥ಆ૫ྟაሙಒྟۋ

ିൌགྷ۷ॖौ֥ᅰθ໾്љაхᅰିۿb

č4Ďۚࣚ؇ඔሳֹ๭

ۚࣚ؇ඔሳ୪โֹ๭ğࢹᇹۚٳяੱဪۋඔऌa໭ದݴࠏஅሧਘֹࠣ૫Ԯۋఖྐ

༏đࣚۚࡹܒ؇a׮෿۷ྍ֥୪โඔሳֹ๭bࠢӮ๲ಛো྘aቔ໾҃ٳaඣჷ໊ᇂၛ

ğمෘ߃ሙቔြđൌགྷᇆିथҦbᇆିਫ਼ࣥܿࣚିࠏ༏đಞ୪ྐ؇ົ؟༢๤֩ۃܹࠣ

ҐႨࠎႿധ؇఼߄࿐༝؟ބଢѓႪ֥߄ਫ਼ࣥܿ߃ෘمđ׮෿ֹؓቔြਫ਼ࣥࡆၛႪ߄b

ෘࠧܔିمൈൡႋ୪โ࣢֥ߌэ߄đхषᅰθ໾đטᆜቔြٓຶđѩႪ߄ሧჷ஥ᇂđ

ղӮ؟ଢѓႪݔི߄đՖิطശቔြིੱࠣሧჷ০Ⴈੱbሱൡႋֹ๭۷ྍࠏᇅğࡼൌ



ൈԮۋఖඔऌ۵໭ದࠏൌൈࡓҩཌྷކࢲđಞ୪โֹ๭֤ၛሱ۷ྍ׮აົ޹bࢹᇹᄉ؊

෿ਫ਼׮ఃؓିߎ๝ቔြđླྀࠏ෻୪؟ཚֹ๭ඔऌđၛᆦӻ܋ෘ௜෻đିൌൈ๝҄a࠹

ࣥቔԛטᆜb

ᄝۋᆩҪ૫đ୪ࠏ๙؟ݖᇕԮۋఖླྀ๝۽ቔ࣢ߌ౼ࠆაቔြሑ෿ྐ༏đׅ ྘஥ᇂ

Їওğ

č1Ďܻࠗূղğۚૡ؇ܻࠗೡ૭၎ॖളӮࣚಒ֥೘ົ࣢ߌଆ྘đၛ്љ୪โ৚֥

ᅰθ໾aֹྙэބ߄ቔ໾҃ٳbܥ෿ LiDAR࠯ඌุࠒཬaӮЧ֮aॖौྟۚđ෮ၛ

ᇯࡶᄝ୪ြ໭ದބࠏ୪ࠏልС৚ႋႨఏটđิശਔۋ࣢ߌᆩི֥ੱࣚބ؇b

č2ĎূղԮۋఖğᄝذਜ฿గ༯đݸ૜ѯূղაӑലѯূղಯି໗۽קቔđॖႨ

ট࡟ҩჹए৖ᅰθ໾ၛࠣ׮෿࣢ߌэ߄b؟௔ূղ࠯ඌ҂؎ؿᅚđ࡟ҩࣚ؇აॆۄಠ

ି৯ۚิ׻ਔđূղԮۋఖᄝگᄖ୪โ࣢ߌᇏ֥ႋႨ္э֤۷ܼٗਔb

č3Ďۚٳяੱജཞ๨ğႚႵܻ؟௶აܻۚ௶ജཞ๨đॖѽሚቔ໾ളӉሑঃaѨԋ

ूࡲোaٳđղӮቔ໾ކࢲധ؇࿐༝ଆ྘ཌྷބم๭ཞԩ৘ෘࡼbࡱ༏ၛࠣ๲ಛ่ྐݝ

ᆷطҩቔ໾֥ွੳ෍ඣ௜đՖ࡟ജཞ๨ॖၛ௶ܻ؟ҩၛࠣࣚሙീ٧֥ଢ֥b২ೂđࡓ

֝ࣚಒീ٧აܹۃb

č4ĎቔြࡓҩԮۋఖğ๲ಛു؇Ԯۋఖࢹᇹ׈ಸa׈ቅࠇᆀൈࡗთّഝҩਈčTDRĎ

აඣሧჷܵ৘bۚࣚ؇๲ಛുۃҩđၛൌགྷࣚሙܹࡓൌൈྛࣉਈݣٳඌđؓ๲ಛඣ࠯

؇Ԯۋఖॖ၇ऌ҂๝ֹॶ֥ു؇౦ঃđሱט׮॥ܹۃ༢๤đၛႪ߄ඣሧჷ০Ⴈb

č5Ďቔ໾ളӉࡓҩԮۋఖğቔ໾ളӉࡓҩԮۋఖЇܻ؟ݣ௶Ӯཞaွ૫ࠒᆷඔ

čLAIĎԮۋఖၛࠣള໾ܻ௶Ԯۋఖ֩đᆃུԮۋఖॖႨႿൌൈҐࠢቔ໾ളӉඔऌđՖ

ᆜቔြҕඔđՖט෿׮ॖࠏఖຩ઎đ୪ۋᇹԮࢹቔb۽۩ᆷ֝ࣚሙീ٧aநူა൬ط

॥აܵ৘ቔ໾ളӉbࡓಆ૫ط

č6ĎྀࠏቔြԮۋఖğྀࠏቔြԮۋఖЇݣሇइԮۋఖaᆒ׮Ԯۋఖა໑؇Ԯۋ

ఖđఃଢ֥൞ࡓҩ୪ࠏቔြሑ෿ूࡲྀࠏބđٝᆸܣᅰđႪ߄ቔြҕඔbൌൈҐࠢა

ӮЧbbྩົބൈӉࠏഒഡС๔ࡨطᆦӻđՖ܂ิ޹༅ඔऌđູყҩྟົٳ

č7Ď୪ࠏልСඔሳ੶ളğࡹܒ୪ࠏഡС֥ඔሳ੶ളଆ྘đࢹᇹൌൈԮۋఖඔऌა

໾৘ഡС๝҄đղӮഡСሑ෿֥ྴ୅ࡓ॥ၛࠣܣᅰყҩbඔሳ੶ള࠯ඌॖଆ୅ഡСᄝ

҂๝ቔြ࣢ߌ༯֥ྟିіགྷđطࣉႪ߄Ҡቔҕඔđิۚቔြིੱđѩ࿼ӉഡС൐Ⴈ൰

ଁb



ᄝປ೿Чุۋᆩି৯֥ࠎԤഈđླߎေ໗ॖקौ֥๙ྐაຩ઎ࠎԤഡീটᆦӪ

ඌЇওğ࠯๝აᄉ؊ᇆିđᇶေླྀࠏ؟

č1ĎӚ৳ຩčV2XĎğV2X࠯ඌॖၛൌགྷ୪ࠏᆭࡗၛࠣ୪ࠏა୪โࠎԤഡീ֥ൌ

ൈྐ༏ߐࢌđЇওӚაӚčV2VĎaӚაࠎԤഡീčV2IĎaӚაᄉ؊čV2CĎ֩؟ᇕ

๙ྐଆൔbV2Xିಞ୪ླྀࠏ๝ቔြđ܋ཚቔြਫ਼ࣥა಩ༀٳ஥đิശᆜุቔြིੱb

২ೂđ؟෻໭ದ୪ࠏ๙ݖ V2X࠯ඌॖၛླྀ۲טሱ֥ቔြ౵თđх૧ᇗ۽گቔđՖط

ൌགྷնܿଆ୪โི֥ۚܵ৘b

č2Ď5G๙ྐğ5Gຩ઎ၛఃۚ෎ੱa֮࿼Ӿބն৵֥ࢤหׄđᆦӻնܿଆඔऌ֥

ൌൈԮൻބԩ৘b5G֥шჸ࠹ෘି৯ିಞ໭ದ୪ࠏᄝЧֹگྛࣉᄖඔऌԩ৘აथҦđ

ॖၛࡨഒؓᄉ؊֥၇ঠđิିߎശཙႋ෎؇ބ༢๤໗ྟקb5Gຩ઎ିܔᆦӻ໭ದ୪

॥bࡓൌགྷࣚሙቔြࠣჹӱطൌൈ൪௔ԮൻაჹӱҠ॥đՖྛࣉࠏ

č3Ďܼ֮ݻۿთຩčLPWANĎğೂ LoRaބ NB-IoTܼ֮֩ݻۿთ࠯ඌđൡކᄝڭ

ඌᄝ୪ြ࠯ఖຩ઎֥ඔऌԮൻbLPWANۋ࣢ᇏӵᄛնܿଆԮߌ୪ြ֥֮ݻaିܼۂ

໾৳ຩᇏ֥ႋႨđ൐୪ིۚܔିࠏҐࠢაԮൻ࣢ߌඔऌđᇹ৯ࣚሙ୪ြ֤ၛീྛb

č4Ďνಆ๙ྐაඔऌࡆૡğЌᅰ୪ࠏაᄉ؊ඔऌ֥Ԯൻνಆđх૧ඔऌ྄੝a՞

؟νಆླྀၰ֥ࠣࣉ൐Ⴈ༵ݖಪᆣğ๙ٺദބbνಆླྀၰ޹đЌᆣඔऌνಆაႅ඲Ќڿ

ҪՑ֥ദٺဒᆣٚمđቅᆸ٠م٤໙აຩ઎ࠌ۾đಒЌ๙ྐ༢๤֥νಆb

ᄝ๙ྐაෘ৯ࠎԤഡീᆭഈđऎദᇆିაඔऌԩ৘࠯ඌູ୪ြऎദᇆିิ܂थ

ҦაႪି߄৯đׅ྘ٚཟЇওğ

č1Ďࠏఖ࿐༝აധ؇࿐༝ğࠏఖ࿐༝ބധ؇࿐༝ෘمᄝ๭ཞ്љaਫ਼ࣥܿࠣ߃थ

Ҧᇅקᇏϲဆਔᇗေ࢘೤bजࠒപࣜຩ઎čCNNĎᄝቔ໾്љაѨԋ࡟ݝҩٚ૫Ⴕႋ

Ⴈđ఼߄࿐༝ෘمᄵႨটႪ߄ቔြਫ਼ࣥѩቓԛҦ੻थҦbбೂđധ؇࿐༝֥ࡹܒ๭ཞ

്љ༢๤đॖၛࣚሙ്љ҂๝ቔ໾֥ളӉ؍ࢨაѨԋݝ౦ঃđቓ֞ࣚሙീބ٧நူb

č2Ďшჸ࠹ෘაᄉ࠹ෘğшჸ࠹ෘᆃ၂࠯ඌିಞඔऌᄝЧֹഡСഈൌൈԩ৘đࡨ

ഒඔऌԮൻ֥࿼Ӿđิۚ༢๤ཙႋ෎؇b୪ିࠏᄝЧֹؓԮۋఖඔऌჍၛԩ৘đॹ෎

ቔԛቔြथҦđЌᅰቔြིۚ౏νಆbᄉ࠹ෘ௜෻ᇶေႨႿնܿଆඔऌթԥaඔऌٳ

༅ࠣଆ྘࿞਀đᆦӪ໭ದ୪֥ࠏӻ࿃ྟିႪ߄აᇆି߄ശࠩb

č3Ďնඔऌა୪ြྐ༏༢๤ğࢹᇹ൬ࠢٳބ༅୪ࠏቔြඔऌa࣢ߌඔऌၛࠣቔ໾

ളӉඔऌđյᄯ୪ြնඔऌ௜෻bֹࡼ৘ྐ༏༢๤čGISĎაဪ࠯ۋඌཌྷކࢲđղӮ

ࣚሙ֥୪ြܵ৘đ۳ᇆିथҦิ܂ᆦӻb๙ݖնඔऌٳ༅đॖၛყҩቔ໾ӁਈࠣѨԋ



ሙቔြbࣚྛࣉࠏᆷ֝୪طགđՖڄݝ

č4Ďऎദᇆି౺֥׮ሱൡႋቔြ॥ᇅğᄝՎࠎԤഈđႄೆऎദᇆି༢๤đۋࡼᆩa

ಪᆩა׮ቔ॥ᇅоߌյ๙đ൐୪۴ܔିࠏऌൌൈ࣢ߌሑ෿ބ಩ༀླ౰׮෿טᆜቔြ

Ҧ੻აູྛྀࠏb๙؟ݖଆ෿ۋᆩವ࠯ކඌሸކ০Ⴈ൪तaূղބԨत֩؟ჷඔऌđ

༢๤ॖၛᄝگᄖ୪โ࣢ߌᇏྙӮ۷ࡆಆ૫֥ӆࣟ৘ࢳđѩ߄఼ކࢲ࿐༝aଆٟ࿐༝֩

ቔြᇉਈbބሱᇶҠቔି৯aቔြིੱ֥ࠏശ୪ิطҦ੻đՖ߄ӻ࿃Ⴊمٚ

č5Ď୪ြࠏఖದۋᆩ-थҦ-॥ᇅ၂ุ߄ഡ࠯࠹ඌğࠏఖದԮ๤ഡ࠹ᇏۋᆩaथҦ

ა॥ᇅ֥۩ਚđၘӮູิശࠏఖದ࣢ߌൡႋྟa಩ༀਗ਼Ͽྟაቔြིି֥௞࣠bࠏఖ

ದ၂ุ߄ऎദഡט఼࠹Ֆ༢๤ᆜุԛؿđൌགྷۋᆩྐ༏ੀaथҦઆࠠა॥ᇅᆳྛ֥ଽ

ᄝᯒކაླྀ๝Ⴊ߄đ൞๬௥֒భ࠯ඌ௞࣠aൌགྷ୪ြࠏఖದᆇᆞሱᇶაᇆି࡯ܱ֥߄

ਫ਼ࣥb૫ཟໃট໭ದ୪ӆაࣚሙ୪ြ֥ؿᅚླ౰đೂޅൌགྷ୪ြࠏఖದۋᆩaथҦა

॥ᇅ֥ିۿധ؇ᯒކა၂ุ߄ഡ࠹đၘ Ӯູ๬௥གྷႵ༢๤ྟି௞࣠aิ ശቔြིੱა

ൡႋྟ֥ܱ॓࡯࿐໙ีა۽ӱ็ᅞđᆰࢤथק୪ြልС֥ൌ࠽ቔြིିbླ ေ࿹࣮၂

֥ކᯒࣅᆩ-थҦ-॥ᇅۋđܒࡏ࠹ഡ߄Ҫ၂ุٳđЇওܒࡏ࠹৘ંა༢๤ഡ࠹ഡ߄ุ

؊֞؊၂ุ߄ഡܒࡏ࠹đ౞ਈ߄a֮࿼Ӿaۚॖौ֥၂ุ߄॥ᇅੀࠏᇅđࠏఖದࠢಕ

Ⴊކ৳ᆩ-थҦ-॥ᇅಆ৽ਫ਼֥ۋᇅđࠏކა๙ྐथҦ॥ᇅವܒࡏ࠹ഡ߄ᇆିุ၂ุ؟

đ୪ြӆࣟᇏᇆିྛູ֥ޙაྟିಃ࠹ഡ߄౞ਈ߄đሧჷჿඏ༯֥၂ุمა࿐༝ෘ߄

༢๤ࠩႤགྷđ؊֞؊֥၂ุࡹ߄ଆა॥ᇅđၛࠣ൪त-ე࿽-׮ቔնଆ྘ა୪ၜᆩ്ವ

bކ

୪ြऎദᇆିᆞՖoሱ߄׮ᆳྛpཟoಪᆩ྘ሱᇶpሇэđ໾৘ൗࠎࢸԤնଆ྘

აۋᆩaथҦa॥ᇅധ؇ವކđՖֆ၂ህႨ୪ࠏཟष࣢ߌ٢aླྀࠏ؟๝aሱᇶ֥߄ࣉ

๙Ⴈᇆିุؿᅚbၛഈ࠯ඌ܋ࡼ๝ᆦӪ୪ࠏልСa୪ြࠏఖದՖअ҆ሱ߄׮ሼཟಆӱ

ሱᇶ߄აᇆି߄bໃটđ୪ࠏልСa୪ြࠏఖದູ߄ࣉࡼऎСಕุᇆିaିሱ໡ൡႋ

֥ऎദᇆିุđᆇᆞವೆگᄖ֥୪ြള෿༢๤b

4.4 交通

֒భđෛሢӬ൧ࣉ߄ӱ֥ࡆ෎๷ࣉၛࠣԛྛླ౰֥ӻ࿃஋ശđࢌ๙ܵ৘ᆞᄥმభ

෮ໃႵ֥็ᅞb၂ٚ૫đ֡ਫ਼ႚ؁aࢌ๙൙ܣ௔֩ؿ໙ีታրࢳथĠਸ਼၂ٚ૫đྛြ

ؓࣚ༥ܵ߄৘აᇆ߰߄ശ֥ࠩླ౰ჟؿ௧్bऎദᇆି࠯ඌ௝ࢹః׿ห֥؟ଆ෿ۋ

ᆩaሱᇶथҦࠣࣚሙᆳྛି৯đູ௥ࢌࢳ๙ᇍ৘଴ีิ܂ਔྍਫ਼ࣥb๙ۋࡼݖᆩഡС



აᆳྛֆჭധ؇ವކđ࠯ھඌ҂ॖࣇၛႵིิശࢌ๙༢๤֥ڄགყࣞაႋࠤԩᇂି

৯đ۷๷׮ਔࢌ๙ܵ৘ՖФ׮ཙႋཟᇶۄ׮ყ֥ଆൔሇэđఃᄝ֡ਫ਼ࠎԤഡീνಆa

ሱࡐ׮൒აᇆି໾ੀ֩ਵთ֥ׅ྘ႋႨೂ๭ 4-3෮ൕb

图 4-3 具身智能在交通各领域的应用

č1ĎࠎԤഡീνಆਵთ

࿛۽ҩᇶေ၇ौದ࡟ԤഡീνಆࠎҩđӉ௹ၛটđ࡟Ԥഡീνಆᇶေടࠣνಆࠎ

ߌᄖگ଴ၛൡႋߎ౏طཙႋ෎؇તa༂Бੱۚđࣇҩđ҂ࡓྛࣉඌ࠯ఖۋֆ၂Ԯބ࡟

࣢đཌྷࢠႿԮ๤࡟ҩٚൔđऎദᇆି༢๤ऎС۷఼֥࣢ߌൡႋି৯đିܔሱᇶ࿐༝Ⴊ

ҩ༢๤ࡓᇆି֥ؿषູ޿ҩູ২đ࡟bၛํਫ਼νಆੱིބҩ֥ॖौྟࡓശิطđՖ߄

ವݸކ૜ѯূղaᆒܻ׮༸ބ AI൪त࠯ඌđ๙؟ݖჷඔऌವކෘمđ҂ࣇൌൈ്љ

݅֡ೆ౓൙ࡱđࡼߎ༂Бੱࢆᇀຣٳᆭ၂ၛ༯b๝ൈđࢹᇹ৳Ϲ࿐༝࠯ඌđ҂๝౵თ

đࣉ߄๝Ⴊླྀܔҩ༢๤ିࡓ֥ ၂҄ิശᆜุྟିb๝ဢऎႵսіྟ֥ۖᇨϏնూ֥ࡲ

ҩ༢๤đᄵ၇ກࡓू টਢڄᇆିຩ઎đᄝ෻֥׮৳၂۱ൌൈࡹܒఖđۋ۱Ԯ؟2000

ൈିܔൌགྷՖඔऌҐࠢ֞ყࣞݸ֥҃ؿ૰ࠩཙႋb

ᆃུ༢๤၇ກऎദᇆି֥ۋᆩ-थҦ-ᆳྛоܒࡏߌđࡼԮۋఖඔऌčೂূղׄᄉa

Ԩतᆒ׮a൪त๭ཞĎა໾৘࣢ߌൌൈ޺ࢌđކࢲնଆ྘֥ეၬ৘ିࢳ৯đ҂ิࣇശ

ਔಆ฿ީ࡟ҩॖौྟđߎ๙ݖ؊ᄉླྀ๝ൌགྷඔऌ౺֥׮ӻ࿃߄ࣉđູ Ԥഡീνࠎ๙ࢌ

ಆᄎົิ܂ਔིۚa֮ӮЧ֥ᇆିࢳ߄थٚσb



č2Ďሱࡐ׮൒ਵთ

ଢభđऎദᇆିᆞ๷׮ሱࡐ׮൒Ֆଆॶ߄ഡ࠹ཟ؊֞؊ܒࡏሇэ؈ݖބđᆃᇕྍ

ᄖӆࣟԩ৘ିگބ؇ശ༢๤ཙႋ෎ิږ൒थҦđնࡐູ߄ᆩሇۋਫ਼ঃࡼࢤᆰିمٚ

৯bཌྷࢠႿԮ๤֥ଆॶ߄ഡ࠹đ؊֞؊༢๤ॖၛᆰࢤՖݚਈᆇൌࡐ൒ඔऌᇏ࿐༝۷ࢤ

࣍ದোඳ֥ࠏथҦઆࠠط҂൞ࠎႿყ༵ഡ֥ܿקᄵקၬđቋᇗေ֥൞đᆃᇕऎദܒࡏ

ॖෛሢඔऌࠒ৆҂؎ิശᄝࠞ؊ӆࣟ༯֥іགྷbଢభđหථঘ֥ FSD V12༢๤ၘࣜ

๙ݖՂപࣜຩ઎ൌགྷਔՖജཞ๨ൻೆ֞Ӛਇ॥ᇅ֥؊֞؊थҦđնิږശਔگᄖਫ਼

ঃ༯֥୅ದࡐ߄൒іགྷđݓطଽཬவచӚ֥ XNGP༢๤೘ଆॶ؊֞؊ࣜၘ္ܒࡏਈ

ӁഈӚđᆦӻ໭๭Ӭ౵֝ڣݴᇹࡐ൒đѩ๙ݖ৳Ϲ࿐༝ൌགྷॴ౵თଆ྘Ⴊ߄b2025୍

༯϶୍ᇀ 2026୍Ԛđ؊֞؊նଆ྘ࣉ၂҄Ӯູሱࡐ׮൒ྛြ֥ᇗေ࠯ඌ്܋đL3/L4

ਫ਼ཌაഅြ߄ઋֹ๝҄ิ෎bཬவ๷ԛֻؽս VLAଆ྘đൌགྷՖ൪तྐ׮֞ݼቔᆷ

਷֥؊֞؊ളӮĠູ࿆҃޿ ADS Ⴟࡼ4.0 2026୍૫ཟۚ෎ L3അႨb

ཌྷбԮ๤ଆॶླܒࡏ߄ေࣜۋݖᆩaथҦaܿ׿۱؟֩߃৫֥ࢫߌԩ৘ੀӱđ؊

֞؊ሱࡐ׮൒࠯ඌൌགྷਔՖჰ൓ۋᆩඔऌ֞॥ᇅᆷ਷֥ᆰࢤ႘ഝđ҂ࣇնิږശਔ

༢๤ཙႋ෎؇đ۷ಞሱࡐ׮൒Ӛᄝ૫ؓ๬ؿሑঃൈđᅚགྷԛ࣍ࢤದো֥Чିّႋ֥ႋ

эି৯b

č3Ď໾ੀᄎൻਵთ

໾ੀᄎൻਵთđऎദᇆିႵຬ֮ࢆੀ๙ӮЧđӮູྙӮིۚaॹࢮaᇆି֥߄໾

ੀุ༢֥ܱ࡯ၹ෍b֒భ໾ੀਵთЇওࡣ࿊ࠏఖದaҭ౼ࠏఖದaϬᄎࠏఖದaਘད

ߌaЇልa஥ෂ֩ࡣٳđॖၛᄝҝԥaልཱྀaϬᄎaିڮඌ֥࠯ఖದ֩bऎദᇆିࠏ

࿐ބđऎС۷఼֥ሱᇶथҦ߄ᇆିࡆ۷ࡼఖದࠏ৘ඣ௜b໾ੀܵބቔིੱ۽ശิࢫ

༝ି৯đିܔൡႋ۷گᄖa؟ဢ֥߄಩ༀđ҂ࣇअཋႿԮ๤֥ҝԥބ໾ੀྛြࡼߎറ

๩֞ᇅᄯြa୪ြa၄ਏa࢝ტ֩ਵთđิۚ۲ྛ۲ြ֥ᇆି߄ඣ௜ބളӁིੱb২

ೂđ࿰ઔ࿠࣍௹ᄝఃҝ९ᄎႏᇏđၘࣜᄝҩ൫Ⴎః๧ሧ֥܄ඳ Agility Roboticsषؿ

֥ದྙචቀࠏఖದ Digitđሸކಆ૫ປӮᇶေЇওཱྀᄛࠊӚaϬᄎདሰaܵ৘֩ࡏࠊ

಩ༀđնۚิږਔҝ९ቔြི֥ੱbྒࡀ׮ჭ৳ކКሱ॓࠯๷ԛoऎദᇆି໾ੀҝԥ

׮ఖದྒࠏචቀದྙࡼथٚσpđࢳ L7ࠣऎദնଷ ERA-42ႋႨႿo֞ࠊದpࡣ࿊ߌ

؊֞؊đൌགྷࢫ VLAଆ྘ᄝ໾ੀҝԥӆࣟᇏ֥ᆇൌઋֹĠ֣ઔ॓࠯აᇆჭࠏఖದຶ

ಡ໾ੀӆࣟࡹഡoದྙࠏఖದඔऌҐࠢ۽ӌpb

č4Ďᇆିט؇აᄎົਵთ



஥ൈđऎദᇆି༢๤ିݼ๙൷୧֥ᄎົӆࣟ༯đ҂๝ႿԮ๤ཙႋᇌު֥࣡෿ྐࢌ

ህႨࢌ܄ҩ֞࡟ᆜཌྷ໊ᇛ௹ii֒ט෿׮၂ဢđ۴ऌൌൈӚੀࣞࢌ֥ڶپཞࣜဒܔ

֡ႵӚਇ࣍ࢤൈđॖิభԨؿੳ֧ཙႋĠؿགྷྛದԶູྛ֧ޣൈđႻି৳׮ᇛшജཞ

๨ނگ؇࢘؟ྛࣉbݳᇜ࿰ᄎըᇛш֥ਫ਼ҧֆჭ۷൞ᅚགྷԛোದ֥ყ஑ି৯đᄝВ჏

֝ᇁି࡮؇༯ࢆൈđሱࠎູߐ్׮Ⴟݸ૜ѯূղ֥಺ჅۋᆩଆൔđಒЌၳӈ൙്֥ࡱ

љሙಒੱ҂ၹ฿గ႕ཙطකࡨbᆃུൌ࡬іૼđऎദᇆିᆞᄝࡼ৖೛֥ࢌ๙ေ෍ሇ߄

ູႵླྀࠏ๝֥ᇆିุຩ઎đ๙࣢֥ߌؓݖӻ࿃࿐༝đᅚགྷԛႋؓگᄖ׮෿׿࣢֥ߌห

Ⴊ൝b

4.5 能源与电力

ෛሢऎദᇆିބնଆ྘࠯ඌ֥ؿᅚđ࿐ඌࢸა۽ြࣜၘࢸᄝ׈৯༢๤ᇏषᅚਔ

၂༢ਙࠏఖದջ׈ቔြაᇆି࿛࠯࡯ܱ֥࡟ඌ࿹ބؿൕٓႋႨđՖ৘ંٚمaۋᆩა

॥ᇅෘ֞مህႨልС࿹ᇅӻ࿃ဆࣉđѩᇯ҄ᄝൻ׈๙֡aྍିჷӆᅟaэ׈ᅟაԥԉ

ഡീܱ֩ࢫߌ࡯ᅚष҆ඇđᆞྙӮoॢֹླྀ๝aླྀࠏ؟ቔp֥ᇆିᄎົุ༢đູު࿃

նܿଆઋֹק׍ਔࠎԤb

č1Ďൻ׈ཌਫ਼࿛࡟ა๙֡ᄎົbԮ๤ൻ׈๙֡࿛࡟၇ঠದ۽஋஁ํෳࠇခ೶ਫ਼҄

࿛đ҂֮ੱིࣇaາག༢ඔۚđط౏଴ၛࠣൈؿགྷႅзಌཊbऎദᇆି౺֥׮࿛ཌ໭

ದࠏ๙ݖձᄛ؟ଆ෿Ԯۋఖčॖܻ࡮aޣຓaܻࠗূղ֩Ďđކࢲሱᇶݴཌܿ߃აଢ

ѓ്љି৯đॖᄝگᄖ೶ֹaॴࡾॴ༬֩ӆࣟ༯ൌགྷሱ׮ఏࢆaሱ׮࿛ބ࡟ಌཊۡ

ࣞb၂ུཌਫ਼ӆࣟߎႄೆਔ݅֡ൔa੽஁ൔ؟ࠇф஋஁ࠏఖದđᄝ֝ཌaֹཌࠇෳദ

ഈ࣍ྛࣉए৖o์ദp࿛࡟đؓၳ໾a೛ܢaڪോaࣁऎ඾ڄ֩׮གࣚྛࣉ༥࡟߄ҩđ

ѩაֹॢ໭ದླྀࠏ๝ປӮնٓຶ࿛Ұაᇗ໊ׄ҆ނگb২ೂđ৳མࠢ๶৳൭گ֊ն࿐

षᅚ֥׈৯࿛࡟ऎദᇆିཛଢđ০Ⴈ VLAնଆ྘ྛࣉ಩ༀ৘ބࢳҠቔथҦđѩކࢲ

ष٢Ս߸ (open-vocabulary)ଢѓෆ෬ა࠯໊קඌđᄝնڵᄛੂቀࠏఖದ௜෻ഈປӮਔ

ӆࣟᇏ֥࡟৯࿛׈ӆࣟൕٓႋႨđᅚൕਔऎദᇆିᄝ؟ाฐ֩ބaෆࣷ࡟ᄖֹྙ࿛گ

ॖྛྟაঔᅚమ৯b

č2ĎྍିჷӆᅟᄎົაഡСౢࢱbնܿଆܻ׈ڙᅟa׈ڄӆ֥ᄎົۚ؇၇ঠۚ௔

࿛࡟აቆࢱౢࡱđطದ۽࿛ౢބ࡟༡ᄝۚ໑aۚݚϙބ೬ӣ࣢ߌ༯૫ਢཁᇷ็ᅞbऎ

ദᇆିࠏఖದᄝᆃ၂ӆࣟᇏၘࣜԛགྷ؟ᇕઋֹྙ෿ğ၂ো൞૫ཟܻ׈ڙᅟ֥ሱౢ׮

ೡაౢ༡ࠏఖದđॖᄝቆࡱᆔਙі૫ሱᇶܿ߃ਫ਼ࣥaॴᄀஆࡗࡗ༣đѩ۴ऌߧӣؐࠒ



౦ঃ׮෿טᆜౢࢱҦ੻đཁᇷิശੱི׈ؿĠਸ਼၂ো൞ෳ๣/ွோ࡟ҩ໭ದࠏა஁у

༅ٳᇆିކࢲඔऌđ׮ᆒܒࢲބяੱ๭ཞٳۚ౼ࠆ࣢༯ߌaۚॢڄᄝ఼ܔఖದđିࠏ

ଆ྘ປӮਚ໕aఀוaࢲѢ֩ಌཊ്љđູܵूࡲࠏڄ৘ิۚ܂௔a֮ӮЧ֥ඔऌᆦ

Ӫb

č3Ďэ׈ᅟა஥׈ഡീ֥ᇆି࿛࡟აҠቔbэ׈ᅟԮ๤࿛؟࡟Ⴎᆴϫದჴקൈ࿛

൪ࠇ၇ঠקܥജཞ๨ჹӱࡓ॥đ଴ၛࠣൈa༥৬؇ֹۋᆩഡСሑ෿bऎദᇆି࿛ࠏ࡟

ఖದ๙ݖሱᇶ֝ݴᄝᅟଽ࿛ႳđປӮޣຓҩ໑aअࡓ٢๐a၎і؀ඔ്љaၳ໾ೆ౓

ٳఖದၘࣜष൓ӵքषܱ֚ᅃa֗ᅃࠏфҠቔ؟ࠇӆࣟᇏđචфٳҩ֩಩ༀĠ҆࡟

ఖದᄝభཌᆳྛp֥ᄎົࠏາҠቔđൌགྷoದՖۚາ၂ཌӜԛaۚ֩ߐaхূఖ۷ކ

ଆൔbᄝӬ൧஥׈ຩӆࣟᇏđ੽ൔࠇ੫ջൔ஥ٜ׈࿛ࠏ࡟ఖದ္ၘႨႿ׈ভ๨ҩ໑a

अ࡟٢ҩࡓ࣢ߌބҩđაჹӱࡓ॥௜෻܋๝ܒӮ໭ದᆴ൯஥ࠎ࡯ܱ֥ٜ׈Ԥഡീbᄝ

஥ຩջ׈ቔြਵთđଲٚ׈ຩܼܼתᇜ׈܂अሱᇶ࿹ᇅ֥ކࠁགྷൌčMRĎဪҠቔջ

ఖದđࠏቔြ׈ඳ࿹ᇅ֥஥ຩሱᇶջ܄৯׈൧ࣃ฿ຩݓఖದo༁ॢpđၛࠣࠏቔြ׈

ބࢤфླྀ๝ቔြଆൔđປӮਔႄཌձྀࠏචބ޺ࢌMRݖљ๙ٳ 10kVջࢤ׈ႄཌ֩

གྷӆ൫ဒđູۚڄག۽ঃ༯֥ದླྀࠏ๝ቔြิ܂ਔᇗေൌ࡬၇ऌb҂ݖđᆃো༢๤֒

భᄝቔြਲྟࠃaሱᇶथҦၛࠣؓ࣢ߌටൈэ֥߄ሱൡႋٚ૫ಯಖᄝޓնӱ؇ഈ၇

ঠದ۽Ҡቔđު ࿃Ⴕր๙ݖऎദնଆ྘a఼ ቔြ֥ྩ࡟׈၂҄ิശջࣉඌ࠯࿐༝֩߄

ሱᇶ߄ඣ௜აᆜุᇉིb

č4Ďԥିa׮׈Ӛԉྍ֩׈ߐြ෿ᇏ֥ऎദླྀ๝bෛሢ҃ٳൔܻڙa޼Ⴈԥିބ

ఖࠏखഈശbऎദᇆିࠤ؇ᄖگ҃ٳࡗॢބൔିჷഡീඔਈ҃ٳచӚ֥௴ࠣđ׮׈

ದॖၛӵքն྘߄׈࿐ԥିᅟ֥׈ӽҜ࿛࡟a྄੐࡟ҩࠤࣅބԩᇂ಩ༀđ္ॖၛᄝ

Ӭ൧܋܄ԉ׈ᅟ׈ߐࠇᅟᇏᆳྛ׈ভሱ׮Ҭϙa׈ӽЇϬᄎაҝԥܵ৘đൌགྷo໭ದ

ु൯aοླཙႋp಼֥ྟڛༀଆൔbކࢲӚ؊֥ऎദᇆି༢๤đॖߎၛൌགྷӚ-ላ-ᅟ

ᆭླྀ֥ࡗ๝ט؇đ২ೂᄝ֮ܡൈ؍ႄ֝ሱࡐ׮൒Ӛਇሱᇶభສᆷקᅟׄԉ׈ߐࠇ׈đ

ᄝ๬ؿ๔׈aࠞ؊฿గ֩ӆࣟ༯ൌགྷऎദಕุႋࠤЌ܂b

ሹุটुđऎദᇆିᄝିჷა׈৯ྛြ֥ࡎᆴđ҂ุࣇགྷᄝูսۚາaۚॢaۚ

࿢࣢ߌ༯֥ದ۽ቔြđ۷ᄝႿ๙ݖ৵࿃a؟ଆ෿֥ൌൈۋᆩބоߌथҦđࡹܒఏoۋ

ᆩi৘ࢳiᆳྛi௟ܙp֥ಆളଁᇛ௹ᇆିᄎົุ༢bໃটđෛሢնଆ྘აྛြᆩ്

๭௶֥ധ؇ವކđ׈৯ऎദᇆିႵຬՖoӆࣟ߄ֆׄႋႨpሼཟoॴӆᅟaॴ׈࿢֩

֥ࠩླྀ๝ט؇აሱᇶᄎົpđᄝЌᅰିჷνಆaิശ༢๤ನྟބᆦӪoචฏpଢѓٚ

૫۷ߨؿնቔႨb



第五章 具身智能未来发展趋势

ऎദᇆି֥࿹࣮ᆞӔሢႋႨ؟ဢିބ߄৯ധೆٚ߄ཟ҂؎ؿᅚđໃট֥ࡼྏނ

ऊࢊႿิശॴӆࣟ๙Ⴈྟaሱᇶ࿐༝࣢ߌބൡႋି৯aದੱི֥޺ࢌࠏđၛࠣ؟ଆ෿

ఖದࠏඣ௜bՖ࿹࣮ܼ؇টुđऎദᇆି֥ႋႨᆞᇯ҄ӑᄀԮ๤ކᆩაथҦ֥ವۋ

࿐֥ٓԐđധೆറ๩֞ᇆି၄ਏaሱ߄׮ᇅᄯaࣚሙ୪ြaᇆିࢌ๙ܱ֩࡯ਵთb২

ೂđ࣍ ௹ᄝ൭ඌڣᇹࠏఖದაᇆିूگ༢๤ٚ૫౼֤֥ࣉᅚđ҂ิࣇശਔࠏఖದᄝگ

ᄖ൭ඌᇏ֥Ҡቔࣚ؇đ္ ᄹ఼ਔߑᆀᄝूݖگӱᇏ֥۱ྟ߄ൡႋି৯bᄝሱ߄׮ᇅᄯ

ᇏđऎദᇆିᆞཟ؟಩ༀླྀ๝ٚཟؿᅚđ߄఼ކࢲ࿐༝აնܿଆყ࿞਀ଆ྘đ൐۽ြ

ੀӱѩิശིੱbՖ࿹࣮ധ߄ႪطđՖି࠯࣢ᇏሱᇶ࿐༝ྍߌ߄ܒࢲᄝ٤ܔఖದିࠏ

؇টुđໃট֥ऎദᇆି༢๤ט఼ࡆ۷ࡼሱᇶ࿐༝࣢ߌބൡႋି৯đᆃؓႿ๙Ⴈᇆି

đࣉॹ෎ဆ֥مथҦෘ޺ࢌࣉଆ྘ა༵ࢸቔႨbෛሢնܿଆൗ׮ᅚऎႵᇗေ๷ؿุ֥

ऎദᇆିᄝॴ࣢ߌൡႋა׮෿ܿٚ߃૫֥ି৯ᆞᄝӻ࿃ิശđԚ҄ᅚགྷਔ఼֥ٗࢠ

ሱᇶथҦඣ௜bބ߄

૫ཟໃটđऎദᇆି࿹࣮ࡼӯགྷၛ༯ඹն౴൝ğč၂ĎՖֆ၂ଆ෿ཟ؟ଆ෿ۋᆩ

ა֥޺ࢌоࠏߌᇅؿᅚđ఼ۋטᆩაྛ׮ᆭࣅ֥ࡗૡᯒކĠčؽĎՖ࣡෿ӆࣟ৘ࢳཟ

ӆࣟק๷৘ି৯Ġč೘ĎՖཋބࡹܒଆ྘֥ൌൈࢸđܱᇿൗࣉ࣢ყҩაൡႋဆߌ෿׮

࿞਀ཟष࣢ߌ٢థ၍đฐ෬ᄝ҂ಒྍބק႖࣢ߌᇏൌགྷ໗֥קథ၍࿐༝აሱൡႋथ

ҦĠčඹĎՖֆ၂ᇆିุཟ؟ᇆିุླྀቔຉᅚđ࿹࣮ಕุᇆି༢๤ᇏ֥ླྀ๝ࠏᇅބႤ

གྷି৯bᆃུؿᅚ܋ࡼ๝๷׮ऎദᇆିՖൌဒ൩ሼཟᆇൌൗࢸႋႨđູ ࣢ߌᄖگथࢳ

ᇏ֥ۋᆩა޺ࢌ໙ีิٓྍ܂ൔb

5.1 具身智能关键技术发展趋势

ෛሢധ؇࿐༝ބնଆ྘࠯ඌ֥ॹ෎ؿᅚđऎദᇆିႵຬᄝ؟ଆ෿ۋᆩაಪᆩವ

॥ᇅaಕุ׮აᄎ࠹aٟളྙ෿ഡ߄ࣉ॥ᇅaሱൡႋ࿐༝აᆩ്ߌaሱᇶथҦაоކ

ླྀ๝ა҃ٳൔᇆିaνಆॖྐა੾৘ᇍ৘ܱ֩࠯࡯ඌٚ૫౼֤ᇗေࣉᅚb

ᄝۋᆩҪ૫đऎദᇆି༢๤ࡼ൪तaԨतa๐त֩؟ჷၳܒԮۋఖඔऌྛࣉധ؇

ವކđ൐֤ఃऎС࣍ࢤದোඣ௜֥ሸ࣢ߌކ৘ିࢳ৯b২ೂđࠎႿۚࣚ؇֥ٟളԮۋ

ఖຩ઎đᇆିุିܔऎСؓ࣢ߌ໾৘หྟčೂ࿢৯a໑ു؇aҋᇉ໕৘Ď֥ࣚಒࢳ༅
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ି৯Ġࢹᇹܻ؟௶ӮཞބਈሰԮ࠯ۋඌđᇆିุ֥൪त༢๤ॖ۷ܼ֥ܻٗ౼ࠆ௶ྐ

༏đൌགྷޣຓaሬຓaݸ૜ѯ֥ಆ௔ۂڭ؍đӑᄀॖܻ࡮ཋᇅĠ๙׈ྟ಼ݖሰ௃ࢲڑ

ᆩbᄝಪᆩҪۋҕඔ֥ۚਲૹ؇ൌൈྟ֐ඌđൌགྷؓ໾ุྙэა࠯ෘ࠹പࣜྙ෿ކ

૫đऎദᇆି༢๤ކࢲࡼൌൈۋᆩྐ༏ა༵ဒᆩ്đ׮෿࣢֥ߌ޹ົބࡹܒଽ҆іᆘ

ଆ྘đູگᄖӆࣟ༯֥๷৘აथҦิ܂ᆦӻbఃᇏđࠎႿപࣜݼژ๷৘֥ކࠁಪᆩࡏ

ࢳඌđิശᇆିุ֥ეၬ৘࠯ॴଆ෿ؓఊ֥׮౺նଆ྘ݖđ๙مđႵຬӮູᇶੀٚܒ

აӆࣟყҩି৯bѩࠎႿ 4Dൈॢ࠺ၫࠏᇅđᄹ఼ᇆିุؓ׮෿ӆ֥ࣟൈ྽৘ّބࢳ

൙ൌ๷৘ି৯bໃট࿹࣮ٚཟᇶေЇওٟളԮۋఖ֥ཬ྘߄აࠢӮa؟ଆ෿ඔऌವކ

b֩߄๷৘ି৯ႪݔႿնଆ྘֥ၹࠎđၛࠣ࠹ഡܒࡏ

ᄝሱᇶथҦٚ૫đऎദᇆି༢๤ކࢲࡼնଆ྘෮ऎС఼֥ն༵ဒᆩ്აཬဢЧ

࿐༝ି৯đࡨഒؓնܿଆѓᇿඔऌ֥၇ঠđ൐ః۷ॹ෎ֹൡႋྍ࣢ߌაྍ಩ༀbࠎႿ

ཁᇷᄹ֤֞ࡼଆaყҩა๷৘ି৯ࡹ࣢ߌđऎദᇆିุ֥ކ࿐༝აնଆ྘֥ವ߄఼

఼đႵᇹႿࡨഒ໾৘൫հ֥ڄགაӮЧđิശᇆିุ֥थҦིੱაνಆྟb๙ݖႄೆ

đࢤ৫Ⴕི৵ࡹࡗቔ॥ᇅᆭ׮ა֮Ҫ߃đऎദ༢๤ॖᄝۚҪ಩ༀܿܒࡏ࿐༝߄Ҫ఼ٳ

ᆦӻӉൈࡗaگᄖ಩ༀ֥໗קᆳྛބਲטࠃᆜđՖิطശ༢๤֥ൡႋྟაॖঔᅚྟb

ᄝоߌ॥ᇅٚ૫đऎദ༢๤ܼٗࡼႋႨሱൡႋ॥ᇅაᇆିႪ߄ෘمđൌགྷ॥ᇅҕඔ֥

ᆩّঌۋbۚࣚ؇aۚջॺ֥ࡱ࣢่ߌ֥؊؟߄эބᄖa٤ཌྟگ෿۷ྍđၛႋؓ׮

༢๤൞ൌགྷࣚ༥॥ᇅ֥ࠎԤđିܔЌᅰᄎ֥߃ܿ׮ሙಒᆳྛაᆜุ༢๤֥໗קᄎྛb

đ߄ॹ෎ٟᆇaҩ൫აҦ੻Ⴊྛࣉ࣢ᇏߌඌđऎദ༢๤ॖᄝྴ୅࠯ᇹൌൈඔሳ੶ളࢹ

Ֆิطശཙႋ෎؇აܣᅰყ஑ି৯bᇆିႪ߄ෘمაਗ਼Ͽّঌࠏᇅ֥ധ؇ವކđ္ ࡼ

ᄹ఼ऎദ༢๤ᄝۄಠ࣢ߌ༯֥ሱ໡ࢫטაྩᆞି৯đႵᇹႿิۚ಩ༀປӮੱა༢๤

Ӊ௹ᄎྛ֥໗ྟקbໃট֥࿹࣮ٚཟॖିЇওപࣜ୅෿॥ᇅaਈሰ఼߄࿐༝֥ࢌҭฐ

෬a҃ٳൔᇆି॥ᇅ৘ં֥ധ߄đၛࠣ૫ཟၹ֥ܒࢲݔ॥ᇅࡹଆ֩b

ᄝ࿐༝ି৯ٚ૫đऎദᇆି༢๤ᆞᇯ҄ϥຂԮ๤֥৖ཌ࿞਀ٓൔđሇཟކࢲሱ

ۋᆜఃטđሱᇶ߄࣢აଽ҆ሑ෿֥ӻ࿃эߌ۴ऌܔđ൐༢๤ିمaӻ࿃࿐༝֩ٚ׼ࡓ

ᆩaथҦაྛູҦ੻đ۷Ⴕֹིൡႋྍ಩ༀაໃᆩ็ᅞbᄹਈ࿐༝ބᄝཌ࿐༝֥ႋ

Ⴈđ൐֤༢๤ॖၛᄝ಩ༀᆳྛݖӱᇏ҂؎۷ྍఃಪᆩଆ྘ູྛބҦ੻đх૧ᄙ଴ྟ

၌ອđ҂ᄜ၇ঠႿປᆜ֥ᇗྍ࿞਀ݖӱđՖิطശᄝ׮෿࣢ߌᇏ֥ӻ࿃ႋэି৯bჭ

࿐༝֥ႄೆࡼ൐༢๤ିܔo࿐߶ೂޅ࿐༝pđࠧьᄝྍӆࣟ༯đ္ିॹ෎థ၍ݖສࣜ

ဒđิശൡႋིੱିྟ߄ٗބb؟ކࢲ಩ༀ࿐༝߄఼ބ࿐༝đ༢๤ॖᄝگᄖགྷൌӆࣟ

ᇏѩྛԩ৘؟ᇕ಩ༀđѩႪ߄ᆜุҦ੻đൌགྷ۷֥ۚሙಒྟაሧჷ০Ⴈིੱbᄝᆩ്



޺ࢌൔ҃ٳᇹࢹᇅbࠏ߄ࣉཚაླྀ๝܋ᆩ്֥ࡗᇆିุ؟ฐ෬ࡼ૫đऎദᇆିٚ߄ࣉ

֩م၌Ԯෘބ߄ࣉപࣜݖѩิശᆩ്ඣ௜b๙ކ৆aᆜࠒ؎҂ܔཚđ༢๤ି܋༏ྐބ

აҦ੻đൌགྷሱᇶ֥ି৯ิܒࢲപࣜຩ઎߄ӱđᇯ҄Ⴊݖ߄ඌđ༢๤ॖଆ୅ള໾ဆ࠯

ശb׮෿ᆩ്๭௶ބሱቆᆮ࿐༝ࠏᇅࡼᆦӻ؟ჷၳܒᆩ്֥ᆜކაథ၍đᄹ఼༢๤ᄝ

࿐༝ॿ߄఼֥ؿᇅఓࠏᄖ౦࣢༯֥ൡႋྟაԷྍି৯bໃট࿹࣮ٚཟЇও൳ਈሰگ

đၛࠣಀᇏྏܒࢲ༅֥࿐༝ຩ઎ٳႿຉ௪ࠎaمᇅଆ୅֥ᆩ്іൕٚࠏaള໾၌Ԯࡏ

ฐ෬ໃᆩ׮Ⴕᆩ്đજཟᇶ࠻ᇆିุՖ࿐༝׮ඌႵຬ๷࠯ᆩ്ླྀቔ௜෻֩bᆃུ֥߄

ਵთb

ᄝྙ෿ഡٚ࠹૫đऎദᇆିᆞ๬௥Ԯ๤֥ܒࢲྟېअཋđٟކࢲളჰ৘ა಼ྟҋ

ਘaᇆିҋਘ֩ྍྖ࠯ඌđ๷ྙ׮෿֥؟ဢ߄aିۿਲྟࠃაॖܒࢲᇗྟܒbٟളܱ

აೈุҋܒࢲbҐႨᅼᆼྟࢮაૹྟࠃਲ֥׮ശᄎิࡼܒࢲ׮౺๝ླྀᷘܠ-ಽࠔაࢫ

ਘ֥ັ྘ࠏఖದđିܔൡႋگᄖࠇ൳ཋ࣢ߌđᄝັܴԄ؇ഈᆳྛࣚૡҠቔđຉᅚਔႋ

Ⴈшࢸbॖэې؇ᆳྛఖބ 4Dյႆҋਘ֥ႋႨđࡼ൐༢๤۴ऌ಩ༀླ౰ᇶט׮ᆜሱ

ദܒࢲა৯࿐หྟđ۷ֹݺൡႋ࣢ߌэ߄bᄝᄎ׮॥ᇅٚ૫đ๙ۚކࢲݖЌᆇٟᆇა

Ֆྴ୅֞གྷൌ֥థ၍࿐༝Ҧ੻đᇆିุᄝگᄖֹྙčೂఈᖯֹ૫aੌะĎഈ֥ሱᇶྛ

ሼაҠቔି৯ࣉࡼ၂҄ิശbᄎ߃ܿ׮ა݅ࠖႪ࠯߄ඌ֥ؿᅚđࡼᄹ఼ᄎ֥׮௜໗

ྟaིੱა໗ྟקbॖэܒ྘ࠏఖದ๙ࠢݖӮຉ௪Ⴊ߄აᇆିҋਘ࠯ඌđൌགྷ؟ᇕᄎ

׮౺ุ֥ྟ֐၁ࣖބุྟ֐׈ࢺႿࠎೈุ஁ྛbࠇđೂ੽ൔaቀൔߐൔ֥ሱႮ్ٚ׮

ିۿა॥ᇅbໃটđྙ෿a޺ࢌᇅđ္ႵຬൌགྷັԄ؇༯۷ۚࣚ؇a۷಼ۚඨྟ֥ࠏ

ა॥ᇅ֥ླྀ๝ഡࡼ࠹Ӯູषିྟۚؿᇆିุ֥مٚྏނb࿹࣮ᇗׄॖିЇওऎСሱ

đၛࠣିਈིੱ۷ࡏᆩა॥ᇅॿۋൔ҃ٳෘ֥࠹Ⴟപࣜྙ෿ࠎ৯֥ҋਘ༢๤aିگྩ

bࣉऎദᇆିཟ۷ۚඣ௜֥oোളଁ༢๤pဆ׮༢๤֩đ๷ି܂ა׮౺֥ۚ

ಕุླྀ๝ି৯൞ऎദᇆିᄝ؟ᇶุگᄖ޺ࢌӆࣟᇏൌགྷིۚླྀቔ֥ܱ࡯đิശ

ಕุᇆି༢๤֥ླྀቔིੱაሱቆᆮି৯đࡼႵᇹႿປӮնܿଆaۚگᄖ؇֥಩ༀđѩ

ᄹ఼ؓ׮෿࣢֥ߌൡႋି৯b๙ٳݖҪླྀ๝ܒࡏa҃ٳൔ്܋ෘمა৳Ϲ࿐༝֩࠯

ඌđ؟ᇆିุॖൌགྷ಩ༀ׮෿ࢳٳaቋႪٳ஥ࠣླྀቔҦ੻֥ᄝཌႪ߄bࠎႿՎđ໭ದ

ᇅӮູᇗေࠏᇆି༢๤ི֥ۚླྀ๝ܒఖದಕุ֩ၳࠏ൒Ӛؒaದྙࡐ׮щؒaሱࠏ

࿹࣮ٚཟđଢѓ൞ࡨഒथҦԊ๬đิۚᆜุ༢๤֥ླྀ๝ྟა໗ྟקb๝ൈđਈሰ๙ྐ

֩ྍ྘࠯ඌ္ॖᄹ఼ླྀ๝ིੱაνಆྟđຉᅚᇆିಕุᄝࠞ؊࣢ߌྟॆؓࠇᇏ֥ႋ

Ⴈమ৯b҃ٳൔᇆି఼טᇆିุᆭ֥ࡗ໾৘޺ࢌaྐ༏܋ཚކ৳ބथҦđၛൌགྷ۷ۚ

ඣ௜֥༢๤ᇆିb๙ݖ؊-ш-ᄉླྀ๝ܒࡏđॖࡹܒЇ҃ٳݣൔ๷৘ׄࢫაླྀ֥ׄࢫט



ᇆିຩ઎đᆦӻնܿଆᇆିุࠢಕྛࣉ಩ༀٳ஥aਫ਼ࣥܿ߃aԊ๬ܵ৘ა׮෿ླྀ๝b

ႵຬൌགྷնܿଆࡼೂઝԊപࣜຩ઎đܒࡏෘ࠹োଷކࢲႿӑնܿଆಕุᇆିđႭఃࠎ

ѩྛ࿐༝aླྀ ቔथҦაگᄖྛູ֥ಕุႤགྷbໃট࿹࣮ٚཟЇওၳܒᇆିุ๙ྐླྀၰ

֥ѓሙ߄aಕุྛູ֥ॖࢳ൤ྟაॖ॥ྟࡹଆđၛࠣᄝሧჷ൳ཋ่ࡱ༯֥ಆअႪ߄ෘ

b֩࠹ഡم

νಆॖྐ֥ଢѓ൞ಒЌऎദᇆି༢๤ᄝ׮෿a؟эaದ܋ࠏವ֥ൌ࣢ߌ࠽ᇏ໗

a༢مaෘࡱᇅླܺԬ႗ࠏaॖौ౏ॖყҩֹᄎྛbՖ༢๤ಆളଁᇛ௹টुđνಆק

๤აႋႨҪࠩb႗ࡱҪ૫๙ݖ಺Ⴥഡ࠹aܣᅰᆐ؎აνಆۯ৖ЌᅰࠎЧ֥ିۿνಆა

ಸհି৯ĠෘمҪ૫ླႋؓؓॆྟࠌ۾aิശၹࢳॖݔ൤ྟა๩ૼྟđᄹ఼थҦݖӱ

֥ਗ਼ϿྟĠ༢๤Ҫ૫ᄵླေࡹ৫ڄག௟ܙaᄎྛൈࡓ॥აႋࠤԩ৘ࠏᇅđၛൌགྷಆݖ

ӱ֥ڄགܵ৘ა॥ᇅbᄝ੾৘ᇍ৘ٚ૫đླေࡹ৫Ⴎ࠯ඌषؿᆀa൐Ⴈᆀაܵࡓᆀ܋

๝ҕა֥ླྀ๝ᇍ৘ࠏᇅbᇶေ໙ีЇওದࠏᆯᄳקࢸaඔऌႅ඲Ќ޹აνಆԮൻѓሙ

ཟਈ֥थࠃ୑ࠗۀႿࠎࡹܒေ౰bੰم੾৘ܿٓაކژ৫đၛࠣಒЌᇆିุྛູࡹ֥

Ҧሔි༢๤đิ ശऎദᇆିุथҦ֥๩ૼ؇აॖྐ؇Ġഡࠎ࠹Ⴟၬༀંაۿ০ᇶၬ֥

ᄖ੾৘౦࣢ᇏቔԛگᇹऎദᇆିุᄝڣᇅđࠏ๷৘֣֥֡߄ൔྙࡹܒ੾৘ଆ྘đކࠁ

ಃޙა஑؎Ġ࿹࣮໾৘҂ॖक़ੈିۿaܻ࿐പࣜຩ઎ࡆૡ֩ྍ࠯ඌđָູҪ༢๤ิ܂

ᇅđิശ༢๤֥ᆜุνಆྟაࠏ৯b๝ൈđഡᇂࠞ؊౦࣢༯֥ሱ߮ି޹۷֥ۚ֩ࠩٝ

ҩaྙࡓඌ๬௥ׄЇওൌൈၳӈྛູ࠯৯bໃটିࠌ۾ॆ ൔܿކ߄ဒᆣ࠯ඌ֥ሱ׮ള

Ӯaದোࡎᆴܴళೆ֥ݦৣࢂඔഡ֩࠹b

5.2 具身智能技术应用发展展望

5.2.1 从 VLA到WAM：世界模型驱动的范式跃迁

ऎദᇆି֥ෘܒࡏمᆞࣜ৥Ֆ൪त-ე࿽-׮ቔčVision-Language-Action, VLAĎଆ

྘ཟൗ׮-ࢸቔଆ྘čWorld-Action Model, WAMĎ֥ٓൔᄁథb2026୍Ԛၛটđᆃ၂

౴൝ჟؿཁᇷğෙಖ VLAଆ྘ಯ൞֒భᇶੀ࠯ඌਫ਼ཌđၛ OpenPIaOpenVLAູսі

֥༢ਙ۽ቔіགྷ໗קđ֌ఃܥႵܒࡏᄝ׮෿࣢ߌൡႋაӉӱܿٚ߃૫ၘВ੝ԛܒࢲ

ྟ௞࣠bൗࢸଆ྘๙֥޺ࢌॖࡹܒݖ໾৘࣢ٟߌᆇఖđ൐ᇆିุऎСყҩໃটሑ෿a

௟׮ܙቔުି֥ݔ৯đູऎദᇆି֥ಪᆩശࠩิ܂ਔ࠯ྏނඌᆦӪb

భခਵთđGoogle࠽ݓ DeepMind Ⴟ 2025 ୍ଌ֥҃ؿ Genie 3 ѓᆽሢളӮൔൗ

ଆ྘ၛھଆ྘֥Ӯඃiiࢸ 24fpsൌൈളӮ޺ࢌൔ೘ົ࣢ߌđ໭ླཁൔ໾৘ႄౣࠧॖ



Ֆඔऌᇏ༝֤໾৘ܿੰbNVIDIA Cosmos-Predict2.5௜෻ࣉ၂҄๤၂ਔ໓Чa๭ཞ֞

ൗ֥ࢸളӮٓൔđູࠏఖದҦ੻௟ܙაоٟߌᆇิ܂ਔࠎԤഡീĠ2026୍Ԛ֥҃ؿ

NVIDIA Cosmos Policyđࣉ၂҄ဒᆣਔWAMٓൔูսԮ๤ VLAଆ྘֥࠯ඌॖྛྟđ

๷׮WAMᇯ҄Ӯູ࿐ඌࢸაӁြ࠯ྟ്܋֥ࢸඌਫ਼ཌb

აఒြ๝҄ൌགྷਔWAMਵთ֥ܱܒࠏఖದ֩॓࿹ࠏଽٚ૫đКࣘն࿐aᇆჭݓ

ઋֹა߄ඌุ༢đູWAMٓൔ֥Ч๲࠯ᅚ֥ؿభခѩྛ࠽ݓඌ๬௥đྙӮਔა࠯࡯

षჷള෿ק׍ࡹܒਔࠎԤbКࣘն࿐๶ؒ৳ކКࣘದྙࠏఖದԷྍᇏྏaཐۖ॓࠯ն

࿐֥҃ؿWoWൗࢸଆ྘đᆌؓԮ๤ളӮൔଆ྘ᆺᇗ൪तЯᆇ؇a҂৘ָࢳҪ໾৘ܿ

ੰ֥ಌཊđࡹܒਔ໾৘ܿᄵჿඏ༯֥޺ࢌൔ࣢ߌളӮॿࡏđൌགྷਔ൪तᆇൌ؇ა໾৘

ၹݔሙಒྟ֥৳ކႪ߄đູWAMଆ྘ิ܂ਔۚЌᆇ֥࣢ٟߌᆇָቖb2026୍ 3ᄅđ

ᇆჭࠏఖದ׮҃ؿቔ྽ਙ౺֥׮ऎദൗࢸଆ྘ॿࡏ EVACčEnerVerse-ACĎđ๝҄ष

ჷಆ౯൮۱ऎദൗࢸଆ྘ህႨ௟ҩࠎሙ EWMBenchđࡹܒਔۂڭඔऌᄹܼaଆ྘࿞

਀ᇀྟି௟ҩ֥ಆ৽ਫ਼࠯ඌоߌbھॿࡏᆌؓᆇࠏဒᆣӮЧۚaٟ ᆇაགྷൌթᄝთொ

ҵ֥࠯ྏނඌ௞࣠đࠎႿൗࢸଆ྘ൌགྷ࿞਀ඔऌི֥ۚঔᄹđఃٟᆇ௟ҩݔࢲაᆇࠏ

ൌҩݔࢲऎСۚ؇၂ᇁྟđॖႵིิശҦ੻ଆ྘֥ೱ࿊ིੱა಩ༀӮੱۿđູWAM

ٓൔაᆇࠏઋֹ֥ധ؇ವ܂ิކਔѓሙ߄षჷࠎԤഡീbՎຓđౢ ֥ؿ࿹ކ৳ն࿐޿

Ctrl-Worldaྒݚ๭֥҃ؿ Fast-WAMaࠞࡄ൪ࢸ๷ԛ֥ GigaWorld-1֩Ӯݔđᄝൗࢸ

ଆ྘֥ളӮࣚ؇a໾৘቎࿖ྟa๷৘ིੱ֩ྏނᆷѓഈղ֞࠽ݓਵ༵ඣ௜đࣉ၂҄ປ

೿ਔݓଽWAM࠯ඌ֥ಆᅜ҃अb

VLAཟ WAM֥ᄁథЧᇉ൞ऎദᇆିՖ”ଆٟದোᆷ਷”֞”৘ࢳ໾৘ၹݔ”֥

ಪᆩശࠩbൗࢸଆ྘֥ൌൈ޺ࢌളӮି৯յ௥ਔٟᆇაགྷൌ֥шࢸđູ о߃ܿߌაӉ

ӱथҦิ܂ਔ๤၂ॿࡏbᄝ༯၂؍ࢨđWAMࡼᇯࡶӮູऎദᇆି༢๤֥ྏނቆࡱb

5.2.2 数据范式的结构性变革

ऎദᇆି֥ඔऌള෿ᆞࣜ৥ྟܒࢲэ۪ğሱ໡ᇏྏۋᆩčEgo-centric PerceptionĎa

๙ႨҠቔࢤ१čUMI, Universal Manipulation InterfaceĎaದো൪௔థ၍࿐༝čHuman

Video TransferĎaඔऌ٦੽čData FlywheelĎაٟᆇ֞གྷൌčSim-to-RealĎоླྀ֥ߌ๝

ဆ߄b

ሱ໡ᇏྏۋᆩӮູඔऌҐ֥ࠢᇶੀྙ෿bཌྷࢠႿԮ๤ֻ֥೘ದӫ໊ࠏקܥđሱ

໡ᇏྏ൪௔฿ಖེջၛ಩ༀູᇏྏ֥ॢࡗҕॉ༢đཨԢਔ൪࢘эߐջট֥іᆘఆၬb



2025୍༯϶୍đStanford֥ ARCapა DexCap༢๤ࣉ၂҄ࡼᄹ఼གྷൌّঌაьེൔ

࠹đൌགྷਔ֮ӮЧaۚЌᆇ֥ඔऌҐࠢbყކࢲቔѽሚཌྷ׮ 2026୍đEgoඔऌࡼᅝ

ऌऎദ࿞਀ඔऌ֥ 60%ၛഈb

๙ႨҠቔࢤ१čUMIĎյ௥ਔඔऌҐ֥ࠢЧุуৈbUMI๙ݖ൭ӻൔ౞ਈࡃ߄ሃ

აьེൔ൪तሔሶđൌགྷਔ”၂ՑҐࠢaॴЧุگႨ”֥ඔऌٓൔbఃྏނ๬௥ᄝႿ

Ҧ੻థ၍ႋႨႿݖᯒii๝၂ቆದোဆൕඔऌॖ๙ࢳఖದ௜෻ࠏקඔऌҐࠢՖหࡼ

҂๝ܒ྘ྀ֥ࠏфაࡃሃđཁᇷ֮ࢆਔඔऌ൬֥ࠢш࠽ӮЧb2025୍đUMIၘᅚൕ

ԛՖም૫Ҡቔ֞၍׮චф༢๤֥໭ډథ၍ି৯bᆃᇕॴЧุ࡙ಸྟၩ໅ሢऎദඔऌ

նܿଆaॴ௜ࡹܒሑ෿đູ֛ܛ֥”၂ඔऌࠏл”උྟđյ௥”၂ࠊ൮ՑऎС”๙Ⴈࡼ

෻֥ඔऌ܋ཚള෿ࠎק׍Ԥb

ದো൪௔థ၍࿐༝๬௥ਔࠏఖದඔऌ༎ಌ֥۴Чჿඏbᆃ၂࠯ඌਫ਼֥ࣥӮඃၩ

໅ሢğ޺৳ຩܿଆ֥ၛሱ໡ູᇏྏ֥ದো൪௔ࡼӮູऎദყ࿞਀֥ࠎԤეਘđཁᇷࢆ

֮ؓυࠏ݌ఖದඔऌҐ֥ࠢ၇ঠb

ඔऌ٦੽ࠏᇅൌགྷਔՖ”ඔऌ౺׮”֞”ඔऌሱई”֥оߌbDexFlyWheelᅚൕਔ”

ֆ่ದোဆൕఓ׮-җҵ఼߄࿐༝ັט-Ҧ੻҆ඇ-ඔऌᄹ఼”֥ປᆜоߌđൌགྷඔऌն

ܿଆঔᅚb2026୍đඔऌ٦੽ࡼӮູऎദ༢๤҆ඇ֥ѓሙ஥ᇂđ๷׮ଆ྘ି৯ӻ࿃

ᄹӉb

նܿଆކӮඔऌყ࿞਀ဒᆣਔٟᆇ֞གྷൌčSim2RealĎ֥ྍॖିbഈݚದ۽ᇆି

ൌဒ൩აКࣘն࿐৳֥҃ؿކ InternData-A1ඔऌࠢ൮Ցᆣૼđࣇ൐ႨކӮඔऌࠧॖ

ᄝ VLAଆ྘ყ࿞਀ᇏឡૅ൐Ⴈᆇൌඔऌ֥ࠢቋࡄყ࿞਀ଆ྘֥ྟିbھඔऌࠢЇݣ

ӑݖ 63ຣ่݅ࠖa7,433ཬൈඔऌđۂݤ 4ᇕЧุa18ཛି࠯a70۱಩ༀࠣ 227۱ӆ

ࣟđྟېۂڭaܱࢫ྘aॖэྙࠣੀุ໾ุҠቔb๙ۚݖ؇ሱᇶaປಆࢳᯒ֥ٟᆇੀ

ӱđInternData-A1ൌགྷਔӉӱି࠯ቆކაॴЧุඔऌളӮđᄝ 5ཛᆇൌൗࢸ಩ༀބ 4

ཛӉӱਲెҠቔᇏᅚགྷԛ਷ದࣙ࿱֥ਬဢЧ Sim2Realథ၍ି৯bGigaBrain-0֩۽ቔ

࣢đൌགྷᅶோߌӮކԤ֥ࠎ໾৘ࡹܒଆ྘ࢸଆ྘ളӮඔऌđၛۚථൗࢸ၂҄ႄೆൗࣉ

ࠩᆇൌۋ౏໾৘ॖྐ֥ඔऌളӮb2026୍đކӮඔऌᅝбყ࠿ࡼ࠹࿃ิശđაᆇൌ

ඔऌྙӮ޺Ҁb

ۋ๝ᆷཟ”֮ӮЧaॖঔᅚaሱᄹ఼”֥ඔऌྍٓൔbሱ໡ᇏྏ܋ᇗඔऌэ۪؟

ᆩ๤၂ਔದࠏඔऌҐࠢྙ෿đUMIյ௥ਔЧุඔऌ֛ܛđದো൪௔థ၍๬௥ਔඔऌ

টჷ௞࣠đඔऌ٦੽ൌགྷਔି৯ᄹӉ֥ሱ໡࿖ߌđطնܿଆކӮඔऌყ࿞਀ᄵյषਔ



ඔऌܿଆ۳֥܂߄ᇔࠞ๙ਫ਼b໴ᆀླྀ๝ࡼऎദᇆି֥ඔऌӮЧ౷ཌՖཌྟ࿢ཟՑཌ

ྟđູնܿଆ௴ࠣק׍ඔऌࠎԤb

5.2.3 技术范式演进与应用落地的发展

-bੀ௄஥čFlowMatchࣉဆ֥ކ৫֞ᯒ׿ᆞࣜ৥Ֆ৖೛֞৵࿃aՖمቔіൕٚ׮

ingĎၘӮູ֒భ VLAଆ྘֥ᇶੀ׮ቔളӮٓൔđVLAଆ྘֥սі π0.6აൗࢸଆ྘

֥սі Cosmos PolicyनҐႨੀ௄஥֥ٓൔൌགྷۚ௔৵࿃׮ቔൻԛb

࿐༝čRLĎა߄఼ VLA ֥ധ؇ᆜކ൞ਸ਼၂ܱ࡯౴൝bRLinf-VLA ॿࡏ൮Ցൌ

གྷੀ௄஥ VLAଆ྘֥ᄝཌ఼߄࿐༝ັטđิԛ Flow-Noiseა Flow-SDEਆᇕັٚט

σđᄝ LIBERO ௜෻ղ֞ 98.3% Ӯੱۿb఼߄࿐༝֥ႄೆđ൐ VLA ଆ྘ିܔՖᆇ

ൌ࣢ّߌঌᇏӻ࿃࿐༝đൌགྷՖଆٟ࿐༝֞ሱᇶ࿐༝֥ॴᄀbᄝު࿃࿹࣮ᇏ”ყ࿞਀

VLA+RLު࿞਀”ࡼӮູऎദਵთᇶေ࿹࣮ٚཟᆭ၂b

Ӊӱ಩ༀ֥๬௥൞ऎദᇆିઋֹ֥ܱ࡯ᆷѓbෛሢऎദᇆିෘܒࡏمაඔऌٓ

ൔ֥ӻ࿃Ӯඃđਵთ࠯ඌםսၘྏނՖֆ၂ෘିྟمႪ߄đሇཟࡹܒಆӆࣟaಆ಩

ༀaಆੀӱ֥ሱᇶቔြି৯b2026୍Ԛđ؟ཛ࠯ඌࣉᅚൌགྷਔ಩ༀಆ৽ਫ਼؊֞؊ࡏ

ᆃোӉӱ಩ༀ֥ဆڛ၉ןॴᄀđᄝ࡯ઋֹ֥ܱ߄đປӮਔՖൌဒ൩ဒᆣ֞ൌႨߌоܒ

ൕҪԛ҂౫bPi0.6ଆ྘ᆣૼਔଆ྘ॖၛᄝྍӆࣟ༯๙߄఼ݖ࿐༝൬ࠢॹ෎൬৻֞၂

۱ྍ಩ༀđࣉ၂҄ဒᆣਔऎദᇆି༢๤ᄝ࣢ߌ߄ܒࢲ٤ᇏ֥۽ӱྟྛॖ߄b

ᆇᆞ֥ઋֹߎေॉ੮۷؟༢๤ྟ໙ีđၛࡅ๖၉໾ԩ৘ӆູࣟ২đ2026୍ 1ᄅ

ഈཌ֥ჭऎദᇆି࿹࣮ჽ֥҃ؿ؊֞؊նଆ྘༢๤đൌགྷਔ໭ದۄ۽ყ༯၉໾്љa

൬ࡣaϬᄎaౢ༡భሙС֥ಆੀӱሱᇶቔြđ๬௥ਔࡅ߄ܒࢲ٤๖࣢ߌᇏӉൈ྽಩ༀ

о࠯ྏނ֥ߌඌ௞࣠bھӮྙݔӮ֥࠯ඌٚσॖཟҔऎᆜ৘a໾௖݂ᇂ֩ٗࡅ๖౞ࡅ

ༀӆࣟథ၍đູऎദᇆି༢๤֥؟ӆࣟ࠯ඌگႨაି৯ຉᅚิ܂ਔѓሙ߄ҕॉٓൔđ

๷۱׮ದڛༀࠏఖದՖ॓࿹ဒᆣཟ૶Ⴈܿଆ߄ႋႨࡆ෎ဆࣉb

5.3 具身智能研究平台发展展望

5.3.1 数据采集平台的便携化

ऎദඔऌҐࠢ႗ࡱᆞࣜ৥Ֆൌဒ൩ህႨഡСཟьེൔa֮ӮЧaॴЧุ֥ሇ྘b

Stanfordิԛ֥ UMIඔҐ༢๤൞Վٚ૫֥սіྟ۽ቔđ2025୍༯϶୍đ੠ૼࠏఖದ



๷ԛ֥ FastUMI ProМЇൔҐࠢഡСࡼֆՑҐࠢӮЧࢆᇀ 0.6ჭၛ༯đࢠԮ๤ဪҠቔ

၂۱ඔਈࠩb֮ࢆ

ᆃུࣉᅚყൕđ2026୍ऎദඔऌҐࠢࡼՖ”ህြഡീ”ሇэູ”๙Ⴈ۽ऎ”đཁᇷ

bࡪ࿹࣮ሙೆ૊֮ࢆ

5.3.2 仿真平台的开放化与标准化

ऎദٟᆇ௜෻ӯགྷϤ޽ఊ٢aࡆ෎ವ֥ކ෿൝bNVIDIA Isaac Labა Cosmos֥

ധ؇ᆜࡹܒކਔՖൗࢸଆ྘ളӮ֞Ҧ੻࿞਀֥ປᆜੀඣཌĠGenesis໾৘ႄౣၛۚЌ

ᆇ GPUࡆ෎ᛴಙᆦӻࢤԨ޺ࢌڶپĠMuJoCoა Gymnasiumള෿֥ӻ࿃ঔᅚູෘم

ဒᆣิ܂ѓሙࢤ߄१bݓଽٚ૫đКࣘն࿐aౢ޿ն࿐aᇆჭࠏఖದ֩ܒࠏन๷ԛਔ

Ӯඃ֥षჷٟᆇ௜෻đູऎദᇆିෘ֥مԚ҄ဒᆣิ܂ਔ֮ӮЧaۚൡ஥֥࿹ߌؿ

࣢bఃᇏđᇆჭࠏఖದ࿹֥ؿ Genie Simषჷٟᆇ௜෻đູြଽ൮۱նე࿽ଆ྘౺׮

֥षჷऎദٟᆇ௜෻b௜෻ವކ೘ົᇗࡹა൪तളӮ࠯ඌۚࡹܒЌᆇඔሳ੶ള໾৘

ᇒࠩຣࠩ࿞਀ӆࣟളӮĠ๝҄षჷٳඌൌགྷ࠯߄ӆࣟٗ׮౺ሱ࿹֥նଆ྘ݖ࣢đ๙ߌ

ಆਈս઒a೘ົሧӁaٟᆇඔऌࠢაѓሙ߄௟ҩ۽ऎđྙӮӆࣟളӮ-Ҧ੻࿞਀-ྟି

௟ҩ֥ಆੀӱ࠯ඌоߌđູऎദᇆିෘ֥مॹ෎םսა֮ӮЧဒᆣิ܂ѓሙ࠯߄ඌ

ᆦӪb

ൌࠏဒᆣ௜෻֥ܿଆࡹ߄ഡӮູ૛ކ”ٟᆇ-གྷൌࠎ࡯ܱ֥”܎ޟԤഡീbಆ౯൮

۱նܿଆᆇࠎࠏሙҩ൫௜෻ RoboChallengeᆦӻ 30ཛگᄖ಩ༀ֥ჹӱࢤೆဒᆣĠК

ӑ֥ࡹఖದԷྍᇏྏձࠏದྙࡹ܋ֹٚࡅݓ֥ࣘ 5000௜ٚ૜ၳܒ࿞਀ӆđ۽ۂڭြ

ᇅᄯa૶ളڛༀ֩؟ӆࣟđࢤೆ 100Ⴥ෻҂๝ܒ྘ࠏఖದđൌགྷඔऌҐࠢaᇍ৘აଆ

྘ဒᆣ֥ಆੀӱоߌb

ѓሙ߄ӆࣟഡ࠹აषࢤ٢१ࡼӮູൌࠏ௜෻֥ѓ஥đ൐ಌك႗ࡱሧჷ֥࿹ؿ๶

ؒၧିषᅚᆇࠏҩ൫b

5.3.3 数据生态的全球化与开源化

ऎദᇆିඔऌള෿ᆞࣜ৥Ֆ”߄֛ܛ”ཟ”ಆ౯ྟܒࢲ֥”߄ሇэbOpenX-Embodiment

ඔऌࠢӻ࿃ঔᅚđAgiBot Worldၛ 100ຣ่݅ࠖa2976ཬൈܿଆӮູቋնܿଆᆇൌൗ

܂ఖದҠቔඔऌࠢĠEgo-Exo4DaEgo4D֩ሱ໡ᇏྏ൪௔ඔऌູࠢॴଆ෿࿐༝ิࠏࢸ

ඔऌҐࠢa࿞਀ა҆ඇಆੀӱđOpenVLAaކᆜࡏԤഡീbषჷഠ౵ٚ૫đLeRobotॿࠎ



OpenPI֩षჷଆ྘൐࿐ඌࢸა۽ြ֤ࢸၛᄝ๤၂ࠎཌഈषᅚ࿹࣮b

ඔऌѓሙ֥טླྀ߄࠽ݓರ౴ࣅ௧bෛሢᇏૅ୸ᄝऎദᇆିਵთ֥ࣩᆚࡆखđඔऌ

۬ൔa௟ླྀܙၰaνಆ֥ܿٓѓሙࡼ߄Ӯູಆ౯ླྀቔა޺Ҡቔ֥ࠎԤbषჷ߄აಆ౯

ਫ਼ࣥb๤၂֥ඔऌѓሙაष٢࡯൞ऎദᇆିॴᄀ”ඔऌуৈ”aൌགྷି৯ᄁథ֥ܱ߄

֥ඔऌള෿҂֮ࢆࣇᇗࡹگഡӮЧđ۷ູಆ౯࿹࣮ᆀ֥ླྀ๝Էྍิࠎ܋܄܂ԤđఃӮ

ඃ؇ࡼᆰࢤ႕ཙ 2026-2027୍ऎദᇆି࠯ඌ֥ঔ೛෎؇აႋႨധ؇b

5.4 具身智能标准化发展展望

ऎദᇆିቔູದ۽ᇆିა໾৘ൌุധ؇ವ֥ކభခਵთđ൞஡ტໃটӁြaؿ

ᅚྍᇉളӁ৯֥ᇗေٚཟđѓሙၘ߄Ӯູႄਵ࠯ඌԷྍaܿٓӁြؿᅚaЌᅰνಆႋ

Ⴈ֥ྏނᆦӪb֒భಆ౯ऎദᇆିѓሙ߄ᆜุԩႿఏ҄ฐ෬؍ࢨđഉໃྙӮุ༢߄

҃अđISO/TC 299aIEC/TC59aIEC/TC61aIEC/TC62֩࠽ݓѓሙቆऊࠏࢊఖದඌეa

ྟିҩ൫aࠎԤνಆ֩ٚཟ҃अѓሙđؓऎദᇆିหႵ֥؟ଆ෿ۋᆩa؊֞؊थҦa

໾৘޺ࢌaᇆିุླྀ๝֩ྏނඋྟۂڭ҂ቀđISO/IEC JTC1 SC42ၛದ۽ᇆି్ູೆđ

ຶಡ໾৘ AIषᅚ࠯ඌษંđᇆି߄ѓሙაҩ௟ѓሙթᄝૼཁॢϢđ໡ݓᄝԮ๤ࠏఖ

ದਵთ࠽ݓѓሙ߅ეಃࢠ೐đታླ๙ݖऎദᇆିѓሙ߄ൌགྷ๬௥b

ໃটđऎദᇆିѓሙࣉࡼ߄ೆॹ෎ປ೿aಆ૫ઋֹaധ؇؍ࢨྍ֥ିڮđၛѓሙ

ႄਵ࠯ඌםսaӁြླྀ๝აӆࣟܿଆ߄ႋႨđಆ૫ࡹܒఏಆ૫ۂڭದྙࠏఖದaٟള

৯a၄ਏaࣷჱ֩ᇗׄྛြ׈ჭӁ௖ྙ෿a૫ཟᇅᄯa૶ളa؟ఖದaᇆିచӚ֩ࠏ

֥oऎദᇆି +pѓሙุ༢bѓሙ۳܂ഈđࡼऊࠎࢊԤקၬaᇆି߄aࢤ१ൡ஥aν

ಆᇍ৘ඹն௧్ٚཟđࡆॹླࠤѓሙ࿹ᇅđྙӮࡅݓѓሙaྛြѓሙa๶ุѓሙླྀ๝

஥ส֥۬अbࠎԤ๙Ⴈٚ૫đႪ༵षᅚඌეaҩ௟ٚمaദܵٺ৘֩ࠎԤѓሙđູྛ

ြิ܂๤၂ѓԄbᇆିٚ߄૫đ๷׮؊֞؊ଆ྘aᄎ׮॥ᇅaࠢಕླྀ๝aোଷ࠹ෘ֩

१აൡࢤඌေ౰bᄝ࠯ᆩiथҦiᆳྛpಆ৽ਫ਼ۋđܿٓoࣉඌაѓሙ๝҄ဆ࠯ྏނ

஥ٚ૫đऊࢊඔऌ๤၂۬ൔaෘمა႗ࢤ֥ࡱ१ླྀၰ֩ѓሙđิശඔऌॖگႨྟđ௥

৯bᄝνಆᇍކ঒࣢đ్ൌྙӮӁြؿषگp֥ᇗمൡ஥ෘࡱa႗ࡱ႗ڿྩمoෘࢳ

৘ഈđۂڭࡹܒಆളଁᇛ௹֥νಆა੾৘ѓሙุ༢đૼಒྀࠏνಆaିۿνಆaඔऌ

νಆaෘྐॖمa੾৘֩ܿކေ౰đק߃ದ޺ࢌࠏшࢸđٝٓ࠯ඌڄགა੾৘ᆚၰđ

ิശӁြؿᅚνಆྟა܄ᇙಪॖ؇bᄝކ࠽ݓቔٚ૫đ໡ࡼݓӻ࿃ധ߄ა ISOaIEC

ѓሙ࠽ݓ౼đᆚקᄵᇅܿ࠽ݓҕაࠞࠒđ߄ሇ࠽ݓႪ൝ѓሙཟ׮đ๷ࢤቆᆮؓ࠽ݓ֩



ეಃb߅σđิശಆ౯ѓሙٚݓᇏࢌᆯༀđᄝऎദᇆିਵთิ࡯ቆᆮܱ߄



第六章 总结

ऎദᇆିቔູದ۽ᇆିਵთ֥భခ࿹࣮ٚཟđఃЧᇉหᆘุགྷᄝᇆିุିܔ๙

࿐a॓ࠏෘ࠹ਔކҭ࿐॓ವࢌbᆃ၂ࣉđൌགྷሱᇶ࿐༝აି৯ဆ޺ࢌ෿׮࣢֥ߌაݖ

ࣚބᆩaሱᇶथҦۋ࣢ߌऎႵࡹܒਵთᆩ്ุ༢đᆻᄝ؟ಪᆩപࣜ॓࿐֩ބఖದ࿐ࠏ

ሙᆳྛି৯֥ᇆି༢๤đ൐ఃିܔᄝ࣢ߌ߄ܒࢲ٤ᇏ၇ࣸऎСᇆିྛູ֥ି৯bՖ

৘ંॿ࠯֞ࡏඌൌགྷđऎദᇆି֥ؿᅚսіሢ֒ࣂದ۽ᇆି࿹࣮ٓൔᆞࣜ৥ྴ୅ൗ

p׮ᆩiಪᆩiྛۋ৫oࡹᄝႿྏނᇗေሇэđః֥޺ࢌ࣢ൌุߌᆇൌ֞׮౺مෘࢸ

ෘpཟoऎദᇆିp֥ٓൔᄁథb࠹ᇆିՖo৖ദ۽ದ׮ᇅđ๷ࠏߌ෿о׮֥

ऎദᇆିଢభྙӮਔཌྷؓປС֥࠯ඌุ༢bఃᇏđ؟ଆ෿ۋᆩ࠯ඌϺᇹൌᇆିุ

ൌགྷؓ෮ԩ࣢֥ॖߌौ৘ࢳĠࠎႿնე࿽ଆ྘֥ಪᆩ๷৘༢๤ᄵϺᇹᇆିุൌགྷؓ

ߌႿࠎਔ܂ᄵູᇆିุิم࿐༝֥ٚ߄Ⴟ఼ࠎطĠ߃ູܿྛބࢳᄖ಩ༀ֥ეၬ৘گ

࣢ّঌ֥Ҧ੻ሱᇶႪ߄bഈඍ࠯ඌ֥ླྀ๝ԷྍႵིᄹ఼ਔᇆିุᄝگᄖष࣢ߌ٢ᇏ

֥ൡႋି৯đఃᇏವކਔۋᆩaಪᆩაᆳྛ֥”൪त-ე࿽-׮ቔ”ଆ྘ᆞᇯ҄Ӯູऎദ

ᇆି֥ྍ၂ս࠯ྏނඌॿࡏb

ۚᇉਈඔऌࠢ൞ऎദᇆି࿹࣮֥ࠎԤbMuJoCoaNVIDIA Isaacބ RoboVerse֩

ٟᆇ௜෻๙ݖӻ࿃Ⴊ߄໾৘ႄౣ࠹ބෘིੱđູᇆିุ֥࿞਀ބဒᆣิ܂ਔॖौ֥

ൌဒ࣢ߌb҂ݖᆇൌӆࣟඔऌҐࠢؓႿิശ༢๤ٗބିྟ߄ॴਵთథ၍ି৯ಯऎႵ

҂ॖูս֥ቔႨb୍࣍টđෛሢဪҠቔ༢๤֩ྍ྘ඔऌҐࠢഡС֥ႋႨđᆇൌ࣢ߌඔ

ऌ֥ࠆ౼ིੱ֤֞ཁᇷิശbᆃུࠎԤഡീ֥҂؎ປ೿đູ ऎദᇆି࠯ඌ֥۽ӱ߄ႋ

Ⴈิ܂ਔܱ࡯ᆦӪb

ऎദᇆିଢభᆞᇯ҄റ๩֞۲۱ྛြb۽ြᇅᄯਵთᆞᄝປӮՖԮ๤ྟېሱ׮

ༀ௜෻ဆڛކଆॶཟሸିۿఖದᆞՖֆ၂ࠏༀڛႨࡅሇ྘ശࠩĠ֥߄ཟ಼ྟᇆି߄

Ҡቔࣚ؇Ġ୪ြᇆିልСބሙ॥ᇅཁᇷิശਔ൭ඌνಆྟࣚݖఖದ๙ࠏĠ၄ਏ൭ඌࣉ

ᄵൌགྷਔࠎႿۋ࣢ߌᆩ֥ሱᇶथҦაࣚሙቔြbᆃུႋႨൌ࡬҂ࣇջটਔཁᇷ֥ള

ӁིੱิശđᄝቔြνಆaሧჷႪॖބ߄ӻ࿃ؿᅚ֩ٚ૫္ᅚགྷԛᇗေ֥ഠ߶ིࣜ࠶

ၭb

ऎദᇆି֥ໃটؿᅚᇶေऊࢊႿ࠯ඌԷྍaႋႨຉᅚބӁြള෿೘۱ົ؇ğ࠯

ඌҪ૫ࡼᇁ৯Ⴟิശದ֥޺ࢌࠏሱಖྟބᇆିุ֥࣢ߌൡႋି৯ĠႋႨٓຶࡼཟ۷

70



ष٢a۷گᄖ֥ӆࣟྛࣉ࿼ഥĠӁြള෿ࡹഡࡼऊࢊѓሙุܿٓ༢֥ࡹ৫აປ೿b๝

ൈđऎദᇆି֥࠯ඌ੾৘ބνಆЌᅰ္ࡼӮູᇗေ࿹࣮ٚཟđၛಒЌऎദᇆି࠯ඌؿ

ᅚაഠ߶ླ౰֥ླྀט๤၂b

ऎദᇆିᆞԩႿՖൌဒ൩࿹࣮ཟӁြ߄ႋႨ؍ࢨ࡯ܱ֥؈ݖđࠏმ็ބᅞѩթb

၂ٚ૫đऎദྏނෘ֥مӻ࿃๬௥҂؎ຉᅚሢఃႋႨшࢸĠ֌ਸ਼၂ٚ૫đඔऌҐࠢa

ෘބ߄ٗم༢๤ॖौྟಯಖթᄝᇭ؟௞࣠bၹՎླေӁ࿐࿹۲ٚ๙৯ކቔđຶ ಡܱ࡯

đෛሢ࡮ᅚbॖၛყؿऎദᇆିࣉ๝๷܋Ӂြള෿஡ტđބഡࡹaѓሙุ༢ܱ۾ඌ࠯

ཌྷܱ࠯ඌุ༢֥ӻ࿃ປ೿ބႋႨӆ֥ࣟ҂؎ڶپđऎദᇆିࡼᄝໃট൅୍ଽӮູᇗ

ෑದোളӁളٚࠃൔ֥ᇗေ࠯ඌ৯ਈđູࣜ࠶ഠ߶֥ؿᅚิ֥ྍ܂ᄹӉି׮b



参考文献

[1] TorneM, SimeonovA, Li Z, Chan A, Chen T, Gupta A, Agrawal P. Reconciling reality

through simulation: A real-to-sim-to-real approach for robust manipulation [J]. arXiv

preprint arXiv:2403.03949, 2024.

[2] Li X, Li J, Zhang Z, Zhang R, Jia F, Wang T, Fan H, Tseng K K, Wang R.

Robogsim: A real2sim2real robotic gaussian splatting simulator [J]. arXiv preprint

arXiv:2411.11839, 2024.

[3] Qureshi M N, Garg S, Yandun F, Held D, Kantor G, Silwal A. Splatsim: Zero-shot

sim2real transfer of rgb manipulation policies using gaussian splatting [J]. arXiv

preprint arXiv:2409.10161, 2024.

[4] Han X, Liu M, Chen Y, Yu J, Lyu X, Tian Y, Wang B, Zhang W, Pang J. Re ˆ3 sim:

Generating high-fidelity simulation data via 3d-photorealistic real-to-sim for robotic

manipulation [J]. arXiv preprint arXiv:2502.08645, 2025.

[5] Lou H, Liu Y, Pan Y, Geng Y, Chen J, Ma W, Li C, Wang L, Feng H, Shi L, et al.

Robo-gs: A physics consistent spatial-temporal model for robotic arm with hybrid

representation [J]. arXiv preprint arXiv:2408.14873, 2024.

[6] Wu Y, Pan L, Wu W, Wang G, Miao Y, Xu F, Wang H. Rl-gsbridge: 3d gaussian

splatting based real2sim2real method for robotic manipulation learning [J]. arXiv

preprint arXiv:2409.20291, 2024.

[7] Jiang Y, Wang C, Zhang R, Wu J, Fei-Fei L. Transic: Sim-to-real policy transfer by

learning from online correction [J]. arXiv preprint arXiv:2405.10315, 2024.

[8] Tobin J, Fong R, Ray A, Schneider J, Zaremba W, Abbeel P. Domain randomiza-

tion for transferring deep neural networks from simulation to the real world [C]//2017

IEEE/RSJ international conference on intelligent robots and systems (IROS). IEEE,

2017: 23-30.

[9] Andrychowicz O M, Baker B, Chociej M, Jozefowicz R, McGrew B, Pachocki J,

Petron A, Plappert M, Powell G, Ray A, et al. Learning dexterous in-hand manipula-

tion [J]. The International Journal of Robotics Research, 2020, 39(1): 3-20.

[10] Matas J, James S, Davison A J. Sim-to-real reinforcement learning for deformable

72



object manipulation [C]//Conference on Robot Learning. PMLR, 2018: 734-743.

[11] Jiang Y, Yu C, Xie T, Li X, Feng Y, Wang H, Li M, Lau H, Gao F, Yang Y, et al. Vr-

gs: A physical dynamics-aware interactive gaussian splatting system in virtual reality

[C]//ACM SIGGRAPH 2024 Conference Papers. 2024: 1-1.

[12] KasparM, Osorio J DM, Bock J. Sim2real transfer for reinforcement learning without

dynamics randomization [C]//2020 IEEE/RSJ International Conference on Intelligent

Robots and Systems (IROS). IEEE, 2020: 4383-4388.

[13] YuW, Tan J, Liu CK, Turk G. Preparing for the unknown: Learning a universal policy

with online system identification [J]. arXiv preprint arXiv:1702.02453, 2017.

[14] Su K, Zhang X, Zhang S, Zhu J, Zhang B. To boost zero-shot generalization for em-

bodied reasoning with vision-language pre-training [J]. IEEE Transactions on Image

Processing, 2024.

[15] Yu A, Foote A, Mooney R, Martín-Martín R. Natural language can help bridge the

sim2real gap [J]. arXiv preprint arXiv:2405.10020, 2024.

[16] He H, Huang J, Li Q, Wang X, Zhang F, Yang K, Meng L, Chu F. Maintagt: Sim2real-

guided multimodal large model for intelligent maintenance with chain-of-thought rea-

soning [J]. arXiv preprint arXiv:2412.00481, 2024.

[17] Eftekhar A, Zeng K H, Duan J, Farhadi A, Kembhavi A, Krishna R. Selective visual

representations improve convergence and generalization for embodied ai [J]. arXiv

preprint arXiv:2311.04193, 2023.

[18] Sun H, Zhu F, Kong Y,Wang J, Zhao P. Continuous viewpoint planning in conjunction

with dynamic exploration for active object recognition [J]. Entropy, 2021, 23(12):

1702.

[19] He L, Maiolino P. Embodied active tactile perception [C]//IOP Conference Series:

Materials Science and Engineering: volume 1292. IOP Publishing, 2023: 012007.

[20] Chuang I, Lee A, Gao D, Naddaf-Sh M M, Soltani I. Active vision might be all

you need: Exploring active vision in bimanual robotic manipulation [C]//2025 IEEE

International Conference on Robotics and Automation (ICRA). IEEE, 2025: 7952-

7959.

[21] Qin Y, Zhou E, Liu Q, Yin Z, Sheng L, Zhang R, Qiao Y, Shao J. Mp5: A multi-

modal open-ended embodied system in minecraft via active perception [C]//2024



IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR). IEEE,

2024: 16307-16316.

[22] Chen L, Zhan H, Chen K, Xu X, Yan Q, Cai C, Xu Y. Activegamer: Active gaussian

mapping through efficient rendering [C]//Proceedings of the IEEE/CVF Conference

on Computer Vision and Pattern Recognition. 2025: 16486-16497.

[23] Schneider T, de Farias C, Calandra R, Chen L, Peters J. Apple: Toward general ac-

tive perception via reinforcement learning [C]//International Conference on Learning

Representations (ICLR). 2026.

[24] Wang Y, Du S, Xin Q, He Y, Qian W. Autonomous driving system driven by artificial

intelligence perception fusion [J]. Academic Journal of Science and Technology, 2024,

9(2): 193-198.

[25] Xue T, Wang W, Ma J, Liu W, Pan Z, Han M. Progress and prospects of multimodal

fusion methods in physical human–robot interaction: A review [J]. IEEE Sensors

Journal, 2020, 20(18): 10355-10370.

[26] Xu D, Anguelov D, Jain A. Pointfusion: Deep sensor fusion for 3d bounding box

estimation [C]//Proceedings of the IEEE conference on computer vision and pattern

recognition. 2018: 244-253.

[27] Pang S, Morris D, Radha H. Clocs: Camera-lidar object candidates fusion for 3d

object detection [C]//2020 IEEE/RSJ International Conference on Intelligent Robots

and Systems (IROS). IEEE, 2020: 10386-10393.

[28] Liu Z, Tang H, Amini A, Yang X, Mao H, Rus D L, Han S. Bevfusion: Multi-task

multi-sensor fusion with unified bird’s-eye view representation [C]//2023 IEEE inter-

national conference on robotics and automation (ICRA). IEEE, 2023: 2774-2781.

[29] Zhang W, Zhu S, Chen L, Bai L, Lam E Y, Guo E, Han J. High-resolution and real-

time non-line-of-sight imaging based on spatial correlation [J]. Optics and Lasers in

Engineering, 2025, 193: 109100.

[30] Braccini M. Metasensor: A proposal for sensor evolution in robotics [J]. Sensors,

2025, 25(3).

[31] Liu Q, Cui Y, Sun Z, Li G, Chen J, Ye Q. VTDexmanip: A dataset and benchmark

for visual-tactile pretraining and dexterous manipulation with reinforcement learning

[C]//International Conference on Learning Representations (ICLR). 2025.



[32] Ye Q, Liu Q, Wang S, Chen J, Cui Y, Jin K, Chen H, Cai X, Li G, Chen J. Visual-

tactile pretraining and online multitask learning for humanlike manipulation dexterity

[J]. Science Robotics, 2026, 11(110): eady2869.

[33] Yu H, Cong Y, Sun G, Hou D, Liu Y, Dong J. Open-ended online learning for au-

tonomous visual perception [J]. IEEE Transactions on Neural Networks and Learning

Systems, 2023.

[34] Jing Y, Kong T. Learning to explore informative trajectories and samples for embod-

ied perception [C]//2023 IEEE International Conference on Robotics and Automation

(ICRA). IEEE, 2023: 6050-6056.

[35] Li A, Ma X. Scalable cognitive developmental network: A strategy for integrating

new perception online using relation evolution soinn [J]. Cognitive Systems Research,

2023, 79: 165-174.

[36] Liang X, Han A, Yan W, Raghunathan A, Abbeel P. Alp: Action-aware embodied

learning for perception [J]. arXiv preprint arXiv:2306.10190, 2023.

[37] Chaplot D S, Dalal M, Gupta S, Malik J, Salakhutdinov R R. Seal: Self-supervised

embodied active learning using exploration and 3d consistency [J]. Advances in neural

information processing systems, 2021, 34: 13086-13098.

[38] Feng T, Wang X, Zhu W. Self-evolving embodied ai [J]. arXiv preprint

arXiv:2602.04411, 2026.

[39] Tang Q, Zhang B, Liu J, Liu F, Liu Y. Dynamic token pruning in plain vision trans-

formers for semantic segmentation [C]//Proceedings of the IEEE/CVF International

Conference on Computer Vision. 2023: 777-786.

[40] Cao J, Ye P, Li S, Yu C, Tang Y, Lu J, Chen T. Madtp: Multimodal alignment-guided

dynamic token pruning for accelerating vision-language transformer [C]//Proceedings

of the IEEE/CVF conference on computer vision and pattern recognition. 2024:

15710-15719.

[41] Garavagno A M, Ragusa E, Frisoli A, Gastaldo P. An affordable hardware-aware

neural architecture search for deploying convolutional neural networks on ultra-low-

power computing platforms [J]. IEEE Sensors Letters, 2024, 8(5): 1-4.

[42] Garavagno A M, Ragusa E, Frisoli A, Gastaldo P. Searching neural architectures for

sensor nodes on iot gateways [J]. IEEE Internet of Things Journal, 2025.



[43] Chehade A, Ragusa E, Gastaldo P, Zunino R. Hardware-aware neural architecture

search for encrypted traffic classification on resource-constrained devices [J]. IEEE

Transactions on Network and Service Management, 2026.

[44] AhnM, Brohan A, Brown N, Chebotar Y, Cortes O, David B, Finn C, Fu C, Gopalakr-

ishnan K, Hausman K, et al. Do as i can, not as i say: Grounding language in robotic

affordances [J]. arXiv preprint arXiv:2204.01691, 2022.

[45] Yao S, Zhao J, Yu D, Du N, Shafran I, Narasimhan K, Cao Y. React: Synergizing

reasoning and acting in language models [C]//International Conference on Learning

Representations (ICLR). 2023.

[46] Lin K, Agia C, Migimatsu T, PavoneM, Bohg J. Text2motion: From natural language

instructions to feasible plans [J]. Autonomous Robots, 2023, 47(8): 1345-1365.

[47] Liu R, Bai C, Lyu J, Sun S, Du Y, Li X. Vlp: Vision-language preference learning for

embodied manipulation [J]. arXiv preprint arXiv:2502.11918, 2025.

[48] Liang J, Huang W, Xia F, Xu P, Hausman K, Ichter B, Florence P, Zeng A. Code

as policies: Language model programs for embodied control [C]//2023 IEEE Interna-

tional Conference on Robotics and Automation (ICRA). IEEE, 2023: 9493-9500.

[49] Mu Y, Chen J, Zhang Q, Chen S, Yu Q, Ge C, Chen R, Liang Z, Hu M, Tao C, et al.

Robocodex: Multimodal code generation for robotic behavior synthesis [J]. arXiv

preprint arXiv:2402.16117, 2024.

[50] Huang W, Wang C, Zhang R, Li Y, Wu J, Fei-Fei L. Voxposer: Composable

3d value maps for robotic manipulation with language models [J]. arXiv preprint

arXiv:2307.05973, 2023.

[51] PanM, Zhang J,WuT, ZhaoY, GaoW,DongH. Omnimanip: Towards general robotic

manipulation via object-centric interaction primitives as spatial constraints [J]. arXiv

preprint arXiv:2501.03841, 2025.

[52] Huang W, Wang C, Li Y, Zhang R, Fei-Fei L. Rekep: Spatio-temporal reason-

ing of relational keypoint constraints for robotic manipulation [J]. arXiv preprint

arXiv:2409.01652, 2024.

[53] Driess D, Xia F, Sajjadi M S, Lynch C, Chowdhery A,Wahid A, Tompson J, Vuong Q,

Yu T, Huang W, et al. Palm-e: An embodied multimodal language model [J]. 2023.

[54] Mu Y, Zhang Q, Hu M, Wang W, Ding M, Jin J, Wang B, Dai J, Qiao Y, Luo P. Em-



bodiedgpt: Vision-language pre-training via embodied chain of thought [J]. Advances

in Neural Information Processing Systems, 2023, 36: 25081-25094.

[55] Grauman K, Westbury A, Byrne E, Chavis Z, Furnari A, Girdhar R, Hamburger J,

Jiang H, Liu M, Liu X, et al. Ego4d: Around the world in 3,000 hours of egocentric

video [C]//Proceedings of the IEEE/CVF conference on computer vision and pattern

recognition. 2022: 18995-19012.

[56] Brohan A, Brown N, Carbajal J, Chebotar Y, Dabis J, Finn C, Gopalakrishnan K,

Hausman K, Herzog A, Hsu J, et al. Rt-1: Robotics transformer for real-world control

at scale [J]. arXiv preprint arXiv:2212.06817, 2022.

[57] Zitkovich B, Yu T, Xu S, Xu P, Xiao T, Xia F, Wu J, Wohlhart P, Welker S, Wahid A,

et al. Rt-2: Vision-language-action models transfer web knowledge to robotic control

[C]//Conference on Robot Learning. PMLR, 2023: 2165-2183.

[58] O’Neill A, RehmanA,Maddukuri A,GuptaA, Padalkar A, LeeA, PooleyA,GuptaA,

Mandlekar A, Jain A, et al. Open x-embodiment: Robotic learning datasets and rt-x

models: Open x-embodiment collaboration 0 [C]//2024 IEEE International Confer-

ence on Robotics and Automation (ICRA). IEEE, 2024: 6892-6903.

[59] Zhao X, Agrawal H, Batra D, Schwing A G. The surprising effectiveness of vi-

sual odometry techniques for embodied pointgoal navigation [C]//Proceedings of the

IEEE/CVF International Conference on Computer Vision. 2021: 16127-16136.

[60] Ramakrishnan S K, Chaplot D S, Al-Halah Z, Malik J, Grauman K. Poni: Potential

functions for objectgoal navigation with interaction-free learning [C]//Proceedings

of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2022:

18890-18900.

[61] Anderson P, Wu Q, Teney D, Bruce J, Johnson M, Sünderhauf N, Reid I, Gould S,

Van Den Hengel A. Vision-and-language navigation: Interpreting visually-grounded

navigation instructions in real environments [C]//Proceedings of the IEEE conference

on computer vision and pattern recognition. 2018: 3674-3683.

[62] Krantz J, Gervet T, Yadav K, Wang A, Paxton C, Mottaghi R, Batra D, Malik J,

Lee S, Chaplot D S. Navigating to objects specified by images [C]//Proceedings of

the IEEE/CVF International Conference on Computer Vision. 2023: 10916-10925.

[63] Fang K, Toshev A, Fei-Fei L, Savarese S. Scene memory transformer for embodied



agents in long-horizon tasks [C]//Proceedings of the IEEE/CVF conference on com-

puter vision and pattern recognition. 2019: 538-547.

[64] Mousavian A, Toshev A, Fišer M, Košecká J, Wahid A, Davidson J. Visual represen-

tations for semantic target driven navigation [C]//2019 International Conference on

Robotics and Automation (ICRA). IEEE, 2019: 8846-8852.

[65] Zhang S, Yu X, Song X, Wang X, Jiang S. Imagine before go: Self-supervised gener-

ative map for object goal navigation [C]//Proceedings of the IEEE/CVF Conference

on Computer Vision and Pattern Recognition. 2024: 16414-16425.

[66] Yokoyama N, Ha S, Batra D, Wang J, Bucher B. Vlfm: Vision-language frontier

maps for zero-shot semantic navigation [C]//2024 IEEE International Conference on

Robotics and Automation (ICRA). IEEE, 2024: 42-48.

[67] Li L H, Zhang P, Zhang H, Yang J, Li C, Zhong Y, Wang L, Yuan L, Zhang L,

Hwang J N, et al. Grounded language-image pre-training [C]//Proceedings of the

IEEE/CVF conference on computer vision and pattern recognition. 2022: 10965-

10975.

[68] Yin H, Xu X, Wu Z, Zhou J, Lu J. Sg-nav: Online 3d scene graph prompting for llm-

based zero-shot object navigation [J]. Advances in Neural Information Processing

Systems, 2024, 37: 5285-5307.

[69] Sridhar A, Shah D, Glossop C, Levine S. Nomad: Goal masked diffusion policies for

navigation and exploration [C]//2024 IEEE International Conference on Robotics and

Automation (ICRA). IEEE, 2024: 63-70.

[70] Bar A, Zhou G, Tran D, Darrell T, LeCun Y. Navigation world models [J]. arXiv

preprint arXiv:2412.03572, 2024.

[71] RoboCat: A self-improving robotic agent — deepmind.google [EB/OL]. https:

//deepmind.google/discover/blog/robocat-a-self-improving-robotic-agent/.

[72] Fu Z, Zhao Q, Wu Q, Wetzstein G, Finn C. Humanplus: Humanoid shadowing and

imitation from humans [J]. arXiv preprint arXiv:2406.10454, 2024.

[73] Starting on the Right Foot with Reinforcement Learning | Boston Dynamics

— bostondynamics.com [EB/OL]. https://bostondynamics.com/blog/

starting-on-the-right-foot-with-reinforcement-learning/.

[74] 3 Questions: How the MIT mini cheetah learns to run — news.mit.edu [EB/OL].



https://news.mit.edu/2022/3-questions-how-mit-mini-cheetah-learns-run-fast-0317.

[75] Kumar A, Fu Z, Pathak D, Malik J. Rma: Rapid motor adaptation for legged robots

[J]. arXiv preprint arXiv:2107.04034, 2021.

[76] Escontrela A, Peng X B, Yu W, Zhang T, Iscen A, Goldberg K, Abbeel P. Adver-

sarial motion priors make good substitutes for complex reward functions [C]//2022

IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS). IEEE,

2022: 25-32.

[77] Xue Y, Dong W, Liu M, Zhang W, Pang J. A unified and general humanoid whole-

body controller for fine-grained locomotion [J]. arXiv preprint arXiv:2502.03206,

2025.

[78] Multi-agent reinforcement learning for resource allocation

in large-scale robotic warehouse sortation centers — ama-

zon.science [EB/OL]. https://www.amazon.science/publications/

multi-agent-reinforcement-learning-for-resource-allocation-in-large-scale-robotic-warehouse-sortation-centers.

[79] Chen J, Li X, Cao J, Zhu Z, DongW, Liu M, Wen Y, Yu Y, Zhang L, ZhangW. Rhino:

Learning real-time humanoid-human-object interaction from human demonstrations

[J]. arXiv preprint arXiv:2502.13134, 2025.

[80] Dourish P. Where the action is: the foundations of embodied interaction [M]. MIT

press, 2001.

[81] Gao X, Gao Q, Gong R, Lin K, Thattai G, Sukhatme G S. Dialfred: Dialogue-enabled

agents for embodied instruction following [J]. IEEERobotics andAutomation Letters,

2022, 7(4): 10049-10056.

[82] Kalinowska A, Pilarski P M, Murphey T D. Embodied communication: How robots

and people communicate through physical interaction [J]. Annual review of control,

robotics, and autonomous systems, 2023, 6(1): 205-232.

[83] Padmakumar A, Thomason J, Shrivastava A, Lange P, Narayan-Chen A, Gella S, Pira-

muthu R, Tur G, Hakkani-Tur D. Teach: Task-driven embodied agents that chat [C]//

Proceedings of the AAAI Conference on Artificial Intelligence: volume 36. 2022:

2017-2025.

[84] Brohan A, Brown N, Carbajal J, Chebotar Y, Chen X, Choromanski K, Ding T,

Driess D, Dubey A, Finn C, et al. Rt-2: Vision-language-action models transfer web



knowledge to robotic control [J]. arXiv preprint arXiv:2307.15818, 2023.

[85] Retzlaff C O, Das S, Wayllace C, Mousavi P, Afshari M, Yang T, Saranti A, Anger-

schmid A, Taylor M E, Holzinger A. Human-in-the-loop reinforcement learning: A

survey and position on requirements, challenges, and opportunities [J]. Journal of

Artificial Intelligence Research, 2024, 79: 359-415.

[86] Long Y, Wei W, Huang T, Wang Y, Dou Q. Human-in-the-loop embodied intelligence

with interactive simulation environment for surgical robot learning [J]. IEEE Robotics

and Automation Letters, 2023, 8(8): 4441-4448.

[87] Li Z, Wu W, Guo Y, Sun J, Han Q L. Embodied multi-agent systems: A review

[J/OL]. IEEE/CAA Journal of Automatica Sinica, 2025, 12(6): 1095-1116. DOI:

10.1109/JAS.2025.125552.

[88] Zhou X, Wen X, Wang Z, Gao Y, Li H, Wang Q, Yang T, Lu H, Cao Y, Xu C, Gao F.

Swarm of micro flying robots in the wild [J/OL]. Science Robotics, 2022, 7(66):

eabm5954. DOI: 10.1126/scirobotics.abm5954.

[89] Tu Y, Lam T L. Configuration identification for a freeform modular self-

reconfigurable robot - freesn [J/OL]. IEEE Transactions on Robotics, 2023, 39(6):

4636-4652. DOI: 10.1109/TRO.2023.3303848.

[90] Tan H, Hao X, Chi C, Lin M, Lyu Y, Cao M, Liang D, Chen Z, Lyu M, Peng C, et al.

Roboos: A hierarchical embodied framework for cross-embodiment and multi-agent

collaboration [J]. arXiv preprint arXiv:2505.03673, 2025.

[91] Zhang X, Qin H, Wang F, Dong Y, Li J. Lamma-p: Generalizable multi-agent long-

horizon task allocation and planning with lm-driven pddl planner [C]//2025 IEEE In-

ternational Conference on Robotics and Automation (ICRA). IEEE, 2025: 10221-

10221.

[92] Gao M, Li J, Lin Y, Liu X, Ji J, Pan X, Xu Z, Li X, Li M, Ji W, et al. Arcadia:

Toward a full-lifecycle framework for embodied lifelong learning [J]. arXiv preprint

arXiv:2512.00076, 2025.

[93] Wang X, Dong J, Liu B, Lyu Q, Liu L, Han Z. Lifelong embodied navigation learning

[J]. arXiv preprint arXiv:2603.06073, 2026.

[94] Chen X, Gao Y, Liu H, Yang F, Ghadirzadeh A, Yang J, Liang B, Zhang C, Lam T L,

Zhu S C. Cross-robot behavior adaptation through intention alignment [J/OL]. Sci-



ence Robotics, 2026, 11(112): eadv2250. https://www.science.org/doi/abs/10.1126/

scirobotics.adv2250.

[95] Brown T, Mann B, Ryder N, Subbiah M, Kaplan J D, Dhariwal P, Neelakantan A,

Shyam P, Sastry G, Askell A, et al. Language models are few-shot learners [J]. Ad-

vances in neural information processing systems, 2020, 33: 1877-1901.

[96] Caron M, Touvron H, Misra I, Jégou H, Mairal J, Bojanowski P, Joulin A. Emerging

properties in self-supervised vision transformers [C]//Proceedings of the IEEE/CVF

international conference on computer vision. 2021: 9650-9660.

[97] Kirillov A, Mintun E, Ravi N, Mao H, Rolland C, Gustafson L, Xiao T, Whitehead S,

Berg A C, Lo W Y, et al. Segment anything [C]//Proceedings of the IEEE/CVF inter-

national conference on computer vision. 2023: 4015-4026.

[98] Oquab M, Darcet T, Moutakanni T, Vo H, Szafraniec M, Khalidov V, Fernandez P,

Haziza D, Massa F, El-Nouby A, et al. Dinov2: Learning robust visual features with-

out supervision [J]. arXiv preprint arXiv:2304.07193, 2023.

[99] Ravi N, Gabeur V, Hu Y T, Hu R, Ryali C, Ma T, Khedr H, Rädle R, Rolland C,

Gustafson L, et al. Sam 2: Segment anything in images and videos [J]. arXiv preprint

arXiv:2408.00714, 2024.

[100] LeCunY. A path towards autonomousmachine intelligence version 0.9. 2,  

[J]. Open Review, 2022, 62(1): 1-62.

[101] Chen B, Xia F, Ichter B, Rao K, Gopalakrishnan K, Ryoo M S, Stone A, Kappler D.

Open-vocabulary queryable scene representations for real world planning [C]//2023

IEEE International Conference on Robotics and Automation (ICRA). IEEE, 2023:

11509-11522.

[102] Tang Y, Yu W, Tan J. Heiga zen, aleksandra faust, and tatsuya harada [J]. SayTap:

Language to quadrupedal locomotion, 2023, 2.

[103] Bommasani R, Hudson D A, Adeli E, Altman R, Arora S, von Arx S, Bernstein M S,

Bohg J, Bosselut A, Brunskill E, et al. On the opportunities and risks of foundation

models [J]. arXiv preprint arXiv:2108.07258, 2021.

[104] Ha D, Schmidhuber J. World models [J]. arXiv preprint arXiv:1803.10122, 2018.

[105] Finn C, Goodfellow I, Levine S. Unsupervised learning for physical interaction

through video prediction [J]. Advances in neural information processing systems,



2016, 29.

[106] Finn C, Levine S. Deep visual foresight for planning robot motion [C]//2017 IEEE

international conference on robotics and automation (ICRA). IEEE, 2017: 2786-2793.

[107] Dosovitskiy A, Beyer L, Kolesnikov A, Weissenborn D, Zhai X, Unterthiner T, De-

hghani M, Minderer M, Heigold G, Gelly S, et al. An image is worth 16x16 words:

Transformers for image recognition at scale [J]. arXiv preprint arXiv:2010.11929,

2020.

[108] Wang A, Chen H, Lin Z, Han J, Ding G. Repvit: Revisiting mobile cnn from vit

perspective [C]//Proceedings of the IEEE/CVF Conference on Computer Vision and

Pattern Recognition. 2024: 15909-15920.

[109] Shi H, Xu H, Huang Z, Li Y, Wu J. Robocraft: Learning to see, simulate, and shape

elasto-plastic objects in 3d with graph networks [J]. The International Journal of

Robotics Research, 2024, 43(4): 533-549.

[110] Qi C R, Su H, Mo K, Guibas L J. Pointnet: Deep learning on point sets for 3d classifi-

cation and segmentation [C]//Proceedings of the IEEE conference on computer vision

and pattern recognition. 2017: 652-660.

[111] Qian G, Li Y, Peng H, Mai J, Hammoud H, Elhoseiny M, Ghanem B. Pointnext:

Revisiting pointnet++ with improved training and scaling strategies [J]. Advances in

neural information processing systems, 2022, 35: 23192-23204.

[112] Gornet J, Thomson M. Automated construction of cognitive maps with visual predic-

tive coding [J]. Nature Machine Intelligence, 2024, 6(7): 820-833.

[113] Touvron H, Lavril T, Izacard G, Martinet X, Lachaux M A, Lacroix T, Rozière B,

Goyal N, Hambro E, Azhar F, et al. Llama: Open and efficient foundation language

models [J]. arXiv preprint arXiv:2302.13971, 2023.

[114] Du N, Huang Y, Dai A M, Tong S, Lepikhin D, Xu Y, Krikun M, Zhou Y, Yu A W,

Firat O, et al. Glam: Efficient scaling of language models with mixture-of-experts

[C]//International conference on machine learning. PMLR, 2022: 5547-5569.

[115] Mu F, Shi L, Wang S, Yu Z, Zhang B, Wang C, Liu S, Wang Q. Clarifygpt: Em-

powering llm-based code generation with intention clarification [J]. arXiv preprint

arXiv:2310.10996, 2023.

[116] Gestrin E, Kuhlmann M, Seipp J. Nl2plan: Robust llm-driven planning from minimal



text descriptions [J]. arXiv preprint arXiv:2405.04215, 2024.

[117] Hua P, Liu M, Macaluso A, Lin Y, Zhang W, Xu H, Wang L. Gensim2: Scal-

ing robot data generation with multi-modal and reasoning llms [J]. arXiv preprint

arXiv:2410.03645, 2024.

[118] Wang L, Ling Y, Yuan Z, Shridhar M, Bao C, Qin Y,Wang B, Xu H,Wang X. Gensim:

Generating robotic simulation tasks via large language models [J]. arXiv preprint

arXiv:2310.01361, 2023.

[119] Jang E, Irpan A, Khansari M, Kappler D, Ebert F, Lynch C, Levine S, Finn C. Bc-

z: Zero-shot task generalization with robotic imitation learning [C]//Conference on

Robot Learning. PMLR, 2022: 991-1002.

[120] Lin K, Agia C, Migimatsu T, PavoneM, Bohg J. Text2motion: From natural language

instructions to feasible plans [J]. Autonomous Robots, 2023, 47(8): 1345-1365.

[121] Xie Q, Zhang T, Xu K, Johnson-Roberson M, Bisk Y. Reasoning about the unseen for

efficient outdoor object navigation [J]. arXiv preprint arXiv:2309.10103, 2023.

[122] Chen J, Li G, Kumar S, Ghanem B, Yu F. How to not train your dragon: Training-

free embodied object goal navigation with semantic frontiers [J]. arXiv preprint

arXiv:2305.16925, 2023.

[123] Xu J, Tian Y, Ma P, Rus D, Sueda S, Matusik W. Prediction-guided multi-objective

reinforcement learning for continuous robot control [C]//International conference on

machine learning. PMLR, 2020: 10607-10616.

[124] Salzmann T, Ivanovic B, Chakravarty P, Pavone M. Trajectron++: Dynamically-

feasible trajectory forecasting with heterogeneous data [C]//Computer Vision–ECCV

2020: 16th European Conference, Glasgow, UK, August 23–28, 2020, Proceedings,

Part XVIII 16. Springer, 2020: 683-700.

[125] Esser P, Chiu J, Atighehchian P, Granskog J, Germanidis A. Structure and content-

guided video synthesis with diffusion models [C]//Proceedings of the IEEE/CVF in-

ternational conference on computer vision. 2023: 7346-7356.

[126] Yu L, Cheng Y, Sohn K, Lezama J, Zhang H, Chang H, Hauptmann A G, Yang M H,

Hao Y, Essa I, et al. Magvit: Masked generative video transformer [C]//Proceedings

of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2023:

10459-10469.



[127] Escontrela A, Adeniji A, Yan W, Jain A, Peng X B, Goldberg K, Lee Y, Hafner D,

Abbeel P. Video prediction models as rewards for reinforcement learning [J]. Ad-

vances in Neural Information Processing Systems, 2023, 36: 68760-68783.

[128] Bruce J, Dennis M D, Edwards A, Parker-Holder J, Shi Y, Hughes E, Lai M,

Mavalankar A, Steigerwald R, Apps C, et al. Genie: Generative interactive envi-

ronments [C]//Forty-first International Conference on Machine Learning. 2024.

[129] Wu H, Jing Y, Cheang C, Chen G, Xu J, Li X, Liu M, Li H, Kong T. Unleashing large-

scale video generative pre-training for visual robot manipulation [J]. arXiv preprint

arXiv:2312.13139, 2023.

[130] Cheang C L, Chen G, Jing Y, Kong T, Li H, Li Y, Liu Y, Wu H, Xu J, Yang Y, et al.

Gr-2: A generative video-language-action model with web-scale knowledge for robot

manipulation [J]. arXiv preprint arXiv:2410.06158, 2024.

[131] Du Y, Yang S, Dai B, Dai H, Nachum O, Tenenbaum J, Schuurmans D, Abbeel P.

Learning universal policies via text-guided video generation [J]. Advances in neural

information processing systems, 2023, 36: 9156-9172.

[132] Zhou S, DuY, Chen J, Li Y, YeungDY,GanC. Robodreamer: Learning compositional

world models for robot imagination [J]. arXiv preprint arXiv:2404.12377, 2024.

[133] He H, Bai C, Pan L, ZhangW, Zhao B, Li X. Large-scale actionless video pre-training

via discrete diffusion for efficient policy learning [J]. arXiv e-prints, 2024: arXiv-

2402.

[134] Feng Y, Han J, Yang Z, Yue X, Levine S, Luo J. Reflective planning: Vision-

language models for multi-stage long-horizon robotic manipulation [J]. arXiv preprint

arXiv:2502.16707, 2025.

[135] Lin J, Liu L, Lu D, Jia K. Sam-6d: Segment anything model meets zero-shot 6d object

pose estimation [C]//Proceedings of the IEEE/CVF Conference on Computer Vision

and Pattern Recognition. 2024: 27906-27916.

[136] Qian S, Chen W, Bai M, Zhou X, Tu Z, Li L E. Affordancellm: Grounding affor-

dance from vision language models [C]//Proceedings of the IEEE/CVF Conference

on Computer Vision and Pattern Recognition. 2024: 7587-7597.

[137] Ye Y, Li X, Gupta A, De Mello S, Birchfield S, Song J, Tulsiani S, Liu S. Affordance

diffusion: Synthesizing hand-object interactions [C]//Proceedings of the IEEE/CVF



Conference on Computer Vision and Pattern Recognition. 2023: 22479-22489.

[138] Huang W, Wang C, Li Y, Zhang R, Fei-Fei L. Rekep: Spatio-temporal reason-

ing of relational keypoint constraints for robotic manipulation [J]. arXiv preprint

arXiv:2409.01652, 2024.

[139] Yuan Z, Xue Z, Yuan B, Wang X, Wu Y, Gao Y, Xu H. Pre-trained image encoder

for generalizable visual reinforcement learning [J]. Advances in Neural Information

Processing Systems, 2022, 35: 13022-13037.

[140] Parisi S, Rajeswaran A, Purushwalkam S, Gupta A. The unsurprising effectiveness of

pre-trained vision models for control [C]//international conference on machine learn-

ing. PMLR, 2022: 17359-17371.

[141] Grauman K, Westbury A, Byrne E, Chavis Z, Furnari A, Girdhar R, Hamburger J,

Jiang H, Liu M, Liu X, et al. Ego4d: Around the world in 3,000 hours of egocentric

video [C]//Proceedings of the IEEE/CVF conference on computer vision and pattern

recognition. 2022: 18995-19012.

[142] Goyal R, Ebrahimi Kahou S, Michalski V, Materzynska J, Westphal S, Kim H,

Haenel V, Fruend I, Yianilos P, Mueller-Freitag M, et al. The” something something”

video database for learning and evaluating visual common sense [C]//Proceedings of

the IEEE international conference on computer vision. 2017: 5842-5850.

[143] Nair S, Rajeswaran A, Kumar V, Finn C, Gupta A. R3m: A universal visual repre-

sentation for robot manipulation [J]. arXiv preprint arXiv:2203.12601, 2022.

[144] Karamcheti S, Nair S, ChenAS,Kollar T, FinnC, SadighD, Liang P. Language-driven

representation learning for robotics [J]. arXiv preprint arXiv:2302.12766, 2023.

[145] AhnM, Brohan A, Brown N, Chebotar Y, Cortes O, David B, Finn C, Fu C, Gopalakr-

ishnan K, Hausman K, et al. Do as i can, not as i say: Grounding language in robotic

affordances [J]. arXiv preprint arXiv:2204.01691, 2022.

[146] Huang W, Xia F, Xiao T, Chan H, Liang J, Florence P, Zeng A, Tompson J, Mor-

datch I, Chebotar Y, et al. Inner monologue: Embodied reasoning through planning

with language models [J]. arXiv preprint arXiv:2207.05608, 2022.

[147] Xie S M, Pham H, Dong X, Du N, Liu H, Lu Y, Liang P S, Le Q V, Ma T, Yu A W.

Doremi: Optimizing data mixtures speeds up language model pretraining [J]. Ad-

vances in Neural Information Processing Systems, 2023, 36: 69798-69818.



[148] Song C H,Wu J, Washington C, Sadler BM, ChaoW L, Su Y. Llm-planner: Few-shot

grounded planning for embodied agents with large language models [C]//Proceedings

of the IEEE/CVF international conference on computer vision. 2023: 2998-3009.

[149] Chen Y, Cui W, Chen Y, Tan M, Zhang X, Zhao D, Wang H. Robogpt: an intelligent

agent of making embodied long-term decisions for daily instruction tasks [J]. arXiv

preprint arXiv:2311.15649, 2023.

[150] RanaK,Haviland J, Garg S, Abou-Chakra J, Reid I, Suenderhauf N. Sayplan: Ground-

ing large language models using 3d scene graphs for scalable robot task planning [J].

arXiv preprint arXiv:2307.06135, 2023.

[151] Hu Y, Lin F, Zhang T, Yi L, Gao Y. Look before you leap: Unveiling the power

of gpt-4v in robotic vision-language planning [J]. arXiv preprint arXiv:2311.17842,

2023.

[152] SkretaM, Zhou Z, Yuan J L, Darvish K, Aspuru-Guzik A, GargA. Replan: Robotic re-

planning with perception and language models [J]. arXiv preprint arXiv:2401.04157,

2024.

[153] Zhao T Z, Kumar V, Levine S, Finn C. Learning fine-grained bimanual manipulation

with low-cost hardware [J]. arXiv preprint arXiv:2304.13705, 2023.

[154] Brohan A, Brown N, Carbajal J, Chebotar Y, Dabis J, Finn C, Gopalakrishnan K,

Hausman K, Herzog A, Hsu J, et al. Rt-1: Robotics transformer for real-world control

at scale [J]. arXiv preprint arXiv:2212.06817, 2022.

[155] Vuong Q, Levine S, Walke H R, Pertsch K, Singh A, Doshi R, Xu C, Luo J, Tan L,

Shah D, et al. Open x-embodiment: Robotic learning datasets and rt-x models [C]//

Towards Generalist Robots: Learning Paradigms for Scalable Skill Acquisition@

CoRL2023. 2023.

[156] Kim M J, Pertsch K, Karamcheti S, Xiao T, Balakrishna A, Nair S, Rafailov R, Fos-

ter E, LamG, Sanketi P, et al. Openvla: An open-source vision-language-action model

[J]. arXiv preprint arXiv:2406.09246, 2024.

[157] Li X, Liu M, Zhang H, Yu C, Xu J, Wu H, Cheang C, Jing Y, Zhang W, Liu H, et al.

Vision-language foundation models as effective robot imitators [J]. arXiv preprint

arXiv:2311.01378, 2023.

[158] Alayrac J B, Donahue J, Luc P, Miech A, Barr I, Hasson Y, Lenc K, Mensch A, Mil-



lican K, Reynolds M, et al. Flamingo: a visual language model for few-shot learning

[J]. Advances in neural information processing systems, 2022, 35: 23716-23736.

[159] Li X, Liu M, Zhang H, Yu C, Xu J, Wu H, Cheang C, Jing Y, Zhang W, Liu H, et al.

Vision-language foundation models as effective robot imitators [J]. arXiv preprint

arXiv:2311.01378, 2023.

[160] Team O M, Ghosh D, Walke H, Pertsch K, Black K, Mees O, Dasari S, Hejna J,

Kreiman T, Xu C, et al. Octo: An open-source generalist robot policy [J]. arXiv

preprint arXiv:2405.12213, 2024.

[161] Qu D, Song H, Chen Q, Yao Y, Ye X, Ding Y, Wang Z, Gu J, Zhao B, Wang D,

et al. Spatialvla: Exploring spatial representations for visual-language-action model

[J]. arXiv preprint arXiv:2501.15830, 2025.

[162] Shi L X, Ichter B, Equi M, Ke L, Pertsch K, Vuong Q, Tanner J, Walling A, Wang H,

Fusai N, et al. Hi robot: Open-ended instruction following with hierarchical vision-

language-action models [J]. arXiv preprint arXiv:2502.19417, 2025.

[163] Chi C, Xu Z, Feng S, Cousineau E, Du Y, Burchfiel B, Tedrake R, Song S. Diffusion

policy: Visuomotor policy learning via action diffusion [J]. The International Journal

of Robotics Research, 2023: 02783649241273668.

[164] Ze Y, Zhang G, Zhang K, Hu C, Wang M, Xu H. 3d diffusion policy: General-

izable visuomotor policy learning via simple 3d representations [J]. arXiv preprint

arXiv:2403.03954, 2024.

[165] Black K, Brown N, Driess D, Esmail A, Equi M, Finn C, Fusai N, Groom L, Haus-

man K, Ichter B, et al. π0: A vision-language-action flow model for general robot

control, 2024 [J]. URL https://arxiv. org/abs/2410.24164.

[166] Carlini N, Mishra P, Vaidya T, Zhang Y, Sherr M, Shields C, Wagner D, Zhou W.

Hidden voice commands [C]//25th USENIX security symposium (USENIX security

16). 2016: 513-530.

[167] Yan C, Zhang G, Ji X, Zhang T, Zhang T, Xu W. The feasibility of injecting inaudible

voice commands to voice assistants [J]. IEEE Transactions on Dependable and Secure

Computing, 2019, 18(3): 1108-1124.

[168] Schönherr L, Kohls K, Zeiler S, Holz T, Kolossa D. Adversarial attacks against au-

tomatic speech recognition systems via psychoacoustic hiding [J]. arXiv preprint



arXiv:1808.05665, 2018.

[169] Carlini N, Wagner D. Audio adversarial examples: Targeted attacks on speech-to-text

[C]//2018 IEEE security and privacy workshops (SPW). IEEE, 2018: 1-7.

[170] Zhang H, Zhu C, Wang X, Zhou Z, Yin C, Li M, Xue L, Wang Y, Hu S, Liu A, et al.

Badrobot: Jailbreaking embodied llms in the physical world [C]//The Thirteenth In-

ternational Conference on Learning Representations. 2024.

[171] Robey A, Ravichandran Z, Kumar V, Hassani H, Pappas G J. Jailbreaking llm-

controlled robots [J]. arXiv preprint arXiv:2410.13691, 2024.

[172] Lu X, Huang Z, Li X, Xu W, et al. Poex: Policy executable embodied ai jailbreak

attacks [J]. arXiv preprint arXiv:2412.16633, 2024.

[173] Liu A, Zhou Y, Liu X, Zhang T, Liang S, Wang J, Pu Y, Li T, Zhang J, Zhou W, et al.

Compromising embodied agents with contextual backdoor attacks [J]. arXiv preprint

arXiv:2408.02882, 2024.

[174] Jiao R, Xie S, Yue J, Sato T, Wang L, Wang Y, Chen Q A, Zhu Q. Can we trust

embodied agents? exploring backdoor attacks against embodied llm-based decision-

making systems [J]. arXiv preprint arXiv:2405.20774, 2024.

[175] Ren A Z, Dixit A, Bodrova A, Singh S, Tu S, Brown N, Xu P, Takayama L, Xia F,

Varley J, et al. Robots that ask for help: Uncertainty alignment for large language

model planners [J]. arXiv preprint arXiv:2307.01928, 2023.

[176] Liang K, Zhang Z, Fisac J F. Introspective planning: Aligning robots’ uncertainty

with inherent task ambiguity [J]. Advances in Neural Information Processing Systems,

2024, 37: 71998-72031.

[177] Park J, Lim S, Lee J, Park S, Chang M, Yu Y, Choi S. Clara: classifying and disam-

biguating user commands for reliable interactive robotic agents [J]. IEEE Robotics

and Automation Letters, 2023, 9(2): 1059-1066.

[178] Chen L,Wang L, Dong H, Du Y, Yan J, Yang F, Li S, Zhao P, Qin S, Rajmohan S, et al.

Introspective tips: Large language model for in-context decision making [J]. arXiv

preprint arXiv:2305.11598, 2023.

[179] SathyamoorthyD, Fitry Z, Selamat E, Hassan S, FirdausA, Zaimy Z. Evaluation of the

vulnerabilities of unmanned aerial vehicles (uavs) to global positioning system (gps)

jamming and spoofing [J]. Defence S and T Technical Bulletin, 2020, 13: 333-343.



[180] Elezi E, Çankaya G, Boyacı A, Yarkan S. The effect of electronic jammers on gps

signals [C]//2019 16th International Multi-Conference on Systems, Signals &Devices

(SSD). IEEE, 2019: 652-656.

[181] He D, Liu H, Chan S, GuizaniM. How to govern the non-cooperative amateur drones?

[J]. IEEE Network, 2019, 33(3): 184-189.

[182] Shen J, Won J Y, Chen Z, Chen Q A. Drift with devil: Security of {Multi-Sensor}

fusion based localization in {High-Level} autonomous driving under {GPS} spoofing
[C]//29th USENIX security symposium (USENIX Security 20). 2020: 931-948.

[183] Son Y, Shin H, Kim D, Park Y, Noh J, Choi K, Choi J, Kim Y. Rocking drones with

intentional sound noise on gyroscopic sensors [C]//24th USENIX security symposium

(USENIX Security 15). 2015: 881-896.

[184] Trippel T, Weisse O, Xu W, Honeyman P, Fu K. Walnut: Waging doubt on the in-

tegrity of mems accelerometers with acoustic injection attacks [C]//2017 IEEE Euro-

pean symposium on security and privacy (EuroS&P). IEEE, 2017: 3-18.

[185] LiuW, Ren G, Yu R, Guo S, Zhu J, Zhang L. Image-adaptive yolo for object detection

in adverse weather conditions [C]//Proceedings of the AAAI conference on artificial

intelligence: volume 36. 2022: 1792-1800.

[186] Qian C, Guo Y, Mo Y, Li W. Weatherdg: Llm-assisted procedural weather generation

for domain-generalized semantic segmentation [J]. IEEE Robotics and Automation

Letters, 2025.

[187] Xu X, Zhang J, Li Y, Wang Y, Yang Y, Shen H T. Adversarial attack against urban

scene segmentation for autonomous vehicles [J]. IEEE Transactions on Industrial

Informatics, 2020, 17(6): 4117-4126.

[188] Chen M, Tu J, Qi C, Dang Y, Zhou F, Wei W, Yin J. Towards physically-realizable ad-

versarial attacks in embodied vision navigation [J]. arXiv preprint arXiv:2409.10071,

2024.

[189] Sun Y, Huang Y, Wei X. Embodied laser attack: Leveraging scene priors to achieve

agent-based robust non-contact attacks [C]//Proceedings of the 32nd ACM Interna-

tional Conference on Multimedia. 2024: 5902-5910.

[190] Nassi B,MirskyY, Nassi D, Ben-Netanel R, Drokin O, Elovici Y. Phantom of the adas:

Securing advanced driver-assistance systems from split-second phantom attacks [C]//



Proceedings of the 2020 ACMSIGSAC conference on computer and communications

security. 2020: 293-308.

[191] Tu J, Ren M, Manivasagam S, Liang M, Yang B, Du R, Cheng F, Urtasun R. Phys-

ically realizable adversarial examples for lidar object detection [C]//Proceedings of

the IEEE/CVF conference on computer vision and pattern recognition. 2020: 13716-

13725.

[192] Zhu Y, Miao C, Zheng T, Hajiaghajani F, Su L, Qiao C. Can we use arbitrary objects

to attack lidar perception in autonomous driving? [C]//Proceedings of the 2021 ACM

SIGSAC Conference on Computer and Communications Security. 2021: 1945-1960.

[193] Jin Z, Ji X, Cheng Y, Yang B, Yan C, Xu W. Pla-lidar: Physical laser attacks against

lidar-based 3d object detection in autonomous vehicle [C]//2023 IEEE Symposium on

Security and Privacy (SP). IEEE, 2023: 1822-1839.

[194] Li Y, Wen C, Juefei-Xu F, Feng C. Fooling lidar perception via adversarial trajectory

perturbation [C]//Proceedings of the IEEE/CVF International Conference on Com-

puter Vision. 2021: 7898-7907.

[195] Yan C, Xu W, Liu J. Can you trust autonomous vehicles: Contactless attacks against

sensors of self-driving vehicle [J]. Def Con, 2016, 24(8): 109.

[196] Lim B S, Keoh S L, Thing V L. Autonomous vehicle ultrasonic sensor vulnerability

and impact assessment [C]//2018 IEEE 4th World Forum on Internet of Things (WF-

IoT). IEEE, 2018: 231-236.

[197] Srinivasan K, Eysenbach B, Ha S, Tan J, Finn C. Learning to be safe: Deep rl with a

safety critic [J]. arXiv preprint arXiv:2010.14603, 2020.

[198] Allamaa J P, Patrinos P, Ohtsuka T, Son T D. Real-time mpc with control bar-

rier functions for autonomous driving using safety enhanced collocation [J]. IFAC-

PapersOnLine, 2024, 58(18): 392-399.

[199] Xiao W, Wang T H, Gan C, Rus D. Safediffuser: Safe planning with diffusion prob-

abilistic models [J]. arXiv preprint arXiv:2306.00148, 2023.

[200] Lyu Y, Luo W, Dolan J M. Probabilistic safety-assured adaptive merging control

for autonomous vehicles [C]//2021 IEEE International Conference on Robotics and

Automation (ICRA). Ieee, 2021: 10764-10770.

[201] Zhao W, He T, Liu C. Model-free safe control for zero-violation reinforcement learn-



ing [C]//5th Annual Conference on Robot Learning. 2021.

[202] Xie Y, Guo X, Wang C, Liu K, Chen L. Advdiffuser: Generating adversarial safety-

critical driving scenarios via guided diffusion [C]//2024 IEEE/RSJ International Con-

ference on Intelligent Robots and Systems (IROS). IEEE, 2024: 9983-9989.

[203] Abeysirigoonawardena Y, Shkurti F, Dudek G. Generating adversarial driving sce-

narios in high-fidelity simulators [C]//2019 International Conference on Robotics and

Automation (ICRA). IEEE, 2019: 8271-8277.

[204] Xu S, Mi L, Gilpin L H. A framework for generating dangerous scenes for testing

robustness [C]//Progress and Challenges in Building Trustworthy Embodied AI. 2022.

[205] Jia Y, Poskitt C M, Sun J, Chattopadhyay S. Physical adversarial attack on a robotic

arm [J]. IEEE Robotics and Automation Letters, 2022, 7(4): 9334-9341.

[206] Li J, Zhu Y, Xu Z, Gu J, Zhu M, Liu X, Liu N, Peng Y, Feng F, Tang J. Mmro:

Are multimodal llms eligible as the brain for in-home robotics? [J]. arXiv preprint

arXiv:2406.19693, 2024.

[207] Kirschner R J, Kurdas A, Karacan K, Junge P, Birjandi S A B, Mansfeld N, Abdol-

shah S, Haddadin S. Towards a reference framework for tactile robot performance

and safety benchmarking [C]//2021 IEEE/RSJ International Conference on Intelligent

Robots and Systems (IROS). IEEE, 2021: 4290-4297.

[208] YuX,Wu J, Xu C, LuoH, Ou L. Adaptive human-robot collaboration control based on

optimal admittance parameters [J]. Journal of Shanghai Jiaotong University (Science),

2022, 27(5): 589-601.

[209] Wang X, Pan H, Zhang H, Li M, Hu S, Zhou Z, Xue L, Guo P, Wang Y, Wan W, et al.

Trojanrobot: Physical-world backdoor attacks against vlm-based robotic manipula-

tion [J]. arXiv preprint arXiv:2411.11683, 2024.

[210] HancockA J, RenAZ,Majumdar A. Run-time observation interventionsmake vision-

language-action models more visually robust [J]. arXiv preprint arXiv:2410.01971,

2024.

[211] Katayama S, Takasugi N, KanekoM,Nagatsuka N, KinoshitaM. Robustifyingmodel-

based locomotion by zero-order stochastic nonlinear model predictive control with

guard saltation matrix [C]//2024 IEEE/RSJ International Conference on Intelligent

Robots and Systems (IROS). IEEE, 2024: 11932-11939.



[212] Siekmann J, Green K, Warila J, Fern A, Hurst J. Blind bipedal stair traversal via

sim-to-real reinforcement learning [J]. arXiv preprint arXiv:2105.08328, 2021.

[213] Zhu S, Huang R, Mou L, Zhao H. Robust robot walker: Learning agile locomotion

over tiny traps [J]. arXiv preprint arXiv:2409.07409, 2024.

[214] Zhang Q, Jin S, Zhu R, Sun J, Zhang X, Chen Q A, Mao Z M. On data fabrication in

collaborative vehicular perception: Attacks and countermeasures [C]//33rd USENIX

Security Symposium (USENIX Security 24). 2024: 6309-6326.

[215] Tu J, Wang T, Wang J, Manivasagam S, Ren M, Urtasun R. Adversarial attacks on

multi-agent communication [C]//Proceedings of the IEEE/CVF International Confer-

ence on Computer Vision. 2021: 7768-7777.

[216] Chen Y, Zheng Z, Gong X. Marnet: Backdoor attacks against cooperative multi-agent

reinforcement learning [J]. IEEE Transactions on Dependable and Secure Computing,

2022, 20(5): 4188-4198.

[217] Zheng X, Ma X, Wang S, Wang X, Shen C, Wang C. Toward evaluating robustness

of reinforcement learning with adversarial policy [C]//2024 54th Annual IEEE/IFIP

International Conference on Dependable Systems and Networks (DSN). IEEE, 2024:

288-301.

[218] Wang S, Cheng X, Lam T L, Zhang T. Mobile cooperative robot safe interaction

method based on embodied perception [C]//2024 IEEE 18th International Conference

on Control & Automation (ICCA). IEEE, 2024: 692-698.

[219] Schepp S R, Thumm J, Liu S B, Althoff M. Sara: A tool for safe human-robot coexis-

tence and collaboration through reachability analysis [C]//2022 International Confer-

ence on Robotics and Automation (ICRA). IEEE, 2022: 4312-4317.

[220] Chen L, Chen L, Chen X, Lu H, Zheng Y, Wu J, Wang Y, Zhang Z, Xiong R. Com-

pliance while resisting: A shear-thickening fluid controller for physical human-robot

interaction [J]. The International Journal of Robotics Research, 2024, 43(11): 1731-

1769.

[221] Jiang S, Wong L L. A hierarchical framework for robot safety using whole-body

tactile sensors [C]//2024 IEEE International Conference on Robotics and Automation

(ICRA). IEEE, 2024: 8021-8028.

[222] Zhao T Z, Kumar V, Levine S, Finn C. Learning fine-grained bimanual manipulation



with low-cost hardware [J]. arXiv preprint arXiv:2304.13705, 2023.

[223] Chi C, Xu Z, Pan C, Cousineau E, Burchfiel B, Feng S, Tedrake R, Song S. Univer-

sal manipulation interface: In-the-wild robot teaching without in-the-wild robots [J].

arXiv preprint arXiv:2402.10329, 2024.

[224] Mandlekar A, Zhu Y, Garg A, Booher J, SperoM, Tung A, Gao J, Emmons J, Gupta A,

Orbay E, et al. Roboturk: A crowdsourcing platform for robotic skill learning through

imitation [C]//Conference on Robot Learning. PMLR, 2018: 879-893.

[225] Dasari S, Ebert F, Tian S, Nair S, Bucher B, Schmeckpeper K, Singh S,

Levine S, Finn C. Robonet: Large-scale multi-robot learning [J]. arXiv preprint

arXiv:1910.11215, 2019.

[226] Wu K, Hou C, Liu J, Che Z, Ju X, Yang Z, Li M, Zhao Y, Xu Z, Yang G, et al.

Robomind: Benchmark on multi-embodiment intelligence normative data for robot

manipulation [J]. arXiv preprint arXiv:2412.13877, 2024.

[227] Brohan A, Brown N, Carbajal J, Chebotar Y, Dabis J, Finn C, Gopalakrishnan K,

Hausman K, Herzog A, Hsu J, et al. Rt-1: Robotics transformer for real-world control

at scale [J]. arXiv preprint arXiv:2212.06817, 2022.

[228] Fang H S, Fang H, Tang Z, Liu J, Wang C, Wang J, Zhu H, Lu C. Rh20t: A com-

prehensive robotic dataset for learning diverse skills in one-shot [J]. arXiv preprint

arXiv:2307.00595, 2023.

[229] Walke H R, Black K, Zhao T Z, Vuong Q, Zheng C, Hansen-Estruch P, He A W,

Myers V, Kim M J, Du M, et al. Bridgedata v2: A dataset for robot learning at scale

[C]//Conference on Robot Learning. PMLR, 2023: 1723-1736.

[230] Bharadhwaj H, Vakil J, Sharma M, Gupta A, Tulsiani S, Kumar V. Roboagent: Gen-

eralization and efficiency in robot manipulation via semantic augmentations and ac-

tion chunking [C]//2024 IEEE International Conference on Robotics and Automation

(ICRA). IEEE, 2024: 4788-4795.

[231] Khazatsky A, Pertsch K, Nair S, Balakrishna A, Dasari S, Karamcheti S, Nasiriany S,

Srirama M K, Chen L Y, Ellis K, et al. Droid: A large-scale in-the-wild robot manip-

ulation dataset [J]. arXiv preprint arXiv:2403.12945, 2024.

[232] O’Neill A, RehmanA,Maddukuri A,GuptaA, Padalkar A, LeeA, PooleyA,GuptaA,

Mandlekar A, Jain A, et al. Open x-embodiment: Robotic learning datasets and rt-x



models: Open x-embodiment collaboration 0 [C]//2024 IEEE International Confer-

ence on Robotics and Automation (ICRA). IEEE, 2024: 6892-6903.

[233] OpenDriveLab. Github - opendrivelab/agibot-world: The large-scale manipulation

platform for scalable and intelligent embodied systems [EB/OL]. 2025. https://github.

com/OpenDriveLab/AgiBot-World.

[234] Hou C, Wu K, Liu J, Che Z, Wu D, Liao F, Li G, He J, Feng Q, Jin Z, et al. Robomind

2.0: Amultimodal, bimanual mobile manipulation dataset for generalizable embodied

intelligence [J]. arXiv preprint arXiv:2512.24653, 2025.

[235] Zhao Z, Jing H, Liu X,Mao J, Jha A, Yang H, Xue R, Zakharor S, Guizilini V,Wang Y.

Humanoid everyday: A comprehensive robotic dataset for open-world humanoid ma-

nipulation [J]. arXiv preprint arXiv:2510.08807, 2025.

[236] Gupta A, Kumar V, Lynch C, Levine S, Hausman K. Relay policy learning: Solv-

ing long-horizon tasks via imitation and reinforcement learning [J]. arXiv preprint

arXiv:1910.11956, 2019.

[237] Yu T, Quillen D, He Z, Julian R, Hausman K, Finn C, Levine S. Meta-world: A bench-

mark and evaluation for multi-task and meta reinforcement learning [C]//Conference

on robot learning. PMLR, 2020: 1094-1100.

[238] James S, Ma Z, Arrojo D R, Davison A J. Rlbench: The robot learning benchmark &

learning environment [J]. IEEE Robotics and Automation Letters, 2020, 5(2): 3019-

3026.

[239] Li C, Zhang R,Wong J, GokmenC, Srivastava S,Martín-Martín R,WangC, Levine G,

Ai W, Martinez B, et al. Behavior-1k: A human-centered, embodied ai bench-

mark with 1,000 everyday activities and realistic simulation [J]. arXiv preprint

arXiv:2403.09227, 2024.

[240] Mees O, Hermann L, Rosete-Beas E, Burgard W. Calvin: A benchmark for language-

conditioned policy learning for long-horizon robot manipulation tasks [J]. IEEE

Robotics and Automation Letters, 2022, 7(3): 7327-7334.

[241] Liu B, Zhu Y, Gao C, Feng Y, Liu Q, Zhu Y, Stone P. Libero: Benchmarking knowl-

edge transfer for lifelong robot learning [J]. Advances in Neural Information Process-

ing Systems, 2023, 36: 44776-44791.

[242] Zhu Y, Wong J, Mandlekar A, Martín-Martín R, Joshi A, Nasiriany S, Zhu Y. robo-



suite: A modular simulation framework and benchmark for robot learning [J]. arXiv

preprint arXiv:2009.12293, 2020.

[243] Nasiriany S, Maddukuri A, Zhang L, Parikh A, Lo A, Joshi A, Mandlekar A, Zhu Y.

Robocasa: Large-scale simulation of everyday tasks for generalist robots [J]. arXiv

preprint arXiv:2406.02523, 2024.

[244] Tao S, Xiang F, Shukla A, QinY,HinrichsenX,YuanX, BaoC, LinX, LiuY, Chan T k,

et al. Maniskill3: Gpu parallelized robotics simulation and rendering for generalizable

embodied ai [J]. arXiv preprint arXiv:2410.00425, 2024.

[245] Mu Y, Chen T, Peng S, Chen Z, Gao Z, Zou Y, Lin L, Xie Z, Luo P. Robotwin: Dual-

arm robot benchmark with generative digital twins (early version) [J]. arXiv preprint

arXiv:2409.02920, 2024.

[246] Zhang S, Xu Z, Liu P, Yu X, Li Y, Gao Q, Fei Z, Yin Z, Wu Z, Jiang Y G, et al.

Vlabench: A large-scale benchmark for language-conditioned robotics manipulation

with long-horizon reasoning tasks [C]//Proceedings of the IEEE/CVF International

Conference on Computer Vision. 2025: 11142-11152.

[247] Shukla A, Tao S, Su H. Maniskill-hab: A benchmark for low-level manipulation in

home rearrangement tasks [J]. arXiv preprint arXiv:2412.13211, 2024.

[248] Ye S, Jang J, Jeon B, Joo S, Yang J, Peng B, Mandlekar A, Tan R, Chao YW, Lin B Y,

et al. Latent action pretraining from videos [J]. arXiv preprint arXiv:2410.11758,

2024.



编写人员贡献

Ϣ௃඀֥ሹุቆӮჴЇওğࢀඎ఼čᇏ॓ݓ࿐ჽ࠹ෘ࠯ඌ࿹࣮෮Ďa੓Ҧ໰čഈ

ޚၬݢն࿐Ďa࠶ն࿐Ďaӧܼč๝ࡾն࿐Ďaဗၞčᆄ޿௜čౢ޿๙ն࿐Ďaਾࢌݚ

čКࣘ۽ြն࿐Ďaᅵबᗁč๝࠶ն࿐Ďaғஏஏčഈࢌݚ๙ն࿐ĎbщཿቆӮჴߎЇ

ওğਟኟࣘ čᇏ೶ն࿐Ďaᅦᅸཕčᇏ॓ݓ࿐ჽሱ߄׮࿹࣮෮Ďaࡻტېčگ֊ն࿐Ďaઔ

ᢞčКࣘ۽ြն࿐Ďa৙ശѯčౢ޿ն࿐Ďaᅦ຿ᢞčഈࢌݚ๙ն࿐ĎaޱೋᆅčധᎪ

ն࿐ĎaථϢ੝čКࣘഽٓն࿐Ďaᆢ຿ൂčᇏ೶ն࿐Ďaྷऺč࠯॓ٝݓն࿐Ďaӧࡹ

čᇏݓ୪ြն࿐Ďa஌ࡄčཐۖն࿐Ďaጺែčᇯ׮࠽৯Ďaᅦ໓఼čگ֊ն࿐Ďaᅦ຿

č೶תն࿐Ďa຦ᄀčᆄࡾն࿐Ďaۚ٦čᆄࡾն࿐Ďaۚဝčౢ޿ն࿐Ďaჭߩč೶תն

࿐Ďaසྍݴčᇏ॓ݓ࿐ჽ࠹ෘ࠯ඌ࿹࣮෮Ďaଥဩčഈࢌݚ๙ն࿐Ďa৙ޢဘčཐۖ

ն࿐Ďa৓ཟဝčᇏ॓ݓ࿐ჽ࠹ෘ࠯ඌ࿹࣮෮Ďaࣁ၂čКࣘࢌ๙ն࿐Ďaߛჹčᇏނ

ࠢ๶Ďaᅵࡲč༆К۽ြն࿐Ďaݷ׬čКࣘն࿐Ďaᵾ೘ౢč๝࠶ն࿐Ďa੓ُč๝࠶

����������������� ��

ఃᇏğࢀඎ఼aසྍݴaථϢ੝aޱೋᆅҕაਔֻ၂ᅣ֥ለཿđසྍݴለཿ 1.1

đථϢ੝ለཿࢫ ೋᆅለཿޱđࢫ1.2 Ġᅦ຿ᢞaଥဩaᆢ຿ൂa຦ᄀa৓ཟဝaࢫ1.3

ઔᢞaۚ٦aᅦ໓఼aਟኟࣘ aۚဝaࡻტېa৙ശѯaݢၬޚҕაਔֻؽᅣ֥ለཿđ

ᅦ຿ᢞለཿ đ᚛ૅଫለཿࢫ2.1 đଥဩለཿࢫ2.2 đᆢ຿ൂa຦ᄀለཿࢫ2.3 đࢫ2.4

৓ཟဝለཿ ለཿޚၬݢđઔᢞaࢫ2.5 đۚ٦ለཿࢫ2.6 đᅦ໓఼ለཿࢫ2.7 đࢫ2.8

ۚဝaਟኟࣘ ለཿ ለཿېტࡻđ৙ശѯaࢫ2.9 ဘa৙ശѯaᅵबᗁҕაޢĠ৙ࢫ2.10

ਔֻ೘ᅣ֥ለཿđ৙ޢဘaᅵबᗁለཿ đ৙ശѯaᅵबᗁለཿࢫ3.1 a஌ߩĠჭࢫ3.2

aጺࡄ၂aᅦ໓఼ҕაਔֻඹᅣ֥ለཿđ஌ࣁaࡲaᅵࡹჹaӧߛaᅦະaྷऺaࡄ

ែለཿ ჹለཿߛđྷऺaࢫ4.1 ለཿࡹđӧࢫ4.2 ၂ለཿࣁđࢫ4.3 đᅦ໓఼ለࢫ4.4

ཿ a෤Ԯྖҕაਔֻ໴ᅣ֥ለཿđᅦ຿ለཿݷ׬Ġᅦᅸཕaᅦ຿aࢫ4.5 ׬đࢫ5.1

ለཿݷ ބ5.2 đ෤Ԯྖለཿࢫ5.3 Ġӧܼaᵾ೘ౢa੓ُa໱Ⴇҕაਔֻੂᅣ֥ࢫ5.4

ለཿbࢀඎ఼a੓Ҧ໰aਾ޿௜aဗၞaӧܼaғஏஏaᅵबᗁaݢၬڵޚᄳϢ௃඀

֥ॿࡏഡ࠹aᆜุለཿ۽רྩބቔb

96


