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具身智能的基本概念
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具身
智能

基于物理载体进行感知和行动的智能系统，其通过智能体与环境的交互获
取信息、理解问题、做出决策并实现行动，从而产生智能行为和适应性



具身智能的基本概念
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具身
智能

基于物理载体进行感知和行动的智能系统，其通过智能体与环境的交互获
取信息、理解问题、做出决策并实现行动，从而产生智能行为和适应性

被动抽象接受

传统智能

主动具体体验

具身智能

可以打开，可以装东西
我主动体验什么是盒子

只可远观，被动接受
别人告诉我这就是盒子

重要
意义

具身智能因其能自主产生智能行为和适应性，是通用人工智能的可能起点 



具身智能的关键任务
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导航 问答 操作



具身智能的核心目标
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具身智能的核心要素
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现状 相比具身载体的日趋成熟，具身模型的算法研究方兴未艾、挑战众多

物理
载体

智能
算法

具身模型(Model)具身载体(Agent)



具身模型应该考虑哪些能力？
n 技能泛化、真实交互、本体扩展
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Skill
（技能泛化）

Embodiment
（本体扩展）

Reality
（真实交互）

Adapted from Jim Fan’s talk



具身模型的几种类型
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端到端大小脑协同



具身模型的最新进展：代表性新工作
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端到端VLA 大小脑 hi robot(2024.10) (2025.02) 混合 (2025.04)

大脑-小脑 端到端VLA 端测SDK

（2025.03）具身大脑 端到端VLA



具身大模型离实用还有差距
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单任务
单本体
单场景

Hand-Eye Coordination 
Robotic Arm

大模型

大数据

通用智能系统
多本体
多场景
端到端

多模态大模型机器人

2023及之前 2024 2025及之后

多任务
单本体
单场景

感知和理解
决策和规划
执行和协作
评估和反馈

Scaling Law
在大语言模型和多模态大模型

上都得到了验证

基本能力

操作

导航

感知

一个模型只适用于
一种本体

模型能力弱,
未达到具身智能的
“ChatGPT时刻”

大脑、小脑、本体
适配难度高

不通用不好用 不易用 需要“ 聪明 ”的大脑大模型和
跨本体的大小脑协作框架，

实现跨本体、跨场景、可泛化的具身智能



大小脑模型协同的技术路线仍有机会
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模块化：大小脑协同框架赋予具身智能体模块化优势，具备可扩展架构、高效开发
与强适应性三大特性

可泛化：基于VLM开发的大脑具备丰富的多模态认知能力，且不受小脑模型的影响

可解释：决策过程更加透明，提升人机协同效率

q端到端模型虽决策高效，但泛化性和扩展性受限，受制于环境交互与硬件适配，
难以适应多样场景。而模块化的大小脑协同框架凭借强泛化、可解释优势，正成
为学界与业界的研究热点

大小脑模型协同框架 是当前实现具身智能体更易落地的技术路线



传统多模态大模型能够作为“大脑”？
n 传统VLMs在具身智能场景（长程闭环操作、时空智能等）中面临严峻挑战
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以‘把锅放到抽屉里’为例，该任务涉及多步骤的长时间交互，包括移动、
抓取、放置等操作，并需要与锅、抽屉等物体进行持续交互GPT-4o在具身任务中表现欠佳



回顾：具身模型应该考虑哪些能力？
n 技能泛化、真实交互、本体扩展
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Skill
（技能泛化）

Embodiment
（本体扩展）

Reality
（真实交互）

Adapted from Jim Fan’s talk



技能泛化：多智能体实现长时序开放具身任务解决
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Day

Stone

Wood

Water

Grass

Forest

Plains

Task: Gather wood from 
the forest, craft a stone 
sword on the plains, and 
then use it to kill a pig
during the daytime near 
water and grass

Long-horizon open-
world embodied tasks

Pig



技能泛化：多智能体实现长时序开放具身任务解决
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Day

Stone

Wood

Water

Grass

Forest

Plains
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<latexit sha1_base64="HpZEJD670k2CwIf4o2PhYtY/enE=">AAAB+HicjVDLSsNAFL2pr1ofjbp0M1gEVyWpgl0W3Lizgn1AG8NkOmmHTiZhZiLE0C9x40IRt36KO//GSduFioIHLhzOuZd7OEHCmdKO82GVVlbX1jfKm5Wt7Z3dqr2331VxKgntkJjHsh9gRTkTtKOZ5rSfSIqjgNNeML0o/N4dlYrF4kZnCfUiPBYsZARrI/l2dRhhPSGY51czv3nr+nbNrTtzoL9JDZZo+/b7cBSTNKJCE46VGrhOor0cS80Ip7PKMFU0wWSKx3RgqMARVV4+Dz5Dx0YZoTCWZoRGc/XrRY4jpbIoMJtFTPXTK8TfvEGqw6aXM5GkmgqyeBSmHOkYFS2gEZOUaJ4ZgolkJisiEywx0aaryv9K6Dbq7mm9cX1WazWWdZThEI7gBFw4hxZcQhs6QCCFB3iCZ+veerRerNfFasla3hzAN1hvn2O8kts=</latexit>
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<latexit sha1_base64="+mNJX3WlhX/xHPvdhU6l6ZFBV9U=">AAAB+HicjVDLSsNAFL2pr1ofjbp0M1gEVyWJgl0W3Lizgn1AG8NkOmmHTiZhZiLU0C9x40IRt36KO//GSduFioIHLhzOuZd7OGHKmdKO82GVVlbX1jfKm5Wt7Z3dqr2331FJJgltk4QnshdiRTkTtK2Z5rSXSorjkNNuOLko/O4dlYol4kZPU+rHeCRYxAjWRgrs6iDGekwwz69mQePWC+yaW3fmQH+TGizRCuz3wTAhWUyFJhwr1XedVPs5lpoRTmeVQaZoiskEj2jfUIFjqvx8HnyGjo0yRFEizQiN5urXixzHSk3j0GwWMdVPrxB/8/qZjhp+zkSaaSrI4lGUcaQTVLSAhkxSovnUEEwkM1kRGWOJiTZdVf5XQseru6d17/qs1vSWdZThEI7gBFw4hyZcQgvaQCCDB3iCZ+veerRerNfFasla3hzAN1hvn2VAktw=</latexit>

O1
<latexit sha1_base64="AsLt2Zs2IRW4DyeFnHO3FXZEH8c=">AAAB9HicjVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BL96MYB6QLKF3MpsMmZ1dZ2YDYcl3ePGgiFc/xpt/42ySg4qCBQ1FVTddVJAIro3rfjiFldW19Y3iZmlre2d3r7x/0NJxqihr0ljEqhOgZoJL1jTcCNZJFMMoEKwdjK9yvz1hSvNY3plpwvwIh5KHnKKxkt+L0Iwoiuxm1vf65YpXdecgf5MKLNHol997g5imEZOGCtS667mJ8TNUhlPBZqVeqlmCdIxD1rVUYsS0n81Dz8iJVQYkjJUdachc/XqRYaT1NArsZh5S//Ry8Tevm5rw0s+4TFLDJF08ClNBTEzyBsiAK0aNmFqCVHGbldARKqTG9lT6XwmtWtU7q9Zuzyv12rKOIhzBMZyCBxdQh2toQBMo3MMDPMGzM3EenRfndbFacJY3h/ANztsntBGSAA==</latexit>

O6
<latexit sha1_base64="zQLLATcesZWlWwSSLVdmFZKLs/E=">AAAB9HicjVBNS8NAFHypX7V+VT16WSyCp5JUUY8FL96sYGuhDWWzfWmXbjZxd1Moob/DiwdFvPpjvPlv3LQ9qCg48GCYeY83TJAIro3rfjiFpeWV1bXiemljc2t7p7y719Jxqhg2WSxi1Q6oRsElNg03AtuJQhoFAu+C0WXu341RaR7LWzNJ0I/oQPKQM2qs5HcjaoaMiux62jvrlSte1Z2B/E0qsECjV37v9mOWRigNE1Trjucmxs+oMpwJnJa6qcaEshEdYMdSSSPUfjYLPSVHVumTMFZ2pCEz9etFRiOtJ1FgN/OQ+qeXi795ndSEF37GZZIalGz+KEwFMTHJGyB9rpAZMbGEMsVtVsKGVFFmbE+l/5XQqlW9k2rt5rRSry3qKMIBHMIxeHAOdbiCBjSBwT08wBM8O2Pn0XlxXuerBWdxsw/f4Lx9ArulkgU=</latexit>

Task: Gather wood from 
the forest, craft a stone 
sword on the plains, and 
then use it to kill a pig
during the daytime near 
water and grass
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Process

: logO1
<latexit sha1_base64="iyGv3d3tTIjUTuo+Qf8j7oMqL6g=">AAAB9HicdVDLTgIxFO3gC/GFunTTSExYTTrAIOxI3LgTE3kkMCGdUqCh0xnbDgmZ8B1uXGiMWz/GnX9jBzBRoydpcnLOvbmnx484UxqhDyuzsbm1vZPdze3tHxwe5Y9P2iqMJaEtEvJQdn2sKGeCtjTTnHYjSXHgc9rxp1ep35lRqVgo7vQ8ol6Ax4KNGMHaSF4/wHpCME9uFgNnkC8gu+zWHYQgslG9VkWuIa5brVWq0LHREgWwRnOQf+8PQxIHVGjCsVI9B0XaS7DUjHC6yPVjRSNMpnhMe4YKHFDlJcvQC3hhlCEchdI8oeFS/b6R4ECpeeCbyTSk+u2l4l9eL9ajmpcwEcWaCrI6NIo51CFMG4BDJinRfG4IJpKZrJBMsMREm55ypoSvn8L/SbtkO2W7dFspNIrrOrLgDJyDInDAJWiAa9AELUDAPXgAT+DZmlmP1ov1uhrNWOudU/AD1tsnIASSQw==</latexit>

: plankO2
<latexit sha1_base64="ed/IAlzs8q477pnGcXWIcNDDvnM=">AAAB9HicdVDLTgIxFO3gC/GFunTTSExYTTrAIOxI3LgTE3kkMCGdUqCh0xnbDgmZ8B1uXGiMWz/GnX9jBzBRoydpcnLOvbmnx484UxqhDyuzsbm1vZPdze3tHxwe5Y9P2iqMJaEtEvJQdn2sKGeCtjTTnHYjSXHgc9rxp1ep35lRqVgo7vQ8ol6Ax4KNGMHaSF4/wHpCME9uFoPSIF9AdtmtOwhBZKN6rYpcQ1y3WqtUoWOjJQpgjeYg/94fhiQOqNCEY6V6Doq0l2CpGeF0kevHikaYTPGY9gwVOKDKS5ahF/DCKEM4CqV5QsOl+n0jwYFS88A3k2lI9dtLxb+8XqxHNS9hIoo1FWR1aBRzqEOYNgCHTFKi+dwQTCQzWSGZYImJNj3lTAlfP4X/k3bJdsp26bZSaBTXdWTBGTgHReCAS9AA16AJWoCAe/AAnsCzNbMerRfrdTWasdY7p+AHrLdPIYiSRA==</latexit>

: stickO3
<latexit sha1_base64="CMchMp4uriowNNwvoj2M4Es+Bjs=">AAAB9HicdVDLTgIxFO3gC/GFunTTSExYTTrAIOxI3LgTE3kkMCGdUqCh0xnbDgmZ8B1uXGiMWz/GnX9jBzBRoydpcnLOvbmnx484UxqhDyuzsbm1vZPdze3tHxwe5Y9P2iqMJaEtEvJQdn2sKGeCtjTTnHYjSXHgc9rxp1ep35lRqVgo7vQ8ol6Ax4KNGMHaSF4/wHpCME9uFoPyIF9AdtmtOwhBZKN6rYpcQ1y3WqtUoWOjJQpgjeYg/94fhiQOqNCEY6V6Doq0l2CpGeF0kevHikaYTPGY9gwVOKDKS5ahF/DCKEM4CqV5QsOl+n0jwYFS88A3k2lI9dtLxb+8XqxHNS9hIoo1FWR1aBRzqEOYNgCHTFKi+dwQTCQzWSGZYImJNj3lTAlfP4X/k3bJdsp26bZSaBTXdWTBGTgHReCAS9AA16AJWoCAe/AAnsCzNbMerRfrdTWasdY7p+AHrLdPIwySRQ==</latexit>

: crafting tableO4
<latexit sha1_base64="yZScu7uz7IzDSKP3bWLXrr7rtOQ=">AAAB9HicdVDLTgIxFO3gC/GFunTTSExYTTrAIOxI3LgTE3kkMCGdUqCh0xnbDgmZ8B1uXGiMWz/GnX9jBzBRoydpcnLOvbmnx484UxqhDyuzsbm1vZPdze3tHxwe5Y9P2iqMJaEtEvJQdn2sKGeCtjTTnHYjSXHgc9rxp1ep35lRqVgo7vQ8ol6Ax4KNGMHaSF4/wHpCME9uFoPKIF9AdtmtOwhBZKN6rYpcQ1y3WqtUoWOjJQpgjeYg/94fhiQOqNCEY6V6Doq0l2CpGeF0kevHikaYTPGY9gwVOKDKS5ahF/DCKEM4CqV5QsOl+n0jwYFS88A3k2lI9dtLxb+8XqxHNS9hIoo1FWR1aBRzqEOYNgCHTFKi+dwQTCQzWSGZYImJNj3lTAlfP4X/k3bJdsp26bZSaBTXdWTBGTgHReCAS9AA16AJWoCAe/AAnsCzNbMerRfrdTWasdY7p+AHrLdPJJCSRg==</latexit>

: wooden pickaxeO5
<latexit sha1_base64="qb/h61JTUgvi+8ash+Bi2zqAt6c=">AAAB9HicdVDLTgIxFO3gC/GFunTTSExYTTrAIOxI3LgTE3kkMCGdUqCh0xnbDgmZ8B1uXGiMWz/GnX9jBzBRoydpcnLOvbmnx484UxqhDyuzsbm1vZPdze3tHxwe5Y9P2iqMJaEtEvJQdn2sKGeCtjTTnHYjSXHgc9rxp1ep35lRqVgo7vQ8ol6Ax4KNGMHaSF4/wHpCME9uFgN3kC8gu+zWHYQgslG9VkWuIa5brVWq0LHREgWwRnOQf+8PQxIHVGjCsVI9B0XaS7DUjHC6yPVjRSNMpnhMe4YKHFDlJcvQC3hhlCEchdI8oeFS/b6R4ECpeeCbyTSk+u2l4l9eL9ajmpcwEcWaCrI6NIo51CFMG4BDJinRfG4IJpKZrJBMsMREm55ypoSvn8L/SbtkO2W7dFspNIrrOrLgDJyDInDAJWiAa9AELUDAPXgAT+DZmlmP1ov1uhrNWOudU/AD1tsnJhSSRw==</latexit>

: stoneO6
<latexit sha1_base64="eRgDoHhQ5XjcBenPmihvBIBYqU8=">AAAB9HicdVDLSgMxFM3UV62vqks3wSJ0NWTaztjuCm7cWcE+oB1KJs20oZmHSaZQhn6HGxeKuPVj3Pk3ZtoKKnogcDjnXu7J8WLOpELow8htbG5t7+R3C3v7B4dHxeOTjowSQWibRDwSPQ9LyllI24opTnuxoDjwOO1606vM786okCwK79Q8pm6AxyHzGcFKS+4gwGpCME9vFkNnWCwhs2o3LIQgMlGj7iBbE9t26jUHWiZaogTWaA2L74NRRJKAhopwLGXfQrFyUywUI5wuCoNE0hiTKR7TvqYhDqh002XoBbzQygj6kdAvVHCpft9IcSDlPPD0ZBZS/vYy8S+vnyi/7qYsjBNFQ7I65CccqghmDcARE5QoPtcEE8F0VkgmWGCidE8FXcLXT+H/pFMxrapZua2VmuV1HXlwBs5BGVjgEjTBNWiBNiDgHjyAJ/BszIxH48V4XY3mjPXOKfgB4+0TJ5iSSA==</latexit>

: stone swordO7
<latexit sha1_base64="842BoeOBaOXUqp5GmiYgZCTbLmI=">AAAB9HicdVDLTgIxFO3gC/GFunTTSExYTTrA8NiRuHEnJgImMCGdUqCh0xnbDgmZ8B1uXGiMWz/GnX9jBzBRoydpcnLOvbmnx484UxqhDyuzsbm1vZPdze3tHxwe5Y9POiqMJaFtEvJQ3vlYUc4EbWumOb2LJMWBz2nXn16mfndGpWKhuNXziHoBHgs2YgRrI3n9AOsJwTy5Xgxqg3wB2WW34SAEkY0a9SpyDXHdar1ShY6NliiANVqD/Ht/GJI4oEITjpXqOSjSXoKlZoTTRa4fKxphMsVj2jNU4IAqL1mGXsALowzhKJTmCQ2X6veNBAdKzQPfTKYh1W8vFf/yerEe1b2EiSjWVJDVoVHMoQ5h2gAcMkmJ5nNDMJHMZIVkgiUm2vSUMyV8/RT+Tzol2ynbpZtKoVlc15EFZ+AcFIEDaqAJrkALtAEB9+ABPIFna2Y9Wi/W62o0Y613TsEPWG+fKRySSQ==</latexit>

: pigO8
<latexit sha1_base64="y5waU86VOsDWKWEfcn1bbLQ5FeY=">AAAB9HicdVDLSgMxFM3UV62vqks3wSJ0NWTaTp3uCm7cWcE+oB1KJs20oZmHSaZQhn6HGxeKuPVj3Pk3ZtoKKnogcDjnXu7J8WLOpELow8htbG5t7+R3C3v7B4dHxeOTjowSQWibRDwSPQ9LyllI24opTnuxoDjwOO1606vM786okCwK79Q8pm6AxyHzGcFKS+4gwGpCME9vFkNnWCwhs2o3LIQgMlHDqSNbE9uuO7U6tEy0RAms0RoW3wejiCQBDRXhWMq+hWLlplgoRjhdFAaJpDEmUzymfU1DHFDppsvQC3ihlRH0I6FfqOBS/b6R4kDKeeDpySyk/O1l4l9eP1G+46YsjBNFQ7I65CccqghmDcARE5QoPtcEE8F0VkgmWGCidE8FXcLXT+H/pFMxrapZua2VmuV1HXlwBs5BGVjgEjTBNWiBNiDgHjyAJ/BszIxH48V4XY3mjPXOKfgB4+0TKqCSSg==</latexit>

O1
<latexit sha1_base64="AsLt2Zs2IRW4DyeFnHO3FXZEH8c=">AAAB9HicjVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BL96MYB6QLKF3MpsMmZ1dZ2YDYcl3ePGgiFc/xpt/42ySg4qCBQ1FVTddVJAIro3rfjiFldW19Y3iZmlre2d3r7x/0NJxqihr0ljEqhOgZoJL1jTcCNZJFMMoEKwdjK9yvz1hSvNY3plpwvwIh5KHnKKxkt+L0Iwoiuxm1vf65YpXdecgf5MKLNHol997g5imEZOGCtS667mJ8TNUhlPBZqVeqlmCdIxD1rVUYsS0n81Dz8iJVQYkjJUdachc/XqRYaT1NArsZh5S//Ry8Tevm5rw0s+4TFLDJF08ClNBTEzyBsiAK0aNmFqCVHGbldARKqTG9lT6XwmtWtU7q9Zuzyv12rKOIhzBMZyCBxdQh2toQBMo3MMDPMGzM3EenRfndbFacJY3h/ANztsntBGSAA==</latexit>

O6
<latexit sha1_base64="zQLLATcesZWlWwSSLVdmFZKLs/E=">AAAB9HicjVBNS8NAFHypX7V+VT16WSyCp5JUUY8FL96sYGuhDWWzfWmXbjZxd1Moob/DiwdFvPpjvPlv3LQ9qCg48GCYeY83TJAIro3rfjiFpeWV1bXiemljc2t7p7y719Jxqhg2WSxi1Q6oRsElNg03AtuJQhoFAu+C0WXu341RaR7LWzNJ0I/oQPKQM2qs5HcjaoaMiux62jvrlSte1Z2B/E0qsECjV37v9mOWRigNE1Trjucmxs+oMpwJnJa6qcaEshEdYMdSSSPUfjYLPSVHVumTMFZ2pCEz9etFRiOtJ1FgN/OQ+qeXi795ndSEF37GZZIalGz+KEwFMTHJGyB9rpAZMbGEMsVtVsKGVFFmbE+l/5XQqlW9k2rt5rRSry3qKMIBHMIxeHAOdbiCBjSBwT08wBM8O2Pn0XlxXuerBWdxsw/f4Lx9ArulkgU=</latexit>
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<latexit sha1_base64="HpZEJD670k2CwIf4o2PhYtY/enE=">AAAB+HicjVDLSsNAFL2pr1ofjbp0M1gEVyWpgl0W3Lizgn1AG8NkOmmHTiZhZiLE0C9x40IRt36KO//GSduFioIHLhzOuZd7OEHCmdKO82GVVlbX1jfKm5Wt7Z3dqr2331VxKgntkJjHsh9gRTkTtKOZ5rSfSIqjgNNeML0o/N4dlYrF4kZnCfUiPBYsZARrI/l2dRhhPSGY51czv3nr+nbNrTtzoL9JDZZo+/b7cBSTNKJCE46VGrhOor0cS80Ip7PKMFU0wWSKx3RgqMARVV4+Dz5Dx0YZoTCWZoRGc/XrRY4jpbIoMJtFTPXTK8TfvEGqw6aXM5GkmgqyeBSmHOkYFS2gEZOUaJ4ZgolkJisiEywx0aaryv9K6Dbq7mm9cX1WazWWdZThEI7gBFw4hxZcQhs6QCCFB3iCZ+veerRerNfFasla3hzAN1hvn2O8kts=</latexit>
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<latexit sha1_base64="+mNJX3WlhX/xHPvdhU6l6ZFBV9U=">AAAB+HicjVDLSsNAFL2pr1ofjbp0M1gEVyWJgl0W3Lizgn1AG8NkOmmHTiZhZiLU0C9x40IRt36KO//GSduFioIHLhzOuZd7OGHKmdKO82GVVlbX1jfKm5Wt7Z3dqr2331FJJgltk4QnshdiRTkTtK2Z5rSXSorjkNNuOLko/O4dlYol4kZPU+rHeCRYxAjWRgrs6iDGekwwz69mQePWC+yaW3fmQH+TGizRCuz3wTAhWUyFJhwr1XedVPs5lpoRTmeVQaZoiskEj2jfUIFjqvx8HnyGjo0yRFEizQiN5urXixzHSk3j0GwWMdVPrxB/8/qZjhp+zkSaaSrI4lGUcaQTVLSAhkxSovnUEEwkM1kRGWOJiTZdVf5XQseru6d17/qs1vSWdZThEI7gBFw4hyZcQgvaQCCDB3iCZ+veerRerNfFasla3hzAN1hvn2VAktw=</latexit>

长时序具身任务
上下文依赖 + 过程依赖



技能泛化：多智能体实现长时序开放具身任务解决
n MP5 (CVPR 2024): 5 (M)LLMs with different roles, communicating for different purposes

16

PatrollerPercipient 

Planner

Performer

<Sub-Objective>

Parser

Task: Kill a pig with a wooden sword during the daytime 
near the water with grass next to it.

Patroller: I conduct Active Perception with Percipient with your current observation, 
you must continue with the current action since there is no river near the pig.

Planner: Can you tell me what important environmental information I need to know?

Patroller: I conduct Active Perception with Percipient with your current observation, 
there is no pig based on the scene.

Performer: Start executing “Equip”.

Performer: Continue executing “Find”.

Performer Memory

Knowledge
Memory

Sub-Objectives

<Sub-Objective>

Planner: 1. Equip(       )  2. Find(        )  3. Move(     )  4. Fight(        )  

…
…

Performer: Having completed a move in “Find” action, based on my current view, 
tell me if I should continue this action or if the next action is ready to execute. 

…

Performer: Having completed a move in “Find” action, based on my current view, tell 
me if I should continue this action or if the next action is ready to execute. 

…
Patroller: I conduct Active Perception with Percipient with your current observation, 
you can execute the next action since all conditions are satisfied.

…

Obtain Env. 
Info. for 

Planning

Obtain Env. 
Info. for 

Performer

Multi-round

Single-round

Active 
Perception

Error 
Feedback

Re-plan

…

……

Move

Mine

Equip

Fight

Find

Craft

{ }

MP5: A multi-modal open-ended embodied system in minecraft via active perception, CVPR 2024



技能泛化：多智能体实现长时序开放具身任务解决
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n MP5 (CVPR 2024): 5 (M)LLMs with different roles, communicating for different purposes

MP5: A multi-modal open-ended embodied system in minecraft via active perception, CVPR 2024



技能泛化：多智能体实现长时序开放具身任务解决
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- 能精准理解环境上下文内容

- 能够解决钻石级难度任务

- 能持续执行开放式生存任务



技能泛化：组合泛化实现未知技能的学习
n RA-P (IROS 2025, NeurIPS 2024 OWA): composable generalizable agents in real world

n Decompose complicated tasks into fine-grained primitive skills, generalizable to new physical skills 

19
RH20T-P: A Primitive-Level Robotic Dataset Towards Composable Generalization Agents, IROS 2025



技能泛化：组合泛化实现未知技能的学习
n RA-P (IROS 2025, NeurIPS 2024 OWA): composable generalizable agents in real world

n Decompose complicated tasks into fine-grained primitive skills, generalizable to new physical skills 
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A baseline of RA-P

RH20T-P: A Primitive-Level Robotic Dataset Towards Composable Generalization Agents, IROS 2025



技能泛化：组合泛化实现未知技能的学习
n RA-P (IROS 2025, NeurIPS 2024 OWA): composable generalizable agents in real world

n Decompose complicated tasks into fine-grained primitive skills, generalizable to new physical skills 
n A comprehensive dataset: RH20T-P

21
RH20T-P: A Primitive-Level Robotic Dataset Towards Composable Generalization Agents, IROS 2025



技能泛化：组合泛化实现未知技能的学习
n More demos about the dataset and our RA-P? Please check the project page

22
RH20T-P: A Primitive-Level Robotic Dataset Towards Composable Generalization Agents, IROS 2025



真实交互：想象链强化行动执行的环境动态适应性
n MineDreamer (IROS 2025, NeurIPS 2024 OWA研讨会)

n 当处理困难问题时，一种可靠的思路是预测未来可能的执行效果，评估当前行动的可行性，以
此来指导更可靠的行动执行

n Chain-of-Imagination（想象链）可以强化具身行动执行的指令跟随能力

23MineDreamer: Learning to Follow Instructions via Chain-of-Imagination for Simulated-World Control, IROS 2025



真实交互：想象链强化行动执行的环境动态适应性
n Chain-of-imagination

n Imagination-conditional 
VPT in a sequential way

n 提供和动态环境、语言指
令、当前状态更为相关、
效果更为精准的视觉提示

24



25MineDreamer: Learning to Follow Instructions via Chain-of-Imagination for Simulated-World Control. IROS 2025

真实交互：想象链强化行动执行的环境动态适应性



真实交互：实时监控提升具身任务执行的成功率
n How to increase the success rate? à Reduce the rate of failure…
n Reactive（反应式） + Proactive（主动式）failure detections

263D perception capability   +   Real-time efficiency     VLM ❌



真实交互：实时监控提升具身任务执行的成功率
n Code-as-Monitor (CVPR 2025): Constraint-aware Visual Programming

27



真实交互：实时监控提升具身任务执行的成功率
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n The first framework to 
integrate both reactive 
and proactive failure 
detection

n Simplify real-time failure 
detection with high 
precision

n Achieves SOTA performa
nce in both simulated and 
real-world environments

n Exhibits strong 
generalizability on 
unseen scenarios, tasks, 
and objects

Code-as-Monitor: Constraint-aware Visual Programming for Reactive and Proactive Robotic Failure Detection, CVPR 2025



具身大脑的基本能力提升：空间感知 + 深度思考

29Zhou E, et al. RoboRefer: Towards Spatial Referring with Reasoning in Vision-Language Models for Robotics. (in Submission)



具身大脑的基本能力提升：空间感知 + 深度思考

n 2D Web Images (OpenImages) 

n 3D Embodied Videos (CA-1M) 

n Simulation Data by Infinigen with 
generative assets

30Zhou E, et al. RoboRefer: Towards Spatial Referring with Reasoning in Vision-Language Models for Robotics. (in Submission)

大规模数据提升能力提升



具身大脑的基本能力提升：空间感知 + 深度思考
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Simulation Data Pipeline



具身大脑的基本能力提升：空间感知 + 深度思考
n RoboRefer: Accurate Spatial referring by VLMs that enables multi-step dynamic reasoning 

32

Zhou E, et al. RoboRefer: 
Towards Spatial 
Referring with Reasoning 
in Vision-Language 
Models for Robotics. (in 
Submission)



具身大脑的基本能力提升：空间感知 + 深度思考

33

展示人形机器人（宇树G1）在移动操作任务中的效果，展示了模
型判断物体远近、识别朝向、距离的能力。

展示机械臂（UR5）在场景关键要素变化下完成抓取放置，展示了
模型快速的场景适应能力，以及模型判断物体远近、识别朝向、距
离的能力。

展示机械臂（UR5）抓取指定高度物体并放置在光线照射区域，
展示模型物体空间高度识别与光照区域识别能力。

展示机械臂（Franka）对物体的抓取放置，展示了模型基于空间关
系进行物体指代的能力，以及在三维空间中定位空闲区域的能力

任务指令：“我要喝右边的饮料”，展示人形机器人（宇树G1）在
灵巧手操作任务中的效果，体现了顶层模型判断相对方向的能力，
以及灵巧手模型精准控制能力

任务指令：“我要吃肉汉堡”，展示双臂机器人（松灵）在夹爪操
作任务中的效果，体现了顶层模型对任务拆解以及执行的能力



Limitations still met for embodied models? 

n Semantic and spatial perception?
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Limitations still met for embodied models? 

n Semantic and spatial perception?

n Reliable long-horizon planning?
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Limitations still met for embodied models? 

n Semantic and spatial perception?

n Reliable long-horizon planning?

n Universally drive multiple specialized controllers for diverse skills?

36
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Thank You!
盛律，北京航空航天大学

Homepage : https://lucassheng.github.io/

Email : lsheng@buaa.edu.cn

https://lucassheng.github.io/
mailto:lsheng@buaa.edu.cn

