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About Me

• 王鹤
• Assistant Professor, Center on Frontiers of Computing 

Studies (CFCS), School of CS
• Founder and CTO, Galbot
• lead Embodied AI center of BAAI, starting 2022

• Received Ph.D. from Stanford in 2021
• Received Bachelor from Tsinghua in 2014

• Our lab: Embodied Perception and InteraCtion (EPIC) 
Lab

• Research interest: Embodied AI
• Homepage: https://hughw19.github.io/

https://hughw19.github.io/


AI

• DeepSeek • MidJourney

What do you want AI to do?



What is the best direction of AI?

We need AI to do physical labor works!



From Robotics 
to Embodied AI
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What is a Robot?

Rethink Robotics smart robot Baxter
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What is a Robot?

Figure credit: Kuan Fang



• Stationary Robots - Cartesian, Articulated, Cylindrical, Spherical, Parallel.
• Wheeled Robots - Single, two-wheeled, three or more.
• Legged Robots - Bipedal, tripedal, quadrapedal, hexapod and more.
• Drones/Unmanned Aerial Vehicle(UAV) - Single rotor, quadrotor,  Fixed 

wings
• …
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Types of Robots by Locomotion



• Robotics is a branch of engineering that 
involves the conception, design, 
manufacture and operation of robots. 

• The objective of the robotics field is to 
create intelligent machines that can 
assist humans in a variety of ways.
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What is Robotics?

Rethink Robotics smart robot Baxter

https://www.techtarget.com/searchenterpriseai/definition/robot
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Applications of Robotics



Classical Special-Purpose Robots in Car Factory



Classical Special-Purpose Robots in Car Factory

• Predesign and compute the trajectory
• Only replay trajectory when using the arm

• Limitation 1: time-consuming deployment
• Limitation 2: can’t flexibly handle multi-

tasks

Very different from human intelligence!
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Applications of Robotics
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Applications of Robotics
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Applications of Robotics
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Applications of Robotics
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Applications of Robotics

Autonomous Cars
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Past, Now and Future of Robotics

Past & Existing

Industrial robots

Now & Happening

Autonomous cars

Future & Our Dream

Generalist Robots
— Humanoids



19

Generalist Robots

OpenAI + Figure Tesla Optimus

• Task generalists

• Environment generalists

Galbot G1
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Perception-Action Loop



Feature 1: High Degree-of-Freedom Body



Feature 1: High Degree-of-Freedom Body



Wheel-based Humanoid Robots: Galbot G1

Stand up to reach 2.4 m high Lower down to pick up objects 
on the floor



Feature 2: Data-driven Physical Intelligence

Tesla Data Factory
采集抓取数据

Battery Sorting
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Galbot G1
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Cross-Industry Applications of Generalist Robots

Manufacture

HomeCatering

ResearchLogistics Retail

Senior CareOffice

、

Revolutionary significance: cross-Industry applications, address future challenges 
from labor shortages and senior care



Car Factory: Sunroof Glass Loading



Car Factory: Box Transfering



Retail: Pick Up



Retail: Restocking



Hotel Reception



Large Model Collection
大模型

Large Models

非具身大模型
Disembodied Models

具身大模型
Embodied VLA Models

文LLM
GPT-4，DS

语言
语言

图文VLM
GPT-4V，Emu
语言，图片
语言，图片

自动驾驶大模型
Tesla FSD，理想智驾

实时视觉信号
方向盘、油门

机器人大模型VLA
谷歌RT-2，银河GraspVLA

实时视觉信号，语言
底盘/腿 +臂+手 运动



• Pattern recognition (classification, detection, segmentation …) in 
images, videos, and text on datasets typically curated from the 
internet.
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What Computer Vision Can Do Well Now?

Internet AI
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Vision-Language Foundation Model



• Complete tasks through interaction with their environment (enable 
action in an environment)

• Bridge the gap between perception and action (learning by doing).
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What Computer Vision Can’t Do Well?

Embodied AI
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Embodied Large Model: RT-2
Input    :   language, vision, other proprioceptive / sensor signals 
Output :   language or action

Google proposed RT-2, a VLA model，to address open-instruction  
manipulation.



Problem: Data Hungry and Limited Scene Generalization

Demonstrations are costly (130K demo, 17 months, 16 people, 13 robots) 



Real Data Collection

ICRA 2024 Best Conference Paper
1M+ trajectories, mainly covering pick-and-place, articulated object manipulation, etc.



具身数据难题：真实数据采集贵，难以Scale Up到大模型所需的量
Data Bottleneck

Tesla雇佣40人团队进行人形机器人遥操产生数据

Stanford Aloha工作进行遥操采集

大模型可能需要上亿条数
据才能泛化！



Large-Scale Synthetic Data
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GraspVLA



Learning Interaction in Simulation Environments

Simulation and Photorealistic Rendering:
• Annotation-free
• Time efficient
• Transferable to real world



Where to learn? In Sim or Real?

• For problems that is already done in real, learning in simulation 
requires to generalize to real.

• For problems that is still far to be done in real, simulation 
environment is a good place for exploration.



Embodied AI
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Classic AI
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Problems?
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Embodied Agents



Embodiment
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Classical AI vs. Embodied AI
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Disembodied and Embodied AI

Alan Turing. Computing Machinery and Intelligence.
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A Brief History of Embodied AI

Held, R., & Hein, A. (1963). Movement-produced stimulation in the development of 
visually guided behavior. Journal of comparative and physiological psychology, 56(5), 872. 

Passive Cat Active Cat



Evolution of Human Intelligence

The keys to evolution of human intelligence:

Walk Upright

Tool Usage Language

Embodied 
Interation











Course Logistics

69



• A frontier course on Embodied AI

• Covering basics in robotics and deep learning based vision and 
robotic system, from a modern perspective of Embodied AI

• To lay a solid foundation for conducting research in Embodied AI
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Objective: A Pioneering Course on Embodied AI
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Logistics

• Instructor
• He Wang (hewang@pku.edu.cn)

• TAs:
• Haoran Liu (jiangran.lyu@stu.pku.edu.cn)
• Hao Shen (dotandung@stu.pku.edu.cn)

• Class Time & Location
• Monday 3:10PM - 6:00PM
• In-person: Room 207, Teaching Building 3

mailto:hewang@pku.edu.cn
mailto:jiangran.lyu@stu.pku.edu.cn
mailto:dotandung@stu.pku.edu.cn
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Prerequisite

• Courses: 
• Deep Learning
• Computer Vision
• University-level Mechanics

• Coding:
• Proficiency in Python
• Familiar with PyTorch



• Website accessible to everyone: 
• https://pku-

epic.github.io/Intro2EAI_2025/
• Syllabus
• Publishing Assignments

• Internal course website in           
https://course.pku.edu.cn/

• Slides download
• Assignment submission
• Grades
• Discussion board
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Course Website

https://pku-epic.github.io/Intro2EAI_2025/
https://course.pku.edu.cn/
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Resources

• No required textbooks.
• Online Courses for references:

• On Deep Learning and Computer Vision: 
• Ian Goodfellow and Yoshua Bengio and Aaron Courville.           

Deep Learning. MIT Press, 2016.
• Stanford CS 231N

• On Reinforcement Learning: 
• Berkeley CS 285

• On Robotics:
• UCSD CSE291

https://cs231n.stanford.edu/
http://rail.eecs.berkeley.edu/deeprlcourse/
https://haosulab.github.io/ml-for-robotics/SP22/schedule.html
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The most effective way to learn and check things

• Just google it! 
• Search in wikipedia! 



• 3 assignments: in total 40%
• 1 real-world lab: 20%
• Class participation: up to 5% bonus

• Look up class schedule (https://pku-
epic.github.io/Intro2EAI_2025/schedule/) for release and due dates. 
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Courseworks and Grading Policy

https://pku-epic.github.io/Intro2EAI_2025/schedule/


• Each assignment will give you two weeks to finish.

• Late policy for assignments
• If 1 day (0 - 24 hours) past the deadline, 10% off
• If 2 day (24 - 48 hours) past the deadline, 20% off
• Zero credit if more than 2 days.
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Assignments



• WeChat group:
• Use for notifications and announcements 
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WeChat Group



Course Organization
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A Typical Syllabus of Introduction to Robotics 

What is missing?

• Robotics is a branch of 
engineering that involves the 
conception, design, 
manufacture and operation 
of robots. 

Intelligence! Intelligence! Intelligence!

https://www.techtarget.com/searchenterpriseai/definition/robot
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Course Organization: Intro to Robotics

For the complete and up-to-date schedule, see https://pku-epic.github.io/Intro2EAI_2025/schedule/.

(Tentative schedule)

https://pku-epic.github.io/Intro2EAI_2025/schedule/
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Topics Covered
• Modeling Robots by Rigid-Body Geometry
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Topics Covered
• Forward and Inverse Kinematics of Robots
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Topics Covered

• Classical Planning and Control
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Course Organization: Robot 3D Vision

(Tentative schedule)

For the complete and up-to-date schedule, see https://pku-epic.github.io/Intro2EAI_2025/schedule/.

https://pku-epic.github.io/Intro2EAI_2025/schedule/
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Topics Covered
• Depth and Point Cloud Perception
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Topics Covered

• Object Pose Estimation • Generalizable Object Pose Tracking



Mixed Scene
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Transparent
Scene
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Galbot Mobile Grasping



Dexterous Grasp Diffusion Model
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Course Organization: Policy Learning

(Tentative schedule)

For the complete and up-to-date schedule, see https://pku-epic.github.io/Intro2EAI_2025/schedule/.

https://pku-epic.github.io/Intro2EAI_2025/schedule/
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Topics Covered
• Model-free (on-policy, off-policy) RL
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Topics Covered
• Imitation Learning
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Course Organization: Robotic Tasks

(Tentative schedule)

For the complete and up-to-date schedule, see https://pku-epic.github.io/Intro2EAI_2025/schedule/.

https://pku-epic.github.io/Intro2EAI_2025/schedule/
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Topics Covered

• Object Grasping • Articulated Object Manipulation

DexGraspNet
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Topics Covered
• Navigation and Mobile Manipulation



Topics Covered



Topic Covered



Embodied Perception and InteraCtion Lab Spring 2025

Next week: Lecture 2, 
The Basics of Robotics

Introduction to Embodied AI


