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What is an “embodied agent”?

Anything that has to make decisions 
and act independently

Similar to “robot”, but has the 
connotation that it can also be 

embodied in a simulation
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MIT CSAIL’s “Embodied Intelligence” group!
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What are common problems with embodied agents specifically?

• Environment state estimation: what am I looking at, what are the 
physical properties of things around me
• My own state estimation: Where am I, what pose is my body in
• Simulation: what will happen next, what would happen if I took action 

X
• Planning: what actions do I have to take to accomplish goal X
• Control: Given intended trajectory and my initial action plan, how do I 

follow the intended trajectory while regulating velocity, acceleration 
etc
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Closely related to lots of vision / perception problems!
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Vision for Self-State Estimation 
& Control
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What do you think is your visual representation of 
your own embodiment? 

Look at your hand and think about how it will move 
when you activate different muscles?



Distilled Feature Fields Enable Few-Shot Manipulation, Shen et al., 2023
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How do Robots Work Today?

Rigid Segments

Discrete Joints  
with precise  
sensors

Manipulator State Estimation is Almost Exclusively “Blind”!



This makes robots expensive!

rigidity assumption
Credit: Shadow Robot Company, Universal Robot

= sensors

precision sensors and motors

limited design space

Shadow Robot Hand 
 $150,000 - $200,000

Universal Robot UR5 
 $32,000 - $35,000





Could we use this robot today? 
 

Yes and no; 



Existing cheap, 3D-printed, soft, etc robots are 
practically useless: can’t model and control them!

3D printing of a pneumatic hand  
MIT, Inkbit, ETH Zurich, Nature 2023 

Directly 3D printed multi-material hand 
Matusik et al., ICRA 2024
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Proposal: Learn to Reconstruct a Jacobian Field, i.e., a 
function that maps every 3D point to its Body Jacobian!
Unifying 3D Representation and Control of Diverse Robots with a Single Camera, Li et al. 2024
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Proposal: Learn to Reconstruct a Jacobian Field, i.e., a 
function that maps every 3D point to its Body Jacobian!
Unifying 3D Representation and Control of Diverse Robots with a Single Camera, Li et al. 2024

Input: Single Image Neural Jacobian Field J(x, I)

How could we supervise this? We don’t have the ground-truth 
Jacobian for every point in space…
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Robot with points in 3D  and  joint angles .x n q

For any point  on the robot, we can find the Body 
Jacobian, defined as the  matrix :

x
ℝn×3 J(q)

·x
·y
·z

= J(q) ⋅

·q1
·q2
⋮
·qn

Insight: this equation relates scene flow to robot 
actions!

Background: The Body Jacobian
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Scene Flow: Motion field of 3D vectors in 
3D
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Scene Flow: Motion fi


Projecting 3D Scene Flow to the image 
plane yields optical fl

Idea: we can simply supervise the 
Jacobian by enforcing that the projected, 
predicted scene flow matches the optical 
flow  from all views:u

∥π(JΔq) − u∥2
2

Reminder: Scene Flow and Optical Flow
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Single Input Image



Self-Supervised Training

Single Input Image

We use pixelNeRF (Yu et al. 2021) - could also use  
pixelSplat (Charatan et al. 2024), SplatterImage (Szymanowicz et al. 2024), 

…
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Self-Supervised Training

Single Input Image

Action Information
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Desired Spatial Velocity (2D) Optimization Solution

How can we control the robot using Jacobian Fields?

Inverted Jacobian Field Control OutputDesired Spatial Velocity

⟶
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⟶
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Control Output
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New Representation for Interactive Video
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Motion Plan Execution

Later this module: How can we get the target 
trajectories? (The planning problem)
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