A Tale of Two Kittens
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Embodied

ChatGPT Al

Held & Hein, 1963. <nvibiA I
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Tesla Optimus Boston Dynamics e-Atlas Figure F.02
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NASA Robonaut

Willow Garage
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Specialized Generalist

TestParseExpenses(unittest.TestCase):

Write a haiku from the perspective of a def test_parse_expenses_with_valid_input(self
copywriter who is feeling sad that Al might expenses_string = '2023-01-02 -34.01 US

e " expected_output = [(datetime.datetime (202
diminish the value of the written word s sk ;
self.assertEqual(parse_expenses(expenses_

test_parse_expenses_with_empty_input(self
expenses_string = ''
expected_output = []

. WOI'dS ona screen, self.assertEqual(parse_expenses(expenses

test_parse_expenses_with_comments(self):
expenses_string = '# This is a comment\n

Machine takes the pen. expected_output = [(datetime.datetime (207

self.assertEqual(parse_expenses(expenses

Once valued, now just a blur

£ '

__hame__ == main
unittest.main()

i

The code assumes that the datetime module is imported. The test
cases cover different scenarios such as valid input, empty input, input

Writin Coding

Specialist

Activity

REVIEWS

. Smells amazing! A perfect purchase : )

H -
amr-unknown movie - Must buy! Super amazing.
. Quite satisfactory

Travel Apple
Plannin Intelligence

REVIEWS
country
AT . A decent purchase
name
. Quite okayish! Smells average

{ . Could have been better in lot terms

name person

op1 name

SENTIMENT ANALYZER

REVIEWS

. An absolute waste of money.
. Total waste of money

A

name
. Terrible smell, not worth buytng

_ _ \ ANTHROPIC
Semantic Sentimen CLAUDE 2

Parsing Analysis

combine > "
.ll Text Sentences Vectors Barack Obama was born in Haw.
articles l nformation Extraction

Structured Information

Sentence Similarity was 5 born

Ranking i —
g Rl Barack Obama vas born in

—*  Hawaii

Summarization |Information
Retrieval

<ANVIDIA.




Specialized Generalist
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Real Robot

(Generalist

Specialist
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3 Principles

Data Pyramid “The Matrix” Foundation Agent
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3 Principles

Data Pyramid
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Real Robot Data 24 hours / robot-day

Data Pyramid
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Simulation Data

Data Pyramid
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Isaac Lab










Simulation Data

Internet Data EB / day

O () COMMON [ o
CRAWL

Data Pyramid
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Principle No. 2

“The Matrix”
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Do we live In a simulation?




Do robots live In a simulation?




Why does simulation work for training robots?

It's easler to simulate a problem than to solve it.




ALPHAGO
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Framework for
Generally Capable Agents
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How many parameters
needed to build a Cerebellum?
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https://hover-versatile-humanoid.github.io



Kinematic
Position To.r§o .
Tracking position | .
Ra Target root 'Target ook |
1rac L__| n; velocity : .
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Retargeted
Motion Dataset

A

porp] e o |2 - | |62 . [ [ |o? | B | .. ||| Oracle olicy | [T

Upper-Body Lower-Body ' Upper-Body Lower-Body Lower-Body

, , Privileged
BOdy KeypOlntS Motor Joint Root Proprioception
Tracking Goal . Tracking Goal . Tracking Goal




Retargeted

" Sparsity Mask

Motion Dataset

porpre] . e o |02 . |6 |62 ] .. [of [ [ B ] . ||| Oracle poicy |- (RN

Upper-Body Lower-Body ' Upper-Body Lower-Body Lower-Body Privileged
Body Keypoints Motor Joint Root Proprioception

Tracking Goal . Tracking Goal . Tracking Goal










Isaac Lab in /‘k
Omniverse Digital Twi S i

Training Iteration 500




Motion Description: Walk forward and give a high-five.
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1 human demo
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What’s in a Robot Simulation®

Hand-made Hand-crafted Hand-designed
Objects Scenes Tasks

<ANVIDIA. I



Xu et al. 2023
<ANVIDIA. I




Hand-made
Objects

Generate 3D

Text-to-3D models

What’s in a Robot Simulation®
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Hand-made
Objects

Generate 3D

Text-to-3D models

What’s in a Robot Simulation®

Hand-crafted
Scenes

Generate USD

Stable Diffusion
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Hand-made
Objects

Generate 3D

Text-to-3D models

What’s in a Robot Simulation®

Hand-crafted
Scenes

Generate USD

Stable Diffusion

ChatUSD
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Hand-made
Objects

Generate 3D

Text-to-3D models

What’s in a Robot Simulation®

Hand-crafted
Scenes

Generate USD

Stable Diffusion

ChatuUSD

Hand-designed
Tasks

Generate Code

GPT-40

Claude-3.5
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RoboCasa: Generative Simulation Framework

Hand-made
Objects

Generate 3D

Hand-crafted
Scenes

Generate USD

Text-to-3D models

Stable Diffusion

ChatuUSD

Hand-designed
Tasks

Generate Code

GPT-40

Claude-3.5

Nasiriany et al. F

SS 2024, <SNVIDIA I
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1 human demo
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Setting | Task 'Real only |Real + Sim (Ours)
Seen Obi Counter to sink 12.7 = 2.5 22.0 += 2.8
J | Sink to counter  [20.0 + 5.9| 29.3 + 4.1
Counter to cabinet| 8.0 = 1.6 22.0 = 5.8
| Task average 13.6 24.4
Unseen Obj Counter to sink 3.3 +4.] 39 + 7.9

7.8 = 4.2
11.1 = 11.0

9.3

1.1 == 1.6
3.3 = 4.7

2.6

Sink to counter
Counter to cabinet

Task average

Nasiriany et al. F

SS 2024, <SANVIDIA I



Omniverse




RoboCasa:
Visual

Augmentation

o ; Diverse Motion

Augmentation ??
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1 human demo
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1 human demo (seed) Machine-generated demos

Mandlekar et al. CoRL 2023. <nvibiA. I



3-Piece Assembly Square Insertion 3-Cube Stacking

Making Coffee Threading Put Mug in Drawer <AnviDIA



Panda Sawyer WA UR5e
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Prepare Coffee Kitchen Chores Bin Sorting
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Bimanual: parallel sub-tasks

* Asynchronous execution

Jiang & Xie et al. 2024. <nvibiA I



Bimanual: coordination sub-tasks

* Must apply same transformations
* Synchronization point

Jiang & Xie et al. 2024. <nvibiA I



Bimanual: sequential sub-tasks

» QOrdering constraint: pre-task, post-task

Jiang & Xie et al. 2024, <nvibiA I



Sub-task strategies can mix & match

Parallel then Coordination.

Jiang & Xie et al. 2024. <nvibiA I



2-Gripper Piece Assembly 2-Gripper Transport 2-Gripper Threading
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2-Hand Putting Box Lid 2-Hand Tray Lifting 2-Hand Drawer Cleanup

<A NVIDIA I
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Behavior cloning on DexMimicGen data trains performant policies.

e e

Piece Assembly: 80.7%
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Pouring: 79.3% Coffee: 77.3% - Can Scitin% 97.

Success rates of Diffusion Policy
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Transfer real demo to sim using digital twin to ensure the sim demos are valid in real



Transfer real demo to sim using digital twin to ensure the sim demos are valid in real



Transfer real demo to sim using digital twin to ensure the sim demos are valid in real



MimicGen
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RoboCasa
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1 human demo N xM
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Principle No. 3

Foundation Agent
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Embodiment

Reality

Skill
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Embodiment

Reality

MetaMorph

Skill

<ANVIDIA. I



\

e
5
ot
£
.
X
£
b
T2
>

o=
s

(

——
=
Ji‘:
ZZ
‘{’///
|
i S~
..
U”‘J
L=

Y R
MR 5 LR
AR © aN-

A v

rd
T
=

rﬂ
_ >

Y.
~—
X
@
;1

o |
e 8.
.
@i‘
E
2
g
=
=
L
.,




Graph of joints
“Kinematic tree”

Gupta et al. ICLR 2022. <3nvibiA I



Tokenize

Gupta et al. ICLR 2022. <3nvibiA I



EEEEEEERE
Tokenze T EEBBE
EEEEEEN
EEEEEE

Gupta et al. ICLR 2022. <3nvibiA I



MetaMorph

Transformer

Observation Action




Transformer

Action

Observation




‘

Flat Terrain Complex Terrain Obstacles
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Embodiment

Reality

MetaMorph

Skill
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class ShadowHandPenSpin(VecTask):
def compute_observations(self):
self.obj_pose = ...
self.obj_pos = ...
self.obj_rot = ...

self.obj_linvel

self.obj_angvel

self.tgt_pose = ...

self.tgt_pos
self.tgt_rot

self.fingertip_state = ...
self.fingertip_pos = ...

self.compute_full_state()

def compute_full _state(self):

Ma et al. ICLR 2024. <nvibiA I



Coding LLM

“To make the shadow hand spin
the pen to a target orientation.” Sample code

Reward Function

def compute reward(object_rot, goal_rot, object_angvel, object_pos, fingertip_pos):

class ShadowHandPenSpin(VecTask): # Rotation reward

| = ' ] 1 m= -
def compute observations(self): rot _diff torch.abs(torch.sum(object_rot goal_rot, dim=1) 1) / 2

rotation_reward_temp = 20.0

self.obj _pose =
J-P rotation_reward = torch.exp(-rotation_reward_temp * rot_diff)

self.obj_pos =

self.obj_rot = ... # Distance reward

min_distance = torch.min(torch.norm(fingertip_pos - object_pos[:, None], dim=2), dim=1).values

self.obj_linvel

distance _reward = min_distance

self.obj_angvel

total _reward = rotation_reward + distance_reward
self.tgt_pose =

self.tgt_pos
self.tgt_rot

reward_components = {

"rotation_reward": rotation_reward,

"distance reward": distance_reward

return total_reward, reward_components

<ANVIDIA. I






_ Sample code ( )
Codlng LLM _— > Reward Candidates | | -

Massively parallel,

Reward components
Automated Feedback <

Ma et al. ICLR 2024. <AnvibiA I



def compute_reward(object_rot, goal_rot, object_angvel, object_pos, fingertip_pos):
# Rotation reward
rot_diff = torch.abs(torch.sum(object_rot * goal_rot, dim=1) - 1) / 2
- rotation_reward _temp = 20.0

+ rotation_reward_temp = 30.0 Changing hyperparameter

rotation reward torch.exp(-rotation_reward temp * rot diff)

# Distance reward
10.0

min_distance = torch.min(torch.norm(fingertip_pos - object_pos[:, Nonel, dim=2), dim=1).values

+ min_distance_temp

- distance reward = min distance
+ uncapped _distance_reward = torch.exp(-min_distance_temp * min_distance)

4 distance_reward = torch.clamp(uncapped_distance_reward, 0.0, 1.0) Changing functional form

total reward = rotation reward + distance _reward

+ # Angular velocity penalty Adding new component
+ angvel_norm = torch.norm(object_angvel, dim=1)
- angvel_threshold = 0.5
+ angvel _penalty_temp = 5.0
+ angular_velocity_penalty = torch.where(angvel_norm > angvel_threshold,
+ torch.exp(—-angvel_penalty_temp * (angvel_norm - angvel_threshold)), torch.zeros_like(angvel_norm))
+
+ total_reward = 0.5 % rotation_reward + 0.3 x distance_reward - 0.2 *x angular_velocity_penalty
reward_components = {
"rotation reward": rotation reward,
"distance reward": distance reward,
+ "angular_velocity_penalty": angular_velocity_penalty,

<A NVIDIA

return total _reward, reward _components



Success Rate

Dexterity Benchmark Isaac Benchmark

2.5
0.55

0.50 5 0

0.45

0.40

0.35 = == == e cplon w= - ——————————— -

0.30

Human Normalized Score

Eureka lteration
1 2 3 4 5 1 2 3 4 <

=@= Eureka - =  Human - = Eureka w.o Evolution (32 Samples)

0.25 Eureka lteration
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Palm-down pen spinning, spin axis: [0, 1, O]



How to transfer from sim to the real world?




Embodiment

Reality

MetaMorph

DrEureka

Skill
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Domain Randomization

" Vary gravity, friction, weight, size.




Sample configurations

4 b C N\
( h 4 2
C h 4 ~

Sample code ( | ) ( | e
Reward Candidates | | -~ Domain Randomizations | | &

U J - J

Coding LLM

Self-Reflection

Reward components
Automated Feedback <———————

—> Real World

Ma et al, 2024 <nvibA I



Simulation Real World

Ma et al, 2023 <nvibiA I



# of cycles: O # of cycles: O

.

Simulation Real World

Ma et al, 2023 <nvibiA I
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Eureka

/\ /\

Reward
Function

Coding in Isaac API Reinforcement Learning

<ANVIDIA. I



DrEureka

/\ /\

Sim2Real
Configuration

Coding in Isaac API Reinforcement Learning

<ANVIDIA. I



Eureka++

New task

New simulation
Training algorithm

Coding in Isaac API Reinforcement Learning

<ANVIDIA. I



GROOT
Foundation Agent
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Embodiment

MetaMorph
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ChatGPT




ChatGPT




GROOT




GROOT
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OVX: Generate Tokens
RoboCasa, MimicGen, Eureka

OSMO

Edge inference

- 2ss
....

DGX: Learn Tokens

AGX: Deploy Tokens
Foundation Agent Models

HOVER, DrEureka

<ANVIDIA. I
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GROOT
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Embodied
AGI

Held & Hein, 1963. <nvibiA I



We are HIRING!!

GEAR Lab: Generalist Embodied Agent Research
https://research.nvidia.com/labs/gear

inxif@nvidia.com
dr.jimfan.ai@gmail.com

https://jimfan.me



https://research.nvidia.com/labs/gear
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