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! | lating the object” | |
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'the gripper up direction is
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LLM As General Planner

A2 & Tokens | ZEFILLM, H
J% N TH A B 2% A\ [ General Planner

@ Define a task-relevant robot API library*

#-

ii

| want the robot to
cook an omelet and
serve it to my grandpa

*APIs should be easily implementable on the robot and have descriptive text names
for the LLM. They can be chained together to form more complex functions.

User on the loop: iterate on
solution quality and safety

Prompt +
dialogue ’
T

ChatGP

Simulation
Evaluate
improve

"

28 [f1Common Sense UL 2 B 4858, feiy

Build prompt following
engineering principles

Consider you are a home assistant robot. You goal is
to prepare an omelette for an elderly person. You are
equipped with functions:

locate_object(obj_name): returns a X,Y,Z tuple
representing the location of the desired object
defined by string "obj_name";

move_to_location(X,Y,Z): moves the robot’s hands to
a specific X,Y,Z location in space. Returns nothing;
cook_item(obj_name): cooks a particular item defined

by "obj_name". Returns nothing;
grab_object(obj_name); picks a particular object
defined by "obj_name". Returns nothing;

Output python code with the sequence of steps that
achieves your objective.

@ Execute!

A
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LLM As General Planner: TinyRobotBench

Prompt
PRIAE R — A ST e Wl as N A AR RS, DR SR BE 8 B T 1
API:

1. get_location_by name(name): 24 & A fIname 3R B H 6 B 47 BT 2 [ xyz it
B, R R R AL E
move_tool(xyz): 5 K i N 8l Fl|xyz A & .

grasp(): AR I TNBATINEL, RS HIUE A BT HLAS A JCTCRE ik .
ungrasp(): 4 FF AR 3 S JIINEL, - By Je 3 ik 2 V& A8 4 ai i & .
get_names_on_table(): 1% [A128 &Y List, &[] prG (E 5L EA R & 7

. get_box_postion(): i [=] 7] LAY IS A7 TECHI A4 [ box I xyz Az B«

T VRARYE _ERAPL, 3 Tpython R Sl gmidplan() sk, K2 1H B 1
FE HALE, R, AR E AR .

oA W

PyBulleti# 2 Ff 52 @ openal GPT-35 -

Code def pian():
table objects = get names _on_table()

for obj name in table objects:
obj location = get location by name(obj name)

target _box position = get box postion()

move tool(obj location)

grasp()
move tool(target box position)

ungrasp()
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\ Embodied Al: A System View (Navigation)

Language Goal Image Goal Category Goal

CHAIR
BOOK
CurP

]

Brown office chair
Bed with white sheets
Cup on the kitchen counter

Sensor Pose Perception
Reading (x,) | oo

Segmentation | Long-term goal |- =
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Depth

| = 3 EAEEEd
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The beige teddy bear




Embodied Al: A System View (Navigation & Grasping)

Robot view AnyGrasp proposals LangSam mask

Grasp filtering Final grasp

> A AnyGrasp/E A Grasping Candidates
> fELang-SAM, 73R & SCAY) AR Mask
> TR Mask N 18 3 5% 24 Grasping Pose
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SAM3D Open-Voc Detection in Point Cloud



Yy fE——2 525 Grounding (Image)

o R U, EBHERD K
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Can you please describe the region ? 2

. . ) . . . @ It is a helmet e needs it for
The image showcases a Llarge, white building with a red protection while/riging his motorcycle.

‘surrounded by a well-manicured lawn and palm Erees.
is visible over the building, the pavement, and the

. The grass is also seen extending to the pavement. PromptE’J%#@t@E%Grounding

HAELF 56 %

The



Y e —=

= 2A3Grounding (3D)

Scene Captioning -

LEO: In this
room, thereisa
wooden floor
that is clean
and flat. A tall
wardrobe ...

3D Question
Answering
Question: Where is the Printer
located?
LEO: Standing on the desk
next to the wardrobe.

3D Dialogue [Zh

Human: I need help organizi-
ng my bedroom. Can you assi-
st me?

LEO: Of course! What speci-
fically do you need help with?
Human: Can you check if the-
re are any clean clothes hangi-
ng on the wall?

LEO: I'm sorry, but the clot-
hes hanging on the wall are
messy.

Human: Thanks! Also, can yo-
u check if there are any clean
clothes hanging on the wall?

LS. SEFME

Embodied Generalist Agent in 3D World

System E Egocentric
Message Image
You are an assi-
stant situated
in a 3D scene.
; &
Tokenizer 2D Encoder

N2

Text Response

There is asofa |

next tothe TV. !

NI

It’s a kitchen for
cooking.

'] 3D Scene

GBD Encoder
N2

<l>| Instruction

User: Please desc-
ribe the toy house
over ...

Tokenizer

N

Large Language Model

3D Object Captioning

LEO: A 3D model of a Southern White Rhino,
one of largest animal species in the world.

LEO: It'’s a 3D model of a midnight
green ceramic coffee cup with a plate.

Action Response

=[0.1,-0.2,0] !
=[0,0,0,1] !

LEO: No.

FILLM B 5 hnidE A 13 5 4

<

De-tokenize

' “Turn right”

Embodied Reasoning

Situation: Sitting at the edge of the bed and
facing the couch.

Question: Can I go straight to the coffee
table in front of me?

ffe 1

Robotic
Manipulation
Human: pack
the yoshi fig- -
ure in the .
brown box
LEO:
=1[0.1,-0.2,0]
=[0,0,0,1]
Embodied
Navigation

Human: Find the pillow

LEO ﬁ
1. Move forwar:

2. Turn right ﬁ
3. Move forward

. 2

Task Planning

Human: Organize and tidy up
the bedroom.

LEO:

1. Clean the floor by
Sweeping to remove ...

2. Make the bed ...

3. Fold and organize ...



sG] From Video

MimicPla
y 5 seconds human data segment (fas;]

B Human play data § \?
. . 1+ k7

High-level planner
¥ Latent plan

% Multi-task teleoperation data 2
5 2,

--------------------------- .

%, Low-level control  *

.
™y L3
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Vid2Robot

Robot observes human Prompt Video showing task “Pick up coke can and place on counter”
doing a task. N e — R S —

&

Vid2Robot outputs actions
to complete shown task in
its own environment.

0

- i

Initial State Policy Rollout Video




H4fs 51 5 ——Light-weight Hardware

U M | Human Demonstration Setup Observation Space

Robot Setup

(D Wrist-mounted

@ Wide-FoV
Camera ____

Fisheye Lens

@ Side Mirrors
for Implicit
Stereo

DexCap

(a) DexCap: Portable motion capture system

HIRO Hand (d)

Teaching

Behavior Cloning

Grab
& manipulate




Hdf 51 5 ——Heavy Hardware

Sanctuary Al
,
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WG F Generative Simulation

RoboGen

Demo 1

-5

Propose-generate-learn cycle

MimicGen

Small set of human
demonstrations

MimicGen

Large, broad dataset generated
automatically with MimicGen

Diverse scene configurations

Diverse objects

¢ Mo ¢

Diverse robot hardware

e o e

Demonstrations augmentation

More Controllable




HE4T——Generative Imitation Learning

ACT 1

Diffusion Policy

Uy

[

L1 O] C]

dactuion sequence

i

transformer
encoder

transformer

decoder
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480x640x3 NN cam 1 cam4 joints Z
Input: Image Observation Sequence Observation O: Ora

-
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Diffusion Policy £4(O, A, k) »

Output: Action Sequence
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Action Sequence A:

<~——Prediction Horizon Tp—

bd mmme-o

position embeddings (fixed)
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a) Diffusion Policy General Formulation

conditioning Conv1D
-

see
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x: Action Emb

x: Action Emb

b) CNN-based
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. SINVE 4T ——ATffordance

RoboAffordance

Affordance
Model

Scene

contact
points

S Tar e

Deployment on Robot

High-resolution laser scan

SceneFun3D

AffordPose

/ \\Handlc—grasp Wrap-grasp Twist /

Part-level affordance labeling Hand pose annotation
(2 Functional interactive Motion Natural language
& element annotations annotations task descriptions

: "Open the fridge"

(Fosk ar § ]

E "Turn on the
ceiling light”

! "Change the
: room's
: temperature using
the radiator's
thermostat”




SEHAT——Q&A from LLM

ManipLLM ManipVQA

K‘Specify the contact
point and gripper
direction of manipu-
S lating the object’

ManipLLM

N

7 .
“The contact point 1s gl_, 7N

Ee_g‘ripper up direction is

(XI.HyIJ!ZU)!
the gripper forward direct-

&)n is (XpYpZp)’ /

User: Handle of the pan. User: Can contain liquids?
() [0.09, 011, 041, 042).  (9): True.

User: Grasp to open the lid.
() [0.40, 0.31, 0.71, 0.52), contact point *.



FVEAT——Prompt Planning from LLM

AP FHGPT-AVII SR . B R 58

L2 — I
\, 1 1. Pick up apple 3. Pick up banana 5. Pick up blue plate i
1 2. Place apple on table 4. Place banana on table 6. Place blue plate in human hand |

1. Pick up screwdriver 3. Pick up knife 4. Place knife in box
2. Place screwdriver in box



{T——Language Corrections

User watches the robot
performing a task

Policy Update

User stops and corrects
the robot verbally

Verbal
Corrections

YAY Robot Set-Up

Microphone for
verbal corrections

Stage 1
User Interaction

@ user intervention

OLAF

pick up the sharpie”

Language
correction data

—1

Yell At Your Robot

robot trajectory

ﬂ “put sponge in bag’

Inp
State Observation
Aobot Position: [21 13 90]
Nut Position:  [20 3 83|
Robot Angles: [0 0 73]
Nut Angles: [0 0 0]
Gripper State: [100]

* ¥ou should aim at the
nut Lo grasp it~

Action 0: [ 2000000 -100]
Action 1: [0 200000 -100]
Action 2:10 020000 -100]
Action 3: (00000 20-100]
Action 4: [-200 000 0-100]
Action 5: 10 -20 000 0 -100]
Action 6: [ 00-20000-100]
Action 7:[0 000 0 -20 -100]

Y
L 4

Post-training

What action should

Stage 2
Data Synthesis

you take now?

=

use s

|

@ pre-intervention region

=& robot original action

Stage 3
Policy Update

Train ne
network

4 LLM relabeled action

to open the bag wider”

ﬁ R e st A E T

Success rate

60
50
40
30
20le—
Post-training iterations
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FOCUS: Understanding the world in terms of objects and the possible interplays with them is an important
cognition ability, especially in robotics manipulation, where many tasks require robot-object interactions.

x = f(x,u) St» At = St+1

Input PCD Pred PCD

3D VLA LAPO
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