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Brain: Embodied World Model

/” Virtual Environment (Cyber Space)\

Human Value Causality Learning
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Fig. 2. The overall framework of the embodied agent based on MLMs and WMs. The embodied agent has a embodied world model as its “brain”. It has
the capability to understand the virtual-physical environment and actively perceive multi-modal elements. It can fully understand human intention, align with
human value and event causality, decompose complex tasks, and execute reliable actions, as well as interact with humans and utilize knowledge and tools.
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Embodied AI: Aligning Cyber Space with Physical World

Embodied Robots Simulators Embodied Perception Embodied Interaction Embodied Agent

l ! } } }

Fixed-base Robots,

Active Visual Exploration,

Wheeled & Tracked Robots, (::neral Simulator, 3D Visual Grounding, Embodied Question Embodied Multi-modal
Quadruped Robots eal-Scene based : . Answering, Foundation Model,
H id Robot ’ Simulator, Visual-Language Navigation, Embodied Grasping, Embodied Task Planning,
umanoid Robots, Non-Visual Perception,

Biomimetic Robots,

Sim-to-Real Adaptation

!

Embodied World Model, Data Collection and Training, Embodied Control

Applications Robotics Autonomous Driving Healthcare Domestic Assistance Industrial Automation Search and Rescue

Fig. 3. This survey focuses on comprehensive analysis of the latest advancements in embodied Al
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BEBHEAE (Embodied Intelligence) SRHNZREREN TN, BIENERABCBERAR—FRAIMIER
Nz, FRBEYBEEFIMENIEITHRTMIES. e ARISEIFISLINIIE MR

R%H - ReR - LT

5@,&‘ ZOMI 5 Course https://chenzomil 2.github.io/



https://chenzomi12.github.io/

6 Course: chenzomil 2.github.io



https://chenzomi12.github.io/

BB BEnS, FRilFmT

Gl ARIRICRBIEZRBIEGR PRI B IR, BRSO EYIEE KPRt S
I5H), FEX] 3D TEISIMNEE BEAIRIER.
E—%W%DWEE\-&M RAIFIHEERE D, B SRTH=4HXR, AETHTREEFRUF AT

m ZOMI 7 Course https://chenzomil 2.github.io/



https://chenzomi12.github.io/

BB EEmS, FRlFmT

- (EHHER ARIRIVRBIEZRBIEGR T Bir. BRSO EMIEG SR PRalrt S
B, FEX] 3D FEMEISIEE BEAIRIER.
: E%W%D%%E%?ﬂﬁ@%ﬁm&ﬂﬁ‘éb, BRI STRI=4XR, AETUREEINAHRT

% ZOM| 8  Course https://chenzomil 2.github.io/
>’*\€Q’



https://chenzomi12.github.io/

BN MESLAM, 3DIGRIEMR. EMiRE

/ Active Visual Perception \
Passive Visual Perception Obersvation
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( 3D Scene Undestanding ) ( Improving Observational Abilities )

Cmproving the Accuracy @ v

Localization and Mapping C Activate Exploration )

Improving Semantic
Analysis Capabilities

) Improving Environmental State Certamty

Visual SLAM
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BBl 3D#M% Grounding
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—BTE&3D Grounding

—PBTE& 3D Grounding

(a)

Ground Truth

Description:
There is a sofa chair near a
couch. The sofa chair has a
table on each side

N

p
Two—Stage ( Detection Stage ——> Matching Stage J

Sparse Proposals

Correct Prediction

J/
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(a) ®) [ step-by-step instruction |' described goal navigation ‘I [ navigation with interaction X
1 Walk along the hallway past the] 1| 11 1
| shoe cabinet, turn left at the | 1] : ; 1 Go to the kitchen and take an) |
| corner, and then turn left again | 1| gmg .thethpln:(u dlaptop Ont $e 11 apple from the refrigerator, |

& 1 when passing the decorative [ 1| riesht mi dee Sf th)é rgr?én af th: 11 wash it in the sink, and putiton | |

S (o) 1 painting to enter the bedroom. | 1 j hgll o . 1 the plate on the table of dining | |

& g, I Keep walking straight until you | 1 ekl L 11 room. I

L Environment % I reach the vacuum cleaner. N 1 1

g ) : I 1 I
2 & ! Ll VL B e
" 1 | 1 | 1 | 1

| 1 A 1 [

! °® ¢ Study ro i Study ro h Study ro !

| ! Bed room I T i ® Bed room I h ® Bed room I ‘ !
Natural Language ! — - -} K N .

1 Hallwa Bath room il 1 gl !

M 1 (NES i1 n 11¢ i n !

1 1 (| 1

caE” | ! ¥ |
l I l | l |

Agent Oracle . = R . _————— § P

Fig. 9. (a) Overview of VLN. The embodied agent communicates with humans through natural language. Humans issue instructions to the embodied agent,
who completes tasks such as planning and dialog. Subsequently, through collaborative cooperation or the embodied agent’s independent actions, actions are
made in interactive or non-interactive environments based on visual observations and instructions, (b) Different tasks of VLN.
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Brain: Embodied World Model

Human Value Causality Learning
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t
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Fig. 2. The overall framework of the embodied agent based on MLMs and WMs. The embodied agent has a embodied world model as its “brain”. It has
the capability to understand the virtual-physical environment and actively perceive multi-modal elements. It can fully understand human intention, align with
human value and event causality, decompose complex tasks, and execute reliable actions, as well as interact with humans and utilize knowledge and tools.
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(a)

g< Take an apple
to my room

/) : Yes, madam

S

Task Planning
[l

{

Action Planning

- Y

Y
~—

((b)

Visual Description

Visual Representation

sofa, desk, drawer,

V2 ~
There are two sofas

pillow, *** in front and a door in
~ | the left corner, ***
@ "W )
chair, desk, drawer, ( j
sink, fridge, -

(There is a laptop and) L

~

~ | two monitors on the

desk, drawer, potted
plant, trash can,
computer, bed, **

desktop. There are no
items placed on the

 desktop to the -

>
O agent O desk
O door O bed
.

Prompt & Related Case & Visual Description

LLM

_
) @ )

v v

Step 1. go to the kitchen
Step 2. find the apple
Step 3. pick up the apple

Replan

.

‘Replan * Replan

Step 1. go to the kitchen

Object List Image Caption Scene Graph Visual Token
N N\ = P
(( : - Visual Context N (¢ : . . B
(¢) High-Level Task Planning isual -ontex v (d) Low-Level Action Planning Action
Better Performance Text Token & Sub-Task Sub-Task Perception
Visual Token Action: Grounding

@@LLWVLM ] VLA Model j e

Step 2. find the fridge Sub-task
Step 3. open the fridge ||

|
[ 0 Grounding, VQA,}

Grasping, Navigation, ***

Embodiment ——/>

Embodiment

Target: Apple
Location: [2.45, 2.65]

Exploration
Action: Navigation
Location: [1.20, 3.10]

o
Grasping

Action: Pick up
Location: [2.45, 2.65]
Target: Apple

=

& zom
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Exploring...

Single Objective

Question: What room is the vase
located in?

Answer: Living room.

4 Multiple Objectives h

Question: Is the dinner table the
same color as tl}e TV cabinet?

Answer: No.

4

4 Multi-agent R

Question: Is there a washing
machine in the house?

(©9: Al ‘A2 ‘A3

l I |
v

ANSWER

Answer: Yes.

. 4

turn | move
right right right *—"—“’J forward
turn move move
left forward forward

\

Question: Are there any apples
in the fridge?

Interaction

Action:
open the fridge

Answer: No.

>

Knowledge-based

Question: Is there an object in the living
room used to lower the temperature?

Answer: Yes.

Episodic Memory
Episodic E ® H Question: Where is the clock?

History

Answer: It is mounted on the wall above
the cabinets, directly across from the stove.

Object States

Question: Could someone be watching
TV in the living room?

[

air conditioner

curtain
on withdrawn

Answer: Yes.

20
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(a) Language-gulded Graspmg (b) Human-Agent-Object Interaction (c) Publication Status
E Instruction : Scene IGroundmg & Grasp Pose Generation,

Grounding & Grasp Pose Generation | |

600

Direct Object 500

i Specification TITT T TS SSSEES==SY ey - y : ---- w{ Instructlon‘

! £ '0, Grasp the knife at | & - c_‘ gc ! 400 !
. L' 2 Y ; . ' !
: .~ its handle. ] | Action :
raceges e Toidiens ol s A @2 EmEE 0 BN 00 X Agent with Arm 300 !
| ' . . Grasp the keyboard » ¥ Observation { Grasping |
' 'Spatial : 8 :
' Iipa a 'O that is to the right of g : . : ¥ / \ : e |
| easoning, ¥ ,

:Inference' ! the brown kleenex box. X i ! 100

:Requlred | Iam thirsty, can you - | !

=

ILoglcal '
0 2017 2018 2019 2020 2021 2022 2023
'Reasomng'V give me something

' ! to drink? Scene / . Total pubhshed papers Number of papers publlshed per year
Flg 12. The overview of the embodied grasping task. (a) demonstrates examples of language-guided grasping for different types of tasks, (b) provides an
overview of human-agent-object interaction, (c) shows Google Scholar search results for topics of “Language-guided Grasping”.
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Speech-to-text Text-to-speech

({4 114 H )
Ca|.1 | have | OpenAl model N Sure thing, h”ere S
something to eat?” , ) an apple.
/A Common sense reasoning from images N
/ k \ Behavior
/ ‘ : / selection
Neural Network Policies /
- - (<
/ ast, dexterous manipulation
On-board robot (‘ \ - 200hz
images | ) actions
/
l Whole Body Controller
Safe, stable dynamics
1khz joint
torques
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Figure BIATG X

high-level planer SRS AIRBVRANASREIRTSCIN, REESES. INENANEIEE,;
low-level policy 8/ RL #2EUYEANESIRE, LM ARBIFIINERFIZIZERIARY ;
5, BFissliEHlEiZE whole body controller #aiHH28 Ai=HIAVDFESCINEREZZTNE.

Speech-to-text Text-to-speech

Cap | have ) ‘ OpenAl model ‘ N Sure thing, r:’ere s
something to eat? , , an apple.
Common sense reasoning from images

Behavior
selection

Neural Network Policies

‘ 12
Fast, dexterous manipulation B
|
On-board robot ‘

200hz

images actions

Whole Body Controller ; /

|/ | s
\‘ [ Safe, stable dynamics ¥
1khz joint
/Z
2

torques
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PaLM-E: An Embodied Multimodal Language Model

FAERRR B ER M ESE T
MARESTINRVEAS, BHE—
MIFAARELSER MBI NZEIRGN.,  HEE.

Given <emb> ...

? ViT

Human: Bring me the rice chips from the
drawer. Robot: 1. Go to the drawers, 2. Open
top drawer. | see <img>. 3. Pick the greenrice
chip bag from the drawer and place it on the
counter.

Control

Visual Q&A, Captioning ...

Describe the

\ Given <img>. Q: What's in the following <img>
image? Answer in emojis. A dog jumping
J>90900&. over a hurdle at a
dog show.

& zom

<img> Q: How to grasp blue block? A: First, grasp yellow block

Large Language Model (PaLM)

RIRTENER AES LA,

E5EME.
REATHIESHILRIEITIE,

Task and Motion Planning

PaLM-E: An Embodied Multimodal Language Model

& Given <emb> Q: How
to grasp blue block?
A: First grasp yellow
block and place it on
the table, then grasp
the blue block.

Tabletop Manipulation

Given <img> Task: Sort
colors into corners.
Step 1. Push the green
star to the bottom left.
Step 2. Push the green
circle to the green star.

A: First, grasp yellow block and ...

Language Only Tasks

Here is a Haiku about
embodied language models:
Embodied language

models are the future of
natural language

Q: Miami Beach borders which ocean? A: Atlantic.
Q: What is 372 x 187 A: 6696.

Language models trained on robot sensor data can
be used to guide a robot’s actions.
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PaLM-E: An Embodied Multimodal Language Model

BRI R EE R 7 B google AR FRAITRIILHEEL PaLM (5620 12) , ABELNSBA, HES
5 (Embodied) , PFTLAUZIREIRYRZ /I PaLM-E (PaLM + Embodied)

PaLM-E 1B ok BHes ARG AR RSLIIX—RRY, B NNIEAETENI SR oA T
QoI8, XE—E, FIAEEAZSHTTIENSUEMEER, VB AEHEINEE.
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PaLM-E: An Embodied Multimodal Language Model

start m— - - - - - goal
PaLM-E guiding a real robot through a long horizon mobile manipulation task

Instruction: “bring me the rice chips from the drawer”

Adversarial Disturbance:
human knocks the rice chips
back into the drawer

Open the top Take the rice chips

Take the rice chips Bring it to the user Put it down
drawer out of the drawer

h
Go to the drawers out of the drawer

PaLM-E guiding a real robot through one-shot and zero-shot tabletop manipulation tasks

Move the green circle Move the blue triangle Move the green star to Move the green star to
to the yellow hexagon to the group SiicEaEe the top left corner the green circle

one-shot: "Move the remaining blocks to the group” zero-shot: "Move the green blocks to the turtle"

r:;g%‘ ZOMI 31 Course https://chenzomil2.github.io/
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PaLM-E: An Embodied Multimodal Language Model

start PaLM-E guiding a real robot through long horizon tasks goal
>
a) success:
push the red star to push the red circle push the blue Adversarial push the green star sort blocks by colors
the top left corner 1 the rad star trlf:)ngle to the blue AlStirEares to the bottom left u:e0 into corners
cube corner

<
¢
50 demonstrations
b) move the yellow move the green move the blue Raa R move the green SUCeess:
hexagon to the red circle to the yellow vee triangle to the disturbance circle closer to the vee move the remaining
star hexagon group group blocks to the group

1-shot learning
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PaLM-E: An Embodied Multimodal Language Model

c) ; :
move the red star to Movethe ea circie i il bl Adversarial move the red star to trflgs-cei-szbsl ks t
the top left corner to the red star res closer to the red disturbance : ain move the red blocks to
star the bottom right the coffee cup

zero-shot learning (new object pair)

language conditioned

success: .
move the green star move the green star move the green blocks [ —— language policy
to the top left to the green circle to the turtle commands
corner
PaLM-E
PaLM-E replans
at 1hz
"sort the blocks robot
by color" images robot actions
. . ; at 5hz
zero-shot learning (unseen object) long horizon goal

@ ZOM| 33  Course https://chenzomil 2.github.io/


https://chenzomi12.github.io/

PaLM-E: An Embodied Multimodal Language Model
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Bring Al System to every person, home and
organization for a fully connected,
intelligent world.
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