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* Long-horizon Robotic Task Planning

Help me

heat an egg.
W

)
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* Long-horizon Robotic Task Planning

* Need hierarchical planning
* High-level planning: language instruction = subgoal sequences

* Low-level planning: subgoal = action sequences

Help me ool et
heat an egg. - ‘
1.Goto fridge I
O

2.Pickup egg
3.Goto microwave
4.Heat egqg

5.Goto table
I 6.Put egg on table

High-level planning (HLP) Low-level planning (LLP)
3 ) &
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* LLMs Are Good High-Level Planners (Robot Brain)

* Strong generalization among various tasks
* Good world knowledge

* BUT LLMs Have No Proprioception
e Cannot sense detailed spatial state

* Cannot give low-level action planning

[I want to heat an egg. Can you guide me L

0 :

on how to doit?

B:>éé:>:>ii I| b
1. Goto fridge 2. Pickup egg 3. Goto = 1 |
microwave 4. Heat egg 5. Goto table.

@ 6. Put egg on table. Provide me with

more details for a better answer.
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* Mapping Room to Chessboard

e Chessboard, a common language for both LLMs and Robots

* Robots map observations on chessboard, with its coordinates clearly show room layout
* LLMs give low-level action plans, each cell corresponds to one step of the agent

You need to first move from Al to the egg \ /I_et’s play a game on the chessboard.

A2 (red path). Then, pick up the egg and The rules are as follows: ...
proceed to the microwave at B2 (blue path). || The chessboard info:

Use the microwave to heat the egg. Finally, Egg: [A2]. Microwave: [B2] ...
place the heated egg on the dining table at Your task is to heat an eggs

C3 (purple path). / Please tell me how to do it.
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. e (¢ . . ) . ..
High-Level Planning  Environment Filter Task Description
— . On a 64*64 block chessboard, the
: 0 :
Subgoal: t Projection Map ((C +2) x M x M)  Chessboard B rules of the game are ...
Gototomato RGB-D | ypstacies @ | | ## Explored objects:
Stream | ° > goal-aware table: [[15, 35], ...],...
::> category- aggregat - A ### Task: (Goto, [microwave]).
 wise function [t ### Current Pos. [21, 40].
binary ’ Select next pos. from
_ grids )| 1120, 40], [22, 40], [21, 39], [21, 41]],»
S a statm 4 . {’9 h
R s i t Low-Level Planning
- gen B
Pickup tomato State Large Language Model / Chain-of-Thought Fine-tuning
Current pos.: . , . »
21, 40] Key Informa- Based on the given information, the current position of the agent
Next pOS.: tion Extraction | 1S [21,40], ... and the target is microwave, which is located at [[18,
21 391 31],...]. The agent will go to [20, 34] to achieve the target, which is
[21, 39] Target
Action prediction There are 4 options ... Let's analyze the options given:
Sequence # [20, 40]: ... ... This strategy... 39 40 41
(TurnLeft,90°) #[22, 40]: ... ... The agent will... 20 |C
(Forward, #[21, 39]: This action ... 21| A4¥| D
0.25m) Selection # [21, 41]: This action ... 22| |8
\t analysis Based on the analysis, the best ... is [21, 39] .
\ J
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High-Level Planning » High-Level Planning (HLP): decompose long-horizon task
Subgoal: into a sequence of subgoals G=[G_1,G_2,..., G_K]

Goto tomato

Plckup tomato

il

Goto microwave

I,
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High-Level Planning 'Environment Filter b

-Subgoal: Ot Projection Map ((C + 2) X M X 7) Chessboard B

Goto tomato RGB-D obstacles
| Stream |[--------- > A

::> category- aggregat

wise function
~ binary ’
. grids ),

» Environment Filter:
* Semantic mapping: update observation o; to binary map M
* Chessboard building: abstract the map into chessboard B

/ NS
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. . (. . . < o
High-Level Planning| Environment Filter Task Description
— . On a 64*64 block chessboard, the
: 0 ;
Subgoal: t Projection Map ((C +2) x M x M)  Chessboard B rules of the game are ...
Gototomato  RGB-D | ,p<iacles — #t# Explored obijects:
Stream |--------= > goal-aware table: [[15, 35], ...]....
::> category- aggregat - A ### Task: (Goto, [microwave]).
 wise function [t ### Current Pos. [21, 40].
binary ’ Select next pos. from
. grids )| [[20, 40], [22, 40Q], [21, 39], [21, 41]]~
LailiE= statm 4 . {’9 )
¥ : i t Low-Level Planning
: gen -
Pickup tomato State Large Language Model / Chain-of-Thought Fine-tuning
Current pos.: , _ : »
21, 40] Key Informa- Based on the given information, the current position of the agent
Next, pOS.: tion Extraction | 1S [21,40], ... and the target is microwave, which is located at [[18,
21 391 31],...]. The agent will go to [20, 34] to achieve the target, which is
[21, 39] Target
Action prediction There are 4 options ... Let's analyze the options given:
Sequence # [20, 40]: ... ... This strategy... 39 40 41
(TurnLeft,90°) #[22, 40]: ... ...The agent will.... 2o |=
(Forward, #[21, 39]: This action ... 21| A4¥| D
0.25m) Selection # [21, 41]: This action ... 22| |8
\E analysis Based on the analysis, the best ... is [21, 39] .
\ _J

JUNET1-15, 2025

A
DRIN

J
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PARADIGM

* Joint Training of HLP and LLP
« Convert expert trajectories to CoT data of 70K HLP & 195K LLP

e Chain of Thought Decision (CoT-D)

Based on the given information,

an e ; On a 64*64 block chessboard, the L
Sk 2.PIC/<U,D e rules of the game are : : - The
3.Goto microwave | ### Explored objects: 3\/%?2; ‘i’:” 90 10[20, 34] to achieve the target,
| :>4.Heat e table: [[15, 35], ...],-.. _ ; _
gg e Ee ke (@, | mierenEd), Tir\llzrne. are 4 options ... Let's analyze the options

5.Goto table ### Current Pos.: [21, 40]. given: .

. # [20, 40]: ... ... This strategy...

: B | Sclect next pos. from #1[22, 40]: .. ..The agent wil...

¥ [[20, 40}, [22, 40], [21, 39], [21, 411l 4 121" 39]: This action ..

# [21, 41]: This action ...
Based on the analysis, the best ... is [21, 39] .

\ J

I I RN
70K High-Level Planning 195K Low-Level Planning 1y ))
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* Prompt System
e Gamerules R
 Chessboard state U

e Subgoal G

* History actions Q

Unexplore
Obstacle
Explore
ent
NextPos
Goal

Arm Chair

Bathtub Basin
Bed -

Cart -

Coffee Machine
Coffee Table
Counter Top -

.. Desk 4
Dining Table 4
Drawer -
Dresser

Fridge
Garbage Cgan e

Microwave -
Ottoman 4

Safe
Shelf
Side Table

Sofa

Stove Burner
TV Stand
Toilet

Desk Lamp
Floor Lamp

/

= ey =

A\

Very long context for LLMs

On a 64*64 block chessboard, the rules of the game are as
follows:

Establish a coordinate system with the top left grid as (1,1).
Each block can be represented by coordinates. For instance,
the block in the 5th row and 3rd column is denoted as (5,3).

coffeemachine: [[18, 25], [19, 25]]
cabinet: [[18, 26], [19, 26], [20, 26],...]
countertop: [[20, 30], [20, 31],...]
bowl: [[21, 33], [22, 33]]

The movement is forbidden on the object block. You can only
move 1 block at a time.

### Current Position: [32, 33]

### Please select your next position from [[31, 33], [33, 33],
[32, 32], [32, 34]]. A\
### Please analyze the options and choose the best orJ;eJt‘cf
finish the task. |
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Based on the given information,

* CoT-D Subtasks [32, 33] bowl
. ) [[21, 33], [22, 33]]. The agent will go to [22, 33] to achieve
e Key Information Extraction the target
* Ta rget Prediction There are 4 options for the agent to move towards the target
. . position. Now, let's analyze the options given:
* Direction JUdgment # [31, 33]: This position is the agent. By making
e Selection Analysis this move, the agent approaches the target position more
— target object: bowl closely.
Eeplore - 4 > # [33, 33]: This position is the agent. This
A'fnct{'= Y move takes the agent away from the target position.
- I predicted # [32, 32]: This position is the agent. This
Efft;j:E target move takes the agent away from the target position.
§;g§g;§ # [32, 34]: This position is the agent. This
S I move takes the agent away from the target position.

Ottoman 4
Safe
Shelf
Sidengflg M . .
stove pume! SN Ny Based on the analysis above, the best option for the agent to

TV Stand

e

Toilet Jo

Desk Lamp
Floor Lamp -
one —

w
Cabinet [

. Faucet
Sink Basin -

move towards the target position is [31, 33]. Therefore, the | <
answer is: [\ 2)))
# Next position: ol e

agent’s current position
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* Experiment Settings

* Benchmark: ALFRED with 7 types of tasks involving both navigation
and object interaction

* LLMs: GPT-4 / LLaMA-7B / Mistral-7B



EVALUATION

* Main Results on ALFRED Benchmark

Trainin Mode ASuccess | A Goal-cond.
8 Rate (SR) | SR (GC)

Specialists, only for ALFRED tasks

JUNET1-15, 2025

M-TRACK From scratch 26.70 33.21 17.29 28.98 -9.41 -4.23
FILM From scratch 24.63 37.20 20.10 32.45 -4.53 -4.75
LEBP From scratch 27.63 35.76 22.36 29.58 -5.27 -6.18
Generalists, based on LLMs

SayCan Few-shot 12.30 24.52 9.88 22.54 -2.42 -1.98
LLM-P(GPT) Few-shot 16.45 30.11 15.36 29.88 -1.09 -0.23
R2C-GPT-4 Zero-shot 20.00 28.46 24.00 28.24 +4.00 -0.22
R2C-LLaMA-7B Fine-tune 20.83 29.60 18.99 29.69 -1.84 +0.09
R2C-Mistral-7B Fine-tune 22.31 32.40 22.35 31.97 +0.04 -0.43
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* Visualization of a trajectory in ALFRED
* R2C-Mistral-7B

7ask: Throw both pieces of soap into the trash can.

CVPR MW@
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e Ablation Study
* CoT-D effectively improves the success rate of the model

m

SR | 6 | SR GC

Base Model (R2C-Mistral-7B) 22.31 32.40 22.35 31.97
+GT Seg. 37.92 45.83 35.24 43.88
+GT Seg., GT subgoal 48.18 55.13 53.33 58.18
+GT Seg., GT subgoal — CoT-D 41.22 49.35 41.96 47.88
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* Open-Vocabulary Task
* R2C can generalize to open-vocabulary task beyond object navigation

Task e . ope Nearest Center

R2C-GPT-4(90°) 66.7 73.3 53.5 80.0 68.3

R2C-GPT-4(45°) 73.3 73.3 73.3 60.0 70.0
Walk to the armchair Go to the center of

closest to the sofa the room

1 2 3 4 6 7 1 3 4 5 6 7 Move to the center of the line connecting
— é —Y é. T >Y the table and the sofa at [1,8].

1234567891011_Y
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* Application in Real-world Scenarios
* Deploy R2C on LoCoBot in a 6mX6m office

|

T1: Go to the middle of the shelf and box.

/N
¥ oo+ | I :
- Ly
TN { ]
| |

\

T2: Circle a

T3: to a chair and

|
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CONCLUSION CVPR/

* Introduce unified R2C framework to unlock LLM as low-level planner
* Design a CoT-D strategy to enhance LLM’s spatial reasoning ability

generalization

- High-Level

RC N Planning
(Unified LLM-  — —
based Planner : alfifo1=
)/ Low L?vel _ Thought

Decision

proprioception D)

19
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