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Main Contribution

* 1. Design complex planning tasks with spatio-temporal constraints
and introduce new, more challenging embodied planning
benchmarks.

e 2. Propose an automated generation of planning tasks with spatio-
temporal constraints and a framework for automatically evaluating
the performance of foundational models.

* 3. Conduct benchmarking based on various foundational models and
study the effectiveness of supervised fine-tuning.



Dataset Task  Multi- Data Auto LLM Open Levelof Spatial Temporal/  Env
Modality Size Data Eval Voc Obs Causal Inter

Re | a te d \NO r- k Activietsf;l:?gaa]rgi(l“uig v 2821 X X v P X X v

WAH(Puig et al., X 21 X X X P/ G X X 4
2020)
ALFRED(Shridhar v goss X X v P X X v
et al., 2020a)
WAH-NL(Choi et al., X 611 X v v P X X v
2024)
RoboGen{Wang et al., v oo v v v P X X v
2023)
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et al., 2022)
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et al., 2022)
EgoVQA(Fan, 2019) 4 s20 X XV P/ G X X X
EgoTaskQA(Jiaetal, EQA ¢ 40k X X P 4 v X
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et al., 2024)
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Task Difficulty Dimension

e Action Sequence Length

* Prior Knowledge

 Spatial Relationship Constraints
* Occlusion

 Temporal and Causal Relationship Constraints



Embodied Task Generation Pipeline

Task Requirements

—[Example ]—

Task Category Constraints Retrieve | 1 Find an apple from the fridge
i Spatial Relation > and place it on the table.
| Navigation
Occlusion-size : h g
- - Mav & Mani +
| +Manipulation @ —>| oo ' /—[—
ial Relation Rules |—\
Occlusion-Distance pa
| +Multi-objects | Combine 1. <obj_1= is grabbable and
Temporal Dependency movable by a human.
2. <obj_2> is a surface or
Environment Info container.
v | ot - -J
- Furniture: table, ... - Grabbable —_— ( Objects | )
_ Appliance: fridge, ...| | - Size Filtéring <obj_1>, <obj_2>, <obj_3>

A

e -

—— Object Relation —

- apple ON place
- bow IN cabinet

—— Action ——

- Move
- Grab

Completion Criteria
Generation

k J

» Prompt

GPT4

Post-processing

- Rule check {constraints,
common-sense, etc.)
- Executability

=



LLM Agent Pipeline

~—— Task Classification ————— Task-specific

Task: Grab the apple in the Prompt: Please classify the task into one of

fridge and put it on the table the following types: Prompt Example

in kitchen —>»{ 1. Navigation and Manipulation

Completion Criteria: Eval. Pipeline

Ar;;: <task-type=

- (ON, apple, table) Spatial/Temporal Constraint

L S
Navigation & Manipulation Memory
g [ Manipulation - -------- . - Nav-Object 3 — — Nav-Room ———
E . . ' Prompt: The robot is in the room [room name] Prompt: Determine which room
] E:Stgjm{;pleqttgikplﬂggg.aeﬂfgn q | and can see objects [visible object list]. Determine may contain the object [object
the property of tr;e Db']ect Ir{ - which one of the visible objects should be checked - name], and the room list is [room
: property ¢ Ject. ! Action: in order to find the object [object name]. Action: list] ..
: Action: <action> <object= . Walk <object>| Ans: <object> Walk <room= | Ans- <room=
{.» ............................ : \ * A . Iy
l T 360° Observation T
NO . . ’ .
Completion : Action List Environment Room List

Check




Experiment Results

Success Rate Seq Length Longest Common Seq (Ratio) Moving Distance

LLAMA LLAMA LLAMA LLAMA

Tasks GPT4  Sgspr  OPT4 I sET GPT4 7B+SFT  OPT4 7p4 gFr

Navigation Tasks with or without Spatial Constraints
Navi + Lavout Map 90.77% 91.13%  3.76 3.96 1.32 (89.64%) 1.34(90.11%) 10.79 10.83
Navi 79.26% 80.58%  6.77 6.75 1.59 (78.74%) 1.62(80.01%) 14.10 14.59
Navi + Occlusion_Size 72.46% 76.05%  7.99 7.89 1.53 (74.95%) 1.59(78.14%) 14.08 16.65
Navi + Occlusion_Distance 73.65% 76.65%  7.94 7.69 1.60 (77.40%) 1.65(80.24%) 1936 17.38
Navi + Relation 62.61% 64.09%  9.20 9.20 1.78 (88.75%) 1.75(86.05%) 1245 14.08
Navi + Relation + Occlusion_Size 60.74% 61.48%  9.68 9.91 1.74 (85.19%) 1.70(83.21%) 13.26 16.05
Navi + Relation + Occlusion_Distance 54.81% 55.56% 1041  10.31 1.73 (86.67%) 1.67 (82.96%) 1575 16.22
Navigation & Manipulation Tasks with or without Spatial Constraints
Navi & Mani + Lavout Map 83.98% 83.96% 1236 12.09 420(82.68%) 4.17(81.97%) 2222 21.67
Navi & Mani 73.76% 74.33% 17.02 1647 417 (78.56%) 4.22(78.92%) 28.51 26.99
Navi & Mani + Occlusion_Size 65.85% 67.60%  20.00 19.21 3.94 (75.00%) 4.00(75.27%) 2946 28.79
Navi & Mani + Occlusion_Distance 72.09%  74.66% 18.83 17.20 4.06 (75.50%) 4.21(78.08%) 37.92 3045
Navi & Mani + Relation 49.65% 50.35%  24.08 23.78 4.11(73.60%) 4.12(72.14%) 27.70 27.72
Navi & Mani + Relation + Occlusion_Size 43.03% 42.75% 2652 26.39 3.81 (69.02%) 3.82(67.05%) 31.55 2842
Navi & Mani + Relation + Occlusion_Distance 49.88% 50.00% 2396 23.79 4.20(73.69%) 4.25(72.57%) 3485 30.83
Navigation & Manipulation Tasks with Temporal Constraints

Navi & Mani + Multi Objects 56.73% 55.05%  38.25 4280 7.57(69.92%) 7.85(69.09%) 50.39 4740
Navi & Mani + Multi Objects + Optimal Path with 2 Arms ~ 72.04% 74.21%  28.12 28.51 5.60 (66.07%) 5.61(64.32%) 38.25 39.17
Navi & Mani + Multi Objects + Temp Dependency 58.60% 60.35% 4343 41.04 6.00 (64.05%) 5.96(62.71%) 51.38 45.52




Case Study: An Example of a Spatial constrained task

Can you get the box on the
wall shelf?

Navi + Relation

Task: Can you get the box on the wall shelf?

: Walk to the livingroom

: Walk to the wall shelf (1)
: Walk to the wall shelf (2)
: Walk to the wall shelf (3)
: Walk to the bedroom

: Walk to the wall shelf (4)
: Walk to the kitchen

: Walk to the box

/4 o,
6: Walk to the wall shelf (4)
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Detected object Final state



