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Contributions:

• Generalize the Information Bottleneck (IB) principle 

to build a hierarchical, task-defined 3D scene graph 

based on a given task decomposition.

• Iterative framework alternating LLM-based task 

decomposition and scene graph construction to 

generate a scene grounded task hierarchy.
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Hierarchical Information Bottleneck (H-IB):

Generalization to n 

hierarchical layers

Iterative multi-layer update steps

Experiments:

Table 1. Evaluation of grounding using the 

SG3D HM3DSem dataset [1] with ground truth 

instances against SOTA zero-shot models [2, 3].

Table 2. Evaluation of grounding on 8 scenes from 

the SG3D HM3DSem dataset [1] with RGB-D 

Input against LLM + Scene Graph baselines [4, 5]

Table 3. Evaluation of Hierarchical Task Analysis. 

Against LLM + Scene Graph baselines [4, 5]

Iterative Refinement:
Open the utility area door: [utility area door]

Check the floor for debris: [floor]

Examine shelves for dust accumulation: [shelves]

Inspect counter for spills: [counter]

Look at bins for overflow: [bins]

Open the utility area door: [utility area door]

Check the floor for debris: [floor, tile]

Examine shelves for dust accumulation: [shelves]

Inspect counter for spills: [counter, sink, countertop]

Check for dirty laundry: [laundry]
Inspect the washing machine:[washing machine]

Open the utility area door: [utility area door]

Check the floor for debris: [tile]

Examine shelves for dust accumulation: [shelves]

Inspect counter for spills: [counter, sink, countertop]

Check for dirty laundry: [laundry]
Inspect the washing machine:[washing machine, 

laundry machine]
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Research Question:

How can we enable robots to understand complex 

high-level commands and ground them in real-

world 3D scenes?

Key Results:

• State-of-the-art grounding accuracy of task 

hierarchies to task-relevant objects, outperforming 

existing zero-shot models.

• Outperforms LLM + open-set scene graph baselines 

in scene-grounded task hierarchy generation.
Limitations / Future Work

• Generated task hierarchies are not guaranteed to 

be feasible or complete to accomplish the high-level tasks

• The structure of task hierarchy prevents objects from being 

shared across subtasks, reducing flexibility and 

descriptiveness.

• Future direction: 1) Integrate classical planning techniques to 

validate and refine subtask sets to ensure task completeness. 

2) Bridge the task hierarchy generation with robot skills.
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