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ShapeLLM:
Universal 3D Object Understanding 

for Embodied Interaction



Background

①: LLMs have rich knowledge, especially planning and decision-making abilities. 

Which can be used for Embodied Intelligence.

TaPA: Embodied task planning with large language models. arXiv:2307.01848



Background

②: By supervised fine-tuning with instruction-following data, LLM’s knowledge can 

be easily aligned with the specific field.

Visual Instruction Tuning. arXiv:2304.08485



Background

③: 3D Point Clouds as Inputs. Compared to 2D images, 3D point clouds 

provide a more accurate representation of the physical environment, which is 

necessary for embodied tasks like 6-DoF grasping.

UniDexGrasp: Universal Robotic Dexterous Grasping via Learning Diverse Proposal Generation and Goal-Conditioned Policy. arXiv:2303.00938



Background

④: Embodied manipulation is typically object-centric, operating a part of the object, 

while current 3D LLMs mainly focus on the scene level, and full scene point clouds are 

needed. 

3D-LLM: Injecting the 3D World into Large Language Models. arXiv:2307.12981



Background

⑤: Most robots are only equipped with a single-view RGBD camera, which poses 

challenges in acquiring full point clouds.

PointLLM: Empowering Large Language Models to Understand Point Clouds. arXiv:2308.16911



Pipeline

ShapeLLM: Universal 3D Object Understanding for Embodied Interaction. arXiv:2402.17766



Pipeline

Point Encoder Encoder

1. Scaling up to Objaverse

2. Distillation on multi-view images

3. Training with single-siew & noisy points

3D Representation Learning



Pipeline

Transfer Learning Zero-shot 3D Shape Recognition



Pipeline

Feature Bridge 

1. Multi-level feature projection

• Global contrastive feature

• Local geometry reconstruction

• Absolute position encoding

2. Visual prompt tuning



Pipeline

Instruction-Following Data

1. General instruction data from Objeverse-LVIS 

based on GPT-4V

2. Embodied interaction data from GAPartNet 

bounding box based on GPT-4



ShapeLLM

3D CaptioningVisual Question Answering Scene Understanding



ShapeLLM

Single-View Point Cloud UnderstandingPlanning & Task DecompositionEmbodied Visual Grounding



3D MM-Vet

3D MM-Vet: 3D Multimodal Comprehension Evaluation Benchmark

Five Levels of 3D Understanding

• General Visual Recognition

• Knowledge

• Language Generation

• Spatial Recognition

• Embodied Interaction



3D MM-Vet

3D MM-Vet: 3D Multimodal Comprehension Evaluation Benchmark



3D MM-Vet

3D MM-Vet-C: Robustness Evaluation Benchmark
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