


Background: From Seeing to Doing with Spatial Intelligence

Question How to proceed from seeing to doing?

Quote:
“Sight turning into insight, seeing becomes understanding, understanding leads to actions.” 

– Li Fei-Fei

Direction:
All of this leads to Spatial Intelligence.



Challenges:
- Accurate 3D 

understanding
- How to use it for 

robotics?
- Complex scenes
- Language-

grounded 
manipulation

Previous works:
- Only positional 

understanding
- Understanding only 

(VQA only)

Our Insights:
- 6-DoF spatial 

understanding
- Unifying scene 

parsing and 
planning with 
languages

- Open-world and 
generalization

Background: Previous Works

Question How to proceed from seeing to doing?



Key Ideas:
- Semantic Orientation 

grounded by 
languages

- Modular design with 
large models

Highlights:
- Zero-shot 
- Open-world
- Generalization
- Cross-embodiment

SoFar Overview

Key Bridge Spatial Understanding & Object Manipulation
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OrienText300K
Language-Grounded
Object Orientation Dataset

350K+ High-quality 3D Assets & Orientations
8M Rendered Images
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Views
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Pair

OrienText300K: Orientation-Text Paired Data at Scale

Data Scalable and High-Quality Data Construction & Filtering (Objaverse)



OrienText300K: Orientation-Text Paired Data at Scale

Validation:
- 210 human-labeled 

filtering labels and 
annotations

- GPT-4o achieves 
88.3% and 97.1% 
mean acc

Data Data Construction & Filtering (Objaverse)



PointSO: A Cross-Modal 3D Transformer for Semantic Orientation Prediction

Model:
- Transformer-based 

Model
- Cross-Model Fusion
- 3D Augmentation

Features:
- High Accuracy 
- Scalable
- Robust

PointSO Accurate, scalable, and robust SO prediction



User Instruction: 
User: “Place the camera to take 
a picture of the drill.”

User: “Place the flashlight to 
illuminate Loopy.”

User: “What is the distance 
between the camera and Loopy?”

Annotated Image

Object 
Segmentation

Florence2 + SAM

Object
Orientation

PointSO (Ours)

RGB/RGB-D 
Camera

Manipulation 
Transformation

Spatial 
Reasoning

   Vision
   Language
   Model

Camera:
  ID: 1
  centroid: [x, y, z]
  box: [h, w, l]
  orientation:
    Take picture: [�, �, �]
Loopy:
  …

JSON-format Scene Graph

Task Planning
Robot Control:  [��, ��]

Object
Parsing

Object List: 
[camera, drill, 
loopy, 
flashlight]
Orientation Info:
[take picture,
illuminate]

SoFar Framework

Key A hierarchical & modular framework with various Foundation Models



Real-World SO Prediction



Pull out a 
tissue

Rotate the 
flashlight to 
illuminate the loopy

Aim the camera at 
the toy truck

Pick up the nearest 
test tube and place it 
in the center of the 
bottles.

Language-Grounded Manipulation



Long-Horizon Manipulation





Cross Embodiment & Cross View Generalization

Ego View

Front View

Side View

SuckerLeap Hand



Language-Grounded Navigation
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Simulation Experiments



Simulation Experiments



Spatial Understanding



Spatial Understanding



Open Question

Should we do End2End learning or a 
modular design? 



Thank you



Robot Setups


