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Background

Visual Spatial Understanding

• Definition: 
Extracting Spatial Information, including position, relation, pose, layout, etc., 
reasoning, and applying to special tasks (SLAM, navigation, etc.)

• Forms of Tasks: 
Relation Extraction
Question Answering
Image-to-Text Generation, Captioning
Image Synthesis
3D Reconstruction
…

We study the representative spatial image-to-text (SI2T) and spatial text-to-image (ST2I)
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Motivation

Consider the Two Tasks Together

• Dual for each other 

• Share the 3D scene feature: 

• The dual processes help 
each other



Method

Model the Shared 3D Feature

• Share a Holistic 3D Scene Graph

• Generating via a Graph Diffusion 

• Initialized from Visual Scene 
Graph or Textual Scene Graph
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Dual Learning Framework

• Three Diffusion Module

• Dual Training 
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Method

Training Objectives

• Diffusion

• Spatial Feature Alignment
Train the Image Decoder and Text Decoder

• Host3DSG Reconstruction Training
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Method

Training Strategy

• Step-1: DGAE pre-training

• Step-2: Spatial Alignment

• Step-3: 2DSG→3DSG Diffusion Training

• Step-4:  Overall Training
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Results

Main Results



Results

Cases

A man is on the couch 
next a dog laying down.

GT Image VQ-Diffusion Frido SD3

DDCap 3DVSD SD3

A man sitting 
on a chair with 
a dog on his lap.

A man is sitting 
on the sofa.

A man is sitting 
on the couch 

with a dog aside.

Some weeds in the 
middle are in front of 

the railway tracks.

GT Text

GT Image VQ-Diffusion Frido SD3

DDCap 3DVSD SD3GT Text
A train traveling 
down tracks next 

to a forest.

Some weeds lie on 
the right of the 
railway tracks.

Some weeds grow 
in front of the 
railway tracks.
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