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报告内容

 室内场景三维建模和模拟

◦ 基于单张图像的室内场景三维建模

◦ 基于机器学习的室内场景自动着色

◦ 物体表面材质几何和光照属性的扫描获取

 室外（城市）场景的三维建模

 本组研究工作介绍
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室外场景三维建模

主要应用：

 数字城市

 数字资产

 游戏设计

 虚拟现实

 无人驾驶

 … …



主要应用：

 室内设计

 智能家居

 游戏设计

 虚拟现实

 机器人

 … …

室内场景三维建模



The Visual Computer 2017, 

 IEEE Transactions on Visualization & Computer Graphics (Under Review)

室内场景三维建模和模拟
从单张图像重建三维场景



Related Work

Automatic Semantic Modeling of Indoor Scenes from Low-quality RGB-D Data using Contextual 
Information, ACM Siggraph Asia 2013.
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A First Step – Scene Understanding 



Pipeline 



Object Segmentation 

A Markov Random Field Multi-labeling Problem 

The energy function:

𝑃 𝐹 𝑈 =
𝑃 𝑈 𝐹 𝑃(𝐹)

𝑃(𝑈)

𝐿𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑 𝑡𝑒𝑟𝑚: 𝑃 𝑈 𝐹 =ෑ

𝑠∈𝑆

exp(−𝜑(𝑠, 𝑓𝑠, 𝑈))

𝑃𝑟𝑖𝑜𝑟 𝑡𝑒𝑟𝑚: 𝑃(𝐹) = ෑ

(𝑠,𝑡)∈𝑁

exp(−𝜆(𝜌 𝑠, 𝑡 + 𝛼𝑏 𝑠, 𝑡 )𝛿(𝑓𝑠, 𝑓𝑡))

solved by Graph Cut Algorithm



Object Segmentation with Model Images



Model Retrieval

The matching score is calculated as:

𝑆𝑂 = 𝑆𝐹 + 𝑆𝐵 exp(
−𝜌(1 − 𝑆𝑀)

2

(𝑆𝑀
𝑚 − 𝑆𝑀

𝑎 )2
)

𝑆𝐹: 𝑓𝑜𝑟𝑤𝑎𝑟𝑑 𝑚𝑎𝑡𝑐ℎ𝑖𝑛𝑔 𝑠𝑐𝑜𝑟𝑒

𝑆𝐵: 𝑏𝑎𝑐𝑘𝑤𝑎𝑟𝑑 𝑚𝑎𝑡𝑐ℎ𝑖𝑛𝑔 𝑠𝑐𝑜𝑟𝑒

𝑆𝑀: 𝑚𝑎𝑠𝑘 𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦

𝑆𝑀
𝑚: 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑚𝑎𝑠𝑘 𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦

𝑆𝑀
𝑎 : 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑚𝑎𝑠𝑘 𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦



Model Retrieval with Object Segmentation

Segmentation eliminates 
the negative influence of
cluttered background.

Segmentation reduces 
the influence brought by 
severe occlusion.

Mask information helps 
to improve the retrieval.



Results – Model Retrieval



Pose Refinement



Results – Scene Reconstruction



Results – Scene Reconstruction



Results – Segmentation



室内场景三维建模和模拟
三维室内场景自动着色



Motivation

 Increasing needs for non-designers to decorate their 
houses

 Assigning materials using 3D modeling software is time-
consuming and requires professional skills 



Colorization Pipeline
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Furniture Colorization

 A classification problem

 Features:

◦ Local: Curvature, PCA, Shape Diameter Function (SDF), Average 

Geodesic Distance (AGD), Shape Context and Spin Image

◦ Global: Histograms of the Gaussian curvature, AGD feature and 

SDF feature

 Classifier: JointBoost



Furniture 

Colorization 

Results



Scene Colorization

 A Markov Random Field Framework

The energy function:

𝐸 = 𝐸𝐷 + 𝛼𝐸𝑆 + 𝛽𝐸𝐶

solved by Markov Chain Monte Carlo Sampling

𝑆𝑚𝑜𝑜𝑡ℎ𝑛𝑒𝑠𝑠 𝑡𝑒𝑟𝑚: 𝐸𝑆 =

𝑖𝑗

log(𝐺(𝐶𝑀𝑖
, 𝐶𝑀𝑗

))

𝐷𝑎𝑡𝑎 𝑡𝑒𝑟𝑚: 𝐸𝐷 =

𝑖

log(𝐺(𝐶𝑀𝑖
))

Constraint term: 𝐸𝑐 = −
1

𝑍
σ𝑖σ𝑘=1

5 min
𝑗

||𝐶𝑈𝑘 − 𝐶𝑀𝑖𝑗
||



Colorization by Examples



Results



Results



 Large scale geometry can 

be modeled easily, but 

small scale geometry is the 

key to PHOTOREALISTIC 

RENDERING (工业级应用

的照片真实感)

室内场景三维建模和模拟
材质物理属性扫描和高端视觉特效
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UAV-based激光雷达、倾斜摄影大场景建模

室外（城市）大场景三维建模
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UAV-based激光雷达、倾斜摄影大场景建模
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2. 南京港码头三维重建
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建有企业联合实验室

计算机图形
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虚拟现实
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三维场景

真实感

绘制
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SLAM技术、
室内场景
三维建模
和模拟

基于
机器人、

无人机的
大场景

三维建模

Rendering of Forests.avi
Rendering of Forests.avi


图像视频
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