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Evolution of 3D Reconstruction Techniques
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Ice-age: A long period of reduction in the 
temperature of the Earth’s surface and 
atmosphere [ wikipedia ]

Ice-age, 20th Century Fox



Ice-age: A long period of reduction in 
the impact to our society

Ice-age, 20th Century Fox
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Problem setting

• Input

• Visual sensor data (e.g., image, depth-images, point-clouds, …)

• Calibration and camera poses (e.g., intrinsic/extrinsic camera params)

• Output

• Geometric model (e.g., point-clouds, meshes, …)



Problem example: 3D reconstruction from images

Image acquisition Camera pose 3d reconstruction

• Structure from Motion (SfM)
• Simultaneous Localization &

Mapping (SLAM)
• Match-moving 
• Visual Odometry

Multi-view Stereo (MVS)



Problem setting

• Input

• Visual sensor data (e.g., image, depth-images, point-clouds, …)

• Calibration and camera poses (e.g., intrinsic/extrinsic camera params)

• Output

• Geometric model (e.g., point-clouds, meshes, …)

Refer to “Structure-from-Motion” (SfM) and
“Simultaneous Localization & Mapping” (SLAM) literatures.
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3 mistakes in “sensing ice-age”

• Point-wise photo consistency

• Global optimization dilemma

• Occlusion dilemma



A Theory of Shape by Space Carving
Steve Seitz and Kyros Kutulakos

ICCV 1999, Best Paper Award (Marr Prize)
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3 mistakes in Ice age

• Point-wise photo consistency

• Global optimization dilemma

• Occlusion dilemma



Pixel vs. Patch

A Comparison and Evaluation of Multi-View Stereo Reconstruction Algorithms
[ Seitz, Curless, Diebel, Scharstein, and Szeliski, CVPR 2006 ]



Pixel vs. Patch
pixel

pixel1

pixel2

pixel3



Pixel vs. Patch
patch patch1

patch2
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• Global optimization dilemma
Local method works well!

• Occlusion dilemma
Robust statistics overcome occlusions!



3 mistakes in Ice age

• Point-wise photo consistency
Use a patch instead of a pixel!

• Global optimization dilemma
Local method works well!

• Occlusion dilemma
Robust statistics overcome occlusions!
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Skip details and refer to

500 slides

Furukawa and Hernandez. Multi-View Stereo: A Tutorial.
Foundations and Trends in Computer Graphics and Vision, 2015.



First break-through in 2003
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Geometric Elements

3D primitive

2D primitive

1D primitive

0D primitive



Bottom-up
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CVPR-ICCV-ECCV papers 
for geometry perception…



CVPR-ICCV-ECCV papers 
for geometry perception…

Satoshi Ikehata

Yoji Kiyota Tomoko Osuga







Geometry sensing

[Furukawa and Ponce, 2007]



Planarity/orthogonality enforcement[Furukawa and Ponce, 2007]

Geometry perception



Possible depth values

(Sensing) Depthmap estimation
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(Sensing) Depthmap estimation



Possible depth values
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(Sensing) Depthmap estimation



(Sensing) Depthmap estimation
(Perception)
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Possible planes
(RANSAC, Hough Transform)

(Sensing) Depthmap estimation(Perception)



a
b

c

d

e f g h

e

e

e

e

ePossible planes
(RANSAC, Hough Transform)

(Sensing) Planemap estimation(Perception)



Graphical Model Inference

(Variables){ , , , } , , , ( ) ( , ) ( , )
If sub-modular( , , )( , ) + ( , ) ( , ) + ( , )
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Kitchen - 22 images

house - 148 images

gallery - 492 images

Reconstructing building interiors from images
Yasutaka Furukawa, Rick Szeliski, Brian Curless, and Steve Seitz

International Conference on Computer Vision 2009





Geometry perception
[ Ikehata et al., ICCV 2015 ]
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Fixed topology Arbitrary topology

Why is this hard?

horiuchi
スタンプ
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Planar graph inference Geometric Elements

Graph
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Planar graph inference



Toy example



Corner detection

Convolutional Pose Machines
[ Wei, Ramakrishna, Kanade, Sheikh, 2016 ]



Corner candidates
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Corner candidates



Wall candidates



Wall candidates



Door candidates



Door candidates



Incorrect primitive candidates



Correct primitive candidates



Optimization formulation

1 if correct
0 if incorrect

10



Optimization formulation

1 if correct
0 if incorrect+



Door constraints

w4

d1

+
(+ ? + ? )Subject to



Bath

Loop constraints
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Integer Programming

+ +
Subject to + 1
{0,1}, {0,1}, {0,1}

……



Integer Programming

+ +
Subject to + 1
{0,1}, {0,1}, {0,1}
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Quantitative evaluations
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Ice-age or revolution?



[ Google Project Tango ] [ CANVAS by Occipital (https://canvas.io) ]

Sensing Perception

1985 1990 1995 2000 2005 2010 2015 2020

Ice age RevolutionSensing

Perception Ice age



Future challenges

3D perception

DNN for high-level perception

Image (smartphone) only

Construction-level perception
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