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Structure from Motion
Multiple View Stereo

Semantic Segmentation
Scene Completion

Mesh Modeling
Mesh Optimization
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Rendering
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Calibration

Simultaneous Localization and Mapping, SLAM

Structure-from-Motion, SfM



ᵣ ŀ Structure-from-Motion

Incremental Structure-from-Motion ( ):

ðҩ ἥ

ð ῳ ἥ

ð Ҏ

ð Bundle adjustment

ðῊ Bundle adjustment

Global Structure-from-Motion (Ὴ ):

ðῊ (Rotation Averaging)

ðῊ (Translation Averaging)

ðҎ

ðῊ Bundle adjustment



ᵣ ŀ Global SfM
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Global Rotation Averaging

A. Chatterjee, et. al. ICCV 2013

Solver: Lie algebra in Ҧ  L1ŀǾŜǊŀƎƛƴƎ  Ҧ  L2averaging

View Graph



ᵣ ŀ IRA

Incremental Rotation Averaging

Xiang Gao, Lingjie Zhu, ZexiaoXie, HongminLiu, Shuhan Shen

International Journal of Computer Vision 2021

Ӏ :

ü Insteadof estimatingall rotations{R i} simultaneously, they are

estimatedin an incremental way.

ü Local Optimization-BasedInitial Triplet Selection.

ü WeightedSupportingSet-BasedNBV Selection.

ü WeightedLocal/GlobalOptimization.

ü Re-RotationAveraging.
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üWeightedSupporting Set-BasedNBV Selection

ם andם: vertexsetscurrentlyabsoluterotationsestimatedor not, i.e.םẕם .ם

꜡ : edgesetbetweenavertexὺ inם andtheverticesinם.

Initialize theabsoluterotationofὺ with꜡ by: ╡ ╡ ╡ Ὡ ᶰ꜡ .

Computetheselectioncostby:ὧ В ᶰ꜡ ÃÏÓὨ ╡ ȟ╡ .

Selectthedominantedgeforὺ by: Ὡz ÁÒÇÍÁØὧ Ὡ ᶰ꜡ .

SelectthevertexasNBV by:ὺ ᶻ ÁÒÇÍÁØὧ
ᶻ
ὺ ᶰם .

ᵣ ŀ IRA

םם
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ᵣ ŀ IRA

MPLS: Y. Shi andG. Lerman, Messagepassingleastsquaresframeworkandits applicationto rotationsynchronization,ICML 2020.

OMSTs: H. Cui et al., Efficient androbustlarge-scalestructure-from-motionvia trackselectionandcameraprioritization. ISPRSJPRS2019.

HARA : S. H. LeeandJ. Civera, HARA: A hierarchicalapproachfor robustrotationaveraging,CVPR2022.

RAGO: H. Li, et al., RAGO: Recurrentgraphoptimizerfor multiple rotationaveraging. CVPR2022.



ᵣ ŀ IRA

ἠȟἼ

Easy Hard



ᵣ ŀ IRA++ / IRAv3 / ITA

IRA++: Distributed Incremental Rotation Averaging

Xiang Gao, Lingjie Zhu, Hainan Cui, ZexiaoXie, Shuhan Shen

IEEE Transactions on Circuits and Systems for Video Technology 2022

Ӏ ЕView Graph ⅎ Ї ┼ ᴶ

IRAv3: Hierarchical Incremental Rotation Averaging on the Fly

Xiang Gao, Hainan Cui, MenghanLi, ZexiaoXie, Shuhan Shen

IEEE Transactions on Circuits and Systems for Video Technology 2022

Ӏ ЕView Graph꜠ ⅎ Ї ┼ √

Incremental Translation Averaging

Xiang Gao, Lingjie Zhu, Bin Fan, HongminLiu, Shuhan Shen

IEEE Transactions on Circuits and Systems for Video Technology 2022

Ӏ Е Ї



ᵣ ŀ MMA

MMA: Multi -camera Motion Averaging

Hainan Cui, Shuhan Shen

AAAI 2022

Dual-fisheye Six-fisheye Eight-perspective



ᵣ ŀ Global SfM

IRA / IRA++ / IRAv3 / ITA / MMA, and many other Global SfM methods

҃ ᾦꞌỄ ớ῭Ḅ ɚɚ

ᵱ ₈ớῶ ᶋ῟ ᷂ ɚɚ

Incremental SfM methods

҃ ẙ῭ ₈ớ῭Ặ ɚɚ

ᵱ ᾦꞌ Ӊ ᶋ῟ ɚɚ



ᵣ ŀ Efficient Incremental SfM

Progressive SfM

3DV 2018

Aerial and Ground Fusion

ISPRS JPRS 2018

ἥ

Tracks Selection in SfM

ISPRS JPRS 2019

∆

Image and Laser Fusion

IEEE TCSVT 2020

ἥ- ᾩ

Multi-Camera-LiDAR SfM

IROS 2022

- ᾩ

Hybrid SfM

CVPR 2017

Auxiliary SfM

IEEE TIP 2015

GNSS ꜡

Batched SfM

3DV 2017

VidSfM

IEEE TIP 2022

∆

Parallel SfM

PR 2020

ⅎ



ᵣ ŀ Efficient Incremental SfM

¸TracksSelection

¸Camera Prioritization

¸RA Supervision



ᵣ ŀ VidSfM

VidSfM : Robust and Accurate Structure-from-Motion for Monocular Videos

Hainan Cui, DiantaoTu, Fulin Tang, PengfeiXu, HongminLiu, Shuhan Shen

IEEE Transactions on Image Processing 2022

Beijing South Railway Station

60,000 m2



ᵣ ŀ VidSfM

֪ B1 └ Ѓ2.5 Ї6Ҍ Ὺ Є
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9M facets

8K facets

550K pts

370 facets
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Representation

Indoor LOD2 Modeling

ISPRS JPRS 2021

LOD2 Ὺ

Urban LOD2 Modeling

IEEE TIP 2021

LOD2

Urban LOD2 Modeling

ECCV 2018

LOD2

Indoor LOD2 Modeling

ISPRS JPRS 2022

LOD2 Ὺ



Ҏ ŀ VecIM

Vectorized Indoor Surface Reconstruction from 3D Point Cloud with Multistep 2D Optimization

Jiali Han, MengqiRong, HanqingJiang, HongminLiu, Shuhan Shen

ISPRS Journal of Photogrammetry and Remote Sensing 2021

Meeting-room LOD2

Church LOD2

Winner of CVPR 2021 Scan-to-BIM Challenge(Codes at https://github.com/Tech-3DVG/VecIM)



Ҏ ŀ FloorUSG

ISPRS Journal of Photogrammetry and Remote Sensing 2022




































