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GIS
BIM

Structure from Motion
Multiple View Stereo
Semantic Segmentation
Scene Completion

Oblique Photograph
Aerial Triangulation
Tin Mapping
DSM/DEM/DTM

Mesh Modeling
Mesh Optimization
Texture Mapping
Rendering

SLAM
Odometry
Re- Localization
Planning
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Structure-from-Motion, SfM

Simultaneous Localization and Mapping, SLAM
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Incremental Structure-from-Motion ( ):
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— 0 ® 0
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— 0 Bundle adjustment

0 H Bundle adjustment

Global Structure-from-Motion ('H ):

0o H (Rotation Averaging)
0 H (Translation Averaging)
0 P

0 H Bundle adjustment
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Global Rotation Averaging
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View Graph

A. Chatterjee, et. al. ICCV 2013
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Incremental Rotation Averaging
Xiang Gao, Lingjie ZhuZexiaoXie, HongminLiu, Shuhan Shen
International Journal of Computer Vision 2021

: Optimized Absolute Rotationa
[ I

Incremental Absolute |
l Rotatlon Computation J

Relative Rotations and Local Optimization-Based Weighted Supporting Set-
Feature Match Number Initial Triplet Selection Based NBV Selection

Insteadof estimatingall rotations{R;} simultaneously, they are
estimatedn anincremental way.

Local OptimizationBasedinitial Triplet Selection
WeightedSupportingSetBased\BV Selection
WeightedLocal/GlobalOptimization
Re-RotationAveraging
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U Weighted Supporting SetBasedNBYV Selection
D andD : vertexsetscurrentlyabsoluterotationsestimatecbr not,i.e. 0 z D

. . edgesetbetweeravertexd inD andtheverticesinD .

Initialize theabsoluterotationof 0 with.  by:{4 4 q]|Q ~. }

Computetheselectioncostby: 0 B, Al (D (=| ] ))

Selectthedominantedgefor 0 by:'Q:  AQCA@ [Q ~. 1}
SelectthevertexasNBV by: 0 : A dCA@ |0 ~ o).
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U Weighted Supporting SetBasedNBYV Selection
D andD : vertexsetscurrentlyabsoluteotationsestimatedr not,i.e.D z D

. . edgesetbetweeravertexd inD andtheverticesinD .

Initialize theabsoluterotationof 0 with.  by:{4 4 q]|Q ~. }

Computetheselectioncostby: 0 B, Al (D (=| B ))

Selectthedominantedgefor 0 by:'Q:  AQCA@ [Q ~. 1}
SelecthevertexasNBV by: 0 : A GQCA@ |[v ~ D }.
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U Weighted Supporting SetBasedNBYV Selection
D andD : vertexsetscurrentlyabsoluteotationsestimatedr not,i.e.D z D

. . edgesetbetweeravertexd in D andtheverticesinD .

Initialize theabsoluterotationof 0 with.  by:{4 4 q]|Q ~. }

Computetheselectioncostby: 0 B, Al (D (=| B ))

Selectthedominantedgefor 0 by:'Q:  AQCA@ [Q ~. 1}
SelecthevertexasNBV by: 0 : A GQCA@ |[v ~ D }.
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U Weighted Supporting SetBasedNBV Selection
D andD : vertexsetscurrentlyabsoluterotationsestimatecdbr not,i.e. 0 z DO

. . edgesetbetweeravertexd in D andtheverticesinD .

Initialize theabsoluterotationof 0 with.  by:{4 4 4 ]|Q ~. }

Computetheselectioncostby: @ B, Al (O (=| ] ))

Selecthedominantedgefor 0 by:'Q:  AQCAf@ [Q ~. }
SelecthevertexasNBV by: 0 : A GQCA@ |[v ~ D }.
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U Weighted Supporting SetBasedNBV Selection
D andD : vertexsetscurrentlyabsoluterotationsestimatecdbr not,i.e. 0 z DO

. . edgesetbetweeravertexd in D andtheverticesinD .

Initialize theabsoluterotationof 0 with.  by:{4 4 4 ]|Q ~. }

Computetheselectioncostby: @ B, Al (D (=| ] ))

Selectthedominantedgefor 0 by:'Q:  AQCA@ [Q ~. }
SelecthevertexasNBV by: 0 : AGQCA@ [v v D }.
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U Weighted Supporting SetBasedNBV Selection
D andD : vertexsetscurrentlyabsoluterotationsestimatecdbr not,i.e. 0 z DO

. . edgesetbetweeravertexd inD andtheverticesinD .

Initialize theabsoluterotationof 0 with.  by:{4 4 4 ]|Q ~. }

Computetheselectioncostby: @ B, Al (D (=| ] ))

Selectthedominantedgefor 0 by:'Q:  AQCA@ [Q ~. 1}
SelectthevertexasNBV by: 0 - A dCA@ |v ~ o).
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U Weighted Supporting SetBasedNBV Selection
D andD : vertexsetscurrentlyabsoluterotationsestimatecdbr not,i.e. 0 z DO

. . edgesetbetweeravertexd inD andtheverticesinD .

Initialize theabsoluterotationof 0 with.  by:{4 4 4 ]|Q ~. }

Computetheselectioncostby: @ B, Al (D (=| ] ))

Selectthedominantedgefor 0 by:'Q:  AQCA@ [Q ~. 1}
SelectthevertexasNBV by: 0 - A dCA@ |v ~ o).
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COMPARATIVE RESULTS IN ROTATION AVERAGING ACCURACY ON THE I DSFM DATASET: | FIRST SECOND THIRD FORTH .

Data IRLS-GM  IRLS-¢1  MPLS | OMSTs HRRA HARA | NeuRoRA MSPRA RAGO IRA IRA++ IRAV3
< 2 R
[15] [10] [15] [35] [20] [21] [17] [1Y] [27] [23] [24]

ALM 2.12° 2.14° 1.16° 1.26° 1.03° 1.15° 1.16° 1.07° 0.88° 0.83° 0.80° 0.73°
ELS 1.08° 1.15° 0.88° 0.75° 0.59° 0.62° 0.64° 0.83° 0.46° 0.51° 0.46° 0.44°
GDM 35.83° 28.20° 9.87° 45.15° 4.04° 63.74° 2.94° 3.69° 2.68° 5.32° 2.88° 1.99°
MDR 4.52° 3.08° 1.26° 1.12° 2.54° 1.50° 1.13° 1.09° 1.03° 0.85° 0.83° 0.75°
MND 0.77° 0.71° 0.51° 0.68° 0.62° 0.51° 0.60° 0.50° 0.46° 0.51° 0.50° 0.44°
NYC 1.43° 1.40° 1.24° 1.30° 1.24° 1.37° 1.18° 1.12° 0.71° 1.00° 0.95° 0.82°
PDP 2.16° 2.62° 1.93° 1.73° 0.92° 0.92° 0.79° 0.76° 0.63° 0.90° 0.75° 0.72°
PIC 4.14° 3.12° 1.81° 1.41° 4.87° 3.22° 1.91° 1.80° 0.58° 1.67° 1.70° 1.50°
ROF 1.62° 1.70° 1.37° 1.85° 2.48° 2.42° 1.31° 1.19° 1.10° 1.51° 1.24° 1.09°
TOL 2.59° 2.45° 2.20° 2.10° 2.05° 2.36° 1.46° 1.25° 1.20° 2.45° 1.33° 1.44°
TFG 1.94° 2.03° — 2.63° 4.88° 2.06° 2.25° — 1.53° 3.30° 1.74° 1.49°
USQ 4.93° 4.97° 3.48° 3.83° 3.77° 4.78° 2.01° 1.85° 1.92° 4.40° 3.70° 3.27°
VNC 4.87° 4.64° 2.83° 3.30° 1.84° 1.49° 1.50° 1.10° 0.89° 1.02° 0.94° 0.86°
YKM 1.70° 1.62° 1.45° 1.55° 1.57° 1.65° 0.99° 0.91° 0.92° 1.57° 1.38° 1.36°
Rank 10.64 10.29 7.46 8.21 8.00 8.50 5.93 4.23 2.00 5.93 3.36 1.93

MPLS: Y. ShiandG. Lerman Messaggassindeastsquaresrameworkandits applicationto rotationsynchronization|CML 2020
OMSTs: H. Cui etal., Efficient androbustlargescalestructurefrom-motion via track selectionandcamergprioritization ISPRSIPRS2019
HARA: S. H. LeeandJ. Civera HARA: A hierarchicalapproacHtor robustrotationaveragingCVPR2022

RAGO: H. Li, etal, RAGO: Recurrengraphoptimizerfor multiple rotationaveraging CVPR2022
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IRA++: Distributed Incremental Rotation Averaging s A N SN
Xiang Gao, Lingjie Zhu, Hainan CuiZexiaoXie, Shuhan Shen ‘\T‘e \\ssi T, :\\,,, ;
IEEE Transactions on Circuits and Systems for Video Technology 2022 \ FL \\‘ “:‘_4 R\‘k .
I E View Graph T I J ‘f"ﬁ*—‘” 3.,~1/,.,J’ﬂ,-’ g

IRAV3: Hierarchical Incremental Rotation Averaging on the Fly
Xiang Gao, Hainan CuiMenghanLi, ZexiaoXie, Shuhan Shen

IEEE Transactions on Circuits and Systems for Video Technology 2022
I E ViewGrap” a1 1T +

Incremental Translation Averaging

Xiang Gao, Lingjie Zhu, Bin FaijongminLiu, Shuhan Shen

IEEE Transactions on Circuits and Systems for Video Technology 2022
I E I
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MMA: Multi -camera Motion Averaging
Hainan Cui, Shuhan Shen
AAAI 2022

datall datal2 datal3 datald data15A ‘ datal6

Dual-fisheye Six-fisheye Eight-perspective
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IRA / IRA++ [/ IRAV3 / ITA/ MMA, and many other Global SfM methods
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AuxiliarySfM Batched SfM HybridSfM
IEEE TIP 2015 3DV 2017 CVPR 2017
GNSS .

Aerial and Ground Fusion  Image and Laser Fusion Parallel STM
ISPRS JPRS 2018 IEEE TCSVT 2020 PR 2020
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ProgressiveSfM Tracks Selection ir5fM
3DV 2018 ISPRS JPRS 2019

LiDAR points |
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o 50 100 150 200 250 300

Multi-CameralLiDARS{M VidStM
IROS 2022 IEEE TIP 2022
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TracksSelection
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VidSfM : Robust and Accurate Structurefrom-Motion for Monocular Videos
Hainan Cui,Diantao Tu, Fulin Tang,PengfeiXu, HongminLiu, Shuhan Shen
IEEE Transactions on Image Processing 2022
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370 facets
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Urban LOD2 Modeling Urban LOD2 Modeling
ECCV 2018 IEEE TIP 2021
ﬁ Q LOD2 LOD2
Representation Q

@ Indoor LOD2 Modeling Indoor LOD2 Modeling
ISPRS JPRS 2021 ISPRS JPRS 2022
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Vectorized Indoor Surface Reconstruction from 3D Point Cloud with Multistep 2D Optimization
Jiali Han, MengqgiRong,HangingJiang,HongminLiu, Shuhan Shen

ISPRS Journal of Photogrammetry and Remote Sensi@21
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Dense point cloud
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Cylinder point cloud Cylinder model potential walls selected walls Wall model

Church LOD2

Winner of CVPR 2021 Scato-BIM Challengg(Codes athttps://github.com/Tech-3DVG/VeclM)
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