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Incremental Structure-from-Motion (I&EER):
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Global Structure-from-Motion (£2/):
— % EHERE 15 (Rotation Averaging)
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Global Rotation Averaging

Ri; = RjR{ - mRin||Rii - RiRiT“2

Solver: Lie algebrain so(3) = L1averaging - L2averaging

View Graph

A. Chatterjee, et. al. ICCV 2013
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Incremental Rotation Averaging
Xiang Gao, Lingjie Zhu, Zexiao Xie, Hongmin Liu, 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

Ig:@s?g .

» Instead of estimating all rotations {R;} simultaneously, they are
estimated in an incremental way.

{R,t}12

» Local Optimization-Based Initial Triplet Selection.
» Weighted Supporting Set-Based NBV Selection.

» Weighted Local/Global Optimization.

» Re-Rotation Averaging.
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» Weighted Supporting Set-Based NBV Selection

V; and V,: vertex sets currently absolute rotations estimated or not, i.e. V; UV, = V.

E1m. edge set between a vertex v, in 1V, and the vertices in V;.

Initialize the absolute rotation of v, with £,,, by: {RY, = Ry R;|eim € E1m}-
Compute the selection cost by: ¢}, = Ye /e COS (dg (R,"n, R#)).

Select the dominant edge for v, by: e;+,, = arg max {C,§,l|eim € 81m}.
Select the vertex as NBV by: v,,,« = arg max {c’,|v,, € V,}.
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» Weighted Supporting Set-Based NBV Selection
V,; and V,: vertex sets currently absolute rotations estimated or not, i.e. VUV, = V.

E1m. edge set between a vertex v, in 1V, and the vertices in V;.

Initialize the absolute rotation of v, with £,,, by: {RY, = Ry R;|eim € E1m}-
Compute the selection cost by: ¢}, = Ye /e COS (de (R,"n, Rf;l)).

Select the dominant edge for v, by: e;+,, = arg max {C,in|eim € 81m}.
Select the vertex as NBV by: v,,,« = arg max {c’,|v,, € V,}.
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» Weighted Supporting Set-Based NBV Selection

V,; and V,: vertex sets currently absolute rotations estimated or not, i.e. VUV, = V.

E1m. edge set between a vertex v, in V, and the vertices in V;.

Initialize the absolute rotation of v,,, with £;,,, by: {R%, = Ry R;|eim € E1m}.
Compute the selection cost by: ¢}, = Ye /e COS (de (an, R,’;,L)).

Select the dominant edge for v, by: e;+,, = arg max {c,in|el-m € 81m}.

Select the vertex as NBV by: v,,,« = arg max {c’,|v,, € V,}.
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» Weighted Supporting Set-Based NBV Selection

V; and V,: vertex sets currently absolute rotations estimated or not, i.e. V;UV, = V.

E1m. edge set between a vertex v, in 1V, and the vertices in V;.

Initialize the absolute rotation of v,,, with £;,,, by: {R%, = Ry R;|eim € E1m}.
Compute the selection cost by: ¢i, = X, ee,,, €0S (dg (Rf,n, Ri,,))

Select the dominant edge for v, by: e;+,, = arg max {C,"n|eim € 81m}.

Select the vertex as NBV by: v,,,« = arg max {c’,|v,, € V,}.
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» Weighted Supporting Set-Based NBV Selection

V; and V,: vertex sets currently absolute rotations estimated or not, i.e. V;UV, = V.

E1m. edge set between a vertex v, in 1V, and the vertices in V;.

Initialize the absolute rotation of v,,, with £;,,, by: {R%, = Ry R;|eim € E1m}.
Compute the selection cost by: ¢j, = X ce,,, €OS (de (R;'n, Rin))

Select the dominant edge for vy, by: e;+,, = argmax {c};|e;m € E1m}-

Select the vertex as NBV by: v,,,« = arg max {c’,|v,, € V,}.
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» Weighted Supporting Set-Based NBV Selection

V; and V,: vertex sets currently absolute rotations estimated or not, i.e. V;UV, = V.

E1m. edge set between a vertex v, in 1V, and the vertices in V;.

Initialize the absolute rotation of v,,, with £;,,, by: {R%, = Ry R;|eim € E1m}.
Compute the selection cost by: ¢i, = X, ce,,,, €0S (dg (R;'n, Rin))

Select the dominant edge for vy, by: e;+,, = arg max {c},|eim € E1m}-

Select the vertex as NBV by: v,,,« = argmax {c},;|v,, € V,}.
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» Weighted Supporting Set-Based NBV Selection

V; and V,: vertex sets currently absolute rotations estimated or not, i.e. V;UV, = V.

E1m. edge set between a vertex v, in 1V, and the vertices in V;.

Initialize the absolute rotation of v,,, with £;,,, by: {R%, = Ry R;|eim € E1m}.
Compute the selection cost by: ¢i, = X, ce,,,, €0S (dg (R;'n, Rin))

Select the dominant edge for vy, by: e;+,, = arg max {c},|eim € E1m}-
Select the vertex as NBV by: v,,,« = argmax {c},;|v,, € V,}.
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COMPARATIVE RESULTS IN ROTATION AVERAGING ACCURACY ON THE 1 DSFM DATASET: - SECOND THIRD FORTH .

Data | IRLS-GM IRLS-7; MPLS | OMSTs  HRRA  HARA | NeuRoRA  MSPRA™ RAGO | IRA IRA++
[15] [16] [15] [35] [26] [01] [17] [19] 7] [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°
ELS 1.08° 1.15° 0.88° | 0.75°  0.59°  0.62° 0.64° 0.83° 0.46° | 0.51° | 0.46°
GDM | 35.83° 28.20°  9.87° | 45.15°  4.04°  63.74° 2.94° 3.69° 2.68° | 5.32° | 2.88°
MDR 4.52° 3.08° 1.26° | 1.12°  2.54°  1.50° 1.13° 1.09° 1.03° | 0.85° = 0.83°
MND 0.77° 0.71° 0.51° | 0.68°  0.62°  0.51° 0.60° 0.50° 0.46° | 0.51° = 0.50°
NYC 1.43° 1.40° 1.24° | 1.30° 1.24°  1.37° 1.18° 1.12° 1.00°  0.95°
PDP 2.16° 2.62° 1.93° | 1.73°  0.92°  0.92° 0.79° 0.76° 0.90° = 0.75°
PIC 4.14° 3.12° 1.81° [ 141° " 4.87°  3.22° 1.91° 1.80° 1.67°  1.70°
ROF 1.62° 1.70° 1.37° | 1.85°  2.48°  2.42° 1.31° 1.19° 1.10° | 1.51°  1.24°
TOL 2.59° 2.45° 2.20° | 2.10°  2.05°  2.36° 1.46° 1.25° 2.45° | 1.33°
TFG 1.94° 2.03° - 2.63°  4.88°  2.06° 2.25° — 1.53° | 3.30° = 1.74°
UsQ 4.93° 4.97° 3.48° | 3.83°  3.77°  4.78° 2.01° 1.92° | 4.40°  3.70°
VNC 4.87° 4.64° 2.83° | 3.30° 1.84°  1.49° 1.50° 1.10° 0.89° | 1.02°  0.94°
YKM 1.70° 1.62° 1.45° | 1.55° 1.57°  1.65° 0.99° 0.92° | 1.57°  1.38°
Rank 10.64 10.29 7.46 821 38.00 8.50 5.93 4.23 2.00 5.93 3.36

MPLS: Y. Shi and G. Lerman, Message passing least squares framework and its application to rotation synchronization, ICML 2020.
OMSTs: H. Cui et al., Efficient and robust large-scale structure-from-motion via track selection and camera prioritization. ISPRS JPRS 2019.
HARA: S. H. Lee and J. Civera, HARA: A hierarchical approach for robust rotation averaging, CVPR 2022.

RAGO: H. Li, et al., RAGO: Recurrent graph optimizer for multiple rotation averaging. CVPR 2022.
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IRA++: Distributed Incremental Rotation Averaging

Xiang Gao, Lingjie Zhu, Hainan Cui, Zexiao Xie, Shuhan Shen

|IEEE Transactions on Circuits and Systems for Video Technology 2022
FERBIE: View GraphBiEN 574, #HIHRESEE

IRAV3: Hierarchical Incremental Rotation Averaging on the Fly
Xiang Gao, Hainan Cui, Menghan Li, Zexiao Xie, Shuhan Shen

|IEEE Transactions on Circuits and Systems for Video Technology 2022
FERME: View GraphzahiissriR, #PHIE#RIRE

Incremental Translation Averaging

Xiang Gao, Lingjie Zhu, Bin Fan, Hongmin Liu, Shuhan Shen

|IEEE Transactions on Circuits and Systems for Video Technology 2022
FERE.: HEN TR, XUTBER
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MMA: Multi-camera Motion Averaging
Hainan Cui, Shuhan Shen
AAAI 2022
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IRA/IRA++ /[ IRAV3/ ITA/ MMA, and many other Global SfM methods
® FEEFEE. —BHEFEH. ...
EEMRIR. mRmRK. ...

Incremental STM methods
® BEES. EFEUFERE, ...
BEREK. H=EB. ...
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Auxiliary SfM Batched SfM Hybrid SfM Progressive SfM Tracks Selection in SfM
IEEE TIP 2015 3DV 2017 CVPR 2017 3DV 2018 ISPRS JPRS 2019
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Aerial and Ground Fusion Image and Laser Fusion Parallel STM Multi-Camera-LiDAR SfM VidSfM
ISPRS JPRS 2018 IEEE TCSVT 2020 PR 2020 IROS 2022 IEEE TIP 2022
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® Tracks Selection

— Ty(1,4)
— T(1,2,5)
— T3(2, 3)
-_ Tal3,5)
Ts(2, 3, 4)
Refined EG:
G

Ta(1, 2, 5)
Ts(2, 3, 4)
-  Ty1,4)
—  T52,3)
—  T3,5)
Inverted list:

Ci:Ty, Ty
CTy, Ts, Ty
C3iTs, T3, Ty
CaiTs, Ta

® RA Supervision

® Camera Prioritization

7 7 Camera Seed
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VidSfM: Robust and Accurate Structure-from-Motion for Monocular Videos
Hainan Cui, Diantao Tu, Fulin Tang, Pengfei Xu, Hongmin Liu, Shuhan Shen
IEEE Transactions on Image Processing 2022

!
I
| :
: Iterative !
Monocular 1 Triangulation : Scene Points
Videos ! cl yes and BA ! and
uster-based
Sampling | Feature Matching Local Rotation : Cameras Poses
-)t and Classification Averaging >
? 3 Registration ho ) -t
“ Local Images |1 7 -
! . y  § e v
. | ; : Extension 10 g ‘! N ;? :
: : i'\&gﬁ% e ' Ey
! : » . - v»':ﬂf“'“ca‘[’
I

Beulng South Rallway Statlon
60,000 m?




ZRE

2
%]
£
1
¥
IR
Bt
=
O
i
ﬂ.M
=
H
E
>
g
%]
X
KH
L
0
ig
1B
i
=

K&




¥

 EBSHmBERE hEERSRRIERG



ASIA

SR =HRERE &

&0

&

o Representation

370 facets

EIMARZHRERIE EAGRZHRERIE




SR =HRERE

00

Representation

DR A
<N

lf% see

Urban LOD2 Modeling
ECCV 2018
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Urban LOD2 Modeling
IEEE TIP 2021
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Indoor LOD2 Modeling
ISPRS JPRS 2021
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Indoor LOD2 Modeling
ISPRS JPRS 2022
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Vectorized Indoor Surface Reconstruction from 3D Point Cloud with Multistep 2D Optimization
Jiali Han, Mengqi Rong, Hanging Jiang, Hongmin Liu, Shuhan Shen
ISPRS Journal of Photogrammetry and Remote Sensing 2021
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Church LOD2

Winner of CVPR 2021 Scan-to-BIM Challenge (Codes at https://github.com/Tech-3DVG/VecIM)
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e: 0.097
rms: 0.451

Areas

Areab

Indoor facade
Ground Truth

VecIM [15] Polyfit [22]
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