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* PolyFit: polygonal surface reconstruction

* Two extensions of PolyFit
— LoD2 urban building reconstruction from airborne LiDAR data
— LoD2 urban building reconstruction based on deep implicit fields

* Opportunities and future work
 Some thoughts about data
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Reconstruction Methods

e Smooth surfaces

 Fit noisy data; infer topology; fill (small) holes

Poisson Surface Reconstruction [Kazhdan et al. 06]
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Reconstruction Methods

* Smooth surfaces
* Piecewise planar objects

e Unsatisfied results
- Bumpy
Large number of faces
Unacceptable hole filling
* Rare direct applications
- Post-processing required
- Topologically correct

Result of [Kazhdan et al. 06] - Simplified
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Reconstruction Methods

* Smooth surfaces
* Piecewise planar objects

Result of [Kazhdan et al. 06] [Nan and Wonka 17]



Related work
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 Plane extraction
* Plane arrangement

Oesau et al. 2015

Monszpart et al. 2015
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e Overview

Input Planar segments Candidate faces Result

Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017
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Polygonal Surface Reconstruction

e Overview

ldea of RANSAC

— Random 3 points -> plane
— Scoring, accept or reject
— Repeat

* Plane from the remaining points
e Stop if no plane can be extracted

Input Planar segments

Method used: Schnabel et al. 2007 10
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Polygonal Surface Reconstruction

e Candidate Generation
— Supporting plane clipping
— Pairwise intersection

Planar segments Candidate faces

11
Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017
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Polygonal Surface Reconstruction

e Face Selection

Candidate faces Result

12
Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017
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Polygonal Surface Reconstruction

* Face Selection
— Labeling problem

— Linear integer program

Candidate faces Result

N candidate faces F = {f;|1 < i < N}

1, face f; will be chosen

Variables: x; = {O, face f; will not be chosen

13
Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017
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Polygonal Surface Reconstruction

* Objective Function
— Data fitting

* Favors selecting faces with more support
* Percentage of unused points

Ey=1- ﬁ sz support(f;)

Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017
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Polygonal Surface Reconstruction

* Objective Function
— Data fitting

* Favors selecting faces with more support
* Percentage of unused points

Ey=1- ﬁ sz support(f;)

dist(p, f)

Confidence weighted support(f) = Z (1-—
number of supporting point p.f|dist(p,f)<e -

) - conf(p)

Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017
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Polygonal Surface Reconstruction

* Objective Function
— Data fitting

* Favors selecting faces with more support
* Percentage of unused points

Ey=1- ﬁ sz support(f;)
_ . list(p,
Confidence weighted support(f) = Z (1— e (f)’ f)) -conf(p)
number of supporting point p.fldist(p,f)<e .
_ _ 3} A\Z
Point confidence  conf(p Z( NN T )\3) 7 AL < N2 < NS

quality of plane fitting ~ sampling uniformity 16
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Polygonal Surface Reconstruction

* Objective Function
— Data fitting

Visualization of point confidences 17
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Polygonal Surface Reconstruction

* Objective Function
— Data fitting

— Model complexity
* Penalize sharp corners

18
Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017
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Polygonal Surface Reconstruction

* Objective Function
— Data fitting

— Model complexity

* Penalize sharp corners
|E|

1
E,, = 7 E corner(e;)
=1

~S

Intersecting two faces 19
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Polygonal Surface Reconstruction

* Objective Function
— Data fitting

— Model complexity

* Penalize sharp corners

0.4 0.6 0.9

20
Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017
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Polygonal Surface Reconstruction

* Objective Function
— Data fitting
— Model complexity
— Point coverage

21
Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017
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Polygonal Surface Reconstruction

* Objective Function
— Data fitting
— Model complexity
— Point coverage

E.= areal \[ le (area(f;) — area(M;")).

1=1

22
Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017
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Polygonal Surface Reconstruction

Face Selection

— Linear integer program

m};n Af Ef—l-)\ m+)\ - F.

Data fitting

Model complexity

Point coverage
23
Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017
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Polygonal Surface Reconstruction

e Face Selection

— Linear integer program

* Constraints

— Watertight
— Manifold %

m)én )\f-Ef—F)\m'Em—l—)\c-Ec

 x;=2 or 0, 1<i<|E]|
S.t. JEN (e;)
z; € {0,1}, 1<i<N

24

Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017
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Polygonal Surface Reconstruction

e Face Selection

— Linear integer program
* Constraints
 Solvers (SCIP, CBC, GLPK, Gurobi...)

m}én >\f°Ef+>\m°Em+)\c'Ec

> x;=2 or 0, 1<i<|E

S.t. jEN(GZ
z; € {0,1}, 1<i<N

25

Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017
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Polygonal Surface Reconstruction

e Reconstruction Results

26
Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017
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Polygonal Surface Reconstruction

e Reconstruction Results

27
Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017
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Polygonal Surface Reconstruction

e Reconstruction Results

Packing foam box

28
Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017
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Polygonal Surface Reconstruction

e Robustness to noise

(a)o=0.1m (b)oc=0.4m (c)o=0.6m (d) o=0.8m 29



3
J TUDelft
3Dgeoinfo

Limitations

* Open surfaces

> z;=2 or 0, 1<i<|E]|
S.t. 7EN (e;)
z; € {0,1}, 1<i<N

30

Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017



%
J TUDelft
3Dgeoinfo

Limitations

* Open surfaces

> z;=2 or 0, 1<i<|E]|
S.L. 7EN (e;)
z; € {0,1}, 1<i<N

31
Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017



Limitations

* Open surfaces

 Complexity of the algorithm
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— Finer surface details cannot be recovered

* Fence
* Facade decorations
* Door handle

Nan and Wonka. PolyFit: Polygonal Surface Reconstruction from Point Clouds. ICCV 2017

Time (sec)

35
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30

25

20 20.78
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Polygonal Surface Reconstruction
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P Figac g - PolyFit

* Demo PR @ =0 © © 0 @

Coverage (0.27)

Open Save Snapshot Solver Refine
Check 'Manul' to spedify the weights manually. fa
Default Manual []
Fitting (0.46)

Complexity (0.27)

Show/Hide
Show Input
Show Candidates

Show Result

Point Cloud
Point Set
Segments
Per-point Color
Mesh
Surface

Per-face Color

Ready

i

v

XYZ = [59.2019, -17.2277, -27.0222]#points: 72821

Hypothesis Confidences Optimization =~ About

Next: click 'Refine' to merge very close and near-parallel planar segments.

Mouse Operations:

- Orbit: left button
- Pan: right button
- Zoom: wheel

#faces(hypo): 0

#faces(result): 0

Source Code (in C++) https://github.com/LiangliangNan/PolyFit

33


https://github.com/LiangliangNan/PolyFit
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* PolyFit: polygonal surface reconstruction

* Two extensions of PolyFit C_\:l
— LoD2 urban building reconstruction from airborne LiDAR data

— LoD2 urban building reconstruction based on deep implicit fields
* Opportunities and future work
 Some thoughts about data
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LoD2 Building Reconstruction from LiDAR

* LiDAR point clouds

Huang et al., City3D: Large-Scale Building Reconstruction from Airborne LiDAR Point Clouds. Remote Sensing. 2022; 14(9):2254.



LoD2 Building Reconstruction from LiDAR o i

* Pipeline

: i Plane e - o g o
,, i T - \S\egnentatloni _ et N Intersection ,Jl\_‘},;_. Optumzatlonl s
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36
Huang et al., City3D: Large-Scale Building Reconstruction from Airborne LiDAR Point Clouds. Remote Sensing. 2022; 14(9):2254.



LoD2 Building Reconstruction from LiDAR o fe

* New constraints: face prior

s

|

Without face prior constraint With face prior constraint

Huang et al., City3D: Large-Scale Building Reconstruction from Airborne LiDAR Point Clouds. Remote Sensing. 2022; 14(9):2254.

37



LoD2 Building Reconstruction from LiDAR o fe

 Comparison with PolyFit

(a) Input point cloud (c) PolyFit (58 faces) (d) Ours (86 faces)

38
Huang et al., City3D: Large-Scale Building Reconstruction from Airborne LiDAR Point Clouds. Remote Sensing. 2022; 14(9):2254.
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Reconstruction from LiDAR

INg

ild

LoD2 Bu

ilable footprint data

e Allows the use of ava

39

Huang et al., City3D: Large-Scale Building Reconstruction from Airborne LiDAR Point Clouds. Remote Sensing. 2022; 14(9):2254.
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LoD2 Building Reconstruction from LiDAR

) (10) ' Q) (12) (13) (14) 40

Huang et al., City3D: Large-Scale Building Reconstruction from Airborne LiDAR Point Clouds. Remote Sensing. 2022; 14(9):2254.
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LoD2 Building Reconstruction from LiDAR

(22) (23) (24) 25) (26)
Huang et al., City3D: Large-Scale Building Reconstruction from Airborne LiDAR Point Clouds. Remote Sensing. 2022; 14(9):2254.

41



LoD2 from Deep Implicit Fields o oo

* Deep implicit fields

— Surface representation using a continuous volumetric field

Park et al. DeepSDF: Learning Continuous Signed Distance Functions for Shape Representation. CVPR 20109. 42



LoD2 from Deep Implicit Fields o oo

Deep implicit fields
— Surface representation using a continuous volumetric field
* Boundary: zero-level-set of the learned function

shape completion

Park et al. DeepSDF: Learning Continuous Signed Distance Functions for Shape Representation. CVPR 20109. 43
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LoD2 from Deep Implicit Fields

Explicit Implicit

Explicit
Candidate generation by partitioning

Point cloud

Query points

g —————————

Neural implicit field

.’

Y Graph-cut

Surface extraction

Planar primitives !
Sampling i ImpIiCit
' Occupancy indication by deep learning

Adaptive
, partitioning

Candidate cells

Surface extraction
Surface extraction by graph-cut
optimisation

Reconstruction

......... Training

Chen at al. Reconstructing Compact Building Models from Point Clouds Using Deep Implicit Fields. arXiv:2112.13142, 2021



LoD2 from Deep Implicit Fields

Explicit

Point cloud

Planar primitives

Adaptive
, partitioning

Candidate cells

Implicit

Neural implicit field

Graph-cut
solver

Markov random field

Surface extraction

Sampling

Surface

Query points

Reconstruction

Training

3
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Exhaustive Adaptive

S < el

Chen at al. Reconstructing Compact Building Models from Point Clouds Using Deep Implicit Fields. arXiv:2112.13142, 2021



LoD2 from Deep Implicit Fields

Explicit

Point cloud

Planar primitives

W’

Adaptive
partitioning

Neural implicit field

Implicit

e ————
1
1
1

>’

Candidate cells

Markov random fiel

Graph-cut
d ) solver

Chen at al. Reconstructing Compact Building Models from Point Clouds Using Deep Implicit Fields. arXiv:2112.13142, 2021

Surface extraction

Sampling !

Surface

Reconstruction

Training

3
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Signed distance function SDF(x) =s:xeR> seR.
Surface at SDF(-) = 0

Method used: Erler et al. 2020 “°
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LoD2 from Deep Implicit Fields

Signed distance function SDF(x) =s:xeR’ seR.
Explicit Implicit

Surface at SDF(-) = 0

Point cloud Query points

=== mmmmmm e ————————

Neural implicit field

Planar primitives

Sampling

Adaptive
, partitioning

Graph-cut
solver

Candidate cells Markov random field

K

Surface

<7

Surface extraction

R/

Reconstruction

The learned implicit field approaches the building surface with training iterations

......... Training

47
Chen at al. Reconstructing Compact Building Models from Point Clouds Using Deep Implicit Fields. arXiv:2112.13142, 2021
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LoD2 from Deep Implicit Fields
Explicit Implicit Markov random field formulation
Point cloud Qllf_ilf}»’_.l?oints E(X) — D(X) + /\V(X) .X,'i _ {i}’l, out}

g —————————

Data term (unary potential)

1
— Y di(Ci, x;)
q &

d;(C;, x;) = |probability(C;) — x;|

Neural implicit field

Planar primitives
Sampling E ( ) N

Adaptive
, partitioning

Graph-cut

Candidate cells Markov random field \ S°1Ver Surface

Basic idea
- classify all cells into interior and exterior
- outer shell of the interior cells gives surface model

Surface extraction

Reconstruction

......... Training

48
Chen at al. Reconstructing Compact Building Models from Point Clouds Using Deep Implicit Fields. arXiv:2112.13142, 2021



LoD2 from Deep Implicit Fields

Explicit Implicit

Point cloud

Query points

=== mmmmmm e ————————

Neural implicit field

Planar primitives

Sampling

Adaptive
, partitioning

Graph-cut

Candidate cells Markov random field \ S°IVer Surface

i e

Surface extraction

Reconstruction

......... Training

Chen at al. Reconstructing Compact Building Models from Point Clouds Using Deep Implicit Fields. arXiv:2112.13§BDZgi
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Markov random field formulation

E(x) = D(x) +AV(x)  x; = {in, out
Data term (unary potential)

1
= — Y di(Ci,x;)
q &

di(C;, ;) =|probability(C;)| - x|

date cells SDF SDF value of cells

Signed Distance



LoD2 from Deep Implicit Fields

Explicit Implicit

Point cloud

Query points

g —————————

Planar primitives

Adaptive
, partitioning

Candidate cells

Surface extraction

Reconstruction

......... Training
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Markov random field formulation

E(x) =D(x) +AV(x)  x; = {in, out}

Smoothness term (pairwise potential)

1
VIX)== > aj-lg#a
A (ijrec ]

- {i,j} € Crepresents adjacent polyhedra

- a;; denotes the shared area

out in out in out in

Chen at al. Reconstructing Compact Building Models from Point Clouds Using Deep Implicit Fields. arXiv:2112.13142, 2021
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Point cloud Candidate cells SDF Reconstruction Error

(wireframe shown) 51
Chen at al. Reconstructing Compact Building Models from Point Clouds Using Deep Implicit Fields. arXiv:2112.13142, 2021



LoD2 from Deep Implicit Fields
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Point cloud

143,716 facets 34,050 facets

[Kazhdan et al., 2006] [Erler et al., 2020]

106 facets

123 facets

52

Ours



LoD2 from Deep Implicit Fields o fuoan

Point cloud QEM |[Garland and SAMD VSA [Cohen-Steiner et Ours
Heckbert, 1997] [Salinas et al., 2015] al., 2004] 53



LoD2 from Deep Implicit Fields o fyoer

103
—+Qurs
—+PolyFit
Point cloud
102 7
ERE N
5]
2
=
g
Sl
10! 1
PolyFit [Nan and Wonka, 2017] 11
+
100 1 T 1 I
0 200 400 600 800 1000
Number of primitives
Ours
54

Chen at al. Reconstructing Compact Building Models from Point Clouds Using Deep Implicit Fields. arXiv:2112.13142, 2021
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* PolyFit: polygonal surface reconstruction

* Two extensions of PolyFit
— LoD2 urban building reconstruction from airborne LiDAR data
— LoD2 urban building reconstruction based on deep implicit fields

* Opportunities and future work C—\J
 Some thoughts about data
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&

Opportunities and future work

scale
— Instance segmentation

* Large
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~—

e Large-scale
 Finer levels of detail

)
i,
Ll
Tiiien
"

i

Tl el
M= % = =
(==

Nan at al. SmartBoxes for Interactive Urban Nan at al. Template Assembly for Detailed Urban Reconstruction. EUROGRAPHICS 2015
Reconstruction. SIGGRAPH 2010

57
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~—

e Large-scale

I Terrain Building Water [ High vegetation [l vehicle I Boat

Gao et al. SUM: A Benchmark Dataset of Semantic Urban Meshes . ISPRS Journal of Photogrammetry and Remote Sensing 179 (2021) 108-120.
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Some thoughts about data

FFHY, ,\E!!!

BN et N SN \;‘% :

LU fq‘ h n /
e R \ k. Ui
% \\ A ) i P ?1 iy

y i "
shng et gy e, IRy ¢ '
e’ o ¥ vy : 4 i " ' i

&) § ‘ 3 <
Wt e . AR . v
g W (T 18T ) B Y 3
I (4 - %
m . B 18 Y Sty g 4 - <
U o 1 \ r 8 s 7 ! o )

) { & - 119 K b Lo P it 3 h o

v 7 1
"

B/

AN \:;:-\\ i ..7\\‘
NN
\:;"“/4\‘\\\ e \d? {, \
@ ’.‘ \\ﬂ\"ﬁ v

‘ premict Iy

il r\)_,,

< 7‘_

M (“ R

‘ /)/ " ‘,7/ r“f"" M
1(4 xj’ /1 l “(“’f‘*“/(//f ‘lj &

RAZEE NEGEE (AR RERCEBX IS HIN FEwERE | HIZNAHNA Puntenwolk (LAZ))

9
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https://3d.bk.tudelft.nl/liangliang/
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