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& 0.1 HKU iLab: The urban big data hub
%l & iLab g

= Director: Prof. Wilson Lu
= Urban big data hub at Faculty of Architecture, HKU

=] multi-o_limensional and mu_lti-disciplinary l_eran t_)ig data N \) httos://ilab.hku.hi/
collection, storage, analysis, and presentation to inform decision- '
making in urban development

iLabHKU

= Focusing on Information Technology (IT)

o BIM, GIS, GNSS, Urban Remote Sensing, loT
o Blockchain (BC/DLT)

’ a the L||ban |J|g datalab

Lab workshop

Xue: Sym & Sim. SCUT, Guangdong, China. 2022.
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F 0.2 About me

i

% ® A mixed background 5t {>
""" @BEng in Automation, CAUC = ISE, CEM, EIE

L

= MSc in Computer Science, CAUC 22(?2: » ©® Computer Science
= PhD in System Engineering, HKPU = Al, OR, ML
= PDF/RAP/AP in Construction IT 212 & Economics

® Research interests Jj ] = SCM

= Urban sensing and computing

= As-built BIM and digital twin &® Professional

= Automation/IT in construction 5 MACM, SMCGS,

= Applied operations research, ML MIEEE, MHKGISA

= Distributed (blockchain) applications to construction =V.C. ACM-HK,
Com. CGS-BIM

Xue: Sym & Sim. SCUT, Guangdong, China. 2022.



& 0.2 Recent research projects

® On-going fEWf ® Keywords
jo PI HK RGC GRF/ECS (17200221, 27200520) - = BIM/CIM
- BT e — = 3D point cloud
= Derivative-free
optimization

P cloiad | :
dun sensors 4. The proposed AGO appreach for BIN/CE

o PC/Co Pl: RGC TRS (T22 -504/21-R), SZ HK- MC TRP T(C) ITFT-1 = Urban semantics

Designer gver-arites.

1 L 2
. Mﬁ;el Resuty E%ﬁ E@ ‘m HK RGC ($3.7M)
%L y == q:in].il}" : - .
‘é 1ntuairea::e: ,"DFG-'-H stﬂfl;af:atle}'—hﬁerm;1 4 9-‘:";:?9 — x s
i| SR Py ki
Vi
@ Completed juhi "' SZSTI($0.8M)
HKLS
= Pl: HK RGC GRF (17201717, 17200218), etc. e
KPGD ($0.5M)
= Co-1: NSFC *2, NSSFC SPPR, ECF, etc. Sponsors of projects as PI/PC/Co-PI
5
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Section 1

URBAN POINT CLOUDS
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& 1 Introduction

Id 3

1i;’1

@ Point M

= A location in space, OD (no width, length, or thichness)

o

@ Structured format: {Xx, y, z}, [R, G, B, Nx, Ny, Nz, Cls, Int., ...]

® Cloud &

= An unstructured collection [of water droplets or ice crystals]

= Dense when looking at a distance, sparse closely
® Urban point cloud ¥{1ji S5z

e

e

1",,‘?‘.« .

HKU Campus (Source: Author, 2019)

Xue: Sym & Sim. SCUT, Guangdong, China. 2022.
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Mount Hua (Source: Author)
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1.1 Major sources of urban point clouds

iLab

B o sAR prmAlBEiE

Bellagio Hotel, Las Vega
(Zhu & Bamler 2014)

HKU Campus (Xue et al, 2019f)

® Photogrammetry $55ll &t

e

Xue: Sym & Sim. SCUT, G Building rooftop (Xue et al, 2019d)

SAR
(Synthetic Aperture Eadar )

LIiDAR
(Light Detection And
Ranging)

Photogrammetry

Mobile

(Xu et al, 2018)
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& 1.1 Advantages and applications
@ Use cases }ﬂfﬁl]

# o sar ARALREE

iLab

[El mm-accuracy
= Coverage

® LiDAR Y&k

= mm/cm/dm

= No distortion
= Intensity

[& cm-accuracy
= Colorful
= Cheaper

Kowloon Wall City 3D model

, , HKU @MineCraft (Source: Author, 2021)
Xue: Sym & Sim. SCUT, Guangdong, China. 2022. (Source: patrick_@sketchfablcom) 9



& 1.1 Point clouds compared to CAD/BIM drawings

I

.782087--1.012480
5.023066 0.191792
.825976-0.625307
3.053594-0.639684
2.569205-0.740374
#{0.205044-0.509846

.14671.017379 I
v'Rich in details and 3D appearance (texture) v Precise, compact, and parametric geometry (X, y)
v Consistent with the real 3D layouts (z) XA lack of appearance

XA lot of defects, e.g., sparse, noisy, and misaligned XPossibly inconsistent with the real 3D layouts

XUnstructured, low semantic info, massive disk size

W 1, 2021
Xue: Sym & Sim. SCUT, Guangdong, China. 2022. (Wuetal, 2021)
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“¢ @ Urban point cloud understanding include

&® Related, but different from

1.2 PC Understanding

= 3D classification
= 3D object detection
= 3D semantic segmentation

> R N
|

= 3D parts and combinations
= 3D scene recognition

= 3D relations/topology recognition
= 4D motions (construction site, auto-driving)

= Image understanding (2D)
= Point cloud processing (registration, editing, etc.)

Xue: Sym & Sim. SCUT, Guangdong, China. 2022. SensatUrban (Hu et al, 2021) "



B 1.2 Some existing methods for the tasks

Pﬁ g .
4 @ 3D classification 433 , ey -
|'I.r3b

f
= Spatial/shape features (Corner, SIFT, etc.) </ '
= CNN deep features (e.g., PointNet++) _
o GraphNN features Ty ': ?
® 3D object detection Hpikiil I T
Keypoint detection Example of semantic segmentation (Qi et al. 2017)
= RANSAC (Random Sampling Consensus) (Li & Lee 2019)

= Perfect normals + geometric shapes (e.g., walls, ceiling)

® 3D semantic segmentation % X 47 #l /
= Sliding windows / region proposal / anchorless + 3D classification (/ .

N

® 3D scene / relationship M5t . KR
= 3D Object/parts/topology/semantics-based i T :
e 5P Most are genergl, any Building/Urban characteristic? T =




F 1.3 Symmetry and similarity as domam-spec1f1c

! ] ® Symmetry X} F§ ﬂ ‘ ﬂ

iLab -
. = Reflect (C) = C {SENIFR | _ st
@ Slmllarl m‘u he Taj ahal , 15 A) :?h:g::l::;n China) ﬁfféifﬁ?&?ﬁﬁ,.m
= AffineTrans, (C,) = C, {HfZ i b ) PEERR N

® Guided by design/engineering laws — G e | Roon simdsion (9 Tumdason: reflection 8) o o emeszens

STRCETTRCE  STROETTREE

: U
]
I
GUTTER GUTTER
wATCH E sLoPE I
LNE L LNE |
MEW QRADE
= 2a% ’ =l Lt ! T max
([ - = =
MAX 3

M EETRACK '-""-—— ____________ L.
SIDEWALK m nmc\ e PLANTIG BTAIP | sepewaLk i
G

STREET RIGHT OF WAY

— — (Xue et al, 2019d)
Xue: Sym & Sim. SCUT, Guangdong, China. 2022. 13



Section 2

SYMMETRY AND

SIMILARITY DETECTION
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B 2.1 “White-box” formulations for optimization

® “White-box” objective function Fifx Hbx | —
Lab - J,"f TR
= f, = RMSE(AffineTrans(C,, X), C,) Qg o ‘ ’ [N
= Pre-requisite: , | ///
. AN ,&j/ﬂﬂ
o Closer densities \| [/
Ay
= RMSE can be any error metric
y Nelder-Mead Source: Wikipedia.org

® Nonlinear optimization formulation &i—JEx.: JEZeP:iEik
= arg min f,
= s.t. X in Range

= Constraints (x) <0
® 50+ off-the-peg solvers for complex optimization B 5.k

= In C++/Python/... (see right)
Xue: Sym & Sim. SCUT, Guangdong, China. 2022. CMA-ES Source: otoro.net



2.1.1 Symmetry detections (early, vs updated)

% 5PCR = 93.7%, Time = 98.65 (xue et al. 20190) ® Updated in (xue et al. 20192)

FI_ ab T Thuiibsaadl @l anpul  Motmal” Seiniimliie pans PCR T Ko
pint gloudl” () ol By, sepmented O

LR

() A dense point cloud

() The building (b) Photog by a drone

179

207 T T T 1) The parameter space viewport (walking on Lip.@/))

5

368

n

T

*

A virgifed

]
(=

()
1L 15 20

L

~— 5, The optimal solution

The value of the objective function

T the Mo, (b} As-buall asymmeiry on the deck of No. 7, where the

~ Asymmetries

SISl

5751 305 Asshoded 16

0 20 40 60 80 100
Time cost of CMA-ES (5)

(i) The optimization viewport (descending of .
the objective function by CMA-ES) . |
Xue: Sym (iii) The Point cloud viewport (testing a series of symmetries)



& 2.1.2 Similarity detection for as-built BIM wueeta 2000

1|f]

® Time = 6.44s (Manual = 300s), RMSE = 3.87 cm

COBIMG-Revit developed in this paper
_/'/\ -
TR,

iLab

2 | ; v |

Input 3D point PFO "I\*‘““h:' fiXi Vaxelizanon, RMSE| |
choud (7 poinis) ‘:"l;’:‘\l ::;Em] I i caleulationdEq, 2) | |

A libvary of
semantic BIM
components

h

"Revi ot 3 A semantically rich
V .NL... .'f eformi, o ws-built BIM
| {n components)

I Autodesk Revit

P € mpirtend b fibomacs freraion 095, avlolbie an, by i comheniz b )
2e0n €, sipported by PCL freesion 181, wish FLAY b i
U e 4 vepeumuatible CLR, supguortesd by Autodeck Revie (v OIS Ekarimtiowal, chocamments vl st i Serwew vtk com

CL\\ T T T 4 T T T L T T T

(a) A screenshot of the 3D view of the output as-
built BIM

T S RMSEP P

!

S comp.
(= A

A romnd tabie i T
attushed sl Tanir coanponents
=258}, i il HIM

384,

Ll
N B Tl o incremenind
- J‘\ emmatine (=4 26
l st = —
= S Exght comg
- T Fe o RMSE, P gl i,
7 e r— 1200
The incremental gensration phase
1 L L L 1 L 1
i 1 2 3 4
i (%)

. . (b) A visual comparison between the
Xue: Sym & Sim. SCUT, Guangdong, China. 2022. input (grey points) and the output BIM 17



2.2 A “Black-box” formulation for deep learning

© Floor corners are symmetric, as an ML task K%4i

.

ﬁI(White dots) .‘ ﬁ

v o
rol f
—_—

iLab

= Input: A top view of voxels

I

= Output: Corners and walls

® First Scan-to-BIM challenge
= 12% loU for 2D track
= The Second Runner-up

—* ¥ Jedge

proposal
- my

i i o| _roi resblock ~
i R e _ o 4 i
align ﬂ + fot softmax edgpiype > 4

Lonv, cornerness

= Plenty of room to improve » encoder-

—
decoder

nnngnn

points in bin or not

Xue: Sym & Sim. SCUT, Guangdong, China. 2022. (Wu & Xue 2021)

f I. .
align connect | | |1, o



& 2.3 Case 1: Symmetry-guided as-built BIM 41

i
©® Wu et al. (2021) Cimmd | TR [k j
= Merit Award, Hong Kong OpenBIM / OpenGIS Award .+ . = |
3 5 ’ ."_, “j - ““J:‘::‘::?; not (ARID aligned) 14-!)03—"(;?‘4:;:':.\‘;|}nuuun
X > -
"f":::\‘:‘y ;
. : Vertical structure extraction Step 1. Architectural reflection
CAD drawings i (Plan2Polygon) —p | detection and initial alignment
™ o g “ﬁ% ir e
o] SR o By

Step 2. Optimization-based

Smartphone’s point Story separati ;
- F::lsggsb Pon g coarse registration
Preprocessing Registration
M (In-house developed) (The proposed RegARD method)

Xue: Syr
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iLab

2.3 Case 2: Sim-guided many chairs ZEH12 w0

e o
i W

‘} Ir \\\\‘“\ o, (f im)
e |

iy

N --‘\‘:.:;11 Mi I‘:\{“Ii\'l‘f;-ilt:l
VLiarhiitiiied
¢ AL SRRREE]
il EEE NI RER R
So L, Hrbebeeibe
= ki
A
::-..:.-'::'--H-l"'-._
. . i g iy g
& Multi-modal algorithm T e RNy
. {II I Mg St i \":-‘
= For noisy data ol
iy 5
i

=
L
N

® F1>0.9

Lh
“ P e 4
\\‘ ey
Xue: Sym & Sim. SCUT, Guangdong, China. 2022. “



B 2.3 Case 3: Sym+Sim for city objects 413 (1/2)

] ® Symmetry-based cross- sectlons Xj PR (Xue et al. 2020)

iLab
& 1. Ground removal

= 2. Connectedness
= 3. Major symmetry
o 3.1 Section #1
= 4. Perpendicular
o 4.1 Section #2
= 5. Voxelization

)
height () (m)

© For unknown objects
TEEE Y S E
= Symmetric
= Above ground

Xue: Sym & Sim. SCUT, Guangdong, China. 2022.




7 2.3 Case 3: Sym+Sim for city objects 3

& Similarity for clustering unknown H{UIZEIR © Similarity to sections of known

@ 1. Cross-section-based registration 3D objects VLRSI LAY
= 2. Clusterlng usmg least RMSE = 1. Filters (Width, Height, Depth)

- b |
4 oy ERgos 5 . .
16000 == P s (7 =
e - ™
e ! oy g
M " i
o S /
e
i
v I B
g || o
it . ¥
g kg [} -
-

£ hatchhac # ranchbacks
with mum witha -u: trunks

i ‘|

— Output 3D objéct

Xue: Sym & Sim. SCUT Guangdong China. 2022. . 22
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Section 3

SUMMARY

INGG



S
) B8
R

3.1 A recap

® Urban point cloud ¥{ii S5z
- = Has advantages for buildings/urban applications

i

4

= Understanding is a must-to-do for machines
® Symmetry and similarity XF§. L
= Can be formulated as

o “white-box” formulations

o “black-box” formulation
= Very powerful for understanding a point cloud if detected

o Sometimes better than the factual (e.g., cars, chairs)

® Yet, AR

= There is plenty of room to improve

Xue: Sym & Sim. SCUT, Guangdong, China. 2022.
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3.2 Some personal view points N AFE

@ Artificial Neural Networks overheating? ﬂﬂ Neural networks take over other machine-learning methods

Percentage of papers that mention each method

Id

iLab

W neural networks @ bayesian networks markov methods evolutionary algorithms

= Anyway, the “Evolutionary Algorithms” for our B e
“white-box” modeling are still viable

® Al winters or capital winters? AIJ&4&

@ 1973: Exiting Bretton Woods system (70 &5 IFR K
RE)
=1987: “Black Monday” stock market crash
® Beyond symmetry and similarity? A TfE
= Shape grammars (on-going)
= Between interior and exterior (on-going) - - O s . ol
= Semi-supervised learning of relations Boom times Deep leaming

ond Al winter

Turing test invented First Al winter

Xue: Sym & Sim. SCUT, Guangdong, China. 2022. 25



e

References

i F;ﬁw ® Hu, Q., Yang, B., Khalid, S., Xiao, W., Trigoni, N., & Markham, A. (2021). Towards semantic segmentation of urban-scale 3D point clouds: A dataset, benchmarks and challenges. In
Proceedings of the IEEE/CVF conference on computer vision and pattern recognition (pp. 4977-4987).

© Li,J., &Lee, G. H. (2019). Usip: Unsupervised stable interest point detection from 3d point clouds. In Proceedings of the IEEE/CVF International Conference on Computer Vision (pp.
T 361-370).
iLa b Qi, X, Liao, R, Jia, J., Fidler, S., & Urtasun, R. (2017). 3d graph neural networks for rgbd semantic segmentation. In Proceedings of the IEEE International Conference on Computer Vision
(pp- 5199-5208).
Schuchmann, S. (2019). Analyzing the prospect of an approaching AI winter
Tan, T., Chen, K., Lu, W., & Xue, F. (2019, September). Semantic enrichment for rooftop modeling using aerial LiDAR reflectance. In 2019 IEEE International Conference on Signal
Processing, Communications and Computing (ICSPCC) (pp. 1-4). IEEE.
Wu, Y., Shang, J., & Xue, F. (2021). RegARD: Symmetry-Based Coarse Registration of Smartphone’s Colorful Point Clouds with CAD Drawings for Low-Cost Digital Twin Buildings.
Remote Sensing, 13(10), 1882.
Wu, S., Yang, Z., Ding, X., Zhang, B., Zhang, L., & Lu, Z. (2020a). Two decades of settlement of hong kong international airport measured with multi-temporal INSAR. Remote Sensing of
Environment, 248, 111976.
Wu, S., Le, Y., Zhang, L., & Ding, X. (2020b). Multi-temporal INSAR for Urban Deformation Monitoring: Progress and Challenges. & i527#]t, 9(2), 277-294.
Xu, J., Chen, K., Xue, F., & Lu, W. (2018). 3D point cloud data enabled facility management: A critical review. In The 23rd International Symposium on Advancement of Construction
Management and Real Estate, CRIOCM2018. https://doi.org/10.1007/978-981-15-3977-0_49
Xue, F., Lu, W, Chen, Z., & Webster, C.]. (2020a). From LiDAR point cloud towards digital twin city: Clustering city objects based on Gestalt principles. ISPRS Journal of
Photogrammetry and Remote Sensing, 167, 418-431. (2020 Featured Article)
Xue, F., Wy, L., & Lu, W. (2021). Semantic enrichment of building and city information models: A ten-year review. Advanced Engineering Informatics, 47, 101245.
Xue, F., Lu, W, Chen, K. (2018). Automatic generation of semantically rich as-built building information models using 2D images: A derivative-free optimization approach. Computer-
Aided Civil and Infrastructure Engineering, 33(11), 926-942.
Xue, F., Lu, W., Webster, C.]J., & Chen, K. (2019a). A derivative-free optimization-based approach for detecting architectural symmetries from 3D point clouds. ISPRS Journal of
Photogrammetry and Remote Sensing, 148, 32-40.
Xue, F., Lu, W., Chen, K., & Zetkulic, A. (2019b). From Semantic Segmentation to Semantic Registration: Derivative-Free Optimization-Based Approach for Automatic Generation of
Semantically Rich As-Built Building Information Models from 3D Point Clouds. Journal of Computing in Civil Engineering, 33(4), 04019024.
Xue, F., Lu, W., Chen, K., & Webster, C. J. (2019¢). BIM reconstruction from 3D point clouds: A semantic registration approach based on multimodal optimization and architectural
design knowledge, Advanced Engineering Informatics, 42, 100965.
Xue, F., Chen, K., & Lu, W. (2019d). Architectural symmetry detection from 3D urban point clouds: A derivative-free optimization (DFO) approach. In Advances in Informatics and
Computing in Civil and Construction Engineering (pp. 513-519). Springer, Cham.
Xue, F., Chen, K., & Lu, W. (2019¢). Understanding unstructured 3D point clouds for creating digital twin city: An unsupervised hierarchical clustering approach. CIB World Building
Congress 2019.
Xue, F., Lu, W., Tan, T., & Chen, K. (2019f). Semantic enrichment of city information models with LiDAR-based rooftop albedo. In Sustainable Buildings and Structures: Building a
Sustainable Tomorrow (pp. 207-212). CRC Press.
& Zhu, X. X., & Bamler, R. (2014). Superresolving SAR tomography for multidimensional imaging of urban areas: Compressive sensing-based TomoSAR inversion. IEEE Signal Processing

Xue: Sym & ¥80°4eHF @adhiong, China. 2022, 26

Q@ O O O O O VO O VO O © oo ¢



THE UNIVERSITY OF HONG KONG & & & = "‘" i
1 HKURBANS
. faculty of architecture gz | J ll_a b[ ;

[h lll’hdnl}lg(|ald|d

IFT‘ £4 H2A% | thERELR SIR Frontiers (@ SCUT
= = SOUTHCHINA UNIVERSITY OF TECHNOLOGY F KRBT G &RV B

Vepm—
haa ol —

Keep awesome!

R P




	�Symmetry and Similarity Detection for Urban Point Cloud Understanding�Frank Xue�Dept. of Real Estate and Construction, University of Hong Kong�29 Apr 2022 , Guangzhou, China�
	Outline
	0.1 HKU iLab: The urban big data hub
	0.2 About me
	0.2 Recent research projects
	Urban Point Clouds�城市点云
	1 Introduction
	1.1 Major sources of urban point clouds 
	1.1 Advantages and applications
	1.1 Point clouds compared to CAD/BIM drawings
	1.2 PC Understanding
	1.2 Some existing methods for the tasks
	1.3 Symmetry and similarity as domain-specific
	Symmetry and Similarity detection�对称、相似性检测
	2.1 “White-box” formulations for optimization
	2.1.1 Symmetry detections (early, vs updated)
	2.1.2 Similarity detection for as-built BIM (Xue et al. 2019b)
	2.2 A “Black-box” formulation for deep learning
	2.3 Case 1: Symmetry-guided as-built BIM 案例1
	2.3 Case 2: Sim-guided many chairs 案例2 (Xue et al. 2019c)
	2.3 Case 3: Sym+Sim for city objects 案例3 (1/2)
	2.3 Case 3: Sym+Sim for city objects 案例3 (2/2)
	Summary�小结
	3.1 A recap
	3.2 Some personal view points 个人看法
	References
	Keep awesome!��感谢！欢迎提问

