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0.1 HKU iLab: The urban big data hub
| @ iLab iRy

Lak
= Director: Prof. Wilson Lu

= Urban big data hub at Faculty of Architecture, HKU 1LabHKU
O multi—dimensional and mu}ti-disciplinary qrban l?ig data . .5 httos/ilab hicw hi/
collection, storage, analysis, and presentation to inform decision- =

making in urban development
= Focusing on Information Technology (IT)

o BIM, GIS, GNSS, Urban Remote Sensing, 10T
o Blockchain (BC/DLT)

iLab |etwrems
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“ & A mixed background ¥t _ [+ 48" S48 © Engineering
I IEE L L] L]
: ® BEng in Automation, CAUC = ISE, CEM, EIE
2004
= MSc in Computer Science, CAUC » ® Computer Science
. o 2007
= PhD in System Engineering, HKPU = Al, OR, ML
: . 2012
m PDF/RAP/AP in Construction IT @ Economics
® Research interests Jj i 5 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
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1.1 Introduction to smart construction

& Construction &t

@ Secondary Sector, Class E 58 _ 7=\l EZ8 (SLIAR %)

= is known as a “backward industry”
o Low productivity, labor-intensive (v.s. aging workers)
o Fatality, occupational hazards, management (e.g., cost overrun)
o Facing changing environments, in contrast to manufacturing

® Smart construction FJHEHLE
= No strict definitions yet

= Often refers to IT applications for construction management
o New sensors, such as RFID, LiDAR, GPS, UAV, smart phones
o Exploiting the exponentially growing computing power
o With responsive functions against changing environment

Xue: Scan-to-BIM. HUST, Wuhan, China. 2022.
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1.1 Introduction to BIM
1 © BIM Bt Hif BT
= Building Information Modeling
= Building Information Model
@ Definitions % X u

= “A digital representation of physical and functional pa— toem
. . oq e o 1 inor BN
characteristics of a facility.” [more on design]

« . An evolution view of CAD/BIM (Penttild 2007)
[ “As such, it serves as a shared knowledge resource for

information about a facility forming a reliable basis for decisioris/ Smart

during its life cycle from inception onward.” [more on mgmt. ]
(NIBS, 2015)

= A loose definition
® Origin EJ#
Evolved from CAD (computer-aided design)

Xue: Scan-to-BIM. HUST Wuhan, China, 202 Reconstructed BIM (Source: author)




1 1 Why as-designed BIM is not enough?

Aged buildings in HK @ BIM needs update/

(~10Kin 2019, ~30K in 2046)

extensions for
smart construction

® Due to:

= Real dimension*

= Correct material

%154 in HK = Real-time info. *
= Existing, aged
buildings*

= Changed, altered
plans*

= Current functions

Src: Wikimedia Src:
HKO1

Xue: Scan-to-BIM. HUST, Wuhan, China. 2022. *: Too tedious for BIM modelers g



1.2 Introduction to point clouds

i |

“l ® Point £
b = A location in space, 0D (no width, length, or thichness) * v
® Structured format: {x,y, z}, [R, G, B, Nx, Ny, Nz, Cls, Int., ...] b 1b2b 3D
® Cloud &

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

= Dense when looking at a distance, sparse closely

® Point cloud (PC)

o

SET

=

A point cloud of HKU Campus (Source: Author, 2019)

A close look of cloud at
Xue: Scan-to-BIM. HUST, Wuhan, China. 2022. Mount Hua (Source: Author)



1.2 Major sources of point clouds

# & SAR Aﬁiﬂﬁi‘*’ﬂi

Bellagio Hotel, Las Vega
(Zhu & Bamler 2014)

® Photogrammetry $5Sllat

Xue: Scan-to-BIM. Building rooftop (Xue et al, 2019d), city model (Li et al. 2022)

Furniture (Xue et al. 2019c¢), Scan-to-BIM Challenge, HKU Campus (Xue et al, 2019f)

H -'m

dRymete Apertare Ridar |

Fhologrammelry

(Xu et al, 2018)



1.2 Advantages and applications
”H ©® SAR A)i]i}’[‘fé‘?'?’ﬁi o @ Use cases }ﬂfﬁl]

iLab
= mm-accuracy

= Coverage

® LiDAR Ytk
= mm/cm/dm
= No distortion

an ealnommte il skl on o ol Dowedvit v oamee

Ground settlement, building deformation (Wu et al. 2020a; 2020b)

= Intensity

[=l cm-accuracy

= Colorful
= Cheaper

Kowloon Wall City 3D model HKU @MineCraft (Source: Author, 2021)
Xue: Scan-to-BIM. HUST, Wuhan, China. 2022. (Source: patrick-@sketchfab.com) 1



1.3 Scan-to-BIM as a reverse engineering

P .
“ & Reverse engineering (RE) W TF (varady etal. 1097) -
iLab :

= Product = scan = CAD (reverse of engineering), e.g.,

o PCB > circuit design
o Car part = 3D CAD

= For quality checking, iterative improvement, etc.
o Goal: smarter decision-making
® Scan-to-BIM
= Construction = scan - BIM

= For actual geometry (quality checking), iterative
improvement, etc.

o Goal: smarter decision-making

= Comparable with RE in manufacturing

(Wu et al. 2022a; 2022b)
Xue: Scan-to-BIM. HUST, Wuhan, China. 2022. 12



Section 2

GENERAL PROCESSING IN
SCAN-TO-BIM
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2 Point clouds versus CAD/BIM drawings

Unstructured data | i o

CAD: Structured primitives
BIM: Semantic objects with
relations and project data

Lab

v Rich in details and 3D appearance (fexture) v Precise, compact, and parametric geometry (x, y)
v Consistent with the real 3D layouts (z) X A lack of appearance
X A lot of defects, e.g., sparse, noisy, and misaligned XPossibly inconsistent with the real 3D layouts

X Unstructured, low semantic info, massive disk size

Xue: Scan-to-BIM. HUST, Wuhan, China. 2022. (Wu etal, 2021)



2.1 Manual scan-to-BIM

%l o Generally: 3D - 2D + obj. > 3D “Br 8 AR

ab Ao

BIM creation #& | h
(IB/BM/RERE) [+ Ay

| | ——

L1
ection draw

I. -
\ section slicing Y17 S ing (CAD)

Xue: Scan-to-BIM. HUST, Wuhan, China. 2022.




2.2 Semi-automatic scan-to-BIM

i | y qe el .
“1 ® Manual scan-to-BIM’s limitations
iLab

= Expensive, time-consuming, limited capacity, etc.
& Semi-automation has been studied
= Pipe (cylinder) and beam (cuboid) detection, e.g.,
o Revitaddon: EdgeWise / Verity
= Plane detection
o RANSAC
o Rules of normals % gl
© Unhandled cases

= Complex objects

O EDGEWEE_:

= Complex scenes

= Dynamic real-time data

Xue: Scan-to-BIM. HUST, Wuhan, China. 2022. 16



2.3 Fully automatic scan-to-BIM: tasks

e

® Automation: faster, cheaper, productive
' ® Tasks for (1) BIMERidifE

= 3D scene recognition

= 3D classification

= 3~6 DoF's pose estimation

® Tasks for (2) # \ '

= 3D object detection

= 3D semantic segmentation

® Tasks for (3) A& \ I Wall
D
= 3D parts and combinations I Door
: o, . C l
= 3D relations/topology recognition olumn
B Others

Xue: Scan—to—BIM@Lﬁgl\mglthas ZgggnStruCtion Site) N (Wu et al. 2022b) 17



&l 2.3 Opportunity: existing methods in other f1elds
SR 3D classification 4333 JSmamy -

Lab

= Spatial/shape features (Corner, SIFT, etc.) { y,
= CNN deep features (e.g., PointNet++)
o GraphNN features

® 3D object detection Hnkiill

Keypoinlt detection Example of semantic segmentation (Qi et al. 2017)

= RANSAC (Random Sampling Consensus) (Li & Lee 2019)

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

® 3D semantic segmentation ¥ 53 H,»”;'\ __:1
= Sliding windows / region proposal / anchorless + 3D classification | 0 . \

® 3D scene / relationship gkt . KR l-x_ g F-'
= 3D Object/parts/topology/semantics-based xf H_“:-:? f{ff

Xue: Scan-to- Mgl%tf @uhan

energl, any Building/urban characteristic? $¥{& S B



Bl 2.3 Symmetry and similarity as doma1n-spec1f1c

uP‘|
iLab

& Symmetry ¥fF

= Reflect (C) = C  EEEXIFR
% Similarity FH{EL

® AffineTrans (C,) = C, (A&
© Guided by design laws

Xue: Scan-to-BIM. HUST, Wuhan, China. 2022.
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(Xue et al, 2019d; 2020a)
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Section 3

OUR AUTOMATIC SCAN-TO-
BIM WORKS
a1t



3.1 (1)3£: Auto 3D pose estimation _

ii?:]

& Time = 6.44s (Manual = 300s), RMSE = 3.87 cm
iLab —_—

(mp A sereenshos ol the M view of e ool ms-

1 bailt UM
1 1 i
A | 1y
- - J‘ c !i | | L
4 : | A T
ﬂ: . ‘,___“!._- II-L"_ i | ] f
s |
- -
L I s i o W= I

s 5

. (b A visunl comparsan henween the
Xue: Scan-to-BIM. HUST, Wuhan, China. 2022. gt {grey points) and the owmn BIM. 21



3.1 (1)3&: A demo video

Another demo of 3D pose estimation of columns (Wu et al. 2022b; https://youtu.be/kdMYDOPo7kY)

Xue: Scan-to-BIM. HUST, Wuhan, China. 2022.

© Output formats
= BIM
= JSON

22


https://youtu.be/kdMYD0Po7kY

3.1 (1)2&: Sym+Sim for city objects TfE2 (1/2)

d ® Symmetry-based cross-sections X}FREEI (Xue et al. 2020)
iLab Bl

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

® For unknown objects 723 e g
THEENXDE R ...

[ Symmetric

R
5
L

= Above ground

Xue: Scan-to-BIM. HUST, Wuhan, China. 2022. I ’ ; J 23




3.1 (1)2&: Sym+Sim for city objects T.{E2 (2/2)
ii?ﬂ

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

= 1. Cross-section-based registration

3D objects PLRE LA S{BRY
= 2. Clustering using least RMSE

= 1. Filters (Width, Height, Depth)

W gt ¢

| - [ §
Xue: Scan-to-BIM. HUST, Wuhan, China. 2022. o

Output 3D object

24



et

3.2 (2)2&: FLKPP method T {E3

— ]

® 2D sections 2/3) Hireal - £

Lab ,
© 3D segmentation 2 ' =

.ﬁ__jf.’.} ¥ =

- [ ]

2D edges 2D edge
detection repairing

2D output:
Floorplans

) ¢

* 3D output:
3D BIMs

e L1

Input:
Point clouds

Room clustering &

clutter removal S
Preprocessin . —
p(1 /3) 'n9 3D semantic RANSAC plane Instance 3D box
segmentation fitting segmentation estimation
(3/3) . .
Learning Post-processing 3D parametric reconstruction

Xue: Scan-to-BIM. HUST, Wuhan, China. 2022. 25



3.2 (2)25: Room segmentation (1/3)

® ‘FL’ of FLKPP: floor layers

= Room clustering

(Zoom-in)

Lab

L2

Py & Room-base noise and clutter removal
(Voxels occupied .
+_ by scan data) £ Space voxels labeling

(Indoor % Region growing to segment rooms

Spacle) © Clutter removal (using head levels in roo
voxels

* 1. Space voxels

4 (closer to Edge, Ceiling,

S Wallg)
:’IIIIIIIIIIIIIIIIII\I

ECcCC =

WE C C 2. Room clustering

’ using voxels 1m to
wwiglel e

ceilings)
Xue: Scan-to-BIM. HUST, Wuhan, China. 2022. 26




3.2 (2)28: Deep learning for edge detection (2/3)

=]
i-. o --h-.'
» ConvNet S = -

“ @ ‘PP’ of FLKPP: Pillars of points

Input: Point cloud Point pillars of 2D grid Predicted corners and edges Output: Floorplan
/ LCNN

Version of 2021 1 1 ol 1 1 Points in z-bin or not (zhou et al. 2019)

. 'R' = 1-m layer above head-level
Vi 2022
ersiono R]G)B 'G' = 1-m layer below head-level
'B' = angle homogeneity in point normals

End-to-End Wireframe Parsing
Xue: Scan-to-BIM. HUST, Wuhan, China. 2022.

27



3.2 (2)2&: Deep learning for obj. detection (3/3)

_a

® ‘KP’ of FLKPP: Kernels of points

-y
; r -
3D objects
Output:
Input: point cloud after KPConv Segmented points of :
clutter removal (Thomas et al. 2019) walls, doors, and stairs RANSAC plane fitting

Xue: Scan-to-BIM. HUST, Wuhan, China. 2022. 28



3.2 Results of FLKPP

% & In 2nd Scan-to-BIM Challenge, CVPR2022
b = First Runner-up in 3D BIM track
o mloU =0.231 (max = 1.0)
o 20cm’s F1 =0.584 (max = 1.0)
= Second Runner-up in 2D CAD track
o mloU =0.374
o 20cm’s F1=0.173
e y—t

Gan bn BB Doy

il e S
I B SRR T L T Er R

Xue: Scan-to-BIM. HUST, Wuhan, China. 2022.
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3.3 (3)2£: Sim-guided topology of chairs w.a e
iLab

® Design grammar

TR

| ~=..":..'n§~,j1'13*-."sjg%*i
B & I:- 1 " -l Eibinl

¥ =

4l ‘4“; .!_ ;‘r_,'tj. ¥ :_r. ! _.I F' :

J __f;?f{fﬂiﬁ"—l.-"ffj;

"-.‘“'*-.\ -
= For noisy data e ), “H:,:*{_‘
e *
® F1>0.9 o
i

Xue: Scan-to-BIM. HUST, Wuhan, China. 2022.
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3.3 (3)38: Texture enrichment

= |

“® Wuetal. (2021)
b = Merit Award, Hong Kong OpenBIM / OpenGIS Award

vl
R
e
B et -]
T T
-, ) -.'-. .. ;

."I.
-
- - o= - L
b T
N
|
! Yerfical structure exiroction Step 1. Architectusal reflection
CAD drawings — | { Plun2 Polygon) —pe | detection and initial alignment

T 1'Lk

Step 2, Optimazation-hased

5 hone's poi Slory separalio
numll:::;; pou s e coarse fegistration
Preprocessing Registration
laputs {Im=honisi devebspel) {The proposed RegARD methodj

Xue: Sca
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SUMMARY
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4 A recap

® Scan-to-BIM
o = Vital to smart construction (including real-time, actual info.)

[ A reverse engineering process

® In general, 3D = 2D + obj. > 3D “S4p 5" LN )
= Automation is demanded in many cases . .

® Auto scan-to-BIM “ZfF5%” | s
® (1) 3D family registration BIMF&RCD /& y S
@ (2) 2D section reconstruction &I/ [E]E25E 2

@ (3) BIM reconstruction —#FE85E
® Yet, plenty of room to improve “XKF A"

= Huge market, low costs, many tasks, unsatisfactory performances

Xue: Scan—to—BIM@[E’FgVaImI&M.ZZOQ?231 for an award; room = 077 33
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