Scad  [HE UNIVERSITY OF H_EING KONG & #&
> faculty of architecture =

aé?‘l Il—a b the urba I .}I.M I%

20235 i 5 B RE LIS R e it ds

%E}
'ﬁ

R S R R AR AR
SZoxhE. e 3 Scan2BIM

Fully Automatic Scan-to-BIM:

Consolidation of unsupervised, supervised, and reinforced learning

Fan Xue
Dept. of Real Estate and Construction, University of Hong Kong
5 May 2023, Smart City and Construction Forum, Wuhan, China




 Outline

iLab
@ Bt Introduction R
@ f%7lt Types of Machine Learning “Mek2”
@ Hzi{E Automatic scan-to-BIM “CEA

Xue: Fully auto scan2BIM. Wuhan, China. 2023.



Section 1

INTRODUCTION
=B




B 1 Smart construction & digitalization £gE &2 &
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© Smart construction as a national strategy
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& In Hong Kong

@ Election Manifesto of Chief Executive Election STARTING A NEW CHAPTER > 3:’,,1:‘:..’::22
2022 FonHor:ﬂcﬁréomNngGETHm = Roadmap for

I-Iong Kong

= Development Bureau’s Technical Circular (2021)
= CIC’s Construction Digitalization Roadmap (2021)
o 6 Applications (DAs)

Xue: Fully auto scan2BIM. Wuhan, China. 2023.



i 1 BIM is a key =8t

| ® HK market: ~HK$300 billion. #4FE300044
Y © BIM in Hong Kong JRREETE . MR

= “Wider” by industry-wide mandatory uses : T
o FifiAll public works >HK$30M since 2020 (pevB, 2019) e R ;{E;gh;:{gmrs
o Ji4i All private projects >HK$300M by 2026 (cic, 2022) a

= “Deeper” for values

« « . n . BIM mandatory stages i
o “Aroadmap on BIM for plans submission” (Policy Addr (DevB TC(W) No. 2/2021)

2022)
o 20 mandatory BIM stages since 2022 (DevB, 2021) Top BIM Use of 2020 :
T7% |
% 3D point scans x5z in top BIM uses R iy el
As-Built Design 2
1 H odelling uthorin; Scan-to-BIM
= Surveys actual 3D dimensions, real assets Molnt )@, (Moon Palace

% Src: authors)
@ Every developer/contractor has a laser scan team i
Drawil;g e TOp BIM uses in
Xue: Fully auto scan2BIM. Wuhan, China. 2023. = Hong Kong (Src: CIC)
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7 1 What is a point cloud 5=

/ - 2

'."ﬂ ® Point Ji

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

= 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
® Point cloud (PC)

* At .‘. = %
A point cloud of HKU Campus (Source: Author, 2019)

Xue: Fully auto scan2BIM. Wuhan, China. 2023.

]

A close look of cloud at
Mount Hua (Source: Author)



B 1 Existing scan-to-BIM paradigms BI{FSB =

‘."‘3 Paradiam Kev algorithm Trained Software’s output Labor-hour |Applicability
iLab g yalg for HK (Dimension of objects) (30 rooms) |[for BIM uses

1. Open-source

Poisson

mesher + . 200 Visualization
; reconstruction
ifcopenshell !

2. Aurivus® + 3D Dee Points with labe_lljs D) 140 Visualization;
open-source eep x | Designed BIM
clustering Learning (DL) D/ (309% saved) verification:

BIM Ob‘ec’ts (3D) Visualization;

3. Proposed Our 3D DL+ 85 DESITRED (2.1,
frequent 3D 6004 q verification;

SBASE BIM for HK (60% saved)  BIMm auditing:

Lightweight CIM

' BIM Obj. 3D)
Reference BIM by
Xue: Fully auto scan2BIM. Wuhan, China.aohuman modeler



B 1 General workflow; Bji{F|a] @

e 1.1 Point-level 2255
1.2 Primitive-level JU{oJtRZ% 5l
1.3 3D BIM details fT5BIM

architectural l objects l

1.2 General ) [ 1.3 Detailed BIM
I
I

: D,SC_,@@

—-— s - s -

(Src: Authors) Time cost: ~5% Time cost: ~20% Time cost: ~75% (Src: Authors)

1. mesher + ifcopenshell I::> Not covered I::> Not covered
2. AUTivYS® *. clustering . D | ) Not covered s




Section 2

TYPES OF MACHINE
LEARNING
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B 23 types of ML H1.85% 5] = k38
® Supervised learning WiBF: Sbrik B

A training set with labelcd pose data

mﬂ

Lab = Classification and regression @&

. p Y Patterns or
= Meta learning ﬁ' % learnt -p
[w] AUtOmated M L (AUtO M L) g Reward or penalty

= Deep learning (b}Su% £ =
&® Reinforcement learning sfl: TobsiiAf X

Iterative
IA » trial-and- » T 13
= Simulation-based optimization L. J error B

e

searching
@ Unsuper\/lsed ]earnlng% ;g %ﬁﬁiﬂ,ﬁﬁweawwble non-pose attributes &

| (c) Reinforcement
= Clustering

= Association rules o Clusters and _’.

..... groupmg

Xue: Fully auto scan2BIM. Wuhan, China. 2023. (d) Unsupervised
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2.1 Supervised segmentation |
® ‘KP’ of FLKPP: Kernels of points

§

L=

e
A

iLab

KPConv
(Thomas et al. 2019)

Trains

-

The University of Hong Kong

-, By
. ey : =7 Output:
Input: point cloud after ) Segmented points of e
clutter removal walls, doors, and stairs RANSAC plane fitting e
- Wal I CO I u m n Yijie Wu, Maosu Li, Fan Xue

0 Door M Others

Xue: Fully auto scan2BIM. Wuhan, China. 2023. ; = (Wu et al. 2022b) 1
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A

iLab

Xue: Fully auto scan2BIM.

2.2 Reinforcement 3D pose 584k : TARFEE RN oectar 2000

& &) BIMS S BPLLiIR %
@ Time = 6.44s (Manual = 300s), RMSE = 3.87 cm

[ 13
SiX Voxelization, RMSE
calculation{Eq. 2)

DFO algorithm
{eg., CMA-ES")
subgect to (7Y

A library of

sermantic BIM

cOmponents /

APH - TEportCanfon,
ravesfeorml.

R, supported by Awtodeck

A semantically rich
as=built BIM
{m components)

>

C T T T T T T ]
A ronnd table is
[ attnched first Towr components T 1
(fr="2.58). i as-buill BIM
while £ s laige (=394, Six comp.
= 92.08) £ 33.96) (Fr= 118, it ok 5\1 ]
C = 23.48) * " i
: s-nay \ *.}i’* i
2 nd of incremental
E e End of fine-tuning, ]
r /Em. ation (= 4.26) vl BN G 387
.
L ——
L Eight comp
(f— .46,
F=1.26)
[t -t ~
The fine-tune phase
L 1 s | ' 1 L | ' ' |
0 1 2 3 4 6

time ()

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

(b) A visual comparison between the
input (grey points) and the output BIM 12
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2.2 Reinforcement 3D pose &1L : demo

o

utput formats
= BIM
=JSON

Lab

Fitting BIM objects for location, rotation,
and relational semantics (Xue 2019)

Another demo of 3D pose estimation of colufﬁns s iy =
(Wu et al. 2022b; https://youtu.be/kdMYDOPQ7KY) " !
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https://youtu.be/kdMYD0Po7kY

Xue et al (2020)

B EARETER
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B 2.3 Unsupervised clustering It

. - © Ground (planar) removal
2 ';ﬁ_?:;:‘ "*“ @ .
" ® Clustering patches

© Symmetry detection
= By optimization (RL)
= For cross-sections
= Longitudinal / transverse

@ Clustering objects using
cross-sections

= TR, RIE
1 & Fitting 3D model

Xue: Fully auto scan2BIM. Wuhan, China. 2023.
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(Zoom-in)

&1 2.3 Unsupervised clustering’t!

g%

rraY
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® ‘FL’ of FLKPP: floor layers

iLab @ Room clustering R &=R"=(8)"

L2

@ Room-base noise and clutter removal Z[
(Voxels occupied .
++ by scan data) © Space voxels labeling

© Region growing to segment rooms

(Indoor
: space © Clutter removal (using head levels in roo
. voxels)
7 * 1. Space voxels head-level
o (closer to Edge, Ceiling, room layer
7 - Walls)

.‘,
:IIIIIIIIIIIII

ECCC =

WE C C 2. Room clustering

’ using voxels 1m to
wwigle) ¢

ceilings)
Xue: Fully auto scan2BIM. Wuhan, China. 2023.




Section 3

AUTOMATIC SCAN-TO-BIM
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% & SBASE HiH

iLab
- = Scan-to-BIM Auto SystEm

® Step 1.1:

= Unsupervised + supervised
® Step 1.2:

= Unsupervised + rules
® Step 1.3:

= Unsupervised +
reinforcement

® Step 2:
= Localized apps

Xue: Fully auto scan2BIM. Wuhan, China. 2023.

B 3 SBASEZiH : Fully automation

Pilots, dissemination, and promotions

"Applicability: Software functions & tools’
(Comm. BIM/ OpenBIM/ CIM)

! !

Productivity: Automation process
(DL, texturing, frequent BIM objects)

f i)

HK Construction context as the foundation

\

_—_—_—_—_’

~
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3.1 SBASE 1l H: Funding and team

CPN Funding
ab m Hong Kong ITF Tier-1: HK$ 7.51M (in total 75175) 2023-2025
® Team
= PC £55F: F Xue
= Co-Pl: Prof Anthony Yeh MEZfr+
@ Co-Pl: Prof Wilson Lu £
@ Co-1: Dr Ke Chen &g (%£2kl)
© Automation level: Full, limitations in 1.3 Crer
® Job vacancies N EATF =
= Postdoc /5 1 &
= RA BfFERH5R 6 &

Xue: Fully auto scan2BIM. Wuhan, China. 2023.
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& 3.2 A recap

® Scan-to-BIM
Lab = Vital to smart construction

= Automation is limited currently

® Types of Machine Learning “YII&§?”
= Supervised: 3DIE N 75 E|
= Reinforcement: Ex{EBIM&ULHC
= Unsupervised: X3tk B2

® Auto scan-to-BIM “Z£&”
@ Consolidation 1ZFEk S
@ Huge potentials XG5 B] /3

Xue: Fully auto scan2BIM. Wuhan, China. 2023.
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