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0.1 Aims and scope

® Goals
Lab = Introducing some exciting ideas
= Streamlining my work
= Discussion for possible opportunities
® Concepts
= Digital twin
= Construction objects
= Machine learning
® My work in the past 3 years

F. Xue: Digital Twinning Construction



F 0.2 About me
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® A mixed background © Engineering
Lab @ BEng in Automation, CAUC | 2004 = ISE, CEM, EIE
= MSc in Computer Science, CAUC 2007 » ® Computer Science
= PhD in System Engineering, HKPU 2012 = Al, DFO, ML
= PDF/RAP/AP in Construction IT 2016 ® Economics
® Research interests 1 5 SCM

= Urban sensing and computing

= Automation in construction

= Applied operations research

= Machine learning and data visualization

F. Xue: Digital Twinning Construction
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0.3 My research projects

& On-going
= Pl: HK RGC (17201717, 17200218), HKU-Tsinghua SPF (20300083),
HKU (201811159177)
= Co-Pl: Key R&D Guangdong (20198010151001), HKU PTF (102009741)

= Co-1: NSFC (71671156), NSSFC (17zDA062), HK SPPR (52018.A8.010.18S),
HK PPR (2018.A8.078.18D)

® Completed
@ Pl: HKU (201702159013, 201711159016)
= Co-1: NSFC (60472123)

© Job vacancy - Research Assistant (2~3 openings)
= $17,000/month, transferable to PhD depends on vision, performance
= New updates on my web page (QR code)

F. Xue: Digital Twinning Construction 4
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Introduction to DTCO
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Section 1

INTRODUCTION TO DTCO



1.1 Background - world
“ & Global urbanization L B e oo soumee S
ab = By 2050, 65% world’s population will live in cities wHo, . =
2015) = -
= Irreversible; Even faster in China w0} vis
© Leads to urban vulnerability (a.k.a. ‘city diseases’) - Il -
= ‘Dead’ space/landscape, low familiarity with surroundings, “eaziitsgERRafitegy

China’s and global urbanization rates
source: gov.cn

= Heritage destruction, aging town blocks, inefficient traffic, B RN AL MERAPHLITT CLERDES

B Very high High Moderate Low ® Very low No data

= Poor waste treatment, environment (air, water) pollution,

= Disasters (earthquake, climate change), resource crisis, ...

arr.

= (a) Smarter analysis and decisions in multiple disciplines © ﬁ
= (b) On basis of accurate, timely urban semantics f

® Demands smarter and more resilient development

¥
"4

Global urban vulnerability level (Birkmann
F. Xue: Digital Twinning Construction et al, 2016) source: nature.com 7
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1.1 Background - the industry

@ Construction is known as a “backward industry” I Unlearning by doing
iLab . : : : Peto v 0700
= Low productivity, labor-intensive (v.s. aging workers) e
= Fatality, occupational hazards, management (e.g., cost overrun) farinrel
- 1,200
® A consensus of global research institutes (eg. Harty et al., 2007) Manufacturing
J 800
= Effective (productive, automatic, age friendly) and efficient ey
(safer, profitable, on-time, sustainable) industry - freall 400
Construction
& Meets new information technology (IT / ICT) . 0
1947 60 70 80 90 2000 10
E Computing power - Sa.iirce: McKinsey Global Institute:  *At constant prices
o BIM, RFID, LiDAR, GPS, UAV, CV, VR/AR, smart phones... USA’s gross value-added by sectors
B, ‘? source: economist.com

)

e:

)

Mechanization,  Mass production,

Cormgutes and Cyber Physical
autamation Systems

water pawar, steam  assembly line,
power elestricity

Recent advances in ICT

F. Xue: Digital Twinning Construction Consiriction 2.0. 1o 4.0



1.1 Background - the industry in Hong Kong

2018 2019 2020 20 022

® Construction 2.0 (DevB 2018) !;;":;Tf
. | Carpenter - d_f[ﬁi? - T Concreter
E I n n Ovatl O n i :::!r::r::.zr 1 - —> _f.::%‘ﬁﬁ;o;nworks
o Productivity (Mic, BIM, etcl) ; Z:::::;::alated workers - pro| - e ___'_F_#;E;::_Udu& Fixer
. . - | \liemilaticn mechanic . BI s -ll'-IE:O Scaffolder
= Professionalization [ERaciere :

I MNumber of workers in shortage:

| sor1000 | 100raso0 [EETETEY 22000

o Skilled workers Overall shortage W and skilled /™ (Source: CIC) T

= Revitalization

o Young employees (see the charming post)

Construction 2.0

challenges
facing the
Industry

g
% X

F. Xue:

(Source, CIC bk, Construction Power | Gel In Gedr)

iISonrce: DavR hlke? hlk)



1.1 Background — new opportunities in IT

construction

Autonomous [ . . .. real time
- "‘

Pre-fabrication & 1

modular construction
Wireless Ji®
monitoring R
Agv?ll;ad 2 Ty & connected g
uilding U - Augmented equipment
materits L wa iy H .
: S < 01001102 | virtualization

1150h010010063

4 e L I !
At ;
¥ .lm ;E

3D printing &
'{'_"f.f additive manufacturing

Source: The Boston Consulting Group; World Economic Forum

F. Xue: Digital Twinning Construction
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1.2 Construction IT

® Construction IT

f‘sa'

Id ,'-
£ il

iLab

o Since 1960/70s (e.g., CAD)
o In construction (process)
o By construction (objects)

o For construction (targets)
= Typical research methods / -ology

o Applying M (in IT) to P (construction)
= Aiming for

o Automation

o Safety
o Productivity

o Human/equipment/robot augment, etc.

F. Xue: Digital Twinning Construction

= A sub-field in Construction Technology + Construction Management

Construction IT (conceptual)
photo source: Wiki, CC BY-SA 2.5

11



B 1.2 Construction IT

iy

© Example journals (ranking by sub-discipline, Clarivate Analytics’ JCR 2018)
Lab = Computer-aided Civil and Infrastructure Engineering (1/64 in Const. Bld. Tech., 1/132 in Civil Eng.)
= Automation in Construction (8/64 in Const. Bld. Tech., 7/132 in Civil Eng.)
= Journal of Computing in Civil Engineering (40/132 in Civil Eng.)
= ISPRS Journal of Photogrammetry and Remote Sensing (1/50 in Geography, 3/30 Remote Sensing)
© Focused international conferences / workshops
= CIB W78: Construction IT
= ISARC: International Symposium on Automation and Robotics in Construction
= CONVR: International Conference on Construction Applications of Virtual Reality

= ICCCBE: International Conference on Computing in Civil and Building Engineering

F. Xue: Digital Twinning Construction
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i 1.3 Digital Twin (DT)

" @ Digital twin

= A virtual representation of a physical
object or system across its lifecycle, using
real-time data to enable understanding,
learning and reasoning. (NIC, 2017)

= The first half of Cyber-Physical System
(CPS)

o Highlighted by U.S. NSF (2019)

o See my top-voted answer on

& Data S . 5 '
Lz 1010001101011 i 4
e {g ol B

o110
NS A
| 0110 |

The connected data
that tie physical
and virtual worlds

=] [ ._v

Fced back

Physical space

: Vlrtual space -

Figure 1. Example of a dlgltal twin (Tao et al. 2018)
o “What are the connections and essential

differences between CPS and DT?”
= Related

o As-is BIM, VR, IPD, 4D city, HD GIS, ...

F. Xue: Digital Twinning Construction 13


https://www.researchgate.net/post/What_are_the_connections_and_essential_differences_between_CPS_Cyber-Physical_Systemand_DT_Digital_Twin

& 1.3 DT: History and examples

® From the CAx (CAD, CAE, CAM) waves . Moo i ik il
= 1960s~80s: Computer-aided design (CAD), including 2D/3D

= 1970s~80s: Computer-aided engineering (CAE), including Finite '
Element Analysis (FEA), Computational Fluid Dynamics (CFD),
Multidisciplinary Design Optimization (MDO), Virtual
prototyping

= 1970s~80s; Computer-aided manufacturing (CAM), including | | oo
Product data management (PDM), computational numerical
control (CNC)

@ 2010s: DT for real-time CAx models |
® Examples —

gariner.com/SmarterWithGartner

iLab

Gartner

= Jet fighter, aircraft, wind turbine, smart train, ...
= Smart building, smart construction, smart design, ...

F. Xue: Digital Twinning Construction 14



1.2 Why DT?

id © Analytical models guarantee optimal analysis | J@) = sin (a?) +1
Lab = E.qg., Linear equations WA= (2251)
= & Gradient of a function 2
o Stationary points, where the first derivative is zero
© However, DT/CAx is needed /: |
= For (near-)optimal analysis / control / management, when I | o v 3
f(=2) = —5.99

= Too complex to create analytlcal models First derivative and stationary points

o E.g., aerodynamics, aircraft device risks, concrete, ...
= Too expensive to do so

o E.g., construction r.c‘)Ject, massive 3D point clouds, “big data”
. , - ":ﬁ_"__' - e P L] \ b "

Aerodynamics simulation
Picture source: mentor.com

F. Xue: Digital Twinning Construd
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1.3 Objects in construction

iy

= Lifecycle
o Narrow use: Build
= Involving three types of objects, e.g.,

_____|Building Equipment

Plan Design Designer Ruler /BIM
Build Window Workers  Crane

Use Place Occupant HVAC
Maintain Service items Engineer Voltmeter
Repair Facade Workers  Scaffold

Learn Function Planner Spreadsheet

F. Xue Ulgll_dl 1 VVlllllllls Lol uLuuLl

BUILDING

LIFE-CYCLE

16



F 1.3 Objects in construction
Iﬂ © Objects in construction (narrow)

iLab
. = Equipment

o Truck, tower crane

= Building (elements furniture, materials, ...)
o Frame, windows, chairs
o Location, orientation, 3+ DoF

= Human

o E.g., workers, site engineers
o Complex, 10+ DoF

® Objects’ properties

i i . Lego blocks/constructlon
= Physical (3D xyz + 3D rotation + motion + ...) Soure, Wikipedia

. xue: Digital TG BAARLIG,(action, intention, utility, relations, materials, ...) -
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® The general question
= How to DTing construction objects?

o To reflect accurate geometry
o To understand the semantics

= As the diagram
o For future construction CPS
= A “mapping from X to Y in essence

© Challenges
= Various objects
= Various data (with/without training samples)
= \Various scenarios

o Methods: “Does one size fit all?”

F. Xue: Digital Twinning Construction

1.3 DTing construction objects (DTCO)

Scope of the study\

1010001101011

|

101011044000 — 1
101 1 ?ﬁb

101 1 mla |
o110

/

Cyber world
(digital twin)

Physical world
(construction)

18



Section 2

METHODS FORDTCO
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id &® A lot of cases to show

= In blue are not in the narrow definition
© Grouped by the methods into
= Machine learning (ML)

o Algorithms & statistical models
without explicit instructions, relying
on patterns and inference instead

Types of Machine Learning

Machine
Learning

Task Driven Data Driven Learn from
(Predict next value) ({Identify Clusters) Mistakes

F. Xue: M @ ﬁ'

Bl 2.1 The objects in this section

Building Equipment

Building Worker’'s pose Crane
Roofs Indoor position

Precast

Furniture

Regularity

Street Pedestrians BIM
Sidewalk

20
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& 2.1 Grouping via ML paradigms

Ero

"l i

b PData & processing methods Machine learning paradigm
® Filtering ® No learning

= 10T, Wearing

® Detector, regression, ® Supervised learning

= SVM, deep learning = Training examples (cost)
® Model tracking, ® Reinforcement learning
= RANSAC, semantic registration = Finding after iterations of fitting f
& Manifold embedding ® Unsupervised learning
= PCA, LDA = Feature clustering
e © ./ = (Sundaresan &
F. XU DIBIEAL s o it i senre mm ne CHE11BPP 2019) 3

dirmansions 1-3 (¢) Dimensions 4-6. (d) Laplacian eigenmap: dimansions 1-3. (0] Dimansions 4-8.
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2.2 Filtering methods

A

& Filtering = =

iLab . (YaY 7Y [(YaYa
= Removing some unwanted components or e e
features (noise, bias) from a signal : | L . B

@ No learning involved Known

rules, -
equations

= See also: a priori, rule-based
® Pros
= Fast, direct, easy to interpret

© Example cases

= Tower crane motion
Physical world Cyber world

= Logistics and supply chain (construction) (DT)

= Indoor position
= Blockchaining BIM

F. Xue: Digital Twinning Construction
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B 2.2.1 Case 1: Crane pose

id

iLab

© Productivity
= Efficiency, seamless operation required
© Occupational health and safety (OHS)

= To protect the safety and health of all members through
prevention of work-related injury, illness and disease Reasons of fatality in HK’s

& In the US, construction accounted for ~5% workforce but 20%  construction (oata: Labour Dept 2019)
occupational deaths, 2003—2013 (NSC 2015)

= In Hong Kong, construction had 36 fatal accidents in 2017 & 18

Struck by falling
object
3%

Struck by moving
vehicle
3%

d) Baroemetric pressure {reference point}
J ©) Magnatic angle

&® Tower crane

= A key equipment
= The “bottleneck” to productivity, and
= Related to safety issues e et

hee ] &) Roll and pitch angles {swings) of beam

F. Xue: Digital Twinning Construction (Niu et al. 2019) 23



7 2.2.1 Case 1: Crane pose (Niu et al. 2019)

id ® (a) collection, (b) processing, (c) visualization

A
iLab - = @ st Peadeg e Pesdng eu DN e rdleu Eeooew
' HROT 02 D 10 winMs 0 LW e
3! Barometnc rensry (rafararce pont| UMM 0D WA IR WLIOR 9 “

NS LT B ALTEl 1M R

;ulhv-lcvv-

s W R

24T

W I

L3RI

wIms Wi
Lt

"
aTIL W
Areatt ¥
amm "
LT
T MW 58

13 Gkl 183 A 0oy LN a2

:-) Virw wrge Mg ) of Baaen
o) Rofl and pech angles (peirgs | of beam

(c) Demo (Crane hoist)

F. Xue: Digital Twinning Construction
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http://147.8.124.72:8080/icore/test.php

e

B 2.2.1 Case 1: Crane pose

s

iipe :
id < Event analysis

= 2 near-miss safety issues

o 1load above workers

o 1 unbalanced lifting
= 200 seconds unproductive hosting

o Reason: Working floor preparation
of locking steels for RC beam

© CPS demo (on Lego)
= Real-time warnings to operator
= Simplest validation

o Worked
o Delay <1.0s

F. Xue: Digital Twinning Construction

Hoist of Beam B1-46 (14:00:07-14:07:11, 7 Nov. 2016)
Installmsemt
et g SIEWiNG i Hovering (Unproductive waiting for 1735} Ho\anng Instalimaont

o {11
-] i)
E W
- . P
= = |} T P
: §
- sy
= 1 -
E I E: . o T —— - o s
= | ? —
<3 A E:
I
| .._..V,:.I. ,U/\r WA ey AT AW
; \V R\

it i
D e st et/

Action patterns of beam
Swing ()

Monotone | Regular swing & rotation Reegular 1 [m:'g'ulur swing and fotation |
change of swing & | of beam under workers' force
rotation it nemer g | FOTRION P

s - g o

.....

200
Time (5)

(Niu et al. 2019)
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F. Xue: Digital Twinning Construction

Llap st B0 Iragary BRAITY Tartsbdeman | Tarma of Lne
Objeot Name: Bl-49
Itew data: Click hore
Beference levsl: 19.90 2F
Start Level Offs=t: -T00
End Level OFfset: —700
Cut Length (BIM): 7223
Dekar Cover - Top; 25 mm
febar Cover - Bottom: 23 mm
Behar Cover - Other Faces: 25 mm
Length (BIM}: 7973
Volome: 3,31 m?
Elevation at Top: 15000
Elevation at Bottom: 18230
Tevit id: 4T0RTOS4-8075-4106-R541-HieAItabeInI-9rH18

FEEIEE Arrived BA# rrooted

< Similar to
= Crane pose

® Demo

26


http://147.8.124.72:8080/icore/beams.php

(a) The study area around HKU Main
Campus

F. Xue: Digitgl) "fsé\llc}rnoliﬂﬁ?gpgonstructi(

(b) The 3D walkability network,
warmer color indicates higher altitude

g}f]l) Error compensation  (c) On slopes

27
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LOD D (ITA)
D!' ded object

I.CIHD IUKI

LOD 300 (USA)
Specihc systemn
LOD D (ITA)
"N' alled objpect

LOMD 5 (UK
Comtruction
I.OO 350 IU‘SM
system
emcament LOD E(ITA)
Specific object
I.OMD L] IWI
nnnnnnn
LOD 400 (USA)
Fabrication

F. Xue: Digital Twinni (a) ‘II ‘

3 2.2.4 Case 4: BIM versions / blockchain wering

< Rome wasn’t built in a day; so was BIM. (a) by element, (b) by lifecycle/time
iLab

Looa (Ta)
Symbolic object
lOD! [rm LOMD 1 :ul\l
rrrrrrrrrrrrrrrrrrrr
LOD C (ITA)

LOMD 2 (UK}
Defined object Concept Design
LOMD 3 (UK) LOD 100 (USA)
Developed Detign Syrnbolic representalon
LOD 200 (USA)
Generic syitem

LOODF (ITA)
Executed object [ buill

I.BIIDG lﬂ]
a )

I.DD 500 IUSN

too G ITA)
Ipdated object

28
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@ IFC (Industry Foundation Classes)

= The best open BIM standard
= STEP (Standard for the Exchange of Product Data) format

= Clear, readable

= But massive, involving many random global IDs

® Our in-house program for the semantic difference

procedure compute SDT
input: ifc,, ifc,

~N N R W N =

g, < semantic_interoperability ( ifc, );
0, < semantic_interoperability ( ifc, );

* .
o* —ao,Noy;

Oy — Op— O%;

0. — 01— 0%;

A, « tree_diff (o, 0,.);
return A

/I TFC changed between t, and t,
// To call “semantic interoperability”

// The intersection (unchanged) tree
// To purge the unchanged instances

// Difference between changed objects

F. Xue: Digital Twinning Construction

7 2.2.4 Case 4: BIM versions / blockchain

Example IFC
HEADER;

FILE_DESCRIPTION(('ViewDefinition [CoordinationView, ...);
FILE_NAME(‘example.ifc','2008-08-01T21:53:56',(‘'Architect...);
FILE_SCHEMA((IFC2X3));

ENDSEC;

DATA;

#1=IFCOWNERHISTORY (#84,#71,$,.ADDED.,$,$,$,1217620436);

#, =IFCAXISZPLACEMENTSD(#ly,# );

#55IFCCARTESIANPOINT((0,670.

#15=IFCPROPERTYSINGLEVALUE('Reference','Reference’,IFCTEXT("),$);

#20=IFCQUANTITYLENGTH('Width',' Width',$,0.75);

#21=IFCLOCALPLACEMENT($,#2);
#22= NG('0yf_M5JZv9QQXIy4dq_zvl'#1,'Sample Building’,...);
#23=IFCBUILDING '0C87kagBXF$xpGmTZ7zxN$' #1,...);

#24=IFCLOCALPLACEMENT (#21,#2);

END-1S0O-10303-21,



2.2.4 Case 4: BIM versions / blockchain

Base model Simultaneous changes (t;) Users A and B:
(to) UserA Change User B: Add BIM in consensus (t;)

Bi-directional
operations

30
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2.2.4 Case 4: BIM versions / blockchain

® Result of changing a window (a) = (b); (c) the result of SDT

o

iLab '
(a) (b)
750mm x 1400mm 1400mm % 1400mm l
{
'quantities’: { (c)

'IfcElementQuantity’: {
'@id=0bB_7AP5v50BZ90TDvo0Fo": {IfcQuantityLength’: { @Name=Width": { @LengthValue': ['0.75'—>'1.4"}}},
'@id=2yDPSWYWf319fWaWWvPxwA' {'IfcQuantityLength’: { @Name=Width': { @LengthValue': ['0.75" = "1 4']}}}
}
b
'decomposition’: {
'lfcProject': {'IfcSite": {'IfcBuilding': {'IfcBuildingStorey': {'Ifc Window": {{ @OverallWidth": ['0.75' =2 "1 4'T}}}}}

F. Xue: Digital Twinning Consgruction 31



3 2.2.4 Case 4: BIM versions / blockchain

) o |
%l & A Case: Sequential / simultaneous roof window changes by two BIM users
e q ges by

1 2 3 4
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2.2.4 Case 4: BIM versions / blockchain

r ‘I:ll -
[\ 9
- o

iLab

BIM B
change
consensus

{047KB(mVHt

Pl 0.47KB (move
. the move)

a window)

R B e
Client

F. Xue: Digital Twinning Construction
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4

T1*
-1

2.2.4 Case 4: BIM versions / blockchain
1'| Peer A . - .

iLab e

L

BIM o
change P 0.47KB (move Falsification
CONsensus 5< awindow) detected at t,

F. Xue: Digital Twinning Construction
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2.3 Supervised learning

® Filtering
iLab « ” ..
= “patterns” learnt from training data

o T

= See also: classification, regression,
deep learning, prediction

® Pros

= Generalized, many non-linear models
® Example cases

= Pedestrian path walkability

= Human pose and gesture

= Street

= Rooftop element classification

F. Xue: Digital Twinning Construction

Patterns
or learnt
models

Physical world
(construction)

Cyber world
(DT)

35



' & Smart city development

= Settled by the government of many modern cities
= Over 200 cities in China
<& Smart living/ transportation

= Aims at making life more efficient, more controllable,
economical, productive, integrated and sustainable

= A pillar of smart city

® Personalized walkability
= Meeting individual walking requirements of residents
= Essential for smart living in smart cities

= Demanding automatic (real-time, cheap) assessment
o To handle the possible changes in paths

F. Xue: Digital Twinning Construction

The rising of smart cities around the world
Source: siemens.com

z
"

Walkable’?

-—*’ )
\?_\ f’.’/;
Personalized walkability for smart living

Source: pixarba.com

36
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& 2.3.1 Case 1: Personalized walkability assessment

Id

~ The proposed data-driven as-built BIM approach

P , — / Walkability ,-"';
/ Actual /  1.3D scanning / As-is3D /2. As-built BIM creation / As-built /3. Assessment / assessment; /
/" geometry / (AR point cloud /(Deep lransfer leaning; |  BIM /~ (Calculation; |/ recommen- /
' ' smartphone) 'shape & object recognition) simulations) dations /

® A three-step automatic “pipeline”
= 1. Actual path = As-is 3D point cloud
= 2. As-is 3D point cloud = As-built BIM
= 3. As-built BIM = PWA; recommendation

F. Xue: Digital Twinning Construction 37
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(b) As-is cloud of 569,344 points through AR scanning

(a) A scene of Bonham Road. Hong Kong

e

(a) 3D point classification ( e.g., the points labeled as (b) As-built BIM consisting of semantic objects (walls
“manmade terrain” were detached as the pavement) omitted in this view) (Xue et al. 2018)

F. Xue: Digital Twinning Construction

1 2.3.1 Case 1: Personalized walkability assessment

© A narrow path
= 1(a)
= Guardrail
= Obstacles

® 1: Phone
scanning

= 1(b) point cloud
& 2: As-built BIM

= 2(a) segment

= 2(b) modeling

= 2(b) BIM

38
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® 3: Assessment

= 3(a) geo-referencing

= 3(b) slope grade
= 3(c) tilt grade
= 3(d) footway width

(c) The tiltgrades of the paved footway (d) The actual widths of the pavementwith obstacles
(Xue et al. 2018)

F. Xue: Digital Twinning Construction 39
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2.3.1 Case 1: Personalized walkability assessment

© Examples of five types of pedestrians

iLab

Walking Calculated Type of pedestrians

characteristic value Wheelchair & Stroller =& Luggage i Senior & Exercise &
No. of steps 0 OK OK OK OK OK

Slope grade” 1:50.0~58.8 OK OK OK OK OK

Tilt grade’ 1:47.6~66.7 OK OK OK OK OK
Footway width*  45~199 cm Failed Limited Limited OK OK
Clearance Good OK OK OK OK OK
Overall walkability (the worst) Failed Limited Limited OK OK

*: Reference maximum slope grade: 1:8~12 (wheelchairs);
T: Reference maximum tilt grade of pavement: 1:15 (wheelchairs);
}: Reference minimum width: 70~90 cm (wheelchairs), 40~70 cm (strollers), and 30~60 cm (baggage).

©® Recommendation on possible obstacle removal

Major obstacles Minor obstacles Inoffensive obstacles
Light pole (None) Meter pole, drainage pipe #1, #2, and concrete trace on the wall

F. Xue: Digital Twinning Construction 40



1 2.3.2 Case 2: Human pose and gesture woring

® Edge Al device
= Google Coral
= TPU

® Unboxing test

Lab

=1 PoseNet
= Human pose
o Multiple

F. Xue: Digital Twinning Construction
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2.3.2 Case 2: Human pose and gesture

o

® Unboxing test
Lab
& ...

= Looking around

o good
o 13 fps

F. Xue: Digital Twinning Construction
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' 2.3.3 Case 3: Rooftop modeling cuenetar 2o

iy

&® LiDAR = RANSAC = rectification = LoD2 model

iLab

F. Xue: Digital Twinning Construction

43



& 2.3.3 Case 3: Rooftop modeling oe«a. 2

Buslckng 10118514345 (opobagl wisauasiTT ipsnm
Albecta: 01351
Building Type: |mﬁnﬂ:ml [Topobiap)

Multl source urban data

Topographic
map

Architectural

regularity

LiDAR

1

F.'Xue: Digital Twinning Construction ———— -



B 2.3.3 Case 3: Rooftop modeling oueetat 2090

iﬂ ® Geometry + albedo - material prediction, e.g., green roofs (Tan et al. 2019)
iLab

. o} S | @ 1478524, 725060/ oo Ti38e etilt = 3 450 3 L3 o | @ T

Generated rooftop Identified green roof areas
objects from point clouds by machine learning
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& 2.4 Reinforcement Methods

it

"l e

® Reinforcement learning
iLab ) )
- = “Trial-and-error” to fit for an unknown

problem Error evaluation

M

= See also: AlphaGo, online learning,
® Pros

= Adaptive, “white-box” style, easy to Iterative
interpret trial-and- »
© Example cases error
= As-built BIM reconstruction
= Furniture 3D reconstruction
= Architectural regularity hysical world Cyber world
(construction) (DT)

F. Xue: Digital Twinning Construction
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i 2.4.0 Error / fitness function

d © Common in optimization problems y

ab = Find the best solution (e.g., min f(x) = | x ) Q

s
N/

< Fitness landscape of error

= Appearance of f @

= Peaks/valleys contain the solutions min f(x) = RMSE
o Where gradient Vf=0
< Fitness landscape for registering a BIM

= Reflecting the geometric landscape
= Many methods are not working
o Up to 9 degree-of-freedoms (DoFs)

o Continuous, jugged

o Too expensive to calculate derivatives (V)

F. Xue: Digital Twinning Construction Fitness landscapes of registering BIM to 1 point (left) and reaI 3D point cloud (rlght)
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© Nonlinear optimization problem formulation

= SSIM (input 2D photos, 3D-to-2D projection of BIM)
= Constrained by topological relationships

SSIM = structure - luminance - contrast

B (2,uA,uA+C1)(20'AA+C1)

(u £+,Lti+cl)(a §+0£+02)

{ c Example Example Notes ..
o value tnaximize
scaling_max [1.5,1.5, 1.5] xyz . » Sllb_jECt to
coordinates

(a) A photo of a demolished building
) C, scaling_min [0.8, 0.8, 0.8] Ibid.
B, il Z_rotation_max T1/2

Z_rotation_min 0O

Door portico Tree x 2

" on_top_of ‘Ground’ Adjacency,
J g E —ﬂ:jf: connectivity
: = L c contains_on ‘Wall’ Containment
Wall x 2 Windows x 2 R or
(b) Semantic components from web intersection
F. Xue: Digital Twinning Construction min_separation *0.5m Separation

3.4.1 Case 1: Building 3D reconstruction xueeta.zs

F(X)=55IM
C(X) < 0.

48



PZ bl 1 :.;'.rna-.hU:I.;qu-SkelmL'pho_-‘i:-H: = I-:| >< 1
P W Companent o Extersicns  Help
® Problem solving e gy o o i
i‘ Ld b [Select a spreadsnest function —|4 | - N|
- - 1
= Fully-automatic, DFO-based, model-driven e (—
Custom |
CI_margin_x (% n]
- - . = = o1_arsla 135 -]
= Rich semantics: Geometry, topology, functions, materials e e
C1_saesla_y 1 o T¥RO: [ifcwindoa =
=
- - - - Ci_scale_y_min 1 a
= Occasional errors in recognition = b
i T : =
ser_calen ¥
—_— ————— — —_— — —_— som_manie e n] .
BIM platform  Platform DFO algorithm Image similarity - o 1 g s B vk, "
(SketchUp)  plugin  (eg.. CMA-ES) (e.g.. SSIM) - (L 11 116 £ [ ] s | _
0241 [T 1~ - 8 —
Decaded A teasible: X: r e = o W
1D BIM parameters  Jratisiing Fg.(3 dra e F -~ —= 'H\:I?J\mn:cum\iib_o_(}_{}_o,_o—o—o"b '
updites e | ’ ona L An oak trec attached o000 1]
via APl and rotation) 21 projeclion =l C’/O/v - i I e
“move(),” 3 via AP "view. Lima mnmam il |=! 1T i . e
“tramsformi )" I}onc wrile image()” & L %
Computing L B ke ikl s Thie resuitting mode! after fine—]
Oby, value F{.X,) )iheSSTM el IS 11 by o sheer0 0008 simiarry]
in Fg. (4) mdex ot for e lefhmost window on
(. End of incremental
Updating [~ ™ (kg D) 018 FEnerion =]
DO, snd A belter plien of Niting 5 trree- ]
recording ( 2 d fn.- - [ sectivn windiws on TF wall o o
the best X PR S| The incremental generation phuse = The fine-tune phase 4
v v v v .16 €'-|rii'[':.|1'i=nl-s Wik e I. o "'I - I e - | T

] 2500 5000 75040 10 1.25=10° 15100

Commercial software Aceumulated trials of CMA-ES

D {Amow direction indicates time)

* Mon-commercial sollware

——® Message or executian

F. Xue: Digital Twinning Construction (Language: C++, Ruby; Data formats: SketchUp, Bmp, Google earth) 49



o 3.4.2 Case 2: Furniture modeling (Xue et al. 2019b)

© BIM from
point cloud or
2D 1image

Lab

= Automatic

= Model-driven
= Semantic

=] Accurate

= Efficient

F. Xue: Digital Twinning Construction
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iLab

F(X) = RMSE(BIM(X), P;)
~ RMSE(Py, P;,)
~ RMSE(Py, P;,)

— \/zpepgnnndistz(p, Py)/m’

|:> ~ RMSE(Pj,, Py)

= [Zpessndist’(p, P /IPXI

=

i 3.4.2 Case 2: Furniture modeling

Qt=6.44s
©® RMSE =3.87 cm

minimize  f (X) = RMSE(BIM(X), Pjp,)
subjectto ((X) < 0.

| T = RMSE(WLL)

#
A ronn tsble is 1
[ sitached first ol Coipnsnts Jt
(=2 m as-uat BIM
while f is Innge (=3
[f~ 92.08] = 33.06)

= i L | cud ol incrementl
.'-\ . ?'.y\;. t:.‘ \ /:l'll»lc;::lux:lul'-'-‘L-";“
- [ A
.-‘,_ ¢ w_v/ i e incremental generation phase i Ihe fine-tune phase o (X u e et al . 20 1 9)
| | I 1 | L 1 L 1 L 1
0 I b 3 4 3 6

F. Xue: Digital Twinning Construction

time {5)
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.4.2 Case 2: Furniture modeling

10{} B I l 1 l 1 | I f I I @ T 6

r . =6.44S

I T I = Manual = 330s

- [~ RUSEEE 1® Iter = 9,000

=
A round table is T @
" altached first Four components | 1Si =
(fr=259) ipsbecrreval _|® Precision = 1.0

. while fis large (fr=13.94. Six comp. -
g ol Yo =396 (=ass,  \ x«%ﬂ T I B\)i |® Recall =1.0
2 [ % “Tf=2348 ]
= (s *od Tl

| _ r~i & End of incremental = : i

> 5 { ation (f= 4.26 End of fine-tuning,
- J)‘\ & it i final BIM (f= 3.87)\y
i O O O e
'l' P . < ‘ij Eight comp.
i Sy = RMSE(P;,,Py) gy~ #  (fr=4.46. ]
*{f /=14.26)
g o-tag .
The incremental generation phase The fine-tune phase
1 i | L | L | I | I | L |
0 1 2 3 4 5 6
time ()
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R 99% precision, 98% recall

F. Xue: Digital Twinning Construction
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' 3.4.4 Case 4: Architectural Regularity oue etar. 20195 2010

1d Thumnbnail of input ~ Normal® Symmetric parts® PCR Time Intrinsic”

point cloud” (C) of Sym. segmenied (%) (s) asymmetry

1.026
—0.046
0

(a) The building (b) Photos by a drone (c¢) A dense point cloud i
— LY 0
20[ e gt (if) TR\#Arameter space viewport (walking on L(p.¢))

3

5

As eircled

i (o)
1o [ pi|

~— 5, The optimal solution

The value of the objective function

i e
0 20 40 60 80 100
Time cost of CMA-ES (5)
(i) The optimization viewport {descending of :
the objective function by CMA-ES) - . .
(iii) The Point cloud viewport (testing a series of symmetries)

9751 305 Ascircled
F. Xue: Digital Twinning Construction
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2.5 Unsupervised learning

“ Eoy

® Unsupervised learning

iLab i . [ 5
. = Self-organized, previously unknown o 189
patterns
= See also: K-means, anomaly detection, g
latent variable models - | L ‘
® Pros R Clusters
= Inexpensive, human readable ' & -y
& Examples grouplng
= Object detection in points
= Street clusters
= Pedestrian clusters _
Physical world Cyber world
(construction) (DT)

F. Xue: Digital Twinning Construction 55



- connectivity (lines) detected in 1.3s
(112,999 points, 6.78MB) (color | 1.31MB) after a preprocess of  (tines)
indicates height) ground (planar) removal

m 166 mmgoo 19.1 15.2 17.3 14.1 19.0 15.4 14.8 ____ Hierarchical Clustering Dendrogram of unknown objects

§ e
a2
o 16.6 [0 14 160 226 120 159 167 13?@
G‘o . ws
T
24 S
: 1223 228 21. 123, w
i g us
g 19.1 160 16.0 17.4 241 [ 13.2 T ool 1.7 &
g A
= 162 22611 108 223 wa g ni [T wefli2a 2™
5 -l 2
3 173120 188 136 288 1341 lo7! £
e 1 @
2 141 15105 135 21.6 102 [T i
g = a .
o 19.0 16.7 16.1 17.3 22.8 ¥
E 15.4 18.7 121 15.7 211 i
g 1487 12. _ | wl i .
= 10 i T 1 H
© objl obi? obi3 obid obiS obi§ obi7 obiS obi¥ obii0 ob11 obi12 9 “‘ic.m;'fé“l o;;i E#w:]* ae: 124 ?a 9:?"1“3} nlr"u:r\suﬂ;:’»2cr‘=1“s.e 3»3]

(a) The dissimilarity matrix computed in 109.4s  (b) Hierarchical clusters of similar patches
(unit = cm, color depth indicates the dissimilarity) (grouping threshold = 10cm)
F. Xue: Digital Twinning Construction

(a) 368 small patches (by color) and the

" ¢
2

&l 2.5.1 Case 1: Object detection in points wueeta.200

(b) 12 patches (obj: to obji2) was clustered via the
connectivity of patches in (a)

(b) The dissim]lmty matnx (umt— cm, best
model for each patch is circled

(a) Online open CAD files of 20 known car
models



Census data geocoded)

F. Xue: Digital Twinning Construction

High-dimension (~17D)
vector models for HK

mmm!a!lngumm

530 OOO street view photos
(48GB, source: Tencent)

Urban Big Data
Platform (UBDP)

LQLJLbll
L‘LJLL'[

TR YT Y rr-\\\r*: s

R Y EIRT TR A P |
YT i (. % s
—r‘v:w-'r:v'r Rabi4ET T BIPPDDE Al
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| 2.5.2 Case 2: Street clusters

e
T

T T
17.5 15.0 12.5

F. Xue: Digital Twinning Construction

T
10.0

7.5

Canal Road Flyowver

Harcourt Road
Connaught Road Central

Connaught Road West Flyowver
Connaught Road West

LR BRI O R ] > 3 : L
Shau Kei Wan Road
King's Road

Des Voeux Road West
Lockhart Roac
Hennessy Road

Des Voeux Road Central

® “Closeness”
between the 50
longest roads in
Hong Kong

=21 dimensions
o Environment
o Economy
o Society

=6 clusters

@ Text color: Green
view
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iLab

® 61,788 pedestrians

= Seen in Hong Kong
Island

® Four clusters
= In a crowd
= On crosswalk
= In vehicles, buildings
= On sidewalk

F. Xue: Digital Twinning Construction

2.5.3 Case 3: Pedestrian clusters wosing

-Uﬂum&gga %% b (©)

Background
(pixels at top)

Sides

(left and
= right

pixels)

Ground
(bottom pixels)

.'.:-.1'.‘-'5.': i ".'..': :."J'."f.': .\ '.'.'.'_;',"‘._;'ii Lj_';;.".i 5 ,'_'_;\.j;.: - ;,';'_. :";;\f':".:

Geolocation:
Latitude, longimde, easting,
north, direction, et

530 OOO street view photos |
(48GB, source: Tencent)

PGz
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Section 3
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iy

3.1 A wrap-up

® Construction IT
Lab = My work in recent 3 years
® DTCO = Real-time virtual replica
= Aka. nD geometry modeling + semantics modeling in CAx/BIM
= For all types of construction objects
o Building
o Equipment
o Human
= Involving various methods, as in 4 groups in ML’s perspective

o Filtering
o Supervised

o Reinforcement

F. Xue: Digital Twinning (Q)nsltlgélglp ervised
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o

® Possibility within REC’s clusters
= CLIPE

o Conservation v/
Digital conservation

iLab

o Law

o Innovation bld. tech. v' v/
CAx/BIM /DT
loT, Al

Project management v v/
Site safety
Operations management

@]

o Economics v
Valuation, prediction

F. Xue: Digital Twinning Construction

3.2 Possible research collaborations

40,000 private buildings

25-year estate price “disco”




B 3.3 Teaching Construction IT at REC

“ ] © My teaching
iLab FUG
o RECO 3032: 1 talks
= TPg
o RECO 6004: 1.5 talks
© Incoming
= TPg
o RECO xxxx: 2-3 talks: On new advances (DT/AIR)
© Something in my mind
= UG

o A “Construction IT” course: On basic CAx, or playful techy
E.g., “Introduction” (Yr2), or Elective (Yr3/4)

F. Xue: Digital Twinning Construction
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