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5 0.1 HKUrbanLab, HKU

% ® Faculty of Architecture, HKU E3A2~bE
= 3 Departments: Arch., REC, DUPAD
= 2 Divisions: Landscape Arch., Arch. Conservation

® HKURBANIab SL¥sss S8

= Newly branded research arm of FOA
=1 Academician (CAS), 12 full professors
=14 labs on

iLab
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Urban planning;

Chinese architecture;
Health;

Fabrication and materials;
iLab (data and information);

F. Xue: EO for 3D Reconstruction, CAUC, China

Property rights;
Rural;
Sustainability;

Conservation;

Virtual Reality; ...
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B 0.11iLab: The urban big data hub

iy

® iLab SC¥s f I_ 3 b -
:IL{ b . 'f"'Z'III|1\i!1|‘I:-':Jl"-i-.l:‘
} = Urban big data hub Sl
= multi-dimensional and multi-disciplinary urban big data ", iLabHKU
collection, storage, analysis, and presentation to inform decision-
making in urban development A

fac.arch.hku.hk/iLab

= Focusing on information technology (IT) e

o Geographical Information Systems (GIS)
o Global Positioning Systems (GPS)

o Urban Remote Sensing (URS)

Building Information Model (BIM)
Internet of Things (10T)

virtual design and construction (VDC)

o

o

@]

o Integrated project delivery (IPD)

F. Xue: EO for 3D Reconstruction, CAUC, China
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id & Director
Lab = Prof. Wilson Lu
& Members
=1 Assistant Professor, 1 Postdoc Fellow
= 3 Research Assistants, 6 PhD students
& Themes Jm]

= Urban big data / urban computing

o BIM, GIS, Digital Twin, Text mining, IoT, ...

= Construction waste
o Metrics, Behavioral analysis, policy
= International construction

o Corporate social responsibility
F. Xue: EO for 3D Reconstruction, CAUC, China
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& 0.2 About myself
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® A mixed background 5+
iLab

= BEng in Automation, CAUC | 2004
= MSc in Computer Science, CAUC 2007
o Advisor: Prof. W Fan
= PhD in System Engineering, HKPU 1 2012
2016

= PDF/RAP/AP in Construction IT
® Research interests Jjnj

= Urban sensing and computing

= Automation in construction

= Applied operations research

= Machine learning and data visualization

F. Xue: EO for 3D Reconstruction, CAUC, China

© Engineering
= ISE, CEM, EIE
» © Computer Science
= Al, DFO, ML
© Economics
= SCM
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1 0.2 My research projects

id ® On-going fEWf

Lab = Pl: HK RGC (17201717, 17200218), HKU-Tsinghua SPF (20300083), HKU
(201811159177)

= Co-Pl: Key R&D Guangdong (20198010151001), HKU PTF (102009741)

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

® Completed 5Emk

= Pl: HKU (201702159013, 201711159016)
m Co-1: NSFC (60472123)

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

F. Xue: EO for 3D Reconstruction, CAUC, China 7



Section 1

EVOLUTIONARY
COMPUTATION



& 1.1 Fundamentals
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@ Function domain range
iLab ) )
} = A mapping f from a domain set to a range set 1 -3
® Optimization problem @)>< 5
= the selection of a best element (with regard to some criteria) 3 14
from some set of available alternatives 4t—T"

o Optimality € Objective function

o “Bestvalue” inrange Min fiR*" — R

o “Best element” in domain arg min f y
® Fitness landscape

y
\

= Appearance of f
= Peaks/valleys contain the solutions Min f(x,y) = x|+ ly]

o Extremum / extrema

F. Xue: EO for 3D Reconstruction, CAUC, China 9
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o L

© Optimality guaranteed methods

® Non-guaranteed methods

1.1 Fundamentals

\ f(x) =@ sin (2?) + 1

= Linear programming VA= (=2,251)

o Linear super plane of fitness landscape 21
= Gradient-based

o Stationary points, where the first derivative is zero ﬁ
= Brach-and-bound/cut 2 Vo v :
= Exhaustive f(~2) = —5.99

First derivative and stationary points

= Monte Carlo } :

_ _ Expensive f -
= Quasi-gradient / Surrogate ;
= Heuristics (Fixed rules) } Inexpensive f, ﬁ
= Evolutionary / metaheuristics (rules of rules) escape ,,local BOWL

optima Aerodynamics simulation o

Picture source: mentor.com



& 1.2 Evolutionary computation

© Evolutionary computation (EC)

iLab ..
} & A.k.a. metaheuristics E}-

>3] A

b Harmony search
up(‘ate with elitism 2000 juum
Pherdmon Cross entropy method

Ant-Q: ™ Estimation of distribution
b= Particle swarm optimization, GRASP

9‘

= A set of optimization algorithms

o Iteration, population

() = — e b= Ant colony optimization
o
I3 1T} rpt rpt
= Often a meta-model “M”  aco: {—> MmAs:
b= Tabu search
max & min limits, -
‘ Fdate with elitism and frequency == Simulated annealing

et“
E

Pheromone

@ A long History Pé) it
= From bio-inspiration E‘".l
Ls:
@ To meta-model ' -

1980 frm
neighborhood-based

-1 half greedy rpt b= Genetic algorithm

Pheoneocal & global update
E With many Variants . Aaaq = Evolution concepts
GA: E CACO: @
o see AC “' ﬁ;‘;;g\;@; il
Derivations of AC (Xue 2012) Timeline of early EC (Xue 2012)

F. Xue: EO for 3D Reconstruction, CAUC, China 1



B 1.2 Evolutionary computation (cont.)
© Some recent ones with quasi-gradient meta-model o
b = For expensive f {// \\
= Escaping local optima = e
= Approximately a.k.a. derivative-free optimization (DFO) i N /
® Examples N e \/f&f/ﬂ‘

= CMA: Covariance Matrix Adaptation Nelder-Mead Sourke: Wikipedia.org
o CMA-ES; Variants of CMA-ES .
o CMA-VNS (Xue & Shen, 2017)

= IDEA: Iterated Density Estimation EA

= Nelder—Mead (downhill simplex)

= NEWUOA: New Unconstrained Optimization w. quadratic Approxir
= DIRECT: DIviding RECTangles

F. Xue: EO for 3D Reconstruction, CAUC, China CMA-ES Source: otoro.net |,
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® Black-Box Optimization Benchmark

tab - solving without explicit V
[ Surrogate methods

o CMA-ES and its variants are
competitive

= Trust-region methods
o DIRECT, NEWUOA, etc.
= Metaheuristics (GA, PSO, VNS, etc.)

= Hyper-heuristics, data mining
= ... and Monte Carlo

F. Xue: EO for 3D Reconstruction, CAUC, China
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1.3 Benchmark performance

w 'BIPOP-GMA-ES
""fAMaLG M IDEA
=~ -iAMaLGaM IDEA

100 10 100 10°
Running length / dimension

Comparison of algorithms for BBOB-2009 (Black-Box Optimization
Benchmarking, higher is better) (Auger et al., 2010) Image courtesy: Inria

13
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1.3 Benchmarking performance (cont.)

® Symmetry detection in 3D point clouds (Xueetal. 20102) g [ & - e
iLab : g B g
= Among 7 algorithms R - v

3 70 v~ 7+ TJIRECT =

o All with default parameters %‘ oo % sepalPOP-CMA

£ of v o e ]

= DIRECT was the best g S0k il

3 a0k & PSO i

= NSGA2 was the worst - S O
100 1000 10°

@ SO, Overall, we say Number of iterations (#)

= “‘Quasi-derivative + evolutionary’ > Quasi-derivative > . DIRECT g 5

: o [ o 5 -

evolutionary =S ABC 7

. . =  MLSL g i

= Due to the characteristics of real world problems S a0 A -
TR :

< i,f : 7

01 v A R 0 | AN L1
100 1000 10°

Number of iterations (k)

F. Xue: EO for 3D Reconstruction, CAUC, China 14



Section 2

OPTIMIZATION-DRIVEN 3D
RECONSTRUCTION
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3 2.1 3D urban reconstruction

id ® 3D Reconstruction
Lab = Capturing the shape and appearance of real objects to cyber

space
© Abundant 2D/3D urban data from sensors

ot ——— e
IE] G r OU n d (Synthetic Aperture Radar ) : _.
A
= Satellite Point LiDAR ) ”
Clond (Light Detection And 7
@ N ee d S Sensing Ranging) !
= Smart city N é
i Spaceborne ﬁ

F. Xue: EO for 3D Reconstruction, CAUC, China



F 2.2 An indoor case (Xue et al. 2019b)

Ri20

1!;’}

< Input: 3D point cloud
® Traditional methods
= Non-semantic: Photogrammetry, 3D mesh
[ Semantic: Segment > features - class, parameters
© Modeling f'for EC
= Available 3D components from manufacturer/WWW
= Best model = best fitting

o Fitting parameters: 3D location (¢, ¢, t,), 3D rotation (r,)

o x=(t,t,t,r,), DoF(x)=4 / B
= f = RMSE(model(x), input) }\;f

o min f

o s.t.xin Boundary, C(x) <0
F. Xue: EO for 3D Reconstruction, CAUC, China
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2.2.2 The overall flow

& Two inputs .
(_’lnpm .!Dp?im. /
@ One Output cloud (m points)

A library of
BIM
components

66

COBIMG-Revit developed in this paper

¥
Voxelization, RMSE| |
caleulation{Eq. 2) |

DFO algorithm
(e.g. CMA-ES") |«
subject to (LX)

iLab

® Four modules
= Autodesk Revit
= Component op. (Revit plugin) / C++ CLR

Component
manipulation”

TR "?rémf.-if'-j{.""'u.f,.;'ii;i'}'iu}mf'
X7 ElemeniTransformUiils, e

ically rich
as-built BIM
(# components)

Autodesk Revit

o C4 0, supported By libemacs (version 0.9.5, aveileable ar: higps:/gittub.combeniz/Tbennes)
e C v, supparted by PCE fversion 18 1, with FLANN, available ar- htip:/poimclond.org)
IE‘ D F O al g Ori th ( C M n E S) / C+ + 1 1 W dur 4 Cmcemmpeatible CLR. supported by dutodesk Revit (version 2005 Euducational, docnments avatlable at: hitp: /A, revitapidocs. conh
f I t' / C + + 1 1 Autodesk Revit Component DFO algorithm Voxelization,
IE‘ eva U a I 0 n (BIM platform) manipulation  (e.g., CMA-LS) RMSE calculation

Decoding params | 4 foasible 1

= (See the message sequencing chart) -yl Bl LI OB PR
g Commercial software -;I{:‘-P“"'-"’-:‘;';“—'-“‘"“ b

1. voxelization.
2. compuling
RMSE (Eq. 2)

v

{Amow direction
indicates time) Obj. value f1X)
Updating

DFO

Non-commercial ) .
Updating as-built BIM

{modules of
COBIMG-Rewvit)

Message or execution

Calls of Revit APIs

F. Xue: EO for 3D Reconstruction, CAUC, China

if'a better fX)) found

(end of a trial)

"Element Transformi U tils::
MoveElement(),"”
"::RotateElement()," etc.

v

\4

18



B 2.2.3 f evaluation
® f1is still too expensive fX) = RMSE(BIM(X), Pyy)
Lab = Computing m points against thousands of triangles ~ RMSE(Py, Pin)
® An effective approximation ~ RMSE(Py, Pia)
= Component point cloud dense sampling (pre-iteration = J Epepj;“”dfﬂz (p, Px)/m’
= Input cloud down sampling O(m log m)** ~ RMSE(P;,, Py)
= Iteration

o Transform component withx 0O(n)

= [Zpesmdis? (0, 2) 125

Ao

o Octree voxel down sampling  O(n log n)**

o nndist for n’ points O(n’log m’) : '
o Compute f o(n") =
o Meta-model Evolution

**: optional o _

. .
F. Xue: EO for 3D Reconstruction, CAUC, China Octree search for 3D space/points Source: apple.com 19



2.2.3 Implementation with GUI

Properties

A E‘E@'(hl‘ﬂ:b' ﬁ"{‘\l@A Q'Q?‘E @%PI:I"'= Type Properties
» Steelcase AP - B Free - Cube Eamily: ~ | | Load
[ . E Load..
Lab h lii4] o Tool: Automatic LR :
P Exporta |COBIMG| as-built Compute & Type: CEE TR v] | LiEE .
. . Furniture (1 ~ Edit Type
Modify| External | Glue Clash Equipment component (Eeopbal BIM_ RMSE prisl) . .
Tools Pinpoint Properties to PLY panel | modeling Uphelstery for Top ... ESteeIcaseAP-SL S
| | TR | R Uphalstery iSteelcase AP - 5L 5., Type Parameters
Select v | External i Py
COBIMG control panel S Parameter Value
M BB COBIMG-Revit, by iLab, HKU, 2018 - ; o
4 B o ' ) Set up COBIMG with a GUI Comments URL https://www.steelcase.com/asia-e
__oe Help Mark Style Number(s) BFL300010
By & Helease Dat i 3578
'I'h i L.I‘t.?nD ntd df"l | - - elease Uate anuary <
s P oud fle (gly) Phase Created Project Completion Product Line Welcome! In Between
|D:IDmpbo::f2013.Frank.Optim .30 Point clouds/frank wokring folden’modelﬁlab.scene.alpha.\| Phase Demolished  |None | Brodus B
. Other % o
5 Select... Manufacturer Steelcase
Vouel grid cm, []With color COBIMG_ID Type-inst Mot :
= : Copyright © 2010 Steelcase Inc.
E Alist of components (sfa links) COBIMG transiation [0.796,-3.604,0.000] RuteCAD Tag e
uiD Family Type  PCD_ply  Clscale x_min Cl_scale_x_m COBIMG children Ruthonng Version Revit Architecture 2014
e i ) i COBIMG_parent Ground Resembly Code 3030300
|_ » Think V2+h{z Think ... |D:Drop... |1 1 COBIMG romation ™ A677[0.0,00,1.0] o
H 8c733... | Think V2442 Think ... |D:/Drop... |1 1 COBIMG_manifold 7] v Keymots
- 2c81b... | Steelcase AP - |425W .. | D:/Drop... |1 1 =l e Model
I Type Comments
I:k 8c733... |Groupwork-Co... [13/8" ... |D:/Drop... |1 1 Project Browser - ilab-demo-revit.rvt X Bescription
I 8c733... |FlipTop-Twin-.. |FipTo... |D:/Drop.. |1 1 0. Views (all) ~ Cost
Floor Plans Assembly Description Furniture & Accessories
C £ 4 > Ceiling Plans Type Mark
N Automatic as-built BIM generation 3D Views OmniClass Number 73.40.20.00
PH - Elevaticns (Building Elevation) OmniClass Title General Furniture and Specialties
Trials per comp. 1000 | Run | ShowRMSE |

Owersall progress

Message | |
1

o=

F. Xue: EO for 3D Reconstruction, CAUC, China

Legends

Sheets (all)
-2 Families

= Schedules/Quantities

<< Preview |

[ oK || cancel Apply

20



B 2.2.4 3D reconstruction as f descending

S (cm)

100

|

A round table is r

/= RMSE(P,P,,)

F. Xue: EO for 3D Reconstruction, CAUC, China

™ attached first Four components f 7
(fr=2.58), in as-built BIM B
whale [ 1s large (fr=3.94, Six comp.
[z ' = 23.-12 k ;? -** ]
i > 4 T End of i I ? :
j R J nd of merementa
B F ry SRy — A9 End of fine-tuning, T
L o \ / eeneration (/= 4.26) final BIM (/= 3.87)N\ 1
- l /-"
i f RMSE(P.. P. 5 Eight comp.
v = RMSE(P,,Py) o8  (fe=4.46, i
*‘Pft [=426)
gl - - g o]
The incremental generation phase The fine-tune phase
1 | L | | L | 1 1 L |
1 2 3 4 5 6
time (s)

® T=6.44s

= Manual = 330s

@ Iter = 9,000
® Precision = 1.0
® Recall =1.0

21



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

F. Xue: EO for 3D Reconstruction, CAUC, China

(b) A visual comparison between the
input (grey points) and the output BIM

22
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 2.2.4 Demo video (another scene)

Lab

F. Xue: EO for 3D Reconstruction, CAUC, China
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© Two major parameters

= Iterations per component (trails)

= Grid size of octree voxelization
® Indicators

= (a): correctness

= (b): f

= (c): time consumption

= (d): trade-off between (a) and (c)

F. Xue: EO for 3D Reconstruction, CAUC, China

i 2.2.5 Parameter sensitivity analy31s

40}

(a) The number of correct components (higher (b) The objective function {lower is better)
is better)

logy trials

1 23 456 7 8 910

grid size (em)

_ i I Ol e (s) _:m:-

L o 0.5 1 | ] 2 20 & 10 100 1000

(d) A trade-off anﬂlysm e.g., a recommended
setting is f< 5 cm and time < 10 5 24

(c) The time cost (in log:g. lower is better)



W & Problem
Lab = To fit 3D object to 2D
@ f= dissimilarity _
® arg max f(x)=SSIM(t(x), m) "““g“‘“ Egﬁ
® Algorithm (o e compans fom e
= CMA-ES

©® Performance

= Good
@ ~1 trails/s

F. Xue: EO for 3D Reconstruction, CAUC, China

{a) A photo of a demolished building

sl b tre= -
L Egio=h o
- .
03— -
T I g § W,
| v
(L) o

B 2.3.1 Image-based reconstructmn (Xue et al. 2018)

(d) Se mmt J‘L opol f,ca]l lL

25



=y

B 2.3.2 Opt in algorithms oue etar. 2019

id & Problem
Lab = Reconstructing repetitive objects
© Same fto 2.2
® Algorithm
= - Multi-Modal Optimization (MMO)
= NMMSO
® Performance
= Recall 2> + 10%
= Precision 2 + 10%

= Time = —35%

F. Xue: EO for 3D Reconstruction, CAUC, China

26
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iLab

| 2.3.3 Topology reconstruction: Symmetry oue etat. 20100

& Problem
= Detecting symmetry in point cloud
@ f'= distance
= arg min f = RMSE(C(x), C) = RMSE(C’(x), C)
® Algorithm
= CMA-ES
® Performance
= Time = 98.6s
= PCR =93.7%

(a) The detected reflections (b) Symmetry hierarchy  (c) A symmetry-guided mod:ll

(b} Rotation {c) Trandation {d) Translation * scaling
(The Pentagon. USA} {The Great Wall. Chinz}  (Fractal-like) (Hinda temples}

1] The parameter space viewport (walking on Lip,e))
51 = |

<R e, 41
“

(€} Scaling = rotation u_'f} Rotation > translatien  (g) Tramslation = reflection (1 Cluster of homogensous
(The Pantheon dome, Italy) (The Gherkin, UK) {Suger Hill Project, USA) symmetries (Tulon, China)

(1) The optimization viewpor | ding of

{ﬂ] The hml(hub {b) Photos by a drane (] A dense point cloud the ohjzetive function by CMA-ES)

The valuz of the objective function
=

.f

ol
o w40 [} 100
T nnrn.[(‘\l\ ES (8 ]

{ii3) The Point cloud viewport (lesting o series of symmitries)

F. Xue: EO for 3D Reconstruction, CAUC, China 27



B 2.3.4 Clustering similar objects (xue et al. 2019)

id ® Problem

= To cluster similar cloud patches
& f= dissimilarity

= min f = RMSE(C,(x), C,)
® Algorithm

= CMA-ES

&® Performance

L

(ilh

[GraE Lo 28 68 LON BN 120 TR SH ILN|  (Grse 3ot Le 364

= ~0.6s for each pair

i Rz FRRSRER

F. Xue: EO for 3D Reconstruction, CAUC, China 28



Section 3
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3.1 A recap

iy

® “Any evidence-based decision making can be formulated
as an optimization problem”
<© Evolutionary computation
= A long history
= Still a thriving domain
o Conferences: GECCO, IEEE CEC
= Good to handle expensive, complex tests

o E.g., 3D urban reconstruction
o Especially recent algorithms

F. Xue: EO for 3D Reconstruction, CAUC, China
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Bl 3.2 Modeling for EC

S L

® To design f

iLab . .
. = Supporting functions

® To set up domain
© To validate range
® To apply EC

© To analyze parameter sensitivity

F. Xue: EO for 3D Reconstruction, CAUC, China
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