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¥ 1iLab - the urban big data lab

iLab

Prod Cheinetnter M

& https://ilab.hku.hk/

& 30 + 11 members

= Two interest groups
® 23 alumni

Xue: DfX with DT. TUDelft, 30 Jun 2023.
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= My background and research interest

id ® Xue, Fan (Frank) &® Professional
" & Edu. background @ MACM, MHKGISA, MIEEE,
= BEng in Automation 2004  ®SMCGS, MASC, MHKABAEIMA
® MSc in Computer Science 2007 = Vice-Chair ACM-HK, Com. CGS-BIM,

= PhD in System Engineering Com. ASC-Smart Construction

= PDF/RAP/AP in Construction IT

&® Research interests

2013

= Urban sensing and computing
= As-built BIM and Digital Twin
= Automation/IT in construction

= Operations research, ML
e DX it DT_@U@Q%&%@ applications in construction



& 1 My recent work #1: Scan-to-BIM automation
LI

| Normal segment + mesher + ifcopenshell (10+ years) < Winner of Scan-
Lob ® 2. 3D deep learning segmentation + clustering (3+ years) to-BIM Challenge,

« ) CVPR2023 ST

© 3. Our fully auto “dream”: Automate >60% workload (1 year) \ 1y

/ ~\
12General V| 2. BIM/CIM
architectural i ! objects applications
|

elements (AEs)

|

Open-
BIM % _

o o T O T O o

e mm mmm e o o

I:> Not covered

Not covered

> INeD | >

1. Mesher + ifcopenshell I::>
2. 3D DL + clustering |

3. Our fully auto dream |

Xue: DfX with DT. TUDelft, 30 Jun 2023.



1 My recent work #2: Clustering for heritage DT

i
d ® Traditional deviation: 3D surface @ Cases: Bronze frog drums
iLab

@ Q1: Clustering (like building a Covid family tree)? = Result: F, = 0.87.
= Q2: Can shape skeleton ? = Not bad, 0.13 rooms to improve

(a) —— i ! l {a) ] [ 4. Twobig frogs onAdrum | [ 2.0dd numbers on B drum | | 3. Even numbers on B drum | 4. Three frogs on G drum |

3 Fi it F " Unusual individual (A4): 52 B1 B2
L s by Maae worn head and back of frog
B g baby baby

l:‘ ook -~ — Three-legged
M Bl sl Bl 700 with baby
Even - g
- Big Odd ] nm U#™ % Four-legged
nfu:bse T frogs number || Frogs|on u frog with baby
Cloud- i B " : ongB Cp4 frogs on || C drum D ‘ ;Im W Three-legged
A4 i drum B drum " fro
thunder A = A drum D .
peterm ’ . - Four-legged
- e VS
. 7
- ’ 41—\ : Unusual individual (a4): (B}
No. 104 :

Def " Worn head of skeleton
e rogs w/o bab: Unusual individual (C4):
Frogs wit — ] Noisy left legs of skeleton
bab

ght)

Dissimilarity as RMSE (unit: % h

{a) Consistently clustered frogs (1214}

8. Unusual Individual

Wingman
pattern

unit: % height)

g | frog with baby

= i

No. 139 . Elebrl id d;‘ FrogE D . ﬁ Four-legged 5
Cloud- 5| Mheer frogs Mg ST | mostly e frog with baby | &
thunder £ - ongB nA i !:3 on C I:‘ ﬁ‘\,ﬂv ~ 1 Three-legged E
pattern a rum drunm B ] frog H
drum drul - §

- e e T [ |:| E“ﬁﬁ fFrg;r-IEQQEd é A1 (1st group by points; 4th group by skeleton) C4 (41h group by points; unusual by skefeton)

Xue: DfX with DT. TUDelft, 30 Jun 2023. (Xue et al. 2023) 9



Section 2

DFX WITH DT



< 2 DEX generative design

i _

d © Design for MA 5
iLab : _ N
- = Manufacturing and Assembly ¢/

Design for
safety

© Design for X / eXcellence also in
[ structure, quality, cost, logistics, sustainability, resilience, ... forebiy
= Objectives to optimize, better with reality data

© Generative design (Krish 20m)

‘V Idea

= A design exploration process

Rule

o Given an idea

Algorithm Ao :
o Populated by an algorithm (iterative sometimes) e
o Judged (optimized) by human designers based on the outputs " A
= Designer (decision-maker) as a human | y
Output ———— judge
= - A human-centric approaCh for DfX Generative design process (Krish 2011)

Xue: DfX with DT. TUDelft, 30 Jun 2023. 1



Y 2 DX with DT

od

© A digital twin (UKNIC 2017)

iLab « . i : i
= “A virtual representation of a physical object or system
= across its lifecycle, using real-time data
= to enable understanding, learning, and reasoning.”

® How can DT enable in Krish’s (2013) diagram ? | s
= DTs of building materials ><
= DTs of common styles i

Algorithm

= DTs of environment
IE‘ uAI designern \ Source

A
modify

o

<+ modify —

(DT of low-level decision-making)

Output

Xue: DfX with DT. TUDelft, 30 Jun 2023.

[
—>

judge J
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BUILDING SIMPLEXITY |WA:]

d ® ZCB Bamboo Pavilion & Dr. Kristof Crolla
Ls (onmy e : kcrolla@hku.hk

CLIENT BRIEF

- Host public events
- Showcase bamboo
potential
- Promote sustainability

Q maximum usage f for sustalnablllty’?
. ® Associate Prof.

: : ® Investigator of
______ [ ouron-going DIX
' | project

_AZ? [T | T ,|
T

—

|
s 2 i | i

L i | : INNSEEE
1610 ﬁ—ﬁj_ T T

Xue: DfX with DT. TUDelft, 30 Jun 2023. RESSL o  Emm EREAC LESSEEEMEC mamEmmEEL L L s 3
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=) 2.1 Method:

DESIGN WORKSHOP

Xue: DfX with DT. TUDelft, :

Geometrical concept
Strucutral system

Physical model 1
:7 Physical model 2
1% Physical model 3
j’:f’thslcal model 4
{-= Physical model 5

Scale 1to 20
Split bamboo stick, paper tape

0 Jun 2023.

Optimizing poles to bamboo “DTs”

DIGITAL MODEL 1
Overall geometry definition
Fabrication annotation concept

DIGITAL MODEL 2

Overall installation sequence
Fabric geometry

DIGITAL MODEL 3

Individual pole length management

CONSTRUCTION

1

Onsite
measurement

Scale 1to 30
Bamboo sticks @ 4mm, metal wire

Prototype 2

Scale1to4
Rattan poles @ 30mm, plastic ties

Prototype 3

Scale 1t020
Bamboo sticks @ 4mm, metal wire

1
Skin Prototype

Scale 1 to 50
Paper, plastic tape




BUILDING SIMPLEXITY WA=

bsl.hku.hk
kcrolla@hku.hk

Web:
Email:

'WORLD
ARCHITECTURE
FESTIVAL

m sect ¢ Sust

if the Yea BEST OF

G-MARK INTERNATIONAL 3}
: PROPERTY AWARDS \\5
= BEST LEASLIRE é’

okyo, lapan W
GOOD DESIGN \‘5
BEST 100

] rd
2016 GOLDEN GREEN BUILDING
PIN DESIGN AWARD - AWARDS AWARD

HONG KONG o SUCCESSFUL
DESIGN AWARDS b« . DESIGN AWARDS
Displa o . 3 SPALE category
MOST SUCCESSFUL
") DESIGN AWARD

(£  DESIGN FOR
ASIA AWARDS

HKDA GLOBAL ':.li
' * , b . A DESIGN AWARDS  %j
Y p . \ B b : inspitality & b

+ Engineering A ! - ; - n §
POPULAR CHOICE | : A - Entert sace !t:
GOLD AWARD L

W, o - & . - g T 1F HKDAGLOBAL %)
Ja\nﬁ_n:mze? : o L ¥ i i i 2 - DESIGN AWARDS ‘\h
,Iu. i e -4 4 i | = ity &
. “}I:m.aush{-“r . .. 3 ) 3 £ Enterta t Space \\:
’ \ [ 5 E e IUDGES' CHOICE _S

- HKDA GLOBAL ‘ul

ARCHITIZER - DESIGN AWARDS

Culteral: Pavilions spitality B ‘,

SPECIAL MENTION Ent i Space é’
HONG KONG BEST _£

Xue: DfX with DT. TUDelft, 30 Jun 2023. 15
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2.2 Case 2: DfX with DTs of common styles

i

d @ City mesh/point cloud models too huge ® Miss Yijie Wu

tob @ Q1: Compact building reconstruction? yijiewu@connect.
hku.hk

= Q2: Generating blocks for mimicking local styles?

® Yr-2 PhD
candidate

® Team members

|

- New Hong
220MB Kong-ish blocks?

]
Xue: DfX with DT. TUDelft, 30 Jun 2023. ’ 16



mailto:yijiewu@connect.hku.hk
mailto:yijiewu@connect.hku.hk

i
d © MIB skeleton in geometry
iLab
- = Max Inscribed Ball centers
= Counter-intuitive for plans

MIB-based skelet

Full skeleton Segment

H

I=17.14

< Building Section Skeleton % %@

(BSS)

= Extends MIB for polygon
plans

= Data-driven building style
descriptor

= High-level abstraction
© Q1 answered

Xue: DfX with DT. TUDelft, 30 Jun 2023.
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{=21.169




#

iLab

® Data-driven groups = buildings - virtual blocks at TST

Xue: DfX with DT. TUDelft, 30 Jun 2023.

18



2.3 Case 3: DfX with DTs of climate and 3D env.

d @ Q: MiC floorplan design for passive energy and natural < Miss Qianyun Zhou
b lighting (conflicting ‘Xs’ in HK) gqianyunz@hku.hk
= Q-Add: Modular-integrated Construction (MIC) brings discrete T »
design variables
= Case project: HKU High West student hostel (Block H1)
= 19-story, 31 modules, 3 (6) types, for 470 students ral

© Yr-1 PhD in Sept.

MN

%

o Constraints: Same GFA, same module sizes, etc.

Bulb Temperature {(C)

= Diry

-

HKU WCH HKU High
SEAoRPLRT. T EAEr>

19
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e

+ 2.3 Method: GA + GH env. simulation @hou & xue 2023)

Define symmetric skeleton grammar and module types
Define corridors™ length (L, Ly, ;L) and axis” vertical range ()
Assign modules(M,,, My, Mc) according to module nodes (M)

Define modular window-to-wall ratio (WIFRy, WIFRS) and windows'
height (WHy, IWHS) ‘

v n vl qls L B
:_____L..é" lie

e B ] |

= Window position part

Grasshopper
Rhinocers

3.1 Definition of Symmetric Skeleton Grammar
(55G) and Design Variables

[ 3.2 Definition of SSG-MOO Problems |
« Minimize EUISSG(x))

= Minimize s04 (S50(x))
 Subject to GFA{SSG) = Tepn

[ 3.2 Energy and Daylighting Simulations ]

Environmental value input
* Weather data for Hong Kong (.epw)

= ASHRAE climate zone #2 Ladtug @
- G ion materials and Honeybee @
* Compute simulation grid size ((5,) o =
= Caleulate the EUT value Encrgy Phus

* Caleulate the sD4 " value Radtance [l

v
Deesign variables Building
gene pool performance values
[

[ 3.3 MiC Design Generation with SSG-MOO |

[ NSGA-II for S5G-MOO problems ]
v

v Watlacei [{B
e
—  Satisfied Hl-“‘“"ﬁ--h_h’_ e
T objectives? — No

Yes

| Return Pareto optimal soluti |

Sl 14Parctu‘\-' 1 Soluti

[14 Multi-level Verification and Analysis of J

Level 12 MOO solution space
Level 2: S8G modular layout
Level 3: MiC design parameters
+
Conelude valuable design strategies for energy
efficient MiC design

Xue: DfX with DT. TUDelft, 30 Jun 2023.

® Core point == Symmetric axis

© Module node (Mn)) = Skeleton for corridors (5c,)

@ Sub-skeleton node (Si) —— Sub-skeleton for comidors (35,)
== Muodule vector (M)

L T 1
[Mc [y @ ;
ok

)

20



;

e, a5
s g

2.3 Results

iLab

Xue: DfX wit

Objective 2: 1/sDA

= in a preferred area, improving both Xs

= EUI improved up to 0.42%, spatial daylight autonomy (sDA) improved up to 9.7%

Population size: 625

Pareto optima: 39
T T

35k
3 -
: Grant one point based
on LEED V4.1
2.5 | SRR T
2k
1.5
L P
I 1
r -
3 -
l 1 1 ] 1
132 134 136 138

Objective 1:EUI

Pareto frontier

1 e Pareto optimal solution

4 Selected Pareto optima
= ‘Utopia’ point
+ Baseline reference point

d @ After 15 hrs (GA+simu), 5 improved plans

Option 1

T

Option 2

Option 3

E: l==111

21



1d -
&® More iter. = more results
iLab

© window,,,;,

is more sensitive..

@ 5 out of 11 design variables in°
the production discouraged

by the Pareto optima

il =T
- - - - o -
. 5 u o i s
1JISDA . " - Zee e
ar ~7n ° @0
My
@® @ ’
Mg
40
Me
- a
=4 s
) WWR, -
f . ¥ 4
i || 0
[TWWR;

2.3 Analysis of generated Pareto optima

2h

16h

3 days

Xue: DfX with DT. TUDelft, 30 Jun 2023.

Y
K
? # 5,0
. A, \
~. -,
e,
.,
......... S ] e
seetive | :ELT thve 10 Oibjestive 1:ELL
(a) () 3]
P, L L Ly M, My M, WIFR, WWR, WH,y, WH, Perimeter
70
° ks 14 femmmeenneees L o0 l A
25| H 3.7% 0 24 _ 165
----------- ° Y 1 551
@ 5001 12 o 2 .
- 3.50 o 2.0 o 160
o 7 20 sl 22
-| 4.75 325 10 s s| . 155
u - ’ 20 1§
0.15
k! 3.00 15 | 150
d 18
4
010 4,251 275 T I — 16 I
10 a - ¥ 1.6 nl
250 oy
4001
0,05 | 30 1.4 Ll
4 251 14
‘[ 3 2.25 “‘ J 5 b
10,00 e memneaned 3.64 T 3 | == - 20| 1.2 1.2 1
. 0l - — U | —

--- Original parameters of baseline project
— Median values
o Extreme values 22



2.4 Case 4: AI-DfX??

i
d ® Deep learning Al, especially GAN (Generative

iLab Adversarial Network)
= Trained on many input samples
o Against classes, e.g., cat, dog, or latent
= Can “judge” outputs — to a certain extent

= Taking the “supervisor” role from human
© The outputs are

= Generated by an algorithm G and

= Judged by the other D

= So-called “adversarial”

Xue: DfX with DT. TUDelft, 30 Jun 2023. l

Latent
Space

£

=

Idea

Rule
Algorithm

Source
code

I Output

Real
Samples
I 1

D A Y
H " Correct?
. v Discriminator| -
@ G
Generated :
Generator Fake
x Samples :
e Fine Tune Training |

23



2.4 Intuitive examples
]

iLab . .
& Apartment Interiors (interpolation)

® Geometric prompts/inputs

= Input 1: Real samples

= Input 2: Boundary + windows " mEEE
= By IO )
o ArchiGAN
o Chaillou (2019), MArch
(Harvard)
@® Also for exteriors
= By

o StyleGAN-ada
o Rodrigues (2021).

Xue: DfX with DT. TUDelft, 30 Jun 2023. 24



“ 2.4 Research question

® Q: “Can GAN generate floorplans for the music?”

o Even better if readers can enjoy similar feelings for the verses
= In essence: Music-to-plans

® The GAN way
= Step 1. Music => latent class
= Step 2: Latent class + real plans => new plans
= Step 3: Judge and select
® Any successful story?
= Step 1 + 2: LucidSonicDreams https://youtu.be/iEFgcMrszHO
= Step 2: StyleGAN https://twitter.com/erikswahn/status/1123951017148788738

o https://mobile.twitter.com/erikswahn/status/1129472697514242048?cxt=HHwWgMC17eTb2KwfAAAA

Xue: DfX with DT. TUDelft, 30 Jun 2023.

25
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2.4 Input: HKU Anthem

fip~
J,L‘f:] ® A brief hiStOrY

= March 11, 1912: first performed at the Opening Ceremony of
HKU, in front of the newly completed Main Building.

= Until 1930s: used at formal University occasions
= After 1940s war: forgotten ]
= May 18, 2011: Revived to celebrate HKU’s centenary The 1912 Anthem™

Finis hic operum! Domus Here end our labours!

. . . . . Stat potens Academia, Strong stand the buildings of the University,
o Recorded with 150 musicians in the City Hall hence modem aringso0n il ow
Ampliore flust plagis from western land in more ample course.

Mox doctring meatw,

® Lyrics by Sir Cecil Clementi (20" Governor)

Et, Scientia, qua lates? And how, O science, art thou hidden?
Pontus negat in suls The Sea denies that these are concealed
- - Subditas latebris, negat in his hiding-place
E 4 Ve rSeS me ntl O n I n g Has se Terra tenere. and the Earth denies that she contains them
]

En! Dei reverentia Lo! The fear of God-that is science!

« d f » o« . d h . dd ) Hac sciential Qui malis Whaoso abstains from evil, he is wise.
Abstini apit. Hoo diu Leng and carnestly may ye train

o “modern from western,” “science [and] art hidden, Absic, i, Ho

valentem wyouth's vigour in this duty!
am !

Exercete ju

O “train youth,s Vigo r" and Hlight Of WiSdom" Pandite ostial lam Deo Fling open the gates!

Gratias agimus, Dei MNow we give thanks to God.

Sempel ilio novum By God's grace may the new light of wisdom

(Selected subjectively, based on the translation) e Sl i o e e b
. . ) The lyrics*
Xue: DfX with DT. TUDelft, 30 Jun 2023. (*: Source: https://lib.hku.hk/muslib/HKUanthem.html ) 26



https://lib.hku.hk/muslib/HKUanthem.html

2.4 The ready-to-use music-to-video pipeline

"= ® Software: Lucid Sonic Dream, StyleGAN2 © Python codes (30 lines)
- = https://github.com/mikaelalafriz/lucid-sonic-dreams @ 1. Upload the Anthem to
@ https://github.com/NVlabs/stylegan2 Colab virtual machine
® Platform: Google Colab | = 2. Load Lucid Sonic

= Free GPU for 2 hrs every day Dream with the song

® Audio source: HKUL = 3. Load pre-trained

StyleGAN2 model

© Real plan sketches B gt (300MB) for floor plans
= Collected by Mayur Mistry € |- =4, Run
o Antique-like styles 7 :g e = 5. Download video
A/

® Final pipeline

= Anthem - Lucid Sonic Dream - StyleGAN2 >

video of plans = selected plans
Xue: DfX with DT. TUDelft, 30 Jun 2023. 27


https://github.com/mikaelalafriz/lucid-sonic-dreams
https://github.com/NVlabs/stylegan2

Xue: DfX with DT. TUDelft, 30 Jun 2023.

(Full video link on the last page)

@ A 5:54 video

% 2.4 Results of generated plans (video)

= With morphing plans

o Similar to the morphing arts on Page 7
= “Interpolations” of the training plans

® I collected some

IT'”

e o

<

| I R

J LJ | e s
= e

humzﬁ { B

_:\H}_'UL\ ]
2
2EE

ET e ; “ _4'
‘ le2 | - T
l 4I Cpmen
T B e gt A \”
L= | Nl
L



& 2.4 Featured on the cover page of Dean’s RoundUp

© Upper:

= Spectrogram of
the Anthem

= By “foobar2k”
® Lower:

= Four selected
subjectively

@® Next...

= May the plans
trigger similar
feelings to those
from Anthem?

VAR FI) W s
y EE i

&
[ --U i

Xue: DfX with DT. TUDelft, 30 Jun 2023. 29



2.4 30-line codes and class adjustment

1 from lucidsonicdreams - import LucidSonicDream o

2 from google.colab import files @ A tutorlal Of

3

4 import os . . .

5 import requests LUCldSOHICDTGamS.

5

7 [def download(url: str, -dest folder: str): https://Colab.research.google

8 H if not os.path.exists(dest folder): : :

9 os.makedirs{dest folder). . # create folder-if.it.does . not.exist .Com/drlve/1Y5150xSFIuN3V4
10 filename = url.split('/') [-1]1.replace(" ", " ") -# be careful with file names MdSTBBO GOAttS7RQD#SCT
11 file path = os.path.join(dest_folder, filename) —

12 r = requests.get (url, - stream=True) 011T0=Z7D1(I<C09CfM_
13 H if r.ok:
14 print("saving-tao", os.path.abspath{file_path)} s s

5 H with open(file path, 'wb'} as f: @ For aSSIgnlng

le H for chunk in - r.iter content(chunk size=1024 * 8): .

17 H if chunk:

class mapping,
19 f.flush()

2 05 Toync £  Fileno 0) use the parameter

21 H else:  # HTTP status-code-4XX/5XX
22 print ("Download-failed: status-code- {}\n{}".format(r.status code, -r.text)) b 1
23 elow
24 download ("https://online.fliphtml5.com/pxk]j/ghhi/files/extfile/BackgroundSoundURL.mp3", dest_folder=".")
25
26 ?L =.LucidSonicDream(song = 'BackgroundSoundURL.mp3", Lo/l e 1“‘1‘15?“1“1”93”5"“'94 :
27 style-=-"E100F plans') - - # lsun-bedrooms, -maps, -abstract-art, -modern-art risctutn;g = 2k

. star =
28 s

. . . duration = @@,

29 L.hallucinate(file_name = "floorl.mp4', pulse_react = 0.25
30 resolution = 1080, e, e o G
31 #start.-=-81, classes = [1,5,9,16,23,27,28,38,50,68,71 391
32 #duration-=-5, dominant_classes_first = True,
33 fps=24 class_shuffle_seconds = 8,
34 ) class_smooth_seconds = 4,
a5 class_pitch_react = 8.2,
36 files.download("floorl . mpd™) contrast_strength = 8.3,

flash_strength = 8.1)

Xue: DfX with DT. TUDelft, 30 Jun 2023. 30
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DISCUSSION



:

< 3.1 Summary

Data Semantics in Handy tools Simulation-based
s granularity | “DT” optimization

Individual
bamboo

2.2 Building /
block

2.3 MiC
module

2.4 (?Music?)

Xue: DfX with DT. TUDelft, 30 Jun 2023.

Bamboo lengths GH

Buildings’
section skeleton

Env. (climate,
3D env.)

(?Verse, tone,
volume?)

CloudCompare to
edit 3D points

GH/ wallacei, energy
plus, ladybug,
honeybee, radiance

AIGC/ Lucid Sonic
Dream, StyleGAN2

Data-driven + integer
programming

Yes (GA)

(?My manual
selection?)

32



A

® DfX indicates optimization - finding the best(s)
Lab = DT can help DfX and generative design in different aspects

o Abstraction, generic model, constraints, and decision-making
= Generative design is a human-centric approach for DfX

® A DT contains nothing more than you need

= Value-driven, Level-of-Detail, Level Of Information Needed
® Many handy tools are on GH

= Some are open-sourced elsewhere; some need Python coding
® Designer is still a human for AIGC

= “Al designer” as an “employee” for low-level, tedious decisions

Xue: DfX with DT. TUDelft, 30 Jun 2023.

® Disclaimer

= | am a software
architect, not a
real architect.

= My apology for
potential mis-
understanding
or far-fetched
arguments
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® Supported by our on-going DfX-related projects

= Hong Kong RGC (C7080-22GF, 5.3M) — Generative DfX
in high-rise modular building: An expert-augmented
cascade graph learning and optimisation approach

= Hong Kong RGC (T22-504/21-R, 34.6M) — Healthy and
resilient city with pervasive LoCHSs (localised outdoor
thermal-comfort hubs)

= Hong Kong ITF (ITP/004/23LP, 7.5M) — “SBASE”
project
® Job vacancies in my group
= Postdoctoral Fellow: 1~5
= Research Assistant: 5
= PhD posts: 1~2

Xue: DfX with DT. TUDelft, 30 Jun 2023.

Acknowledgement & job vacancies
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Full video (78M in 1080p) generated from the Anthem:

= https://www.dropbox.com/s/n02e5z83f17h73w/Floor%20plans%20generated%20using%20HKU%20Anthem%20as%20the
%20input.mp4?di=0

Xue: DfX with DT. TUDelft, 30 Jun 2023.
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Enjoy your incoming weekend!
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