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0 The HZM Station (HKU)

© Bx X “22is Bl BEPEEHE (IGIERSE)
BB EE BTN ERETRIERR, 2EmEWA
PRI BIFT, HEESYIEIERI N EREERY, IaERIEr~
REMRNEZE, AFBISTENEREREECIEmER,
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= 522 TAEEAHR AR EESEr M8 R B X EA IR E]
R, AEELHRITIEAREEEN, GEEEHENEFTEEX
MR ERNTREMEEFTHT, https://smartheritage.hku.hk/
= Team from all the departments:

o Director: Prof Anthony Yeh (DUPAD),
o AD: Frank (REC),

o Members: Kasing (REC), Katherine (REC), Linda (DLA), Bin
(DLA)
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https://smartheritage.hku.hk/

B 0 My background

i)
e @ Xue, Fan (Frank)
iLab .
" & Edu. background ® Professional
= BEng in Automation m MACM, MHKGISA, MIEEE, SMCGS,
2004 : : MASC, MISDE

= MSc in Computer Science

2007 = Vice-Chair ACM-HK, Com. CGS-BIM,

Com. ASC-SC
= Engineering panel of RGC APSF
® 16M grants, >100 papers, 30 awards
® QESI Top 1% Researcher S
“World Top 2% Scientist g

= PhD(*PolyU) in System Engineering
2013 @ pPDF*/RAP/AP/AssocP in Construction IT
® Research interests

= Urban sensing and computing
= As-built BIM and Digital Twin

= Automation/IT in construction

[ Operations research, ML cosT(s06M U

S?STI 1S1.3M)

e DlgltalherltageI?]‘ ckchain applications in construction = WM



Section 1

INTRO TO DIGITAL HERITAGE
CONSERVATION



B 1 Case of existing: Notre-Dame of Paris

! S UNESCO world
iLa . .
heritage site
= A fire 1n 4/2019

o Last time 1789
= Reopens in 12/2024

(Src: WaPo stafﬂ Notre-Dame: building a digital twin | CNRS (https://youtu.be/p-2J0HS516-4?si=kBdSDweN0adD9Hc7&t=141)
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https://youtu.be/p-2J0H5i6-4?si=kBdSDweN0adD9Hc7&t=141
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1 Case of hidden: Finding a Viking ship, Norway

- . AW - @ Gjellestad ship in
e : GPR scans in 2018
= By NIKU
(Norwegian
Institute for Cultural
Heritage Research)

= Excavated in 2021

‘Qﬁe’resu *§ \re astonishi

n L 1- - « - - x e
(Source: NIKU Norway, httns://www.voutube.com/watch?v=RXZNk3R8YKU) (Source: Science NOIrway, npsmnsciencenorway.no/archacology-viking-age-

vikings/archaeologi d-the-alarm-urgent-acti eded-to the-gjellestad. “',,-remain5/2382363)

Xue: Digital heritage. Jul. 2024.


https://www.youtube.com/watch?v=RXZNk3R8YKU
https://www.sciencenorway.no/archaeology-viking-age-vikings/archaeologists-sound-the-alarm-urgent-action-needed-to-preserve-the-gjellestad-ship-remains/2382363

3 1 Case of gone: 5KXE “EhiXzmE k"

© 1920-50s historical
city model restored

= Drone + old photos

(Source: Guangzhou OkayGIS 2022, our partner)

Xue: Digital heritage. Jul. 2024.



Section 2

SOME OF OUR SPATIAL
TECHNOLOGY APPLICATIONS



B3

® Hong Kong Tramways
= A.k.a. Ding Ding
=120 years in 2024

= Lively and vibrant cultural
heritage

= GPS story App by Yeh (2011)

iLab

Xue: Digital heritage. Jul. 2024.
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2.1 HK Tram Trail (& HKU 100)
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2.1 HK Tram Trail (& HKU 100)

Kennedy Town Néw

EX JE 3B 55
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& https.//dbde.catholic.org hk/RDC/home/te/index htm
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REHELHNEREEBEE S - Ic0EFFR LMY
Hong Kong Diocesan Building and Development Commission - 360 Virtual Church Tours

https://dbdc.catholic.org.hk/RDC/home/tc/index.html



https://dbdc.catholic.org.hk/RDC/home/tc/index.html

https://dbdc.catholic.org.hk/RDC/001_CathedralofImmaculateConception
n/¢hurch360/index.html
6.

C & dbdc.catholic.org.hk/RDC/001_CathedralofimmaculateConception/church360_chin/church360/index.html| G

$X |English

FERFARERERRRES Y - Jc0HHELEY R
Hong Kong Diocesan Building and Development Commission - 360 Virtual Church Tours
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https://dbdc.catholic.org.hk/RDC/001_CathedralofImmaculateConception/church360_chin/church360/index.html

https://dbdc.catholic.org.hk/RDC/001 CathedraloﬂmmaculateC0ncept10n/church360 ch1
nfchurch?afiﬁ/mdex.html

@ dbdc.catholic.org.hk/RDC/001_CathedralofimmaculateConception/church360_chin/church360/floorplan.html

+ [English
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Hong Kong Di Building and Devel = tsslon - 360 Virtual Church Tours



https://dbdc.catholic.org.hk/RDC/001_CathedralofImmaculateConception/church360_chin/church360/index.html

2.2 Pokfulam Conduit (story, mockup)

]

® Pokfulam Conduit (Built 1876-77), now a hiking trail
= VR-ready web GIS http://147.8.124.72:8080/vrtour/canal/
= Unity 3D https://play.unity.com/mg/other/webgl-builds-217561

ey I

iLab

A project collaborated with Dr Katherine
Deng and Dr S.W. Poon

Xue: Digital heritage. Jul. 2024.



http://147.8.124.72:8080/vrtour/canal/
https://play.unity.com/mg/other/webgl-builds-217561

o BEKIE—E"

= PREGE AT

= SRR I IREEE (L — No. 5-442

& By drone + Luma AI. DEMO (NeRF + webGS)

o More accurate than traditional photogrammetr:

Src: Author (2024). https://lumalabs.ai/capture/55b74e2¢-59b5-4fc2-9c¢0b-73317315612b

Xue: Digital heritage. Jul. 2024. 15


https://lumalabs.ai/capture/55b74e2c-59b5-4fc2-9c0b-73317315612b
https://lumalabs.ai/capture/55b74e2c-59b5-4fc2-9c0b-73317315612b

Section 3

AUTOMATING 3D MODEL
RECONSTRUCTION



A 3.1 A general workflow of Scan-to-BIM/CIM

6d

© In 4 steps © Error metrics

1.1 Point-level | differ quite a lot
1.2 Primitive-level = Between steps

1.3 3D BIM details

_____ 7 N
I 11 Segmentation \ [ 1.2 General \ Il [ 2. BIM/CIM
| | | architectural | objects I applications
: [ I elements (AEs) | l . . :
I I door window I
— — '
: l : } lighting | HVAC :
I
s I
I o | I - furniture
\ \ \
Time cost: ~5% Time cost: ~20% Time cost: ~75%
(Src: CV4AEC, Authors, Xue Point-level (0D) primitive-level (2.5D) object-level (3D) system-level (nD)

etal. 2019)
Xue: Digital heritage. Jul. 2024.
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&1 3.1 Point-level classification wuetal,2023; Li etal. 2023)

“;

= Adds a ‘label’ to each point
o “Wall”, “ 7, “tree” ...
= Point-level semantics
© A high-rise high-density dataset
= 150 tiles of HKI and KLN
o From LandsD/PlanD’s city model

Trains SBASE/FLKPP
A gold and a silver, 3" Scan2BIM
Challenge, CVPR2023

An HRHD urban dataset (Li et al. 2023)

H
= Sampled and annotated for city objects Supports !

= To be open-sourced soon

B Building
Vegetation
Water body
Facility

Road

Terrain

Xue: Digital heritage. Jul. 2024.
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3.2 2.5D general AEs

i

id ® Either manual or region
b growth

= Collusion adds new errors
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Manual modelling with point segmented. Src: Author (2024)

Xue: Digital heritage. Jul. 2024.

Tested with Scan-to-BIM Challenge, CVPR2023/24
Point-level mloU: > 0.82
Object-level mloU ~ 0.45

Src: Wu et al (2023a)
19
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\ 3.3 Similarity forr egistering 3D Obi eCtS xuectal 20162000 &

& (Class = Furniture)

(2) A screenshot of the 3D view of the outp ==
built BIM o

COBIMG_translation [0.796,-3.694 0.000)
Coele et
(b) A visual comparison between the CURIME, parent Sutltls

COBIMEG rotation  A.677-[0.0,0.0,1.0]

input (grey points) and the output BIM COBMG. manifold [
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3.3 Applications to office and heritage DT

o

iLab pegweeggniaiihl ﬂj ¥ 3
Fitting BIM objects for location, rotation, and ﬂ— R s | ‘,’,'{;MT iy I/ T
relational semantics (Xue 2019) ‘  Nead cmd

Fitting 3D columns for a timber architecture
(B M#EFE, Source: OkayGIS)

Xue: Digital heritage. Jul. 2024. 21



B 3.4 Clustering using 3D skeletons

“ﬂ & Bronze drums (Lu et al., 2020)

iLab
= Spiritual, sacrifice, and musical instruments

= Across South China and Southeast Asia since 700s BCE

= Traditional storage: buried in soil (now >2,400 conserved) 5.
® 8 types ) \j(%EJ:FU ( _H_'_‘_'EE'\ E/j.\ IJ_] IR 7J<,E|J j t,ﬁ:}_) Dlscovery ofa?2 OOOyr drum 1n
Guangxi, on 25 May 2023
® Decorative bronze frogs have more diversity ZlJfiji S8 2k

(Photo src: news.cn)
= A variety (design, size, materials) evolved over time

= “bronze drums often unearthed in Guangxi by the tillers ... with a
perfect circle with bent body ... five sitting frogs, each with a

baby on its back.” (Zhou 1187) BZEIE (5R) (I&IMTE)

= “surrounding frogs indicate [the chief’s] title; the more frogs, the
more honorable title.” (Zhu 1948) KR EZ=E ((TBEIEU HEE )

Xue: Digital heritage. Jul. 2024.



B 3.4 Clustering using 3D skeletons

HF’ SpmS U - E N
W ® Cases: Bl <&

iLab Bk atina

=3 types, 14 frogs - Dot cnllect "
- == a a io
© Objectives |
. . BD pmm Shape 7
= Grouping similar 7/ ﬁlmuds / / skelewns
(Auto detect defects)

® 3D shape skeleton Cloud- Dlssumilantymea%re

thunder
pattern

@ 3 steps

No. 104
Deformed
Wingman
pattern

= Dis-similarity

Err@r Ermr
matm 1 mafmr“x 2 /
23
| Auto hl@i‘ﬁi‘ﬁhlﬁa\ﬂ clmstermg

/ Resuﬂti / / \F{eaultz /

Gam parative si:udy

Xue: Digital heritage. Jul. 2024. (Xue et al. 2023a) 23

= Auto Clustering

(e.g., Covid-family tree) o B
0.

Cloud-
thunder
pattern

= Comparison




shape skeleton
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= Similar patterns
~2 o
® Clustering (Obj. #1)
= Four groups in both
= Reflecting the style
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Dissimilarity as RMSE [urit: % height}

© A “family” tree of all frogs

Dissimilarity &s RMSE (unit: % height]

|
T — | (@)
' ﬂ W | Unusual individual (Ad):
Frogs wi | Frogs w/o
‘ baby baby : \d worn head and back of frog
._| i ‘ Three-legged
frog with baby
Even l:l S oo
=1 [ 1 Bi ', = -egged
"#2"""" fr ﬁu frog with baby
gs ' .
= B 1
| drum ' oo ro.g
P S ™ Four-legged
S . T e

i - Unusual individual (A4): (b)
Worn head of skeleton
_‘_ Frogs wfo baby | Unusual individual (C4):
Frogs with - —_— Noisy left legs of skeleton
baby - =
| . ‘ | Three-legged
| frog with baby
Even o dd Frogs Four-legged
ﬂ;lmhﬂ el o |/ numb mostly frog with baby
rogs .
on:gB onC Three-lagged
drum fro
drum rT 9
Four-legged
f ks D%ﬁﬁﬁ

24



3.4 Clustering using 3D skeletons

il;’ * ° il s on A drum num on rum 3. Even numbers on B drum ree on rum
id ® Comparative results (Obj. #2) p—— e e
iLab

@ Same for 12 out of 14

= Assuming 3D surface grouping
was true, the metrics of skeleton
were: Precision = 0.850, Recall =
0.883, F,=0.866

= 2 inconsistencies due to: limited
presentation of traditional
(inscribed ball) skeleton in CGAL

(a) Consistently clustered frogs (12/14)

| 5. Unusual individual |

Group using shape skeleton L
I o 1m v Vv -
Group I.  Three-legged =)
. . 3 a
using with baby =
surface | II. Four-legged 2 g
point with baby E
clouds | III. Three-legged 3 g = s
IV. Four-legged = A1 (1st group by points; 4th group by skeleton) C4 (4th group by points; unusual by skeleton)
Xue: Digital heritagejuil 2p340usual

25
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B 3.5 Texture segmentation
«® Suitable cases: Textures on a surface ® Cases: J MZKE . ) Pdilsg

= As carving/casting

6d

iLab

P

(b3 — 1 Testing region 3]

(@) 1 Testing region

VIpEHEIERE: (1) NURBS $4 + (2) 84243 + (3) DBSCAN /L3R (Meng et al. 2023)

Xue: Digital heritage. Jul. 2024.



&l 3.6 4D point cl
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o <® Demo
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http://147.8.124.72:8080/vrtour/SassoonRoad/dt.html
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4 A recap

® Digital model

4 i

Lab = Very useful for cultural heritage conservation
= No matter existing, hidden, or gone r g— “"--x__\
© Spatial information technology £ ’-.\ = "‘\.\
= Vital data source for digital heritage gr . '|
® Auto modeling of 3D points \\} - J;‘f
= Point-level, object-level | é:jf y

< Limitations
= A huge gap between point-level and object-level detection
= Low automation level

® New opportunities like 3DGS/4DPC

Xue: Digital heritage. Jul. 2024. 29
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