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A low-density tree digital twin model for refined urban greening management:
a case study of tree wind disaster risk management
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Abstract: [Objective] Traditional idealized tree models struggle to accurately represent the real shape of
trees. This study proposes a method to generate a refined tree digital twin model, providing an efficient and
accurate model support for the application of smart city technologies in urban greening management.
[Method] This study constructed a refined digital twin model for 16 Chinese scholar trees (Sophora
Japonica) located beside a university building in Beijing. First, the single tree point cloud was segmented by

cyclically applying the DBSCAN algorithm. Second, the a-shape algorithm of 2D point clouds, combined
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with the idea of dimensionality reduction and augmentation, was used to extract the outer contour of 3D tree
point clouds. Thirdly, the 3D mesh of real tree was generated using up-sampling nearest interpolation
method, and then the model smoothing was carried out by Grasshopper. Finally, model parameters were
added on the Revit platform to complete the creation of digital twin model. The model quality was assessed
in terms of tree morphology parameter reproducibility and point cloud fit using CloudCompare software.
Additionally, the performance of model in CFD wind simulation was compared with that of an idealized tree
digital model using Phoenics software. [Result] The average error between digital twins of 16 diverse
Chinese scholar trees and the point clouds was —3.06 c¢m, indicating that the model can accurately preserve
the unique morphological characteristics of trees. Under strong wind conditions, the wind speed simulation
results of the two models showed significant differences, with a maximum discrepancy of 97.23%.
[Conclusion] The model provides an effective decision-making tool for the refined management of urban
greening, and helps to expand the application scenarios of smart city technologies in urban greening
management. However, due to the limitations of DBSCAN point cloud segmentation algorithm, the method
in this study is mainly applicable to modeling low-density tree communities. For high-density plant
communities with a high degree of canopy overlap, new modeling methods need to be explored to further
optimize the applicability of the model.

Key words: smart city; digital twin; urban greening; point cloud segmentation; 3D modelling; computer

47 %

simulation; risk assessment; refined management

Bt A5 5 A A, B A SR 23 Ik
AN S BLSE TR R 2RAE R K H A e i D)
A PR E BT 6. X R
BA S TR R T AR T v B AR S B M . R
5 FEI T A ROA v v T e, R S i B3R 10 2
DT I 1 22 B, e i AR B (R R I AN 58 52
FRFEHNZ o H AT, Wl e b 8 B 3 BRI
W5 R P BBl S AL B e A
YEp e AN Y R SRS AR AR AL T
B B R, EENMAVIATE S, ZAEAEE R
AR R Al I — 4 mT AL, e DATE TR S kBRI
WA LA .

K 2R R FORAE B SE X S AL, B
A7 FSENE S SERFE LR 2 22 B e O 5 1 55 B 2 A
B AL = 4R R S T AR A
AR e RUE B S I K e SR o, B B 2 T
SKMBEE R BT B, LI L R R S
BRI R BAM . X HOR R RS T H AR
AR AE R R I T B 2 N B g
R a5 b SR8 17 B3 R AR AL AR 3 T
ZRALRS AR AL PRI B A T T RS A A ) = A
ARBCT AR AR IC O 2L, A0 R AR KU RS T
TUT7 T o 55 KRS AT L 28 A {1 AR
Wl T S AL B L I ORI AR 2 7 e
FEA: DX I T 2 1) 558 /0 DX 45k, AR A IR T 5 22
i DA 200 (R A i 2 A AR, e e AU AN [ i
P B TR, DT AR AR A B R SRR R

WA, Q48 S AAE BT IR0 B BRI, AT D A
F AR R E

SR, A% G0 1B R 0 20 A 48 20 A7 7E 1 B A
Ao —J7TH, MR Z N RR . BRI 0 4 T
ST AR JL AR A1), R — AR AL A AR B AR, B
A I Ak A e I 2 R AT R R, (B E R  TL
A FR DR ] s, AR Ak HE 51 40 &t mT A T R — A
i8] BRL 110 B L, M DA AR BB A R 1) AR T S R
AE®, 55— J5 i, —L83E T TRNSYS &5 1 AU B 1%
1250 28 A AR A BT AR A0 S, {HREARAR SR L AH
IR, = L), AN, Kurdi 250992 H 250
AR A o i 2 AR Y B R RS A S B SO R 11 — 4
TR, (BRI T4 4, AhB R 25 5 A4 i H S 2
BFEN RUTE A, LT BiEER
TH AR A B S 5 T

DR b, o 75 3 57— b Ak L BE R BB R sk
TR B AR A B, DU B R B T BRAE
T AN R () S S B R T R R 4 Ak R
() v B K e « LIDAR =4 = B @ i R e B e
A8 BT (14) 4] e R v R R AR ) DR A 7 T Je AL
TR BN AT RO, Tk, AR SCIR AR T A
SEHUIR B RE = 4 5 RS AL AR B 7 2E A B A AR
FRFFE o 55 B AR AR A B A AR b, B Y 7 v
B S JHURRPE L 53 MRS S T T L B AR
e, RS RE f A IL AR AN RN HL B AR R TS
RRAE, [FIB A OR T ST SR P 5

AW TR O H bR 2 R AN A WA B 25 AR A



53

B 2 T AT T 308 I 25 A 240 5 L)1 28 PR A A 2 AP AR ——— DU A IR XU 7 B A ] 141

RULE 2SI ANV P 7 T AN A2 o JE T b A3 B
G oy BRI B TV, 4 AT gk Ak BRI SR
oKk, RGP T A O, IS A&
T BE[PRE A A AR P 2R AR B R AR B AR . AU
et ., FIFH CloudCompare 355 15 70 i & 354756
ik, JfiEE CFDOGH AR ) ) 270 WAL, 1% 45
B 55 4% G S B AE R A R 5 R Tl 7 T 247 %68 L 4y
BT, LA7E 73 FE s FLAE 30 117 2R A0 RS 204k v 385 v 1 12 P
ARy

1R

1.1 KRR =SB ARAIERES
LI.1 MAREZRESFIHK

BRI R 12 1 = 48 70 138 H R AR 2077,
U K-means &S ASME A 5L, DLRESH T
2 W XA K B TR o B B Al R SR ARk
S o SR, IX B8 T7 1K 22 Jo v [ I 43 E % el A0 AR T
(1) sz, 5 B3 N e AR AT TRAL B, 3X R
i 7 AR SR S AT o 3R — ] R AR YR AR
TR T A = % 22 5 W3, K 240
A B AE A A BRI b A B 22

AHEEZ T, DBSCAN SRR EAE N —Fh 4 diL i
BT R J7iE, T R R
M B RN B B WA RO BRI A R —
1%, T 5 5 e Kl B et AR T, R0 75 AL E 2 4
KU o SRR P A RS AT B BRAT R AR I 3 R 2
A, NRRTEVE I 7 B3R AL 1 O m] REdE .

S8, DBSCAN HyZ: S ARIE FH T %5 i 22 0k
LD = D0 B B 0 1 Rl =TI 0 DA = Sl ENN 7 N L
TG L IR I v FE R TR, o SR B
DAL, AR S H R ORVEAIR S B R B VA il s, X R A
HRR AR IE S L, BIE A DBSCAN SVAMI R H .

FEAR S BER ATE TR T, 370 AH SR A 8] BR 50T
B>k A} DBSCAN ik, i LSE 440 85 . 41 XfiX
— I, ARSI T — MRS QAR AR L
AH AR A BT 73 SR BUAS [F] AR, AT A R R AR
NN R
112 WAREEZ=ZgEZHAR

W = 4EE I VA E W 08 3 2K T4
Aoy 2 AU, AR L AT AR S A1 e E A R R T 3K [T R
. FELR IS, MOREER DLy NEEE RER
K 24 22 16 ARTARS A 8 A 0 JBG ) B A, T AN S 3 A
ThEE. X—EmBFEET LTI HIRR: 5%, &5
REERTREANZ) ) 3 24008 T L R4F Computree!”
LT IE, XUy AR BT EAE S B R B Ak
MR, H S BEOCTEM TS5 1), XTI FE AN AR A e 0

JER IR A B2 AN A2, X DA ELH2 N2 HT T A B AR D't
IIMTEETEANIN S R GRS VA FK, 2 RIA ST
B, AR TR B LR, AR 8] B 228 )
S 5 ) LR e PAY L R Y 52 iy B D S 251
I, 8 A [A) RO BRI R, 38 SR A e A
VRN YA RS AR 02,

BT BRI, AR RE A RER T =4 AR
PRI A B A S 0 o T EE S o AR SRR AN BR T
V2 R R TR A O BEAR LT AR, 51 e 5 R v
ek 5 55 2 00K SE B Tl i 2 U045 D el R L At R
VO JUART A o SR, T Ao T 630 9 PO A ek A1 e A 7R e
LS AR 76 SR A B T AR Ak, BRI T L ARG A
TR . M EEZ R, R SR R B
SRR e 2 T AL TR R A% B VA B L S RS e SR B T 2

NSRBI — H b, AR PGER T 4 =
ff] o-shapes SLVAHEAT 1 e, (8BNS A RS =
Y 1= R AN B . AR B B S R
FRFEALEE, JH454 Bellock 454 H 1 VAR /7 .0
e TR AR Y o 2% 7 3% RE 98 78 0 DR R ASE 2R ) S

Y, D9 S RS 70 B FIAE 25 2R 8 IS5 PR R 44
CIEAPIRGE 20

1.2 BREKEERTR

LI S 46 5 2= O R AL T s A A
BRI R =AE B B, R FE T, 155 7 20
R AT RAE AP SR % B2, B 5 B B i 304
iz, R AR R = EE . R g R fer-2e
AR RS ) A R B L T B R I ) AR AR A 1 1
FIios o FEZIAET, XS = BRRSH Hakt
38 R 4 RN = 4 1f B A AP R AT T A R I 2
R, FARTZHAE RSO Wi . sk, BT DBSCAN
RRE VLR B B ST R, AkiE T
&40 i 2= AL A I B LR 2B 2D IR, T A s T 9
BAE NN RN E

(DR = RKEpH . 5%, XH CSF(cloth
simulation filter) i [fil & % 3% 7 S il i =, PA&
BRI T4, b5, FIH DBSCAN %2 H 50
R B = 432 . DBSCAN HykidE i it H S =)
R SR NA T FEAHA ) RR, OE FH TIE BE A
KRBV B b o SR, % R TR EE AR AR
Z [A) R 3 Al s /)N BE 5K 8 EPS 2230, 8% MinPts
ZHORE NBIMA, LA G [R] — AR 4 2 A
T o SR LR AHE V& IR AL 2 1 DL R
HPVIRB A Z [ R R AR AR R 2 /e B2
(R G TN R S R sl b e R RN N R CS N
HET 200 SRR 45 BRI o 9 G0, S Se B AT
DRl PR B ot T T JC VR o B . R, ARSCEINT



142 b mw # kK % R

W TREE

BRRESN S AR BRI
i1 DBSCAN

[l

HaEE
(DBSCAN)

U

ek £ A
SEATILE] 360°7

B
LR

2 A A AL BT A 5 OB E

e N = 24173 [ 37 19 S50 e

SLRAO M T AR

47 %
ST HL: grasshopper HBEIT B Revit
2L R AS R [ It SRR L Revit 12
A AR » B T IS
IR TFBEIEL
BRISHU %
A A TR
LSk BT H: Rhino
e AR AR 2 -
S ERBUKE R
SMB T
v K45 T_H.: cloudcompare é
TERI N B "
i AT A S 5 7
A 5 3 R B
e » BRSSO e
I/ NMESETE IX:E
A
HeHE (Loft) CFD #5481 T H: Phoenics
MR PIFEIRILE CFD KUSLL
IR B e

IF AP E LI
AT RS it s 4

P S AR 2R R

Ik TSP P b R A Pt AR

SRR FH X I

1 FEFBURM A R = A RIS AR 7 AR AR R 1) T AR i

Fig. 1 A workflow for generating a digital twin model of a real tree based on a point cloud of existing trees
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Fig. 6 Boundary points extracted from the point cloud of an individual tree
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Fig. 7 Generation results of refined tree digital models (tree No. 1-16)
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Tab. 1 Comparison of tree parameters extracted by model and measured by point cloud
A Al WA ZH R AL AEs RAEs
ikl CW/m Ht/m DBH/m CW/m Ht/m DBH/m ACW/m  AHt/m ADBH/m ACW/CW  AHtHt ADBH/DBH
1 2.92 7.4 0.21 2.89 7.4 0.21 0.03 0 -0.017 1.04% 0.00 —0.80%
2 5.76 8.6 0.36 5.71 8.66 0.36 0.05 —0.06 0 0.88% —0.69% 0.00
3 5.38 11.2 0.46 533 11.33 0.46 0.05 —-0.13 0.002 0.98% —1.15% 0.48%
4 2.72 7.05 0.32 2.70 7.23 0.32 0.02 —0.18 —-0.002 0.86% —2.49% —0.56%
5 9.27 14.23 0.51 9.22 14.46 0.51 0.05 -0.23 0.002 0.55% —1.59% 0.31%
6 4.19 8.25 0.41 4.17 8.25 0.41 0.02 0 —0.004 0.48% 0.00 —0.92%
7 5.05 9.86 0.42 5.04 10.24 0.42 0.01 —-0.38 0.001 0.29% —3.71% 0.27%
8 2.5 7.05 0.23 2.49 7.20 0.23 0.01 —-0.15 —0.002 0.26% —2.08% —0.89%
9 13.85 12.28 0.52 13.71 12.52 0.52 0.14 —-0.24 0.001 0.99% —1.92% 0.22%
10 8.71 8.27 0.62 8.71 8.27 0.61 0.01 0 0.005 0.02% 0.00 0.88%
11 8.01 16.28 0.45 8.06 16.53 0.45 —-0.05 -0.25 0 —0.60% -1.51% 0.00
12 5.15 10.12 0.18 5.17 10.26 0.18 —-0.02 —-0.14 —0.001 —-0.32% —1.36% =0.70%
13 5.14 12.67 0.28 5.13 12.85 0.28 0.01 —0.18 0.002 0.22% —1.40% 0.83%
14 3.57 8.98 0.25 3.61 9.03 0.25 —-0.04 —-0.05 0.002 —0.99% —0.55% 0.63%
15 4.29 9.08 0.3 4.33 9.28 0.30 —-0.04 —-0.20 —0.002 —0.95% —2.16% -0.71%
16 9.23 15.18 0.3 9.18 15.41 0.30 0.05 -0.23 —0.001 0.57% —1.49% —0.48%
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cloud based on Euclidean distance in CloudCompare
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Fig. 11  Prediction results of wind speed around tree crowns under strong wind conditions
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Fig. 12 Residual plots of the two models in wind simulation calculations using Phoenics software
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