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Background

O Building height information is central to numerous research
areas, including: urban planning, natural disaster management,
modelling and understanding the urban climate. (Grimmond
and Souch,1994; Yan et al., 2015)

O As traditional manual methodologies for collecting 2D and 3D
building information are often both time consuming and costly,
automated methods are required for efficient large area
mapping. (Zeng, 2014)

O Remote sensing provides a powerful tool that can detect and
update building information in an efficient, low-cost, and
rapid-response manner.



Different methods for building height extraction

O Shawow analysis. (Massalabi et al., 2004; Dare, 2005;Bai
and He, 2011)

O The LIDAR point cloud data processing method.
(Rottensteiner and Briese, 2002; Rottensteiner, 2003)

O Building—ground elevation difference model (EDM) from
Digital Surface Model (DSM). (Zeng et al,. 2014)

O EDM: buildings on slope

O The moving window. (Kent, 2019)

O The object-based fusion approach. (Xu et al., 2017)

O The simulation model called BPANN—-CBRSortCA.

(He et al., 2017)



Shadow analysis
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The LIDAR point cloud data processing method
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EDM from DSM
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EDM: buildings on slope

£
B
2
g v Sill: 20.98
g Range: 6.98
= K: 0.5
2y
=
T |
- 0
x o 1 2 3 4 3 & T E n i

Distance to border (m)

where R <d< D

Ep =min(0) — S+ kx R=min(0) —dE(d") + k x d’

(Zeng et al., 2014)



EDM from DSM

O Individual building performance analysis

Table 3. The most accurate and most inaccurate building roof samples in UWO.

PointlD Survey H (m) E, (m) £y, (m) H (m) Residual (m)
Al 11.4 26937 257.89 11.47 0.07
A2 13.2 26632 253.02 13.30 0.10
A3 8.2 248.76 240.68 8.08 —0.12
Ad 7.8 25324 245.24 8.00 0.20
AS 10.9 26741 256.31 11.10 0.20
B5 17.9 268.39 253.83 14.55 —3.35
B4 10.5 266.00 252.04 13.96 346
B3 10.4 266.74 252.63 14.11 3.71
B2 30.1 27248 238.59 33.89 3.79
Bl 17.6 25627 245.86 10.41 —7.19

Table 4. The most accurate and most inaccurate building roof samples in Downtown.

PointlD Survey H (m) E: (m) Ey, (m) H (m) Residual (m)
Al 6.9 258.11 251.21 6.89 —0.01
A2 8.1 258.49 250.38 8.11 0.01
A3 14.0 263.63 249.54 14.10 0.10
A4 15.0 263.40 248.52 14.88 —0.12
A5 15.8 264.87 249.24 15.62 —0.18
B5 10.1 256.07 249.72 6.35 —3.75
B4 22.8 268.97 250.32 18.65 —4.15
B3 92 262.35 248.56 13.79 459
B2 31.6 274.16 247.95 26.21 —-5.39
B1 14.4 268.38 248.37 20.01 5.61




The moving window

O A moving window is used to extract ground heights from
the global digital elevation models (GDEM);

O Implications for aerodynamic roughness and for wind-
speed estimation.

1000,
2B
750! 3 48
= |40F
= i
500 - 32
o
24T
250} 16
(b) Qe
i)
0 250 ROO 750 1000
Paramveter |umnits] Formula
average height (M) [m] Eie1 Hi
Tl
rmgxirmum height [Hye [m] max[H)

standard deviation of heights (o] [m] ﬂll—l:_}_'.l"._ (Hi—Hgp )

e A
plan area index (4,) Li=14p,
Ar
1':I .":| i
frontal area indes (A4 l"'—”
Ay
zero-plane displacement (240 [m) Kanda et al, [2013)

roughness length (z5) [m] their Eq. 10 and 12 (Kent et al., 2019)



The object-based fusion approach

O Urban morphology detection and computation for
urban climate research

Height estimates (Stereo)
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The object-based fusion approach

fused heights of buildings



The object-based fusion approach

Results:
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The simulation model called BPANN-CBRSortCA

O Back propagation artificial neural network (BPANN) and
case-based reasoning technology with sort cellular

automaton (CBRSortCA)
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Figure 4. Neural network structure.
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Data information
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Data information

The actual height of the tallest building in each city

City Tallest height (m) City Tallest height (m) City Tallest height (m)| City | Tallest height (m)
Bl 484 =M 288 EHiX 336 M 450
R 261 M 280 AxRE 245 VEBH 360.6
BK 355 k=g 350 i 339 M 530
28R 316 BT 402.65 M 333 K& 226
il 592.5 e 256.8 B 229.8 JbtR 528
=1 301 KiE 383.45 AR 450 = 313
Kid 452 ol 208 &M 266 RN 176
oA 280 s 632 12 303 RE 258.9
%8 248 B 285 i 215 M 300
=bA 335 BE 254.4 XiE 597 BRREHA 200
b= 337 A 236 izl 136 = 165

(http://bbs.tianya.cn/post-hn-117091-1.shtml)



Data information

Population density data for each city

Population density

Population density

Population density

Population density

City 5 City 5 City ) City )
(people/km?) (people/km*) (people/km?) (people/km?)
&5 6763 BN 272 % 1293.13 T 652
3] 20777.5 M 504.4 AxRE 757.2 oA 639
ESly 999.05 [ifke 743.26 FEa 7283 I 1007.4
=Lz 13800 - 296.99 N 842.11 KE 389
sl 5398 = 815 B 2265 b= 1312.7
oy u] 658.31 KiE 428.31 2l 918.32 = 286.53
Kb 665 M 771 eI 821.71 ISZ e 180.84
Fu 524 b5 3810 g 644.33 (RE 526.8
BRER 1134 KB 1149.12 S 4167 ZMN 683
251 538 = 832.7 Kz 1308.7 R RS R 24
s 920 = 850.57 =) 147.57 =T 320.2

(http://www.stats.gov.cn/tjsj/ndsj/2018/indexch.htm)




Analysis method
OClassification of the buildings in terms of building height

Low-rise building 1-3 <9
Multi-story building 4-6 9-21
Middle-rise building 7-9 21-30

Small high-rise building 10-16 30-50

High-rise building 17-40 50-100

Ultra-high-rise building >40 >100

[China National Standards. Code for Design of Civil. Building (GB50352-
2005); China Architecture & Building Press: Beijing, China, 2005.]

OCalculation of the weighted average height;

OCalculation of the floor distribution frequency and
probability;

OAnalysis of the building height spatial distribution.



Results
‘OThe Average Floor & the weighted average height
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City &S | AN ESS £/ Pl gE | K | Hu PYER | SRFAT | IKiE
The Rank of Average Floor 1 2 3 4 5 6 7 8 9 10 11
The Rank of Weighted Average Height 1 2 3 4 5 6 7 8 12 11 10
Rank change 0 0 0 0 0 0 0 0 -3 -1 1
City B @Ml AR | BT TR Ri&E | =M Lig | B 55 =X
The Rank of Average Floor 12 13 14 15 16 17 18 19 20 21 22
The Rank of Weighted Average Height 9 13 18 14 16 15 17 19 20 23 22
Rank change 3 0 -4 1 0 2 1 0 0 -2 0
City HiX | AxRE | FmE M B MR | &M = e Xz | W\l
The Rank of Average Floor 23 24 25 26 27 28 29 30 31 32 33
The Rank of Weighted Average Height 25 21 24 27 28 26 31 29 30 32 33
Rank change -2 3 1 -1 -1 2 -2 1 1 0 0
City 7 EBH T~ K& | dtE | =M |AERS| RE | BN |SPRSH| =W
The Rank of Average Floor 34 35 36 37 38 39 40 41 42 43 44
The Rank of Weighted Average Height 36 37 38 35 37 39 40 41 42 43 44
Rank change -2 -2 -2 2 1 0 0 0 0 0 0




OHong Kong
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OZhuhai
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OOrdos
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OThe relationship between max floor and max height

700

600
y=3.06x+126.86 o

R=0.78 P<0.001

(&)
o
o

Max Height (m)
N
o
o

300

200 ° '.

100 ’ ' ' '
0 50 100 150

Max Floor
OThe relationship between population and average floor

9 T T T T

o * y=0.00015x+4.38

g 7L R=0.54 P<0.001

iy

5 4

<
3
) S
0 0.5 1 1.5 2 25

Population Density (people/kmz) %104



Thanks for your attention!



