B42 & H A
2017 4F 4 A

ROk ¥R - BB R

Geomatics and Information Science of Wuhan University

Vol.42 No.4
Apr. 2017

DOI;:10.13203/j. whugis20160112

XERHS.1671-8860(2017)04-0475-07

R ) b DR 410 28 Pl L e 0 1 25

HARA Al

ZF e

1 aBUR R 2 0 R B TR E R E g e sk 430079
2 PE MR A (RDOME B TSR, 1k &I 430074

H E AR BR—AANBRAETHBLERRGAS AP EA Y LI G R 5 AR
BoFiEl, ARDEAYE ALY ENBRLLEEZ PR SR RET —HEALEFTERRRS
R, BAESFREE RNERBEZTRBEADBEARBGRE . BIBEIFEEFREZTTESEF %
AN BEERBMESRATR FAELAFEBNEIXEZBRE.£HA X R B A E AR S A4
MR B AR RS E P RRRAEAD S F ., AT MR E G A A A T ML AN B RN E L &R
% 4> (International Society for Photogrammetry and Remote Sensing, ISPRS) 4% 4% #) Vaihingen #= Toronto #
AKX HIEERATEE, P ISPRSHLERFAFFH . AP ATERFAIAFOLELE EHFRRRT S
AARKT 87.8%.94.7%.87.3% . HH e EAYRB G FAL, ZF H AR TERF B ARG R ETH/AS TR
AR, FHEREAN ERRGRTI T T, Z I 5 GAERIRERY, FRBRZEHE,
KEW MERAFTE SR BEFEE; L7502 2RI XEE

HREESES P37 XERARERAD : A
= HUYAE B A T R S A K
SEVE EW S S TR A EREMNY, B
V22438 W58 QA A0 7 35 (light detection
and ranging, LIDAR) mi 5 s 42 U 550 90 . (B
LiDAR = 52 BUAS [/ 3 56T A 500 ) 00 7 42 iR
R A5 45 FH 3k 2 20 L SR ) 2 O 125 0 Oy ik
T 2 AR A (digital surface model, DSM) ,
BT HOL R = U2 R B DSM/#OE S = 05
B R S B R DSM R I AR
Pyt mT DA A PR AL 3k 8 RS A
P AL UEE LS AR T SN T IE R N
WOt m P IRBCEF Y TR, ATHER Y
by IX 73 50 ) R A B A5 b, B 5T N BRI R AR
B DSM/ O Sz 5 35 AR Oy 1k AE AR
22 V5 RO R RS BE B RXE , B 5% X3k NDVI(nor-
malized difference vegetation index) 5B iR 75 K,
SARGE AR T 1% T SR 2 S ) A
ETHOCR = B 7 FEA W
FAIEM P B ENE AR BT % W

s HHE:.2016-09-12

T3 L1 S IURE AR I 2 43 2K 4 ok R IO S
RREA B % F MR B et A= &2
YR M5 1 3 o DX sl 145 O 12 1 i Y- T T
P R AT 2 NN 2N G RSN SR (D
SRR ST R A B T AR S A
ST G AL B T A B AE b )R B DX T AR
Ao 5 A Y E 2 A AR BL B4 LA A ] 3 R
fiE R T 365 G 1R B IR, AR L AN H AR B AR 1 A
JE M R L A% 2 W I SR R AR 2 18] B
i 22 5 50 AT 5E BG40 AR Bl DX 3RS TE R AT RE
BA w0, A B B bs XS = 508
{14 ] AP B LA B T R IBORS L .

ASCUL FAR B AARAE S F TS G, f2 th T —Fib
HE T H AR XA F G 7 1 B S )2 IR I
Jrk . %7 FE B SRS R R A A E A
A S T3 ) 512 00 A 8 DX s v o 2 RO 28
()40 5 A B A DX A 405G 22 5 M AR R AR 1
AR R, SR T 5 RR AIE S o Aty b 220 i 554
HEPE YR 25

B & B W F R R (2014BAL05SBO7) 5 [8 58 [ R Rb 243 42 (41531177) 5 ME PR 25 VAT L BHIF & 101 28 9% (2013418025-6)
F— 1 WRN R R ENF LR OB 2 B L X BRI L. gang3217@whu.edu.cn

WA AN A #HZ . bshyang@ whu.edu.cn



476 KRR

R =l 2017 4E 4 F

1 EFIMRZBRERATIE

AR SCHE D B R BT SR O AL EE s RIS
AR A o DX I R T, AR o X I 2 R 2
(] ¥ 2 K H B X B4 0 OC R AR B, IR s =
PFRREL R, MK 1 R, EARES, 5
§ 1.1~ 8 1.3 FiEiR,

| MU LiDAR &A= |
a2

[ )

§1.1

TRV X IS
h 84

15145 [X 3k 20 JRUPE 2 [ A i

§1.2

AR 3R 40 50 R B A

pud

THI ) 5 AR XIS R AR T 5

§1.3 H AR X 3805 2%

U T B RE R

A0 4
EHY S

K1 sy iR
Fig.1 Flowchart of Building Detection
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Tab.1 Parameter Settings

ZH XB1  Xik2 X3 X#4 XIS

[N 10 10 10 10 10
ta /m? 5 5 5 50 50
tw /m 2 2 2 5 10
tp /m 1.5 1.5 1.5 1.5 1.5
ts /(*) 10 10 10 10 10

tRA 0.5 0.5 0.5 0.5 0.5

LRG 0.5 0.5 0.5 0.5 0.5
tRN 0.5 0.5 0.5 0.5 0.5

tal 5 5 5 5 5
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Fig.3 Evaluation of Building Detection by ISPRS
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Tab.2 Quantitative Evaluation Results by ISPRS
ST HERIE /% 3T BArtgdn/ % HF HARC> 50 m2IER/ %
Wty X 35 RMS /m
Cp Cr Q Cp Cr Q Cp Cr Q
X 48 1 91.8 98.6 90.6 91.9 100.0 91.9 100.0 100.0 100.0 0.9
X 45 2 87.3 99.0 86.5 85.7 100.0 85.7 100.0 100.0 100.0 0.7
Vaihingen
X 3 90.2 98.1 88.7 85.7 98.0 84.2 97.4 100.0 97.4 0.6
I 89.8 98.6 88.6 87.8 99.3 87.3 99.1 100.0 99.1 0.73
[X 35, 4 94.7 95.5 90.6 98.3 96.6 94.9 100.0 96.6 96.6 0.8
Toronto X3 5 96.9 93.7 91.0 84.2 94.1 80.0 91.4 94.1 86.5 0.7
1 95.8 94.7 90.8 91.3 95.4 87.5 95.7 95.4 91.6 0.75
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Fig.4 Two Cross-sections of E and F in Fig. 3
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Tab.3 Performance Comparison of Methods Solely

Using ALS Points in Vaihingen Dataset

- E?FF:FEE Elﬁ:ﬁi Ele(>5<? m?) RMS /m
&5/ % f8bR/ % BEEAR/ %
UMTA 81.5 79.1 99.1 0.87
UMTP 80.3 78.1 96.0 0.97
MON 82.8 77.7 99.1 0.93
VSK 84.6 79.7 97.9 0.87
WHUY1 80.8 76.5 95.4 0.83
WHUY2 82.3 81.3 97.2 0.90
HANC1 85.2 62.4 95.8 0.67
HANC2 84.6 61.9 100.0 0.83
HANC3 87.9 71.7 98.9 0.70
MON2 80.7 81.6 99.1 0.92
A SCTT Ik 88.6 87.3 99.1 0.73

T B S R L s

F4 Toronto HIE AXFEESHMETFHAXRE
FiEE R
Tab.4 Performance Comparison of Methods Solely

Using ALS Points in Toronto Dataset

AR HESEE HAR(>50 m?)

Ji ik = RMS /m
&b/ % bR/ % R/ %
WHUY2 86.5 86.8 90.9 1.1
MON2 88.7 76.9 90.7 1.0
ATk 90.8 87.5 91.6 0.8
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Toronto PRI T 37 5 B X 5303 #E 47 003K, JF
5 HALT 2 e, SRR AR SO AR A W] Y
Wl s T RN R E R, HE AR &M
IEWRAS . HZ % T AT A AE /D 2 SR 0 T 4 30,
AR B ST ) 2R T T S5 M B 5% 2 B SR B
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Building Points Detection from Airborne LiDAR Point Clouds Using
Topological Relationship Graph Within Each Object Region
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1 State Key Laboratory of Information Engineering in Surveying, Mapping and Remote Sensing,
Wuhan University, Wuhan 430079, China

2 Faculty of Information Engineering, China University of Geosciences, Wuhan 430074, China

Abstract: In the field of Airborne LiDAR point clouds processing, building points extraction is always
an active area. The core of this task is to separate building points from vegetation or other objects, but
it is very difficult in different urban scenes. Therefore, this paper proposes a hierarchical method to
precisely detect building points, aiming to improve the ability of separating buildings and other objects
in various complex urban scenes. The method firstly separates non-ground points from ground points
based on the filtering process, and to extract building candidate regions from non-ground points ac-
cording to some simple geometrical features of a building. For each building candidate region, the
morphological reconstruction and the point segmentation are fused to generate multi-scale space, and
to construct topological relationship graphs between adjacent scales. Then, the proposed method ex-
tracts building regions from all object regions by five features based on topological relationship graphs.
Finally, the proposed method removes non-building points from building regions for obtaining the fi-
nal building points. In order to verify the validity and reliability of the proposed method, ISPRS (In-
ternational Society for Photogrammetry and Remote Sensing) benchmark datasets from Vaihingen and
Toronto are selected to perform experiments, and the results are evaluated by ISPRS. Results show
that Completeness, Correctness, and Quality of object-based or area-based are larger than 87.8%.
94.7% and 87.3%, respectively. And compared with other methods, the method is the most robust in
object-based or area-based evaluation. It demonstrates that the method could robustly detect building
points in different urban scenes with a high correctness.

Key words: airborne laser scanning; point clouds; morphological reconstruction; point segmentation;

building detection; topological relationship graph

First author: HUANG Ronggang,PhD candidate, specializes in objects extraction from Airborne LiDAR point clouds and full-waveform
data processing. E-mail: gang3217@ whu.edu.cn

Corresponding author: YANG Bisheng, PhD. professor. E-mail: bshyang@whu.edu.cn

Foundation support: The National Key Technology Research&.Development Program, No. 2014BAL05B07 ; the National Natural Science
Foundation of China, No. 41531177 ; Public Science and Technology Research Funds Projects of Ocean,No. 2013418025-6.



