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Building Edge Extraction from LiDAR Point Cloud Based on

Rotational Difference Kernel Estimation

Wang Dailiang”*, Li Yu

Institute for Remote Sensing, School of Geomatics, Liaoning Technical University, Fuxin, Liaoning 123000, China

Abstract An edge extraction method from LiDAR point cloud data based on rotation difference kernel estimation is
proposed. For any point in the point cloud, the symmetrical center is the data point in a given direction, and the
symmetrical window is constructed with a certain distance. The Kernel function about distance is defined in
symmetric windows, and the weighted mean of elevations for the data points within the two windows is calculated.
The absolute value of difference between the two weighted mean values is employed as edge magnitude of data point
in the direction, and the maximum edge magnitude in all directions is selected as criterion for edge points. Then
variances of elevations for the data points within the two windows in the direction corresponding to maximum edge
magnitude is calculated, and the boundary points between buildings and ground are extracted by combining the
absolute value of the difference between the two variances and the criterion of the edge points. By adjusting the
distance between two windows, the maximum absolute value of the difference between the elevation variance in all
directions is obtained, and this absolute value is used as the criterion of tree points. The absolute value of the
difference between the two variances is used as the criterion of tree points, and the tree points are extracted after
removing the junction between the building and the ground from the set of points detected by the criterion. The tree
points in point cloud data are filtered by laser propagation characteristics, and then the complete building edges are
extracted. The experimental results show that the proposed method effectively overcomes the influence of trees, and
the accuracy of building edge extraction is about 80% .

Key words image processing; LiDAR point cloud data; building; edge extraction; symmetric windows; kernel
function
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(b) optical image for test data
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Table 1 Quantitative evaluation results
Building object 1 2 3
Number of standard edge point 291 136 124
Number of extracted point 371 167 156
Ratio /% 78.4 81.4 79.5
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(al)-(d1) optical images corresponding to the point cloud data

T AT ENMEVEAY o3 K i SRR S X A
2 4R A RS I B UG S s B b BT 21 Bros
Ry BT 1 B A5 AR IR 22 Ji R ) R R S
JIES

& 22 W], Terrasolid B AR LU ILAT £ i1 12
AU A F 2 e uB S R SR R X R T T A B
A w0 B X 5 A TE B IC AR b i 4G AR
DN SR M DA S AR A 4R R A L s SCER19 I iy

T3 1 IF B B R R AR ME B E SCAH R Y R R 2 R A
B, TITAR 5 5 1% 38 B i1 55 3t S50 00 R RG34 B9 48 K 3
G X KRR BEAR T 42 By s s SCHRC20 ] b 8907 3%
LU AR ORI G Y . X B 3% S BUE I Tk
SEECEVEAMIE R Y . TR R %R
iR REL TR B VR A B A IR A L 20 WO R 2 U 3R
Yo J7 AU G B A PR AR, HOSE RACR
I, EURE DA /N ROST 9 AR TR o 9 22 46 404 R R

0104005-10



Relative elevation Relative elevation Relative elevation

250 _ 1 % 14 _ 19
8 L 3 S
= = =8 =
< < = ]
2 z > 2
< < ) k9]
o o o) )
[<%] [ [5) [<¥]
> > > >
= = S =
L ) o) 3]

04 &= 0~ 0~ 1 &

B 18 S—AFH 4 NI BIRXT R A B.O; P, (al)~(dD) A;(a2)~(d2) B;(a3)~(d3) O¢;(ad)~(d4) P,
Fig. 18 A.B.O;.P, for first to fourth experimental data. (al)-(d1) A; (a2)-(d2) B; (a3)-(d3) O;; (ad)-(d4) P,
> = = o 1
(a) () : (

Relative elevation

Bl 19 BTt R E s . (OB — s (b B = 5 (o B =5 (D Fds g
Fig. 19 Extraction results based on proposed algorithm. (a) Data 1; (b) data 2; (c¢) data 3; (d) data 4
(al) (1) (cl) (an)

1
=
8
o=
<
s
[}
[}
2
k=
<5}
O Qﬂ
®3)7 =0 50] [(e3) 3 2
P 7 = o & Oﬂ s
0 o . Mo e o O N o
[m] Bl )ﬁ%ﬁ‘l’ 1 sl DW:m Eb a
:EI' = o [{t?? = F?JJ_I(I o ODOO R
= Bllooop 8 s 5 S 0
- 0 ’:73 ~ ol 9,
D‘-'L D_Iuc 000 e B w‘J o P
=) © 7'c Sial. B R 9 DQD
ey 4 I Q I ju!
> U00pp poom s F55 0wy | @U a

B 20 R HEEMIREEE R, (al)~(d1) Terrasolid #f4 ; (a2) ~ (d2) CHRL 19T 19 5 35 5 (a3) ~ (d3) SCHR[ 20 1Y 5 ¥k
Fig. 20 Extraction results based on compared methods. (al)-(dl) Terrasolid software;

(a2)-(d2) the method in Ref. [19]; (a3)-(d3) the method in Ref. [20]

0104005-11



[\

— DD
S O o O
Relative elevation

—

.—
(=)
Relative elevation

(o))
(o))

Ry 25
20
& | {15

: 0

B 21 PRSI R .

S

[\
(%28

Relative elevation

= = DD
S o ©

Relative elevation

(=T

() B s — 5 (D FHE — 5 (OB =5 (D EHE

Fig. 21 Superposition results of proposed algorithm. (a) Data 1; (b) data 2; (c) data 3; (d) data 4

2 & et 2 &
20 § O 20 §
g o wwi &
153 . 15

[

10-% 10-%
5 & , 5 &
0 0

2 § ShEN o5 <
20 § : 20 §

5} 4 <
153 gl 157

[

10-% 10-%
5 & | B
0 0

25 § 255
20 8 20 8

3 =
153 15

[

z 2
102 102
B & b &
0 0

22 X HE A S g

16
14 g 25 §
12 5 =
15 20 8
10 3 g
8 T 152
6 2 =
4 B 105
2 2 5 &
0 0
16
14 g 25 §
12 5 b=
2 I
10 £ 0%
8 © 15°C
6 £ 10 5
4 B S
2 8 b &
0 0
16
14 g 25 §
123 2
10% 205
8 T 153
6 £ 10 &
4 B ks
2 8 b &
0 0

. (al)~(dD) Terrasolid # 4 ; (a2) ~ (d2) SCHER[ 195 BI T 75 5 (a3) ~ (d3) SCHk[ 20 ] AY 7 %

Fig. 22 Superposition results of compared methods. (al)-(dl) Terrasolid software;
(a2)-(d2) the method in Ref. [19]; (a3)-(d3) the method in Ref. [20]

W, FEARZ RS AE AT TR

1715 FH P 21 n] R AR Bk AN (R RE A8 X 0 T A B
AR AT 9 SR g EL AT LB IBCHS O R U Y A %
AN 4R 5k T DL 3 8 R A AR A e R
TG RS T A S R TR B T T AR
7 b Y SR 5K

4 4k 1w

o v B S SR i S AR BO)T 1 h R A R AL B
AR ST i % o HLSZ AR A P58 A5 A6 I A 52 & 14 7]
WL, 3 3 A Az B TP R AT T I B BR T L f
RDKE 5 A Fl 5 = Bodls b o 38 iR A 446 5 77
22 [A) IS5 D B8 v D00 B2, 9 RS BT I B BCHE R OR
S FER O 25 32 A e B R S 6 TR i A )
Oy B SERE IR IR T Kz R R R BT AR A7 Y e T

R B UBBR T A L i R TR A BEL A SR = 2L
(976 1 F AT RDKE B # 31 B 58 48 3 S04 i1 4 114 1)
BRI TR LD R B ST . (HT iR
ERES PSR Buke SN PP Py ]
B AT G R S s it — A Ut i R AL

& % x #

[1] Ma XM, Tao Z M, Zhang L L, et al. Ground layer
aerosol detection technology during daytime based on
side-scattering lidar[J]. Acta Optica Sinica, 2018, 38
(4): 0401005.

JRIGEG, PR T, SKIHI, 5. MU0 1) B0 0L 7 KR
I 2% 30 b T A R ERI R [T S 4R, 2018,
38(4): 0401005.

[2] Cheng XJ, Guo W, Li Q, et al. Joint classification
method for terrestrial LiDAR point cloud based on
intensity and color information[]J]. Chinese Journal of

Lasers, 2017, 44(10): 1010007.

0104005-12



h | i bl
BAE, L, FR, . ETHRESHEFLNMH LIDAR iz 9 2 ST 4R 0 K 5 R 42 B L] . b i
i LIDAR R =Bk & 73 K776 U], E#0OE, 2017, 6, 2016, 43(5): 0514002.
44(10): 1010007. [11] Hui Z Y, Cheng P G, Guan Y L, et al. Review on

[3] Cheng Z T, LiuD, LiuC, et al. Multi-longitudinal- airborne LiDAR point cloud filtering [J]. Laser &
mode high-spectral-resolution lidar [J]. Acta Optica Optoelectronics Progress, 2018, 55(6):060001.
Sinica, 2017, 37(4): 0401001. HIRB, B, Bz, 4. WL LIDAR &= I8
b, X7k, X5E, . ZHBEDGIE S PR BOE gk [J]. WOt 5ot 73 kg, 2018, 55(6):
THEWFgE [J]. 2FdR, 2017, 37(4): 0401001. 060001.

[4] Shen W, LiJ, Chen Y H, et al. Algorithms study of [12] Huang T C, Tao B Y, Mao Z H, et al.
building boundary extraction and normalization based Classification of sea and land waveform based on
on LIDAR data [J]. Journal of Remote Sensing, multi-channel ocean lidar [ J]. Chinese Journal of
2008, 12(5): 692-698. Lasers, 2017, 44(6): 0610002.

W, a0, e, %, BT LIDAR B 9 & 5T WA, F—, Bk, . T 28 E RO
AR AR W S A S AT [T BB AE 4R, 2008, TR MR TR 4y 25 (1], P EBOE, 2017, 44(6):
12(5): 692-698. 0610002.

[5] SunY, Zhang X C, Kang T J, et al. Improved GAC [13] Luo S, Jiang T, Jiang G W, et al. Automatic
model for automatic building extraction from LiDAR building extraction based on the TIN model for
point clouds and aerial image[]]. Acta Geodaetica et original LiDAR point cloud[]J]. Bulletin of Surveying
Cartographica Sinica, 2013, 42(3): 337-343, 350. and Mapping, 2012(S1): 334-337.

NG, GRBTR, MEIEZE, 4. B GAC BBITE Hi & BHE, B, ILRIR, 5. BT LiIDAR sz TIN
S8 H Z) 48 B s 3 b i iz (0. i 23 2 AV ST B SRR [J]. W LxiE 4Rk, 2012(S1):
R, 2013, 42(3): 337-343,350. 334-337.

[6] Qiao J G, Liu X P, Zhang Y H. Land cover [14] Chen Y M, Cheng L, Li M C, et al. Multiscale grid
classification using LiDAR height texture and ANNs method for detection and reconstruction of building
[J]. Journal of Remote Sensing, 2011, 15(3): 539- roofs from airborne LiDAR data[J]. IEEE Journal of
553. Selected Topics in Applied Earth Observations and
TR H, XN/NF, sk, JF LiDAR /& B 8U# A Remote Sensing, 2014, 7(10): 4081-4094.
MR Y 2 ()], BIEER, 2011, 15(3): [15] Cheng L, Zhao W, Han P, et a/. Building region
539-553. derivation from LiDAR data using a reversed iterative

[7] Sun Y, Zhang X C, Luo G W. Improved active mathematic morphological algorithm [J]. Optics
contour model for building roof boundary extraction Communications, 2013, 286: 244-250.
from LiDAR point cloud [J]. Acta Geodaetica et [16] Zeng Q H, Mao J H, Li X H, et al. Building roof
Cartographica Sinica, 2014, 43(6): 620-626, 636. boundary extraction from LiDAR point cloud [J].
IV, sRBTK, B EH. AHLEHOL R L A S R R Geomatics and Information Science of Wuhan
S R T A 0 06 h 58 B AR R B gk Ty i (1] N4k 2 University, 2009, 34(4): 383-386.

%, 2014, 43(6): 620-626, 636. Worer, Bafe, etk 4. @Y LIDAR HA )

[8] Awrangieb M, Zhang C S, Fraser C S. Building R S 0] RO K R B
detection in complex scenes thorough effective 2009, 34(4): 383-386.
separation of  buildings from  trees [ ] J. [17] Vosselman G. Building reconstruction using planar
Photogrammetric Engineering &. Remote Sensing, faces in very high density height data [J].
2012, 78(7): 729-745. International Archives of Photogrammetry and

[9] Awrangjeb M, Zhang C S, Fraser C S. Automatic Remote Sensing, 1999, 32: 87-94.
extraction of building roofs using LIDAR data and [18] Awrangjeb M, Fraser C S. An automatic and
multispectral imagery [ J]. ISPRS Journal of threshold-free performance evaluation system for
Photogrammetry and Remote Sensing, 2013, 83: 1- building extraction techniques from airborne LIDAR
18. data[J]. TEEE Journal of Selected Topics in Applied

[10] Cheng X J, Cheng X L, Hu M J, et al. Buildings Earth Observations and Remote Sensing, 2014, 7
detection and contour extraction by fusion of aerial (10): 4184-4198.
images and LIDAR point cloud[J]. Chinese Journal [19] Zhang J Y. Complex building edge extraction from

of Lasers, 2016, 43(5): 0514002.
PR, BN e, WIECHEE, . B A s AR A

0104005-13

LIDAR based on undirected plane graph[D]. Fuxin:

Liaoning Technical University, 2015.



h 5| 74 ot

B — . LT W JC B EOE R A A B R [23] XiaCL, Zhang J Y, Li Y. Building edge extraction

YIBL IR D] . B LT TREARKE, 2015. from LiDAR based on jump detection in non-
[20] Zhao Q H, Li Y, He X J. Building extraction from parameter regression model[J]. Bulletin of Surveying

LIDAR point cloud data using marked point process and Mapping, 2014(8): 17-20.

[J]. Journal of the Indian Society of Remote Sensing, HEMWK, skif—, 225 . FHAES 800 0 Bk AR K6 45

2014, 42(3): 529-538. TP LIDAR BSRA & [J]. W2k, 2014(8):
[21] Xu W X, Yang B S, Dong Z, et al. Building 17-20.

extraction from point cloud using marked point [24] Qiu P H, Yandell B. Jump detection in regression

process [J]. Geomatics and Information Science of surfaces[J]. Journal of Computational and Graphical

Wuhan University, 2014, 39(5): 520-525. Statistics, 1997, 6(3): 332-354.

BT, e, B, F. o BidsAdBEHT A s # [25] Qiu P H. Image processing and jump regression

FRE )], IR FEFR G BB, 2014, analysis[M]. Hoboken: John Wiley & Sons, 2005.

39(5): 520-525. [26] Huang Z W, Liu F, Hu G W. Improved method for
[22] XuW X, Yang B'S, Wei Z, et al. Building and tree LiDAR point cloud data filtering based on hierarchical

crown extraction from LiDAR point cloud data based
on multi-marked point process[J]. Acta Geodaetica
et Cartographica Sinica, 2013, 42(1): 51-58.
i, ot AR, % ZiRC R B R LIDAR
R8RSy M e 4 R (J]. M4, 2018,
42(1): 51-58.

0104005-14

pseudo-grid[[J]. Acta Optica Sinica, 2017, 37(8):
0828004 .

HARELE, R, SOLME. T 2 RE R B WK
LiDAR & = %98 U8 3 s ik Oy ik [J]. Jb 5 %= 3,
2017, 37(8): 0828004.



