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An Aerial Photography Slope Point Cloud Filtering Algorithm Based on

Multi—Plane Segmentation and Matrix Transformations

YU Jiayong ", YANG Yuchi, WANG Yudong,ZHOU Cuizhu
(College of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: Point cloud filtering is a crucial processing technique for separating ground points from non—ground
points and obtaining the most accurate ground point cloud. It serves as the foundation for landslide identification in
highway slope point clouds. To address issues such as slow processing speed, low result accuracy, and high error
rates encountered by traditional point cloud filtering algorithms in slope scenarios, an airborne slope point cloud
filtering algorithm based on multi—plane segmentation and matrix transformation is proposed. This method initially
employs a region growing algorithm based on curvature for multi-plane segmentation of the slopes, resulting in
multiple sub—point clouds of the slopes. Subsequently, it fits plane models for these sub—point clouds and uses

rotation matrices to spatially transform them onto a horizontal plane. Non—ground points are separated by simulating

*  WREH:2023-11-28
HE&WH WA /KA R H (XSKJ2021000-46) , Hunan Water Resources Science and Technology iject(XSKJ2021000—46) STLIRE K
FIRHE I H (2021074) ,Jiangsu Water Resources Science and Technology Pr()ject(2021074)
PEZ A A (1976—) , 33, WAL 22BN, W R o2 B8, 1+
T IFEE R A E-mail : surveying@hnu.edu.cn



5511

AR5 25 - HE T 20V T 1 FRREL A 40 A L B 0 A 5 D 1k 13

fabric settling with a distance threshold. Finally, the inverse of the rotation matrix is applied for spatial position

restoration, yielding the filtered slope point cloud. High—precision point cloud models are obtained using a fine

approximation flight route design method for algorithm testing in various slope scenarios. Results are compared with

those of other traditional filtering algorithms, demonstrating that the algorithm in this paper outperforms the others

with total errors of 7.11%, 4.15%, 1.45%, and 4.41% in all experiments, respectively. Furthermore, the Kappa

coefficient values are 0.77, 0.90, 0.96, and 0.90, all of which are the highest among all tested algorithms. The

proposed algorithm exhibits high accuracy and applicability, particularly in complex slope scenarios characterized

by varying terrains and vegetation cover. It offers a new solution for point cloud filtering in highway slope applications.

Key words: road slopes; unmanned aerial vehicle; aerial photogrammetric point clouds; point cloud filtering;

multi—plane segmentation ; matrix transformations
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Fig.4 High—Resolution slope simulation terrain route map
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Fig.6 Point cloud multi—plane segmentation diagram
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Fig.7 Extraction of plane features from point clouds

2) AR P U V- T ) S RO T AR AR B, X34
Yo s A TR i 23 TRV . 33 A 2 T 4125 1)
Hn=(A,B,C),fEXOZ VI Ha=(4,0,C),
1EYOZ SFT 3 R b = (0, B, C). 1 XOZ ¥ i)
p=(0,1,0), Vi YOZ i1 f2 q = (1,0, 0). 715515 2
it a 510 YOZ B Je £, =l (2) s .

_ 3T axq
6= > + arccos( lal X I ) (2)

W3 w3 = P, 58 Y il 300 s e e 1) e 5 S
WA -

cos O
R,=| 0 1 00 (3)
’ —sinf 0 cos@ O

0 0 0 1
i 4 b 5 1R XOZ IR o -

=T arecos| 2P
Q= ) drccos( bl % Ipl ) (4)

W37 5 = P, 58 X il i I B e 5 Y e e A
W2 -

sinf O

1 0 0

0 cose -sing

R, = (5)

0 sing cose
0 0 0
A TR B ERE 5 5 T XOY AT BT
Hain(6) .
P,=R,R,.P, (6)
23 RS RIRG
Zoad Z2 1 o> B FN 23 (A e s = Y5
B TR AL, A RIS A Ak BEOR - 1] 37 St H
A A PRACR G GAUEE PR R DR A PSR 5
RIS A 3R s 2 . i 8 Bz, i A
Pt 3 s = P E KT XOY 4T 1R
TG B T ARSI B B ) R AR A 14 K
JIN 3 H A R A TR TE SR AR R
AT Rz PSSR RS 17 505 2 16
— KV DR B B Z N S RS R Kd-
tree LA BN Bg— AR UK s AR T R B P RY
IR AR 15 T IR 1 TS Bl 0 AR I A A2 )
VER= RO ALAS L I 5 25 B ARk A% 50X N 321 381
Rz PR AR s AR R AT AR, AR Y
A R0 A R e AR AR T B A T R AT R A
D 2 =15 A ARk P ) o R T A i R T R
e, IR HBON AN AT RS Bl s TRl 2 s G Aokl
P s A2 B AR5 a5 N VR T P A R L 7% 5

—_ O O O



5511

RN 45 < He 20 T 235 R A 0 R O B2 38 2= DB S U 17

R Suy KL SN SRR i 2N e el
TBE A EAC YKL ; TR AR AR AT ST B P
[ e R 22 e R 2 /N T U e B MR A
ATy M TR, S 222 DU DB A A 3 TR A 308 2o A A
o B YT s PRI G

,,,,,,, WA
— BRI IS

9 n
TR

A8 AAMATER

Fig.8 Overview of the cloth simulation algorithm
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Tab.1 Circular route parameters
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Tab.2 Simulated ground track parameters
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I W&%EI =7 (9)
R,
. F,
I ﬁmiéEH =5 (10)
Ry
Ly F,+F,
BARZEE, = : (11)
- N
Nx(T,+T,)]-(C, xR, +Cy,*xR
Coappa = (. +7.) = (o ¥ Ro + Gy ¥ R) (12)

N*=(Co X R, + Cy X Ry)

HR 48 28 M BEPEAN B B F Kappa R 2L, 115
1B R 3 6 45 SR 118 22 58 11 1 Kappa 7 5U(H
WK 13 Frs .

WEN13(a) iR, SR % 15203 T 1% 4b
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Hofl LR g% B L (T 28R 22 K T HoAh LA A
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F0.77 , J T A A B T R R
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PRZE R AR SCRIE T 28R40 3.50%, 1 28i% 22
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%, Kappa Z2ECH 355 7 0.90, KT HAlh e A 82 .
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PREE R AR SO T 2R 250 1.45%, T KRk
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Fig.14 Comparative analysis of slope cross—section filtration effects
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