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Abstract: In order to improve the accuracy and adaptability of the LiDAR point cloud filtering algorithm, an
improved moving surface filtering algorithm had proposed. The boundary points of the grid were used to
construct the surface constraint conditions to test whether all the building points in the grid. The area fitting was
used to solve the terrain fluctuations. The Gaussian Mixture Model (GMM) in machine learning was introduced to
filter and classify the terrain undulations, and the seed points in the moving surface were used as the target points
in the clustering algorithm to participate in the classification learning. The experimental data was the self-test area
of radar flight. The filtering effect of the self-test area was tested and judged with random sampling. At the same
time, the Kappa coefficient was added as the test method to test the accuracy of the GMM algorithm on the basis
of the three types of error test methods. Compared with the pedigree clustering classification algorithm, it is
proved that the proposed algorithm can achieve better filtering effect.

Key words: filtering classification; LiDAR; Gaussian Mixture Clustering model; maximum

expectation;  dimensionality reduction

ks H#A: 2020-12-18;  1&iT HHA:2021-02-24

E S E: PRGN TR B T EARMIR I 55 28 L3505 4 (TKS20200318, SIY20200101)
TEZ BN IWREE, 5, B4, EENFHLRE LSS ITEIT YL .

BIIER: FEHE, T, W TREIN, i, 323 SR PE I BAR T T 52

20200501-1



i E ok A2

% 1049 www.irla.cn % 50 A
0 51 § Y5 RE K AREE, B de=dy., #ES7 A% R H YR

% 75 1% (Light Detection and Ranging, LiDAR)
JE YT AT I — B SR B = R F B, 4t
20 ZAFE MR R, BOGTE IR R B BT 2 1)
k2L, AT AT B HLE P 5 A Leica’(ALS80-UP),
Optech’(Titan), L5 KL (AP-3500) 25, #2KH] 1 064 nm
M o OB TR I8 2 B 1) N DX S AR L
S KT M 55 = AE s AR,

OB TR I8 2 50 I i T B2 1) FH 2 S0 50T AR
5 HRZ AR R, 456 A0t ae O B 22805 il 5
13 H AR X =4E s (XY.2). MR TAEGAE
B, WOGTE B AR S 4 KR, 3F Ayt ng
NG, R BIRE . YA o BdE Sk =K%
5 1 P 23 18] 77l (GNSS, GIS, RS) J& H 45 P Kk 7k
B2 = B AR TE B G, 91 WS £ e K, & TUAR,
SRR 3 AT AN

M BE R JE A — R, Hoh RS B
P (T 38 A5, 2z ML T RN I b T 057 A 43 B R A g ) T
BRI OCHE . SR AR RCAILTAE
IS, REFHRL T Z2RIRBEE, OF AW 52
o AR PR E A U (1) B A E N
I (2) BT R s R, 3) Tl
ARG s (4) T IR B gk kT,

% By 1l 1T 08 O AR A B o U 2 1 sk /N 2T 4
h, SO TR G R Sl it T R, Bl AL R T
EHNR AR (Gaussian Mixture Model, GMM) JE255&
DT BEAT 40 28, R SO R M A R ROR, 5
TR RIEEIL CF — P WA ALas 22 2] RISk iE
AT 5256 X L, W7 P RIS 27 > SR I DR PRI

1 ARFHTHIHEIREEE

% Bl it 1 A D B I DX 2 S DA Y, SR
M3 E 18y J7 20 A Bl s AT o X R
A& AT o AR HE, R b S0 i TR A, oK
fift LS L AR S G AR M 2
1.1 S=HIETLE

SCHR B B e s A TR 22 S B, 4045
B 22 F) T FhF S A MER BERE . XTI X 47
& WK 53, A0 E 1(a) BT, i, 7 2 i X% I 57 i 47

PRUERE— DR A ME— R 515, R —A4% [ A R
REGS—E.

(b)
P10 DA P ) 2 R B H

Fig.1 Grid division of survey area and selection of seed points
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Fig.2 Point cloud real elevation and fitting elevation distribution
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Fig.4 Dimensionality reduction processing of 3D data
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GMM clustering algorithm for point
cloud distribution in the area
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Tab.1 Three types of errors and Kappa coefficient judgment method

Test sample Sample name Topographic features

Sitel Sampl11 Vegetation and buildings on steep slopes
Samp12 Small features
Samp21 Narrow bridge

Site2 Samp22 Bridge/passage
Samp23 Complex and huge buildings, intermittent terrain
Samp24 Slope

Site3 Samp31 Cluster low-value points (multi-path effect)

Sited Samp41 Discontinuous terrain
Samp42 Buildings, high-frequency undulating features
Samp51 Vegetation on the slope

Sites Samp52 Low vegetation, fractured steep ridges
Samp53 Intermittent terrain
Samp54 Low-resolution building points

Site6 Samp61 Low-resolution building points

Site7 Samp71 Bridge, discontinuous terrain
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Tab.2 Topographic features and error distribution of the survey area

Total number Type I error Type 11 error Total error

Py Pc Kappa

pe:pzz+pb+pc+pd pb/(pa+pb) pL‘/@('+pd) (pb+pc)/pﬁ

Patpd)pe

(Pt 2Pt P PP P PP (P-Pc)/(1-Pc)

® 3 MARLEEW THE#RREST

Tab.3 Two types of clustering algorithms for data sample error statistics

Algorithm type Gaussian clustering model classification algorithm Pedigree clustering model classification algorithm
Sample name  Type I error Type Il error Total error  Kappa coefficient  Type I error Type Il error  Total error  Kappa coefficient
Sampl1 3.43% 14.38% 5.40% 81.79% 22.25% 6.38% 13.82% 72.00%
Samp12 3.68% 6.25% 5.15% 89.56% 10.06% 6.01% 8.36% 83.01%
Samp21 1.59% 4.52% 2.54% 94.19% 8.89% 8.64% 8.81% 80.37%
Samp22 7.31% 6.15% 6.48% 84.16% 10.81% 22.41% 13.09% 61.71%
Samp23 9.16% 9.81% 9.56% 80.13% 15.38% 16.82% 16.26% 66.47%
Samp24 3.70% 14.2% 7.32% 83.45% 28.82% 10.15% 20.12% 60.15%
Samp31 4.04% 6.24% 5.22% 89.51% 9.18% 12.50% 10.00% 74.48%
Samp41 1.95% 2.17% 2.04% 95.81% 5.61% 3.53% 4.77% 90.18%
Samp42 5.56% 3.87% 421% 87.53% 7.42% 7.46% 7.45% 84.46%
Samp51 4.91% 4.84% 4.90% 86.23% 16.39% 8.51% 12.96% 74.01%
Samp52 9.36% 10.53% 9.72% 77.84% 14.67% 7.27% 11.54% 76.76%
Samp53 5.75% 15.79% 6.48% 60.69% 10.27% 34.04% 14.39% 52.59%
Samp54 5.34% 1.30% 3.16% 93.62% 5.13% 12.23% 8.98% 82.03%
Samp61 2.67% 5.88% 2.85% 76.53% 10.94% 0.00% 9.15% 72.69%
Samp71 3.23% 7.25% 4.26% 88.60% 5.29% 12.90% 7.80% 82.26%
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fAPEAAR, T R IEAE 60.69%, 1 R BB E 52.59%.
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Two types of clustering algorithms, Kappa coefficient distribution of two
(a) three error distributions (b) types of clustering algorithms
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Fig.8 Three types of errors and Kappa coefficient distributions of the two types of clustering algorithms
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Fig.9 Two types of clustering algorithms show the data processing of Samp53
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