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Multi-band laser data classification considering fuzzy
segmentation of time series
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Abstract : The measurement of laser scanner in different bands is affected by the reflection characteristics of atmos-
pheric conditions, target surface and other factors, which makes the data cross-sensitivity between bands, resulting in
data exhibiting uncertainty in the time series, thus diminishing the classification accuracy of the laser data. For this
reason,a multi-band laser data classification considering time series fuzzy segmentation is proposed. Firstly, combined
with principal component analysis and genetic algorithm, the features of multi-band laser data are extracted , the maxi-
mum feature vector is found out, and the time series of multi-band laser data is constructed. Secondly, the genetic algo-
rithm is employed to optimize the laser data sequence,which mitigates the impact of of cross sensitivity on the classifi-
cation results. Then ,the fuzzy segmentation algorithm is utilized to divide the optimized laser data sequence into sever-
al time series segments,and in conjunction with the K-means algorithm, sequence segment clustering is completed to
achieve precise classification of multi-band laser data and enhance its classification accuracy. The experimental results
show that this method yields high classification accuracy and excellent classification effects when applied to multi-band

laser data classification.
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Fig. 2 Comparison of the laser data sequence optimization results

WO 13 28 +13 4k +7 28, 2R 553857, ¥ biyr ]
5%, PAIA R 100 kHz, (525 H2h 0 ~ 100 % 5 FJ
SR ETMA R <1.5 mrad JEREHRH <2.3 mm [1
FIAEIFTHE 650 nm BB ; A 850 nm 3O
i 1102 RIS (183 Baot A #3348 850 nm B i
LTHMNEOE , % ) OHSP350IR 21 48 1 4 HE 5 B 43 At
1, FHF 1050 nm i BT AMEOGRLI

P25 BT IR A ) B 1% iy 2= 1L
o s EANE 1 TR

B WOCHM AR 5 A
Fig. 1 Laser scanner data transmission scene diagram

UnEL L BT, 5 R AN TR B 0 31 1 A (an
Riegl VZ - 4000, Trimble TX8, [} &2 Velodyne HDL —
6AE 55 ) SRAR Y R IOL s 2 i, 3 i A i e R T
% 1Gbps 1Y Gigabit Ethernet 38 DA K M1, LAAEFS
WA T R EE SR = R R RE T L. XLt
Bl & T ARIBEBL SO R R R, DL R
ZHEAAR(X, Y, Z) BB T R Y S B MR 1
HJE SRR B 7 OB BaE T SR
4.1 BEBEFIILALERRIT

M TROCBASA PR R R I B, 52 B R |
SRARA S5 PR IR R, #8 2 RE MR e 91 ) o
BrEAE P S A RCR PT LA B R A 23 2 h i
ATINBOMYRZE, K, FIF B 7 ik k3 107
TEVALSCHRLS ] 07 10T i 2 W B B 702K it 4
HEBOCEE P SRR ATSCR , HAAE A AN A 2 BR o

WM A LM RN ERA
o *

& 5 o
ﬁn*@%

200

-100 -200
(©) JCHR[S]T7 34



524 5 RS AN

55 %

SIATIEL 2 Al BT T A T AR RO o 2k
I A 32 B i SRR T R AR f R A, T
i R BB A R (RIAFE R OR R ) , Al L
AR D8 B Y AE () I O BR R 2 J A B B
A5 L TS T O r s [R5, R G327
EAEBOCEE 73 S, AT LA & 70 NS BE
4.2 T NR

H T Z BB R AR IS, 25 AN n] A i 52
1) g SRR SR, DA T Kl vh A R R Ktk | S
PRITER 2 TERE. e, R v $2 07 125 L STk
[31T5¥E VA B SR TS 1 75 20T i 22 I BOsO G R 7
i, M LoadRunner T EXFAS [W] J5 45 /9 43 K90 T
PerERe I, WXET LoadRunner BAKZTT 244
BWEWT

(1) FE AU P %8:50

(2) TRz TEANEL:3

(3) PIZEHEIR ;50 ms;

(4) 4 FEPRA : 1 Mbps;

(5) J R FR/NEHE A5 5,10 s,

AR TR B 3 2Pt T MERE M BE I 1045 SRk
1 R

Sy 1 AL, BT R 0T ik RE S TE O B o 2R
I, A RO A R Rl TR, DR 07 R
ANl W xS = 3 s A TS S D s R AN

I3 EVEE SRV AR TR 200 Z A — % 3R
JRREE T AN 2 58 ) P b s LA 2 O — 2051 G ol
BROR A AT Bl T TR0 Ak B R R A DR Ay e
Bt R I BORI R AE , XELA TR H2E
F1 TEFERSERTHRERERMRLER
Tab. 1 Classification and anti-interference

performance test results of different methods

St P A R B AR A

ﬁ;ﬁ};’i’;ﬁf ¥ uje?s/\ SCHRE3] | k(5]

SRR/ i/ A o oy By
1000 1 1 1 1
2000 8 8 8 8
3000 15 15 15 15
4000 23 23 23 23
5000 30 30 28 30
6000 41 41 36 41
7000 56 53 50 56
8000 65 60 57 65
9000 79 72 69 79
10000 91 85 82 91

4.3 AF SRR

T8 22 B BEHOC R Sy 2R, 2 FE 2 K
U IR ok 3 RO IEAERO IR X AN ) J5
PR B AT o5 I, DA AN
[l J7 ik oy R IRA e . SR AN 3 IR

L LR = A DgR m= A IR o
80~100 80~100 80~100
N = N
< 60~80 AP S 60~80
g@ ]@ 60~80 =
2 40~60 = 40~60 £ 4060
& s &
£ 20~40 £ 20~40 & 20~40
0~20 0~20 0~20
» » ;
1000 3000 5000 7000 9000 1000 3000 5000 7000 9000 1000 3000 5000 7000 9000

Feoy s g/ (RPiES eSSV (RPiES eSS
(@) FrfieJs ik (b) SCHRB3JT A (o) SCHRIS17 2

PSRRI 00 A B A R

Fig. 3 Test results of the classification process memory usage for different methods

SIMTIEL 3 R, PR DT I R ARG S B TR
A0 H X6 S P [ PP 8] S 1 0 B Ak P 2k
T RS RiatT R, N2 IR G SE00 28I A8k

REAS T AR o o
5 & iE

B A et 50 2675 0 FR AT AE B TR, B2 H 2
VEI 6] P B AR 2 0 B 22 e BafO R 7 2 o %05
AR BUBOC R AR R, @S I R 51 5 FEE S

AEERH) 23 SETE T I 8] e 8] 7 5 Ak B, R BB )y 371
B s dmgJ i ok Ik 1) P 4 B SR 2 SE RO Bl 1 2
W Bty %05t T AERS )P SR B, 1 R AT
PR, A Ja A X HZ IR AR S A% 05 1

S0k :

[1] Cao Shijie, Yao Longying, Zhang Zhiyi. Scanning inner

surface of object-based on ring laser[ J]. Computer Simu-



ot 5 4 s

No.4 2025 Xl

HaRE B FEIN ] Y SR 20 1 049 2 S BUOE RO 732K

525

(3]

(4]

(5]

lation ,2023,40(6) :295 —300. (in Chinese)

LA, RS KRR S T IR HOL B Y R ) K T
FHHLT]. L5 HC,2023,40(6) :295 - 300.

Xii Qiang,Guo Chen,Dong Xiujun. Application status and
prospect of aerial remote sensing technology for geo-
hazards [ J ]. Acta Geodaetica et Cartographica Sinica,
2022,51(10) :2020 —2033. (in Chinese)

VPBR, SRR 75 2. BT 9 M 25 R SRR TR
FORBE[T]. 2244 ,2022,51(10) 2020 -2033.
Dong Jianjiang, Tian Ye, Zhang Jianxing, et al. Research
on the classification method of benthic fauna based on hy-
perspectral data and random forest algorithm [ J]. Spec-
troscopy and Spectral Analysis, 2023,43 (10).3015 -
3022. (in Chinese)

AL, HET, RE %, S5, T Bl AL AR ARG 1 B0 A
W) ISR o3 KOS [T ] e 5ok 4y
#r,2023,43(10) ;3015 —3022.

Dubey S, Kumar V P, Prasanna K S. Logistic regression a-
nalysis for the classification of human pulse data[ J]. ECS
transactions ,2022,107 (1) :19739 — 19748.

Zhao Yiqiang, Zhang Qi, Liu Changlong, et al. Airborne
LiDAR data classification method combining physical and
geometric characteristics [ J ]. Infrared and Laser Engi-
neering,2023,52(11) ;1 = 13. (in Chinese)
AR, SKFT, XK e, 2F. 455 W0 315 LA R A BIL

[6]

(7]

(8]

X LiDAR Hior 2K ik [ 1], 404 5306 #2023,
52(11):1 -13.

Xue Zhanao, Li Yongxiang, Yao Shougian, et al. Data
classification method based on Bayesian intuitionistic fuzz-
y rough sets[ J]. Journal of Shandong University : Natural
Science ,2022,57(5) :1 = 10. (in Chinese)

B T 2 OKHE kST A, 6. 25T Bayesian FUGEBUHIHL
RESEA B 73 K075 [T ] IR R 24l BESA AR,
2022,57(5) .1 - 10.

Wang Rui, He Zhilong, Zhang Zhen, et al. Evaluation of
the effect of nitrogen forms on the growth of camellia oleif-
era seedling based on principal components analysis and
membership function method[ J ]. Journal of Central South
University of Forestry & Technology,2023,43(10) ;11 —
19. (in Chinese)

¥, iz e, oKk, A BT 30 4 B K s eR g
B BRI S X AR B [ ], b g ok B
R4 4-,2023,43(10) <11 - 19.

Zhang Xiaodi,Liu Jiyun, Wei Mingyue et al. Method for cal-
culating the state image pose of the power panel cabinet
pressing plate based on multi-band laser data clustering[J].
Laser & Infrared,2023,53(7) :1110 —1116. (in Chinese)
RS, X W, 0 H A T 2 B0 BE R
B FEAR AR S R A B i B Ok [T]. Ot
5414p,2023,53(7) ;1110 - 1116.





