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Full-waveform LiDAR data decomposition method based on global

convergent LM

Li Pengcheng, Xu Qing, Xing Shuai, Liu Zhiqing, Geng Xun, Hou Xiaofen, Zhang Junjun
(Institute of Surveying and Mapping, Information Engineering University, Zhengzhou 450052, China)

Abstract: Full-waveform LiDAR is a rising technique in the field of remote sensing. Compared with
traditional LiDAR, it can digitize all the back-scattering pulses. More abundant attribute of targets shall
be obtained by waveform decomposition, which is the core content of full-waveform lidar data
processing. A waveform decomposition method based on global convergent LM was proposed. Waveform
was fitted and optimal solutions of components’ parameters were obtained by introducing global
convergent LM. Decomposition of complex overlapping waveform components was realized by iterative
peaks detection. The experimental results on GLAS, LVIS and Lite Mapper—-5600 waveform data prove
that, the decomposing results are more robust than traditional LM and proposed method is practical as it
is suitable for satellite, airborne large footprint size and airborne small footprint size waveform data.
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Fig.1 Workflow of waveform decomposition
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Tab.1 Main technical specifications for three systems

System GLAS LVIS Mapplj:f 600
Company manufacturer NASA NASA Riegl
Platform Satellite Airborne Airborne
Beam deflection None Oscillating Polygon
Beginning-final year 2003 - 1997— 2004~
Wavelength/nm 1 064/532 1064 1550
Flying height/km 600 <10 <1l.5
Pulse rate/kHz 0.04 0.1-0.5 <100
Pulse energy/mJ 75/35 5 0.008
Pulse width/ns 6 10 4
Scan rate/Hz - 500 5-160
Scan angle/(°) 0 14 45
Beam divergence
Jmrad 0.11-0.17 8 0.5
Footprint size/m 66@600 km  40@5 km 0.5@1 km
Range accuracy/cm 5-20 30 2
Digitizer/ns 1 2 1
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Fig.2 Decomposition result of GLAS waveform

_—
N (=)
(=] (=1

T 1

—— Original waveform
---- Waveform components
Modeled waveform

Amplitude
oo
(=3

40f (a)
¢ 50 150 250 350 450
Time/bins
1601
'u‘; 1201 —— Original waveform
= 80 ---- Waveform components
E‘ Modeled waveform
< 40f (b)
0 50 150 250 350 450

Time/bins

3 LVIS I s 45 R R

Fig.3 Decomposition result of LVIS waveform



RILVIS BEHESH

Tab.3 Parameters of LVIS waveform components

2266 L A2 % 44 %
16 N % 4 Lite Mapper—5600 K20 25 #
9 Al —— Original waveform
£ 12 \ ~~~- Waveform components Tab.4 Parameters of Lite Mapper—5600 waveform
B 9 J\_\ Modeled waveform
5 4 I components
G - i 1 1 1 - 1 ol ]
0 10 b Timez/;l())ins 40 50 60 Method Number of Pulse Pulse range Pulse width
components amplitude A, i Wy
167 .
4,; 12»(b) (\)Vrigir;al waveform ) 4.210 11.019 0.148
bt - averorm componeni 5
2 8t Notolell et 7.897 13.116 1.957
4F s
< A A aVA=—a =y = .
L s - - - ) 14.057 18.408 2.311
0 10 20 30 40 50 60 Traditional
Time/bins raciiona 7 3.629 32.754 7.081
LM
& 4 Lite Mapper—5600 3% JE 43 fift 45 5 & 10.760 36.506 0.822
Fig.4 Decomposition result of Lite Mapper—5600 waveform 13.971 38.370 0.338
EK2GLAS FFESESH 10.700 39.609 0.267
Tab.2 Parameters of GLAS waveform components 5.791 10.521 0.216
6.253 12.777 1.073
Number of Pulse Pulse range Pulse width
Method . 12.357 17.575 2.925
components amplitude A; My Wy
Proposed 5.766 19.250 1.329
8
155.754 16.968 1.712 method 5.209 24.592 0.199
Traditional 25.437 24.371 1.990 10.991 36.516 0.936
t
raLll\l/I’na 4 8.756 38.147 0.129
15.321 33.769 -2.376 5019 30,505 0.951
3.528 35.509 1.819
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poposed He, 2 5 ST LIRS KR R F R S 3kt
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Tab.5 Statistics of waveform residual

Number of Pulse Pulse range Pulse width
Method .
components amplitude A; M Wi
. 131.708 321.955 1.433
Traditional 9
LM
40.268 324.845 3.162
145.441 322.026 1.513
P
roposed 3 32.647  325.803 1.217
method
24.848 328.178 3.422

System Traditional LM () Proposed method (§)
GLAS 0.387 0.193
LVIS 0.194 0.110

Lite Mapper—5600 0.172 0.148
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Tab.6 Statistics of qualified waveform using

traditional LM

Qualified  Unqualified Number of  Qualified
System
waveform waveform waveform rate
GLAS 760 240 1 000 76.0%
LVIS 388 112 1 000 88.8%
Lite
Mapper— 169 655 18 650 188 305 90.1%
5600
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Tab.7 Statistics of qualified waveform using

proposed method

Qualified  Unqualified Number of  Qualified
System
waveform waveform waveform rate
GLAS 985 15 1 000 98.5%
LVIS 999 1 1 000 99.9%
Lite
Mapper— 186 411 1894 188 305 99.0%
5600
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