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Abstract: Waveform fitting is a key point in data processing of airborne laser bathymetry (ALB), which can
provide the foundation data for water depth calculation, submarine sediment classification and water turbidity
analysis. Traditional waveform fitting algorithms are often disturbed by noise. In addition, the problem of the
present algorithms is that the fitting of complex waveform is not accurate. Therefore, a new waveform fitting

algorithm for ALB based on layered heterogeneous model was proposed in this paper. According to the
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corresponding characteristics of different components of waveform, the ALB waveforms were fitted to a
combination of three functions: a Gaussian function for the water surface contribution, a B—spline function for
the water bottom contribution, and a Double-exponential function to fit the water column contribution. The
performance of the proposed fitting model was verified by the measured data from the South China Sea,
compared with three classical waveform processing algorithms: the Double-Gaussian, Generalized-Gaussian,
and Richardson-Lucy (RL) deconvolution. The experimental results demonstrate that the proposed fitting
model performs best in terms of waveform fitting accuracy and efficiency. The average running time 7 of the
proposed fitting model is 0.019 4 s, saving 0.328 6 s than RL deconvolution. The proposed fitting model
performs significantly better than the Double-Gaussian algorithm by reducing 65.11%, 2.83%, 1.01% and
86.61% of their average root mean square error (RMSE), average coefficient of determination (R?), average
correlation coefficient(CORR) and average correlation coefficient standard deviation(STD), respectively. The
proposed fitting model has the great robustness and can effectively meet the technical requirements of the

scientific research and engineering application for ALB.
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Fig.1 Airborne laser bathymetric waveform
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Fig.2 Flow diagram of the new algorithm
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Fig.3 Sampling range of water surface contribution

Z 5 AT RT3 A 35 7K A BB [ 3020, 3 23
AR (18] 3 @54 A S 57K W S5 [l 5 B s 7Y
Maid e,

PRI, SR SR P g 307 e 50 (28 3 (4) X KT Bz
SYIle A BEAT IS 15 2K I PR AU A 45

—(t-p, 20"

f(=Ae (4)

A g F oy 4300 A K T e S0 40 e R IR 0
B D VAT TP R I 5T

HEAT 7K THT TR 40 100 B 502 2 7K T 7 07 o 4
1 3 MRS B A, ws, 0} o PRI 545 2
WG WE(E A, LWL 8 S0 w,, THE KT R ]
P A WA — 2 A0 T X 0 B R o, D) s 2 e iR B
0,=2(u,—x,) . >& FH Levenberg—Marquardt 5.7 =215 fif
13 3 WIS BGHE TR, LUK i S 8RR iR 8 .
2 KA S B S BARA A K (4), 15 IRl (19 7K T
Sl LG 25 AL
2.3 KIERSERK B HEUE

R K B S 1 30 A5 5 B R o, KRS S
[0] 98¢ 52 7R 5t B /K A S A T B9 XU 52 0, [l g
PRI H o QSR e S0 sR B, LG 4 SRR
A, BT B HEAREBEA MG &n R
PR R T SCH B R SR eR AR (2 3K (5)) X K
SN AT OB G

i

F(D=D, e (D) (5)

Ko, AW R MW 5b,(08 p IR B FES
HE PR (S R HURE 25 8 p=3) , R 1] Cox—deBoor
WA AR E R .

—t, -
b yj=———b; () +— =1, (1) (6)
t,urp_li i+p+1 T bitl

o) 1 if r<t<t;, )
io(f)=
’ 0 otherwise

i 5 7P IS SR I i 1) SR e 91 Pl A R A T KIS i B
PLE I HTHE . R G (E R T 5345 20 KO R A3 [l i
HIRI R A Ay S HA B 2B g 38 2o SR B2 W 5
TEEHE () — S 55, e A S p, PR
it H—Br S50 T 0 Frxd B A4S SRAE 1, x A x,
G x<x), BIZKORE B A8 13 9 SR AE G LR oy~
wmE 4 fiR,

I JF 7K B S5z S5 T3 A 7 ) SR 1 LB S B R 4%
PUA 1 85 ¢, 30 0 SRAE A B R LT X B A R

0206004—4



9Nk TAE

5 2 M

www.irla.cn

% 48 %

Fa) 1, — 2R AR R S 28 ¢, R A Cox—deBoor i3
WA NFRIR B RS IL AN b, (1), B A5 BIAH R KR
FCFT L BY 3 R B BESRIUA 45

8001 Received waveform
— Water bottom contribution
L 600F .
? L] _\_.
T 400}
g
<
200F
] 50 100} 150 200 250 300
Time/ns

4 7B S S5 T IR SR Ao

Fig.4 Sampling range of water bottom contribution
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