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ABSTRACT 
. Water LiDAR model was applied to simulate the 
returned waveforms of hydrographic LiDAR 
considering the effects of surface geometry and 
water optical properties. The signal to noise 
ratio(SNR) of bottom returned peak was 
considered as a criterion for performance of 
hydrographic LiDAR. The behavior of LiDAR 
was sensitive to water optical properties and it 
was insensitive to water surface roughness.  

  

1. INTRODUCTION 

Water surface altimetry and bathymetry are 
important factors for geomorphology, hydrology[1], 
and meteorology. Water surface altimetry and 
bathymetry can be measured with several methods 
by using sonar, radar, and optical imaging.  
However, these techniques have some difficulties 
when used on swallow water,   such as: 1) cannot 
achieve full spatial coverage on coastal water 
(sonar), 2) the lack of high depth accuracy due to 
the low penetration of radar and optical imaging. 

Airborne hydrographic LiDAR has been 
considered as a suitable sensor for bathymetry 
because of its low latency, high accuracy and high 
density data. Take advantages of the blue-green 
visible wavelength window, blue-green laser has a 
good performance in long distance underwater 
sensing, especially the subsurface sensing. Thus 
the airborne hydrographic LiDAR can get the 
returned signals from the water surface[1], water 
column[2] and water bottom[3,4] for altimetry and 
bathymetry.  

Due to the scattering and absorption property of 
water, the effects of energy loss and direction 
changing can be generated for the optical beams. 
These effects may introduce the pulse spreading 

and pulse stretching, which play important roles in 
beam propagation. Several Mathematical 
models[1,3,4]  are developed to simulate the returned 
signals from the hydrographic Lidar in order to 
optimize parameters of lidar systems under 
development or to estimate a system efficiency in 
a given conditions.   
In this paper, we take water LiDAR simulation 
model to simulate the returned waveforms for 
airborne LiDAR with 532nm frequency.  The 
SNR of simulated waveforms are taken to 
evaluate the behavior of  LiDAR in different 
conditions.  The effects of water surface slopes 
and water optical properties are also discussed.  
. 

2. METHODOLOGY 

2.1 Water LiDAR Model 

The Water LiDAR model[5] presented by H. 
Abdallah et.al., is a generalized model for LiDAR 
waveforms with wavelength in the optical 
spectrum domain from 300nm to 1500nm. This 
model has good features including: 1) description 
of the water surface geometry based on 
bidirectional reflectance distribution function 
(BRDF) [6],  2) description of the optical property 
of water column for different wave length based 
on the laws of radiative transfer, 3) calculation of  
SNR which considers detector noise and 
background solar noise.  

The returned waveforms from hydrographic 
LiDAR system can be written as[4,5] 

( ) ( ) ( ) ( ) ( ) ( )T s c b bg NP t P t P t P t P t P t= + + + +   (1) 

where ( )TP t  is the total power received, ( )sP t  is the 

power returned from the surface, ( )cP t  is the power 

returned from the column, ( )bP t  is the power returned 
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from water bottom, ( )bgP t is the background solar 

radiation power, ( )NP t is the detector noise power, 
and  t  is the time scale.  

2.2 Signal to Noise Ratio 
The SNR of the hydrographic LiDAR is shown as: 

( ) ( ) ( )
( ) ( )

s c b

bg N

P t P t P tSNR
t tσ σ

+ +
=

+
                      (2) 

( )bg tσ  is the standard deviation of the background 

solar radiation power, and ( )N tσ is the detector noise 
power. 

2.3 Effect of Surface Geometry 
The returned power from the surface is given by  

( ) ( )s s sP t t Pω= ∗ ,                                            (3) 

with ( )s tω is the returned waveform of  the pulse 
propagation in a perfect and lossless channel from the 
water surface, and  sP  is  the instant echoes from the 
water surface[3,5], 

2
2( / cos )s e atm R e R

fP PT A
H

η η
θ

= .                   (4) 

Here eP  is the emitted power of the LiDAR system, 

atmT  is the loss due to the atmosphere,  RA is the 

receiver area, H  is the sensor altitude, θ  is the local 
incidence angle, eη and Rη are the optical efficiency of 

the emitter and receiver. f  is the loss factor from the 
surface and  is based on BRDF of  the water surface. 
Here we use the geometric model of Cook and 
Torrance to describe the behavior of surface geometry. 
The equation of  loss factor f  is[6] 

24cos
rDOFf
θ

= ,                                                (5) 

where 
1 2 4 2cos exp( (tan / ) )D r rπ θ θ− − −= −       (6) 

is the microfact  distribution function[6,7] , O is the 
geometric attenuation factor of BRDF, and rF  is the 
Fresnel  reflection of light on the water surface.  

2.4 Effect of Optical properties of water 

The optical properties of water can be described by 
absorption coefficient ( )a λ , scattering coefficient 

( )b λ , attenuation coefficient ( )c λ , scattering 
function ( )β ϕ , and diffuse attenuation coefficient k . 
The empirical relationship between diffuse attenuation 
and optical properties[1] is established as  

( )
2 ( )( )[0.19 (1 ( ) / ( ))]
b
ck c b c
λ
λλ λ λ= × −             (7) 

where[8] ( ) ( ) ( )c a bλ λ λ= + , 

( ) ( ) ( ) ( ) ( )w y ph sa a a a aλ λ λ λ λ= + + + , 

( ) ( ) ( ) ( )w ph sb b b bλ λ λ λ= + + . 

Here the subscripts ‘w’, ‘y’, ‘ph’, ‘s’ represent pure 
water, yellow substances, phytoplankton and sediment, 
respectively.  

The returned waveform from the water column and 
bottom is calculated as 

2
2

/ 2

(1 ) exp( 2 / cos )
( / cos )

(sgn( ) ( ) (1 sgn( )) )

c b e atm R e R

b

f kzP PT A
nH z

Rz Z z Z
Z Z

θη η
θ

β ϕ
π

− −
=

+
− −

⋅ + −

,(8) 

where n is the water refractive index, bR  is the bottom 
albedo, z is the depth underwater, Z is the depth of the 
bottom, and sgn(·) is the step function. 

 

3. RESULTS  

3.1 Simulation results for hydrographic LiDAR 

According to water LiDAR model, the returned 
waveforms from traditional hydrographic LiDAR 
are shown in Fig.1. The relevant parameters are 
shown in Table. 1. 

 

Table.1 Parameters used in simulation 
Parameters LIDAR Parameters LIDAR 

λ (nm) 532 ηR 0.5 

H(m) 400 Tatm 0.9 

Pe(MW) 1 ( )β ϕ ( 1 1m sr− − ) 0.0014 

θ(°) 20 r 0.1 
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AR(m2) 0.025 n 1.33 

ηe 0.9 Rb 0.1 

 

 
Fig.1 Simulated returned waveforms of hydrographic LiDAR 
with wavelength 532nm. The water is of Case II quality (the 

average concentration of phytoplankton 3
ph 4mg / mC = , 

sediment 2.6mg / lS = ) 

3.2 SNR for different depth 

The SNR of bottom returned waveforms at 
different depth is discussed in this section. Fig.2 
shows SNR distribution of peaks of the bottom 
returned waveforms. The results shows that SNR 
is linearly decreases with water depth.  

 
Fig.2  SNR of the bottom returned waveform vs. water depth 

3.3 Effect of Surface Geometry 

The effect of surface geometry is mainly relevant 
with the surface slope parameter r. Small values 
of r represent gentle facet slopes and behaves as a 
specular facet, while large values of r represent 
steep facet slopes and behaves as a diffuse facet. 
The performance of SNR of bottom returned 
waveforms versus surface slope parameter r is 
exhibited in Fig.3. When r was small(r<0.1), SNR 
of bottom waveform was low since the returned 
light is highly directional and has low overlap 
with receiver area. When r was large (r>0.1), 
SNR became stable since the returned light is 
unidirectional and get insensitive with incident 
angle.  

 
Fig.3 SNR of the bottom returned waveform vs. surface slope  

3.4 Effect of Optical properties of water 

In Section 2.4, the relationship between optical 
properties of water and diffuse attenuation 
coefficient k is shown in Eq.(7). We compare the 
total power return of Case I water and Case II 
water. The scattering and attenuation effects for 
Case II water are more serious than that for Case I 
water.  
Table 2. Comparisons of two sites with different 
optical properties  

Parameters Case I Case II 

k(m-1) 0.0449 0.1572 

c (m-1) 0.0731   0.4912 

a(m-1) 0.0412   0.1233 

b (m-1) 0.0319 0.3679 
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Fig.4 Comparison of total power return in Case I water and 
Case II water. The water depth is 10m.  

 

4. CONCLUSION 

Water LiDAR simulation model was applied to 
describe the returned waveforms of airborne 
hydrographic Lidar.  The SNR of peaks of bottom 
returned waveforms are analyzed and SNR is 
linearly decreases with depth. The Effect of 
Surface Geometry is also considered in this paper, 
and the SNR is stable with the water surface slope 

[0.1,0.5]r∈ .  The performance of hydrographic 
Lidar is very sensitive to optical properties of 
water, and prior information of water optical 
properties is significant for estimation the 
maximum depth of hydrographic Lidar.  
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