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Yesterday: Wayne Wright (USGS) presentation
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11]4)[log(  WAS A – area of receiver in cm2;
W – laser peak power, W 
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FAQ
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Question:
Is it possible to have a universal parameter for the 
comparison of lidar bathymeters?

Answer: 
No, because every lidar has something specific in the 
system, such as:
• Photoreceiver type (PMT, APD, streak-tube, etc.)
• Values of laser beam divergence and receiver FOV
• Noise level of digitizer
• Requirements for false alarm probability
But using the specific software (see Optech “Ocean 
Scientific”) we can predict the capability of every lidar system 
for different water conditions (if you know water properties! )



© Copyright 2014, Optech Incorporated, a Teledyne Majority-Owned Company. All rights reserved. E&OE

FAQ #2
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Question:
Is it possible to have a universal parameter for the 
comparison of lidar bathymeters after some principal 
assumption?

Answer: 

Yes

• The atmosphere and surface state are the same 
• The bottom reflectance is the same
• The altitude and depth are the same

• The water properties are the same
• The single pulse Field-of-view is the same and near optimal
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Ocean-Scientific (2001, 2003, 2005)

Optech “Ocean-Scientific” software estimates the lidar system 
performance by evaluating the so-called D-index of 
discriminability, which determines the probability of bottom 
detection at a given false alarm rate using the Neyman–
Pearson criterion.
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Ocean-Scientific

to compare the effectiveness of different lidars for the 
given task and specific conditions, including water clarity 
and surface roughness, the flight parameters and 
meteorological situation;
to optimize the following parameters of a lidar:

laser pulse energy
laser wavelength
lidar carrier altitude
receiver pupil diameter
receiver field-of-view angle
optical filter bandwidth

to furnish bathymetric survey cost saving via not wasting 
flights under conditions that would yield poor results

Ocean-Scientific is a multi-purpose and powerful
instrument for a priori estimation of airborne lidar system
performance; it allows:
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OS2001-OS2005: Basic Concepts

Statistical 
decision theory
Lidar performance is 
estimated via D-index of 
discriminability as a 
measure of detectability 
for the Neyman-Pearson 
observer

Seawater optical 
properties model
Based on reliable 
correlative relations and 
spectral dependencies of 
optical parameters

Lidar model
A multiple forward – single 
backscattering model
based on the small-angle 
scattering approximation
for radiation transfer 
equation 

OS200X

Background light 
signal model
Cox & Munk approach to 
estimate direct sun and 
diffuse sky radiance 
reflection from a rough 
ocean surface. 
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OS2005: main screen
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OS2001-OS2005:  what we can have?

Paper report

Water

Cycles for 
optimization
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OS2005: extra capabilities
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Signal-to-noise ratio (SNR) is the best-known example 
of discriminability index. It has been favorably used for 
signal detection problems in radar applications.
SNR is based on the fact, that noise distribution is:
• Normal
• The standard deviation of noise distribution is not a 

function of the signal
But SNR does not work in the optical region, because:
• The emitted photoelectron distribution of the 

photocathode is Poisson
• The noise distribution (and standard deviation) is a 

function of the signal

11
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Poisson distribution 
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Criterion for lidar comparison:
D-index of discriminability 

Where:
iA and iB are the mean values for distributions; 
A and B, respectively (A- noise only; B – signal and 
noise;
SA and SB are the corresponding standard deviations

2
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SNRD If SA = SB      
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Application of D-index of discriminability
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Pf = 10-6 . Curves 1 – 4 correspond to Poisson distributions with                   
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The connection between D-index and the acquisition 
probability, Pac, for different levels of false-alarm 
probability, Pf , in the case of Poisson distribution.

Application of D-index of discriminability
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Evaluation of D-index

2
1)()( BAAB SSiiD 

iA = ibw + iba + isun; 
iB = iA + ibot
ibw, ba, sun, bot = Pbw, ba, sun, bot  s
s is the detector spectral sensitivity (in A/W)

e
tSPm 

 

The number of photoelectrons per time interval, t, is given by the formula:

where:
P is mean input signal power;
e is the electron charge. 
With typical values of ∆t = 1 ns and Sλ = 70-80 mA/W, for P = 10-8 W 
(such a signal power corresponds to practical limits of detectability) one 
has                .                  .    

one has 21m.  21m

42 m
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ms  is the mean number of "signal" photoelectrons registered
       during the time interval t;
mn  is the same for "noise" photoelectrons.

Distribution functions for lidar response at photo-detector 
output - Poisson distributions:

For Poisson processes pn and psn
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Formalization of statistical approach

False alarm probability Pf

   n

m
n

m

m
f m

m
m

 




exp
!

1
1

0

0

Acquisition probability, Pac

    ns

m
ns

m

m
ac mm

m
mm




 




exp
!

1
1

0

0

with m0 being the threshold of discriminator.
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Lidar equations

Ksys depends on:
1) the water IOP’s Kd and bf ;
2) the lidar system parameters (FOV, divergence), and
3) the depth 
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Psun = Pglt + Psky + Pbsun ~ Σ ηΩR Δλ

where

Psky is the diffused sky radiance reflected by the surface

Pbsun is natural light backscattered in sea water column

Pglt caused by specular reflection of sunlight over ocean  
waves

20



© Copyright 2014, Optech Incorporated, a Teledyne Majority-Owned Company. All rights reserved. E&OE

Proportion between return signal components
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CZMIL operator screen copy
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CZMIL operator screen copy
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CZMIL operator screen copy
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CZMIL operator screen copy
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Bright sunny day; Zenith sun angle = 35°
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Circular scanning
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Assumptions for all bathymetrical systems
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Psun ~ Σ ηΩR Δλ
The atmosphere and surface state are the same 
The bottom reflectance is the same
The altitude and depth are the same
The Field-of-view is the same and near optimal
The water properties are the same
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Equations
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CZMIL practical case
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Equations

  4
1

)( nnss mmmmD 

sun

bot

m
mD 

BLCdPPD 



 





00
0 ~~

30

nsn mmm 



© Copyright 2014, Optech Incorporated, a Teledyne Majority-Owned Company. All rights reserved. E&OE

The universal parameter CBL
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where:
P0  is the transmitter (laser) pulse power;
d0 is the diameter of input receiver optics;
η is the optical transparency of transmitter-receiver;
∆λ is the bandwidth of receiver spectral selector
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Maximal penetration optical depth 
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CZMIL as a “meter bar”

33

Historical International Prototype Metre
bar, made of an alloy of platinum and 
iridium, that was the standard from 
1889 to 1960.
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Prediction of Kd*dmax as a function of
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(Kd*dmax)/(Kd*dmax)CZMIL vs ∆λ for sunny day
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Warning: all other parameters are CZMIL. Variable ∆λ only!



© Copyright 2014, Optech Incorporated, a Teledyne Majority-Owned Company. All rights reserved. E&OE

Conclusions
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• We have presented a universal parameter to compare 
lidar bathymeters which can be used under certain 
assumptions to compare lidar systems and to predict the 
maximum penetration.

• We have demonstrated, that for the bathymetric lidars the 
most important parameters are:
The laser pulse power;
The diameter of the input lens;
The bandwidth of optical filter

• For more accurate systems comparison (and optimization) 
a special computer program can be used 


