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CZMIL
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CZMIL in Piper Navajo
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Objective
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*Source: http://www.iho.int/iho_pubs/standard/S-44_5E.pdf
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The Theory
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The horizontal resolution of an airborne lidar system is determined by the lidar sensitivity 
distribution throughout the plane transversal to the lidar axis at a given slant depth, h.
In the diffuse small-angle approximation, the effective radius:
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Where,
• Rs and  Rr are the radii of sounding beam and fictitious “receiving” beam
• H is the slant altitude of the lidar carrier, bf is the small-angle forward scattering 

Coefficient, m is parameter of Dolin’s VSF model, and 
• θs,r are the sounding-beam divergence and the receiver field-of-view angle, 

respectively (both parameters are half angles at 1/e level).
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The Theory: The CZMIL sensitivity radii
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The CZMIL effective radius, Reffective, as a 
function of slant depth hbot (solid line) and 
corresponding characteristics RE (dotted 
line) and  RR (dashed line) of emitted and 
receiving beams. 
The small-angle forward scattering 
coefficient  is equal to 0.7m-1, parameter m 
= 7.5. Other parameters: altitude = 400m, 
FOV = 40mrad, laser beam divergence (1/e) 
= 5mr.
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The Theory
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Estimation 
of Cube 

Signal Level 
Program 

Input parameters Output

Scube

Optical parameters

Geometrical parameters
Altitude, depth…

(a+bb), β(π), bf, m, ρbot

Lidar derived

Size, ρcube, Cube location
Cube attributes

FOV, Laser Energy…
System parameters

Cube signal level:

( ).,,, . GeomRCubeF effectivebotattrcube ρρ

Dindex

Radiometric conversion 
from Power to Counts 
(Electrical domain) and 
using noise estimate

Pcube

For a given 
false alarm 
probability
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The Theory: Pd vs Dindex
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Test Area: Panama City, Florida

Flight lines with cube 
locations marked

The test was conducted off the coast of Panama City, Florida in October 2015

11m Depth

19m Depth

23m Depth

21m Depth
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2 x 2 x 2m Cubes
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Cube reflectance = 40% (532nm)
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In-situ optical water properties measurements
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Cube reflectance measurements 
using DiveSpec

WETLabs AC-9, CTD 
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Cube and bottom reflectance
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Cube reflectance = 40% (532nm)
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Test Area : Optical properties
Kd, the diffuse attenuation coefficient, is 0.16-0.28 m-1. 

Cube locations with supporting data

ρ532, the reflectance coefficient, is 10 - 22 % 

Target 1 (~11m Depth)
DiveSpec – 0.212363
AC9 – a532 – 0.12322320

b532 – 0.68637544
c532 – 0.80959864
Est. Kd532 – 0.199 m-1

Target 2 (~19m Depth)
DiveSpec – 0.0971
AC9 – a532 – 0.17491410

b532 – 0.83714661
c532 – 1.0120607
Est. Kd532 – 0.271 m-1

Target 3 (~21m Depth)
DiveSpec – 0.122863
AC9 – a532 – 0.16672104

b532 – 0.59300739
c532 – 0.75972843
Est. Kd532 – 0.239 m-1

Target 4 (~23m Depth)
DiveSpec – 0.113613
Satlantic – 0.109
AC9 – a532 – 0.10673165

b532 – 0.48238067
c532 – 0.58911231
Est. Kd532 – 0.163 m-1
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Test region: Optical properties

Satellite derived Kd map*

* Source : http://oceancolor.gsfc.nasa.gov/

Based on the Kd map 
and CZMIL’s system 
performance 
coefficient we expect 
depths close to 25m
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Test Area : CZMIL measured depths

1.5km 

28.5m depth 

Depth profile over the surveyed area
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Cube Return Signal Level Estimation Example
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Input/Estimated Parameters
ρcube= 40%
Cube size = 2mx2mx2m
ρseafloor ~ 10%
Kd ~ 0.10m-1

Depth ~ 10m
Cube location : Center

Waveform from near Cube (1) location
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Cube Return Signal Level Estimation Example
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Bottom return

Estimated cube return signal level

Waveform from near Cube (1) location
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Cube Return Signal Level Estimation Example
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Estimated cube return signal level

Actual cube return

Waveform with the Cube (1) return

Input/Estimated Parameters
ρcube= 40%
Cube size = 2mx2mx2m
ρseafloor ~ 10%
Kd ~ 0.10m-1

Depth ~ 10m
Cube location : Center
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Cube Return Signal Level Estimation Example
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Estimated cube return signal level

Actual cube return

Another example of Waveform with the Cube(1) return

Input/Estimated Parameters
ρcube= 40%
Cube size = 2mx2mx2m
ρseafloor ~ 10%
Kd ~ 0.12m-1

Depth ~ 22m
Cube location: Center
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Cube Return Signal Level Estimation Example
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Input/Estimated Parameters
ρcube= 40%
Cube size = 2mx2mx2m
ρseafloor ~ 10%
Kd ~ 0.12m-1

Depth ~ 22m
Cube location: Center Estimated cube return signal level

Bottom return

Waveform from near the Cube (3) location
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Cube Return Signal Level Estimation Example
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Estimated cube return signal level

Actual cube return

Waveform with the Cube (3) return

Input/Estimated Parameters
ρcube= 40%
Cube size = 2mx2mx2m
ρseafloor ~ 10%
Kd ~ 0.12m-1

Depth ~ 22m
Cube location: Center
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Dindex Map
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• Using the Estimation of Cube 
Signal Level Program we 
determine the Pcube for all the 
waveforms with a valid bottom 
return.

• As far as radiometry is 
concerned CZMIL can detect IHO 
Order 1a objects in optically 
deep waters.

• However, the location of the 
cube in the effective radius is 
also a critical factor in 
determining the probability of 
detection.

Pcube = 1

Dindex

Dindex map on GoogleEarth
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CZMIL Waveform: Cube 1

Cube #1 
Depth 11m

DEM

Deep channel waveform

Cube return

Cube
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4m
8m

CZMIL Point Cloud: Cube 1
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Points outside the marked region are a result of the measurement uncertainty of the cube 
location caused by the effective laser beam footprint. 

Corresponding 3D perspective view
Red- and yellow-colored points correspond to the 
position of the cube on the seafloor measured by CZMIL.
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100m

100m

CZMIL Point Cloud: Cube 1

Shallow Channels. FOV = 1.9mradDeep Channel, FOV = 40mrad
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CZMIL Waveform : Cube 2

Cube #2
Depth 19m

DEM

Deep channel waveform

Cube return

Cube 
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CZMIL Waveform : Cube 3

Cube #3
Depth 21m

DEM

Deep channel waveform

Cube return

Cube
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CZMIL Waveform : Cube 4

Cube #4
Depth 23m

DEM

Deep channel waveform

Cube return

Cube
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CZMIL Waveform : Cube 4
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A more detailed view of the waveform
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Conclusions 
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Thank you!

Questions?
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Cube Distance and Probability of Detection
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Pd ~ 1

Input/Estimated Parameters
ρcube= 40%
Cube size = 2mx2mx2m
ρseafloor ~ 10%
Kd ~ 0.10m-1

Depth ~ 22m
Cube location: Varying
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