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Challenges in determining water surface
In airborne LIDAR topobathymetry
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l Why topobathy LiDAR?

» Complements acoustic (multi-beam sonar)
technology

» Airborne topobathy LIiDAR is of high value in
filling the “0O to 10 m” depth gap in coastal and
riverine areas

 Rapid survey of shallow water areas that are
difficult, dangerous, or impossible to get using
water borne methods

* Ability to rapidly assess riverine and estuary
environments: channel cross sections,
biological habitat, riparian conditions
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Topobathymetric LIDAR along Sandy River, Oregon
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Why do we need water surface returns?
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Bathymetric data need to be corrected for

* the refraction of the incident laser pulse at the
air-water interface,

e the change in the speed of light as it enters the
water column,

e the attenuation of the laser signal in water,
and

* the effect of water-column turbidity on the
laser backscatter.
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Topobathy LIDAR —when Is a good
time to conduct a survey?

e \Weather, snow-free, leaf-off, etc.

e Good water column clarity

. What about state of the sea surface?
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Topobathymetry —when is a good
time to conduct a survey?

No wind and no surface waves — Mirror like conditions
Results in only specular reflection ( that the sensor sees
at or near nadir)
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Topobathymetry —when is a good
time to conduct a survey?
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Questions:

* In very shallow areas, does the green LIDAR
reflect off the water surface or the seabed?

e Can we obtain reliable water surface returns
using Green and NIR sensor operating
simultaneously (on the same platform)?

 Does mounting of the 2 systems at different look-
angles improve the ability to determine surface
returns?

@ Dewberry



2-laser source sensor configuration

Riegl VQ-820G (Green) ' l -

Leica ALS50 (NIR)

*Riegl VQ-820G has a 20 degree forward
look angle

eLeica ALS50 is mounted at nadir
*At 600 m operating altitude, the same

“spot” is illuminated by both sensors up to
3.2 seconds apart.

Images courtesy Quantum Spatial @ DEWhe“Y'



I Project

Area

Supplemental Sandy Topobathy Project

Ohio

Pennsylvania

West Virginia Rlayians

District of Columbia Delaw

North Carolina

BLOCK 1
South Carnlin o """'lf

# Dewberry

" New Jerse,

Rhode Island ]
Connecticut
New York ) Massachusetts|

/New Y

BLOCK 3

BLOCK 2

ATMOS,
o i,

TION,
Q WATIONA, e,
G
[»)
M
HJ_S\\*\

G
S
%

(o

< Noyy

A
4 N
et oF €©

Project Area (sq miles): 2,772.86
Total Shoreline (miles): 10,932.42
Oceanside shoreline (miles) 930
Planned flightline (miles): 24,469

Supplemental Sandy Topobathy
LIDAR and Imagery Task for the
NOAA NGS Shoreline Mapping
Program

Dewberry tasked as prime
contractor under the NOAA CGSC |l
contract

Subcontractors — Quantum Spatial
(LIDAR and Imagery), RC&A
(Imagery Acquisition), Woolpert
(Imagery Processing)

Project is currently underway
(acquisition began Nov 21, 2013).

3 aircrafts with topobathy LIDAR
being deployed and 2 aircrafts with
DMC (imagery)

Current acquisition status: ~95%
complete
« Reflights currently underway in all 3

blocks for bathymetry during better
water clarity conditions.
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I Acquisition Tracklng Portal
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Determining days of suitable water
clarity
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Acquisition using 2 laser sources

LiDAR Survey Settings & Specifications

Sensor
Laser Wave Length
Laser Pulse Diameter

Scan Pattern
Field of View

Maximum Returns
Intensity

Full Waveform

Survey Altitude (AGL)
Target Pulse Rate
GPS Baselines

GPS PDOP

GPS Satellite Constellation

Resolution/Density

Riegl VQ820G
532nm

60cm
Elliptical

40°, 20° forward fixed

angle
unlimited
16-bit
Yes
600 m
130 kHz
<13 nm

<3.0
>6

6-8 pulses/m?

Leica ALS50
1064 nm
15 cm

Sinusoidal
40°

4
8-bit
No
600 m
135 kHz
<13 nm

<3.0
26

6-8 pulses/m?
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I Topobathy data — sample profiles

* Reliable water surface returns from green-only Riegl VQ-
820G

« 3-4 meter water depths in North Carolina

 Significant backscatter returns from the water column
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11 meters at deepest extent,
bathy extending nearly 800
meters offshore
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I Sample Area — i
Assateague Island — /.

7 cm resolution RGB Imagery
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Sample Area —
Assateague Island

NIR LiDAR Intensity
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I Sample Area — /
Assateague Island 4

Green LIDAR Intensity




Sample Area —
Assateague Island

Bare Earth Digital Elevation Model — NIR




Sample Area —
Assateague Island

Seamless topobathy Digital Elevation Model — Green




re we seeing water surface returns
een LIDAR?
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Green Intensity NIR Intensity

Profile — Green ALL Returns Profile — NIR (white) + Green Returns
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Water surface returns only in NIR

Profile — NIR + Green ALL Returns
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Dewberry’s Custom Refraction
Correction Tool

» Allows the use of any water surface DEM to perform the refraction

Python Executable

Output: Refracted Green LAS

Refraction Correction -- Dewberr}r‘

[ [ ]

Specify SBET file: | G:/C2_Pilot_Area/00_Calibrated_Swaths_E

Enter SBET date:  (11,/21/2013

Lever Arm Offsets:  |Sensor N704MD, -0.0083, -0.01034, 0.2419
Enter DEM directory:  |H:/Sandy_Suppl/Bathy_Sample_from_W5
Enter LAS input directory:  |Sample_from_W5I/Green_Tiles/ToRefract

Enter LAS output directony:  |H:/Sandy_Suppl/Bathy_Sample_from_W5

REFRACT

CAMNCEL |

Creation of clean water surface DEM can be done in any COTS software.

Input: SBET (Trajectory), Water surface DEM, Green LAS data

¥ Progress of Data Processing E@
11 out of 26 .1az files have been refracted.

Loading .imng data...

o)

LSy
lEerrs accurred

See the logfile 'CAGPTools\Refractiontdisthrc_1212.exe.log’ for details

Ok
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Breaklines need to be collected to
define the water surface mask...

using a combination of Ecognition and manual methods

@ Dewberry



Results — Topobathy DEM after
refraction correction

# Dewberry |



Results — Profile View

Green Intensity NIR Intensity

Profile — NIR (white) + Pink (unrefracted) + Green (refracted)
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Results — How much does the depth
change after refraction correction?

Me.ters
600
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Results — How much does the depth
change after refractlon correction?

1520, 1,209 2070, 1.24%
- . (1]
’ |

» 72% of the depths changed
between 1-5cm

» 20% of the depths changed
between 5-10 cm

* 5.3% changed between 10-15 cm

# Dewberry |



ldentifying submerged features In
topobathy LIDAR

Green .(rSe'émIe’gs)‘ topobathy Dkkl
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I Temporal discrepancies in neashore
bathymetry data

Pilot area located near Rich Inlet, NC @ Dewberry



I Temporal discrepancies in neashore
bathymetry data acquired within 7 days
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Decision tree to resolve
temporal iIssues In data

# Dewberry |
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Pilot Area

100 m 200m 300m




Pilot Area




Pilot Area — ocean side bathymetry




I LAS Classes used for this project

LiDAR Classification — Production/Editing

Class Description

Class O Never Classified

Class 1 Unclassified

Class 2 Ground (Topo)

Class 7 Topo Noise (low or high)

Class 14 Points unrefracted because water surface raster does not cover these points

Class 15 Unrefracted points due to out of range values compared to sbets

Class 16 Refracted Points above NIR Points
Refracted High Water (HW) points landward of the MLLW land/water interface

Class 18 breakline

Class 19 Refracted Points

Class 20 Bathy Points that remain Unrefracted

Class 21 Sensor noise water surface

Class 22 Bathy Noise (Unrefracted green points higher than the NIR water surface)
Sensor Noise (all sensor noise-as classified by the sensor software RiProcess-over

Class 23 land, only unrefracted sensor noise points over water)

Class 24 Sensor noise Refracted

Class 25 Water Column (No Bottom Found)

Class 26 Bathy Bottom (Submerged Topography)

Class 27 Water Surface

Class 28 Temporally-changed bottom # Dewberry




I Summary

In very shallow areas, green LIDAR can have no surface
returns and reflect only off the seabed (when water column
IS relatively clear)

Water surface returns from NIR sensor are more reliable In
shallow depths and can be used to correct for refraction.

Dewberry’s refraction tool enables use of multiple sources
of LIDAR data.

Using green-only sensor, if refraction correction is not
performed, vertical errors of 5-15 cm are possible In
shallow water depths.
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