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Talk Overview

e JALBTCX and USACE NCMP
e 2008 NCMP Lake Superior Stamp Sands
e Methods

— Bathymetric lidar-derived seafloor reflectance and
texture-based image analysis

e Results

— Nearest neighbor classification of bottom materials
e Looking ahead
e Summary
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National Coastal Mapping Program

2004

Post-hurricane 2004
2005

Post-hurricane 2005
2006-2008
Post-hurricane 2008
2009-2010
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 YFY11/PVAZ

e Funded by USACE
Headquarters

* Initiated FY2004

e Collect lidar elevation
and imagery data in
support of engineering
and research

* Focus on sandy
shorelines

* In-house and
contract survey
capability
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USACE Survey Capability

System Il Specifications
1,000 Hz Pulse Rate (hydro)
10,000 Hz Pulse Rate (topo)

1 Hz Digital camera (~20 cm pixel)
CASI-1500 Hyperspectral Imager

1500 cross-track pixels
380 — 1050 nm wavelength

Optech SHOALS- 1 m pixel w/ 36 spectral bands
1000 Integrated DuncanTech-4000
Laser System RGB camera ltres CASI-1500
Hyperspectral
Imager

SHOALS-3000
Operator Console

4 Bottom Aircraft Port e
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NCMP Product Evolution

2005

*ASCII xyz
*NAVD88 0
Shoreline
*RGB Mosaics

*Bathy/Topo DEM

2006

L AS Format Topo
*Bare Earth DEM

Geographic Coordinates

NAVDS88 Vertical Datum or IGLD85 e

2007-2009

*Hyperspectral
Mosaics

e aser
Reflectance
eLand Cover
Classification
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More NCMP

Information

Support for Physical and Environmental Studies:

= Lasdused and Cover: identification of phydcal and natural festwres in the
lamdscape for resouros management and coastal planning

+ Land Cower

+ Change Detection/
Maonitaring

+ Post-storm
Meriabys i

2009 Orleans Ave. Canal, LA o
17th 5t. Canal

=  Habitat /S pecies Composition: Discriminetion of habitats for ecosy stem
restoration and monitoring (&g coastal wetlandsk |dentification of

wegetstion sp ecies for emvironmental assessment [e.g. invasive,
threatemed, and endangered species)

¥ Habitat Maps Sl | TR
Y
¥ Wetlands Identification Wt

Sk Dt
v Ecosyiiem Restomtion/ [l Mash e

Maonstaring B bl D |,
. e
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2004 Horn lsland, M5

= Eenthic Habitat Characterization: Mapping of the seafloor and benthic
habitats, sech as Submersed Aguatic Vegetation (544 ] and oyster reefs

# Benthic Habitat Mas locations
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¥ RestorationMitigation
Panning

Plymouth Harbor, MA
Lidar Seafloor Reflactancs

Support for Coastal Engineering Projects:

= Shore Protection: Quantification of wolumetric change assoc ated
with gesmonp hic featwres, such as dune peak and shoreline, for effic ent
manitoring of project performance

= Havigation: Ident ification of inlet bathy metric features [ebb shoal,
channel) for navigable conditions; Delineation of nad gation structures

¥ Shorsdine Changs
+  Dune Peak

¥ Navigable Channel Conditions

¥ Shaore Protection and Mavigation
Project Maoni ioring

«  Sporm Demape Accecom et : Ojwanti ficati on of prefpost storm elevation
change for recovery efforts

v Hevstion Change

¥ Puststorm Recovery

¥ Coastal Vulnerability Assessment

ey SN

VRN, xRy
Blewation Changs
|bhue = accretion, fed = afason)

http://www.jalbtcx.org
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Bathymetric Lidar for Seafloor
Characterization

e Maps depicting distribution of bottom materials are
important to dredging, regional sediment management
and environmental applications.

e Operates over a range of depths 0-60 m, depending on
water clarity.

e Cost-effective coverage over large areas in a short time
period.

e Multiple sensors mounted in the aircraft offer
opportunities for data fusion and improved accuracy.
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Bathymetric Lidar Principals

AAAAA
)

50% Energy Footprint (0.5 x Depth)
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Bathymetric Lidar Principals

Lidar Waveform

Bottom
Surface Return
o (Interface)

Return

- AL = TIMIE

RECEIVER
FIELD OF VIEW
FoV) \
INCIDENT
LASER PULSE

SPECULAR
INTERFACE
REFLECTION

SURFACE REGION
IN RECEIVER FOV
ILLUMINATED SURFACE AREA

SEA BOTTOM

DIFFUSE

BOTTOM REFLECTION A0 b e 0 o P
ILLUMINATED BOTTOM REGION
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Study Site

0 37575 15 Kilometers

N

A

Keweenaw Penninsula

Gay
*

Big Traverse Bay

""Google




Estimating Volumetric Losses

e 250,000+
metric tons
eroded into
bay

e 21,000
metric tons
eroded in
last 10 years
alone

Depth categories of Gay Stamp Sands in June, 2008 using USACE CHARTS LIDAR elevation data

Stamp Sand Depth Categories
]:| 2-3 m (avg. depth 2.5m)
- 3=4 m (avg. depth 3.5m)
] 45m (avg. depth 4.5m)
- 5-6 m (avg. depth 5.5m)
.| 68 m (avg. depth Tm)
_] 810 m {avg. depth Sm)
B 10-12 m (avg. depth 11m)
I 12-32 m (avg. depth 17m)

Dapth™ = haight of LIDAR elevation fala above
2008 G/Z3-6125 lake level ples 2 maters o epresent

an estimated depth balow lake leved for tarmestrial area

Diata dcd combBingd ifto alevilion classes hat epresent
the rangs of depth for that categery. Represenialive average
| hapivs are wsed fof voluma calculations

0 0.5 1 o 0.5

, e Mile sm———wm———lon #erial photo is 4126/1935 LISGS Digital Orthophoto

Slide courtesy of ERDC, MTU and MTRI
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Airborne Data Collection

0 37575 15 Kilometers
I R Y T |

Keweenaw Penninsula

—COMPACT VORGP RAPIDTOJAGURVEY
\\- s .

e June 23-27, 2008
e 90 km?
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S0 a0 40 a0 s00

Simultaneous Ground
Truth Data Collection:

- Sediment grabs — visual and
spectral characterization

* Up- and down-welling
spectral radiance profiles

 Hydroacoustic bathymetry

and bottom typing
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2008 NCMP Lake Superior Stamp Sands

Lidar Elevation

0.5

0 0.1250.25 075
==

d Kilomelers

IGLD85 Shoreline

IGLD85 Elevation, m

227.017




Sediment Grab Locations

@ A
0 0.1250.25 05 76.75 1

IGLD85 Shoreline

OBR O NsS-CB
IGLDSS5 Elevation, m BR-SS (+) NS-SP
221017 Oce @ sP

©cB-ss @ Nsiss

_ 158.738 @csB @ss
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2008 NCMP Lake Superior Stamp Sands

=Y

Sediment grab data courtesy of Colin Brooks, MTRI




Bathymetric Lidar Processing

File View Tools Configuration Help

| D:MasterControl | 1: Data Download Synchranization 2: Point-Cloud Auto-Processor | 3; Manual Point Cloud Editor | 4: Image Generation 5: Feature-Extraction/Classffication 6: Environmental Products Processor

¥ Process Manager Globe | Search | Paramelers
Auto-process | Diagnostics (S ) - [ e 3 e

Select Fiightines for Processing ﬂ

Generate Point Cloud

Build files for CME.

Build a temporary image mosaic

Compute Spectral Geo-coordinate

¥ Layer Manager
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[ &) Fightine 00631
-G ROl -
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0 080827 1707 3| Fightine 00572 yes no yeu SHO2MDOB084_P_080624_1302_A MI_02 192030 192230  Hydwo
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Lat: 47.195824, Lon: -88.265668. UTM Zone:16 Cursor Value:N/A




Bathymetric Lidar Processin

File View Tools Configuration Help

| 0:MasterControl | 1: Data Download Synchronization 2: PointCloud Auto-Processor | 3: Manual Point-Cloud Editor | 4: Image Generation 5: Feature Exraction/Classfication 6: Environmental Products Processor
¥ Process Manager Globe | Search | Parameters
tier_Spectm | Comer v |ojm= s~ g @z |

Generete Lidar Maps
Update Lidar Reflectance
Generate Bare Eatth DEM

¥ Layer Manager
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Feature Extraction
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ROI Selection

File View Tools Configuration Help

| 0:MasterControl | 1: Data Download Synchronization 2: Point Cloud Auto-Processor | 3: Manual Point-Cloud Editor | 4: Image Generation 5: Feature-Extraction/ Classfi BE Products Processor
¥ Process Manager Globe | Search | Parameters
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Feature Optimization

|dentify features most useful to classification

GLCM GLH Rugosity Wavelets

®

BUILDING STRONG,




Nearest Neighbor Classification

File View Tools Configuration Help

| 0:MasterControl | 1: Data Download Synchronization 2: Point Cloud Auto-Processor | 3: Manual Point-Cloud Editor | 4: Image Generation 5: Feature-Extraction/ Classfi BE Products Processor
¥ Process Manager Globe | Search | Parameters
Pre Proc | Feat Ex | ROl Gen | FeatOpt | C EYERE] - RN =l

Nearest Neighbor Combine classes

Maximum Likelinood Accuracy assessment
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File

View

Tools

Configuration

Help

Majority Analysis

0: Master Control

| 1: Data Download Synchronization

2: Point-Cloud Auto-Proce:

=

3: Manual Point-Cloud Editor |

4; Image Generation

5: Feature-Edraction/Cl

| &E

Products Processor |

¥ Process Manager

Globe | Search | Parameters

Pre Proc | Feat Ex | ROIGen | Feat Opt | Cls

Nearest Neighbor

Combine classes
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[ RuebasedSee5 | [Classfication to polygons |
[ Classticati | [ Cassfication to ROIs |
[ Classficationadd | [ Getinfornation |
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Looking Ahead ...

e ROl refinement

e Process additional
mission datasets

e Compare results
to MSS-based
classifications

Remote Sensing Detected
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Summary

e JALBTCX performs operations, R&D in airborne bathymetric
lidar and complementary technologies in support of
navigation, coastal engineering and environmental
monitoring requirements of USACE.

e Bathymetric lidar-derived depth and reflectance images
combined with texture-based image analysis and limited
ground truth supports the identification and mapping of
bottom materials over large spatial extents.

e Lidar-only identification of bottom materials has the potential
to improve classification accuracies.
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Stay Tuned!

Talks Thursday @ 11:00 am

»HO01: USACE Coastal Change Analysis in Response to the
November 2009 Mid-Atlantic Nor’easter, Lauren Dunkin

»HO05: Hyperspectral and Lidar Fusion for Land Cover
Classification and Change Assessment, Chris Macon

»HO06: Geospatial Data Fusion for Coastal Environmental
Applications, Molly Reif



I Joint Airborne Lidar Bathymetry
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