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Return WaveformsReturn Waveforms
(15cm air (15cm air 
11cm water)11cm water)

Raster scanning Raster scanning 
(25 (25 rastersrasters/sec)/sec)

Small footprint    Small footprint    
(15 cm)(15 cm)
Low power greenLow power green
laser laser (70uj, 532 nm)(70uj, 532 nm)

Adaptive pulse rate Adaptive pulse rate 
optimization   optimization   
(5000 Hz Peak)(5000 Hz Peak)

2 x 2.5m spacing2 x 2.5m spacing

240 m

EAARLEAARL

Roll

Pitch



EAARL Specifications:

300 m operating altitude300 m operating altitude
240 m wide swath240 m wide swath
120 points/swath
43-80 km2/hour
2 m cross track sampling
2.5 m average along track 
spacing.
15-20 cm diameter 
illumination spot
1 m diameter detection 
area
00--20 m water depth 20 m water depth 
range (~ 1.5 x range (~ 1.5 x secchisecchi
depth)depth)

20 Hz scan rate
250 lbs total weight
400 watts nominal @28vdc
Variable PRF (Operating 
max. 3,000 Hz)
3 cm RMS nominal 3 cm RMS nominal 
ranging accuracy.ranging accuracy.
1 m horizontal positioning
Digitizer sample interval Digitizer sample interval 
1 ns (15 cm in air, 11cm 1 ns (15 cm in air, 11cm 
in water)in water)
Four waveform channelsFour waveform channels
CoCo--registered digital registered digital 
cameracamera



Subaerial 
Topographic

Lidar

EAARL

Hydrographic
Lidar
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EAARL includes features of both
topographic and hydrographic lidar systems



EAARL Operates From Commercially EAARL Operates From Commercially 
Available Light AircraftAvailable Light Aircraft



Photo of EAARL in Cessna 310 Aircraft

EAARL Optics

Data System



Basic System ModulesBasic System Modules

GPS Base 
Station

System Control & 
Co-Pilot Guidance 

System Control & 
Pilot Guidance

GPSGPS

IMU &
Data System GPS Attitude

RGB Digital
Camera

(.7m pixel)

Hi-Res CIR
Digital Camera
(14cm pixel)

IMU &
Data System

Adaptive Waveform
LIDAR System

100mb Switched Ethernet LAN
Wireless

Lan



EAARL IMU and Data SystemEAARL IMU and Data System
Inertial 

Measurement Unit 
(IMU)

Linux 
Datasystem



Total digitized time interval for each pulse (16,384ns)Total digitized time interval for each pulse (16,384ns)

TransmitTransmit
pulsepulse

Return Return 
backscatterbackscatter

Maximum Maximum 
return intervalreturn intervalTransmit windowTransmit window

RetainedRetained
backscatterbackscatter

windowwindow

Range to first surfaceRange to first surface

•• Four 8 bit 1 nsFour 8 bit 1 ns--resolution resolution 
waveforms captured for waveforms captured for 
each laser pulseeach laser pulse

•• 196 million 196 million 
samples/secondsamples/second

•• RealtimeRealtime signal detection signal detection 
and extractionand extraction

Range to last surfaceRange to last surface

Time Resolved Digitized Waveform Time Resolved Digitized Waveform 
LidarLidar



Backscattered Signal DistributionBackscattered Signal Distribution

Submerged topo signals

Beach Sand

Water surface Fresnel reflection

Subaerial Vegetation

Clear Water column

Turbid Water column

44 dB range (0-25,000)

3rd waveform
2nd waveform

1st waveform



EAARL Laser Return OpticsEAARL Laser Return Optics

Multi-channel Waveform Digitizer

90% PMT-1

10% PMT-2

1% PMT-3

Optical 
Receiver 
Frontend

Multi-channel Waveform Digitizers532/1064nm Laser



Unique capabilities of a green Unique capabilities of a green 
waveformwaveform--resolving resolving lidarlidar

Top edge of canopyTop edge of canopy

Intermediate return fromIntermediate return from
sub canopysub canopy

Ground returnGround return

A time sampling interval of A time sampling interval of 
1 nanosecond translates to 1 nanosecond translates to 
range  digitization at theserange  digitization at these
resolutions:resolutions:

•• 15 cm in air15 cm in air

•• 11 cm in water11 cm in water

Air/sea interfaceAir/sea interface
Water columnWater column

Bottom returnBottom return



EAARL Raster, Tampa Bay, FL.EAARL Raster, Tampa Bay, FL.

Here is an example of Here is an example of ““cross cross 
environmentenvironment”” surveying:surveying:



BASELINE TOPOGRAPHIC MAPPING
Terra Ceia, Tampa Bay

Submarine
Land



Adaptive Waveform Backscatter Signals Adaptive Waveform Backscatter Signals 

Sandy beach Vegetation 
(trees, shrubs, etc.)



Strong Water SurfaceStrong Water Surface

• Convolved weaker 
bottom signal in 
channels wf-1&wf-2

• Wf-1 & wf-2 off scale

• Wf-3 provides usable 
surface and bottom 
signal



Very Strong, and Very Weak Very Strong, and Very Weak 
Within 2m Horizontal Within 2m Horizontal 

• Undistorted signal 
recovered from wf-3

• Wf-1 provides 
weak but usable 
bottom signal at 5m

Sea floor



Weak Surface/volume, Strong BottomWeak Surface/volume, Strong Bottom

• Convolved weak 
surface signal in wf-1 & 
wf-2

• Wf-1 provides usable 
surface and wf-3 
provides usable sea floor 
signal

Sea floor

Water column 
backscatter



The Airborne Lidar Processing System (ALPS)

RGB and CIR 
viewerFirst surface returns Last surface returns

Flightline display module
Processing module

Raster display module



NASA EAARL ProjectsNASA EAARL Projects
• 100 missions completed last 

36 months
• 2 billion waveforms collected
• 2 million geolocated digital 

photos
• Coral reef mapping

– Florida Keys, Dry 
Tortugas, Puerto Rico, St. 
Croix, St. John

• Alluvial river mapping
– Platte River, Ne

• Coastal Bays
– Tampa Bay, Ft. Myers bay
– Sea grass

• Coastal Erosion
– NE barrier islands
– Hurricane impact response

• Vernal Ponds
– Delaware Wtr Gap, Pa

• Vegetation and Bare Earth 
mapping
– Phragmites – De.
– Mangroves – PR, Fla.
– Tropical forests  UVI, PR
– Coastal veg – ASIS, DE

• Horseshoe crab habitat 
mapping - DE



Evaluation of Submerged and 
Sub-aerial Topography



250,000 
SANDS points

Submerged Topography –
Feather Sound

Florida

Evaluation   
Study Area

Terra Ceia Preserve 
“bare Earth” and 
vegetation metrics

Super-shallow 
submerged 
topography

FLORIDAFLORIDA



N = 436

Dense Brazilian Pepper 
Forest

N = 764

Needle Grass

Correspondence Plots
Bare Earth Topography



1.8 million 
lidar points

250,000 sonar 
points

FeatherSound

Florida

Evaluating submerged topography at Feather 
Sound using a boat-based sonar system



Lidar – Sonar comparison
Correspondence Plot



Evaluating “super shallow” submerged topography 
using GPS total station in Tampa Bay

Study Site



Evaluating “super shallow” submerged topography 
using GPS total station in Tampa Bay

Florida

Correspondence Plot

Ground surveyed 
points

Water level



COMPLEX SURFACES
• Sandbed –dynamic – avian habitat

• Bare and vegetated (sandbars / islands)

• Forested floodplains and riparian areas

Braided River Channels

SURVEYING TECHNIQUES
• Boat w/ echo-sounder – too shallow

• Wading w/ RTK GPS  - accurate but 
time consuming

• Remote Sensing ? Lidar?

Images and Analyses courtesy Paul Kinzel, USGS



Rowe Sanctuary (6-15-05) - RTK-GPS Ground Survey Points 



GROUND-TRUTH COMPARISON
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Bare Earth and Bathy Ellipsoid Height Map



EAARL Derived Lidar 
DEM Products

August 2004 EAARL survey 
Assateague Island NS

Sample EAARL Lidar Data Products

• Canopy Topography

• Bare Earth Topography



Sample EAARL CIR Imagery Mosaic

• 17 cm resolution 
pixels

• Image acquired at 1 
second time step

Assateague Island



Deriving vegetation canopy 
characteristics

• Integrating individual small 
footprint waveforms to a 
synthesized large-footprint 
within a rectangular or 
circular cone

• Composite footprint size is 
a variable (5x5 m or 10 m 
radius) defined in post-
flight processing software

• There is a sampling bias 
inherent to small footprint 
lidar systems.

Composite 
footprint size

Vertical sampling 
resolution



Example Composite Waveforms



Deriving Vegetation Metrics

• Canopy Height 
(CHT)

• Bare Earth (GND)

• Relative canopy 
cover (CRR)

• Height of Median 
Energy (HOME)

CHT

GND

HOME CR

GR

GRCR
CRCRR +=



Unsupervised 
classification in 
GIS softwareFirst 

Surface 
Elevations

Bare Earth 
Elevations

Classification 
map

Vegetation classification 
using Lidar

Canopy 
Reflection 

Ratio 



Lidar vegetation metric applications…
• “Objective” monitoring tool
• Metrics can be used to estimate 

several forest inventory 
parameters (biomass, canopy 
cover, basal area, stem 
density) 

• Vertical distribution of canopy 
biomass

• Determine spatial distribution of 
community types 

• Use in conjunction with aerial 
photographs 

Backscatter

Tim
e (ns)



Existing EAARL data at NGOM

Gulf Islands National Seashore 
(Sept 2005)

Chandeleur Islands                     
(Sept 05, Mar 06, Sept 06)

Jean Laffitte National Park         
(Sept 06)



Sample EAARL CIR Imagery Mosaic

• 17 cm resolution 
pixels

• Image acquired at 1 
second time step

Ship Island



Sample EAARL CIR 
Imagery

Fort Massachusetts at 
Ship Island



BEFOREBEFORE AFTERAFTER

Google Earth imageryGoogle Earth imagery EAARL CIR ImageryEAARL CIR Imagery



2005 NASA EAARL Post-Katrina 
Survey – Ship Island (GUIS)

First-Surface elevations



2005 NASA EAARL Post-Katrina 
Survey – Ship Island (GUIS)

Bare-Earth elevations



EAARL Survey – Jean Lafitte National 
Park



http://lidar.cr.usgs.gov/eaarl

Visualizing and disseminating 
data in Google Earth

http://lidar.cr.usgs.gov/eaarl


DVD-based USGS Open File Reports 
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