


Discrete Partial Return Near-IR
Pulsed Lidars
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Laser sweeps across the terrain measuring GPS ground
the range and scan angle to ground surface reference station
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This is a cartoon of the standard NIR lidar. Only get 5 partial returns from each
| aser shot. Il n effect weor grojecacestsj n g
because we never record much of the energy from each pulse.
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Discrete partial returns versus full-waveform lidars
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Contrast between full-waveform recording and discrete sampling of that
waveform. Some of the fixed-interval discrete samples may be very informative,
while others are much less so, depending on where they occur in the waveform.



The Channel Problem For NIR Lid
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This illustrates how water absorbs most of the energy from near-infrared lidars.
Over the forest the red dots are the third-returns from somewhere in the middle
(vertically) of a forest canopy. The small white areas are individual tree crowns.
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Science for a changing world Slide courtesy of Amar Nayegandhi

The Experimental Advanced Airborne Research Lidar (EAARL) is a
relatively new research instrument with several design features that are
attractive for stream bathymetry. EAARL is a full-waveform green lidar
with the capability to penetrate water (depth and clarity dependent)

Note that new system (2010) will have much improved data density
relative to the performance described in this slide. Laser power will also
be somewhat greater in new system.



300 m operating altitude
240 m wide swath

*120 points/swath

« 43-80 km?/hour

*2 m cross track sampling

*2.5 m average along
track spacing.

15-20 cm diameter
illumination spot

1 m diameter detection
area

0-20 m water depth
range (~ 1.5 x secchi
depth)

* Improvement in 2010

EAARL Specifications:

» 25 Hz scanrate
= 250 Ibs total weight
= 400 watts nominal @28vdc

*Variable PRF (Operating
max. 3-5 kHz)

3 cm RMS nominal
ranging accuracy.
<1 m horizontal positioning

Digitizer sample interval
1 ns (15 cm in air, 11cm
in water)

Four waveform channels

- Co-registered digital

cameras (CIR & color)

Slide courtesy of Amar Nayegandhi

-Cross environment veg/topo/bathy capabilities

-Maps detailed topography in shallow non-marine/marine environments
with clear water.
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Backscattered Signal Distribution

15t waveform

Beach Sand

Clear Water column
D' NP 44 dB range (0-25,000)

Optical Return Signal Amplitude

Slide courtesy of Amar Nayegandhi

The very wide dynamic range of aquatic environments makes the unique
EAARL design essential with multiple Photo Multiplier Tubes (PMTSs)
sampling different portions of the returned energy.



EAARL Laser Return Optics
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Slide courtesy of Amar Nayegandhi

This simplified block diagram describes the wide dynamic range of the
EAARL sensor. The Optical receiver front end is comprised of : a
telescope, filters, apertures, lenses, etc. and is depicted by the blue box.
The dotted lines represent the photon paths through a system of
distortion free optical power dividers that splits the signal so 90% goes to
PMT-1, 9% to PMT-2, and 1% to PMT-3. The group delay, or propagation
time, through the system is carefully controlled through the entire optical
and electrical signal path. The PMTs each convert their fraction of the
arriving optical energy to electrical impulses which are each delivered to
corresponding channels within one of two waveform digitizer banks.
When the laser is triggered, a small sample is coupled via fiber optic to
PMT-3 resulting is the system transmit pulse. The transmit pulse marks
the beginning of the laser distance measurement and also gives the laser
power and pulse shape characteristics.
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This is a cartoon of how the EAARL laser interacts in water. The
EAARL system sends out a short green wavelength (532nm) laser
pulse that has a 15-20 cm footprint when it begins to interact with the
water surface. The entire time history of the outgoing laser pulse is
digitized and stowadef(bhmse thsserisyataf
the pulse interacts with the water surface, portions of the energy are
reflected from various layers in the water column. This time history
of the reflected energy is digitized by the array of PMTs and the
relevant portions of the digitized return are recorded as a waveform.
At any particular time, the amplitude of the waveform measures the
strength of the return. Inflections in the waveform that comprise
sufficient leading and trailing edges generally define a layer in the
water column. Depending on the signal strength and the water
depth and clarity, the laser will return another peak in the backscatter
indicating that the pulse has penetrated through to the bottom.

Note also that laser velocity in water is ~75% of air velocity - - so we
need to recognize the water surface, otherwise we will under-predict
the bed elevation because we assumed air velocity throughout the
travel time, when actually it was slower for part of the travel time.
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Sample EAARL waveforms showing (a) two saturated channels from a water surface Fresnel
reflection and a submerged topographic return observed in all three channels, and (b) a vegetated
region depicting the vertical structure of the canopy within a 20 cm footprint. The three waveforms in
each image indicate the most sensitive channel (90 percent), the middle channel (9 percent), and
the least sensitive channel (1 percent). (Nayegandhi et al., 2006)
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The elevation of the bed of a channel is normally calculated by measuring the
difference in time between the centroid of the peak from the water surface and
the centroid of a peak from the bed.
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Jjmckean@fs.fed.us

Here EAARL bathymetric data for part of a channel are combined with the digital
color-infrared camera imagery also gathered in each EAARL mission. Co-
registration was only done manually and



EAARL can also be flown in a Pilatus PC-6 aircraft that is better equipped for
mountain canyon flying.
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The darker green spots represent the pattern of elevation measurements using
the existing EAARL system. The olive green spots represent the additional point
elevation measurements that will be taken with the improved EAARL.

14



Home
SF Project Page

Downloads

What is Yorick?

Yorick is an interpreted programming language for scientific simulations or calculations, postpro
steering Iarw simulation eodu interactive scentific graphics, and reading, writing, or tranilannq la
numbers. Yorick includes an interactive graphics package, and a binary file package capable of trai |
and from the raw numenc formats of all modem computers. Yorick is written in ANSI C and run
merw‘ng systams (*nix systems, Windows, MacOS). For a short overview, see the

review 3

e Yorick has 2 eomnacx syntax, similar to C, but with array operators. It is easily expandable throug |
finking of C Wxaries, alows effiSent manpulation of arbirary size/dmension amays, and offers |
Forums graphic capabilities.

Yorick project at sourceforge.net

g List

B reieased Fies sourceforge download page
3;!5 ‘source code repository
’Forums seek or offer help and advice
racker submit patches, or

The full-waveform data requires custom-written processing code.



This screen capture shows many of the important elements of the ALPS GUI
interface.
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