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Slope Imaging Multi-polarization
Photon-counting Lidar

An advanced-technology airborne laser
altimeter developed through NASA’s

ESTO Instrument Incubator Program /" S

. A technology and remote sensing
' pathfinder for next-generation,

41 high-efficiency, spaceflight laser
altimeters

Simultaneously measures surface
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Evaluate efficiencies of high rep-rate, low pulse
energy, single photon ranging as compared to
traditional low rep-rate, high pulse energy, analog
ranging

Compare measurement performance and derived
surface information at 1064 nm and 532 nm

Assess utility of multiple scattering depolarization
measurement to differentiate surface types

Provide guidance for future spaceflight laser
altimeter instrumentation
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SIMPL Subsystems

Micropulse Laser Transmitter
11 kHz, 1 nsec pulse width, microchip laser
1064 nm + frequency doubling to 532 nm
Split into 4 plane-polarized beams
Several mW output power / beam / color

| Sixteen-channel, Photon Counting Receiver
- Four beams, 2 colors, || and _|_ polarizations 3
Small FOV and narrow-band spectral filtering
To reduce solar background noise
Fiber-coupled detectors
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SIMPL. 1-Beam Schematic
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SIMPL Installed in GRC Lear-25
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Flight Over Lake Erie Ice Cover
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Lake Erie Ice Cover Evolution
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Flight Direction
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£ ¥¥Single Photon “Point Cloud” from Sno

One of 16 channels: Beam 4, 532 nm, perpendicular polarization
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Single Photon Detection Surface Fit
3,290
A.5). 2
~<TZM
2 SNow §urface =
3,291 e
] wie v Sk " R Y1, PO
.t jgi L :r 2?5 t' ';;?F;
8, 3.292 .
c ! .
© I 1
m -’ : -. hd
.' : : f.
— 3,293 .3m - ;
' v
* 3,294 . v §
0.8 0.9 1 1.1

L

Relative Laser Fire Time (seconds)

—-:
" . ..-i__

e e
Vi W:

o

.

9

Histogram of single photon

ranges acquired in 0.1 sec

Photon Counts

()]
o

16Z¢

z62¢

(w) abuey

£62¢

(W Z|~) 998S |°( Ul 80BLNS MOUS
woJ} pajosjap suojoyd | wu zeg

I




Ice Cover Point Cloud Profiles
Single Photon Ranges
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Probability of Detection Profiles
Surface Returns / Laser Fires
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Scattering Properties W T w
Wavelength and Polarization Dependent

Depolarization Ratio: _|_/ ||

received photons with vibration plane perpendicular to transmit plane
received photons with vibration plane parallel to transmit plane

Specular single-scatter reflection consists of only [ [ light (ratio = 0)
Water surface and glassy ice

Water return strength correlated with roughening caused by wind

7

_|_ reflectance increases due to multiple scattering caused by:
’ Surface roughness and volume scattering in ice, snow and water

532 nm penetration into water results in volume scattering

. 1064 nm completely absorbed in water so no volume scattering
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Depolarization Ratio Profiles
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Follow on to ICESat with 2015 launch

Cryosphere and Ecosystem Objectives:
Ice sheet elevation and its change
Sea ice thickness and its change
Forest canopy height

| Employs methods used in SIMPL:
| Micropulse laser transmitter |
- 1064 nm frequency doubling to 532 nm

E Transmit beam splitting

Small detector fields of view

Fiber coupled detectors

Single photon ranging @ 532 nm
Depolarization not in current plan
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