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\{’ Introduction MFIT
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The AFIT of Today is the Air Force of Tomorrow. e ——
» Motivation

* The extent of aerosol effects are not fully understood. The quantification and
measurement of aerosol absorption properties remains a challenge.

* As HELs become more prevalent in defense operations, the ability to quantify

laser performance degradation from aerosols becomes increasingly more
important.

» Understanding aerosol optical properties from laser energy propagation can
have implications for the climate change research community.

» Objectives

» Test the hypothesis that measured off-axis backscatter from high-energy
lasers can be used to determine bulk aerosol absorption.

 To develop a technique that can be applied in both high-energy laser
applications and within the atmospheric science communities.
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» Field Measurements

' 9% Methodology

The AFIT of Today is the Air Force of Tomorrow. e ——

» Laser Images » Aerosol Data:

1. Visible off-axis laser images of
Rayleigh beacon pulse laser at John
Bryan Observatory in Yellow Springs
OH, captured using G9 Canon camera.

2. Examined brightness and intensity
changes in digital pixel values along the
length of the beam

3. Global Aerosol Data Set (GADS“SM

» Climatological database: describes
seasonal surface aerosol number
concentrations, size distributions, and optical
properties for 10 aerosol component types

ZFAFIT
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1. MAGIC200 Condensation Particle Counter
2. Scanning Mobility Particle Sizer

TomeiUTe:

SEASON

INSOLUBLE
(em?)

sooT
(em?)

WATER-SOLUBLE
(em™)

TOTAL #
CONCENTRATION

Winter

0.5

15,000

11,000

26,000.5

Summer

0.5

15,000

13,200

28,000.5
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The AFIT of Today is the Air Force of Tomorrow.

@ HELEEOS () LEEDR

» Predicted Off-Axis Scattered Irradiance and the Phase Function
* High Energy Laser End-to-End Operational Simulation (HELEEOS)

« Off-axis algorithm: calculates laser energy in any off-axis direction, taking into
account phase angle, particle cross section and number concentration, and

distance to observation point.
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 Laser Environmental Effects Definition and Reference (LEEDR)
« Calculates the relative amount of scattered irradiance from aerosols (Mie theory),
and from gas molecules (Rayleigh theory) at each phase function angle.
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» Laser Images

[X.Y]: [1367 357]
Index: 0
| [R.G,B]: [0.2392 0.149 0.6588] [X.Y): (1315 2160]

Index: 32
[R.G.B]: [0.1725 0.549 0.948]

» Image of the upper portion
of the beam. Pixel index
and location are plotted to b 1124 1360
show the increase in SR
brightness values along the
length of the beam. por 22

[R.G.BJ: [0.2471 0.1647 0.7059]

XY [331 141]
 This shows an increase in oo
scattered irradiance at
|al‘ge|‘ phase angles_ 150°-160° 160°-170° 170°-180°
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» Predicted Scattered Irradiance at Off-Axis Observation Location
» Using a £0.4 angular view, observer irradiance are computed for several points along the beam.
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» The model predicts an increase in irradiance at larger phase angles, which are backward scatter angles.
Larger image on the left is the entire beam length, while the small images on the right are zoomed in plots.

» Top middle reveals that the bottom most 500 m of the beam, has an increase in scattered irradiance at the
observation location, followed by a steady decrease through the next 500 m.

» Top right and bottom middle show a rapid increase followed by a slow and steady increase. However,
zooming in on the tail end of the laser beam, from approximately 20,000 m to 141,500 m, the plot shows a
similar pattern of sharp increase, albeit at a smaller magnitude.

» The last 50,000 m of the beam reveals a very small increase in observer irradiance. However, at very small
increments of off-axis angles, a camera lens would be viewing the same length of the beam.
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» Phase Function: varying imaginary component of CIR

» Multiple LEEDR-derived predicted phase function profiles. The black solid line represents
molecular (Rayleigh) scattering, while the blue and green lines are the different aerosol
scattering (Mie) phase functions resulting from various imaginary index values

» To capture full spectrum of common imaginary index values seen in local aerosol components
the following values are used: 0.001i, 0.006i (GADS), 0.010i, 0.050i, 0.100i, 0.400i (soot).

—— Molecular Scattering
Aecrosol Scattering 0.0011
"""""" Aerosol Scattering 0.0061
Aerosol Scattering 0.0101
Aerosol Scattering 0.0501
won Agrosol Scattering 0.100i
Aerosol Scattering 0.4001

Scattered Irradiance
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» Varying absorption properties (CIR) changes the shape of
the phase function, notably at backward phase angles.

» Backscattered portion of scattering phase function offers the
most information about aerosol optical properties for off-axis
laser energy analysis

» Laser images show additional brightness as approach
170-180 scattering angles

» Backscattered imagery suggests bulk aerosol absorption
values no greater than 0.05 at 527 nm
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Aercsol absorplion and scattering can play a key role in degraded high energy laser performance in the form of thermal bk g and beam ion. Aerosol pli

ies are not and thus affects how we are able to quantify expected high energy laser weapon performance. The Air Force Institute of Technology
Center for Directed Energy (AFIT CDE) developed both Laser Envil Effects Definition and Ref {LEEDR) and the High Energy Laser End-to-End Operational
Simulation (HELEEOS) codes o i diative transfer effects and evaluate expected directed energy weapon system performance. These packages

enable modeling total imadance at given off-axis locations through an off-axis scattering algorithm, which uses scattering phase functicns to predict the amount of radiation
scaltered from the beam toward a particular observalion location. The phase function shapes from off-axis high energy laser iradiance measurements laken at several

different angles are compared to the predicted scatlering phase function shapes. Laser energy were using a side and ulirafast laser,
located at John Bryan Observatory (JBO) in Yellow Springs, Ghlo The uff-ams iradiance was measured using a Mini-SWIR JSX snapshot camera, calibrated to capture

i in the visible sp . Aerosol was gathered using a C ion Particle Counter {CPC), a Scanning Mobility particle
Sizer (SMPS), and a Continuous Light Absorption Photometer (CLAP). The dil in the VEersus i phase function shzpes elucidate bulk aerosol

absorption properties.

Motivation: Results
= The exient of aerosol effects are not fully understacd. The quantificaticn and
of perasol ab remains a challenge.
= As HELs become more prevalent in defensa operations, the abiity to quantify laser N ; .
perfarmance degradation from aerosols becomes increasingly more important index and pixel locations plotted
N ‘ ‘ throughout the image. Image is
# Understanding aerosol optical properties from lasar energy propagation can have displayed with green channel
i he Cli h ity. .
mplications for the cimate change resaarch community, highiighted in 1o view the

Analyzed Laser Images
Figure 5. Processed Images with

Methodology brightness values along the beam.
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Figure &, HELEEQS-calcuiated imadance scattered from each section of the beam to the off-axis
ohgarvation point. Demonslrates the change in scattered irmadiance along the beam path, and that there
is an increase in at ing angles.

Scattering PhaseF varying imaginary of CIR

Figure 7. LEEDR-calculated molecular (black)

and aerosol (Elue and green) scatiering phase |
function profiles, Asrosol phase funclions ware | \
compuied with various imaginary index of

refraction values, highlighting the changes in o E—
shage of the phase function with a pronounced —

difference at backscatterng angles.

Figure 4. [aparimact st weh

TN AW et SObTe,

#ource, and pont of mtereet abng [
path, Geomety

e 1 el plsh 5 pyscal

herosol Measurements
# Aerosol charnctenzaon data | '® deinbutions, rw abscrpbon) ool
JB0 ung.
* MAGICA0 Condensason Partics Couler (CPG
» Scannng Mobdety paricle Swer (SWPS)
# Contruoss LightABsorpbon

Conclusions:
» Varying absorption properties (CIR) changes the shape of the phase function, notably at
backward phase angles.
¥ portion of ing phase function offers the most information about
aerosol optical properties for off-axis laser energy analysis
= Laserimages show additional brightness as approach 170-180 scattering angles
# Backscattered imagery suggests bulk aerosol absorption values no greater than 0.05 at
527 nm

Future Research: Ll |
# Use a calibrated camera in order to quantitatively capture I l |

scaltered irradiance.

*» Expand aerosol absorption research by applying thermal I
@ Do irergy Toameion e 1Al Faros inaitute of Trshoslogy : and ion impacts on on-axis l \

for fanding sepport ppic Resoerc ne: HEL spot measurements.
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