-—w
v

A =
A=

<

A Associates Corporation
qu

erque = Dayton =—= Jupiter

>

Ibu

PropConfig — A Tool for Atmospheric
Propagation Configuration

February 24, 2010

Amy M. Ngwele
Marcus Gualtieri

MZA Associates Corporation

2021 Girard Blvd. SE, Suite 150
Albuquerque, NM 87106
505-245-9970

1360 Technology Court, Suite 200
Dayton, OH 45430
937-684-4100

140 Intracoastal Pointe Dr. Suite 310
Jupiter, FL 33477
505-245-9970



A
-—w
v

MZAAmorpﬁn |ntrOdUCtIOn

Albuguerque =— Dayton =—= Jupiter

® PropConfig is a utility in ATMTools that facilitates setup of
geometry and atmosphere and gives guidance regarding settings
for mesh parameters for wave optics simulation

Q It's new in ATMTools (since release 2009.1) but is based on the
TurbTool utility that has previously been part of WaveTrain

® PropConfig can take in predefined atmosphere and geometry data
(in multiple formats) or can be populated with default parameters
and settings

® Datafrom PropConfig can be saved to a Matlab data file which can
then be loaded into a runset for WaveTrain

® PropConfig contains much of the functionality of ATMTools and
EngagementTools including many features which are not part of
the older graphical utilities of these toolboxes.

® This tutorial will go through the utility and highlight features while
setting up an example scenario.
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® Consider a stationary, ground-based platform with a laser source
attempting to illuminate a fast-moving airborne target at 10 km altitude

Q Source
¢ Altitude—10m
€ Velocity — Stationary
€ Transmit Diameter — 50 cm
€ Wavelength — 1.03 um
Q Target
€ Altitude — 10 km
€ Velocity — 200 m/s, heading East (90 deg from North)
€ Range - 30 km slant range

® Atmosphere
Q H-V 5/7 turbulence profile

QO MODFAS for absorption and scattering profiles

€ MODFAS implements lookup tables generated using a combination of data from
MODTRAN and FASCODE runs

Constant wind profile — 5 m/s

Constant wind heading — East

US Standard 1976 temperature profile

Experiment with screen number, placement and distribution

ONONONG)
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PropConfig

m PropConfig

File Tools Help

"||

Erngagement Geometry T —
7 5]
0 £
| i g
[ 4 |
E
T
i
0
" Ground Range (kilometers)
I H General ” Geometry ” Atmuspherel Ser
Wigvelength (microns) 2

Diameter of Aperture or Redion st Platform (m)

Diameter of Aperture or Region st Target (m)
L [ Parameters Atfecting Atmospheric Mo
Beginturb at SR (m)
End turk at SR (m)
Maximum attitude (m)
Ground Aftitude (m)

0

=17

x10 Turbulence Profile

10

2

Profile Plot
Strength Plot

Cn2

Abs

Scat

Temp

Matural Wind - T/X
Matural Wind - P/Y
WindHeading
Total Wind - T/X
Total Wind - P/Y

12M oo
50000

[] Use Terrain Data

Top of boundaty layer (m) 5000

_e,e_e—e—_

10
te (km)

ulation |

PAA 1 CmiiSph kg (ml Cwacd) [P RytowifSph Rytoy| 1, tHz) || f1(Hz) = = =
Plstform||0.3587  [|0.4732 263797 (0.0136 [|0.0073 |j0.0000 |/0.0000 il o Ll
[ 53070 93RO0 5535
Target 10,3587 J1.0113 12,3432 I0.0316 10,0073 10,0000 |)0.0000

PropConfig main window

Plots of geometry (left plot) and
turbulence profile (right plot)
Q Right+click context menu on both

x- and y-labels on profile plot
allow user to change plot contents

Tables at bottom show computed
propagation parameters (rg, 0y,
etc) and atmospheric transmission

In the middle are 6 tabs with
different input settings which will
be described separately
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® Theimage to the left shows the

o e e eneral tab with default settings
F
ile: Tools Help
Ty - . _ Q Wavelength
5 L R T— >.<1U Turbulence Profile )
5" Q Diameters at each end of the path
] crgegerert Geonaty g i Q Parameters affecting atmosphere
m g = :
e - = _ ¢ Start and end range for
g4 w atmospheric models
i . . .
5o . I € Maximum altitude for placing
0 5 10 phase screens
Ground Range Ckilometers) Slant Coordinate (km)
H General ]| Geometry ” Atmosphere ” Screens ” Mesh || Simulation || ’ Ground and boundary Iayer
_ altitudes for computing screen
. Wa\felength (micronz) 1.084 1.064 altltu d e
Diameter of Aperture or Redion st Platform (m) 1.0
Distmeter of Aperture or Region st Target (m) 1.0
[ Parameters Affecting Atmospheric Modeling
B D & ® Many of the text fields have
N tur (m1l 120475518 | [ g .
e hquiue (m|__ 5000 tooltips for more detailed
Ground aximum altitude for distribution of turbulence phase screens 1 1
e B e 2 e | information about the parameter
inputs
P F (M lSph tplm 6u(|.rad) P Rytoniisph Rytoy| 1o (HZ) || 1o 0HT) T = =
Plstform(|0.35587 (04732 (263797 [[0.0136 |[|0.0073 |[0.0000 |[0.0000 el e il
il Rl e
[Target 03587 10113 123432 00316 00073 10,0000 10,0000
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Example General Params

Diameters:
Source =50cm

Consider diameter
at target plane of
10 cm

m PropConfig

(=R )

Eile: Tools Help
—=r—>—1 -17
oy 10 Turbulence Profile
=v—_ Ry p—
B I -
10
Engagement Geometry T
] a == R.“
- e =
s "B sl LI i
o
[is] 4 -
E : o
= -
= 2
Z 0 i
1] 2 4 -] g 0 5 10
Ground Range (kilometers) Slant Coordinate (kilometers)
[ General ]l Geometry ” Atmosphere " Screens " hiesh ” Simulation ||
Wavelength (microns) | 1,084 1064 =
Diameter of Aperture or Region &t Platform (m) 0.5 0532
Diatmeter of Aperture or Region at Target (m) 01 0.550
I Parameters Affecting Atmospheric Modeling — 0.570
1.000
Begin turb at SR (m) 0 |
End turb at SR (m)| 12047.5518 | [ 4 pa7
Maximum aftituce (m) 50000 1.060
Ground Atituce (m) 0 | 1084 n Data
Top of boundary layer (m) 5000 A0
1.300
1.315
1.550
P F EmEph rg (m en(l.kad) P RytovSph Rytoy| 1o (H
1620 Toem | T || T
Platform|| 03587 (04732 (263797 (00136 (00073 |0.0000 2700 o Ra7an hes
Target (03557 (10115 123452 (000316 (100073 (100000 BlBDD
5.400
5.600

Wavelength
either select from
pop-up menu or
type in avalue

Values in menu are
those for which
abs/scat data
exists for MODFAS
profile. Can enter
other wavelengths
with the option of
running MODTRAN
and FASCODE to
get new data.
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Geometry Setup

Ground Range (kilometers)

u PropConfig =HEE
Eile Tools Help
=r—1—2 -7
———— *10 Turbulence Profile
T e e — : !
— T — L
_— — o2
]
g 10
ngagement Geometry T
@
= g
53
2 5
G4
E
i
i
30 0
1] o 10

Slant Coordinate (kilometers)

| | General |LGeDmetry4[ Atmosphere ” Screens ” Mesh || Simulation ||
@ Smple |
[ LA Platform Atitude 1000 ] Platform Speed 0
s Target Atitude 8650 [+ Platform Heading g0
Ground Range 9300 [V]  Platform Velocity [T F] 0 2.2204e-01:
Slant Range (m)| 12047 5518 Target Speed a
[Platformee Platform Angle 39.377 Target Heading 90
[Target .. Target Angle -39 4606 Target Yelocity [T P) ] 2.2204e-01
|
Earth Moclel
@ Geometric Erjuatorial Radius (m) B371008.7714
Geodetic
P F (M lSph tplm 6u (Hrad) [P RytosSph Bytoy| 1 (HZ) || 1 (HT) T = =
Plstform||0.3450 [|0.4551 |[253714 [0.0142 |[0.0076 [0.0000 |(0.0000 il o i
SO EI0 5o 0 ST
0 Wawget 103450 09726 11,5715 i0.0328 00076 [0.0000 10,0000

® Geometry tab gives the user four

different options for
setting/changing geometry

Q Simple — combination of altitude,

O

range, and elevation angles,
speed and heading

LLA — Latitude, Longitude,
Altitude specification

ECF — Earth Centered Fixed
specification

XY — Specify velocity
decomposition in the plane
perpendicular to the propagation

® Can select platform/target location
from a database of common sites

using push buttons on the left

® Can also change earth model and

radius
QO Geometric/spherical
Q Geodetic/oblate
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Example Geometry

Use the Simple
geometry
specification

- Assumes no
vertical speed (can
be specified using
LLA or XY)

- Places Target at
lat/long [0 O] and
Platform South of
that

Uncheck Ground
Range box and
check Slant Range
box to specify
slant range

Bl PropConfig [P
Eile: Tools Help
—=r—>—1 15
oy %10 Turbulence Profile
=v—_ Ry p— T ] 0 0
E = e 15 |
]
Engagement Geometry T 10
i -
=
[
=
o
o 5
£
-
C: 0
1] = 10 15 20 25 0 10 20 30
Ground Range (kilometers) Slant Coordinate (kilometers)
| General |[ Geometry ]l Atmosphere " Screens " hiesh ” Simulation ||
@ Simple ¢
ci Platform Aftitude 10 ] Platform Speed 0
. Target Attitucle 10000 [+ Platform Heading 20
Ground Range | 28268568315 Platfarm “elacity [T P] 0 2.2204e-011
Shart Range (m) 30000 [¥] Target Speed 200
Platform ... Platform Angle 19.3238 Target Heading E
(Target Target Angle -19.578 Target Welocity [T F] 0 200
Earth Model
@) Geometric Ecjuatarial Radius (m) 6371008.7714
") Geodetic
P F EmEph rg (m en(l.kad) P RytovEph Rytoy| 1o (Hz) || 7 (HZ)
Toem | T || T
Platform| 01403 (01694 (53913 04001 ||00602 |165.4415(32.1546 E—“:f ng::}'
Target (101403 (05147 17745 0.3453 00602 (165 .4415(42.0474

Set altitudes
speeds and
headings

Computes velocity
decomposition
based on target
velocity vector
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Atmosphere Setup

u PropConfig

(=] B i

Turbulence Profile

=

File Tools Help
—w———T -5
. %10
e e ;
— 15
Engagement Geometry T 10
5
0
0 5 10 15 20 25 0

Ground Range (kilometers)

10 20 30
Slant Coordinate (kilometers)

Mesh ][ Simuiation ||
[¥] cn2 [#] Temperature [#] Absorption
Model Mame HWST Model Name | S_Standard76 hModel Mame NMODFAS
Parameters Parameters ol Parameters A" 030"
mociel List | gys7 - Model List | US_Standar.. hodel List | MoDFas -
Model Options | Mone *  Model Options Mone »  Model Options | None
[¥] wind [¥] windHeading [¥] 5cattering
hodel Mame Uniformétm Model Mame Uniformé&tm hadel Mame MODFAS
Parameters 0 Parameters 90 Parameters o030

Model List | Uniformatm | >V MTAK:

Model = UniformAtm(h, ModelValue)

Model Lizt | oDFas

4

Model Options | yone e el Options | yone -
[ @ Spesditeading () Speed v (1. |
F“L-"Jrl_I (misph rn(m en(uad) P RytonfSph Riyto fP [Hz) fT(Hz) = = =
seat | “aw 161

Platform(|01403 (01694 (1533913 [0.1001 0.0602  |[165.4418|32 1546

0.692810.951 7| 0 6554

[Larcet 04403 los147 17742 l03dss loneno 162 441640 0474 |

The Atmosphere tab is where the user
specifies for each available model (C, 2,
wind, Temperature, etc) the profile that
is to be used

Can include or exclude any of the
available models

The profiles can be any Matlab function
(on the Matlab path) with altitude as the
first input, including user-defined
functions.

O Model List pop-up menu contains all
model functions available in ATMTools

Q Model Options pop-up menu contains
options for modifying the output of the
base profile

Tooltips on Model Name box and
Parameters box displays help on
function syntax

O Right+click on Model Name or
Parameters fields to get more help

Option with natural wind to specify
speed and heading (like Simple
geometry) or specify velocity XY
decomposition (like XY geometry)

2/24/2010 - AMN



= _E
MZA Associates Corporation MOd el Optl O nS
Albuguerque =— Dayton =—= Jupiter
i _ ® Various model options for
PropConfi = LX) . .
B oo, modifying the output of the base
_.I e l1ools E P .
= profile
: o S — x 10 Turbulence Profile
= = 15¢ : : S
I::I
] Engagenert Geonetry 7 " Q AverageAtm —compute average
z value of model (Cn2) for each
2 5 phase screen segment as
' opposed to using the value at the
o 5 10 15 20 25 DD 10 20 30 screen altitude
I Ground Range (kilometers) Slant Coordinate (kilometers)
[ General ” Geomstry ][ Atmosphers ]| Screens ” Mesh " Simulation || O B OU n d aI'yAtm - Scal e SC I'een
7] c2 9] Temperature [¥] Absorption altitudes in some interval (say
hodel Mame HWST Model Name | S_Standard76 Madel Mame MODFAS
i | perameters vt L ground to top of boundary layer)
Madel List | a7 - Model List | US_Standar... + ModelList MODFAS to some other interval (O to to P of
Madel Options | None ¥ Mol Options | None w | Model Options | None
G [ st boundary layer)
L el i Q TerrainAtm — subtract ground
arameters | BoundaryAtm arameters 51030 . A
Mode List | TerrainAIm T Modellist = altitude from all altitudes
Model Options Aneragenim o) K Model Options oors . .
[ e . e . QO And combinations of these
| errainAtm({BoundaryAtm)
PWrn( Atﬁr.angffdmﬁariii,n’fktmi.af.unda:.y.ﬁ.dﬂ}} s ] f-r )
Platform||0.1403 01694 [5.3913 [04001  [jo.os0z [165.4418]32.1548 ni‘g B ::’1‘? D;'S*; y
Target 104403 o147 17742 nzass lnosgs [16s 4diald2 0474 | =

L;L_gﬂ

10
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Example Atmosphere

n PropConfig =HACIN X
Eile Tools Help
= -15
o w10 Turbulence Profile
T TR TSSO S e— T T 0
T — 15
Engagement Geometry T 10 ]
g 10 o
= E
£ -
o &)
" s 1
£
il
T ]
] a3 10 13 20 25 ] 10 20 a0
Ground Range (kilometers) Slart Coordinste (kilometars)
[ General ” Geometry ][ Atmosphere ]l Screens ” Mesh ” Simulation ||
] cnz Y, [¥] Absorption
Model Marme HVST Model Mame | US_Standard75 Model Mame MODFAS
Parameters Parameters T Parameters AT 030"
tdodel List | gysy - Model List |US_Standar.. = docel List | yopFas -
Model Options | None * | Model Options | None » | Model Options | None hd
[¥] wind [¥] windHeading [¥] Scattering
lodel Mame Uniformétm lodel Mame Uniformatm Model Name MODFAS
Parameters 5 Parameters 90 Parameters "5 030
Model List | Jniformatm = Model List | |Jniformatm = Madel List | yoDFas -
Mocel Options | yone w | Model Options | yane w | hocel Options | yone -
| @ SpeedMeading () Speed X/Y (T...
PWrn (mil=ph b (m enlju:adj P Riytow)Sph Riyto fp (Hz) fT(sz - " o T
fosc | | L}
Platform||0.1403 ||0.1694 53913 04001  |0.0802 |[155.1389|30.5685 0692900 9517/l 6o
Target 01405 0S147 11 7745 lisdss 0 0e02 52 1259159 9742
o

11

Using all the
default settings
with the exception
of wind speed
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Phase Screen Setup

i T ™
u PropConfig |E|EI&J
File Tools Help
—————24 -15
S S — x10 Turbulence Profile
T s e — i ; ; ;
E— E———— Tl — 1 5 -
_— —
]
Engagement Geometry T 10
@ 10 T &
= E
2 i L
o - o
E s et =
c -
=
fiis
2 0
i} o 10 15 20 25 0 10 20 30
Ground Range (kilometers) Slhant Coordinate (kilometerz)
| General ” Geomstry || Atmosphers |[ Screens ]| Mesh " Simulation ||
i [ commit changes || Reset Screens |
2 0 # of Phase Screens 10
2 )
. " S Prafie Screen Distriution  [£o2 Thick .
15 Segment Boundary o e - -
' Screen Location Mid-Point v_
QI; ; | Integration Methacd Continuous x|
T
0s DL
a o e e He e e
1} 10 20 30 40
Slart Position (km)
F“L-"Jrl_I (misph e (m en(uad) P RytonfSph Riyto fP [Hz) f_r (Hz) o o
& e
Platform|{0.0651 00656  [[5.53714 04158  [|0.0755  |[155.0910)30.7601 o faadloas11l06s64
Warget 100621 I0s128 107153 i dse1 Joores 11550210040 2235 |

12

® Screens tab allows the user to

change the number of phase
screens, how they are distributed
and where they are located
Q Use standard settings or
QO Customize viathe plot or the table
that is displayed by clicking the
“Edit Screen Info” button
€ Table described in later slides

Can also specify method for
computing atmospheric
parameters, either continuous
integration of the profile or
discrete based on the screen
settings

Q By default, PropConfig loads with
discrete integration

2/24/2010 - AMN
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® Will examine the affects of various settings for phase screen
number, distribution, and location

® [or wave optics simulation, would like the fewest number of
screens possible such that using discrete integration
approximates the atmospheric parameters when continuous
integration is used

Q Wave-optics simulations are not continuous, need to specify screens
QO Fewer screens = faster sims

® [or the example (from previous slide) using continuous
integration would like rO to be within 2%

Q Spherical rO for Platform — between 6.72 and 7 cm
QO Spherical rO for Target — between 0.5025 and 0.5231 m

13 2/24/2010 - AMN
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Number of Screens

Eile Tools Help

.||

AT, km abover SL

i} 5

o

Engagement Geometry T 1

10 15 20 25

Ground Range (kilometers)

B Propconfis 4 il M

| (B [

Turbulence Profile

10 20 30
Slant Coordinate (kilometers)

| General ” Geomstry “ Atmosphers |[ Screens ” Mesh " Simulation ||
i [ commit changes || Reset Screens |
2 0 # of Phase Screens 100
T
. " S Prafie Screen Distriution  [£o2 Thick .
15 Segment Boundary o e - -
' Screen Location Mid-Point o
L Integration Method | i rore =
E 1 1
-
(5]
05
Slart Position (km)
P " (misph e (m en (ad) [P RytoviSph Rytoe fP [Hz) f_r (Hz) = = =
Platform|{0.0664 00700 (55712 |I01169  [|0.0769 |157.7410(30.73583 0 ;;:1 0 q:::1 nn::ao
o Wawget Jooged JNos127 J07zsad 1 .a7as 007ea Jqs7 7dioidn4as2

14

Experiment with different numbers of
screens and placement with Equal
Thickness screens

Need about 100 equally-spaced
screens at mid-point of segments to
get both spherical rO values close
(within 2%) to the continuous case

# of Screens | Platform rg (cm) | Target rg (cm)
10 16.94 51.47
20 10.29 51.12
50 7.43 51.24
100 7.00 51.27
200 6.89 51.28

2/24/2010 - AMN
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Change screen distribution to Equal

ro| ont: |DIE%‘ i i
Jll PropConty = — Strength and experiment with screen

File Tools Help

B | number and placement

g | ——
’ Egpgenert Seonetty g, Need at least 50 screens located at
mid-points to get close to r0 values
for the continuous case
i 1] 5 10 15 20 25 10 20 30

Ground Range (kilometers) Slant Coordinate (kilometers)

| General ” Geomstry “ Atmosphers |[ Screens ” Mesh " Simulation ||

| Commit Changes H Reset Screen5|

# of Phase Screens 50
2 .
4 o Prafie Screen Distribution Equal Stren... ¥
Seament Bouncary g
creen Placement - e
2 Screen Location Wid-Point v
Integration Method Discrete =

c2n

3 + =
10 20 30 40
Slart Position (km)

P " (misph e (m en (ad) [P RytoviSph Rytoe fP [Hz) f_r (Hz)
Platform|{0.0653 ||0.0G57 (54860 01140 [|0.0754 |155.5104(30.1966
Warget 100623 0 sMa J07o00 Jids0s Joo7ed 1155 3104139 4589

1:6031 Tax 1!21

0691 310,951 4106575
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Using Model Options

n PropConfig =HACIN X
Eile Tools Help
e R — -15
o w10 Turbulence Profile
="_- ST — T 0
= = 1z
o2
[}
ol
%3]
=
o
=
o |
ey
Z i
== Ll
fil
7 [
] a3 10 13 20 25 10 20 a0 "
Ground Range (kilometers) Slart Coordinste (kilometars)
[ General “ Geometry ][ Atmosphere ]l Screens ” Mesh ” Simulation H
'7_: Cn2 [3| Temperature |__v'J' Absorption
Model Marme HVST Model Mame | US_Standard75 Model Mame MODFAS
Parameters Parameters T Parameters AT 030"
tdodel List | gysy - Model List |US_Standar.. = Wocel List | yopras -
Model Options | None ¥ Model Options |Nons » | Model Options | None hd
[¥] wind MNone [¥] Scattering
hdociel Mame SRS LA tm Model Name MODFAS
Parameters | BoundaryAtm Parameters 'S 030"
Model List| | anALm L Model List [yooras -
Rt AverageAtm(BoundaryAtm) e
_D EHIHEAS AverageAtm(TerrainAtm) e aciEl Options | None =
| @ SpeediHes TerrainAtm{BoundaryAtm)
AverageAtm(TerrainAtm(BoundaryAtm))
P b (e e o ropreeprree o HE) | 1 (HE)
T || T || Tt |
Platform| 00653 ||0.0687 |54660 (01140 |0.0754 |[155.3104)30.1966 0691909514 D.ES?Q
Tgrget O OBSS 0S8 07200 1 4205 (0 07s4 52 2104159 4560
N
16

Try the model
averaging option
for Cn2

Go back to
Atmosphere tab
and select
AverageAtm for
Cn2 model
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Number of Screens with
AverageAtm Option

® Change number of screens with

17

[ roplConfi = -ahw .

i AverageAtm option selected for
. a—— Cn2 and equal thickness
———F——&— x10 Turbulence Profile . . .

ETEESTE | — distribution
. Engagement Geometry T 10
® Increasing beyond 50 screens
Z 5 y ] 1
doesn’t change rO’s much. Using
< 0 25 screens could be sufficient
1] 5 10 15 20 25 1] 10 20 30
Ground Range (kilometers) Slant Coordinate (kilometers)
| General ” Geomstry “ Atmosphers |[ Screens ” Mesh " Simulation ||
i [ commit changes || Reset Screens |
2 T 0 0 # of Phase Screens 25
¢ Profile Screen Distribution [z a1 Thick.
157 ; EE?Q;TSCD;?D?W Screen Placemernt f:id-Pu int =
I | nterationethod e v a # of Screens | Platform rg (cm) | Target rg (cm)
e 10 7.10 47.11
e j 20 6.95 50.16
0 Bt S 50 6.87 51.14
1] 10 20 30 40
Slart Position (km) ]. OO 6 . 86 5 1 . 25
P " (misph e (m en (ad) [P RytoviSph Rytoe fP [Hz) f_r (Hz) - " = =
Platform|| 00651 00632 [[5.2094 |[0.1354 0.0979  [|155.6624( 30 6260 0_565?301 0-9:3 ﬂﬁ:;i
Warget IO 0G5 _I0S099 0 7eds W ags 0 nars oo Gegdldn n4od | 5
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n Phase Screen Details =HECN X
Seg. Start (krn)| Seg. End tkm)|  Z (km) dZ (km) h (km) Cn2 Avg(Cn2) Int(Cn2) il Wind WindHea
1 0 j.UUUU 1.5000 3.0000 0.5065 1.7456e-15 1.7456e-15 5.235.?'9—12. 0.0708 5
2 3.0000 6.0000 4.5000 3.0000 1.5005 1.0120e-16 1.0120e-16 3.0359e-13 0.3910 5
3 6.0000 9.0000 7.5000 3.0000 24957 5212117 5.2121e-17  1.5636e-13 0.5822 5
4 9.0000 12.0000 10.5000 3.0000 34922 2.7132e-17 2.7132e-17 8.1397e-14 0.8614 5
5 12.0000 15.0000 13.5000 3.0000 44900 1.5182e-17 1.5182e-17 4.5546e-14 1.2204 5
& 15.0000 18.0000 16.5000 3.0000 54890 1.0820e-17 1.0820e-17 3.2467e-14 1.4954 5
7 16.0000 21.0000 19.5000 3.0000 Add Screen 1.0883e-17 3.2649e-14 1.4902 5
8 21.0000 24.0000 22 5000 3.0000 Remo\re Screen 1.2992e-17 3.8975e-14 1.3400 5
9 24.0000 27.0000 255000 30000 Lo = 1.5269e-17 4.5807e-14 1.2162 5
10 27.0000 30.0000 28.5000 3.0000 94975 1.6518e-17 1.6518e-17 4.9555e-14 1.1601 5
4 e I |
Equal Thickness ~ | Wig-Point v | [_Reset Apply | 0K ] [ Cancel |

Clicking the “Edit Screen Info” button on the Screens tab will bring up a table for
viewing data in a tabular form and for customizing screen settings

Q In main GUI set number of screens to 10 before clicking “Edit Screen Info”
Right+click to add or remove screens

Can manually edit segment boundaries, screen locations, and other model data (Cn2,
screen r0, Wind, Abs, etc)

Can adjust screen placement and distribution to standard options

After making any changes, must click “OK” or “Apply” to see how changes affect
atmospheric parameters in the main window

Use “Reset” or “Cancel” to discard changes
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m Phase Screen Details =RNEN X
Seg. Start (km}|Seg. End (km) Z (km) dZ (km) h (km) Cn2 Avg(Cn2) Int(Cn2) ] Wind WindHea
1 0 2.9000 0.5000 2.9000 0.1755 1.8009e-15 1.8009e-15 5.2225e-12 0.0709 5
2 2.9000 6.0000 4.5000 3.1000 15005 1.0247e-16 1.0247e-16 3.1766e-13 0.3805 g
3 6.0000 9.0000 7.5000 3.0000 24957 5212117 52121e-17 1.5636e-13 0.5822 5
4 9.0000  12.0000  10.5000 3.0000 3.4922 2.7132e-17 2.7132e-17 8.1397e-14 0.8614 g
5 12.0000  15.0000  13.5000 3.0000 4.4900 1.5182e17 15182e-17 4.5546e-14 1.2204 5
6 15.0000  18.0000  16.5000 3.0000 5.4890 1.0820e-17 1.0820e-17 3.2461e-14 1.4954 g
7 18.0000  21.0000  19.5000 3.0000 6.4892 1.0883e-17 1.0883e-17 3.2649¢-14 1.4902 5
8 210000 240000  22.5000 3.0000 7.4907 1.2992e-17 1.2992e-17 3.8975e-14 1.3400 g
INE 240000  27.0000  25.5000 3.0000 8.4935 1.5269%¢-17 1.5269e-17 4.5807e-14 1.2162 5
10 27.0000  30.0000  28.5000 3.0000 9.4975 1.6518e-17 1.6518e-17 4.9555e-14 1.1601 g
P T b
Gt = Wl - osiom ¥ 1 [ oK | [ Cancel |

® Adjust screen settings and click “Apply” to see how changes affect
atmospheric parameters

® The above table shows one possible solution to achieve the rO’s for
continuous integration using 10 screens (move first screen to 0.5 km and
decrease thickness slightly)

Q Spherical r0 for Platform — 0.0688 m (compared to 0.0686)
Q Spherical r0 for Target — 0.5127 m (compared to 0.5128)

19 2/24/2010 - AMN
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® Many different ways to change the settings to get similar results

® May need to also monitor other atmospheric parameters

® Ultimately it is up to the user to determine when the settings are
“good enough” based on what the requirements are or what is
needed from the simulations

20
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® Mesh tab contains calculations for

ropConfi |ﬂ|&]‘ - .
B Popets ' setting propagation mesh
Fle 1ools Elp .
= = parameters for input to a wave-
$___—==— 2 1a Turbulence Profile . .
S e 18 —=| optics model.
Engagement Geometry T 10 ] . Can Compute parameters for
e = either plane wave or spherical
g s i - ' wave propagation
< 0 ® Computes a minimum grid size
o5 10 15 20 25 ] 10 20 a0 i . .
CrBun Rangesiometers) Slant Coordinate (kiometers) and maximum p|Xe| SpaC|ng and
| General ” Geometry || Atmosphere H Screens |k

recommends values to be used
[~ Propagation Type - urh Blurring Factor iavelencth (microns ; .
© p;'g::r’i‘::l"zgwe # Pts ; P:aatE:lorm f.p’;rtdure 130 " P:atfitrr:n(Diam (m; 100,20 [ ] Can mo d | fy th e tur b u | ence

Alzniaosdatie] 10 g B 1 blurring factor or specify minimum
number of points in the aperture
B Selected Mesh _m—aﬁ Calculated Mesh Parameters d d
propricy | 512 | [ ppech Size (my Mipimumiiy| 261 as neede
propokoy st Platform (m)| 0.00663 | [ 3.304 Mazxinum dxy Platform (m) 0.01

propebey at Target (m)| 000652 | ] | 3384 Hominal dxy Target (m)

T T. T

PWrn(m Sphrn(m en(uad) P RytonfSph Riyto fP(Hz) fT(Hz) . For the examplel meSh Slze
Platform||0.0651  [|00B5S (53703 ||0.1262  ||00S862  |155.7950(30 5293 0.56;150.9:;4 D_B::;? (propdxy) |S ||m|ted by the
Larget Jooes1 Joster Jozoos 4 d422s looses 1155 795004005205 | .. . .

minimum number of points in
aperture
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ion

Example Mesh

power of 2)

= | E] [

u PropConfig: C\ScalingCode\ATMTools\doc\PropConfig_Tutorial_Data.mat

Eile Tools Help
e R — -15
o w10 Turbulence Profile
T TR TSSO S e— T v 0
= 15 1
o2
[}
Engagement Geometry T 10
g 10 LS
= E
g -
o &)
=1 5
£
il
T ]
] a3 10 13 20 25 ] 10 20 a0
Ground Range (kilometers) Slart Coordinste (kilometars)
| General ” Geometry ” Atmosphere “ Screens |[ Mesh ” Simulation ||
[ Propagstion Type ™ Turk Blurring Factor | ] Wavelength (microns) 1.030
& P TNave # Ptz in Platform &perture | 19 Platform Diam (m) 05
(") Spherical Wave
# Ptz in Target Lperture 10 Target Diam (m) 0.1
Skant Range (m) 30000
Selected Mesh Calculated Mesh Parameters
Lock Yalue
Rropry 256 Mesh Size (m) Minimum Hxy 238
propdxy st Platform (m)| 0.009509 | [ 2.434 Mazimum dxy Platform (m} 0.01
propeey at Target (m)| 0.009s0s | (O] [ 2434 Hominal dxy Target (m) .01
P ke (mil=ph b (m en [ ad) ([P RiytowSph Ryto fp (Hz) fT (Hz) - o T
Platform| 00651  ||0.0688 ||5.3703 041262 |0.0362 |155.7950)30.6293 _mD.B??B 0.54a4]l0 64771
Tgrget JOOBS1 0 S12r 07208 1 4205 0 0sE2 82 7oa0)l40 0528

22

Changing the
turbulence blurring
factor to 2 will
yield more
optimistic mesh
settings (smaller

grid)
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Simulation Setup

B PropConfig: CAScalingCode\ATMTools\doc\PropConfig_Tutorial_Data.mat E@I&J
File Tools Help
—————24 -15
S S — x10 Turbulence Profile
T e e — i ; ;
T — 15
_— — 2
]
Engagement Geometry T 10
wl
7]
=
[E)
=
2
| s
E
=
fiis
2 0
i} o 10 15 20 25 0 10 20 30
] Ground Range (kilometers) Slhant Coordinate (kilometerz)
l | General ” Geomstry || Atmosphers ” Screens ” Mesh ][ Simulation ]|
Propagation Direction | piatformte T »
Lazer Type ynFORM -
Lazer Power (kW) 10
I Focus Range (m) 30000
Focus at target
Time Steps | 30 [] steady-state
proprxy | 258
propdxy (i) 0.009509
[¥] Apply Thermal Blooming
T R
| Apply Turbulence ar
F“L-"Jrl_I (misph e (m en(uad) P RytonfSph Riyto fP [Hz) f_r (Hz) o o
& e
Platform||0.0651  (|0.06358 (|5.3703 (01262 [|00862 |[155.7950)|30 6293 0 6776l0 94a4ll0 6427
Warget 100621 I0S127 Q07205 1 ds23 Jonges 1158 7950140 0525 |

23

® PropConfig has a built-in
simulation capability based on
TBWaveCalc in ATMTools.

QO Open-loop simulation that
can include both turbulence
and thermal blooming

® Options include

O Propagation direction

€ Currently only propagates
from an aperture

Laser type

Laser power (important for
thermal blooming)

Focus range of the
transmitting optics

Number of time steps

Mesh can be changed
independently of settings on
Mesh tab.

o0 O 00
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H [ ropConfig: C:\ScalingCode ools\doc\PropConfig_Tutorial_Data.mal | | H H
Change Tlme ﬂPTpCI :glﬂ‘\s lingCode\ATMTools\doc\PropConfig_Tutorial_Dat t L= J Once SImU|at|0n
ile Tools Help
Steps to 10 and — — completes,
run simulation T T B - - right+clicking on
i the y-axis label will
o e . allow the user
? e additional options
i e ; ' for displaying the
5 . data
] a 10 14 20 25 ] 10 20 30
Ground Range (kilometers) Slant Coordinate (kilometers)
| General ” Geometry || Atmosphere “ Screens H Mesh ” Simulation ]|

A slider bar below
¥ [TEwaveCals] irradiance (Wim2): t = 0.0028038 sec., Stepﬂm‘ﬂ o th e | m ag e (n Ot

Propagation Direction | piatfarm to T

Lazer T¥pe | yniFORM - ; . . . .
4 Laser Power (K40 10 » VlSlbIe In plCthe at
Focus Range (m) 30000 = 0s i
- right) allows the
Focus attarget - % 0 “ﬂ‘l'_" g ) .

Time Stepz | 10 [] Steady-state : A user to d ISpIay

| rracliance
propoxy | 255 i i
praphey (m) |0.009508 Time-Average Irradiance I rrad I an Ce at

different time

] Apply Thermal Bloorming Average Tilt-Removed Irradiance

[¥] Apply Turbulence Run Peak Irradiance StepS
Peak Relative to Vacuum
PWrn mi=ph rn(m en(uad) Py Ryt Sk Peak Shift T
Platform| 00651 |[006S8S  ||5.3703 (01262 |00
Taraet loosst losioz lozoos igzes |og  Beam Spread e
Modify Axis Limits

Reset Axis Limits
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® OQutput the Atm and G structures for use with other functions in
ATMTools, EngagementTools, and SHaRE (via the Tools menu)

® Save datato a Matlab .mat file and load data files previously saved
with PropConfig (via the File menu)

QO Saved data file contains Atm and G structures for use with other
functions in ATMTools and EngagementTools and other data
necessary for populating PropConfig (wavelength, diameters, etc)

€ The utility keeps track of recent files/directories
Q PropConfig can also load data files previously saved with TurbTool

QO Data can then be loaded into a WaveTrain runset for doing wave
optics simulation or loaded into Matlab to set up an engagement in
SHaRE (Scaling for High Energy Laser and Relay Engagement)

® Refer to the ATMTools and EngagementTools user’s guides for
more information
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File Tools Help

Enter a name for the parameters file

Save the

== Savein: 53 MATLAB = cf EZ-
E E i m propconfig.mat | P C f I d t
L:j Mpropconﬁg_&mat ro p O n I g a a
B’ly R ecertﬂ | #] Testatmstruct.mat
ocuments
) to a Matlab .mat
Z Al =
[}
Z 2 . .
5 file using
E1
= S\ .
= J File->S
! = My Docurnents I e > ave e
[ General ] 3
Iy Computer
Diamet ‘j_g} ; Z
Diam by Metwork, File narne: |propconfig_2.mat j Save |
Places
M Save as type: ]MAT-fiIes [".mat) j Cancel
Begin turk at SR (m) i
Endturb st SR (M) 104336995 O
Maitium sititude (m) Int
Ground Aftitude (m) 0 [[] Use Terrain Data
Top of boundary layer (m) 5000

P\-’\l’ru(m) Sphru(m) eu(urad) P Rytow || Sph Rytoy fG(Hz) fT(Hz) = = =
zoal e wel

07230 08531 |[06890

Platform  ||0.0426 0.2654 1.3939 11977 0.1061 1998652 || 29 6022
Tarcyet 0.0426 0.0463 1083 01542 01061 1998652 || 29 6022

26 2/24/2010 - AMN



A =
A=

MZA Associates Corporation

Albuguerque =— Dayton =—= Jupiter

Data in a PropConfig File

® List of variables in a PropConfig data file:

ATMToolsVer
ApDiamPlatform
ApDiamTarget

Atm

FFTbase

G

GeomSpec

GndAlt

HELFocus

HELPower
PlatformPropMetrics
S

SimResults
SimStatus
TargetPropMetrics

1x1
1x1
1x1
1x1
1x1
1x1
1x2
1x1
1x1
1x1
1x1
1x1
0x0
1x1
1x1

struct
double
double
struct
double
struct
char

double
double
double
struct
struct
double
cell

struct

27

Trans_Abs
Trans_Scat
Wavelength
computedScreenData
meshParamsPW
meshParamsSPH
propdxy

propdxy?2

propnxy

screens
targZenithProjection
targZenithTP
targZenithxy

1x1
1x1
1x1
1x1
1x1
1x1
1x1
1x1
1x1
1x1
1x2
1x2
1x2

double
double
double
struct
struct
struct
double
double
double
struct
double
double
double
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%ﬁj&igoﬂatggygnorg)@ C O m p U ted SC reen Data.
computedScreenData
platformAlt: 2755 wWindVelocityP: [20x1 double]
targetAlt: 1231 wWindVelocityT: [20x1 double]
groundRange: 1.9936e+004 EffVelocityP: [20x1 double]
slantRange: 2.0000e+004 EffVelocityT: [20x1 double]
platformVp: 50 platformVy: 50
platformvt: O platformvx: O
targetVp: 2.2204e-016 targetVy: 2.2204e-016
targetvt: O targetvVx: O
psPositions: [20x1 double] wWindVelocityY: [20x1 double]
psThicknesses: [20x1 double] wWindVelocityX: [20x1 double]
Cn2: [20x1 double] EffVelocityY: [20x1 double]
IntegratedCn2: [20x1 double] EffVelocityX: [20x1 double]
Abs: [20x1 double]
Scat: [20x1 double]
Temp: [20x1 double]
Lin: [20x1 double]
Lout: [20x1 double]
rOoScreens: [20x1 double]
wavelength4rOs: 1.3150e-006

28
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® \With WaveTrain 2010A, there are two options for populating a run
with data from PropConfig:
1) Load the computedScreenData structure and any other parameters

needed using mliLoad. Use mliGetField to pull the required
information from the data structure. Use your favorite AcsAtmSpec

constructor.
€ This option is available in WaveTrain 2009A as well
2) Call PropConfigAtmSpec, instead of AcsAtmSpec, and/or
PropConfigTBAtmSpec, instead of MtbAtmSpec, with the Matlab data
file name to construct the AcsAtmSpec object
€ Can still use mliLoad to load any additional parameters that may be needed

€ The object created by PropConfigAtmSpec has methods for returning
propnxy, propdxy, HEL focus range and HEL power as specified in the
PropConfig data file
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PropConfightmIpec (const char® matFilelName,
bool useGeometryFordlewllind=true,
float transwmis=zion=1.0,
int instantaneous=0) ;

PropConfightmipec (float cniZfactor,
const char® matFilelame,
bool useGeometryFordlewllind=true,
float transwmission=1.0,
int instantaneous=0) ;

PropConfightmIpes applyChzFactor (float factor=1.0):

int nxy{) { return nxy: }

float dxy(] { return _dxy; }

float HELPower (] { return HELPower; }
float HELFocus() { return HELFocus: }

® Requires Matlab file name, optional inputs for turbulence multiplier,
including slew wind and scaling for atmospheric transmission

® Thereis aconstructor for AcsAtmSpec that uses an ATKAtmStruct
QO However, it only pulls out turbulence and screen locations/thicknesses

Q This new constructor can get everything needed, i.e. turbulence, wind (natural and
optionally slew), inner and outer scale, wavelength and screen information

® The TurbTool data file constructor for AcsAtmSpec still exists
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PropConfigTEAtmSpec (const char®* matFileName,
bool useGeometryForSlewWind=true,
float ®vs=0,
float ywvs=0,
float xvt=0,
float yvt=0,
int numberSavedStates=1):;

PropConfigTBAtmSpec (const char®* matFileName,
int nxy,
float dxvy,
float xmin,
float wymin,
float dtime,
bool useGeometryForSlewlWind=true,
float xvs=0,
float yvs=0,
float xve=0,
float yvt=0,
int numberSavedStates=1);

31

MtbAtmSpec does
not have a
constructor that uses
ATKAtmStruct, so
this new constructor
simplifies things a bit

Also has the option
to include slew wind
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Zu,qu ssomates Corpﬁn EX am p I e SyStem

HEL[
pu] J= g bu] gl
GaussianCwLaser| Telescope

Same old atmosphere will take:
* PropConfigAtmSpec
* PropConfigTBAtmSpec

32

TBAtmoPath |

=]

pu] Jm LS
TargetBoard |

|

|

pu] Y
BoolAnd

ZI I = _I ‘7
5quareWave|
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MUl variauies
Type Mame Walue L
L it d $loop(1) ® PropConfigAtmSpec
| n
B |PropConfightmspec akmspec PropConfightmapect propoonfig.mat™ a d .
|1 PropConfigTBALmSpec  |tbSpec PropConfigTBAtmSpec propoonfig. mat™) P ro p CO n fl g TB At m S p ecC
I .
5 are classes derived
; 'FTt o at"ﬁpec-;wg from AcsAtmSpec and
7 |Floak ke atmSpec. dxy
g [float lambda atmapec.lambdai MtbAtm Sp ec
9 [float pathLength | |atmSpec, pathLengthl) . Th ey can b e us ed in
10 |float HELFocus atm3pec, HELFocus() . t
11 |float HELPoimer atmSpec, HELPower) any existl ng
e —————————————
atmospheric path
System Parameters mo d u I e
i b e Desc
1 |AcsAtmSpec acsspec aktmspec specifi
Z |Mtbatmapec |mtbSpec tbSpec specifi
INC PrOPM Ty
4 [Float propdy: diy
5 [Float L pathLength Slank
6 [float powEr HELPower Power
7 [float focusRange HELFocus
g [float apertureRadius (0.1
9 [float sigma 5.67E-2
10 |Float wavelength lambda
11 ink seed ide+2 Seed f
12 |l TBon krue Turn kl

33
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Applying Turbulence Factor

& TRE: PropConfig (for C:\Documents and Settings\mgualtieri\My Documents\Models\TestAtmStru

File Edit Yiew Build Tools Options wWindow Help
N2l BEE + - + 1 21V M & &5 stopTme: 0.001
Run Variables
Type Mame Value Descripkion
1 jint i $loopi10) .
3 |PropConfightmSpec akmSpec PropConfightmSpec)”propconfig. mat™) //
e A = = i e = b e L= = = e e = L
5
& int iy atmSpec. maw)
7 |float iy atmspec, dxy()
8 [Float larmbda atmSpec. lambdal)
3 |float pathLength  |atmSpec. pathLengthi)
10 [Float HELFocus atm3pec, HELFocust)
11 [float HELPower atmsSpec, HELPower()
o System Parameters )
Fpr Herr e Eveseriph
1 |AcsAtmSpec  |acsSpec atmspec, applyCnzFactor(idx+1) specifies amopert
itk s s S pasifisshlrmal bloomi
3 int proprxy ey
4 |float propd:xy dy
5  [Float L pathLength Slant range
6 |float power HELPaower Pawer in the cipped be.
7 [Float FocusRange HELFocus
g |float apertureRadius |01
2 [Float sigma 5.672-2
10 [float wavelength lambda
11 it seed 2 Seed for TEAtmoPath s
12 |boal TEon true Turn the targetboard o

34

Create an original
AtmSpec object

Apply a turbulence
factor

o Makes a copy of the
original AtmSpec object
with a modified
turbulence strength
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® Successfully created versions of the runset BLATO1RunAtoG
using data from PropConfig with v2010A-beta in mzadist

Q One version loads the computedScreenData structure and sets
parameters and variables using mliGetField and uses AcsAtmSpec to
set up the atmosphere

Q Another version uses PropConfigAtmSpec
® Verified that results of the three runs were the same

QO Once | found that the screens were being placed at beginning of
segments, as opposed to mid-segment as is done in ATMTools

frame =1
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