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== Workshop Program

ZA Associates Corporation

® Prologue
® Block 1

® Block 2

® Block 3
® Block 4

® Block 5

A Reasonable Schedule for a One Day Course

WaveTrain Installation

Introduction to WaveTrain
(separate chart package)

Break

Beginner’s Workshop

Break

Continuation of Beginner’s Workshop

Introduction to Beam Control Simulation
(separate chart package)

Break

Demonstration of Beam Control Simulation &
Independent Study

0800 - 0830
0830 - 0930

0930 - 1000
1000 - 1200
1200 - 1300
1300 - 1400
1400 - 1500

1500 - 1530
1530 - 1700
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WaveT

MZA Associates Corporation

rain Installation

Designated User License Agreement

"|‘|i

WaveTrai n VZ007E Installer 1

Install Microsoft Visual C++ (optional)
Install Matlab (optional)

DESIGNATED USER LICENSE AGREEMENT - READ CAREFLLY:

This DESIGNATED USER LICENSE AGREEMENT is a lzgal agreement between you, a
DESIGNATED USER {defined below), and MZA Associates Comparation (MZA) for the
SOFTWARE PRODUCT {defined below). By installing, copying, downloading, accessing. or
otherwise using the SOFTWARE PRODUCT, you cerify that you are a DESIGMNATED USER of &
wvalid LICEMSEE (defined below) and that you agree to be bound by the terms of this agreement
and the associated PRIMARY LICENSE AGREEMENT (defined below). F you do not agree ta the

be bound by the terms of this agreement and the associated PRIMARY LICENSE AGREEMEMT,
do not install or use the SOFTWARE FRODUCT.

The LICENSEE or MZA may terminate your rights as a DESIGNATED USER at any time. You
agree to cease using the SOFTWARE PRODUCT when notified, in writing or by electronic mail by
LICEMSEE or MZA, that your DESIGNATED LUSER status has been terminated.

WaveTrai n VZ007E Installer g

Prerequisites

pyright treaties, as
trademardee ~f M74

[l

It > ] [ Cancel
The following prerequisites will be checked before WaveTrain is installed.

4

Install WaveTrain & tempus from DVD

Visual Studio Express 2005 is installed if
no C++is found

WaveTrai n V20078 Installer W

Missing Prerequisite
Visual C++

Java Runtime Environment
Matlab (Optional)
Visual C++ Compiler

Matlab R2007A/B recommended

*Visual Studio 2003 / 2005 recommended
*Visual Studio 2008 not tested

*Visual Studio Express supported
Setup will search your computer to detemine r tnese components are INstanea.

Click Mext to begin the prerequisite checking process.

] [ Cancel

Setup was unable to locate a supported Visual C++ compiler on this computer.
Please select one of the following options:

Selecting this option will install Microsoft
(#) Instal Visual C++ Express 2005 {Recommended) Visual C4++ Bxpress 2005 SP1.
{0 Ignore Prerequistte Wisual C++ Express 2005 is a free
Microsoft development environment and

compiler with an interface similar to Visual
Studio 2005.
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ZA Associates Corporation

WaveTrain Post-Installation

® You will have a desktop icon

o

WaveTrain

® An MZA entry on the programs
menu

Microsoft Platform SDK for Windows Server 2003 R2  #
4 fi WaveTrain »

] Runset Moritor

40 TRF File Viewer
E WaveTrain

] WaveTrain Environment

Visual C++ 2005 Express Edition ’

® Other programs installed, such
as Visual Studio, may also be
listed on the programs menu

® If Matlab is present, the WaveTrain and
tempus mfile paths will be added to your
Matlab path

WaveTrain V20078 e fp ]

Site code kIO

8EC3-FDE7AFEY-17D7

Daye left  MAA Uses left;  MAA

~

.............................................

Activation code

Application status: LOCKED
Request Kep
Cancel || Continue »> |

® On the first attempt to use
WaveTrain, you will have to
request a key to unlock
WaveTrain (via email)
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WaveTrain v2007B
Beginner’s Workshop

=101 %]

E |

: Transuersevelucity[ ] PuintSuun:eI

File Edit Mavigation “iew Statuz  Optionz Window  Help

Hierarchy status:il Syskbem status:il

In this workshop you will build a model of a telescope system imaging a point source
through turbulence.

You will then use the model to perform a simple parameter study, and look at the results.

Model features:

Records amplitude and phase at the pupil plane, and intensity at the focal plane.

Models platform motion, source motion, and/or wind.

Uses standard turbulence models, e.g. Clear 1 or Hufnagel-Valley, and/or user-defined models.

All major system variables are parameterized, so they can be changed without changing the model itself.

00O
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== = Create a New System Model

MZA Associates Corporation

® WaveTrain is built atop tempus, a
general-purpose simulation tool. In
tempus, a system model is defined in
terms of its interface (inputs, outputs,
and parameters), its subsystems, and
the connections between them. Each
system model is mapped into a
portable C++ class via automatic
source code generation.

-

T‘ﬁ UENSIET A O] Runset Monitor

o

#~ TRF File Viewer
E WaveTrain

| ] WaveTrain Environment

WaveTrain

® To begin, start the GUI by selecting
the WaveTrain desktop icon or
MZA->WaveTrain under the Windows
Start-Programs menu. This will bring
up the tempus visual editor (TVE) top-
level window.

¢ Editing: NewSystem (unspecified path) -0 =|
File Edit Mavigation “iew Statuz Options  Window  Help

e I=zEdBe xR 7E »wg B[R
® Clickon :.r-,'; which will bringupthe | . T ]

System Edit Window. When System ........................................

Editor Window comes up it already ........................................

has a new system model’ called ........................................

“NewSystem”, loaded by default. [0 oo

MewsSyskem:: Hierarchy status:il Syskem status:il

6 RWPII — 01/14/08




;v —-'=—_==::_;; Open the Component Library

MZA Associates Corporation

[ 5= o ] -
L I _oix
Go back to the top-level window, and click on (==

again, which will bring up a second System Editor j (@?
Window.

& Editing: NewSystem {unspecified path} oy ] [
FI-W Edit Mavigation “ieww Status Options Windoww  Help

ey ’IEEH?-_IEH i||@@§&gl
Click on File->Open->Browse, which will bringup a  EZEEEEN E = |

file selection window. = e EENRSNEREN |
f € opensystemClass x|
Save kS -_T_T [~ show only Top Level systems
Save AS.. Lookini | ¥20078 =l roEE
® Navigate to c:/Program Files/mza/wavetrain/v2007B LTS 2 B .
and select AllLibs.tsd, the top level WaveTrain i aE Qo @ cmo
component library. Select it, then click “Open”. Print / Dacumert .. » v Srwns 8ieons
Recent Systems L3N Desktop @;ensnrs:hh @ Ost\mlzeLllh.tsd
15 signals lib @ Processinglib.tsd
Exit . . 1) sources.lb @ PropagationLib. tsc
® Double click on WtLib, the primary component library - Wi w, Qe e sb
: W;‘rﬁuter File name: IAI\les.tsd ﬂl
. . LI—I Files of type: ISystem Classes hd L@I
. YOU W|" see that Wtle MeswSwstem:: EI=TEUEETEEFEETTETCCMrT T e P T wET T
& Editing: AllLibs (G\MZA\wavetrain\trunk) =] =13l
contains six com ponents, Fie f‘“‘ ‘93“5'"“""::‘ Status  Opfions Window _Help File Edit Navigaton View Status Options  Window  Help
each of which is a more {:J?ml:':mm'f”"@;?%l = IRSELIEYES JE3-IE S AFIEET S N

o

B ===T

ComeriLib|
AtmosLib é F‘[

ControlsLib é'sz_n?l; N il B SR R RRRSRERE R

specialized sublibrary: o B
- LasersLibll -

Q
Q
. .  optiesth| - - \G ; o ; . e T D .
O OpticsLib | I; e . SR
Q SensorLib E [ AN == g i FEEEE
. ] E:I;DDL_In,]l 1 Lth
Q SlgnaIle L B B _>|;| " | _'I_I
O SourceLib pios Hierarchy status: @|  System status: @ | WeLib:: Higrarchy status:gl System status:il
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MZA Associates Corporation

Copying a component from the library

® On your screen you should now have the

REDT

¢ Editing: NewSystem {unspecified path}

=0l x|

= File Edit Mavigstion ‘iew Ststus  Options  Window  Help
tempus top-level window and two System Edit j @ N IE G EHERE S YIRS
Windows, one for WiLib, one for NewSystem, e s e BEE i il
as shown in the upper right. DeEme R I8 »edl@ @IRAL | . .
~ WaveTrain v2007B Library - ffjff5555555555555555555555555
o o | R | S R R
® Double-click on SourceLib to “descend” i = !'3 33%}3 Gl
it. Click on PointSource to select it, then use B OESS e o, _l‘I
Ctrl-C to copy it into the paste buffer. i M o M —a Horarchystotus: @] Sstom stous: @)
B : B to a\wavetran\trunk\wilib) (1 obsolete block) (LIE
L swes|  Seld] T
® Click on the NewSystem window, then use R ity s @] symemas @ T
Crtl-v to paste a PointSource, which will _[olx : . \
appear in the upper left. Move it to the upper\; = ST HENE
right by clicking on it, holding the buttox == @ S rrreaya ey
down, moving the mouse to the desired spot, A
then releasing it. e :
e Click on the WiLib window, then double-click " i

on white space to ascend back to the top of
the library.

File Edit Mawvigation “iew Status  Options 8

& Editing: NewSystem (unspecified path) - mo. \fied

 EmE]

l=zEE@|

- HERIES TN IEEFEEEY

er| - MovingPoimSource| - MovingPulsedPoiniSource | < - -
A . - L WM
BN T lumYE : ..?. S u S
indow Hel R oo L L
4 . ..,--_‘.'.I N B ZI.-_I?I' .

MewSystem:: {1 object selected)

MultiheamDefocus

D e 1111
 PulsedPoi [ UniformWave| o

ull

»
Hisrarchy status: @|  System status: @ |

Hierarchy status:il Syskem status:il

RWPII — 01/14/08
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® First, descend into OptiCSLib, and get Editin: Newystem (unspecified path) - modified =101 x|
File  Edit Mavigation ‘iew Statuz Options  Window  Help
O two copies of TransverseVelocity =B LR g RS
O one Telescope
O one IncomingSplitter 3 > 2 § J
1 ransuersevelucrtyl AtmoPath Transuersevelucrtyl PolrrtSuun:e[
® Next, ascend back to the top of Ui R R SRR
WiLib, then descend into AtmosLi S
and get R
O one AtmoPath S ESEEE R L EL T EESE LSRR
........................ ILIL|
. Fina"y, descend intO nSOI‘Lib, and Mﬂ:: (1 object selected) H|erarchystatus:£| Svstemstatus:il
get
QO one Camera
O one SimpIeFieIdsensor_ Edit: HwSytem nspecd patf modid - =1al x|
S EY - IERIEE SIS Y |
o =l
® Arrange the components as shown in J
the upper window (approximately). . oy o _ . _
N =3 HEH E 3
. Camera| IncomingSplitter|  Telescope TransverseVelocit: AtmoPath| TransverseVelocit " PointSource
® Click on the Expand button (four _ _— . . l - |
diverging arrows) at the top of the _
window, near the left; this will give | B |
you more room to make connections. S % S
" SimpleFieldSensor| =~ =
4| » =

Mewsyskem::

Hierarchy skatus: 2' System stakus: 2'

9 RWPII — 01/14/08
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Save

Your Work

As with all applications, it is a good idea to
save your work on a regular basis so that if
some sort of crash or mistake happens you
can recall your work.

Gl Edit Navigation
ey

& Editing: NewSystem {unspecified path) - modified

View Stalus  Options  Window  Help

JEIETIES CIEEEEY |

- e A A A A
w—e R R R R
« « — EEEE
- N\ = f 2sss
rchive v =
. . T R e W

® Click on File->Save As.~., which will bring RSy 8
up the window shown at the bottom. x|
Navigate to the directory c:\wiruns\widemo. < I~ Show only Top Level systems
The actual directory doesn’t matter, but its S =] widerno =] SEE
better if you have a special directory for @3 iy Documents =
each WaveTrain model that you work with. & wy Computer
&4 3% Floppy (&)
i i q Local Disk (C: o
® Type in the filename WtDemo.tsd. The = e o Q
actual name doesn’t matter, but we uses = —
standard name to keep the tutorial the same ko & waveTrainVerf(D)
for everyone. ™ Wiy Metwork Places ~
. ,.“1
B
L Click on Save. My Documents
File narne: itDema. tsd —_— Save |
. As you go along, you can Save your Work My Compuker Files af t':."FIE: ISyS‘tem Classes ™ Cancel |

periodically by clicking on File->Save, or

th d k File Edit Mavigat
e disk icon. DIE;E|E

10
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— Connect components

MZA Associates Corporation

HM

® Click the toolbar button with image of

the subsystem. A small menu will pop Add
up.
toolbars .
® Select the button with a light blue ® Connect outputs to inputs as shown,
“receptor” shape, also shown |j |t_ ﬂ by clicking on the pointed tip of each
depressed at right. This will display all n n| ﬂ output, and dragging it to the receptor

subsystem inputs. of the appropriate input.

® Select the button
with a dark blue

arrowhead, shown , =10 ]
depressed atright. = . g @& . =
This should cause =8 | / _ ;||

all subsystem
outputs (dark blue
arrows attached to
the bottom of each
subsystem) to be
displayed. If it
does not work, - posuaintorys
click on white > smplelnteru;il —
space and try
again.

>

. PointSource

transmitted .

- ® _ Note that we have not bothered to. =~
- make connections for outgoing light, -
. because in this model there isn’t any.

| | »

WEDemo:: Hierarchy status: il Syskem status: il

® You can reverse
the orientation of
an input/output by
double clicking it
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== Check Subsystem Parameters

MZA Associates Corporation

® Undisplay the subsystem inputs and Add ® For each parameter, th$ parameter
outputs. name appears to the left, and its
“setting expression” appears to the

toalbars | iaht. if has b il
right, if any has been specified.
® Click on the button with the medium [= [t nl J y P
gray rectangle (lower left corner of _| ﬂ n| ﬂ

the menu), which will display the ® Setting expressions are evaluated

subsystem parameters, as shown \EI E IE - using the parameters of the

below. containing system, but we have not
yet defined any.

¢ Editing: WiDemo (C\wtruns\wtdemo) = =] |

File Edit Mavigation View Statuz Optienz  Window Help
s | ..... ,|__

UeE B 8 7E »>»g B [#ER R

Tel Tra]lsverseVelocityI . :Pni.utSnu.n:et L
. | range range v 00 | | aimSpec AcsAimSpec(wavelengithnscreenclearlFact ... | |vx 00 | | | |wavelengih wavelength |

_ | apertureRadius apdiam/20 | |vy 00 | |atmoSeed -123456789 w00 | | power 1.0e6

: lusRadius 0.0 ‘|x0 0.0 | |propuxy PrOpHXY 00 [ |x oo
L - |propdxy propdxy ELULLE T D ) oo .
ColIliIIiiniiiiiiiiiioin superspliamei Gt D
ll.x'_)'DeiBChr 64 ......... edgesigm ']-']5 .........................
dxyDetecior mle]gﬂlfarm::::::::: xpl -propnxy*propixy { 2.0 Ll
p jomallazs 00 | ... 2 propmxy*propdxy /20 L e
e wpl -proprxy*propdxy (2.0 Ll
D B w2 proprxy*propdxy / 2.0 Ll
L N xtl -proprxy*propdxy / 2.0 Ll
D B xi2 propuxy “propdxy /2.0 Ll
L " — .. ¥il -propixy “propdxy /2.0 Ll
SEEETEEE e I 2 propuxy“propdy / 2 S S S R
............. wavelengith wavelength screenDxy propixy
ORI I apliam /propdxy | o ——T L
I . propxy yReferenceFocus 0.0 Ll
I locFlag 0 L
Ll useDispersion false Ll
i nominalWavelength 0.0 Ll
4 | o
WEDema:: Hierarchystatus:_l Systemstatus:_l

12 RWPII — 01/14/08
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=== Subsystem Parameter Values

* Editing: WtDemo (C:\wtruns\wtdema) 1ol =]
File Edit MNavigation View Statuz Options Window Help
..‘_
Pni.niSnun:eI .y
Id . | range wavelengith wavelength

minWavelength  wavelength | aperiureRadius apdiam/2.0 power 1.0e6
maxWavelengih wavelength " | annulusRadius 0.0 x 0d

nxyPupil apdiam /propdyy | o x 0.0
dxyPupil propixy S .. ... ... |atmSpec AcsitmSpec(wavelengthnsereenelearlFact ... | .0 0 00
Ry icic S G S | atmoSeed 123456789 S
dxyDeector  wavelength/apdiam | |propnxy proprxy L
computationallag 00 | oo | propday propdxy U
s Yo |swerApDiameter 18 S
............................. Edgesigm I]_[ls
i SR & & propuxy“propdxy /20 il
SRR RS SRR e propy“propdxy /21 SEEER RS
o SingleFieWSemsor| | propuxy“propdxy /20 SRR
o [ T RN ?;:‘}’PTWTP“;PE’;‘L SEEEEEEEEE
oy apdiam fpropiy || ‘20 i
SR [ " propixy SRR REDRRE B S o
.................................... ¥l -proprxy*propdxy / 2.0
L2 propuuxy*propixy / 210 i
oo |screemDxy propdxy i
.................................... IRBfeI'B]lCBFI]C“S I]_[l
L R fevenceFocus 0.0 L
L eerag 0 L
L ————— i
i neminal Wavelength 0.0 DESESEBRREEE
M A I T _>I_I
WEDema Higrarchy skatus: _I System skatus: _I

13
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€ Editing: WtDemo s\ wtdemo) - modifie =10l x|
Options  Window  Help

T EIEEEEYN |

2 N s

® Right-click on white space, which will
bring up a small window with options.

® Select the second one, Properties of

Transverse Velacity [ Pointsource |
WtDemO, which will brlng up the = e ot ror/Warning detection |

window shown in the lower left.

e i ¥ 0.0 ¥ 0.0
E— (Bl +[+] |

e I Descripkion I

® Click on the Interface tab. In the
Parameters section, click on the “+” to

eeeeee

create the first parameter & enter s 48
“float”, “range”, & “52.6e3” as shown | ~_ | — AlEEt || |
at rlght o NN s T e s e I Deascription I
& tve: Properties of Class WiDemo x|
. {General] Interface | C++ Code | Description | PNgr/Warning detection |

.

Parameters + | - || Ell + | + I_l

With the first parameter selected ﬁi
click the “ COpy” & | i/* System Class
“paste” buttons to || E,|-1 N

create ei g ht ad d |t|0 n al - . E Type Mame . DeFuIt Value Description
parameters, giving them the types, = - , -
ase Class: stem k i 1.5
names, and default values shown. = .
s et Float wavelength 1.06e-6
. CI I C k O K Location: Criwtruns link Proprxy 256
. Size of Object Hierarchy: 13 -
- Last Modified Interface: Mon Jan 14 14:19:56 MST 2008 Hl:lat perde U ' U£
Wav eT r al n an d t e m p u S Last Modified Implementation: Mon Jan 14 14:19:56 MST 2008 link NsCreen 5
System Class Condition: Mo Problems Found
n am eS ar e C aS e Hierarchy Condition: No Prablems Found Hl:lat clEErlFECtDr 1 'U
sens Itlvel o | Concel] e | Flaat hPlatfarm 2413.0
Float hTargzt 2723.0

WaveTrain
units are mks! 14 ok_| Cancel| _Heb |




=s====_  Add More System Parameters
MZA Associates Corporation
® Click on the subsystem =
parameter button again to NEH 6% a0k »»g B2 DA A ;||
undisplay them. N . x|
o .. . ;'J I Error [Warning detectiﬂnl
® Click on either of the : . - "am | |- [E=@+ +]_|
TransverseVeIocity blocks, %EE - %EE . - laulkt value I Description I
then Ctrl-click on the other, s oo
selecting both.
X
:
o CIle on the SUbsystem | Mame I Yalue Descripkion E +. * I
parameter button once more, | Deseription
which will display the
parameters of only the .
TransverseVelocity blocks. == :
B[ @+ [+]_|
Descripkion
) C||ck on one of the “vx”’ &dd As Parameter| Define Syml:u:ull Choose Sy |:|I| Ignnre' Restu:urel Cancell Hilpl
setting expressions, and Float apdiam 1.5
enter “wind” and hit return. Float wavelength 1.06e-6
This will bring up the window fint raprxy 256
shown. Enter “10.0” under Float ropdxy 0.02
“Value” and hit return. Click : fint rlscreen 5
“Add As Parameter”. WaveTraI n and tem pus Flaat c\aarlFactDr 1.0
Names are case Float hijatform 2413.0
® Using the same approach, set sensitive! :z:t ::i;;w :Z; &
the “vx” for the other
I_rva;\’?:(;l’t,a-rseVelocny system to ——

15
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;v —%: Finish the model and save

MZA Associates Corporation

Undisplay the TransverseVelocity parameters.

Press the Contract button (four converging arrows) which will bring the blocks back close together.

Depending on youj esthetic preferences, you may wish to undisplay the subsystem labels and/or
toolbars for a clearjer look; there are buttons for each.

The system model |s complete; now you will save the final version to disk. Click on File->Save or use
the toolbar save button.

T Editing: WiDemo (C\wtruns\witdemao) _II:Ilil

File Edit} Mawigation Vigw Statuz Optione  Window  Help
BB XETEH g (B R
5 b o o T T H-—

. | Transverse Velo

WtDema:: Hierarchy status:il Syskem status:il

16 RWPII — 01/14/08



File  Edit Mawigation “iew Statuz Options Window  Help

2l Bl a8

" TransverseWelocity I )

WekDemo;: Hierarchy status:il Syskerm status:il

You have built a complete model of a telescope system imaging a point
source through turbulence, with the following features:

Records amplitude and phase at the pupil plane, and intensity at the focal plane.

Models platform motion, source motion, and/or wind.

Uses standard turbulence models, e.g. Clear 1 or Hufnagel-Valley, and/or user-defined models.
All major system variables are parameterized, so they can be changed without changing the
model itself.

® Next, you will use the model to perform a parameter study.

00O

17 RWPII — 01/14/08
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Create a new “Runset”
for a parameter study

. o =15/
® A Runset describes a set of related simulation @
runs, in which any number of model
parameters can be varied, either . 1=
|ndependent|y orin gI‘OUpS. EaCh Runset IS File Edit WView Build Tools Options Window Help ﬂ
mapped into a portable C++ main program via SHBEEBR+ -+ + B0 H QP
automatic source code generation. Run Variables
Type I MName I Value I Description I
® Go to the tempus toolbar window, and click on
the middle button (tempus runset editor)
which will bring up the “TRE” window, shown o System Parameters
at right. Type MName Valus Description
® Click on File->New->Runset ... which will bring _
up the WlndOW Shown at the bottom- NﬂVlgate [ Show only Top Level systems
to the c:/wtruns/wtdemo, and select tookint |3 widems H acEs F2
WtDemo.tsd. — S o <
o &5 3% Floppy ()
. = Local Disk (C3)
. . . (21 witruns
® Click Open, which will create a new Runset for e e
the just-created system model. & Wy Network Places =
My Documents
o A dia|Og bOX Wi" be displayed WhiCh aSkS yOU @ wrhat name would you like For this runsety \_;
what to name the Runset. This identifies the il po— = 0“”' '
particular group of settings with which you are Cancel | ——
going to run the simulation. Use a simple

name for now like t1. Click OK.

18
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Specify the runs to be done,
and the outputs to be recorded

ol ol
File Edit WVew Buld Tools Cpkions Window Help 1' File Edit View Buld Tools Options Window Help ﬁ
D@HH{, g|+ - 4 ;|@ L mmm (0)|{‘._*;D|5topTime:n.0 || D@HH{, g|+ -+ +|@ ! mm|E(2)|e_.'},,*,'9|5topTime:|ﬂ.005 |
Run Variables E Qutput Re cording i Run Variables
| Type | Mame | Valuz Plzase selzct oukputs ko be recorded Type | Name | Valuz Description
/(tDemo iturb $loop(3)
El -camera
{7 Fglalmage
= 5|mple eldsensor
— | —
System Paramete A / System Parameters
Type Mame Value camera.fgalmage  (When changed) IName Valus Description
1 float  |range 52,683 anhe 52.6e3
2 [float apdiam 1.5 #diam 1.5
3 [float wavelength 1.06e-6 ‘\Iavalength 1.06e-6
4 int proprxy 256 propnxy 256
5 [float propdiy 0.02 [ Rgcold dt = 0 changes propdxy 0.02
6 fint nscreen S . i nscreen 5
7 [float cleariFactor (1.0 I fomptess data (F possible) cleariFactor  [[iturb]:{0.5,1.0,2.0}
8 |float  |hPlatform 2413.0 Flag I hPlatform 2413.0/
9 |Float  |hTarget 2728.0 Variabe size hTarget 2?2;6
10 |float  |wind 10.0 190
Saved and Generated Code ﬁified Hierarchy status:il Run status:il
® Initially, the Runset te parameters set tg the defau S you
specified when you|built the sysiem ill be set
to zero, and no outputs recordi
® Set the stop time t¢ 0.005 W Trai dt
® Click the button [ ( avelrain and tempus
specifying output re ch of the two names are case
outputs. Click “OK”. sensitive!
® Click the button “+” to create space for one run variablg, then enter “int”
“iturb” “$Ioop(3)”, this will create a for-loop, resultin |n three separate
simulation runs.
® Set clear1Factor to “[iturb]:{0.5,1.0,2.0}”; so its value will change with each

loop iteration.

19

RWPII — 01/14/08




;v —"=—_=_:i=: Execute the Runset

MZA Associates Corporation

® Click on Build->Execute. This will automatically save _Eée_éd;@vﬁundlzoois Options Wiindaw _ el x|
the Runset Information to disk, generate the C++ main EIE E“‘/"*Jﬁ! M |8 )] & O|stop Tmeifo.00s |
. . . - . Run Variables
program, compile it, link it, and execute it. - — e
® You could use the toolbar button to run instead./

tempus Runset Monitor =10 x| ax e :
ystem Farameters

— Runzet Type Mame Value Description
i 1 [float angs 52,623
Nare: I WitDemaRunt11 —I 2 [float apdiam 1.5
trf File: I Ww'tDiemoRuntd 1 trf 3 Ffloat  |wavelength 1.068-6
Dir - 4 jink propnxy 256
[ I 5 [float  |propdxy 0.02
Disk Space Lsed: | E16.4 KB 6 it |nscreen s
7 [float cleariFactor  [[iturb]:{0.5,1.0,2.0}
Ezt. Dizk Space Fequied: I 4 3MB 8 Float  |hPlatform 2413.0
Tatal Buns: I 3 Caomplete; I EE.7 % 190 :::t ::;gd T;QUS o
E|E||:ISEIZ|TiI'|'|EZ I 36.9 sec. Modified Hierarchy status:il Run status:il
Estimated Tatal Tirne: I 36.8 sec.
CTTTTTTTITTTT] ® Shortly after execution begins, a “tempus Runset
St | Running Monitor” will appear. This provides information
such as elapsed time, disk space used, etc. When
~ Current Fun execution is complete, it will appear as shown.
Run Mumber: I 3 Complete: I 35
Elapzed Time I 41.9 zec. ® .
e stimated Totel Tive: | 248 5es After a run is complete you should close
0 the Command Line window and tempus
Vitual Stop Time: | 0.00500000 sec. Runset Monitor that was opened during
Current Yirtual Time: I 000017545 sec. execution .
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— Load the results into Matlab

tempus simulation outputs are stored in

specially formatted random access files D& | & 2@« | ¥ f B | 7 | corertoreston: [Cmmnsidens Ja [

called “trf” files which preserve the
structured character of the data, and
support interactive browsing without
having to load the entire file.

tempus provides a rich set of
mechanisms for accessing and operating
upon trf files, including many designed
for use from within Matlab, either at the
command line, or from within m files.

«); MATLAB 7.3.0 (R2006b) - o] x|
File Edit Yew Graphics Debug Desktop ‘Window Help
Shortcuks [2] How to Add  [2] What's Mew
Commond windon " x
o iy -
' m "= % | ﬁ | IBase jv »> t=trfopen(' WcDemoRuntll.trf') —I
Mame £ |Value |Min |Max I |
[Elt <1x1 struct» Ch
filename: 'WtlemoRuntll.trf'
fid: 3
wachineformat: 'ieee-le.led!
Current Directoryl Wgrkspacel addresstype: 'intad4'
parameters: []
l:oml_'nand History A X r: [1x3 struct]
= ----- cd C:Yywtruns' wtdemo ;I
e dir »» g=trfselit)
feep=trf X
rfc‘pi’; ) Figure 1: WiDemoRunt11.trf, trf file selection =] |
------ s=trfsze
q | Humber of Runs: 3 Humber of Variables: 2 Min. Time | -Inf
Awvailahle Variahles Max. Time I Irif

Awailahle Rins
4\ !'_ntarl:l Eusy

To look at the results from the just-
completed Runset, open a Matlab
session, and cd to the appropriate
directory.

Open the file, then bring up an interactive
browser using the following commands:

» t=trfopen(‘WtDemoRunt11.trf')
» s=trfsel(t)

Click on Select All Runs, then Select All
Variables, then Load, which will load all
the recorded data.

- jiura=0

+ t1 camera fpalmage

+ itur=1 + 11 simplefieldsensor fid
+ iturh=2
[] =
Select Al Runs | I Dezelect All Yariables | I
Load | Load & Rack | Done | Cancel |

Y

® You must have the WaveTrain and tempus
mfile paths in your Matlab path before you

can use the Matlab functions.
21
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Look at the results in Matlab

J Figure Mo. 1

Eile

Data can be loaded into

Matlab in various forms;

in this example we have

loaded it into a structure.

Once the data has been
loaded, all the

functionality of Matlab is

available - analysis,
plotting, movies, etc.

Edit ‘iew Insert Tools Window Help

=10l x|

D& MA A/ BP0

} Figure No. 3

File Edit Wew Insert Tools ‘Window Help
D& YA A/ 2p o
300 . . _

=10 %]

200t

100 |

a

0 20 40 B0 a0

File Edit Debug Desktop ‘Window Help

] ﬁ| & B o o |G ﬁ = | ? ||C:'I,wtruns'|,wtdemc

Shortcuts [#] How ko Add  [2] What's Mew

Workspace A X Command Windov

-} Figure No. 2

File Edit ‘iew Insert Tools Window Help

=10l x|

Dzda xa /| @ppo

Current Directary I ‘Workspace |

> figure (1)

Command History ? Fx dmwagesc (reshape (abs(s.r(l) .wviz) .di:, 1)) ,75,75)1:;

Fimagesc (reshape (abhs(s.r (1) . v a

Fooolormap (gray (256) ) ;axis ima =x figure (2)

agesc (img (32-10:334+10,32-1 »» figure (3]

gure (3] >» plot | img)
i i
» )| L

e plot (img)

EIE§|@|E|*|B VI s
MName £ |'u'alue |Min |Max | | CE et
libdans  <2%28 char»
Mimg  <64x64 dou.. O 223, ans =
HE <11 struct=
t 1yl structs 1 - tl.ca?mera.flpalmage
2 = tl.simplefieldsensor.f1ld

»» colormap (grav(256)) ;axis image

Fefigure (2] > dmg=reshape(s.r(l).v(1).di:,1),64,64);
g=reshape(s.rc (1) .v(1).d(:, > lmagesc (img (32-10:334+10,32-10:33+10) )

4 E_ntartl

4

22
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= Alternatively, look at results in TrfView

® TrfView is a recent addition to &9

5 Fil=  Edit

T TRE: t1 (for C:\wtruns\wtdemo\WtDema)

View Build Tools

Options  Window  Help

=10l x|
x|

WaveTrain that enables basic ISHEEE+ -+ 1S Molfo o pspmepos |
plotting directly from TRE. Run Variables RVicn ltost b Fi Fo runs=t].
N = Type Marnz Valuz Descripkion
® On first use, you will be prompted to |
associate .trf files (you can also do
this later from TrfView Options)
TriView ﬂ —
System Paramekers
“p y  The TrfRead.Reader COM Component for use with Type Mame ez Description
x_f/ Matlab is not registered. =
TRF Files are not assodated with this program. 1 [loat range 52.6e3
Would you like to perform these actions? 2 |Float apdiam 1.5
(This may require administrative access)
You can turn off this prompt in the options menu, 3 [Float  |wavelength 1.06e-6
4 ink proprxy 256
il S [float  |propduxy 0.02
6 fint NsCreen 3
7 |Float clear1Fackor  ([iturb]:{0.5,1.0,2.0}
8 [float hPlatFarm 2413.0
9 |Float hTarget 2728.0
10 Triview: C:\wtruns\wtdemo\WtDemoRunt11 trf N [w] B3
Fle Edit Varisble Options Hierarchy skatus: il Fun skatus: il
I | Runs in File |:|5E|Ett Run 1 = ,.) W | File Size kB
"u"anables | Te=—zizm |
MName | Type | Time Steps | | Sizelstep |
t1.camera. fpalmage Float | 54 }{ 54
t1.simplefieldsensor fld ‘ .

Ready

RWPII — 01/14/08
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® Right-click on variable name =10 x|
& select “Show” or “plot” Fle Edit Varisble  Options

Py E-g- Field amplitude & phase v_.}t;l Rl_llnsinFiIe |1:|SelectRun 1~ ,-) % | File Size kB.
anables | Parameters
=l |

Name | Type | Time Steps | | Sizelstep |
t1.camera.fpalmage Float 5]

t1.simplefieldsensor fld Complex | 5/

File  View

H_cimplefisideencor.nid

Ready

,.-“ ti.simplefieldsensor.fid - | Ellil

ok Matlab Links ~

- i x|

MName It'l simplefieldsensaor fld

Diescription ITempulalh'-irdegmted complex field

Type ICDmpIax Points per Frame IEEEE Frames in this run IE |1 j

— Owerall Statistics — Frame Statistics

Average I Calo Average I
Std. Dev. I Std. Dev. I

H_simplefisidcancornd

|

Min. | at | Min. | at |
Ma. I at I M. I at I
— Organization

xom [75 Qg Ybm [5 H Cose |

t HHHHHHHHH t
a 1

J : ||1 - nfz_'; | D‘: # £||7 ;hnw F;;'ﬁse
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;v m Look at results in TrfView

MZA Associates Corporation

® E.g. Cameraimage =10l x|

File Edit Variable Options

Figure -0l x| ' | : Runsin File IZI SelectRun 1 - J_) % | File Size kB .

File  Wiew Variables | Parameters I

Sizelstep

Time Steps

t1.camara fpaimage t1.camera fpalmage — IR
P 11 simplefieldsensor fld Complex 5| - | 75 X 75 e
S0.0
400 Ready
= 200
e 1 Triview: C:\wtruns\wtdemo\WiDemoRunt11.trf N [w] |
e File  Edit Parameter OCptions
/| : Runsin Filz IZI SelectRun 1 - ‘,_) % | File Size kB
o by g 200 - PRSI Warables
J ||1 of 5 | b b Parameter Mame | Data Type | Size | Data |
apdiam float 1 15
clear1Factor float 1 0.5
hPlatform float 1 2413
hTarget float 1 2728
iturt irt 1
. . MNECreen int 1 5
® Simulation Parameter propey float 1 0.02
. Proprogy int 1 256
values are also viewable |- fioat 1 52600
stop Time double 1 0.0:05
wavelength float 1 1.06E-06
wird float 1 10
Ready
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& Editing: WiDemo (C:iwtrunsiwtdemo) ;Iglﬂ
® Go to the System Editor for WtDemo. Y Y LS P CIELERY N
DisplaytheparameterSOftheAtmOPath :::::: ool DT Ll ool ::::::
and elevate the atmoSeed parameter, by % % . .
right_CIiCking on it and seIeCting Elevate i " _ Transver: ',I AtmoPath Transuerse\relocny[ PDIn‘tSDLIrl:B‘
the small window that pops up. - ;;;---**@ggg [t wmasesa|
. . . S ' m x|
® Select File->Save. When it asks if youwant | = ST
. o Loaded Runset t1°
tO update the Runset, CIICK Yes. \ @ For swstem 'Chwkrunsiwtdemol ' tDemo
® Gotothe TRE . o ag@gaonnooooooazzooooo: just became obsolste.
' w ﬂ S SRR S .
® Choose File->Save As..., \ S Update it7
Save Runset As: s :::5:: 555555 SR
and save a new Runset 12. T
|t2| i *°° FEle Edt View Buld Toals = 5'
o [ coma||  EEIEDSEinE ot R Ben s |
Type Mame /alue = Diescripkion
int: iturb $loop(3)
® Add arun variable called irand and set it to
$loop(10) (copy/paste iturb & edit). _ E—
- e & alue escription
® Change Stop Time to 0.0001. e ==
2 [flost _pdiam 1.5
® Change nscreen to 10. \ 2 fioff prmris_[1%e¢
 / proprixy 2!
® Change wind to 0.0. A
7 [float cleariFactor  |[iturb]:{0.5,1.0,2.0}
® Set the newly-created atmoSeed param 8 ot felstfom |s15.0
. . 9 float hTarget 2728.0
to [irand]:seedSequence(-987654321, irand) ST e oo
1 atmoSesd [irand]:seedSequence(-287654321 irand) |[Random number seed for atmospheric phase screens
® Build->Execute. This will take a minute or <| | 2
Saved and Generated Code Hierarchy status:il Run status:il

SO...
26
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ST Anatomy of a trf File
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® Each trf file is like a database; organized into

i .
Ieiiiewﬁd 10 thiondow Help il ru ns and Varlables-
OEH BB+ - + 4|0 M| B @& 505t tmefo.0001 .
R variales \ Q The number of runs is equal to the product of the
Type Mame Value Descripkion

value of all loop variables.
QO For this case:

.
System Parameters \ \‘ nr = iturb X il‘and - 10 X 3 - 30-

iturb $loop(3)

$loop(10)

irand

Type Mame Value De
Ll e Sew | = O The number of variables per run is less than or
Saved and Generated Code Hierarchy status:il Runstatus:il equal to the number Of Variables selected by the
x user for recording.
Please select outputs ko be recorded
e - # It can be less than the number selected

o T because it is possible that a variable which
was selected for recording does not get
computed during execution.

—— For this run 2 variables were recorded.

E---simpleﬁeldsensur

L P

camera.fpalmage  (When changed)
simplefieldsensor.fld  (%When changed)

|ramera fpalmage A time history of each variable is stored. The
] when haned € oty very [B - 1o ot Recor precise times and the number of times that a
I Record dt = 0 changes \%;'7\ [ ariables data is stored is dependent on:
[ Compress data (if passible) [ At most eve ser . . .

F|a25| p e — ,\0 The amount of simulation time per run.
L lverilo ce meEdie | |w & User recording settings.

(o] | Cancel | Help |

4 Simulation execution logic.

® trf files also contain the run O Each type of data is stored in a fairly simple
stream format.

variable and parameter settings. 07 RWPII — 01/14/08




=== Anatomy of a trf Handle
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HM

® In Matlab, trf files are incrementally loaded into a structure of the following
form:

Q t.r(nr).v(nv)
QO The jth variable for the ith run is stored in a structure at t.r(i).v(j).

® When a variables’ data is read from disk;, its is stored as a time history:
Q t.r(i).v(j).t contains the virtual time at which the data was recorded.

QO t.r(i).v(j)-d contains the data. It is always two dimensional, nd x nt, where nd is the
number of elements required to store the data and nt is the number of times the
data was recorded.

® A scalar quantity is stored as: ® trf handles also contain run variable and
O tr(i).v(j).d(1:1,1:nt) saramet:r sett:'"gds' N
i ] ® You need not load an entire file. Data is
® A two-vector is stored as: loaded incrementally.
Q t.r(i).v(j).d(1:2,1:nt)

U ® trf handles contain a lot of ancillary
® A 64x64 grid is stored as: information.

Q t.r(i).v(j).d(1:4096,1:nt)
® The present example has 1 time-step for 2 variables for 30 runs

QO s2.r(1:30).v(1).d(1:5625,1:1) is a complex array representing the light hitting the
receiving aperture.

Q s2.r(1:30).v(1).d(1:4096,1:1) is real array representing the image of the distant

point source.
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—— 1\ Process Uncorrelated Data

MZA Associates Corporation shops1.m and shops2.m

HM

® Add the workshop scripts to your path

O path('C:\Program Files\MZA\wavetrain\v2007B\examples\wtdemo\scripts',path);
® Load the data

>> t2=trfopen('WitdemoRunt21.trf');

>> s2=trfload(t2); % trfload is simpler than trfsel and is used more often.
® Review and run the script in shops1.m to calculate the following quantities from

the complex field.

>> edit shops1.m <F5>

>> disp(niv)

O Normalized irradiance variance, 62 = (< I2> / <I>?) — 1

O Rytov number (log-amplitude variance) is approximately c,2/4.

>> disp(pcstrehl)

O Phase corrected Strehl, I, = <<A>?/<I>>

7 “rel

® Review and run the script in shops2.m to calculate the following quantity from
the point source image.

>> edit shops2.m <F5>
O Time-averaged point spread function (PSF)

® Plot the data with shops12p.m
>> edit shops12p.m <F5>
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== Processed Results

shops12p.m

0.5

—=— Data
—&— Theary

=
E

Estimated Rytoy Mumber
=
(3]

Alpha
w107 PSF: 1xClear-1

% 107
30

« 10" PEF: 0.5xClear-1

-2
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Extended Analysis:
Correlated Data

Go to the Runset Editor.
Open runset 2.

Choose File->Save As..., and nhame
the new Runset t3.

¢ Save Runsetifled

Save Runset As:

|t3|

(] 54 | Cancell

Change iturb to $loop(1).

Change irand to $loop(1).

Change cleariFactor to a single value
(e.g., 1.0).

Change wind to 20.0.

Change Stop Time to 0.1.

Build->Execute. This will take about
four minutes...

RI=TE
File Edit WView Build Tools Options Window Help EI
DE—"EI.}E E|+ - 4+ +|@!MM|E(2]|ﬂ_p5tinime:n.1 |
Run Variables
Type Mame Value Descripkion

1

2 |int irand $loop(1)

= System Paramekers

Type Mame Value Descripkion

1 (float range 52,683

2 |Float apdiam 1.5

3 |float wavelength 1.06e-6

4 ink propnxy 256

5 |float propdy 0.0z

6 |ink NSCresn id

7 |float cleariFactor  [[iturb]:{1.0}%

8 |Float hPlatform 2413.0

9 |float hTarget 2728.0

10 [Float wind 20.0

11 |ink atmaoSesd [irand]:seedSequence-237654321 irand) |Random number seed far akmospheric p...

Saved and Generated Code

Hierarchy status: il

Fun skatus: il

31
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Monitor the

WA Associates Corporation S I m u Iat I o n I n the trm
® While the simulation is running, right click on the tempus

Runset Monitor (trm) and choose Messages.
® Here you can view detailed messages which track the

execution status.

x
Wirtual Time Tatal Time Total Memary
| 0.01600000 s=c. | 7.6 sc. | 0 bytes
Context 2|
runset t3: ﬂ
laop iturb = 0
loop irand =00

wirtual time = 007150071
scheduled event: W aveR eceiverCoordinatar
empty[1] - [0, 250000 sec]

KN
Logs

LOG: propagateS enes(t=0.015825 0.001000(0), wave={1. 060001 7). Q0171 famaard (17110117
LOG: propagateSernes[t=0.014825 0.001000(0), wave=1{1.0800[16], O[1E]}. fanward [16])[1.16]
LOG: propagateS enes(t=0.013825 0,001 Q00(0), wave={1.0600015], Q[15)}, faraard [15)](1.15]
LOG: propagateSenes(t=0.012825 0.001000(0), wave=11.0600[14], 0141}, farward [14])01.14]
LOG: propagateSenes[t=0.011825 0.001000(0), wawe=11.0800[13], 0131}, farward [13])(1.13]

e

LOG: propagateSenes(t=0.010825 0.007000[0), wave={1. 060001 2], 0121}, faraward [12]][1.12] _Ij
4] y

W armngs/Ermors

Kl ﬂJ

Status: Running

M eszages Mizzed: I 1] Save

d

32

L
— Runzet

Mame: WTDEMORUNT31 ]
bf File: | witDemoRunta1. i
Dir.:
Dizk. Space Uzed: 1291.2 KB
Est. Dizk Space Required: 1895.5 KB
Taotal Runs: I—1 Complete: I 0oz
Elapsed Time: 1.5 zec.
E ztimated Total Time: 4.3 zec.

Status: | Fiunning

— Current Bun

Run Humber: I 1 Complete: I 790 %

Elapzed Time JB.6 seC.
Estimated Tatal Time: 463 sec.
HINEEEEEENEEEEER

Yirtual Stop Time: 010000000 sec.
Current Virtual Time: 0.07300700 sec.
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E—_ . Process Correlated Data
ﬁA Associates Corpoﬁ shops3.m

® Load the data
>> t3=trfopen('WtdemoRunt31.trf');
>> s3=trfload(t3); % trfload is simpler than trfsel and is used more often.

® Review and run the script in shops3.m to create a movie of the point source
propagation data.

® To repeat the movie use movie(mb).

=} Figure 2: Point Source Through Turbulence _|I:I|£|
File Edit Wiew Insert Tools Desktop  Window  Help b

DS KRAMe (€ (08| 8O

Amplitude Phase x 10 Image

-2 -1 0 1 s
-5
w 10~
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EA Associates Corporation Closed-Loop AO Exam ple

® Matt Whiteley (then of AFRL/DEBA, 5 & ve: i ok e snior 50 | -~
now with MRC) created a three-day = 2=® 08t f[Et M oS o mke
WaveTrain tutorial workshop in which |—=— .= -
users incrementally build up a S s i -
closed-loop adaptive optics system. ™ e (000 oenteee =
O The WorKShop also serves as an 1 |float = tel_Focu?j::ge D.?‘"‘tr:wget_rr:mgeuEIILIE Focal distance :re:;:iiz;e =
introduction to fundamental wave optics 2 foa te_diam 075 Dineta of lesiope sperure :I
simulation concepts. - —
O The tutorial materials are on the Workshop | e ————— e
disk in the directory “whiteleyTutorial”. 7 e e e e R
® Since we don’t have three days to go |: - '
through all of the steps of building
the model, we will concentrate on
working with the complete model.
® The tutorial will now proceed a bit
more quickly, assuming that you are

starting to get the feel for how things
work in the GUI.
QO Instructions are less explicit.

O Emphasis will be placed on the model,
rather than the mechanics.

TUET:: Hierarchy status: | System status: @ |
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ﬁA Associates Corpoﬁ Get Ready to Run
® Copy the directory whiteleyTutorial to the c:\wtruns directory.
(Available from: http://www.mza.com/doc/PPT/whiteleytutorial.zip )

Rename the directory to wttut.

® Display the directory properties. Uncheck read-only. Click OK. When it asks,
tell it to propagate the change to subdirectories. o] x|
Close the tve and restart it. ==y

® Open the System Editor window. 3 ciries e

ile Edit Mavigation View Status Options  Window Help

® File->Open->Browse..., traverse to _~Lza=s:z LVEIEEEYN

c:\WtrunS\thut and SEIGCt the R R

system Tutl. SR HEE S e
Ope e : 5'

[~ Show anly Top Level syskems

Lock in: I[:I ettt / LI I'::F
@ Tuth.tsd )4

@ TutB.ksd
@ TutC.tsd
@ TutD.ksd
@ TutE tsd
@ TutF tsd
@ TutG.ksd

~ @ TutH.bsd
ks @ Wrsandrecon.tsd /
@ 'WindatmoPath, tsd

File: namne: ITUtI'tSd Open |

System Classes v | Cancel |
3
Hierarchy status: _I System skatus: gl

® |f any subsystems are marked ‘obsolete’, save the system to update them
35 RWPII — 01/14/08
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=== The Block Diagram

MZA Associates Corporation

& Editing: Tutl (C:\wtruns\wttut) =]y

File Edit Mavigation \iew Statuz Optiong  Window Help

SELIELEHEES S EIEEESY

3
Tutl:: Hierarchy skatus: _I System status: il
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U tditing: WindAtmoPath (C\wirums\witut) =10l x|
Fle Eor  Navgaien View Sutus  Optons  Window M

;v —% Poke Around

ZA Associates Corporation

Navigate into wfsandrecon. Go back up.

Navigate into atmosphericpath (WindAtmoPath). Go back up.

Navigate into telescope (it’s a library system). Go back up.

Display various inputs, outputs, and parameters to get a feel for the model.

@ Editing: Tutl (G\wtruns\witut) iy [m] ]
File Edit Navigation View Status Options  Window Help

L ET D EEERFEETNIEEESY |
L N -]

e
TH g 0 FIAA

Wire Train owigoingincident Ware Traingy

Jc M| @ 555

Wave Train incoming transmitied V¥ave Traind)

% =

i
T Y- 1) aeEr aeE_?
Transverse Velseity | AtmePath|  TransverseVeleclsy |

L3
Herarchry status: | System stotus: ||

& Editing: WFSandRecon (C:\wtruns\witut) o [=[ P
File Edit Navigation View Status Options Window Help
IEzEBa@a w8 TE =»>»g |0 &38R

WFSandRecon::

Hierarchy status: _I System status: gl

37
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- : a nl -0
B~ PEEEEEEEE | | S ml ..... WK el rie gt Mavigaton Vew  Staws  Opfions  Window  Help
e Lo = e e |

2

Hierarchy status: | System status: @ |
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Make a Run

Start the TRE (Runset Editor)
File->Open...->Tutl->SetA

If the system was modified
more recently than the runset,

T TRE: setA (for C:\wtruns\wttut\Tutl] - obsolete
File | Edit View Build Tools Options Windo®

=10 x|

5] x
W | [E -:Emnp Time:[0.005 |

x|

the runset will be marked

“obsolete” & the toolpar is
grayed out. Update thenset

from the Edit menu

® Inspect the Runset.

(71 HElc V| ER
Copy Run Varia
B Paste Valus Description
1 |i $loop(1) Index For random draws ﬂ
+ i Yariahle : -
2 |i #dd P arlzils $loop(2) Index Far tracker gain val. ..
3| = Remaove Run Variable 40.0,1.0% Tracker gain {1,0=clasad)
4 | 4+ Move Run Variable Up 40.0,1.0} A0 gain (1.0=closed) ;I
P vioue War e DA
+ Maove Run Variable Down —
E Edit Output Recarding Valuz SEI T
1|l Edit Stop Time Larget_range Focal distance aof telescope | =
2 | 0.75 Diameter of telescope ape...
Edit C++ Code Pe 3P
3|l 1.0e-6 Wavelength of outgoing ...
Edit Descripkion : -
\4 I hel_wavelength Wavelength of incoming p...
"N Edit Defined Symbals : :
5 N 0.0 3 location of point source
a6 |l 0.0 ' lacation of point saurce ,|
Obsalete Hierarchy skatus: _I Run status: il
~S~S——

©C 00O

This Runset has two runs, looping only over gain_index.
gain_index is used to subscript trk_gain_values and AO_gain_values.
The first run is open-loop because trk_gain_values[0] and AO_gain_values[0] are zero.

The second run is closed-loop because trk_gain_values[1] and AO_gain_values[1] are one.

® C++ and the tve use zero-based arrays.

® Matlab uses one-based arrays.

38
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MZA Associates Corporation

Make a Run

Change Stop Time to 0.1.

Change setting for tdm to load the file

Create a new runset: File->Save As..., SetC. BRI x

Save Runset As:

|setC

(]34 | Cancell

"C:/Program Files/MZA/wavetrain/v2007B/predata/nop236qga.mat "

' Enter Value Dialog x|

Please enter walue For run wariable
kdm

TasatDMMadel("C: jProgram Files/MZA [ wavetrain/v2007E]

predata/nop236ga.mat”, TDMALL,4.602/4,37, "reconhtr™

=

| Cancel |

T TRE: setC (for C:\whruns\witut) Tutl)

Qptions  Window  Help

Eile

Edit

View Build Tools

I BB+ -+ 4|2 M E6|G D

Skop Time:{J.1

=10l x|

]
|

Run Variables

TasatDMModel*

kdm

TasatDMModel("c: /mza/wavet. ..

Type Mame Value Description
7 |float hPlatform 2400 Alkitude of platform (ASL)
g |float hTarget 2400 Altitude of target (ASL)
2 |float Larget_range S0000 Distance to karget

File for WFS and DM configura. ..

System Paramekters

Replace the first three digits
of the number in the AtmSeed
setting to your favorite three
digit number.

® Build->Execute.
® The run will take about ten
minutes.

Saved and Generated Code

Hierarchy status: _I

Type Mame Value Description
1 (float kel_focus_range karget_range Focal distance of kelescope
2 |float kel_diam 0.75 Diameter of telescope aperture
3 |float hel_wavelength 1.0e-6 Wavelength of autgaing laser
4 |float ptsc_wavelength hel_wavelength Wavelength of incoming point ...
5 |float pksc_x 0.0 o location of point source
6 |Float ptsc_y 0.0 Y location of point source
7 |AcsAtmSpec  |AtmSpec AcsAtmSpec(ptsc_wavelenagth... [Specification of atmosphere: A...
g |ink AkmSeed [rand_index]:seedSequence(-... |Random seed for phase screens

=

Fun skakus: il
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== == ... Debug
MZA Associates Corporation

® The system and runset will not compile as-is, NMAXE. : fatal error U1877: ’“GixProgran

return code ‘Bx2’

l.exe" =

due to updates to WaveTrain since they were Stop.

Created executahle “"TutIRunzetC.exe' wi

written. Make Failed

Press any key to continue . . .

S 1o/ x]
. ThIS glves US a Chance tO Show hOW File Edit Wiew Buld Tools Options Window Help _|

to launch the debugger ... RS B[ 6 & O sopTmefor |

Run Variables_ |openin Debugger|

#9 TutIRunsetC - Microsoft Visual Studio - |0 x

Value Descripkion
File Edit WView Project | Buld | Debug Tools Window  Community  Helg 2400 Altitude of platform (A... [« |
i j TR - Build Solut F7 B Debug - Win3z2 - | 2% " 2400 Altitude of faroer (A5 L2
Tk R NEX- Rebuid Solution ~ Col+AIt+7 | R CTE S RS
S R B AR s = Clean Solut > | Value Description
; - ean Solution
Solution Explorer - TutlRunsetC unsetC.cpp - X }i‘ Farnst ranne Faral distance of Felace. (=2
: S - . . ,
= éj [= [#¥ Build TutIRunsetC ope) jl j é_' = Hierarchy status.il Run status.il
[ Solution TutlRunsetC' (1p Rebuild TutIRunsetC cempus 2007E g
= 24 TutIRunsetC . T = ||k
= Clean TutIRunsetC
- ﬂ Tutl.h i
b G TULTR tC. Project Onl r
2] TutlRunsetC.cpp ject Only A ® Find problems
Profile Guided Optimization b |Generated on: Tue Jan 15 19:02:1 11 C++ via Vlsual
EiJSDIutin:nn Explorer T_/gclass . 3 =
: Batch Build. .. iiiiiiiiiiiii# E;tl‘(j|()
Output Configuration Manager. ..
Show output from:  Build : = | &
b % Compile Cirl+F7 > % |=
1¥—————-— Build starteo—rroyjecr—Toovrmuonesevo— oo iguration: Debug Win32 ————— s

1*Compiling. . . — . Fix in system /
1>TutIRunsetl.cpp . . . ) runset

1o\ wtruns\wttut'windatmopath _h({94) : warning C42Z244: 'argqument' : conversion from 'doubkle

1o\ wtruns'\wttut'windatmopath _h(94) : warning C4Z244: 'argument' : conversion from "double’

1\ wtruns\wttutiwindetmopath _h({94) : warning C4Z44: 'argument' : conversion from "double’

lre:\wtruns\wittut'windatmopath _h({(94) : warning C4244: 'argument' : conversion from "double’

lrvo:\wtruns\wittut\windatmopath.h(94) : warning C4244: 'argument' : conversion from "double’' b

B b R R R P e T T T =T i) . wrem e e AT AA - Vo e s o -1 - o Tedmaal=mT = RWPII_01/14/08
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MZA Associates Corporation

Fix & Run

® Fix runset
%]

General C++ Code | Descriptinnl Errar/Warning detectinnl

#include "VectorFunctions. k"
2 caICDnstants R

nstaﬂh"\

QK ICanceII Help

" Editing: WindAtmoPath (C:\wtruns\wttut) - modified
Fie Edit MNavigaton View Status Optons Window Help

T TRE: setC (for G\whruns\witut Tutl)

File

0O

View Build Tools

3 cut

Options

Window  Help

=10l x|
x|

+ 20 M & @ & 50 stop Time:fo.1 |

N2 eBxE TH »»g B BJARX

WaveTrain outgoingincident Wave Train()

WaveTrain incomingiransmitied WaveTrain()

? b= Y=
: TrallsverseVelncny[ Ahllﬂl’lﬂll TrallsverseVelnclty[ gonoadnoa0
. || atmSpec AtmSpec -
atmo Seed AtmSeed “ aleTlm mrnmm_unndent \\ au-Tmm()
- - WaveTrain ouigoingtransmitied WaveTrain() S8
superApDiameter 18
| edzesigma 005
(1 proprxytpropixys20 | Lo norr
|2 propuxy*propdxy / 20
w1 -proprogypropixy / 20
|2 propuxy*propdxy / 2.0
il -prupnxy*propdxy / 2.0
|2 propuxypropdxy /2.0
| ¥l -propixy ‘propdxy £ 2.0
|2 propxy*propdxy / 2.0
screenDxy
| xReferenceFy 00
| yReferenceFoNg 0.0
IocFlag ’
‘| useDispersion false

Coniiiiiinoiroiiiisnon el Wavelensth 00 LIl
< | _>IJ

WindatmoPath: : Hierarchy status: 0| 5ystamstatus:3|

11

Edit Stop Time

B cacecode

Edit Description
Edit Defined Symbals

[Ipdate

Capy Run Variables
B3 Paste WYalue Descripkion
7 2400 Altitude of platform (A, |«
g |+ AddRunVariable 2400 altituds of target (ASL)
g | = Remove Run Variable 50000 Distance to target
10 4+ Move Run Variable Up TasatDMModel{"C: JPro. .. |File For WFS and DM c. ..
o .
+ Move Run Variable Down tem Parameters
E Edit Qukput Recarding Valuz Sl
1 target_range

| 0.75

Focal distance of telesc. .. ﬂ

Diameter of telescope ...

1.0e-6

‘Wavelength of outgain. ..

hel_wavelength

‘Wavelength of incomin. ..

0.0

¥ location of paint saurce v|

Hierarchy status: il

Fun skakus: il

® Fix system WindAtmoPath
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:v a———— Create a Movie

shops4.m

MZA Associates Corporation

® Start Matlab.
>> cd c:/wtruns/wttut
>> tia=trfopen('TutlRunsetC1.1rf');sia=trfload(tia);trfvlist(sia)

® Review and run the script in shops4.m to display a movie showing
open-loop and closed loop runs side-by-side.

® To repeat the movie use movie(mb).

® Verify that the open-loop and closed-loop runs begin with the
same conditions with movie(mb(1)).

<} Figure No. 1: Open and Closed-Loop Point Source and Scoring Images - |EI|5|

File Edit Wew Insert Tools ‘Window Help

. czEga xA A/ | 2o
First Frame B : -

% 107 % 10 % 107 % 107
-10 -10 -10 -10
\ 5 -5 -5 -5
0 : . .
Ele Edit Yew Insert Tools Window Help
DEsd&/ YA 2/ 2en 5 5 . :
T own « 10" 0
-0 -5 0 5 -0 -5 0 5 0 -5 0 5 0 -5 0 5
5 \

-10 -10 -1
5 5 -5
0 0 0 0 .
After the Loop is Closed
5 5 5 5
-10 -5 0 5 -10 -5 0 5 -10 5 0 5 -10 5 0 5
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=== Run a Vacuum Case

MZA Associates Corporation

® To calculate Strehl, we need a propagate through a vacuum.
® Go to the TRE (Runset Editor).
® File->Save As..., SetV.
® Change Stop Time to 0.0001.
® Change gain_index to $loop(1).
® Change nscreen to 1.
® Change alpha to 0.0.
® Build->Execute. _ipix
File Edit WView Build Tools Options Window Help 5'
® This will run fast. O=HE| & B+ - ¢+ +[2 1 M| EE| & 50 |stoptime:fo.000
Run Variables
Type Mame Value Description
w EI 1 |int rand_index $loop(1) Index For random draws -
Save Runset As: 2 |int qain_index $loop(1) Index For tracker gain values
ISE’N 3 [Float krk:_gain_values 40.0,1.0} Tracker gain (1.0=closed)
4 |float AD_gain_values  [{0.0,1.0} AD gain (1.0=closed)
]l | Cancell = CLEAR-1 Factor
6 [int nscreen 1 Murnber of phase screens
7 |FI|:uat hPlatform 2400 Altitude of platform (ASL) ﬂ
= System Parameters
Type Mame Value Description
1 |Float tel_focus_range target_rangs Focal distance of telescope -
2 |Float kel_diam 0.75 Diameter of telescope aperture ﬂ
-ISa'u'ed ar-1d_Ge-r1varated Code - -IHie’rarc-hy -statlus: il Fun status: il
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Compute Strehl

shops5.m

>> tiv=trfopen('TutlRunsetV1.trf');siv=trfload(tiv);trfvlist(siv)
® Review and run the script in shops5.m to which computes the time-averaged

open and closed-loop Strehl.

O Be sure to look at the use of trfavg in the script.
® Also try figure;mesh([dlimg,climg,olimg]) and figure; mesh([dltbd cltbd,oltbd]).
<} Figure No. 2: Scoring =10l x|

File Edit Wew Insert Tools bindow  Help

D

<} Figure No. 1: Point Source
File Edit WYiew Insert Tools ‘Window Help

EEH&E A A/ 2L

Closed-Loop Strehl = 0.63, Open-Loop Strehl = 0.10

D& NA 2/ | 2o 0
Cloged-Loop Strehl = 0.70, Open-Loop Strehl = 0.10

20
40
B0
80
100

a0 100 150 200 250

300

oo 150 200 250 300
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= === Baseline Adaptive Optics and Track
MZA Associates Corporation (B LAT) MOdeI

HM

& Editing: BLATO1 (C:wtruns'BLATOL1) =10 x|
File  Edit Mawvigation “iew Status  Options Window Help

1=z 28 R EE g 528 A

............... -
1| | b

BLATOL :: Hierarchy skatus: _I Sysbem skatus; 1'

A closed-loop AO and track system using a standard tip-tilt centroid
tracker and a tilt-removed least-squares reconstructor on a Shack-
Hartmann wavefront sensor.
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=——- Open the BLAT01 Model
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A=

MZA Associates Corporation

Copy the directory BLATO01 from
C:\Program Files\MZA\wavetrain\v2007B\examples to the c:\wtruns directory.

Display the directory properties. Uncheck read-only. Click OK. When it asks,
tell it to propagate the change to subdirectories.

In a file browser window Navigate to the c:\wiruns\BLATO1 directory.
Double-click on BLATO01.tsd and then on BLAT01AtoG.run.

& C:'\wtruns’ 10 x|

Eile  Edit Miew Favorites Tools  Help | :,'

@ TRE: AtoG (for C:hwtruns\BLATO1,BLATD1) =10l x|

@ Back + () - | ) search Folders | |y (3 x i€) ‘ i) Fie Edt View Buid Optins Window Help x|
v O % 2B+ - + + |2 1| E0s|sonmefon |
N N \
Mame ~ | Eea ] & Editing: BLATO1 (C:\wtruns\BLATO1) Run Variables
Ihtl Flle File Edt Mavigation ‘iew Status  Options  YWindow Type Hame il Description |
@icons File . 1 |double skapTime 0.01 Simulation stop time, -
= print File D @ n | E | == :: | E | = a | @ é 2 fink irand 0 ‘tmospheric randomization loop variable
@ 3 fint iatm 0 Turbulence model parameterization loop varaible
- ACController.h 3KB CHe 4 fink iburb 4 Turbulence strength parameterization loop variable
5 Ao Controller.tsd 4KB  T3D 5 fint icontrol 2 (Contrals parameterization loop variable
E ACCantraller, view & fint itraj 1 \Aircraft brajectory parameterization loop variable
@ BLATOL.h TKE CHe 7 [Float htarget 1231.0 Elevation of the ground target shove sea level (m)
BLATOL 19KE TSD & [float altitude 1524.0 (Altituds of the aircraft above the ground (m) =
[ BLATOL. view 4KB i System Parameters
[D BLATOL.zip 3 o Type Mame Yalue: Description |
@BLP.TD1Pr0pagati0nGeometry. . Micr Float range ranged Range to beacanftarget {m) =
BLATO1RUNALG. Cpp 14KB C4d Float tel_focus_range ranged Focal distance of telescape {m)
. BLATOLRUNAL GI 7KE R AcsAtmSpec AtmSpec AcsAtmSpect stmprofile, hel_wavelengthd,nscreens, bu. .. Specification of atmosphere: AcsAtmSpeciwavelengt...
= M4 Al - ink: AtmSeed seedSequencel- 123456789, irand) Random seed For phase screens
@ Targe':'h 6KE CHe Float tmax stopTime Maximum length of time used to size phase screens (s}
s TarQEt-tSd LOKE T3D Wector<float>=  |vplat TwoVecF(D,0,vplatyO[itrail) Flatform velacity (x,y in mfs)
[T Target.view 4KB  Wiew Wector<float> |vtarg TwaVecF(0.0,0.0) Target velocity (x,y in mfs)
@ Telescopesys b SKBE CHe Wector<float>=  |wwind ZeravecF(2) wind velocity assumed unifarm throughout (=, v, mis)
'-. TE|ESCDDESYS.tSd GKE TSD DrModeli. dmiodel *tdm Specification of DM geometry
E TE|ESCD|:IES\}I'S view 4KE  Wiew Float Dap Dap0 Diameter of telescope aperture (m)
@ TrackContraller.h GKE CHe Float hel_wavelength hel_wavelength ‘Wavelength of outgaing laser {m} Fo
' Float beacon_wavelength  |hel_wavelengtho Wavelength of incoming point source {m)
-
i Tra':kcontm"er'ts_d 11 KB T_SD Float img_wavelength hel_wavelengthi+0 05e-06 ‘“Wavelength of auxiliary point source image {m)
g TrackController  view KB View Float beacon_x 0.0 % location of the beacon {m)
[h] wFsandRecon h 4KB CHe Float beacon_y 0.0 ¥ ocation of the beacon (m)
= WFsandRecon, tsd 4KE T5D int proprxy 256 Mumber of grid paints on the propagation grid
2 wrsandrecon, view ZKE  Miew float propdxy 0.01 Propagation arid spacing {m)
@ windakmoPath.h 4 kB o He BLATOL: 18 it tbd_rcy 128 Nuber of pixels on the targethoard =
= windatmoPath,tsd GKE T3D File 1402003 11:06 AM Hietarchy status: _I Run status: gl

[ WindAtmaoPath, view 3KE  Wiew File FI402003 11:06 AM
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==—==—=_ Aside:

MZA Associates Corporation

‘Obsolete’ systems & runsets

& Editing: BLATO1 (C:\wiruns\BLAT01) (1 obsolete block)

. If any |ibral‘y Components have File Edit  Navigatio tatuz  Options  Window  Help
been updated since the system BB Tk »mg |C B8R
was last saved they will b R S S S DI NGERRE R R
marked ‘obsolete’ o
® Simply save the system to upd BRI EEERE
any obsolete subsystems R
File Edit Wiew Build Tools Option
(1 B ct
® If the system was modified more Run Variables -
Faste Valuz Description
recently than the runset, the 1 T T .
runset will be marked “obsolete” 2 i * j PL'”_."_:'E:D:& - 0 Atmospheric randomization. ..
H 2 i SRR ERL e UIC o Turbulence model paramet, .,
& the tOOIbar 1S grayed OUt. 4 i * MoveRunVariable Up 4 Turbulence strength param. .. ;I
[~ | * MaveRunVariable Down system Parameters
H E Edit Output Recofding e Description
o Update the runSEt from the Edlt 1 |Fle i ranged F.ange ko beacon/target {m) ﬂ
menu 2 |flc ;_:I: :.+:_ IF _;; ranged Focal distance of telescap...
3 A ;U'L_______I:___I_-_ BcsAtmSpec| akmprofile,h... |Specification of atmosphe...
4 fin Edfr L':-"I"I e seedSequence(-12345678. . [Random seed for phase s...
{\Il: B Symhes stopTime Maximum length of time u...
f 'u’ TwolecF(0.0, vplatyo[itraj]) |Platform velocity (x,v in mfs) ll

Obsalete Hierarch

y skakus: _I

Run status: il




==——=— Run the BLAT01 Model

MZA Associates Corporation

® Edit the setting for tdm so that the file loaded is
"C:/Program Files/MZA/wavetrain/2007B/predata/fdf.mat*
Run the model by clicking on the exclamation point.

INDOWShsystem32h cmd.exe MZA tempus’, y2000.

@ TRE: AtoG (for C:\wtruns\BLATO1\BLATO01) -8 x| PRI ;
File Edit View Buld Tools Options Window Help x| i.(;();élﬁggl))a?itesirieigt=ﬂ.356431 B.800480¢1>, vave={1.3158¢34>. B¢34>}, forward ¢
eve =8
=HE | % B | + - + 4 | 2 !M,V' | &) (8 | & 5 |St0p Time:|0.01 1(;():(11:531)::1?‘1232? 1ea§t -9.BB6801 B.A004BBC1>, wave={1.315@8<35>, BC3I53}, backward{
Run Variables L.OG: pr (c-0. . wave={1.3150¢36>, BC36>, Forward <
Type Mame Value Description LOG: pr i a 3 ! _— d
16 [float turbFactor turbFactor0fiturb] Factor ko be applied to the nominal atmsoph... ;I LOG: pr ll
17 [float vplatyQ 40.0,50.0,100.0} Aircraft speeds to be used (transverse ko ta... LOG: propagateSe Wirtual Time Tatal Time Total Memomny
TasatDMMaodel* |k TasatDMModel("C: /Program Files/MZA/we=. .. [Deformable mirror model %.Séfiple):ag[;;:g: I 0.00246721 sec. I 3 min. 5.5 sec, I 0 bytes
19 [float hel_wavelengthd  |1.3152-06 "Mwgipal HEL wavelength (m) i;é(lﬁ:;a;;gzgi —
20 [float Dap0 0.4 Telescwure diameter (m) i())t);“{;fﬁ;aéﬁigi Context ‘I
21 |float trk_gain0 {0.0,1.0,1.0} Track gains to bNero is open-loap, o... isa(iﬁiggaéiizgi AtmPath::propagateSeries(twave....] d
22 |float AD_gaind {0.0,0.0,1.0} AD gains ko be used '\ZEM-MDD. one... [ 165(1,43) [1:051 A‘DD PHASE SCREEN - (0.020000 sec]
— N : propagateSe =Y.
System Parameters N IXCMONItEsl | PROPAGATE 3000000000 to 4000000000 - (0.030000 sec)
Type Name Value Description N 1>>¢1,45> [level ADD PHASE SCREEN - [0.030000 zec)
S =1 BoNDARATE ANQQ, 000000 to S000.000000 - (0.030000 sec
1 |float range range0 Rangs Fo beacon/target {m) : |~ ID I_I SCREEN - [0.030000 sec] [ ]
£ [z el Focs AR (o ez o e e (o) p 5000, 000000 te §000.000000 - (0.040000 sec)
3 |AcsAtmSpec <&tm5pec AcsAtmSpec|atmprofile, hel_wavelengtho,n... [Spegication of atmosphere: AcsAtmSpec(... Name: I BLAT O FundtoG J SCREEN - [0.030000 sec) |
4 jink AtmSesd - oy e Random seed for phase screens ) BO00. 000000 b 7000000000 - (0.030000 sec) bl
5 [float kria stopTime Maximum length of time used to size phase. .. A I BTG B k I
6 [Vector<float>  |vplat TwaoVecF(0.0, vplatyO[itraji]) Flatfarm velocity (x,v in m/s) I Dir.: I il
7 |Vector<float> vta.rg T'NDVECF'\'U.‘U.U.D'I Ta.rget velo.city {x,vin m,fs.,l Disk Space Used: I 25KB nes[t 000160 0. DDD-‘lDD['I] — {1 7 50 1D 1D } e [1 ]][1 10] -
8 |Vector<float>  |vwind ZerovecF(2) Wind velocity assumed uniform throughaout ... Bt B S et 542KE |Mieslt=0.001601 0.000400(1), wave= .31 50[3] D[E]} backward(1])[1.9]
9 |DMModela dmMaodel *tdm Specification of DM geometry ries(t=0.001201 0.000400[1], wave= 11.31 B0[a } farward [17]1.8)
10 IFloat b Dapd Diameter of telascopa aparture (m) Tatal Runs 1 Camplete: I U0% |rieg(t=0.001201 0.000400[1), wave={1.31 50[?] D[?]} backward(1])(1.7) =
11 [float hel_wavelength hel_wavelengthl ‘Wavelength of outgoing laser (m) Elapsed Time: I 103.8 sec. ::z:{t g ggggg:‘l g gggiggﬂ } x:x: H g:‘l 28[5] U[E]i LD;;\EEJLH[;][.IE]E] -
12 [float beacon_wavelength  |hel_wavelength Wavelength of incoming point source (m) E stimated Tatal Time: I 2 min. 25.3 sec. »
13 [float ima wavelenath hel wavelenath040.05e-06 ‘Wavelenath of auxiliary point source imaae.. J |
Madified Higrarchy status: _I Fun status: _I
Status: | Running ;I
— Current Run -
. . Run Mumber, I 1 Complete: 47 % ¥
® Note how the atmosphere is specified FosedTire [ 2 28w
. ATal T e E I Running Mezsages Missed: 0 Save |
i i H stimated Total Time: I min. 25.3 sec.
® We will discuss an alternative method

(Turbtool) later Y w —mmm=| ® This will take about

Current Virtual Time: I 0.0004E721 sec. th ree m i n utes
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MZA Associates Corporation

Process and Plot the Data
BLATO01_01.m (in c:\wiruns\ BLATO01\)

<) Figure No. 1 _|E||i||

File Edit EIEW_ <} Figure No. 1 =10l x|

HD = [ £ Ale Edit Wew Insert Tools Window Help

Ins@a xAr/ |20

Uncomp. Armp. Uncomp. Phase

02 01 o 01

Comp. Phase
02
-0.1
0
0.1
02 0 0.2 02 01 0 01
w 10°% Track Image Prajection

0.2 0 0.2
time = 0.00%7

49

<) Figure No. 2

File Edit WYew Insert Tools Window Help

=0l x|

B Y AR

0.5 —=— Peak Intensity
—&— On-axis Intensity

D 1 Il 1 1 Il Il

1 2 3

4 5
H Average

0.05

4 5
Y Average

-0.05

! 2 3 F'u:m‘g{rer in Th5E EluckeEt

1 2 3 4 5 ]
Time (sec)

RWPII — 01/14/08



% A —————

Y e
LA
ey ———

I - y e

A T

I

I A=

MZA Associates Corporation

= Turbtool: Atmosphere Specification
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== = WaveTrain Object Orientation

HM

MZA Associates Corporation

® Using the OOP model, each of the blocks in the block diagram are
objects of type System.

O

O

O

Systems have static Parameters, dynamic Inputs, and generate dynamic
Outputs.

Systems must respond to requests for information following the
requirements of the tempus System interface specification.

This is done by implementing “virtual methods” (C++ polymorphism).

® The key to the wave optics aspect of the code is the object type
WaveTrain which implements the relationship between light source
and receiver necessary to compute physical propagation quantities.

©C 00 0O

WaveTrain is used as both an Input and an Output type.

A Wave represents coherent light and travels through WaveTrain
connections.

A WaveSource is a System that generates Waves.

A WaveMap is a System that modifies an incident Wave to create a
transmitted Wave.

A WaveReceiver is a System that accepts and integrates incident
Waves to compute a measurement (usually a sensor Output).
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- WaveTrain Code
ﬁA Associates Corporation WaveTrain has “scripts” too

® Each composite system declares and initializes its subsystems:

pointsource(this, "pointsource’, , 1.0e6, 0.0, 0.0),
transversevelocityl(this, "transversevelocityl”, - , 0.0, 0.0, 0.0),
transversevelocity3(this, "transversevelocity3", , 0.0, 0.0, 0.0),
atmosphericpathl(this, "atmosphericpathl™,
AcsAtmSpec( . , , , , ),
’ ’ , 1.8, 0.05,
- * /2.0, * /2.0, - * /2.0, *
- * /2.0, * /2.0, - * /2.0, *
, 0.0, 0.0, 0),
cameral(this, "cameral™, 1.0, , . / ,
, 64, / , 0.0),
simplefieldsensorl(this, "simplefieldsensorl", , / , ),
telescopel(this, "telescopel™, , /2.0, 0.0),

incomingsplitterl(this, "incomingsplitterl™),

® Then the subsystems inputs and outputs are connected:

simplefieldsensorl. <<= 1ncomingsplitterl.incomingTransmitted2;
cameral. <<= i1ncomingsplitterl.incomingTransmitted;

incomingsplitterl. <<= telescopel.incomingTransmitted;
telescopel. <<= transversevelocity3.incomingTransmitted;
transversevelocity3. <<= atmosphericpathl.incomingTransmitted;
atmosphericpathl. <<= transversevelocityl.incomingTransmitted;
transversevelocityl. <<= pointsource.transmitted;

® Then the simulation is run:

advanceTime(stopTime);

blue names are systems

red names are outputs
52
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=== A Complete WaveTrain Run

#include "tempus.h“
#include "Recorders.h*
#include "FileSys.h"

#include "PointSource.h"
#include "AtmoPath.h"
#include "Telescope.h"
#include "Camera.h"

#ifndef NO_TEMPUS_SMF_MONITOR
#include "TempusStatusSMF.h"
#endif
main(int argc, char* argv[])
{
I
/l Decoration related to monitoring the system during the run.
1/
#ifndef NO_TEMPUS_SMF_MONITOR
double stopTime = 0.0050;
char *___ outfile = "WtDemoRunHand.trf";
char *___ trfname;
char *___smfname;
parseName(argc, argv, ___outfile, & __smfname, &___trfname, stopTime);
TempusStatusSMFWriter ____smfWriter(___smfname, trfname, "", 1);
setCurrentSMF(&____smfWriter);
#endif
Universe ut1("Hand");
1/
// Construction of all the systems. Variables could be used in the parameters
/l below rather than the constants.
1/
PointSource pointsource(NULL, “ps", 1.0e-06, 1.0e+06, 0.0, 0.0);
AtmoPath atmosphericpath(NULL, “ap",
AcsAtmSpec(1.0e-06,10,2.0,2413.0,2728.0,52600.0),
-765432189, 256, 0.02, 1.8, 0.05,
-256*0.02/2.0, 256*0.02/2.0, -256*0.02/2.0, 256*0.02/2.0,
-256*0.02/2.0, 256*0.02/2.0, -256*0.02/2.0, 256*0.02/2.0,
0.02, 0.0, 0.0, 0);
Telescope telescope(NULL, “tel", 52600.0, 1.5/2.0, 0.0);
Camera camera(NULL, “cam", 1.0, 1.0e-06, 1.0e-06, 1.5/0.02, 0.02, 64,
1.0e-06/1.5, 0.0);
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1
/I Connection of the systems.
1
atmosphericpath.incomingincident <<= pointsource.transmitted;

telescope.incomingincident <<= atmosphericpath.incomingTransmitted;

camera.incident <<= telescope.incomingTransmitted;
/i
/I Construction and connection of non-connected inputs.
/i
Output<bool> camera_on(&camera, "cam_on", true);
Output<double> camera_ei(&camera, "cam_ei", 1.0e-3);
Output<double> camera_el(&camera, "cam_el", 1.0e-6);
Output<double> camera_si(&camera, "cam_si", -1.0);
camera.on <<= camera_on;
camera.exposurelnterval <<= camera_ei;
camera.exposureLength <<= camera_el;
camera.samplelnterval <<= camera_si;
/i
/I Decoration related to recording the outputs.
/i
ParamSet pst1;
RecorderFile rft1(NULL, "rft1", ___trfname, ParamSet_stringify(pst1),
pst1);
GridRecorder<float> rft11(NULL, "rft11", "camera.fpalmage",
"Grid<float>", "image", true, (float)0.0, 0.0);
rft11.dr <<= rftl.dr;
rft11.i <<= camera.fpalmage;
I
// Run the simulation.
/i
advanceTime(stopTime);

}

// Black code is always the same.

// Blue code is dependent on the problem.

/I Green code is administrative in nature.

/I Gray code supports optional functionality.

// To run:

/i setupwt

/i mktr WiDemoRunHand
/i WiDemoRunHand
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=====_  Code Generation Strategy

MZA Associates Corporation

® Simple systems are built by the GUI as System templates.

O The programmer is expected to implement virtual methods which define the
system’s behavior.

QO Because many systems have common features, inheritance and polymorphism
is used a lot.
® Composite systems are coded as complete Systems
O Parameters are constructor arguments.
QO External inputs and outputs are member objects.

O Subsystems are declared and initialized using expressions involving the
parameters of the system.

O Subsystems are connected using the simple overloaded operator <=.
O Miscellaneous code handles default unconnected inputs.

® Runsets are coded as the main program.
The code contains explicit loops for loop variable.

The run variables and top-level system parameters are declared and set. Run
variables and system parameters which are dependent on loop variables inside
the appropriate loops.

The top-level system is constructed using the system parameters.
Recording systems are constructed and connected.
Each run is executed with a call to advanceTime(...).

There is miscellaneous code which takes care of runset monitoring and setting
up the output trf file.

Q
Q

© 00O
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