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Introduction
WaveTrain

wave optics made easy /ier

The Challenge of Wave Optics Simulation
Wave optics simulation is a crucial technology for the
design and development for advanced optical systems.
Until now it has been the sole province of a handful of
specialists because the available codes were
extraordinarily complicated, difficult to use, and they
often required supercomputing resources.
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The Solution is WaveTrain
WaveTrain puts the power of wave optics simulation on
your PC. Through an intuitive connect-the-blocks visual
programming environment in which you can assemble
beam lines, control loops, and complete system models,
including closed-loop adaptive optics (AO) systems.
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What 1s WaveTrain?

WaveTrain is a systems modeling and simulation tool that performs detailed physical
simulations of complex closed-loop optical systems.

I Supports arbitrarily complex sequential optical path modeling.

i Adaptive optics controls including wavefront sensors and deformable mirrors.

i Propagation through the atmosphere and other random media (e.g. aero-optics).

I Continuous and discrete controls systems.

WaveTrain is designed for ease of use, so that it can be used by a broad technical user
community.
I Plug-n-play block diagram editing and parameter specification.

i Provides extensive features for a broad spectrum
simple model Abuil derd, to sophisticated model A

b

WaveTrain is designed to be reconfigurable, so that it can be used to model a wide
variety of optical systems and experiments.

I Users build-up models from a library of available components.

i Programmers add their own components programming in C++, C, Matlab m-file, and Fortran.

i Not limited to a particular propagation algorithm or phase screen implementation.

WaveTrain provides wave optics and system simulation techniques in a true modern
object-oriented programming (OOP) paradigm.
I WaveTrain is not a graphical user interface (GUI) layered on top of a legacy wave-optics code.

i WaveTrain is a bottoms up implementation of the fundamental features of composition-based
simulation with emphasis on the modeling of optical systems.
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===_ \WaveTrain Modeling Reference
~ | [find these at www.mza.com |

I Extending the Hierarchical Block Diagram Paradigm for Modeling
and Development of Large-Scale Systems, Comp. Sim. Conf., 1997

I WaveTrain: A User-Friendly Wave Optics Propagation Code,
SPIE, 1999.

I WaveTrain Hands-On Workshop, 1999-present, MZA presentation.
I Introduction to Beam Control, 2003, MZA presentation.

I Choosing Mesh Spacings and Mesh Dimensions for Wave Optics
Simulation, 2007, SPIE.

I Determining Wave-Optics Mesh Parameters for Complex Optical
Systems, 2007, SPIE.

Short Courses and Tutorials
DEPS 200417 Modeling and Simulation of Beam Control Systems
DEPS 2005717 Modeling and Simulation using WaveTrain
DEPS 2006 7 Introduction to tempus

DEPS 2007 7 Analysis of Optical Systems using Scaling and
Wave-Optics Models
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® 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.

® To begin, start the GUI by selecting
WaveTrain v2000.11 TVE under the
Windows Start-Programs menu (possibly
nested in a program group). This will bring
up the tempus top-level window.
Alternatively you can open System Editor or
Runset Editor (TRE) by selecting the
corresponding item in the WaveTrain
program group.

® Clickon which will bring up the
System Edit Window (skip this step if you
started System Editor directly). When
System Editor window comes up it already
has a new system model, called
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. Onyour screen you should now have the R g
tempus top -level window and two System B EREEEREE T HEEEYY
Edit Windows, one for WtLib, one for - g =
NewSystem, as shown in the upper right. JEuBEEELE »ea D3RR

controls: ”:

. Double -click on SourceLib to &lescend € —_ Amown  cowmeb  owews |
into it. Click on PointSource to select it, = 3 med T _r'
then use Ctrl-C to copy it into the paste B A A ' oy || sparcEa] ]
buffer. SensarLib| SignalLib| urce
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Click on the NewSystem window , then use w o
Crtl-v to paste a PointSource, which will \ A
appear in the upper left.  Move it to the
upper right by clicking on it , holding the
button down, moving the mouse to the
desired spot, then releasing it.
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Click on the WiLib window, then double -
click on white space to ascend back to the
top of the library.
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Click the toolbar button with image of
the subsystem. A small menu will pop
up.
Select the button with a light blue . Connect outputs to inputs as shown
Seceptor € shape, also shown |j |t_ ﬂ by clicking on the pointed tip of each
depressed at right. This will display all _I ﬂ n output, and dragging it to the receptor
subsystem inputs. The window of the appropriate input.

should now appear as shown in the
upper right.
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Undisplay the subsystem inputs and
outputs. The window should now

look as shown in the upper right. t,:,,:,":,a,,s

Click on the button with the medium
gray rectangle (lower left corner of

the menu), which will display the \!I B
subsystem parameters, as shown at !| ]I v

the lower right
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For each parameter, the parameter
name appears to the left, and its
Ssetting expression € appears to the
right, if any has been specified.

Setting expressions are evaluated
using the parameters of the
containing system, but we have not
yet defined any.
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Followed by specifying values (and relationships) for
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