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Introduction to WaveTrain

MZA Associates Corporation

WaveTrain
wave optics made easy

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.

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.

For more information:

wavetrain@mza.com

www.mza.com

(505) 245-9970
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What is WaveTrain?
Å WaveTrain is a systems modeling and simulation tool that performs detailed physical 

simulations of complex closed-loop optical systems.

ï Supports arbitrarily complex sequential optical path modeling.

ï Adaptive optics controls including wavefront sensors and deformable mirrors.

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

ï Continuous and discrete controls systems.

Å WaveTrain is designed for ease of use, so that it can be used by a broad technical user 

community.

ï Plug-n-play block diagram editing and parameter specification.

ï Provides extensive features for a broad spectrum of users, from the occasional model ñrunnerò, to the 

simple model ñbuilderò, to sophisticated model ñbuildersò and subsystem programmers.

Å WaveTrain is designed to be reconfigurable, so that it can be used to model a wide 

variety of optical systems and experiments.

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

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

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

Å WaveTrain provides wave optics and system simulation techniques in a true modern 

object-oriented programming (OOP) paradigm.

ï WaveTrain is not a graphical user interface (GUI) layered on top of a legacy wave-optics code.

ï 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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General
ïExtending the Hierarchical Block Diagram Paradigm for Modeling 

and Development of Large-Scale Systems, Comp. Sim. Conf., 1997

ïWaveTrain: A User-Friendly Wave Optics Propagation Code,

SPIE, 1999.

ïWaveTrain Hands-On Workshop, 1999-present, MZA presentation.

ïIntroduction to Beam Control, 2003, MZA presentation.

ïChoosing Mesh Spacings and Mesh Dimensions for Wave Optics

Simulation, 2007, SPIE.

ïDetermining Wave-Optics Mesh Parameters for Complex Optical 

Systems, 2007, SPIE.

Short Courses and Tutorials
DEPS 2004 ïModeling and Simulation of Beam Control Systems

DEPS 2005 ïModeling and Simulation using WaveTrain

DEPS 2006 ïIntroduction to tempus

DEPS 2007 ïAnalysis of Optical Systems using Scaling and 

Wave-Optics Models

WaveTrain Modeling References
find these at www.mza.com
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WaveTrain Process Flow

system editor

runset editor

ÅConstruct & 

modify tempus 

Systems

ÅCreate Atomic 

System templates

programming

ÅVisualize and analyze 

results

ÅWrite Atomic Systems

ÅDebug applications

ÅCreate test cases

ÅDevise parametric 

studies

analysis

The process supports 

WaveTrain System 

development, 

debugging, and analysis
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{ǘŀǊǘƛƴƎ ǘƘŜ ²ŀǾŜ¢Ǌŀƛƴ D¦L όǘǾŜύΧ

WaveTrain includes a graphical user interface which is used to construct 
models by establishing relationships (connections) between the dynamic 
"Inputs" and "Outputs" of fundamental building blocks.
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/ƻǇȅƛƴƎ ŦǊƻƳ ǘƘŜ ŎƻƳǇƻƴŜƴǘ ƭƛōǊŀǊȅΧ
¸ On your screen you should now have the 

tempus top -level window and two System 
Edit Windows, one for WtLib, one for 
NewSystem, as shown in the upper right.

¸ Double -click on SourceLib to ƏdescendƐ
into it.  Click on PointSource to select it, 
then use Ctrl -C to copy it into the paste 
buffer.

¸ Click on the NewSystem window , then use 
Crtl -v to paste a PointSource, which will 
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.

¸ Click on the WtLib window, then double -
click on white space to ascend back to the 
top of the library.

¸ On your screen you should now have the 
tempus top -level window and two System 
Edit Windows, one for WtLib, one for 
NewSystem, as shown in the upper right.

¸ Double -click on SourceLib to ƏdescendƐ
into it.  Click on PointSource to select it, 
then use Ctrl -C to copy it into the paste 
buffer.

¸ Click on the NewSystem window , then use 
Crtl -v to paste a PointSource, which will 
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.

¸ Click on the WtLib window, then double -
click on white space to ascend back to the 
top of the library.

First, you have to copy modules from the WaveTrain component library.
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/ƻƴƴŜŎǘƛƴƎ ǘƘŜ ŎƻƳǇƻƴŜƴǘǎΧ

Then you have to connect the components.

¸ Click the toolbar button with image of 
the subsystem. A small menu will pop 
up.

¸ Select the button with a light blue 
Əreceptor Ɛshape , also shown 
depressed at right.  This will display all 
subsystem inputs.  The window 
should now appear as shown in the 
upper right.

¸ Connect outputs to inputs as shown , 
by clicking on the pointed tip of each 
output, and dragging it to the receptor 
of the appropriate input.

¸ Select the button 
with a dark blue 
arrowhead , shown 
depressed at right. 
This should cause 
all subsystem 
outputs (dark blue 
arrows attached to 
the bottom of each 
subsystem) to be 
displayed.  If it 
does not work, 
click on white 
space and try 
again.

¸ Note that we have not bothered to 
make connections for outgoing light, 
because in this model there isn ƍt any.



10

{ǇŜŎƛŦȅƛƴƎ ǇŀǊŀƳŜǘŜǊ ǾŀƭǳŜǎΧ

Followed by specifying values (and relationships) for parameters.

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

¸ Click on the button with the medium 
gray rectangle (lower left corner of 
the menu), which will display the 
subsystem parameters, as shown at 
the lower right

¸ For each parameter, the parameter 
name appears to the left, and its 
Əsetting expression Ɛappears 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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/ǊŜŀǘƛƴƎ ŀ ϦǊǳƴǎŜǘϦΧ

Create a "runset" which specifies the nature of the study you are to perform.


