p. /.8 WaveTrain - wave optics made easyier

Wave optics simulation is a crucial technology for the design and development of complex, advanced
optical systems. Simple wave optics propagations can often be simulated with custom application of the
relevant numeral equations. However, integrating a full representation of hardware including
platform/target dynamics, sensors, adaptive optics (AO) & tracking, control logic, etc. can be a daunting
task. This is where WaveTrain shines, putting the power of wave optics system simulations at your
fingertips. Through an intuitive connect-the-blocks visual programming environment, you can assemble
beam lines, control loops, and complete system models, including closed-loop AO systems.
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Isomorphism in WaveTrain

WaveTrain atomic components can be grouped together creating a system
of systems with functionality representing your real-world hardware. This

creates a near one-to-one mapping of components from the system design
to WaveTrain simulation to hardware. Custom, third party software can be
easily integrated into a WaveTrain component enhancing the effectiveness
of the simulation. The example below is a bench layout of a DELTA system

imaging through two ConvECT turbulence generators.

System Requirements

*  Windows

* Visual Studio C++ Compiler

* MATLAB (recommended)

* Note: Visual Studio Build tools with the C++
Compiler and MATLAB Runtime Libraries
provide enough functionality to execute
simulations. However, WaveTrain analysis is
best done in MATLAB (Python Utilities are
expected in late 2026) and building
components with custom code and debugging
is greatly simplified with a full version of Visual
Studio.

Linux (Tested on RHEL 9+ and Ubuntu 24 LTS)

* GCC11.5or greater

* CMake

* Open MPI

* MATLAB (recommended)
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WaveTrain v2025A includes a new way of building, executing, and interacting with a WaveTrain
simulation called WaveTrain Concourse (WTC). WTC takes advantage of MZA’s Application Programming
Interface (API) support library, which when combined with a dynamic build process allows a user to put
together the simulation with a simple set of platform toolboxes. This allows an engineer to integrate a
WaveTrain simulation into whatever existing simulation environment the engineer is already familiar
with. WTC includes examples using C/C++, Python, and MATLAB. Currently WTC includes high level
wrappers, using the existing Tempus System Description and Runset formats, for MATLAB with Python
wrappers available in late 2026. When executing a WTC simulation, the user can increment the
Universe, extract the current state of the simulation for display/monitoring, and make changes to
inputs before advancing to the next time step. This allows developers to test their Adaptive Optics,
Tracking, Fire Control, or other algorithms in their preferred environment using wave-optics generated
data providing feedback on the algorithm’s effectiveness.
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PS C:\users\jtellez\Documents\WaveTrain\v2025A\examples\WTC> python ./SimpleFSProp.py =
Adding C:\Development\WaveTrain\installer\tempus\bin & TriView: CAAWTC\Simplel FSP"JPTRF%'f - o X
Adding C:\Development\WaveTrain\installer\wavetrain\bin

Loading C:\Development\WaveTrain\installer\wavetrain\bin\wtcapi NM.dll
Loading C:\Development\WaveTrain\installer\wavetrain\bin\dtbsl_NM.dl1l Runsin File |1 SelectRun 1~ | % [FileSize 2521 [kB @ 5
Loading C:\Development\WaveTrain\installer\wavetrain\bin\wtbsl_NM.dl1l Variables
LOG: Mid-Point phase screen distribution [level = 0]

File Edit Variable Options Help

Parameters

LOG: New propagation: pathLength = 180000.8, dzbegin = 0.0, dzend = 0.0, original pathLength = 100000 Rkl u5! Figure 1: TB.integrated_intensity - O X
LOG: propagateSeries(t=0.000000 1.008000(1), wave={1.3158(1), 0(1)} forward (1))(1,1) [Llevel = 6] 18 intsgrated_intensity ] ] ]
LOG: New propagation: pathLength = 100000.8, dzbegin = 0.0, original pathLength = 100000 Eile Edit  View

0.0, dzend =
LOG: prupagateSemes(t 6.016000 0. 01@00@(1) wave’{l 3150(2), e(z)} forward (2))(1 2) [level = el
LOG: Nevg eSS i - - -
L0G: pre TB.integrated_intensity
LOG: 2
LOG:
LOG:
LOG: prg i cc
LOG: = EEEH h = 1eeeeo el
LOG: q it
LOG: ? . : ? i h = 100000.0 [level = 8]
LOG: d
LOG: h = 100000.8 [level = @]
LOG: d
LOG: impleFsProp:: T T ey h = 100000.0 [level = @]
[KvieH eSerie; 8 U 0.01b 9 G d (9 A, evel = ©
LOG: New propagation: pathLength = 100860. 0 dzbegln = 9 0, dzend = 0.8, original pathLength = 100000.8 [level = @]
LOG: propagateSeries(t=0.090000 0.010000(1), wave={1.3156(10), 0(1@)} formard (10))(1,18) [level = @8]
Elapsed time: 1.1161 seconds

Results stored in SimpleFSPropTRF8.trf 0 5 77 102 125 154 173 205 230 255
Press Enter to continue... X
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PS C:\users\jtellez\Documents\WaveTrain\v2025A\examples\WTC> |

| 1 0f1D| .| Timne= 0.0003345641 |
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