
Simulation of a High NA Focusing System via Module



Abstract

VirtualLab Fusion offers the user the ability to 

call its solvers from other environments (e.g.

python, …) and using XML-files to specify all 

necessary simulation parameters. In this use 

case, we demonstrate how to perform a 

simulation of a high-NA focusing system via a 

module and adapt parameters of the preset 

optical system.
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This Use Case Shows ….

How to use a programmable module to change simulation parameter 

and perform an optical simulation.
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Optical System

source (Plane Wave)

• wavelength: 532 nm

• polarization: linear (x-polarized)

• 5 different incident angles (10°, 20°, 30°, 40°, 50°)

idealized lens

• focal length: 5 mm

detectors

• irradiance

• FWHM
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The Module – Preparations I

In this section, a list of (double) values is defined, 

which is going to be used later. Here, the list contains 

five different angles, which will be used to define 

different angles of incidence.

An initial Optical Setup file is used as an initial starting point. Here, the 

path of the OS-file needs to be defined.

The ID Parameter is used to identify the components in the 

module and to be able to apply changes. In this case, the 

parameter of the source (ID 0) are configured.



6

The Module – Preparations II

In this section the detector and the detected quantity are defined. In general, 

VirtualLab Fusion distinguishes between a Detector (such as Universal Detector, 

Camera Detector, etc.) and a Subdetector, which usually represent a specific 

quantity (Position, Size, Beam Waist Diameter, etc.).

The string variable nameDetectorToUse will define the ID of the used detector, in 

this case the Universal Detector with ID 600.

Further, the parameter nameSubDetectorToUse specifies the detected quantity. 

Here, two options are available: either the size of the field or the field (as 2D 

data array).

Size X

Original Data



7

Search Strings for Detector and Subdetector

A simulation will reveal the proper detector and subdetector names in the 

Detector Results tab. 

The entire string of either the subdetector or the detector is not required, as 

VirtualLab Fusion uses a search algorithm which identify detectors and 

subdetectors just by defining parts of the actual name. In the example 

above, the subdetector named Size X (Irradiance;[1] -> Spectral Irradiance 

for Wavelength of 532 nm) is still found, if the user specifies “Size X” as a 

string variable.

Be careful, however, because the search in VirtualLab Fusion always returns 

the first (sub)detector found. In case the user would use only “X” as the 

string variable, the result would be 0 mm, as the Maximum Position X 

subdetector would be found instead.
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The Module – Running the Simulation

Here the function that the module runs begins. Parameter 

defined earlier are used to build the system. If no valid OS-file 

can be found an error message will appear.

A container is created, which is filled with the resulting outputs 

later.

This command adjusts the system the according to the rules we have 

defined earlier. As it is placed inside a loop, the procedure will be 

repeated 5 times.

Here the actual simulation is performed.

This container now includes all simulation results that exist in the 

system, meaning from all available detectors and subdetectors. It 

needs to be filtered to find the parameters we are actually 

interested in.
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The Module – Filtering Simulation Results

In this loop, we search all the entire simulation result container for 

quantities that come from the detector, we have specified in the 

preparation step. This is especially helpful if there are multiple detectors 

in the system.

This loop does the same for the specified subdetector.

There are multiple different types of results a subdetector 

might give out, which need to be dealt with accordingly. In 

this section we thread the case if the result is an document 

– type (such as a field data array). It will be outputted by 

the command ShowDocument.

In case of PhysicalValue such as the Size X result 

specified earlier, the result however will be added to a list. 

This is done so that all the different values (we repeat the 

process 5 time), will be collected in a single output instead 

of using 5 individual ones.

A LogMessage command lets the user now, which 

simulation steps are already completed.
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The Module – Output for PhysicalValues

As mentioned previously, PhysicalValue result are collected in a list. If the 

list at the end of the module only contains one entry, it is given out int 

Detector Results tab with a single entry.

If multiple entries are however found, the list will be transformed into a 

another data format, which is the basis of a 1D Data Array.

Specifying the sampling parameters, a 1D Data Array is 

then constructed, which can be displayed using the 

ShowDocument command.
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Results – Output Original Field

Angle: 10° Angle: 20° Angle: 30° Angle: 40° Angle: 50°

When the parameter nameSubDetectorToUse is set 

to “Original Data”, a series of DataArrays will be 

created, depicting the irradiance at the detector 

plane.  
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Results – Output Original Field

When the parameter nameSubDetectorToUse is set 

to “Size X” instead, the results of the various 

simulation (each being a size value) are collected 

and visualized in a single 1DDataArray.
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Appendix – Working Principle/XML files

All optical systems in VirtualLab Fusion can be translated into 

a XML-files, which contain all information about the system in 

an expendable table. 

The programmable module will load such a file, adjust the 

necessary parameters and create a new system out of the 

new file.
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