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Certain specialized systems or
simulation tasks may require the use
of a user-defined solver. This tutorial
Introduces the Plug-in component,
which enables users to develop and
Implement a fully customized solver in
both the x-domain and k-domain.




Principle of the Plug-In Component
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#region Additional using directives

public class VLModule : VLBaseModule, Vi —-

public List<Poi
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—-+ | |evaluationForlightpathFinde|
#endregion =

r» Evalt

#region Main method
//check whether +/+ channel
if (channelConfiguration !=
/fdefault implementation m“
return new List<Po

//add default pointwise operator
outputModes.Add(new Po i
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Where to Find the Component
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Plug-In Component Options

The Plug-in component accepts input modes in both the x-domain and k-

S % domain and can produce output in either domain as well. It also supports
R / mixed configurations—for example, a component can be designed to
General Setting Ppointwise accept x-domain input modes and generate k-domain output modes.

Operator Scheme (Domains)

Domain of Input Field © x-Domain () k-Domain

Domain of Output Field @ x-Domain () k-Domain Additionally, users can specify whether the custom operator acts pointwise or
globally. Physically, this defines whether each input point affects only a single
output point or contributes to all outputs. This choice primarily influences how

Field Matrix Evaluation () Interpolation @) Full Processing \ internal code snippets are structured. Note that a single component may combine
—— > both types—for example, the Light Path Finder always utilizes pointwise
operators, even if the solver itself is universal.
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Programming the Operator

Edit Plug-In Operator
() Expert Mode
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1 |- inputValue [CondensedHarmonicFieldModeSample
20 — mediumBefore [HomogenaoushMedium]
e #region Additional using directives o n::a::::};?;:’lJ'—I||:|':1|J:|Jn :B-Jl_lI'l-Z|:1I','C1|Ji-l'at-3l'i|:;il'i-:ti-Z
31 o evaluationForLightpathFinder [bool]
32 #endregion "o
33
34 K
96 =
91 public class VLModule : VLBaseModule, VirtuallLabAPI.Core.Modules.IS - =r
92 ===
a3 public List<PointwiseOperator> EwaluateOutputData(CondensedHarm
a4
95 #region Main method
96 f{check whether +/+ channel
97 if (channelConfiguration != BoundaryOperatoreDirectionMode.
98 f//default implementation of pointwise mode operation on
99 return new List<PointwiseOperator»();
106 }
1081 ~
182 J/define list of output fields
183 List¢PointwiseOperator> outputModes = new List<PointwiseOpe
184 //add default pointwise operator to return list
185 outputModes.Add(new PointwiseOperator());
186 /freturn generated list
187 return outputModes;
188 #endregion
109 }
118
111 #region Snippet body
4 3
B Check Consistency | Validity: !1 (i | Cancel Help

Access to the relevant snippet is

available under the Pointwise or

Universal tab, which appear only
when the corresponding option is
enabled.

For a detailed tutorial on working
with VirtualLab Fusion snippets,
please refer to:

Programming Detector Add-ons

The following pages provide a
brief overview of the key features
and specific capabilities of this
component.
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Snippet for a Pointwise Operator
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#region Additional wsing directives -

#endregion =

VLBaseModule, VirtuallabAPI.Core.Modules.ISnippetlistPointwiseOperator Condens .

R

public class VLModule :
public List<PointwiseOperator» EvaluateOutputData(CondensedHarmonicFieldModeSample inputWalue, Hon

#region Main method
ffcheck whether +/+ channel

if (channelConfiguration != BoundaryOperatoreDirectionMode.PlusPlus) {
//default implementation of pointwise mode operation only supports +/+ channel, so we retu
return new List<PointwiseOperator>({);

¥

//define list of output fields

|List<PointwiseOperator> outputModes|= new List<PointwiseOperator>();

//add default pointwise operator to return list

outputModes.Add{new PointwiseOperator());

{//return generated list
return outputModes;
#endregion

¥

#region Snippet body

Hrm At -

Check Cansistency | Validit: 1° [l

inputValue [C-JndensecIHa|'m-:|nicFieIdI’--I-:deSampIe]|

mediumBefore [HomogeneoushMedium)
mediumAfter [Homogen 1m]

channelConfiguration [BoundaryOpe
evaluationFaorlightpathFinder [bool]

EVAN

ratoreDirectioniMode]

Users can also
define a special
operator that only
shall operate on the
Light Path Finder.

For pointwise
operators, VirtualLab
Fusion automatically
loops over all points.
The user must specify a
2%2 response matrix,
which is multiplied onto
the input at each point

by:

EQ* (x1, 1)
E;‘?ut(xi:Yi)_
(a b)_ Ex"(xu,y1)
c d/ \Ey(xy,y:)

We demonstrate a concrete
example later in this tutorial.




Snippet for a Universal Operator
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#region Additional using directives I

#endregion =

e

public class VLModule : VLBaseModule, VirtuallabAPI.Core.Modules.ISnippetHarmonicFieldMode HarmonicFiel -

—

public List<HarmonicFieldMode»> EvaluateOutputMeodes(HarmonicFieldMode inputMode, HomogeneousMedium m

#region Main method

//check whether +/+ channel

if (channelConfiguration != BoundaryOperatoreDirectionMode.PlusPlus) {
//default implementation of pointwise mode operation only supports +/+ channel, so we retur
return null;

}

f/define list of output fields

|List<HarmonicFieldMode> outputModes|= new List<HarmonicFieldMode>{);
/fadd input mode to list

outputModes . Add({inputMode);

//return generated list

return outputModes;

#endregion

}

#region Snippet body

#endregion

Check Corsistency | Validity: 4° [l

inputiMode [HarmonicFieldMode]
omogeneoushiedium]

mediumAfter [HomogeneousMedium)
channelConfiguration [BoundaryOperatoreDirectionMode]

For Universal
operaters, input and
output are given as
HarmonicFieldMode,
which represent
complete fields.

We demonstrate a concrete
example later in this tutorial.




Defining Parameter
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Variable Name Description

Polygon.Region [ M 1} Polygon Region
Absolute Edge.Width Daouble Value Edit

B value: 300 um (Allowed range: O mm ... 1 m)

Edit Transmission Function
[ Expert Mode

General Setting Parameters  pgintwise

Parameters
Polygon Region Show
Absolute Edge Width 300 pm
"By & | Check Consistency | Validity: i A
OK Help

As with other programmable
components, custom parameters
can be defined within the
programmable snippet.

In the Plug-in component, these
parameters automatically appear
under the Parameters tab, which
becomes visible only when at least
one custom parameter is present.




Expert Modus
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Expert Modus - Parameter

... to determine where in the options of the component the
parameters shall be.

Edit Transmissicn Function

B Expert Mode
General Setting Processing Parameters Pointwise Expert Settings

General || Parameter |

Parameter Mame Structure | Processing
Absolute Edge Width
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Example: Custom Aperture

Flane Wave
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As an example we want to present a
customizable aperture, e.g. a star-

shaped one.
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Custom Aperture: Parameter

- Source Code Editor O

Source Code Global Parameters Snippet Help Advanced Settings

Variable Name Type Description
Polygon.Region

Absolute Edge.Width Double Value Edit B Value: 300 pm (Allowed range: O mm ... 1 m)

Region2p [} Fovgon Region

gmiponent / x-Domain X |

E E ace & Medium Structure Parameters
Polygon Region Set

Coordinate
Systems

Posit .
COrientation n 7: Polygen Region
20 Region (ContinuoX

- E
| B | Checke E °
>

H E@ validit: @ &) Assistant oK X [mm]

Help

We set up the aperture shape as a
parameter. For our case we import a
polygon-region. We also include a
parameter to control the soft edge.
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Star-Shaped Aperture: Code for Pointwise Operator

#region Main method
//check whether +/+ channel

if {channelConfiguration != BoundaryOperatorebirectionMode.PlusPlus) { These line determine which channels
//default implementation of pointwise mode operation only supports +/+ channel, so we return empty list the operator shall work on. In our case
return new List<PointwiseOperator>();

only transmission (+/+) is of

/ importance so we set the rest to zero.
//define list of output fields

List<PointwiseOperator> outputModes = new List<Pointwiselperator>(};

[//fdefine new pointwise operator Initialize output container ) )
PointwiseOperator apertureOperator = new PointwiseOperator(); Perform calculations. In our case we simply

: : : call a function that generates a aperture with
/fevaluate aperture function with smooth cosine edge

double apertureValueAtCurrentPosition = agiven Shape and soft edges..
VirtuallabAPI.Core.BasicFunctions.fperturefunctions.ApertureFactorCosine(new VectorD{inputValue.Coordinate.X, inputValue.Coordinate.Y),
PolygonoRegion as SimplePolygon,

AbsolutevEdgeJWidth);
/fdefine field matrix for aperture operator
apertureOperator.FieldMatrix = new MatrixZx2C{apertureValueAtCurrentPosition, @, @, apertureValueAtCurrentPosition);

//add default pointwise operator to return list Set FieldMatrix. This is the response matrix per point of the field.

outputModes.Add{aperturelperator);
[/return generated list

return outputModes;

#endregion
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Star-Shaped Aperture: Code for Universal Operator

#region Main method
//check whether +/+ channel

if (channelConfiguration != BoundaryOperatoreDirectionMode.PlusPlus) { These I|ne determlne Wthh Channels the Operator Sha"
f/default implementation of pointwise mode operation only supports +/+ channel, so we return empty list . . .
return null; work on. In our case only transmission (+/+) is of

’ importance so we set the rest to zero.

[fdefine list of output fields

List<HarmonicFieldMode> outputModes = new List<HarmonicFieldMode»(); N .

//create container for output field Inlt|al|ze Output Conta|ner.

HarmonicFieldMode outputMode = new HarmonicFieldMode(inputMode);

//extract components
ComplexField modeToEvaluateEx = inputMode.GetEquidistantExData(); H
ComplexField modeToEvaluateEy = inputMode.GetEquidistantEyData(); EXtraCt erIdS

//sampling parameters
double firstDataPointX = inputMode.CenterOfFieldData.X - inputMode.SamplingDistancefFieldData.X * inputMode.NumberOfSamplingPointsFieldData.X / 2; H .
double firstDataPointY = inputMode.CenterOfFieldData.Y - inputMode.SamplingDistanceFieldData.Y * inputMode.NumberOfSamplingPointsFieldData.Y / 2; CﬂlCUlate help Varlables for Samp“ng'

//loop over all points
for (int x = 8; % < inputMode.NumberOfSamplingPointsFieldData.X; x++)

for (int y = 8; y < inputMode.MumberOfSamplingPointsFieldData.Y; y++) { .
//calculate position LOOp over a" p0|ntS, the
VectorD position = new VectorD{firstDataPointX + inputMode.SamplingDistanceFieldData.X * x, firstDataPoint¥ + inputMode.SamplingDistanceFieldData.¥Y * y); : :
//evaluate aperture function with smooth cosine edge aperture funCtlon IS the
double apertureValueAtCurrentPosition = VirtuallabAPI.Core.BasicFunctions.ApertureFunctions.AperturefFactorCosine(position, same as in the

PolygonuRegion as SimplePolygon, . |
AbsolutecEdgeclidth); p0|ntW|Se example

[//multiply aperture function on field
modeToEvaluateEx[x, y] *= apertureValueAtCurrentPosition;

modeToEvaluateEy[x, y] *= apertureValueAtCurrentPosition; MUItIpIy inpUt fleld Wlth aperture-
}

/foverurite field in output
outputMode.SetEquidistantExData({modeToEvaluateEx);

outputihode  setequidistantEyData(modeTorvaluatesy): OVEIWIite field in the output with the newly calculated one.

[//add input mode to list

outputModes.Add{outputMode); .

[//return generated list Return f|e|d mOde.
return outputModes;

#endregion
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