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How to Work with the Programmable Interface &
Example (Spherical Surface)
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Providing maximum versatility for your optical
simulations is one of our most fundamental
objectives. In this document we show you
how to program custom surfaces: that is, how
to define a height function h(x, y) that
describes a 3D surface with respect to the x, y
coordinates which span the parametrization
plane. These surfaces can then be used to
configure the optical components in your
system. Conical surfaces, being some of the
most fundamental, are of course provided as
a default template in VirtualLab; in this
tutorial, however, we use a spherical surface
as a simple programming example.
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Where to Find the Programmable Interface: Catalog
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/* begin of sample code (can be removed)
height = Math.Sin(x / 5e-3) * y / 10;
end of sample code */
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Where to Find the Programmable Interface: Components

{ Fiter by x|

- Component from Cata
- Black Box Componer
- Diffractive Optical Be
Fiber Element
-~ GRIN Component
- Inhomogeneous Med
- Off-Axis Parabolic Mir
- Optical Interface Seq
- Programmable Compg
- Single Optical Interfac
- Spherical Lens
- Subsystem Componet
[+ Ideal Components
— Camera Detector
[#- Detectors
[#- Analyzers

Optical Interface

Sequence
>
| Undefi
Position
Ray Tracing Sy
Analyze
‘-
800

Edit Optical Interface Sequence

Index | Distance | Position | Type

Homogeneous Medium | Comment

» 1

0 mm

Progr;mmabl

0mm

e Interfa... | Air in Homogeneous...

< >
Plane Conical Cylindrical ~ Aspherical ~ Polynomial Sampled  Programmable
Tools i« ’ Add ‘ | sert ‘ | Delete
LK o || e

Edit Programmable Interface X
Height Discontinuties | Scaling | Periodizat

Interface Specification

Algorithms

Snippet for Height Profile
@ N ical Gradi Calculati
(O User-Defined Gradient Calculation

Source Code Editor a
Global Parameters  Snippet Help  Advanced Settings

ApertureDiameterX [double]
ApertureDiameterY [double]
x [double]
¥ [double]

double height = ©.0;
/ =

sxsxxxsxrss INSERT YOUR CODE HERE ****sssssssss

/i

/* begin of sample code (can be removed)
height = Math.Sin(x / Se-3) * y / 10;
end of sample code */
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Writing the Code

Source Code Editor
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/* begin of sample code (can be removed)

[ Snippet Body [ Main Function
o

height = Math.Sin(x / S5e-3) * y / 10;
8 end of sample code */
10 return height;
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Cancel Help

The panel on the right shows a list of
available independent parameters.

x and y represent the independent
variables, the 2D coordinates spanning a
plane.

The interval where x and y are defined is
given by ApertureDiameterX and
ApertureDiameterY (both of them
determined in the general configuration
dialog of the interface.

The code in the Main Function must return
a double value per x, vy point. This value
represents the height at that point. The set
of all these height values defines a 3D
surface.

Use the Snippet Body to group parts of the
code in support functions.




Definition of the Surface Gradient

An accurate calculation of the gradient of
the interface is fundamental in an optical
simulation.

The Programmable Interface in VirtualLab
allows for two different modes of definition
of the gradient: numerical, with adjustable
accuracy (automatically carried out by the
software) or analytical (programmed
additionally by the user).
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User-Defined Surface Gradient
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The panel on the right shows the same list
of available independent variables.

This time, the code in the Main Function
must return a —a vector with two
double (real-valued) coordinates. Use the
Snippet Body to group parts of the code in
support functions.

Using the analytical definition of the
gradient where possible makes for the
more accurate alternative. The
consistency of the code is checked by the
software, but the user must make sure that
the function entered for the gradient
coincides with the corresponding interface!




Output of the Programmable Interface

« The output is a 3D surface which can be "
used to define the interface of an actual —

optical component in a system. = N ——
* The custom interface can be programmed

directly within the real component where it
IS required.

height = A * Math.Sin(2.0 * Math.PI * x /

AW e

return height;

3D View: Sinusoidal Surface ‘ x

I Snippet Body I Main Function

* Or, alternatively, it can be saved in the
catalog for later use.




Programming a Spherical Surface



The Spherical Surface

A sphere is defined as the locus of all the points x, y, z located at the same distance R from a
common centre (which we shall place at the origin)

v? +y* 4+ 2° = R*. (1)

Then, to transform Eq. (1) into an expression that generates the height function h(x, y) of a
spherical surface

h(z,y) = £/ — (@ 7). (2)

It is also possible to straight-forwardly compute the gradient of the surface

Oh (x,y)
ox

oh (z,y)
oy

—1/2 —1/2

(3)

= Fx [R2 — (a:2 + yQ)} and = Fy [RQ - (932 + 92)}
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Where to Find the Programmable Interface: Catalog
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Where to Find the Programmable Interface: Components
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Setting Up the Area of Definition of the Surface
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In the configuration dialog previous to
entering the programming interface, the
user can define the shape and size of the
area of definition (parametrization) of the
surface.

In this example we use a circular aperture.

Bear in mind that there is a natural limit to
the area of definition of a spherical surface,
given by its diameter, outside of which the
surface is not defined!
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Entering the Programming Interface
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double height = 0.0;
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/* begin of sample code (can be removed)
height = Math.Sin(x / 5e-3) * y / 10;
end of sample code */

return height;

Aperture DiameterX [double]
Aperture DiameterY [double]
x [double]

y [double]
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| [ &% | Check Consistency | validity: 4* ||l

Cancel Help
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Programmable Interface: Global Parameters

Once you have triggered open the Edit
dialog (Source Code Editor), go to the
Global Parameters tab.

There, Add and Edit one parameter:

— double Radius = 106 mm (-1 m, 1 m):
the radius of curvature of the spherical
surface.

Use the button with the small “notes” icon
to add some explanation to your custom
global parameters.

Source Code Editor O X

Source Code Global Parameters  Snippet Help  Advanced Settings

General Parameters

Variable Name Type Description
Radius  Double Value ZTIIE) Value: 10 mm (Allowed range: -1 m . 1m)

Hint: it is possible to add
Some clarifying text to each [ RN
global parameter to facilitate

use of the snippet for other
users!

Global Interfaces

Variable Name

Reference Field (2D Data Amray)

Set

Concel || Help

- 1HIE Check Consistency = Validity: 51 n
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Programmable Interface: Snippet Help

Source Code Editor O X
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Title \Custom Spherical Surface ] Version ’1 0 ’

Author | | LastModified [25/08/2018 B~ |

This snippet generates a spherical surface. The user can input the desired radius of curvature of the surface, with both posttive and
negative values allowed to account for convex and concave curvatures. |

Preview

Custom Spherical Surface ~

Version: 1.0

Last Modified: Wednesday, August 29, 2018

This snippet generates a spherical surface. The user can input the desired radius of v
43| | 5*| | Check Consistency | Validity: @ oK Cancel Help

Optional: you can use the Snippet Help
tab to write instructions, clarifications, and
some additional data associated to your
snippet.

This option is very helpful to keep track of
your progress with a programmable
element.

It is especially useful when the
programmable element is later
disseminated to be handled by other
users!
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Programmable Interface: Snippet Help

Source Code Editor
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Title  [Custom Spherical Suface

Author I

Preview

Custom Spherical Surfa(

Version: 1.0
Last Modified: Wednesday, August 29,

This snippet generates a spherical surfa

“4y| 3% | Check Consistency | Validity: @

This snippet generates a spherical suface. The user can inpy ~ Interface Specification
negative values allowed to account for convex and concave|  Algorithms

Effect on Field Outside of Definition Area
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(® Field is Absorbed

Posttion of Surmounding Absorbing Plane
Specification Mode i |
Boundary Minimum v
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Go Tools iff v Validity: @

[m} X
| Version 10
Edit Programmable Interface
Structure  Height Discontinuities  Scaling  Periodization
Snippet for Height Profile 7 Edit Validity: @
O Numerical Gradient Calculation
@ User-Defined Gradient Calculation 7 Edit Validity: @
Parameters
Rodus
© Help
Definition Area
Size and Shape
Shape O Rectangular (® Elliptic
Size | 20mml x I 20mm

Snippet Help

Custom Spherical Surface

Version: 1.0

Last Modified: Wednesday, August 29, 2018

This snippet generates a spherical surface. The user can input the desired
radius of curvature, with both positive and negative values allowed to account for

convex and concave surfaces.

PARAMETER DESCRIPTION
The radius of curvature of the spherical surface. It can be
Radius positive or negative to define a convex or a concave surface
respectively.
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Programmable Interface: Writing the Code

Declaration of
output variable
given by default

N

Are there errors in
your code? \

Export Snippet to
save your work! \

Source Code E

ditor

/
/

A

A\l -

~

SOUCOde Global Parameters  Snippet Help  Advanced Settings
S | 1 ™ double height = ©.8;
% | 2
=
c |3 height = (Radius / Radius.Abs()) * // Use correct sign. } Eq. (2)
= | 4 Math.Sgrt((Radius * Radius) - (x * x) - (y * y)); '
E 5 G | height = height - Radius; // Offset surface so that central point is at zero height.
6
B 7 // Hint: an altegnative way to compute the sign is to use
§ 8 // MathFunctions.Siggq(Radius) instead of (Radius / Radius.Abs()).
9
1@
11 return height;

Offset the height function
so that h(0, 0) = 0. Even
if this is not implemented
in the code, the surface
will still be automatically
offset to fulfil this
condition!

Aperture DiameterX [double]
Aperture DiameterY [double]
x [double]

y [double]

Radius [double]

}

N

"fa‘é’ Check Consistency | Validity: @

Help

Default global
parameters/variables

Global parameter

_ defined by user in
Global Parameters
tab
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Programmable Interface: User-Defined Gradient

Edit Frogrammable Interface X
Structure  Height Discortinuties  Scalng  Pesodization
Interface Spechicaton
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Snippet for Height Profle # Edit Validity: @ Source Code Editor |
() Mumerical Gradisnt Calculation Source Code  Global Parameters Snippet Help  Advanced Settings
- erture DiameterX [doubl
Uiger-Defined Gradient Calculation Yilicity & é 1 B | VectorD gradient = new VectorD(); xenﬂiogﬂagY {dg:b;}
§ 2 x [double]
|3 gradient.X = -(Radius / Radius.Abs()) * (x) / y [double]
: S |a (Math.Sqrt((Radius * Radius) - (x * x) - (y * y))); Radius [double]
Fadius 0 —| 5 gradient.Y = -(Radius / Radius.Abs()) * (y) /

g 6 (Math.Sgrt((Radius * Radius) - (x * x) - (y * ¥))); \.\

il : : e 3 Eq. (3)

2|8 B |// Hint: an alternative way to compute the sign is to use

“ 19 | |// MathFunctions.Sign(Radius) instead of (Radius / Radius.Abs()).
10
11 return gradient;
12

| |5 | Check Consistency | Validity: @ Cancel Help
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Programmable Interface: Using Your Snippet

Edit Programmable Interface X
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of the global parameters \ O Numerical Gradient Calculation
you deﬂned here User-Defined Gradient Calculation / Edit Validity: @

Parameters

With respect to which reference
point in the surface is the

Radius
: surrounding plane defined? And
vou can modify the area what ha gnps when a part of
of definition (aperture) of the EM ﬁgld meets thisp
your surface. Bear in surrounding plane?
mind possible constraints gp ’
(as already pointed out in
the case of the spherical —— o x
surface). Defirition Area
Size and Shape Black-Body Spectrum
Shape O Rectangular @ Elliptic ‘If::iloﬂz:d:ﬁgd: Tuesday, August 14, 2018
Size | 20 mm | X | Black-body radiation is one of the best-known theories in physics, and it is
employed across several fields. This snippet generates a spectrum according to
Effect on Field Outside of Definition Area 3 lhz _bllackibogé' CI;NIEH Tt;ﬁ user ;an inptl;ll wgigh lem?;e{;aturﬁ] ﬂﬁhblack body shall
O Field Passes Plane Interface \rn?eilgahteig hr?ity,w FHErTIE specTin shotbe sceled so it e maximum
You can view the surface you (EEE e Huind PARAMETER DESCRIPTION
h ave d ef| ned h el’e Posttion of Sumounding Absorbing Plane > TemperatureKelvin rTath:Z?r? gztllri:ilal?elg ?Jh;i?ﬁ: Lgeec?lﬁnikégﬁ?r‘::: aailh
this snippet.
Specification Mode i This variable gives the user the option to scale the curve

Normalize 50 that the maximum weight is unity.

Boundary Minimum v

z-Position -9.99999974 mm

\@ Tools i+ Validity: @ oK Cancel Help
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Output of Programmable Interface

Edit Programmable Interface
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Saving the Custom Interface to the Catalog

Edit Programmable Interface X
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Troubleshooting Tips
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Troubleshooting Tips

The area of definition you
have entered for the surface is
larger than mathematically

possible!

of definition

Projection of defined
spherical surface

Z-Extension

Ererse T -

| Close || Help

20 mm
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Troubleshooting Tips

Edit Programmable Interface X
Structure  Height Discontinuities  Scaling Coating  Periodization
Interface Specification
Algorithms
|/ Edit | Validity: @

The area of definition you

have entered for the surface is
larger than mathematically o

possible!

Calculation '/ Edit | Validity: @

In this particular
example, make sure you
have selected an

“Elliptic” shape, or

Defintion Area reduce the size of the
S and Shape area of definition .
Shape O Rectangular (® Elliptic
Size I 20mm| X I 20mm| -
_ [ Efect on Field Outside of Defintion Area I T—
R O Field Passes Plane Interface = TS~
al (@) Field is Absorbed . B T~
Size and Shape
4 mm
— o
e — Shape (O Rectangular (® Elliptic
Eeersen I I — - o e
| Close || Help |

B fd e |00 [ [
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Test the Code!

Main Function (Height Profile)

double height = 0.0;
height = (Radius / Radius.Abs()) * // Use correct sign.
Math.Sgrt((Radius * Radius) - (x * x) - (y * y));
height = height - Radius; // Offset surface so that central point is at zero height.
// Hint: an alternative way to compute the sign is to use

// MathFunctions.Sign(Radius) instead of (Radius / Radius.Abs()).

return height;
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Test the Code!

Main Function (Gradient)

VectorD gradient = new VectorD();

gradient.X = -(Radius / Radius.Abs()) * (x) /
(Math.Sgrt((Radius * Radius) - (x * x) - (y * y)));

gradient.Y = -(Radius / Radius.Abs()) * (y) /
(Math.Sgrt((Radius * Radius) - (x * x) - (y * y)));

// Hint: an alternative way to compute the sign is to use
// MathFunctions.Sign(Radius) instead of (Radius / Radius.Abs()).

return gradient;
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