Tutorial 501 (2.0)

Using MATLAB® Functions from
VirtualLab™ Snippets and Modules

Author: Christian Hellmann (LightTrans)
Related Tutorials: Tutorial 507

Requirements: VirtualLab™ 5.5 — Starter Toolbox
License: CC-BY-SA 3.0
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Introduction

« This tutorial gives an introduction how
MATLABQ® functions can be accessed from
VirtualLab™ snippets and modules.

This functionality is demonstrated by the
programmable component that performs a

simple rotation of the input field by the usage of
MATLAB.

For technical hints and more general information
on programming in VirtualLab we refer to Tutorial
507: “Programmable Building Blocks,
Components and Detectors of VirtualLab”.



http://www.lighttrans.com/documents_search.html?tx_abdownloads_pi1[sword]=507&no_cache=1
http://www.lighttrans.com/documents_search.html?tx_abdownloads_pi1[sword]=507&no_cache=1
http://www.lighttrans.com/documents_search.html?tx_abdownloads_pi1[sword]=507&no_cache=1

The MATLAB Module

« Itis possible to define
MATLAB functions

within the MATLAB
.m-file.
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used to enter the
MATLAB code.

In this example we

define a function rot
that rotates the input
matrix A and returns
the rotated matrix B.




Build .NET DLL from MATLAB

« MATLAB supports the compilation of *.m files to
generate a .NET DLL.

« The .NET compilation can be triggered by the
MATLAB command “deploytool”.

« This tutorial will not explain the concrete usage of
the MATLAB compiler. These information can be
found at:

http://www.mathworks.com/products/demos/com
piler/deploytool/index.html

« The result of the compilation is a .NET DLL that
can be used within VirtualLab.



http://www.mathworks.com/products/demos/compiler/deploytool/index.html
http://www.mathworks.com/products/demos/compiler/deploytool/index.html
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Edit Dialog of Programmable Component
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Snippet Data

fd
* Name: Rotate Field Component by MATLAE

* Description: This component can be used to investigate how MATLAE code
- can be used within VirtuallLab. A simple rotation of the data

- matrix of the input field is peformed by calling a MATLAB

P script.

* Authors:  Chrigtian Hellmann (Light Trans GmbH)

*Version:  1.0(Dec 11, 2012)

//init new Hamonic Fields Set
HamonicFieldsSet HfsRetum = new HamonicFields Set();

//run through all member of the Hamonic Fields Set and perform rotation
forfint unMember = 0; unMember < InputField Count; runMemberss){
ComplexAmplitude caln = InputFieldfrunMember];
Sfconvert Virtuallab data to MATLAB
double].] dataMatrixin = new double[caln. SamplingParameters. SamplingPointsX, caln.SamplingF:
forfint runMatrecin = 0; unMatricinY’ < caln.SamplingParameters . SamplingPoints’; runMatricn '+
fornt runMatricinX = 0; unMatrixinX < caln.SamplingParameters.Sampling PointsX; unMatrixini
dataMatricin[runMatriclni, runMatrixinY] = caln.FieldfunMatrixinX, unMatrixin].Re;
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Source Code Editor

Source Code Editor

Source Code | Global Advanced Settings
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UselnTransmission [double]
Input Field [HamonicFieldsSet]

* Name: Rotate Field Component (by MATLAB
* Description: This component can be used to investigate how MATLAB code
can be used within Virtuallab. A simple rotation of the data
matrix of the input field is performed by calling a MATLAB
soript.
Authors: Christian Hellmann (LightTrans GmbH
* Version: 1.0 (Dec 11, 2012)

B L

f/init new Harmonic Fields Set
HarmonicFieldsSet hfsReturn = new HarmonicFieldsSet():

//run through all member of the Harmonic Fields Set and perform rotation
for (int runMember = 0; runMember < InputField.Count; runMember+

C ude caln = InputField|[runMember

//convert VirtualLab data to MATLAB

double[,] dataMatrixIn = new double[caln.SamplingParameters.SamplingPointsX, caln.SamplingParameters.SamplingPointsY];

t runMatrixIn¥ = 0; runMatrixIn¥ < caln.SamplingParameters.SamplingPoints¥; runMatrixIn¥++)
for(int runMatrixInX = 0; runMatrixIn¥X < caln.SamplingParameters.SamplingPoints¥; runMatrixInX++) {
dataMatrixIn[runMatrixIn¥, runMatrixIn¥] = caIn.Field[runMatrixTnX, runMatrixInY¥].Re;

}

//init MATLAB data type with double[,] array

MWNumericArray matLabArrayIn = new MWNumericArray(dataMatrixIm):;

//generate new own MATLAB class (specified within deploytool)

mtxOperation operation = new mtxCperation():

//call matlab routine to perform rotation of data matrix

MWarray rotatedArray = operation.rot ((MWArray)matLabArrayIn);

//convert MATLAR data to Virtuallab

Col Field cfCut = new C > 4 , rotatedhrray.Dimension=[1]), true, PrecisionMode.Double):
outhrray = (doubl 1) (rotatedhrray.ToRArrayi) |

//copy matrix entries into complex field (Virtuallab data type)

for (int runMatrixQutY = 0; runMatrixOutY < rotatedArray.Dimensions[1l]; runMatrixOutY++

for(int runMatrixOutX = 0; runMatrizxOutX < rotatedArray.Dimensions[0]; runMatrixOutX++) {
cfOut [runMatrixOutX, runMatrixQut¥] = new C =% (outArray|[runMatrixQutX, runMatrixCutY¥], 0)

}

//generate new complex amplitude that should be stored within the returned HFS
Comp HAmME tude calut I C X ude (caln);

ffset the rotated field data field data into the complex amplitude

calut.Field = cfOut;

ffadd generated CA to HFS that will be returned

hfsReturn.add (calut) :

return hfsReturn;

Check Censistency




Explanation: Source Code

« For each member of the input field (Harmonic
Fields Set) the rotation is performed using
MATLAB.

« In order to communicate with MATLAB the data
types defined in the MCR (MATLAB Compiler
Runtime) have to be generated from the

VirtualLab field data.

JSfinit MATLAE data type with dgublel,.] arrav
MWNumericArray matLabArrayIn =Inew MWHNumericArray (dataMatrixIn) ;
ffgenerate new own MATLAE class (specified within deploytool]
mtxCperation operation = new mtxCperation():

fSfcall matlab routine to perform rotation of data matrix
MWArray rotatedarray = operation.rot( (MWArray)matLabArrayin) :




Explanation: Source Code

« Typical MATLAB data types are:
— MathWorks.MATLAB.NET.Arrays.MWArray;
— MathWorks.MATLAB.NET.Arrays. MWNumericArray;

« For detailed information please check the help/
documentation of the MCR.




Explanation: Source Code

« Action with MATLAB: an instance of the .NET
class within the built .NET DLL has to be
generated. The name of the class that is to be
generated can be specified within the deployment
tool of MATLAB. (mtxOperation)

The generated instance of the .NET class allows
to call the function defined within the original m-

file (rot).

Sfinit MATLAB data type with double[,] array

MWNumerichArray matLabArrayIn = new MWNumericArray (dataMatrixTIn):
ffgenerate new own MATLLE cla=s=s (specified within deploytool)
mtxOperationf operation = new mtxCOperation();

Jfcall matlab routine Lo Eerform rotation ol data matrix

MWAarray rotatedarray —foperation.rot | (MWArray)matLabArrayin) :




Explanation: Source Code

o After calling the rotate function the MATLAB data
have to be re-converted to the VirtualLab data
types for field data.

ComplexField cfOut = new Compl]
double[,] outArray = (double[,]) (rotatediArray.Tolrray()):
Sfcopy matrix entriez into complex field (Virtuwallab data tvpe)
fori{int runMatrixOut¥ = 0; runMatrixOut¥Y « rotatedhArray.Dimension=[1l]; runMatrixOut¥++) |
for{int runMatrixQutX = 0; runMatrixOutX < rotatedArray.Dimensions[0]; runMatrixOutX++) {
cfOut [runMatrizOutX, runMatrixOut¥] = new Complex (outArray[runMatrixOutX, runMatrixOut¥], 0):

ki
}
S/generate new complex amplitude that zhould be stored within the returned HFS
Compleximplitude calut = new Conpleximplitude (caln) !
Sfzet the rotated field data field data into the complex amplitude
catut.Field = cfOut:

o Finally the generated field data are added to the
Harmonic Fields Set which is the return value.




External References

Source Code I Global Paramet | Advanced Settings
i

A |
Externzl Refere C\DocumentsiTutonals Web\1_Workspace\Tutonal_501_Usage of MATLAE Modules_within_VirtulLab\Sample_Files\matnxOperation.dll
C:\Program Files\MAT LAB\MAT LAB Compiler Runtime'w 7 16\tool boxd\dotnetbuilderibinvwingdw 2 DiMwAnray dll

« The user has to specify the following external
references to ensure the consistency of the snippet:

— MATLAB — DLL (generated by the deployment tool of
MATLAB) (matrixOperation.dll)

— MCR - DLL that contains the data types that are necessary
to communicate with MATLAB.




Additional Usings

« The user has to specify
the namespace of his
MATLAB DLL as a
using. (in our case this
IS matrixoperation).

Additionally the name-
spaces of the MCR DLL
have to be specified.
(see figure on the left

side).




Using external DLLs and user rights

« Using external DLLs requires the following
Windows user rights:

— During the execution a folder “DLLCache” is created
and manipulated. The folder is placed into the
installation directory of VirtualLab.

— If VirtualLab has been installed at the system drive
(typically C:), then Administrative rights are required.
That is VirtualLab has to be started with “Run as
Administrator”.

— Alternatively, VirtualLab can be installed at another
drive (not C:) where ordinary user rights are sufficient
to create and manipulate folders.




Results of the System Propagation
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Remarks on the MATLAB Compiler Runtime

« The MCR (MATLAB Compiler Runtime) is free for
download from the MATLAB server:

http://www.mathworks.de/products/compiler/mcr/inde
x.html

« Itis important to install the correct MCR. The MCR
version that is required depends on the MATLAB
version used for compiling the MATLAB DLL.

In the example, version 7.16 of the MCR is required.

Important: To compile MATLAB code to a .NET DLL a
license of MATLAB is required. The use of the .NET
DLL built from MATLAB is free. (only the correct
version of the MCR has to be installed).



http://www.mathworks.de/products/compiler/mcr/index.html
http://www.mathworks.de/products/compiler/mcr/index.html

Overview Versions MATLAB - MCR

MATLAB Compiler MATLAB
Runtime (MCR) version | Compiler Version
R14 (7.0) 7.0 4.0
R145P1(7.0.1) 7.1 4.1
R145P2 (7.0.4) 7.2 4.2
R145P3 (7.1) 7.3 43
R2006a (7.2) 7.4 4.4
R2006b (7.3) 7.5 4.5
R2007a (7.4) 7.6 4.6
R2007b (7.5) 7.7 4.7
R2008a (7.6) 7.8 4.8
R2008b (7.7) 7.9 49
R2009a (7.8) 7.10 4.10
R2009b (7.9) 7.11 4.11
R2009bSP1 (7.9.1) 7.12 4.12
R2010a (7.10) 7.13 413
R2010b (7.11) 7.14 4.14
R2010bSP1 (7.11.1) | 7.14.1 4.14.1
R2011a (7.12) 7.15 4.15
R2011b (7.13) 7.16 4.16
R2012a (7.14) 7.17 4.17
R2012b (8.0) 8.0 418

MATLAB Release




Conclusion

« VirtualLab supports the usage of .NET DLLs
within snippets and modules.

e Itis possible to use MATLAB code, compiled as
NET DLL, within the system simulation of
VirtualLab.

« The programmable component and the option to
use MATLAB code allow user defined optical
modeling.
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