The ITA-Toolbox: An Open Source MATLAB
Toolbox for Acoustic Measurements and Signal
Processing

Marco Berzborn, Ramona Bomhardt, Johannes Klein, Jan-Gerrit Richter

Institute of Technical Acoustics
RWTH Aachen University




Motivation

* Unified routines
« Complete workflow in MATLAB

* Cross platform

* Until 2016:
« Developed mainly at the Institute of Technical Acoustics [1]

 Core source code available as download

* Recently:
*  Moved development to public GitLab [2] repository
« Development open to everyone
« BSD-License

[1] — Dietrich, Masiero, Miller-Trapet, Pollow, Scharrer - MATLAB Toolbox for the Comprehension of Acoustic Measurement and Signal Processing, 2010
[2] - RWTH Aachen GitLab Server - https://git.rwth-aachen.de/ita/toolbox
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Overview
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Data Formats

File 1/0

Read and Write:
* Wayv, CSV, UNV, etc.

* SOFA

Datatypes .« ArtemniS

* LMS Virtual Lab

« itaAudio * MonkeyForest
« itaResult * ANSYS

* itaValue

* itaCoordinates

* itaMesh
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Data Formats

* Implemented as class objects
« Store meta data
« Support individual methods and operators
« Sharing via Export/Import functions

« Store history

File 1/0

itaAudio Read and Write:
* Way, CSV, UNV, etc.
i « SOFA
i me/freq Data Datatypes AOTA
- - .samplingRate « LMS Virtual Lab
itaCoordinates .channelNames .« itaAudio * MonkeyForest
.mCoords .channelUnits « itaResult ° ANSYS
- * itaValue
.cart() .plot_time() - itaCoordinates
.sph() .plot_freq() - itaMesh
.surf() .plot_spectogram()
.scatter() 4+ -*/
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Plot Functions

 Time/Frequency
» Spectogram
* Directivity

* Surf Plot

* Polar Plot
 Export
* GLE, PDF, EPS,
PNG, etc.
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Plot Functions

 itaAudio.plot_freq()
 itaAudio.plot_spectogram()

» itaCoordinates.surf()

» Time/Frequency 20k
» Spectogram
» Directivity ™
« Surf Plot b 1

* Polar Plot £ 10k

» Export "
* GLE, PDF, EPS, o
PNG, etc. )
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Plot Functions

GUI callbacks with hotkey support
« Step trough channels

* Change domain

File Edit View Insert Tools Desktop Window Ip - ITA Workspace Domain Edit Filtering Applications Tools Help Laboratory Measurement £l

e Scale axes NEEL|MRAODRL- |G| 0E

e Set limits

0.4

e Set cursors
 Access DSP

ita_menucallback_Window - Time Windowing For itaAudio object

Selected audio object ,7 Select Channel
Time Window Start [T
Time Window End

F ti Limit Units T
unctions o
E Advanced Settings
=1
= Window Type hamn
g Symmetric Window ]

Time Crop O

Result will be plotted and saved in current GUI figure
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The Measurement Objects

* Audio Streaming
* PlayRec
* Portaudio
* MIDI
* Portmidi
*+ OSC
*+ RS232

Measurement

* Playback / Record
* Transferfunction
» Impedance

» Measurement
Chain

* Calibration

» Equalization
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The Measurement Objects

Measurement Classes

» Playback / Record

* Audio Streaming
* PlayRec
* Portaudio
« MIDI
* Portmidi Measurement
+ OSC
* RS232

* Transfer function

* |nstrument control

* Playback / Record
* Transferfunction
* Impedance

* Measurement
Chain

* Calibration

» Equalization

* Interleaved sweeps

* Supports:
- Excitation signal generation
« Custom excitation signals

« Compensation signal generation with regularization

Communication with audio interfaces via PlayRec [1] / Portaudio [2]

[1] — PlayRec — http://www.playrec.co.uk/
[2] — Portaudio — http://www.portaudio.com/
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The Measurement Chain

ita_measurement_chain - Define Input Measurement Chain

HWc¢ Name Sensor Preamp AD Coordinates Orientation UserData
" 1 |pressure [BK Mic 1/2 4190... v| [Aurelio hwchO1]... v| [RME ADI-8 QS G... ¥ [1,0.1] [1,0,0]
2 |velocity [Laser Doppler V... v| [NONE] (1) ~| [RME ADI-8 QS G... v [1,0,0.5] [1,0,0]
[NONE] (1)
ITA ‘ [UNKNOWN] (1) |ncel | oK
[MultiRoboFacel_hwy¢

[MultiRoboFace3_hwq
[Multiface Rack_hwch

[RME ADI-8 QS G112]

[PreSonus FP10 hwck
[Hoertnix Fireface_hw

« Calibration of every element custom...
 Metadata

* Units

« Names

« Coordinates & Orientation

* List of known devices with their DUT

sensitivity values
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Example: Directivity Measurement

Let’s put some things together 0 $89%
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Example: Directivity Measurement

« Sample directivity on a spherical hull

. . 8
« Control additional equipment o5 0
Q
« Measure transfer function o
O] (6]
©
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©
©
©
O
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#13 The ITA-Toolbox: Open Source MATLAB Toolbox ‘ Rm

Marco Berzborn | Institute of Technical Acoustics | RWTH Aachen University )
DAGA 2017 | Kiel | 07.03.2017 I\ifj':l';'t';‘g;



Example: Directivity Measurement

Sampling Grid

>| itaCoordinates.surf()

[itaCoordinates]

|

Motorcontrol

|

|

[itaEimar]

Turntable/Arm

Meas. Setup . Meas. Result
[itaMSTF] [itaAudio]

o (0]

ita_portaudio_run ) v .

d

"
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Additional Applications

That's all pretty nice. Is there more?



Additional Applications

Plotting

* Time/Frequency
» Spectogram
* Directivity

Applications

File 110

Read and Write:

* Surf Plot
. \é\/g\é,ACSV, UNV, etc. * Polar Plot B f .
- SOFA » Export : : eamformin
Datatypes + ArtemiS .G‘?_E’ PDF, EPS, Binaural Processing . Conventionalg
» LMS Virtual Lab PNG, etc. e HRTF Class
« itaAudio * MonkeyForest ; * MVDR
[ . ANSYS * Plottin
« itaResult F * MUSIC
« itaValue * ITD/ILD e Subspace
« itaCoordinates ¢ HPTF Class

e (Sparse) DAMAS
« itaMesh e Equalization (Sp )

¢ Cross Talk Cancellation

Data I/0 Spherical Harmonics

. . . Samplings
* Audio Streaming Room Acoustics : 2

Analytic Formulations
« PlayRec ¢
« MIDI . usti r r

+ Portmidi Measurement S e T ¢ Plane Waves

e Point Sources
e Wigner D Rotations
e Translations
e SH Beamforming

* OSC
* RS232

o Clarity

« Playback / Record
ayback / Recor e Definition

» Transferfunction
+ Impedance
* Measurement
Chain

« Calibration

- Time Windows Numeric Methods

N - owielpzetel
» Arithmetic e FEM e Impedance Measurement
’T?g‘:ﬁ;’:‘ﬁ"ben * Image Sources e Thiele-Small Parameters
Cepstrdm ' e Monopole Decomposition e Added Weight

¢ Curvefitting
e Equivalent Circuits
e THD/THDN
e Maximum SPL
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Additional Applications

Bomhardt: Die ITA-HRTF-Datenbank: Individuelle Applications

AulBenohriibertragungsfunktionen mit

anthropometrischen Daten Beamforming

e Conventional

e HRTF Class

Tuesday 07.03., 17:00, Room CAP2-C _ e MVDR
e Plotting e MUSIC
° ITD/ID * Subspace

—— e (Sparse) DAMAS
e Equalization

¢ Cross Talk Cancellation

Spherical Harmonics
e Samplings
e Analytic Formulations
e Spherical Cap
e Plane Waves
e Point Sources
e Wigner D Rotations
e Translations
e SH Beamforming

Room Acoustics

e ISO 3382 conform

e Room Acoustic Parameters
e Reverberation Time
o Clarity
e Definition

Numeric Methods
e Simulations Loudspeaker
e FEM e Impedance Measurement
* Image Sources e Thiele-Small Parameters
e Monopole Decomposition e Added Weight
¢ Curvefitting
e Equivalent Circuits
e THD/THDN
e Maximum SPL
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Getting Involved




Using the ITA-Toolbox

Get it from:

* Project homepage www.ita-toolbox.org

* Git repository git.rwth-aachen.de/ita/toolbox

ITa

A MATLAB Toolbox for Acoustics

Download Contact

About the ITA-Toolbox

« Open source MATLAB toolbox for acoustics developed by the Institute of Technical Acoustics of the RWTH Aachen University.
« Object-oriented programming concepts for the facilitated handling and acquisition of audio and simulation data.

« Includes graphical user interfaces and various plot routines for the graphical output of all kind of relevant acoustic data

« Includes tutorials and demos to get started quickly.

Plotting

File I/0

am
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Contributing to the ITA-Toolbox

Git Repository git.rwth-aachen.de/ita/toolbox
« Sign-in with GitHub Account

GitLab @

* Feel free to contribute by:

* Reporting bugs

= ita/toolbox v v A .
° Fixing bugs Project Activity Reposito Graphs Issues 4  Merge Requests 0 Wik & -
« Suggesting features
- Developing features ol

. ¥¢ Star 4 Y Fork 1 SSH v git@git.ruth-aachen.de:ita/toolbo IRy < v + - A Global ~
* Improving features

Leave project

* Contibution Guidelines in the

G itLa b Re pOS ito ry ea6736fa readded icons for the HTML help - about 4 hours ago by Marco Berzborn

ITA-Toolbox 4

Welcome to the ITA-Toolbox, an open source MATLAB toolbox for acoustics developed by the Institute of Technical Acoustics of the RWTH Aachen
niversity.
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Documentation

»  Wiki section on GitLab Repository
 HTML documentation integrated in MATLAB help browser
« Step by step tutorial scripts to get started
« See FAQ on homepage on how to build and access the documentation
= w O - © | MATLAB Documentation |T‘ BODBO| ~
—
| = CONTENTS ® Explore Examples % Explore Add-Ons
My Products Edit Preferences
MATLAB?® Family Simulink® Family Hardware Support
MATLAB Simulink For a complete list of hardware solutions, see
Hardware Support.
| Parallel Computing Control Systems
} MATLAB Distributed Computing Server Simulink Control Design
Parallel Computing Toolbox Simulink Design Optimization Supplemental Software
Math, Statistics, and Optimization Signal Processing and Communications
Curve Fitting Toolbox Communications System Toolbox RWTH ITA Toolbox
Global Optimization Toolbox DSP System Toolbox
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Thank you for your attention.

Marco Berzborn, Ramona Bomhardt, Johannes Klein, Jan-Gerrit Richter

= ita/ toolbox v V A

www.ita-toolbox.orqg
qit.rwth-aachen.de/ita/toolbox .

toolbox e
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