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“Acoustic Camera”
application in room and building acoustics

Dipl. Wi. Ing. Gunnar Heilmann
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Who is the GFaD 5;% acoustic_\\?}"

The GFal is a non-profit research
association, founded and based 1990
in Berlin / Germany.

More than 120 employees work on scientific
projects, R&D tasks and services.

GFal is engaged in the promotion and
advancement of R&D in applied computer
sciences and organizes the industrial joint
research.

More than 100 companies and organizations are member™ of the GFal.

The GFal has numerous successful co-operations.
* for list of members see www.gfai.de
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Expertise / Departments:

» Departments:

» Project groups:

Image Processing

3D Data Processing

Graph Based Engineering Systems
Computer Aided Facility Management

Signal Processing (Acoustic Camera)

Adaptive Modeling and Pattern Recognition

Document Management

Fuzzy Logic Applications
Information Systems
Multimedia

Process Automation
Robotics

Sensors
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A revolutionary solution for
sound localization
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New Solution t\

Acoustic Camera Application vary from A-Z

Airplane Automotive Consumer Environmental
Industry Industry Products Application

. Railway Room & Building Zoological
Design Industry Acoustics Application

All audible sound can be recorded, mapped and analysed.
Products can be modified and optimised up on the focus
of Noise Reduction, Sound Designh and Quality Management.

: :
® & o Gunnar Heilmann Slide: 5 Sounddesignforumam 17. und 18.10 2012 in Berlin Qfal ﬁ‘

tech -



www.sounddesignforum.de



www.sounddesignforum.de



www.sounddesignforum.de



0ESIGy,
-~ <

[D| Star48 /36 Array \
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¢ Long distance, out door and free field
e Dynamic 35dB -130dB

¢ Recommended mapping frequency
100 Hz — 7 kHz

¢ Typ. single map dynamic ca. 6-7dB

e Typ. measurement distance 3- 300 m
e Video with 60 f/s (640 x 480)

* Foldable aluminum star structure
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e Flyover
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e [ndustrial Complex
o from 300 m distance
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Sound becomes visible | \ ,
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How the sound becomes visible:
e fast

e simple

R
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Localization Principle
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With Noiselmage and our Sphere Arrays we offer
3D Mapping on common CAD models considering
the correct focal distances to all mesh / calculation points.
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A special fitting algorithm™ allows the
fitting of the array during the post
processing without having measured

/ accurately the position of the array before.
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*algorithm and methodical principle patented
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Difference in source level for the different arrays for white ngise,

Differenc level [dB]

1

Ring48, 1m

——— Sphere48, 1m
Sphere120, 1m
— Spirald8, 1m

— Spiral48, folded, 1m

0,2 0,4 0,6 0,8 1 1,2 1,4 1,6 1,8 2

Focus [m]

acoustic

camera

If the source and the calculation plane is at 1m distance all arrays show the correct value (SPL)
of the Source in the map. If the actual sound source {or a second source) is not at 1m distance
this source will not show up in the acoustic map with the correct level. Most of the time the sound
pressure is plotted in the map with a lower value, even when the source is closer than the focal
Distance. This effect also varies by frequency and array form. Ring arrays show the least
sensitivity to this effect!
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Difference in source level for the different arrays for white ng is€ ’_\
— — Y nc\‘) -:

Ring48 results always on the left,
Sphere48 always on right

Two sources in distance of
0.8m and 1.8m from array
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Array design for 3D - Interior Measurements ?

\ camera

Simulation of a 3D-Szene:

e Ring array 48 Channel,
e Diameter 0.7 m

e Dot like sound source with
white noise (0-20 kHz) in
1m distance from Array

e Mapping onto a spherical

projection plane with a
radius of 1 m
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Array design for 3D - Interior Measurements

e Two dimensional
arrays are not suited
very well for 3D
measurements

e All source will be
mapped / mirrowed
in front and back of
the Array

o | |
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Array design for 3D - Interior Measurements S | \\
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FholeFingRauschenSet= aph*

e 2D Arryas also have a
dominating or faforite
mapping direction

Press. dB abs
1164

1160

e These Arrays are NOT

omnidirectional 1150
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1100
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|| Leuze 3D Laser Scanner
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e ROTOSCAN ROD4plus
¢ Measurement distance 0-50m

e Radial resolution 5mm
e Lateral resolution 0.36 degree

e Operation temperature 0-50° Celsius
e Weight aprox. 2kg
Schunk PW70 robot arm

3D point cloud
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Acoustic Camera
Software — Noiselmage4
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Noiselmage4:

Modular Plug In Concept > fully real time capability

Channel data viewer

AC Photo Functionality 2D / 3D

AC Spectral Functionality 2D / 3D

AC Movie Functionality 2D / 3D

AC Order Analysis / Mapping 2D / 3D

AC Extended Analysis modules
{(Acoustic Eraser, HDR, Zeropadding, RMS vs. MAX method,

Delete Autocorrelation and several Deconvolution methods;

DAMAS, CLEAN SC)

AC Near Field Methods NEW

Live View module 2D / 3D for all modules

Project Management and Lay Outs for all modules
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AC Photo 2D
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e C(Creating an acoustic photo by integrating a
sound emission over selected time and
or frequency interval

e Mainly used for comparing stationary noise
sources comparing two development
stages (before and after)

acouslic_\\‘“
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AC Photo 3D

e Creating an acoustic photo by integrating a
sound emission over selected time and
or frequency interval and mapping it onto a
common interior or exterior CAD model

e Used for comparing stationary and non
stationary noise sources comparing two
development stages (before and after)

Software Features: Acoustic Photo 3D 3 e \\
@ = acoustic \

camera
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Software Features: Acoustic Movie 2D/3D . \\
Zz acoustic '.l
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AC Movie 2D

e Creating a series of acoustic photos by integrating a sound emission over
selected time and or frequency interval and showing it as acoustic movie with
up to 192000 pictures/second

e Mainly used for analyzing non-stationary noise sources to visualize the
changes over time
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MowieFensterheberMundar 0/151, 0.000 ms
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Software Features: Spectral Analysis 2D/3D 3 .
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AC Spectral Analysis 2D/ 3D

e Creating a series of pre-calculated acoustic photos/movies for all frequencies
within the selected interval and showing it in a connected frame to be able to
choose freely frequency band and see the acoustic sources location to it

e Narrow band analysis, 1/3 octave analysis, spectrum, listening of sources

‘mhwﬂ‘wamlﬁwqw%m
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Standard Software Features S .
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Standard Features: Spectrum, Spectrogram, Virtual Sound Studio

e Every acoustic map offers the ability to extract the spectrum, spectrogram
and-or listen to the sound of every given calculated point in the acoustic map

o Export into standard file formats like *.txt, *.jpg, *.bmp, *.png, *.wav, *.avi,
and into other acoustic tools like Matlab or Atemis,

e & B ® Gunnar Heilmann Slide: 32 Sounddesigntorumam 17. und 18.10 2012 in Berlin gfa' : ﬁl‘
t L

ech -



www.sounddesignforum.de



www.sounddesignforum.de



www.sounddesignforum.de



www.sounddesignforum.de



www.sounddesignforum.de



www.sounddesignforum.de



www.sounddesignforum.de



www.sounddesignforum.de



www.sounddesignforum.de



www.sounddesignforum.de



www.sounddesignforum.de



www.sounddesignforum.de



www.sounddesignforum.de



HRTF — Simulation

acoustic
camera

e Simulated echoic chamber with 50.000 equal white noise sources
e Calculated 20ms from 0-24000 Hz —shown 0-10kHz

With HRTF Without HRTF
Q,I:;ﬁmmmcm” T [ =] | ’&mﬂmw . ﬁl‘?’lﬁ
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Acoustic Photo 3D with HRTF — Example
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camera

Direct comparision of direct {left) and reflective (right) component of source in a small
practice music studio using the HRTF filtering
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Leuze 3D Laser Scanner
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ROTOSCAN ROD4plus

Measurement distance 0-50m

Radial resolution 5mm

Lateral resolution 0.36 degree
Operation temperature 0-50° Celsius

Weight aprox. 2kg
Schunk PW70 robot arm
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3DScan and Acoustic Photo 3D on point cloud S ’\
& acoustic\
camera
First two noise sources identified:

The projector and the notebook on the table
peak level at 29.5 dBA
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dB SIG
Step 3-4: calculate on new 3D model of room Q% ’_§

acoustic ) A

" 4

next noise sources identified:
The loud speaker on the wall — ground loop noise
peak level at 21 dBA
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<=4 - = After cutting off the speakers

last noise sources identified:

the air conditioning duct — at full power mode

peak level at 20.9 dBA

e & B ® Gunnar Heilmann Slide: 53 Sounddesigntorumam 17. und 18.10 2012 in Berlin gfa' " é“
t

ech -



dB w—

3DScan and Acoustic Photo 3D e |
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Reverberation time T0-60 of a UofM Recording Studio (USA):
A) with absorbing panels on left walls (left images) and

B) with hard reflecting panels (right images)
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Acoustic Camera - A New Solution acousnc\"-
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e Noise reduction
e Quality Management

e Sound Analysis / Sound Design

W dm e -
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Typical Application Eav. ——
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Measurements in Michigan Stadium

Praeta_6_ 1+ 10nHz. aph

T = I - -u._ = b e
"'Some one screaming; “go. '

More than 100 000 people cheering during the Halftime break
of the game Michigan vs. Minnesota (28" Oct. 2007)
> Loudest is the clearly the student section
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Typical Application F‘\\
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Eff. vaiue (dBYdelta
- 333

‘HiesEodd man

Measurements on wind turbines are possible in 2d and 3D
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Typical Application

A

Mining bridge in action - Welzow / Germany
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Typical Application 22

BSR — Buzz, Squeak and Rattle
Car refinement and QM on VW Tiguan

Under seat - Buzz
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The Acoustic Camera:
With a Short cut
to Your answers.

Thank you for your attention.
Feel free to ask any question.

Gunnar Heilmann

GFl o2
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