£ AVE(“GJ nC. A\~

\Acm cal an |br1t|on<F 1gineering Consultants &

WWwWWw.avec-engineering.com

AVEC TIME DOMAIN BEAMFORMING SOFTWARE

FAST, SIMPLE, INTUITIVE, HELPFUL

AVEC’s Time Domain Beamforming Software is a complete solution for flight testing
using acoustic phased arrays. The package provides beamforming, deconvolution,
and analysis of experimental data collected with microphone phased arrays. During
flight testing, the user can quickly analyze raw data, obtain preliminary acoustic
maps, integrate results, and estimate EPNL levels.

The software design philosophy is centered on the user. As long time users and
developers of phased array technologies, the software engineers at AVEC have
focused on the most important aspects of array processing and analysis. Our goal is
to provide the user with a comprehensive environment to perform all the tasks
involved in a phased array test.

Our software excels in processing speed, simplicity of setup, and intuitive access to
results, among other advantages. It also provides the user with tools that help
increase productivity through the automation of result documenting functions. For
example, the software provides automatic report generation, the option to export
data to spreadsheets, and the ability to easily copy any figure. These and several
other features allow the user to focus on what matters most: data analysis.

The flight test results shown are courtesy of JAXA (Japan Aerospace Exploration
Agency), or part of work done and published by NASA Langley Research Center.
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AVEC TIME DOMAIN BEAMFORMING SOFTWARE

Overview of Main Features

AVEC’s software includes modules for all the typical tasks of a flight test using microphone phased
arrays. Additional functions were added to aid in the data processing and analysis. Some of the
features available in the software include:

» Fast and easy project setup through an intuitive interface design,

» Multi-case analysis (to compare results from different processing options or settings),
» Array coordinates transformation (rotation and translation),

» Quick raw data review (time histories and spectra),

» Disabling of non-working microphones (manually or programmatically),

» Processing with a user defined shading algorithm or microphone weights,

» Aircraft tracking using GPS data, line camera data, a trigger signal, or manual mode,
» Diagonal removal beamforming,

» Multiple-file beamforming and deconvolution (CLEAN or DAMAS),

» Integrated spectra and directivity calculation (of single or multiple regions),

» EPNL estimation (from single microphone spectra or integrated spectra),

> Results available in narrowband, 1/24th, 1/12t, and 1/3™ octave bands,

» Acoustic maps overlay with pictures or drawings,

» Automatic export/report generation for multiple files, and

» Hundreds of files can be part of a project and be easily batch-processed, integrated or
exported.

Most of these and other features are described and explained in more detail in this brochure.
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AVEC TIME DOMAIN BEAMFORMING SOFTWARE

Array Definition Module

The software has several tools that allow defining, manipulating and modifying the arrays to be
used for data processing. The array module allow the user to:

» Import the array coordinates and parameters
(weights, sensitivities and channel type) from an e -
text file (easily obtained from a spreadsheet). s —

= rroy Properties (=&

» Easily rotate and translate the array to match
the test setup. :

Level Settings

» Independently assign the channel type, weight . REEE A
and sensitivity of each channel in the array. 138 L R VO O P,

Gain Mgk bl ~0K8l
Custom Comecton (GB] 0

9] Subtract 648 sy on 3 hard ssface)

Comments:

» Implement custom shading algorithms. SRR

ok | [ Cones

» Automatically disable auxiliary channels (e.g.
IRIG, synchronization, trigger, etc.) .

» Define and use multiple arrays in a single
project.
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Scanning Grid Modules

The scanning grids over which the data will be
beamformed can be easily defined using its
coordinates relative to the aircraft. The user can
also define the grids using a picture or drawing
of the aircraft. The user can then visualize the
acoustic maps overlaid on these pictures.

Bre
WARNING Local C:

"= Grid Definition - AVEC, Inc. e
Grids Grid Parameters

© Add [ Rectangular Grid | in @

X Remove

]

x
<
N

Minimum [ff] -85 65 -150

Rename

!

Maimum [f] 65 65 -150

1

0 @) Number of Divisions 51 51 1

- oK Cancel
[EELO Resolution [fi] 26 26 0
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AVEC TIME DOMAIN BEAMFORMING SOFTWARE

Raw Data Analysis Module

The raw data analysis tools are used to quickly determine if all channels are working properly during
the test. This information can also be used to determine if some microphones should be discarded
during processing, i.e. to avoid “contaminating” the beamforming results. Some of the tools in the
raw data analysis module include:

>

Visualization of the time history or spectrum of
each individual microphone. The average
spectra of a subset of microphones is also
available.

The overall levels of all the microphones in the
array can be used to easily find outliers. Also,
the overall levels can be obtained above a
frequency defined by the user.

Non-working channels are easily identified in
the figures so they can be troubleshot during
the test or excluded during data processing.
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AVEC TIME DOMAIN BEAMFORMING SOFTWARE

Beamforming Module

AVEC’s software offers several beamforming options and features, including:

» Aircraft tracking can be achieved using GPS data, Beamforming | Tracking/Weather | Options |
line camera data, a trigger signal, or simply a 7] Use Diagonal Removal
”manual" mOde- V| Use Amay Shading Library

» The time window over which the beamforming FFTWindow  |Hanning =~
takes place is easily defined by its coordinates 7] Overtap 50%

relative to the array.

» Flight direction is automatically accounted for. o) Output Maps for Each FFT Average
Velocity Used in Reception Calculation:
» Advanced time-domain beamforming with diagonal None © Instantancous @) Average

removal is available. :

. . . Tracking Method
> lefere.nt FFT windows (rectangu‘lar, Hanning, - e
Hamming, Tukey) and overlap are available. © Tigger Channel ) Manusl Offset
. . . . . Tracking Options
> Procgssmg W|t_h microphone we_lghts or sh_adlng Starting Postion [ 0000 2
glgorlthms defined by the user (in a customizable Ending Postion ] 10000 12
I Ibra ry) 1 MNumber of Averages 0 =
» Optimized, multi-threaded processing allows results Dist: | Beamfoming | Tracking/Westher | Optins|
. . . . Trige| Tracking Method
to be obtained quickly during the flight test. by GPS Dute P
._ Trigger Channel @ Manual Offset
> Weather data can be used to account for Tral
atmospheric attenuation and wind convection. Tracking Options .
Starting Position [m] -10.000 =
. . Ending Position [m] 10,000
» Hundreds of files can be part of the project and ne s
Mumber of Averages 0 =

easily batch-processed, and later visualized and

integrated. Offset Location [m] -150.000 [£
V| Input Offset in Seconds

» The beamforming results for each time-step can be

output. The maps can be visualized or used to s
. . . . 4l - N -
estimate directivity and EPNL. e Tracking/Weather :
,/' || Tracking Method i
Pt : @ GPS Data Line Camera :
.

= Do Procesing 675 =y é | Trigger Channel Manual Cffset |
Grids ot e Pitasde = | |
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= = : Starting Posttion [m] aoomo = ||
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|y 1 »| 1375 Jometiose (@ R ,’/
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| [ g [ | | :
I : | |
I | | |
: Ovedap 50° | | I
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| Yooty Uoedin Pcoston okt | | :
: | ' |
| | : |
|
| : ||  Weather Data I
L_ ______ L : | Read Weather Data from File :

SSo Cancel R--_

RS ' Apply Mmospheric Attenuation |
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AVEC TIME DOMAIN BEAMFORMING SOFTWARE

Post-processing NModule

The post-processing module includes array deconvolution, point spread functions (PSF) calculation,

and data reduction tools. The main features are:

» CLEAN and DAMAS are implemented with different
processing options suggested in the literature.

» The CLEAN algorithm and the PSFs calculation are
parallelized (multi-threaded) to reduce computational
time.

» An innovative approach for DAMAS includes a
parallelized version that can be used to reduce
computational time while not requiring large amounts
of memory (i.e. only the PSFs for a single frequency at

Options | Data Reduction

~) None ) PSF @
7 DAMAS
Loop Gain 0.20
Conv. Rate 0.000100

D001

Resolution [m] 0.00

Use "Zero" Resolution

Options | Data Reduction

CLEAN

¥

a time are computed/stored). S Mome ) PSF ) CLEAN
Pr| @ Damas
» The deconvolution can be computed for the ]
“averaged” results (for “quick” results) or for each — Max. #of kerations | 100 |5
time-step to increase accuracy. Convergence Rate | 0.000100 |2

Run terations in Parallel

» The data reduction tool can be used to speed-up the - N
lUse Map as Initial Condition

deconvolution process or to obtain results only for a

few desired frequencies. This is a very helpful feature
during a flight test. Frocessing Prority

[7] Deconvolve Each Average

» Several files can be batch-processed with a single click
Show Command Line Output

of a button.
*window detail
B Post-process Results - GPS | - e |
Experimental Results: Post-processing
Flename ey e S e e e Ficture Date e 7 Check Al

.Test SNo0TPNOO1res 1 73521 |57448 (038 (024 |0 Aray 1 Rw01 jms/zmss.:?m 1164 " Cﬂed( Selected

[¥] | Test_SNbO1PNDO2res 2 59804 |60993 |0042 (3257 |0 RW01 jms/zmsmnzm 1164 (:’ w

D—------_@J_-

Set Selected Files
. ey 1
-opﬂong Data Reduction =
Optens | Data Faducton|
) © Nene  ® PSF © CLEAN
Reduce Problem Size 5 DAAS
Reduce Grd Size
Mir. [m] Maoc. [m]
X coordinate: -10.001= 10,00
Use Default
Y coordinate: -10.00 10,00 Prozesing Prorty
[7] Desonvolve Each Average
Show Commant d Line Output
.

Extract Freguencies =

Minimum Frequency [Hz] 300.000 =
Maximum Frequency [Hz] 1000.000 =

"Decimate” Grid Size by 2k

*window detail
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AVEC TIME DOMAIN BEAMFORMING SOFTWARE

Visualization of Acoustic Naps

The beamforming results visualization options include:

» Acoustic maps (for narrowband or different
octave bands) can be visualized as (W)
conventional contour plots or overlaid with
pictures/drawings of the aircraft.

N e-a
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» Multiple pictures (e.g. for different test
configurations) can be easily defined and
assigned to multiple files.

» Different contour coloring, transparency, and Y
flooding options are available.

» The levels can be obtained at the array, the
source, or a certification distance (e.g. 120m).
The levels can also be weighted (Z, A, B, C, D).

» The beamforming map for each time-step can

be plotted. The interface also indicates the . \
tracking information relative to the array NS ——
(altitude, position, rotation, emission angle). y =

» The parameters of the file being analyzed
(tracking, processing options, weather, etc.)
can be easily accessed from the results
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Altitude [f]: 139 82

Acoustic Mas | Acousic Pictrs.
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AVEC TIME DOMAIN BEAMFORMING SOFTWARE

Exporting Results and Generating Reports

AVEC’s software has unique features that can be used to automatically export the beamforming
results for multiple files and frequencies. The features in the export module increase user
productivity and allows for more time to be spent analyzing data instead of copying, pasting, and
cropping figures. Depending on the selected format, tables indicating the tracking and processing
parameters are included. The acoustic map parameters and/or customer’s logo can be included in
every map. The available export formats and some of their unique features include:

» Web Pages (HTML): a separate web page is
generated for each file exported allowing the
user to easily visualize and access the acoustic
maps and integrated spectra for the o
beamforming or deconvolution results. An index
page is created to easily access the results for

Format

ASCIl (Tecplot compatible)
Images (JPEG)

Web Pages (HTML)

Word (2003-2013)
Powerpaoint (2003-2013)

each exported file.

Word®: this option generates professional
looking reports including cross-referenced figure
captions, table of contents, and table of figures.

PowerPoint®: this format allows the maps to be
exported to slides (1, 2, or 4 per slide) on a user-
defined template.

Images (JPEG): the results for each file can be
exported to individual folders. Folders and files
are automatically named and created.

» ASCIl: this option can be used to export the

Rich Text Fomat (RTF)
Options

Set Same Levels for all Files

| Overday Map Parameters
| Overay Logo

@ Include Integ. and Max. SPL
Include Mult. Region Integ.
Include Directivity Plot

*window detail

Format
ASCII (Tecplot compatible)
Images (JPEG)
Web Pages (HTML)
Word (2003-2013)
@ Powerpoint (2003-2013)
Bich Text Fomat (RTF)
Options
Set Same Levels for all Files

V| Overay Map Parameters
V| Overay Logo

Use Custom Template

maps to a text file in a format compatible with Mapsper Side (1 v
Tecplot®.
*window detail
» Rich-Text Format (RTF): this option is useful
when Microsoft Office® is not available.
*sample HTML output = Bxport Options - GPS (=] [l
- Case: DTX test Frequencies ~ Files
Frea Ancheis [1/2d Octaves | [ Check: B Eot
Cinder ) [ shorea 11 Beamforming / CLEaN / DAMAS / 255 1 @ Checked Range Al ] Test_SNbOTPNOD1 & Al 2
1 Test_SNbOTPNO02
T EHARCRIOL 145 - W Selected ASCII (Tecplot compatible)
s witviie s iz — (s ) ® Images WPEG)
M”:-"l"n:} ::: » 8.8 Web P ; (HTML)
& Check: Web Pages (H
s 7 o 4 j ;Eg — [£5 None_| Word (2003-2013)
= ol 1 7] 315 Powsroint (2003-2013)
. e j ;gg (sfSelcted | Fich Text Format (RTF)
ST 5 e IEE &3 Nore Options
%@ 9] 800 Set Same Levels for all Files
Bressure Dovkling Corr, (] = : ggg Create Separate Folders
—— = 7] 1600 7] Overday Map Parameters
. 2 ;’ iggg ] Overtay Logo
Nw“ :: V| 3150
1/12" Octave V] 4000
- - - - - - V] 5000
c I I ] 1 LIS L Fle Location & Naming —
)‘)- )ﬂ}/— yé}— }#‘- )t\}-— )ﬁ;}—‘ )‘}— Files Path:  C:\Example\Export\ =)
| i 7 | i
200 e dwx 233 8 330 e e 201 ce 500 e e 303 08 808 e Men e 8 P arove menzesse | 710 e e + Filename + _—
T ? g i T T -i OK Cancel
> 13- 119 [ - |- ey o
HY Q7 H7 K7 {7 [ 7 Syp—
h) 1 1 1 I x § 1 Iy 0y T
— D9 he— e e e e e —
I I | | i i 71 | )a,y
) Copyright© 2008-2016, AVEC, Inc. Tecplot® is a registered trademark of Tecplot, Inc.
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AVEC TIME DOMAIN BEAMFORMING SOFTWARE

Integration Module

. . Pass No. 1 - Pass No. 1 - Pass No. 2 - Pass No. 2 -
An eaSY'tO'use array |ntegrat|on mOdUle haS been E Region 1 - Region 2 - Region 1 — Region 2 -
. . . SPL [dB] SPL [dB] SPL [dB] SPL [dB]
|mp|emented tO quantlfy the nolse from re. 20e-6 Pa re. 20e-6 Pa re. 20e-6 Pa re. 20e-6 Pa
particular regions on the acoustic maps. The [ o o5t i i
features in this module include: — — — —
E'l - 72.5 64.6 72.1 66.1
i i i i | 630 | 77.9 70.2 77.5 70.1
> Spectra calculation from pormallzed integration 7.0 702 7. 70
or maximum SPL “extraction”. % a4 109 809 %62
| 1600 | 82.4 71.3 82.3 75
o o . m""'. 83.8 72.6 82.3 77.7
» The integration can be calculated for single (or E=om 86 784 858 785
. . . | 3150 | 78.9 76.7 78.6 75.3
multiple) rectangular or quadrilateral regions. 745 77 a4 744
[ 5000 | 73.6 79.9 73.5 76.9

*table borders and coloring were added after pasting the results in a spreadsheet

» These regions can be defined by “clicking” on
the acoustic maps, using the region

. . . R Integration Regions. ==
coordinates, or importing an ASCII file. _ —
R Typer © @ Q
Point 1 Poirt 2 Point 3 Point 4
> Multiple results can be exported to ASCII files, i s o] e
or copied/pasted into a spreadsheet.
Zm]  Aircraft Altitude
» The EPNL can be estimated for the entire
aircraft or for each component/region. If ) . )
needed, the available data (frequencies and / °l3 s
. . 1
levels) is automatically extrapolated. Sad :
1 2 4 1 larger than 180°
3 2
Self-intersecting
» The integration (or max. SPL) for each time- :
step can be used to estimate and plot the | :

directivity of the entire aircraft or any desired
component/region.

» The levels can be weighted (Z, A, B, C, or D) and
shown as spectral density.

» The features in this window allow results for
different cases, files, regions, processing codes
(AVEC or customer’s, if applicable),
deconvolution, and maximum SPL vs.
integration to be compared.

» Automated or customizable colors, lines, and
markers based on plot type.

5 Integration Export Options ot
File Naming .
ot Pah = k.
Root Name: +Pass No. + o Exatt
Use Region Name as: @ Prefix @) Suffix
Processed Data Integration Regions
Pass No. Check: Name Check:
Filename

Pass No. 1 7 Al Region 1 o Al
Pass No. :

] Pass No. 2 Region 2

Fass No. 3 File Date
Legend

Region 3

V=l ™ Copyright© 2008-2016, AVEC, Inc.
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AVEC TIME DOMAIN BEAMFORMING SOFTWARE

Documentation and Other Features

Other software features include:

» Projects and results can be easily moved
to other computers for analysis (without =
needing the raw data files).

» Comprehensive user manual, help files,
and list of available shortcuts.

» Keyboard shortcuts significantly speed-up
data navigation (optional custom USB
keypad also available).

Keyboard Shortcuts for Beamforming Results Window =

Key Command

» All the plots in the software and spectral FI_ ko

Alt + F1 | Show This Window

data can be easily copied and pasted into a 4 Sk e A ey sl s
different application (e.g. spreadsheet or A {Coners opors
F2 Toggle 'Plot as Cells' ON/OFF

WO rd p rocesso r) . F3 Toggle 'Plot Reduced Grid' ON/OFF

F5 | Update Results/Plot
F6 Show Previous Set of Results

> A filter tool can be used to quickly select Shlt St Rt fr rouiugGane
multiple files for processing, integration, 8 Shae i P ometrs Wi
F9 |Integrate Over Bax
Or‘ expo rt. Shift + F9 | Integrate Over Quadrilateral
Ctrl + F9 | Integrate Whole Grid
Alt +F9 |Integrate Multiple Regions
. . F11 | Show Next Frequency Analysis/Bands
» Several software settings and options can iz ShowProvos Faquency Ansancs
be easily changed. This includes options to Gt ¢« [Provos Flo
define and preview custom logos to be i+ etPameny
. [ Previous Average
used in the exported maps. | I verge
T!
» Licensing model using encrypted USB key
allows the installation of the software on
several PCs without requiring complex
activation procedures.
EDptions &J
Logo Preview =]
General ing | Processin 0 VEE, Inc ffjsecsm -
Defauk lu::m - glL:g.. | [ sae | oy Actual Render Size

— 800 x 600
Temperature Units Celsius - feston
Defautt Gain Muttiplier ] 1.0 Restore All B Options &J

[ Show Unlock Waming
General | Plotting | Processing | Logo
White Background Logo

] Show Auto-Save Waming
Transparert Background Logo

[] Auto-Save Project after Processing

E Options

| ‘ Genemll Plotting |Pmcessing | Logo |

=5)
Maps Cutoff Level [dB] 00 TR Previen T

Fort Scale for Plots 10 5 b
== Options &J
Plot Copying Width [pixels] 800 | Restore Al
Plot Copying Height [picels] 00 = Processing
Fant Scale for Copying Flats 15 = Vairum Nurbercf Trsade (7] 0 2 kel Save
0= /] lable - 1
Figure Height for Word [cm] 950 |& (0= use al avaiabie 1) Restore
Map Transparency [%] L = = Defautt Speed of Sound [m/s] 30 | Restore Al

Integration Cutoff [dB] 50

Use Diagonal Removal
[C] Disable Automatic Integration
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AVEC TIME DOMAIN BEAMFORMING SOFTWARE

Custom Software Solutions

In addition to our commercial software, AVEC offers custom solutions to fit the customer’s needs,
including:

» Integration with the customer’s data acquisition system.

» Custom file formats (raw data, tracking, weather, line camera, etc.).

» Integration of the user interface with the client’s beamforming/post-processing codes.
» Implementation of additional export formats, processing, or visualization techniques.

Please do not hesitate to contact us about any special requirements.

Services and Other Products
Other services and products from AVEC include:

» On-site software training.

» Test support, data processing, and data
analysis services.

» Turn-key phased array systems, including:
microphones, cabling, signal conditioning,
and data acquisition system.

» Frequency domain beamforming software
(optimized for wind tunnel testing in open
jet or hard-wall configurations). e -1

» Software for array design and simulation. L

= Phased Array Design L= B .
File Edit Define Project Results Help

] H # Q B r— )

New Open Seve Export Freg Gid  Run V/SN Help

Mumber of Mcrophones: 63

0

Y(m
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AVEC TIME DOMAIN BEAMFORMING SOFTWARE

Contact Information

AVEC, Inc.

1600 Whipple Drive

Blacksburg, VA 24060, USA
Phone: +1 (540) 961-AVEC (2832)
Fax : +1 (540) 961-2883
info@avec-engineering.com
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