Acoustic Primer Exercises

Aliutorialfor Landscape Ecologists

This tutorial is a supplement to the paper A Primer on Acoustic Analysis for Landscape Ecologists by
Villanueva-Rivera et al featured in the Landscape Ecology special issue entitled “Soundscape Ecology”.
Accordingly, the exercises in the tutorial are meant to be undertaken while reading the article.

Data and links to tools used in this tutorial can be found at http://ltm.agriculture.purdue.edu/soundscapes/primer



http://ltm.agriculture.purdue.edu/soundscapes/primer
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EXERCISE 1 — LISTENING TO AND VISUALIZING THE SOUNDSCAPE

Inspecting data in its raw format before deciding on the type of analyses to conduct is an
important part of effectively assessing and understanding the system which one is studying.
Accordingly, this first exercise is designed to develop in the reader an intuitive sense of the
sound data that is quantitatively analyzed in the following exercises. It also demonstrates the
sounds produced by different objects (e.g. biophony, anthrophony) and their interactions
within the soundscape. The reader should consult ‘exercise 1’section of the manuscript by
Villanueva-Rivera et al. (this special issue) for a description of the sounds they are hearing as
well as the information conveyed by them.

PART A. LISTENING

GETTING STARTED

1. Visit the website [tm.agriculture.purdue.edu/soundscapes/primer to listen or download
the three sound files in this exercise.

LISTENING TO SOUNDSCAPE RECORDINGS

2. Click on exercise 1. Play sound example #1 by clicking play button on the left bottom
corner. You will need a modern browser with the Adobe Flash plug-in installed. You will
see this web page with

Sound example #1 (Original wav file)
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You can use the control buttons on the lower left of the window to toggle between
spectrogram (labeled as S) and waveform (labeled as W). When you toggle to waveform
and you would see this:

Exercise 1

Scund exsmple #1 [Originel way file)

You can also select the arrow to play the recording. Once the file loads over the internet,
you can also move along the sound file using the slider:

Slider

3. Repeat for sound example #2 and sound example #3. Watch the spectrogram as you
listen, and note the region on the spectrogram that corresponds to the sounds you are
hearing.

PART B VISUALIZING SOUND

GETTING STARTED

In this exercise, we will use Raven Lite (Charif et al. 2006) and Audacity to examine several
soundscape recordings from the Tippecanoe Soundscape Study. Raven comes in several
versions, the freeware version is called Raven Lite (currently at version 1.0). Users can acquire
a free license from Cornell after they download and install Raven Lite.

Raven Lite can be downloaded from http://birds.cornell.edu/brp/raven/Raven.html, where
versions for the Windows, Mac OS X, and Linux operating systems are available. After the
software has been installed, you can go to the Help menu and then Get Free License. You will
be directed to a web site and then requested to “purchase” the software. An email will be sent
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with your license code. Directions for providing the license number to the program will be
provided in that file.

Audacity can be obtained from http://audacity.sourceforge.net, where versions for the
Windows, Mac OS X, and Linux operating systems are available, as well as the source code.

At our tutorial web site are several wav files that will be used. Download exercise2.zip and
place the files (unzipped) into a folder called Sounds101_demo.

OPENING AND VIEWING A SOUND FILE IN RAVEN LITE

Let us open a small 5 sec sample of the May 14, 2008 Purdue Wildlife (wetland) recording from
01:00 (1:00am local time). This sample contains chorusing of Spring Peepers during a light rain
shower. The interface to open a file will look like this:

N S —— ElEIES)

File Edit View Window Help

[@[r]=]ae|a|a[z]r] [2]e] o e|%|n]a|s| &|=w
[om]-] &) = v = v = v
=] =] (B & F][F] mes: [ 1] p]n] 48] rate: LR REREE

A\ Open Sound Files ' ‘ = ]
Look In: ‘Ij sounds101_demos "| EZE E

[} sM87_20080514_010000_segment.wav Sound File Format
D SM87_20080514_010000_seyment_18sec.wav Type: WAVE
[ sma7_20080514_010000_segment _1min.way Channels: 2

[ sMa7_20080514_010000_segment_5sec.wav

Sample Rate: 44100 Hz
Encoding: 16-bit signed
Length: 518

File Hame: |BME?72008051 4 01 DDDD?segmenLSsec.wav{

|
Files of Type: [All Files [~]

Once this file is selected, click the Open button and select Channel 1. The sound file will be
loaded and a waveform and spectrogram shown like this:
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File Edit View Window Help
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I [ Sound 1: SM87_20080514_010000_segment_Ssec.wav {Read-onhy) o o’ |
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You can select the Maximize button

To create a large view of both the waveform and spectrogram:
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Note that there are several sets of buttons that control various functions related to visualizing,
subsetting, file management, and zooming. The spectrogram color palette provides four color
schemes for the spectrogram. The brightness, contrast and resolution have scroll bars
controlling these three key features of the spectrogram. Change each to see how they modify
your ability to see patterns within the spectrogram. Also note that you can also play the sound
using the three play sound control buttons (play, play and scroll, and play backwards). After
experimenting with the three main spectrogram visualization scroll bars, play the sound several
times. You should hear the Spring Peepers chorusing during a light rainshower.

SUBSETTING SOUND IN RAVEN LITE

Raven Lite allows a user to select areas within the sound file and then remove other sounds so
that you can hear specific portions of the spectrogram. Use your cursor to select sounds within
the first 2 seconds that are less than 3 kHz. The selection should appear as a red box with
portions highlighted with small squares:

M\ Raven Lite 1.0 L L - | 5 |
File Edit View Window Help
IIEEEEEEEEE L. B D] 0@ (E e

 NEE RS DT EIREERREE

¥ Sound 1: SM87_20080514_010000_segment_5sec.wav {(Read-onky)
304 =

204

50 s 1 15 2 2’5 3 15 1 5 5

|| Selected Area

0.000
kHz

g0 05 1 15 2 25 3 35 4 45 5

| i ] [+[+]-[H

‘ Time: 1.2485 Frequency: 7892 Hz  Power: 47.6 dB

Using the Filter Around tooal,

e | B
ivE +E<
o S

AN

[ Filter Around

Selection
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you will see the sounds outside the selected area set to 0 dB:

X, Raven Lite 10 — - w ‘ o

Eile Edit View Window Help

e @ maelaorme B a6l 2 % g B|E

(e O[] @ W) ] = ) 258 |

[ME B [B]a]e] = [®)] s i1 b4 8 reio] (B ClEEe] el =
-

[# *Sound 1: SM87_20080514_010000_segment_5sec.awvav (Read-only) 55550050
30 a
I 20 “
10
0.000 - s Wm‘.";.&,"; . e

Seunds outside
selected area are

filtered out

4 1 ] [r[+]-]n

Play the sound now and compare this to the situation where the file does not have a filter
applied. You can toggle between having the filter applied and not applied using the Edit menu
(Undo Filter and Redo):

Edit| View Window Help

& Undo Filter Ctrl-Z

# Cut Cirl-.

[ Copy Crl-C

i Delete Ctrl-Backspace
Filter ]
Wil Amplify...

& Copy Image Of b
B select all Crl-A

You may also Amplify the sounds that are selected. Select Amplify from the Edit menu and then
key in a value of 4 (values less than 1 reduce the sound volume) and then listen to the recording
again.
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Readers interested in learning more about Raven Lite or the other Raven products can go to the
Cornell Laboratory for Ornithology web site listed above. A Raven Lite tutorial is also available
as well as access to thousands of files to listen to many individual vocalizations.

VISUALIZING SOUND FiLES USING AUDACITY

Start Audacity and bring up the same 5 min recording used in the Raven Lite portion of this
exercise. Doing so will provide you with this:

Edit View Transport Tracks Generate Effect Analyze Help

PP EED e

’ 724426)9‘ﬂ 2442 0 S| B | G |- oHy

L
»

" FEPoT
WD 4 e i i g

| o

« I 3

- Project Rate (Hz). Selection Start @ End ) Length  Audio Position
c 400 - | SnapTo[ ][00 h 00 m0o0 s~ [00h00OmO5 s~ ‘ [cohoomoos~

— — J

Because this is a stereo recording, you will see two waveforms, one for each channel. You can
use the drop down options menu to toggle what you see between spectrograms and
waveforms. A spectrogram view would show this:
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You can control the playing of the sound using the large menu of buttons in the upper left.

) JIJIIBD

You can create a frequency-amplitude plot of this 5-min recording using the Analyze and Plot
Spectrum options:

OPOEDD)

File Edit View Transport Tracks
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EXERCISE 2 — FREQUENCY BAND ANALYSIS

In this exercise, we will use the R packages seewave (Sueur et al. 2008) and tuneR (Ligges 2009)
to analyze sound files. R is a free software environment for statistical computing and graphics
which can be downloaded from http://cran.r-project.org/.

GETTING STARTED

R comes in two versions, compiled binaries and source code. We will use the compiled binaries.
The main web page shows how to acquire either version. Select the operating system that you
will be using (e.g., Windows) and then select the base binary option. We used R version 2.12.1
for this tutorial and versions 1.5.9 of seewave and 0.3 of tuneR.

Ld
* - Purdue University <

=2 C i © canr-projectorg w oa

@ Image of album byl.. [ Web Slice Gallery [) New Homes ] Google [ HEMA Server @ Amazon.com: Mela... * ] Other bookmarks

(@ The Comprehensive R Ar.

The Comprehensive R Archive Network 7

Frequently used pages

o

[Pownload and Install R

IPrecompiled binary distributions of the base system and contributed packages,

CRAN Windows and Mac users most likely want one of these versions of R:

Mirrors E
What's new? + Linux

Task Views * MacOS X

Search + Windows

Source Code for all Platforms
=4

(Windows and Mac users most likely want the precompiled binaries listed in the upper =
Ibox, not the source code. The sources have to be compiled before you can use them.
\If you do not know what this means, you probably do not want to do it!

+ The latest release (2010-12-16): R-2.12 1 tar gz (read what's new in the

About R

R Homepage
The R Journal
Software

R Sources

R Binaries
Packages latest version).
Other

+ Sources of R alpha and beta releases (daily snapshots, created only in time

Docmmentation periods before a planned release).
Manuals
EAQs # Daily snapshots of current patched and development versions are available
Contributed here. Please read about new features and bug fixes before filing corresponding
feature requests or bug reports.
+ Source code of older versions of R is available here.

© R-2121-win.exe -
—  5.6/37.4 MB, 5 mins left

INSTALLING AND LOADING PACKAGES IN R

While R comes with many of the packages needed for basic statistics already installed, the
package seewave will need to be installed manually.

1. Once you have downloaded and installed R on your computer, open R. You should have
a window that looks like this:
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R RGui (64-bit) — -

- - - -
File Edit View Misc Packages Windows Help

IESE

R version 2.12.1 (2010-12-16)

Copyright (C) 2010 The R Foundation for Statistical Computing
ISBN 3-300051-07-0

Platform: x86_64-pc-mingw32/x6% (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
‘citation()' on how to cite R or R packages in publicacions.

Type 'demo()' for some demos, 'help()' for on-line help, or
'‘nelp.start()' for an HIML browser interface to help.
Type 'q()' to quit R.

>

2. Click the Packages tab at the top, and then Install Packages.

3. Aseparate window called “CRAN mirror” will pop up. Select a nearby location and click

ok.

i ™

CRAM mirror

Denmark -~
France (Toulouse)

France (Lyon1)

France (Lyon 2)

Germany (Berlin)

Germany (Goettingen)
Germany (Hamburg)

Germany (Muenchen)
Germany (Muernberg)
Germany (Wiesbaden)

Greece

Iran

Ireland

Italy (Milana)

Italy (Padua)

Italy (Palermo)

Japan (Hyogo)

Japan (Tsukuba)

Korea

Mexico

Metherlands (Amsterdam)

b| Metherlands (Utrecht) [
Mew fealand

Morway

Philippines 7

| ok || cance |

4. The packages window will open. Scroll down until you find seewave and click ok.
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Packages

scriptests -
scuba

sculpt3d

sda

SDaA

sdcMicro

sdcMicroGUL

sdcTable

SDDA

sddpack

sde

sdef

SDisc

SDMTools

sdtalt

sdtoolkit

SEIGE

seacarb

seas

season

secr

segclust M
segmented

SEL 2

[ ok || cancel |

5. Now load seewave by clicking the Packages tab again, and selecting seewave from the
list and clicking ok. The package tuneR will be installed automatically with seewave.

DoOWNLOADING DATA FiLE AND SETTING WORKING DIRECTORY

You will need to download the sound file data which is in .wav file format and load it into R.

1. Go to Itm.agriculture.purdue.edu/soundscapes/primer and click on exercise 3.

Right click on wav file for sound example #1 and save to folder on your computer.

3. Right click on wav file for sound example #2 and save to the same folder on your
computer.

4. OnR, click the File tab, and then Change dir.

5. Select the folder you saved your sound files in from the window that pops up. Click ok.

N

RUNNING R ANALYSIS PACKAGES

To load the file as an object?, in this case called sound1, the tuneR function loadSample() can be
used

1. Copy and paste the following line into R console (note that R is case sensitive);

soundl <- readWave ('filel.wav')

' An object is a computer programming term for an identity of a file or other “object” that can be manipulated by
the program. Here, sound1 is an object associated with the wav file that is now loaded into the program R.
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(R roui (=/@] = |

File Edit View Misc Packages Windows Help
IR R Console == =]

R version 2.12.1 (2010-12-1&) =

Copyright (C) 2010 The R Foundation for Statistical Computing —
ISBN 3-900051-07-0
Platform: i386-pc-mingw32/i386 (32-bit)

R is free software and comes with LBSOLUTIELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale
R is a collaborative project with many contributors.

Type 'contributors()' for more information and
'citation()' on how to cite R or R packages in publications.

Type 'demo()' for =some demo=, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'gi)' to guit R.

> local ({pkg <- select.list(sort(.packages(all.available = TRUE)),graphics=TRUE)
+ if(nchar(pkg)) libraryipkg, character.only=TRUE)})

Loading Tcl/Tk interface ... done

> local ({pkg <- select.list(sort(.packages(all.available = TRUE)),graphics=TRUE)
+ if (nchar (pkg)) library(pkg, character.only=TRUE)})

> soundl <- readWave('filel.wav' ]l =

4 1 | »

2. To see the spectrogram of the sound file, use the seewave function spectro() to display a

FFT window of 512. Make sure you maximize the R Window. Copy and paste following
line;

spectro(soundl, wl=512)

The following graphic is produced from the above command.

[= =]
|5 sounat < reagwave('rilen.vavt) b
> spectro(soundl,wl=512) Amplitude
Error in plot.new() : figure margins too large (a8}
> spectro(soundl, wl=512)
Error in plot.new() : figure margins too large 20 0
> soundl <- readWave("filel.wav")
> spectro(soundl,wl=512)
Error in plot.new() : figure margins too large
> utils: ::menuShowCRAN ()
> soundl <- readWave (“filel.wav”)
Error: unexpected input in "soundl <- readWave (™" -5
> soundl <- readWave (“filel.wav”)
Error: unexpected input in "soundl <- readWave (*" 15
> soundl <- readWave('filel.wav')
> soundl <- readWave('filel.wav')
> spectro(soundl)
Error in plot.new() : figure margins too large I~ -10
> spectro(soundl, £=22050) I
Error in plot.new figure margins too large =
> spectro(soundl, 050) &
> spectro(soundl,wl=512) g
> L
g 10 45 |=
i
« v
-20
-25
-30
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By default, the spectrogram does not show the fainter sounds. The option collevels lets you
specify the levels at which to draw the sound intensity of the spectrogram. In this case we will
specify a sequence of levels between -70 and 0, with steps between levels of 5, using the
function seq(). In addition, by setting the option osc as TRUE indicates seewave to draw a
waveform under the spectrogram:

spectro (soundl,wl=512,collevels=seq(-70,0,5),0sc=TRUE)

IRk R Graphics: Device 2 (ACTIVE) oo =]

Amplitude
(dB)

20 0

P ! i LA I -20

-30

Frequency (kHz)

-40

50

60

70

Amplitude

0 10 20 30 40 50 60

Time (s)

The function spectro can also save the data of the spectrogram as a numeric matrix with
amplitude values, with each column being a Fourier transform of the window length wl. In this
case, we assign the result of the function to a new object, in this case data, and setting the
value of plot to false:

data <- spectro(soundl, wl=512, plot = FALSE)
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2. Spectrogram matrix of values and divides it in 10 bands of 1 kHz each, up to 10 kHz. A default
cutoff value of -50 dBFS is specified to remove the faint sounds. The proportion of sounds that
falls above that cutoff value is determined in each band. We use this matrix to calculate an
acoustic diversity index (Pijanowski et al. 2011, Villanueva-Rivera et al. 2011) using this script
which is posted on this tutorial web site. Shannon’s diversity index and the Gini coefficient is
calculated for each channel (left and right microphones).

PROCESSING OF TIPPECANOE SOUNDSCAPE STUDY RECORDINGS

To demonstrate how this script works, we use two sound files that were recorded in the Purdue
Wildlife Area (Figure 10 in Villanueva-Rivera et al. 2011) on 20 April 2008. The first sound file
was recorded at night, at 00:00, and the other one during the morning, at 07:00. The night
sound is dominated by frogs in the 1.3-3.8 kHz range while the sounds in the morning are from
birds that range from approximately 0.2 kHz to almost 8 kHz (Figure 10 in Villanueva-Rivera et
al). Just by visually comparing the spectrograms of these sound files, there is a larger diversity
of sounds in the morning sound file that in the night sound file. We show how users can
execute two scripts, one that processes a single file and another designed to batch many .wav
files so that values can be plotted over time and at multiple sites.

1. Single file processing. From the R graphical users interface (GUI), select 'Open script...' and
open the script file soundscape_band_diversity.R, then from the 'Edit' menu, select 'Run all' to
run the script. If working from the command line, load the script by typing:

source ("soundscape band diversity.R")

The script will ask for a .wav file. The dialogue box that will appear will look like this:

R Select file [th
| v C ter » Local Disk (C:) » sounds101_d s b v [ 44 | [ Search sounds101_demas
AN, omputer ocal Disk (C:) oun _demo | ,| X §el
Organize « MNew folder = - [ '393'
- Favorites i Name # Title Contribu
= Recent Places |4 filelowav
4. Downloads || file2.wav
¢ Dropbox || SMET_20080514_010000_segment.wav
Bl Desktop 3 || SMET_20080514_010000_segment_Imin.wav
|41 5M&7_20080514_010000_segment_Ssec.wav
= Libraries || SMET_20080514_010000_segment_l8sec.wav
3 Documents | soundscape_band_diversity.R
@' Music <;~ soundscape_band_diversity.zip
= Pictures
B videos
"M Computer
# oS (\tm.agricult T 4 L s
File name: filelwav - [Andiles ) ]
[ Open |v] | Cancel |
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In this example, the night recording has most of the signal in the bands corresponding to 1-4
kHz, while the signal for the morning has strong components from the 0 Hz up to the 6 kHz
bands. In addition, the morning sound file had higher proportion values in all bands. These
patterns result in a higher frequency band diversity index for the morning sound file, with a
value of 0.203, compared to the night sound file, with a value of 0.148.

Output from the script will be written to the screen like this:

R R Console EI@

> source ("soundscape band diversity.R")

Select or type the name of the file to analyze:
This is a stereo file. Results will be given for eachf

Getting values from spectrogram... Please wait...

Results for file 'C:\soundsl0l demos\filel.wav'
with a dE threshold of -50

Values for each frequency band (in csv format):

Frequency range (Hz), left channel walue, right channes
9000-10000,0,0.000215
8000-9000,0,0
7000-8000,0.000314,1.7=-05
6000-7000,0.00076,0.002116
5000-6000,0.02367,0.031323
4000-5000,0.065505,0.12749
3000-4000,0.726508,0.776972
2000-3000,0.315691,0.375329
1000-2000,0.463413,0.51981
0-1000,0.163606,0.215225

m

Plot of proportions in each band:

Left channel
Freq. range (Hz) |-——

9000-10000

8000-9000

TO00-8000

&6000-T7000

S000-8000 s

4000-5000 | *

3000-4000 | R rrrr R ara R
2000-3000 | #EaEnE
1000-2000 | mEmrm e
0-1000 | %%

Right channel
Freq. range (Hz) |-——
9000-10000 |

In order to calculate the Gini index, the packages seewave, tuneR, and ineq are required to be
installed in R. Go to Packages and Install Packages. Scroll down and select ineq. Once ineq is
installed, from the R menu, select Packages and Load, select the ineq script in R in the same way
as the previous scripts.

Sounds 101: A Tutorial 18



The ineq inscript will provide the proportion per band and the Gini index, in the case of the
night file (filel.wav):

Gini coefficient:

Left channel: 0.659785

The morning file (file2.wav) results are:
Gini coefficient:

Left channel: 0.473508

2. Batch file processingz. The batch file version of this script requires all three R packages
(seewave, tuneR, ineq) to be loaded and the directory for all files to be processed to be selected
using ‘File’ and ‘Change dir’ menu options. The output from this batch script is a file, called
R_results.csv, containing the proportion of sounds occurring in each band for each recording,
the Shannon’s frequency band diversity value for each channel as well as the Gini coefficient for
each channel. Each recording is organized as one record in the database like this (showing a
plot of one day’s worth of recording for the Purdue Wildlife Area):

RN s R_results.xlsx - Microsoft Excel Chart Tools = | B |
" Gome e Pagelayout  Formulas  Data  Review  View | AddIns || Acobat = Design  layout  Format @ - = x
i E'EI = B NSO SO | SO | S [ S | SO | SO ]
il ] Lk . L )06 | & o o o o o .
Change Save As Switch  Select = _ | Move
Chart Type Template | Row/Column  Data Chart
Type Data Chart Layouts Chart Styles Location
Chart1 - | ¥
A B c D E E G H 1 ] K L M N ) P Q R 5 i u v w B
1 filename 0-1000_H 1000-200( 2000-300( 3000-200( 2000-5001 50005001 6000-7001 7000-800( 8000-900( 9000-100( 0-1000_H 1000-2001 2000-300( 3000-200( 4000-500( 5000-5001 6000-7001 7000-800! 8000-300( 3000-100{ diversity, diversity]s
2 |5M87_20080515_000000.w: 0.45401 037599 0.12356 0.11707 0.00054 0.00027 0.00015 000015 B.OOE-05 0.00014 056149 039502 014416 04539 0.00058 00002 00002 0.00013 S.00E-05 0.00014[ 012467 012616
3 |SM87_20080515_010000.w: 0.32381 015284 0.01106 0.05063 3.20E-05 3.60E-05 1.30E-05 3.40E-05 7.00E-06 2.00E-06 0.34735 014764 001451 0.05241 2.40E-05 3.50E-05 3.00E-D6 3.00E-06 100E-05 0| 0.08544 0.08665
4 |SM87_20080515_020000.w: 0.35634 010151 001481 0.04738 000015 000013 4.00E-05 4.20E-05 3.60E-05 2.20E-05 0.3697 008464 001683 004432 4.60E-05 540E-05 470E-05 2.20E-05 6.00E-06 6.00E-06| 0.08107 0.07856|
5 |5M87_20080515_030000.w:  0.349 005976 0.01035 0.03895 3.10E-05 1.10E-05 1.30E-05 3.00E-06 3.00E-06 100E-05 0.27257 003233 000797 0027 0 0/ 1.00E-06' 0 0 0| 0.07102 0.06013
6 |SIV87_20080515_040000.w: 0.14141 000014 3.50E-05 0.00293 [} [} 0 0 0 0 012243 4.70E-05 0.00015 0.00196 0 [} [} 0 0 0| 0.02953 0.02711
7 |SM87_20080515_050000.w: 0.15912 000915 0.00038 0.00188  150E-D5 2.00E-06 0 0 0 0/ 021176 0.01133 (A000SL 16 3A0F-05 --0[ 0.03793 0.03967|
8 |SIV87_20080515_060000.w: 0.25654 003603 0.12050 0.10267 0.03946 0.02756 0.01865 001717 0.00735 0.00378 0.15092 0.00761 || 0.25 o 48| 0.13853 0.06478|
5 |5M87_20080515_070000.w: 0.30456 002815 00315 0.04316 0.02632 0.01355 00074 001173 0.00272 7.00E-05 0.16065 0.01182 - 05| 0.09679 0.05241
10 |SM87_20080515_080000.w: 0.24507 0.01456 0.03218 0.03235 001181 0.00701 0.00697 0.00397 0.00247 000182 0.12373 000121 | o, | ——diwerdnirigh A 42| 0.07979 0.03513
11 |SM87_20080515_090000.w: 0.14806 000503 0.00638 0.00716 0.00255 0.0009 000024 6.30E-05 4.10E-05 7.00E-06 013531 0.00374 06| 0.04016 0.03697|
12 |SM87_20080515_100000.w: 0.17023 0.00372| 0.01007 0.00776 0.00123 0.00093 000043 0.00015 280E-05 150605 013553 000182 || A 0| 0.04261 0.03665
13 |SM87_20080515_110000.w: 0.11627 0.00053 0.00213 0.00194 000067 0.00042 1.00E-05 1.00E-06 0 0 011163 0.00059 V 0| 0.02877 0.0287
14 |SM37_20080515_120000.w: 015307 000084 0.00762 000845 000598 000236 000473 000356 000134 000303 010564 000011 : \ /\ \ 2 oo4s 002775
15 |SM87_20080515_130000.w:  0.1671 0.0032 0.00545 0.00503 000363 0.0009% 9.50E-05 2.20E-05 1.80E-D5 4.30E-05 0.11654 0.00109 | ©1 ‘0| 0.04016 o0.02988
16 |SM87_20080515_140000.w: 0.16784 0.0032 0.00075 0.00081 0.00022 1.00E-05 0 7.00E-06 1.00E-04 170E-05 015092 0.00291 \ / \ //\ \ 05| 0.03322 0.03183( |=|
17 |SM87_20080515_150000.w: 0.29827 0.01195 0.00078 0.00071 000012 1.00E-05 1.00E-06 0 0 0 026752 0.01238 | oos » 0| 0.04257 0.04186
18 |SM87_20080515_160000.w: 019942 0.00672 00033 0.00285 000086 0.00061 9.10E-05 1.50E-05 B.00E-D6 LOOE-05 0.13682 0.00296 AN T | 0| 0.04025 0.03184
19 |SMB87_20080515_170000.w: 015288 0.01605 0.00555 0.00352 000155 0.00051 0.00018 0.00058 B.30E-05 1.20E-05 010525  0.003 N 0| 004229 0.02748
20 |SM87_20080515_180001.w: 037086 0.30279 0.20015 012745 006654 00212 0.01378 00092 0.0047 000225 02223 0.11399 L 345 6 78 9 10111213141516 171818202122 03 54 £7| 0-17172 0.08534
21 |SM87_20080515_190001.w: 019728 012509 0.10423 006524 003441 001118 000349 0.00123 0000B4 0.0006 0.10504 0.01287 05| 0.12096 0.03942|
22 |SM87_20080515_200001.w: 0.42653 0.33642 0.28004 0.24778 0.17373 0.06151 0.00777 0.00655 000487 0.0034 027209 0.02557 6:00212 000103 2.00E-G5 & “0| 0.20235 0.04929|
23 |SM87_20080515_210001.w: 047235 040771 03876 03871 028036 008831 000811 001073 00068 0.00579 031164 00335 000452 000215 0.00064 0.00016 650E-05 3.20E-05 0 0| 0.21771 005218
24 |SMB7_20080515_220001.w: 017723 0.0812 0.07868 0.08268 004313 001168 0.00119 0.00075 000059 000063 0.0762 0.00529 0.00054 0.00021 3.00E-05 [} [} 0 ] 0| 01127 002735
25 |SM87_20080515_230001.w: 0.15367 0.02546 0.02038 0.02879 001007 0.0033 0.00046 0.00047 000029 000017 009631 0.00313 0.00035 000011 3.10E-05 [} [} 0 0 of 0.06389 0.02476,
26
77
28
29
30
31
32
33
34
W 4 v M| Sheetl Sheet? ~ Sheetd - iJ 0| m
Ready Average: 0.06548025  Count:50  Sum:3.143052 | (B8O | 80% (=) 0

? Users should be acutely aware that processing several files will require (1) a lot of processing time, generally
hours to days depending upon the number of files (about 5 minutes of processing for a 10 min file) and (2) a lot of
disk space (100s of GB). Downloading all of the files available at the tutorial web site will require about a 1 TB of
free disk space. Running the scripts on all of these will take a few weeks of computer time (using a computer with
a high-end single processor released by CPU manufacturers in the last year).
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Both R scripts will output a raster version of a spectrogram that can be opened by any t

ext

editor. Opening the raster file associated with executing the single R script on filel.wave, the

left channel ASCII representation of the spectrogram would show this:

-

NODATA_value -9999

-75.705 -75.3953 -82.4386 -73.4692 -86.8168 -75.3311 -77.4068 -72.064 -73.1909 -74.02
82.3572 -75.4146 -74.0434 -74.2125 -96.8733 -71.4055 -79.3763 -66.4289 -83.1673 -71.1
9 -72.4175% -78.5948 -76.8708 -73.0662 -74.2451 -68.588 -70.6525 -73.8235 -70.4173 -75
-95.7745 -72.9065 -72.8973 -79.0552 -72.2274 -71.6368 -73.9471 -73.4088 -77.0225 -82..
L4743 -70.9433 -61.983 -84.659 -72.2508 -79.2997 -70.2868 -73.2766 -66.2878 -65.0198
51 -75.059 -71.0218 -82.0836 -64.5157 -54.4573 -69.1842 -73.8674 -71.5524 -71.065 -69
-71.2834 -77.286 -69.9179 -67.5901 -75.1626 -74.9855 -80.8516 -84.9725 -75.579 -85.64
-80.3323 -74.205%6 -69.0716 -74.9965 -84.9702 -73.3133 -67.7621 -72.1858 -81.7695 -81.¢
7437 -75.7893 -81.4393 -68.7739 -74.1111 -76.5883 -72.2758 -80.66 -72.923 -76.7383 -7
-73.4233 -79.5216 -84.1223 -70.9474 -72.4982 -80.0782 -71.3728 -86.2263 -76.2522 -68..
6921 -63.9783 -93.44 -77.385%6 -73.7 -72.7632 -81.2885 -69.9969 -65.5071 -76.1062 -80.¢
-67.3723 -78.4351 -67.3547 -55.818 -68.0669 -82.9765 -72.4011 -76.0392 -74.1533 -65.1
-70.4711 -80.8011 -68.7032 -66.8387 -74.4923 -71.3329 -76.7645 -84.1135 -87.5458 -81.:
8§.2008 -79.1316 -82.3988 -63.876 -79.3765 -79.7897 -78.5266 -66.6643 -72.0911 -75.952
125 -75.1261 -82.393 -68.8114 -83.769 -73.4148 -67.7723 -83.3215 -75.697 -76.4557 -73
9 -82.2859 -91.5665 -83.0668 -70.0335 -67.6763 -93.254 -72.2859 -81.1987 -81.5993 -76
34 -72.9039 -64.2233 -70.9563 -89.4006 -83.7794 -77.3546 -80.5545 -82.8099 -71.1595 -{
388 -70.4129 -68.8708 -78.7392 -79.0066 -56.5932 -76.2341 -71.9984 -74.5153 -80.4601
-70.0042 -79.9398 -73.2995 -72.2006 -80.8228 -67.8556 -80.5517 -85.6853 -78.4101 -87.
-78.7904 -72.0176 -86.7865 -61.8919 -76.089 -86.5859 -83.1176 -66.7796 -72.552 -73.17
-73.8958 -85.344? -82.6168 -72.7565 -88.8781 -74.2976 -67.98 -77.9922 -75.8996 -75.81
-80.997 -81.8876 -85.7271 -78.0376 -72.2375 -70.0197 -84.1202 -78.7728 -81.8513 -73.0
-77.9244 -74.4848 -72.6116 -72.9972 -83.1617 -75.2051 -78.8179 -73.2293 -74.976 -71.3i
9 -66.5013 -68.4105 -76.5273 -77.0938 -57.4502 -74.1662 -68.4563 -79.8501 -82.1622 -8
-69.1958 -78.7731 -75.6518 -81.5215 -81.0397 -72.4519 -81.1588 -81.7639 -75.5294 -77.
-78.0973 -75.5344 -71.7821 -61.1943 -95.5318 -82.5993 -80.9614 -71.6599 -70.0766 -72.:
-72.7341 -78.9034 -87.0422 -72.0379 -85.0685 -71.5527 -75.925 -74.5648 -74.3125 -75.9
793 -98.5799 -78.2314 -82.1854 -82.1024 -78.3958 -82.2293 -86.8632 -71.9929 -71.0871
73.2415 -72.2029 -71.0117 -72.5666 -75.788 -73.7983 -74.0875 -84.3709 -64.9581 -79.75.
-72.4346 -81.0286 -80.0429 -59.9149 -68.6341 -71.9975 -76.9279 -82.0823 -72.1703 -64.

Mj filel_wav_left_dbvalues.asc - Notepad = | E] |-
File Edit Format View Help

hcols 599 -
nrows 1000

x11corner 0.0

yllcorner 0.0

cellsize 1

-

a4 n I l
“

Importing the ASCII file into ArcGIS 10.0 is straightforward for those users familiar with this GIS

software package. Using ArcToolBox and then convert from ASCII to Raster
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@ Untitled - ArcMap - Arcnfo - o |[@][=
ArcToolbox =]
File Edit View Bookmarks Insert Selection Geoprecessing & ArcToolbox -
DedsS + - B 3D Analyst Tools
_ Analysis Tools
B © SRR B Analy
& & iﬂ] 0 AR K K o @ Cartography Tools
Table Of Contents 1 x -8 Corversion Tools = [_]1
as e E ] T o
v{f\/ 2] 4 @ open @J &
= Layers 1 - =
Look in: . soundscapes - G ? » - =
I Mame ° Date modified Type = %
e | site3 11/17/201010:06 .. File fol g
Recent Places Site3_out 11/17/201010:04 ... File ol 2
! . Sited 11/17/2010 216 PM  File fol
. Sited_out 11/17/20101:30 PM  File fol
Desktop | Sites 11/17/2010 231 PM  File fol
— SiteS_out 11/17/2010 2:30 PM  File fol
‘_:;EJ . Sited 11/17/2010 2:45PM  Filefol| = £
Libraries . Sitef_out 11/17/2010 411 PM  File fol
. Site] 11/17/2010 1:55 PM File fol
E»L._\ . Site7_out 11/17/2010 4:08 PM  File fol
Computer | L filel_wav_left_dbvalues.asc 2/5/20111:18 PM  ASCFi _ Navigate to ASCII file
Q < n |
File name: filel_wav_left_dbvalues asc Open
MNetwork
Files of type: [AI\ Filters Listed [*. TXT “ ASC) v] [ Cancel
[] Open as read-only
TGP Leocoding ool a |
B Geostatistical Analyst Tools -
ez B Linear Referencing Tools i | »
= 750.533 965.885 Unknown Units

Since dBFS values are floating point, using either the FLOAT or INTEGER Output data type is

possible.
Q@ Untitled - ArcMap - Arclnfo — o =] ==
ArcToolbox (=]
File Edit View Bookmarks Insert Selection Geoprocessing ) ArcToolbox -
Deds + - B3 30 Analyst Tools
P Analysis Toals
~ NEls By analy
a8 i‘"l 0 AR i 0 & Cartography Tools
Table Of Contents 4 x B"& Conversion Toaols 1= [;]
[FETY e o
CeS &ASC“[O Raster =
=/ Layers E
Input ASCII raster File
[n:\projectsisoundscapes|filel_wav_left_dbvalues.asc %
Qutput rasker o
@
:\Usersibpijanowi Docurnent st Arc SIS Defaulk, gdbi filel g
Qutput data type {optional) =
L
Save Options
[ o] ] [ Cancel ] [Envirunments‘.. ] [ Show Help =
-4 Geocoding [ools A
[j--& Geostatistical &nalyst Tools <
L= R T [j--& Linear Referencing Tools il | v
= 857143 650.32 Unknown Units

After the ASCII file is imported and the color ramp changed from the default grey scale, the
filel.wav file for the left channel should look like a raster map:
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Q@ Untitled - ArcMap - Arclnfo ===
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
XD 0| - i DEEEE
NO S EIZINSSDIRY
a2 x = 'lj
o
-8
= 5
£l = layers 5
5 )
Value =}
l High:0 @
@
A
“Low:-132.909 %
@e| & < 1 | »
-473.314 1026.546 Unknown Units
A zoom into the lower left shows the detail that is possible with this approach:
@) Untitled - ArcMap - Arclnfo = o ==
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
De2Es X[m0 b- V EETEOE
RO @3t @=|E-E k@ [ R aleil =]
Table Of Contents 2 x Bl
EEECYE g
. &
B = layers 5
8
Value
l High:0 @
@
E]
Low: -132.909 5
@ma| & . | [
Opens the ModelBuilder window so you can make a geoprocessing model 142,807 210.131 Unknown Units

Using Raster Calculator in ArcGIS 10, those sounds that have an intensity greater than, viz. -50
dBFS, can be saved as a binary map. The equation in Raster Calculator is “file1” > -50
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““,, Raster Calculator E=3E=R"="
& Map Algebra expression 0
Layers and variables Conditional =
o (e o] (=l o] | u
Pick.
00
Math
0|00 0 N N |
[ [ | ) s -
Comtn
"file1" = -50|
Cutput rasker
CiiUsers\bpijanow DocumentsArcGI S Defaulk, gdbiraster @
I oK ] ’ Cancel ] [Environments... ] [ Show Help ==
ey “ o . .
Hitting “OK” will produce the following binary map:
@ Untitled - ArcMap - Arnfo [ -=| =)
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
e & X|® b L’_-W%.Dﬁwn‘?
EEE IHFHE TN k@ LR [
Table Of Contents 2x @
B E 2
= £ layers E—
E lﬁl
mo Layer [@ret =]
i : ?
=] filel ;
Value ES
. High: 0
Low:-132.909
BE 20 < » B
-588.24 944,456 Unknown Units

The python script that is covered in the next exercise performs this raster calculator step

automatically. The python script does require the user to convert the ASCII files to an ArcGIS
raster map.

EXPLANATION OF GINI COEFFICIENT

The Gini index computes the area under a Lorenz Curve where frequency bands are ranked
from low occupancy to high and the area (A, light grey and dark grey areas) under this curve is
compared to area contained with the condition where all bands have equal occupancy (B, dark
grey area only), represented by the diagonal line. The ratio of A to B is the Gini coefficient.
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Values of 1.0 are conditions where all bands have the same amount of sound and 0.0 is the
condition where all sound that occurs does so in only one band. The Lorenz curve and the pure
equality line (the situation of purely even classes) are shown here:

Cumulative values of
ranked proportions

Lowest ranked Greatest ranked
proportion proportion

Taking the output from the single file R script on filel.wav which is input to Excel is shown next.
A plot of the right and left channel proportion of sounds in each frequency band is shown as a
bar chart. Using the values from the right channel, Gini is calculated using the following steps.
First, values from the right channel are order from lowest to highest (shown as rank order).
The cumulative value is then calculated at each level of the rank to produce values that make
up the Lorenz curve (e.g., column labeled Lorenz curve):
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J"E;a\' (= 7 Bookl - Microsoft Excel Chart Toals = |6 %
Home Insert Page Layout Formulas Data Review View Add-Ins Acrobat Design Layout Format ‘@) - =2 X
Pl conditio - B = e . "
& CalibriBody) ~ |10~ A &7 ||[[= ‘ = ;| Conditional Formatting = Insert x A \?a
=53 srmat as Table o Delete - =
Past = A = =i | = % s |[%0 08 - Sort & Find &
e 7 (B 2 b A |1 |- |8 o |30 S ) Cell Styles = Format - || 2+ F||tl;_| g‘er\]eqv
Clipbo... & Font = Alignment Number Styles Cells Editing
Chart 2 - S| ¥
A B c D E F G H 1 J K L M N K
1 |band left right rank order |Lorentz Clrv 0900
2 9000-10000 0.000  0.000 0 0 2800
3 |8000-9000 0.000  0.000 0 0 0700
4 |7000-8000 0.000  0.000 0 0
0600
5 |6000-7000 0.001  0.002 0.002|  0.002
& |5000-6000 0.024  0.031 0.031) o033 | 2%
7 |4000-5000 0.066  0.127 0.127 0.16) 0400 left
8 |3000-4000 0.727  0.777 0.215| 0375 0300
0.200 Hright
9 |2000-3000 0.316  0.375 0.375 0.75
10 |1000-2000 0.463 0.520 0.52 1.27] 0.100
11 |0-1000 0.164  0.215 0.777,  4.047, 0.000
o ol ol £ D ol D £ N
12 F &S &S 4,0@ & & F S
13 R A PG~ A
§ & &F & FHF S
14 F & FF S
15 =
16
17 Lorentz Curve
18
5 45
20 N I
= 35 1
2 3 /
23 i 25 ! i
24 2 I | grentz Curve
25 15 )
26 1 /
27 05
8 0
29 1 2 3 4 5 6 7 B 9 10
30
31
W 4 » M| Sheetl ~Sheet2  Sheetd /%3 [ m
Ready IEEE e w o

The area under the Lorenz curve (area B) is approximately by summing all values in this column.
The area under A is calculated as % * max value * N where N= number of frequency bands. Gini
is then A/B.

EXERCISE 3 — SPECTROGRAMS AS RASTER FILES

In the previous exercise seewave was used to export a spectrogram as an ASCII raster file. This
exercise will take advantage of tools traditionally used for Geographic Information Systems
(GIS) to analyze the spectrograms. Note that ArcGIS 10.0 and Python 2.6 programs are required
for this exercise.

A python script was used to link several tools together and iterate through the steps required to
complete the analysis. The script creates polygons (i.e. patches) of sound based on a user
specified dBFS level, and then generates statistics for these polygons that describe the sound
within. It is designed to process multiple days’ worth of data from multiple sites, but for the
purposes of this exercise we will examine a single file.

GETTING STARTED
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The examples in this exercise will be completed using the integrated development environment
(IDE) software installed by default with Python called IDLE. For different IDE options and to
learn more about Python see the Python Wiki (wiki.python.org).

1. Begin by opening the script in IDLE. Browse to the folder location where the exercise
data was saved, right click the SpectroStatProcess.py file, and choose “edit with IDLE”.

2. This will open two windows. Leave both windows open as one is used to display the
code while the other displays the process results.

3. Inthe window labeled SpectroStatProcess.py click the Run drop down menu and choose
Run Module.

— y
T e ——"
File Edit Formst Run Options Windows Help
# Spectroproc.py -~

#

# Created on o

F {ge: ed /ModelBuilder)
3

$

$

# Usage: Spectroproc <Spectrogram text_file>
$ Description:

# Import arcpy module
T ing, os, arcpy, traceback, glob, time, shutil

from arcpy.sa import
I rom arcpy.management import MakeRasterLayer
# Environment settings

#Dizable qualified field names so that joined tables don't have file name at beg
I arcpy.env.qualifiedFieldNames = False

# Create the Geoprocessor object

# Check out any necessary
arcpy.CheckOutExtension ("53]

overwrite =

if overwrite y':
arcpy.env.overwriteQutput = True
print "Ove

elif overwrite yes':
arcpy.env.overwriteQutput = True

) folderArray = [] -
Ln:1|Col: 0

4. The program will run in the Python Shell window. It begins by writing several notes for
processing issues encountered during more advanced runs., and then asks whether to
overwrite existting data. Input data is never overwritten, and only output from previous
runs will be overwritten by enter y. Enter the letter “y” and press the enter key.
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7& *Python Shell*

File Edit Debug Options Windows Help

Python 2.6.5 (r265:79096, Mar 19 2010, 21:48:26) [M5C v.1500 32 bit (Intel)] on
win32
Type "copyright", "credics" or "license ()" for more information.

L T T
Personal firewall software may warn about the connection IDLE
makes to its subprocess using this computer's internal loopback
interface. This connection is not wisible on any external

interface and no data is sent to or received from the Internet.
R R R R R R R R R R R R R KR R R R R R AR AR AR AR AR AR AR R AR AR R AR AR AR AR AR AR R

IDLE 2.6.5 ==== Ho Subprocess ===
>>>

HOTE: If the files you want to process are open in another program the process w
ill fail.

HOTE: Input files will not be over written, but if output files exist you may ch
oose to overwrite them.

HOTE: Temp files from a previously failed run should be deleted before running s
cript

Would you like to overwrite existing data? Enter y or n.I

5. The script is designed to process either one folder of data, or a folder containing several
folders worth of data (e.g. each site in a different folder). For this exercise there is only
one folder so choose “n”.

File Edit Debug Options Windows Help

Python 2.6.5 (r265:79096, Mar 19 2010, 21:48:26) [MSC v.1500 32 bit (Intel)] on =]
win32
Type "copyright", "credits" or "license()" for more information.

HR R AR RRH KR AR R AR AR RAREHRR KRR AR AR AT A KR HEREER IR AR R AR AR
Personal firewall software may warn about the connection IDLE
makes to its subprocess using this computer's internal loopback
interface. This connection is not visible on any external

interface and no data is sent to or received from the Internet.
B I T e T S 1 L4

IDLE 2.6.5 ==== No Subprocess

>>>

NCTE: If the files you want to process are open in another program the process w
ill fail.

NCTE: Input files will not be over written, but if output files exist wyou may ch
oage To overwrite them.

WOTE: Temp files from a previously failed run should be deleted befare running s
cript

Would you like to overwrite existing data? Enter ¥ or n.y

Overwrite enabled.

Do you want to process multiple foders worth of files? (Enter y or n): 1

Ln: 18 Co\:?Zl
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6.

7.

8.

Next enter the full directory path for the data. The easiest way to enter the path is to
browse to the folder in windows explorer and copy the path from the address bar and
paste it into the python window.

S .
s \Projects\soundscapes\Exercisedasd] - é Search asc o
S =

Organize ~ Include in library « Share with = Burn Mew folder

S

Name Date modified Type Size

- Favorites
. Projects |E| SM87_20081010_220001_segment_wav_dbvalues.asc 1/25/2011 3:42 PM ASC File
B Desktop
& Downloads
%l Recent Places L
Greatlakes
. TestFolderlterate

B Desktop
i Libraries
5] Documents
,J? Music
[=| Pictures
H videos
A Doucette, Jarrod §
1% Computer
S humboldt (\\128.210.108 165) (A:)
&, Local Disk ()
&y DVD/CD-RW Drive (D3
ca DATA(E)
LSRN

1 item

Now enter the values, in dBFS, to use as the cutoff for defining a patch of sound. In this
case enter -50 and -60. The numbers entered are confirmed on the screen and the
number of times each file will process.

The script is now running. There are many screen outputs designed to provide
information about the current file being processed, and past processes that have run.
When processing multiple files and folders worth of data it shows how many files and
folders have been processed and the total number to be done. Time information such
as when file processing started, how long each file took to process, and how much
longer it is expected to run is also available. On a moderately fast computer, with a
3.1GHz processor and 4GB of memory, it typically takes 4-8 minutes per file depending
on the complexity of the soundscape (i.e. number of polygons).
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74 *Python Shell* = | & [

File Edit Debug Options Windows Help

win32 |

Type "copyright”™, "credits™ or "license()" for more information.

Personal firewall software may warn about the connection IDLE
makes to its subprocess using this computer's internal loopback
interface. This connection is not visible on any external

interface and no data is sent to or received from the Internet.

IDLE 2.6.5 ==== No Subprocess ====
>35>

NOTE: If the files you Want ©o Drocess are open in another program the Process w
ill fail.

NOTE: Temp files from a previously aborted run should be deleted before running
script

Do vou want to process multiple folders worth of files? (Enter v or n): n
Enter the full directory path where you files reside: J:\Projects\soundscapes\Ex
ercised\asc

folderkrray: J:%“Projects\soundscapes\Exercise4\asc
Enter cutoff wvalues separated by commas (e.g. -50, -60, -70):-50, -6€0
|| You entered: -50, -60

Each file will be processed 2 times
1 folders will be processed.

PROCESSTNG FCLDER 1 OF 1

The working directory is J:\Projects\soundscapes\Exercised\asc
Number of asc files = 1

Folder exists, continuing

Cut folder exists, continuing

Temp folder is J:\Projects\soundscapes\Exercised\asc_temp
Cutput folder is J:\Projects\soundscapes\Exsrcise4\asc ouc

Folder processing started : 1296501302.57
**** File 1, Folder 1 - File 5M87_20081010_220001_ segment_wav_dbva

Ln: 22|Col: 0

WHAT IS HAPPENING

1. The python script takes the ASCII files and creates a binary image based on the cutoff
values from step 7 above.

2. Next the binary image is smoothed by running an 8 X 8 majority filter three times in
order to reduce the number of polygons to <100,000 on average.

3. The raster file is then converted to a polygon shape file where each polygon represents
a patch of sound.

4. Fields are added to the shapefile table to hold information about the file being
processed and statistics describing the different sound patches.

5. Date and sensor information about the recording are extracted from the file name and
added to fields (sensor, year, month, day, hour, row count, and column count)

6. Next information about the sound patches (area, perimeter, x, y coordinate of centroid)
is calculated for each polygon.

7. Finally zonal statistics are run on the spectrogram for each polygon (min, max, range,
mean, standard deviation, sum, variety, majority, minority, and median).

8. The resulting shapefile can be viewed in ArcGIS or the dbf portion of the file can
accessed using spreadsheet software such as Excel.

ANALYZING THE OUTPUT

We can now look at the polygon file of sound patches and the associated statistics that
were generated by the script. For this exercise use ArcGIS to visually examine the sound
patches and look at their associated attributes.
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1. Open ArcGIS and add the shapefile from the newly created asc_out folder.
2. The lower cutoff used for the -60 dBFS file will capture a larger amount of sound patches

so it’s best to place it beneath the -60 dBFS file for visualization.

« m v@elan o m

2409.715 304.092 Meters

m

soglooLaly @

@) Untitled - Archap - ArcInfo o ===
Eile Edit View Bookmarks Inset Selection Geoprocessing Customize Windows Help
D ES B o e 119006 - FE L Network: i 5
Ecitar - C e IR S A ) & B
Table OF Cantents 7 x - &
U 8| E
= £ Layers 2
£ E3 IFrojectsisoundscapesiExercisedasc_out
B @ SMET_20081010_220001_segment_wav_dbvalues 5|

Bojees g

Notice that the -60 dBFS file (red) extends above the -50 dBFS file (green), and that it also
picked up a series of repeating sounds in the upper frequencies. This pattern is the repeating
calls of the frogs heard in the first exercise. The red peaks represent cars driving past the

recorder.

3. The statistics produced by the script are useful for dissecting sounds within a
spectrogram. Use the ID tool to click on one of the sound patches in the upper

frequency range.
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Tdentify =
Identify fram: <Top-most layers |
= SME?_ZDDSID10_220001_segment_wav_dbvalues_so i
&M
Location: 1,172,627 409,697 Meters =
Field Yalue
FID 387
Shape Palygon
ji] 664
GRIDCODE 1
e 17 |
Perim 12
Cenki 1151.93
_enty 418,21
Sensar SMET
‘fear 2008
Month 10
Day 10
Hour 22
RowCount 1000
ColCount 2999
QID_ 387
D1 664
COUNT T
AREA_L 7
MIM 66
MAX -51
RANGE 15
MEAN 57
STD 4.47214
U <399
WARIETY 6
MAJORITY -54
MINORITY  -66
MEDIAN 57
Identified 9 features

4. Begin by looking at the area field. This field represents the size of the sound patch
measured in spectrogram pixel units. Pixels are one time unit (i.e. 1/10 of a second)
wide and one frequency unit (i.e. 10 HZ) tall. In this case a small patch of 7 pixels has
been identified.

5. Next the CentX field provides information on the time the sound occurred. Each pixel
from the spectrogram represents 1/10 of a second. In this case the sound occurred at
1,181.93 tenths of a second, or 1.97 minutes into the recording.

6. The CentY field provides information on the frequency of the sound patch. Each pixel
represents 10 Hz, which means the center of this sound patch occurred at
approximately 4.2 khz.

7. The Sensor, Year, Month, Day, Hour fields were extracted from the file name by the
script. These fields are most useful when comparing multiple recordings.

8. RowCount and ColCount are derived from the spectrogram raster during processing and
are most useful for ensuring the frequency range and recording time are consistent
when comparing multiple files.

9. The statistical measures beginning with MIN and ending with MEDIAN were computed
based on the spectrogram pixels for each sound patch polygon.

a. Notice the mean value of -57 dBFS is just above the cutoff value of -60 dBFS.
Choosing a lower cutoff of would create large sound patch, but choosing too
large of a cutoff value can cause patches to expand into one another and cause
loss of detail.
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b. Also notice that the minimum dBFS value in the patch is -66 dBFS, which is below
the cutoff of -60 dBFS. This is a result of the smoothing process (i.e. majority
filter tool) used to reduce noise within the spectrogram.

CONCLUSION

The script analyzes spectrogram files in units of sound patches. The attributes generated
provide information about the time and frequency for each sound patch as well as statistics
describing the intensity of the sound. Varying the cutoff frequencies results in outputs that
capture different phenomenon and the script is capable of generating multiple output files at
once making it easier to find a suitable sound patch file.

You should now be able to process spectrograms to examine sound patches. You can download
more recordings from www.purdue.edu/soundscapes and process several sites or days of data.
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