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1. Getting started

Bat®undis produced bietterson ElektronikHttp://www.batsound.coiénd can be purchased dDtG be

installed onto a PC following the instructions provided. Licences vary in cost depending on the numfBéreof use
software can then be accesaschormal for software from the Start menthosugh a shortcubn the Desktap

More details and mimum PC requirements can be found on the Pettersson website.

Open a .wagr .bsnd file by selecting File/Open fromvtieuBar (Figure 1)then browse to a file saved on your
computerThe file will need to be in standard .wav forondisnd formatNote thatif the file is very long it will

take a long time to open, and it is better to split files before analysing them (software is available that allows y
to split files)

If your files are in a different format there are various sound convergji@n@ohat enable you to convert
different formats to .wa®BatSound versions 4.Qfie main version used to create these instructmtsabove

will allow you to imporobther file types such asip3 files directly using the File/Importdalthe Menu Ba
[Alternatively,di ng a web search on audio converter?®° wil
downloaded, some with free trial periods. The files needed to be converted to .wav files with the following
specifications: PCM uncompressed)@4iz, 16 bits, stereo (or mono if your original files are in inono).

When you have opened a file (Figure 2shows er i es of Nat)lyouwilsestBen@mnpi st r ¢
BatSound windowhis includes the graphics window (here showing thegrseiiland spectrogramhe Menu
Barand the Tool Bar at the top (you can choose to turn this off using the View tab).

Two displays will be seen on the screen as shown in Figure 2:

A2 the oscillogramshowing signal amplitude on the vertical axis agamst($) on the horizontal.

B2 the sonogram/spectrograshowing frequency (kHz) on the vertical axis against time (s) on the horizontal. T
colourscaleof the spectrogram represents amplitude.

You can change which of these windows you see using th&ishiadlyn the Menu Baor the shortcut buttons

on Tool Bagircled in red on Figurel2you hover the cursor over any of the icons on the Tool Bar it will tell you
what the icon does.


http://www.batsound.com/
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In the graphics window there is also additional text information on the length of the window (ms) and the lengt
of each time division (right hand side of the oscillogram shown in Figure 2) and on the satiofitfeiiie
(bottom right of screenshot shown in Figure 2).

For analysis of recordings in frequency division using BatSound, the time expansion factor needs t® be set to
this can be checked by selecting mind/Sound format tétom the Menu BaNote that the frequency scale on
the spectrogranm Figure 2 showsom O to around.1 kHz(the range may vary depending on sampling rate, and
can be adjusted, as explained on p§réquency division recordiage in real time but the frequency hasrbee
divided (usually by 10). Frequencies read from the spectrogram scale therefore need to be multiplied back up
to give the actual call frequencies.

To show the entire file within the graphics window, select the Tools/Zoom entire file tab framu tBarMe

To play the sequence, select the Sound/Play sound tab from the Menu Bar or the blue Play icon on the Tool k
There are also options to Pause and Stop the sound in this menu or using the adjacent icons.

2. Selecting the best calls for analysis

Fromyour <call sequence or bat pass, select the¢a-be
good signal to noise ratio, as shown in Figureahere the spikes on the oscillogram have a high amplitude
compared to the background nolse,without going off the scale.

Clipped callfwhere the sound is overloaded and the oscillogram spikes are cut off) should not ideally be anal
When sound is extremely loud and calls are clipped the result can be spurious harmonics whitbrasetistor
the recorded sountd.calls are too quietor the signal to noise ratio is too ptiuese are also less suitable for
analysisWhen bats are very far away the high frequencies will not be captured and this can be misleading.
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3. Selecting callsand zooming in

To select a sequence of calls you want to analyse, click on the screen at the start of the sequence with the lef
mouse button, hold down the button and drag the pointer across the sequence required to select (as shown a
and releasetlte mouse. Then select Tools/Zoom in from the Menu Bar or click on the Zoong icon:

Figure 5Selecting calls
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The pomed in view is shown below. The call structure is now becomingadiédher calls appear tave
frequency modulatgéFM)sweeps afing ina shortquasiconstant frequend@Q@CHails (combining to produce
rever s ewhicli®typgdl a pipsirelle calls

Figure 6Zoomed in view
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4. Call shape

Figure/. Examplesf echolocation call shapes
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Bat call shapessually comgisetwo maincomponents. Aonstant frequency or CEomponentwhere the
frequency remains the same over tisxepresentedn the spectrogratvy the flathorizontalinesin Figure

7. This componemhayalsobe aquast constant frequency or QCEomponat where there is a slight
variation in frequencies over time resulting aall shape on the spectrograith a shallow slope (lesvo

calls in Figure)7A frequency modulated or FMomponent is where the call sweeps through a range of
frequencies oveime, represented by thénostvettical lines in Figure. Tn practice many calls are actually a
combination of the two with an FM section and a CF @CF partas shown by the FRICF calls abowe.
rough guide to identifying species groups based shagk is given below.

Species Call shapes Notes
Horseshoe bats CF FM sweep often visible at start and end of call
Myotisbats FM Typically long sweeps through a wide range of freque
Serotine FMQCF End frequencies typically below 32 kHz
Noctue / L ei s | Type 1: FMQCF End frequencies typically below 32 kHz
Type 2: QCF Often alternate the two call types, or may just emit tyj
calls in clutter or type 2 calls in the open
Pipistrelles FMQCF End frequencies typicadlipove 36 kHz
Long FMisort QCF in clutter, short FM/long QCF in of
Longeared bats FM Calls quite complex with harmonics, but in frequency
division they typically look like FM sweeps
Barbastelle FM Several call types, generahgrs FMsweepsvith start
frequencytypicallybelow 50 kHz
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5. Checking and adjusting settings

It is worth checking the spectrogram settings as these will make a difference to how the bat calls appear on y
screen. At least one of these settings is often essential to get right while the othelsdesmtifesation.

From theMenuBar, dick onAnalysighen Spectrogram settingsDefault valuesr the Spectrogram Settings icon

on the Tool BJ—&J (if you want to use the same settings throughout your current sound analysis session) or rig
click on tle spectrogram and select Spectrogram séti@gyrent diagram (if you only want the settings to apply
to the file you are currently looking at).

Selecting the correct channel

The most important setting to checlSpectrogram Settingsthedf stereo, viewBbox which selects which
channel you are looking at from a stereo recoftaokd_eft ChannelRightChannebr both as circledn red

below. If your recording is in mono or you recorded from anBetector (e.g. the BatBox Baton) then ittis no
necessary to check tlas the correct display will be shown whichever channel you are viewing

If you recorded from a detector which outputs frequency division (FD) signals in one channel and heterodyne
other channel,resure you are viewing th® channel o do this you caselect each channahd see how the
display changesr initially view both at the same time (as below) to compare them

In the reterodynehannelcallsare oftensquashed down at the bottom of the scr@est (liscernildin the Right
Channel displayed in the lower half ofsbeeenshot below) if you were tunetbithe peak frequency when
listening to the bats in the fieldlternativelydepending on what frequency you were tuned to, heterodyne
recordings can sometismesemble FD recordings except the call sequences will tend to veer up and down
frequencyguite markedly (corresponding to tuning around on the detector in the field) whereas in FD the call
sequences typically show more gradual shifts in frequeneyasatige bat responds to changes in its surroundings.
When you hae worked out whether theD signals are in the left or right channel, then ensure that only this
channel is ticked as this will be the channel thatdeesuitable for analysis.
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Other sdtings
It is also worth adjusting some other Spectrogsattings as they can bring out the call structure more clearly
and aid identification.

Max and min frequenc®

The range of frequencies shown on the spectrogram can be adjusted by changieg thehelitin and max
frequencyeboxes as shown above circled in red. The default settings give a range from 0 to 22050 Hz (if using
sampling rate of 44.1kHwhich is wider than necessary for displaying sounds from British bats, since the highe
freqlencies you are likely to encounter are ard2@#Hz (120000 Hz)f you do get calls that disappear off the

top of the screen you can simply type a higher value in the max frequency box in order to display the full freqt
range of the calls.

Figure 9Séting -Min and max frequen®y
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Ideally you should set the upper frequency no higher than the highest frequencies you expethitvgée as
makethe calls larger on the scremmdeasietto interpret.In the above example the first digit of thax
frequency has simply been changed from 2 to 1, resulting in a more appropriate max frequendyzof 12050



-Milliseconds per pla®

This detemines the time shown on the screEme default value of 15000 (os 15 secondsy usually a good

setting b use when scanning througloagfile for bat callsBy clicking to the right of the bar at the bottom of

the screen (indicated with an arrow below) you can view the file in 15000 ms sequential sections. When you f
some bat calls you can then zoortoiexamine them more closely. Setting a lower value will make it easier to 1D
the bat calls without needing to zoom in but will also make it more time consuming to scan through your file.
Setting a higher value will make it quicker to scan through y®bufilyou will be more likely to miss short or

quiet call sequences that are less easily spattixs resolution

Figure 10. Selecting Milliseconds per plot and clicking through your file
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+FT siz

Spectrograms are made up of a seriesepfapping windows that give a representation oskfape of thesound
wave in terms of time and frequentyhe windove are set wider on the time axigeywill be correspondingly
narrower on the frequency axis and hence the frequency resolutiorfingt.déthe windoware set wider on
the frequency axtheywill becorrespondinglyarrower on the time axis and hence the time resolution will be
finer.

The FFT simdropdown listn Spectrogram settingststhe width of the window (measured inumber of data

points or samples inghwave form). The highest vaR@48 sampk? Figure 11yives very low resolution on the
time scale (a small number of wide windows) and very high resolution on the frequency scale (a large numbel
very narrow witlows), while the lowest value (16 samplegure 12) gives very high resolution on the time scale
and very low resolution on the frequency scale.

In general, leaving the FFT sizA&utomaticwill give a good compromise between time and frequencytioesolu
(as illustrated in all other Figures in this document) but with less clear calls it can be worth experimenting with
selecting slightly higher or lower FFT sizes to seegfdkides further clues about the call structure.
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-Threshold®-Amplitude color mappin@and -Amplitude contras®
These settings are worth adjusting to improve the clarity of the sonogram and aid interpretation of call structu

TheThreshol@determines the level of the weakest signal that is displatteglspectrogram. If your recording is
quiet you may need to set the Threshold to a lower level in order to make the calls easier to see. However thi
also bring out a lot of background noise in addition to the bat calls and it will take longedigpl#hyeto refresh
each time you move through your fietting a higher threshold will reduce visible background noise and can
make the call shapes stand out more clearly, but take care not to set it so high that you start to lose the quiete
frequencie contained within the caller entire quiet calls

-Amplitude colomappin@etermines which colours are used to represent different amplitude levels. In the
example below the colours shade from yellow for the frequencies with the lowest amplétdblteesor the
frequencies with the highest amplitude, but different colour schemes can be selected according to taste.

AdjustingAmplitude contras®will change the contrast between different amplitudes which can helpatake
calls stand out mordearly from background naise

Figure 13Threshold, Amplitude color mapping and Amplitude contrast
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6. Measuring peak frequencyfrequency of maximum energy (FmaxE)

Highlight the call you want to look at and then click on the Power spectrum the Tool BM or go to the
Analysis meriBower Spectruon the Menu BaiThe power spectrum graph should pop up in a new window in
front of the spectrogram. You can move the window around by dragging the top bar and you can resize it by
clicking orthe edges and dragging them in or out.

The power spectrum has a loudness scale (a minus scale) in decibels on the y axis up the side and a frequen
on the x axis along the bottom. On the decibel s2at# is louder thar60db. Remember if you aissng

frequency division you need to multiply the frequency toyde actual frequenciefo measure the peak
frequency, centre the cursor (the cross) on top of the highest part of the highest peak; the frequency it corresj
to will be shown in théottom lefthand corner of the screen. In the example beloew a Nat husi us ®
it is 3.90 kHz (or 39 kHz when multiplied by 10 to convert back to the frequencies originally contained in the b
call).

Figure 14Four steps to easuring peakequency
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Remember t ® sto téke thet average peak frequencgrolindthree tofive calls and not from just oweall as
there might be variation between calls
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7. Measuring start and end frequency

Figure 15Selecting Measurementrsor
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To measurie start frequency(Figure 16)hover the cursor so it is positioned at the highest frequesitag un

the call and read off the frequency in the box at the bottom, as shown below circled in red, in thig &daAple

(or 71.7 kHz when multiplied by Mhen analysing frequency division recordings the start frequency can be
unclear making it merdifficult to decide where to take the measurement. The start frequency is also less reliak
than the end frequency since higher frequencies are more likely to attenuate meaning that you may not recor:
highest frequencies present in the bat calls.

Use the same technique to measurestitefrequency(Figure 17)placing the cursor over the lowest visible
frequency of the call and read off finequency value in the box at thettom of the screen, in this example 3.59
kHz (or 35.9 kHz when multidliey 10).
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8. Measuring the call duration

Click at the start of the selected call and drag to the end of the call. It is a good idea to zoom in on the call
beforehand so you can better see the start and end of the call. Always measure call duratiors@ittoytheno
in order to get an accurate measurement. The duration will be displayed in the bekiand leftrner of the
screen. In the example below it is 7.7ms.

The example below also shows how inaccurate the measurement would be if you measuré&omiuttzgio
spectrogram: note how the spectrogram diagram of the call extends beyond the actual call duration measurec
the oscillogram.

Figure 18. Measuring call duration
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9. Measuring interpulse interva{lPl)

Measuring IPI between two calls

To neasure the interpulse interval, or the time in milliseconds between twdicklig, the start obnecall, hold
down and drag the mouse across to the start afeecall in the sequenc&ime measurements such as this
should be measurfedm the osdiogram rather than thepectrogram as they are more accuhéate will need to
ensure you are using the Marking cursaelsztTooléMarking cursoirom the Menu Baf needed (it will
default to this whenever you begin a session in BatSound).Wiido&Pdlisplayed in the bottom ldfand corner
of the screen. In the exampieFigure 1%t is 92 milliseconds.

Figure 19Measuring interpluse interval betwe Figure 20Measuring interpluse interval between a
two calls number of calls

Measuring the average IPI between a number of calls

It can be useful to measure the average IPI for comparison with publighedicesters for each speces to

allow for variation between interva@3lick at the start of the first call you wish to include in your measurement,
hold down and drag the mouse across to the start of the lagbeallish to includd he time betwen the first

and last call will be displayed in the bottom kefhd corner of the screen. In the exanmplegure20 abovat is

880 ms. Divide this by the number of intervals between calls (this will be one less than the number of calls). F
speed of alculation it helps to pick a number of intervals that is easy to divide by, e.g. 5 or 10. Ten intervals wi
selected below so the average IPI is 880ms + 10 = 88ms.

14



