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Analysis and programming system
for bioacoustics

SIGNAL 5 provides a rich and powerful graphical environment for viewing,
measuring, and manipulating signals.



SIGNAL 5 is easy to learn
and convenient to use. Many
actions, such as opening and

displaying a sound file, can be

performed simply using drag
and drop.
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Draw high-resolution spectrograms
in 256 colors or grey levels. SIGNAL
automatically detects monitor
capabilities and draws spectrograms
at maximum screen resolution for
,'". detailed viewing.
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The gradient spectrogram can display low-
level spectrogram features in high relief,
using mathematical differentiation and
topographical shading.
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The most common operations are presented on the main SIGNAL toolbar.

Every SIGNAL operation is available from an extensive

menu system which presents a detailed dialog showing
command parameters and their interaction (in the figure,
as the user alters FFT length, SIGNAL automatically

reports changing frequency and time resolution). Online

help is available for every dialog to explain every
parameter in the dialog.
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‘Fourier transform

Calculate and display the power spectrum (Fast Fourier Transform or
FFT) of a time signal or specified segment.

Time buffer
Time buffer to be transformed.

Frequency buffer
Output frequency buffer. Select from the list or enter a new buffer
number.

Transform length

Fourier transform length in points. Defaults to the smallest power of 2
greater than Selected data length. Trailing zeroes are appended to
extend the time signal to the requested transform length.

Selected data length
Signal duration to be transformed, as specified in the Range dialog.

Frequency resolution

Frequency resolution in Hz = (sample rate in Hz) / (fransform length in
pts) = 1000/ (time resolution in msec). Smaller frequency resolution
values reveal finer frequency detail but with reduced time localization
(i.e., averaged over a longer time interval).

Time resolution

Time resolution in msec = 1000 * (transform length in pts) / (sample
rate in Hz) = 1000 / (frequency resolution in Hz). Time resolution
equals the time duration of the transform length. Smaller time
resolution values analyze a shorter time interval but provide less
frequency detail.

Smoothing width

The computed power spectrum should be smoothed (via a running
average) before viewing or measuring it. Specify the averaging width
in Hz or points. Larger values perform more smoothing.

Display
Calculate and graph the spectrogram, or just calculate it.

Range
Specify the time range of the buffer to be fransformed. Default is the
entire buffer and there is no limit on duration.

Advanced
Select advanced transform options

Chapter Contents
|

x|

Time buffer

I‘I vI
Frequency buffer |1 VI

[v Display result

—Length

|65538 :I points
Selacted data length IEQEDD paoints

Transform length

—Resolution

Frequency ID.4 Hz

Time |2521.4 msec
— Smoothing
(]
[v' Smoothing width IED.D ‘,(: Eozints

Range Achvanced |

Cancel

SIGNAL operations can also be performed by entering
SIGNAL commands in the console window, as in SIGNAL 3

and 4. SIGNAL commands are the basis for writing
programs for automated data analysis.
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Ampitude : di-Volts

A full set of tools for signal editing allows
signals to be manipulated for analysis or
playback. Signal segments can be
extracted, inserted, deleted, concatenated,
rescaled in amplitude, and reversed in time.
Some editing commands can be applied
directly to spectrograms, for example, to
edit them prior to sound comparison or
display.
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Signal measurement tools can measure the
amplitude characteristics of waveforms,
power spectra and spectrograms, including

Max freq (1st peak)

Max freq (2nd peak)

maximum, minimum, average, and RMS
values, and the point and coordinate locations
of these features. Examples include: the
sound energy in a time waveform or
amplitude envelope, the time location of a
sound level maximum, the peak amplitude
and frequency of a power spectrum, or the
maximum and minimum frequencies and
times in a spectral contour. Measurements
can be performed over individual events in a
sequence, or individual peaks within a power
spectrum.
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A spectral contour extracts a signal's time-
varying pitch behavior into a mathematical
function. Spectral contours capture a sound's
complete spectral shape, and are a powerful
analysis tool for tonal and harmonic signals.
They can be measured, manipulated, used in
sound synthesis, and compared statistically —
for example, to extract and measure
frequency-time features such as minima and
maxima, frequency-time slope, frequency
range, and signal duration; for similarity
analysis of tonal, harmonic or noisy sounds;
and to isolate, manipulate, and re-synthesize
tonal and harmonic sound features.
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SIGNAL includes a built-in log file that can

2 el -

* ‘ ‘ | ! Y be customized by the user. With the log file
] : - o L * | design wizard, the researcher can specify the

number of columns, data types and
measurement types. The log file can store
screen measurements from the crosshair

Mowe to the start point and hit L

R o o s pa - " 151 7. | cursor and calculated values from user
Time (sed) :
DFS7THE DTA02ms Tine25ms FRTASS WindowHANN Lowdddb Hio db programs. The log file can be exported to a
spreadsheet or statistical program for further

Na Start T Start F EndT| EndF| TDif F Dit - analysis.

1 21150 3156 4165.0 4063 20500 907

2 8900.0 3094 11276.0 3844 2376.0 750

3 461.0 6035 1053.0 4260 592.0 -1775

4 441.0 1984 1289.0 4886 848.0 2902

5 3790 2256 1316.0 309 937.0 836 b

B g2.0 E2E9 238.0 3541 153.0 -2728

7 107.0 5550 230 3601 126.0 -2005

g 4347 B097 15286 B912 16373 4030

9 13955 E002 1485.0 4791 g8.0 -218 ;I

SIGNAL can export sound, image, and
measurement files. Sound files can be read
and written in SIGNAL, .WAV, AIFF, and
headerless binary format. A mathematical
resampler can adjust sample rates to
accommodate different sound hardware, such
as PC and Macintosh sound chips. Graphs
can be automatically captured and saved as
bitmap (.BMP) files. And measurement files
can be exported in text format to spreadsheet

JIGNAL Logfile v1.00

LAAA4FF ) USER DOCUMENTATION -- ADD ANY NUMBER OF LINES TO THIS SECTION

File Contents: Sparrow Contact Calls
Record Location: BElysian Fields
Record Date: 5 July 2001

FAAAFAAES S LOGFILE FORMAT -- DO NOT CHANGE THIS SECTION
NFIELD=4

R "No." "No." 4 0 50 "¢

XY "Start time" "3Jtart T" 8 1 85 "Start freq" "dtart F" 8 0 85 ""
*¥ "End time® "End T § 1 85 "End freq™ "End F* § 0 85 **

XY "Time diff" "T Diff" 8 1 85 "Freq diff" "F Diff" &8 0 85 ""

and statistics programs. fP4FF7F7/ ] LOGFILE DATA -- DO NOT CHANGE THIS SECTION
No. Start T Start F End T End F T Diff F Diff
1 2115.0 3156  4165.0 4063  2050.0 507
2 89%00.0 3094 11276.0 3844  2376.0 750
3 461.0 6035  1053.0 4260 592.0 -17175
4 441.0 1984  1289.0 4886 848.0 2902
3 37%.0 22355 1316.0 3091 237.0 836
6 82.0 6269 235.0 3541 153.0 -2728
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] Correlation peak = 0.65 Correlation offset = 7.5 msec
CORMAT (Correlation Matrix) automatically 5 ]
performs cross-correlation analysis between 1
every pair of sounds within a data set of 01 . . . . . . . . . w
LT . . -250 =200 -150 -100 50 0 50 100 150 200 250
unlimited size. Correlation can be calculated Time (msec)
between amplitude envelopes, spectral 651
contours, power spectra, or spectrograms. L ] -
CORMAT performs frequency shifting and 5 ] ‘
time expansion to remove differences in & ]
absolute frequency and sound duration from = w—
the correlation — two important pitfalls of i ' ' ' '
spectrogram cross-correlation. = —
£ -
E : ———
25 T T T T 1
o 50 100 150 200 2580
Time (meec)
M c\a project\sigwin\test\usercom\spec_sub\demo\cormat.out : = | (m] |i|
Spectrogram correlation of 20 sounds ;I CORMAT produces a tl’langmal’
e AR similarity matrix for statistical
3 0.75 0.66 analysis, such as multi-
4 0.67 0.49 0.88 . . .
5 1.00 0.66 0.75 0.7 dimensional scallng or other
6 0.66 1.00 0.66 0.49 0.66 .
7 0.75 0.66 1.00 0.68 0.75 0.66 cluster anaIyS|s.
8 0.687 0.4% 0.68 1.00 0.67 0.49 0.68
9 1.00 0.86 0.75 0.47 1.00 O.&6 O0.75 0.7
10 0.66 1.00 0.66 0.49 0.66 1.00 0.66 0.4% O0.66
11 0.75 0.66 1.00 O0.68 0.75 0.66 1.00 0.68 0.75 0.66
12 0.67 0.49%9 0.68 1.00 0.67 0.49%9 0.68 1.00 0.67 0.49 0.62
13 1.00 0.66 0.75 0.67 1.00 O0.66 0.75 0.67 1.00 0.66 0.75 0.67
14 0.66 1.00 0.86 0.49 0.66 1.00 O0.66 0.49 O0.86 1.00 O0.66 0.49 0.66
15 0.75 0.66 1.00 0.8 0.75 0.66 1.00 0.68 0.75 0.66 1.00 0.68 0.75 O0.66
16 0.87 0.49 0.68 1.00 0.67 0.49 0.68 1.00 0.67 0.49 0.68 1.00 O0.67 0.49 0.68
17 1.00 0.6 0.75 0.67 1.00 O.66 0.75 0.647 1.00 0.66 0.75 0.67 1.00 0.66 0.75 0.687
18 0.66 1.00 0.86 0.49 0.66 1.00 O0.66 0.49 O0.66 1.00 0.66 0.49 0.66 1.00 0.66 0.49 O0.66
1% 0.75 0.6 1.00 0.8 ©0.75 0.66 1.00 0.68 0.75 0.66 1.00 0.68 0.75 0.66 1.00 O0.68 0.75 O0.66
20 0.7 0.49 0.68 1.00 0.67 0.4% 0.68 1.00 0.67 0.49 0.68 1.00 O0.67 0.49 0.68 1.00 O0.67 0.4%9 0.68
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analyzmg,_ manlpulatlng and Amplitude function At
resynthesizing natural sounds,
including zero-crossing analysis, Hilbert Fooa
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detection (which automatically detects 04 T T T T 1
pltch_contours from a spectrogram) and Fraquency function FeD
drawing by mouse. Sounds can be
shifted in frequency, expanded or o 03
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compressed in time, manipulated in 2 "3 W
amplitude, and segments can be -39 T T T T |
inserted, removed or re-ordered. Original signal waveform
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—Acquisition device
[National Instruments DAQCard-6062E =l Acquisition and playback can be flexibly and precisely configured
for a wide variety of I/O tasks. SIGNAL 5 supports Data Translation,
—Destination National Instruments and Windows sound cards.
Titme buffer |1 VI 2l Display result
. ™ sec
Duration 20 " paints —Data location
@ SIGNAL buff
Sarmple rate ISDUUDU vl Hz * Wit
 Sound file
Biiin 20 - —File praperties
(e Ic:\myfile El
MNo. channels |1 Vl
Farrmat _
& SIGNAL [ 0K to ovenrite
| ; ] C Wave
Advanced i Start Cancel
: 2 C AFE

— Start mode —Options
" Immediate v Remowve DC level
® External trigger [v¥ Headroom report
Programmable sound acquisition provides Polarity
timed, scheduled or continuous recording to O ol
memory or disk. ® i

—Repetition mode —Play sound on condition
& Acquire for duration then halt ¥ 110 level overload

(" Acquire until halted by user v 10 errar

[ 110 done

Cancel

Programmable sound playback
allows for stimulus selection, repetition,
variation, timing and scheduling.
Playback stimuli can be composed on
the fly based on random selection, user
. ‘ ‘ input, or experimental inputs. These
(1 (/] | i M |l| (| LW Il capabilities are further extended
il wu it ||| (AR 11 | "

fliy by Experiment Maker
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Frequency (kHz)
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Acquisition and playback report progress and sound level
continuously throughout the I/O process.

Elapsed time: 6.9 sec
m Headroom =105 dB
0sec ,i 10.0sec
soo8 [ o8

I Single acquisition to buffer — will haltwhen dane

Stop

SIGNAL 5 provides a mathematical
noise removal technique called
spectral subtraction, which captures
a spectral "noise footprint" from a
signal, then removes it from a

' e i "
AW i St ol
b y L™

[ e ah Al e, Vil ) I

0

spectrogram by subtraction. Spectral
subtraction can be used to remove
noise from signals for use as
experimental stimuli.
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Bluejay with severe environmental noise
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The SIGNAL programming language allows ‘——o=-—"- = . | Fraterng AR
users to write programs to perform complex T gw JL\ I ! EE 2
analyses automatically. This is one of “: Q g \ ;'1 3 3723 289
SIGNAL's outstanding capabilities. Programs | o] J \/ \hf\ — | LI
can range from simple helpers to extended ARSARARER ] i j W l‘w"

oy Merve cursor to spectrum -
analyses of large data sets. b Paak freq ¥ Maastiaredit (e
SIGNAL 5 was designed for maximum LT eyt T
com_pa_tlblllty with SI_GNAL 4 and SIGNAL 3. Detected events Calculate & measure power spectrum
A built-in converter will convert older SIGNAL
programs to SIGNAL 5 automatically. me_spectrum.s Bl _1olx|
The simple program in the figure will ioc;rf;;igo?z; I
automatically loop through an entire sound file loop "filelist"
set - read a file, calculate the smoothed power
spectrum, measure maximum frequency and xft 11 /sm
amplitude, and store those values in a R T
measurement file. And this program can be Fogbileosetaal Graris. awasld |
created for you by the SIGNAL macro recorder! endloop ~|

o

Macro shortcuts b

— Macro shorcut list

A macro recorder Iogs every SIGNAL keyboard

C:ha project sigwinitestiusercommacrod

C\a project|sigwin\estyussrcom\macro3 command, all menu commands, and most drag and
Ci\a project|sigwin\test\usercom\macra2 drop operations, automatically translating them into

SR AR ARSI A GO SIGNAL commands. Users can create command files

simply by using the menus and dragging signals
around the screen!

New users can learn the SIGNAL language quickly by
Add | Remove | Functionkey [F12 using the menus, then studying the recorded output to
learn the corresponding SIGNAL commands.
Experienced users can use the recorder to
conveniently construct SIGNAL programs.

—Function keys

Function key |F3 v I Assign key to macro |
F3

Macros can also be assigned to function keys for use
Remove key assignment | as keyboard shortcuts. You can create your own

commands and execute them with a single keystroke.

Number of repetitions B

Enter the number of playback repetitions:

/ [10

The GUI toolkit enables the user to write programs
that interact via Windows-like elements such as
message boxes, radio buttons, list boxes, and edit Specify the call type of the sound on the screen:
boxes. These applications can receive user input € Grunt
through GUI elements, perform SIGNAL operations, @ Bark
then present results through GUI elements and the  Coo
SIGNAL graph window. e |
Select a demo:
f Detecting multiple spectral peaks ;{

Using multiple screen windows
Onset/offset and bandwidth measurement

Strip-chart spectrograms
Automatic event detection




On-line help provides definitions of all commands, Help Topice

parameters and menus. It also provides acoustic

background theory and examples.

SIGNAL

Reference Guide

Version 4.04.30 / 5.04.30
March, 2011

Engineering Design

B SIGNAL Command Help _ (O x|

Bach Print

DEL

Delete segment from buffer ‘

Syntax:
Flags:

Function:

Example:

Delete a time segment from the specified time buffer. The segment
can he specified by user guery, FT/TT range, or other means

DEL T bufnum

T Retain original time base
iz Retain deleted segment as 0's

AT B P IQL RIS Range flags
DEL/Q T 1

Start (msec Hz 'F'): 1000
End (msec,Hz,'P'): 1250

Rerove segment at 1000 -
1280 msec fram T buf 1 and
Jjoin the twa remaining
pieces

The highly regarded SIGNAL Reference Guide is a 1000-page

guide to the SIGNAL language; bioacoustic measurement;
essential applications such sound synthesis, sound similarity

and sound modeling; and bioacoustic theory such as spectral
transforms and digital sampling. Bioacoustic lab courses have

been taught from this guide. First published in 1996 and
continually revised and expanded since then.




TUTOR is a 30-chapter
interactive learning program
that teaches all major SIGNAL
functionalities by example.
TUTOR teaches SIGNAL
commands, menus, techniques
and the associated bioacoustic
theory. TUTOR presents a
SIGNAL technique, describes
its theory and usage, prompts
the user for input, then displays
and discusses the results.

XC FT Command
SeTaE

x|

‘ogram Cross-Correlation

B SIGNAL Command Help -|o] x|
Help Topics|  Back Erint
3
\XC FT  Perform spectrogram correlation \
Function:  Calculate the normalized cross-comelation of FT buffers ftbuf and
ftbuf2. Report relative time delay, max correlation, and comrelation Q,
and load these into UVAR's. The cross-correlation function R(T) is
loaded into ¢huf, if specified  Buffers must match in time duration, time
steps, frequency range, freq steps, and FFT length, unless XCCHK is
switched OFF.
Before correlation, FT buffers may be amplitude-normalized
{depending on the /N flags}) over a frequency range specified by one of
several range flags, using either of two algorithms selected by the
CCMORM parameter. Buffers can be XC'd repeatedly for matrix-based
event comparison.
Syntax: XC FT fibuft fibuf2 [ thuf]
Flags: Normalization flags:
[no /N flag] Mormalize but leave FT buffers unnormalized
N Normalize and leave FT buffers normalized
/NN Don't normalize
Frequency range flags:
[no flag] Use entire frequency range
c Use cursor frequency range
nQ Query for frequency range
R Use range specified by FF and TF
Output flag:
0o Display output independent of COMOUT
Result Vars: uvar 11 Time delay (msec)
12 Max correlation value
13 Q value
Example: >zcrr12a Cross-correlate FT bufs 1 and
2, place the corr function in
time buf 4.
Delta-T (ms): -7.50 Com: 94 Q: .46 ll

The XC FT (Cross-Correlate FT) implements
this process. It performs the sliding correlation
and produces a fime function containing the
changing correlation as a function of time slide
or offset. XC FT reports the maximum value of
this function, which is the similarity of the two
matrices.
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Sliding spectrogram cross-correlation: 3 snapshots

Numerically, a digital spectrogram is a frequency-time matrix in which each cell represents the signal's intensity at a particular
frequency and time. SIGNAL compares two digital spectrograms by performing a sequence of two-dimensional (T,F)

cross-correlations between the respective matrices.

This sequence of correlations is analogous to sliding two transparencies containing the spectrograms step-wise against each other
along the time axis, and measuring the changing congruence or common area. This congruence is scaled to a numerical correlation
value between -1 and 1, where 1 represents total similarity, 0 no similarity, and values below 0 represent anti-similarity and are

disregarded.
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TUTOR covers:

SIGNAL techniques such as
sound acquisition, display, and
editing

bioacoustic analysis principles
such as sound sampling, Fourier
transforms, and frequency
resolution

advanced research techniques,
such as sound similarity; sound
synthesis; and analysis of
frequency contours.
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