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In passieve sonar zijn transients per definitie signalen die zelden optreden en
(vaak) kort duren. Daar onderzeeboten steeds stiller worden wat betreft het niveau
van het stationaire geluid, wordt detectie d.m.v. transients signalen steeds belang-
rijker bij passieve detectie van onderzeeboten. Voorbeelden van onderzeeboot
transients zijn het kraken van de drukvaste huid van een onderzeeboot als deze
bezig is met duiken en het geluid dat ontstaat bij het openen van het torpedoluik.
Deze transients moeten gedetecteerd worden tegen een achtergrond van zeegeruis
en andere transients, meestal afkomstig van zeedieren.

Transients signalen worden voornamelijk met het oor gedetecteerd. Omdat ze kort
en zelden aanwezig zijn, worden ze vaak niet opgemerkt door de sonar operator.
Daarom is de Koninklijke Marine geinteresseerd in een automaat die de sonar
operator ondersteunt bij de detectie van transients.

De transient detectie demonstrator is een simulatie van een passieve sonar waarin
transients optreden. De transients die gewoonlijk worden gedetecteerd door de
sonar operator moeten nu worden gedetecteerd door een automaat. De auto-
matische detector presenteert vervolgens het stuk signaal, dat de transient bevat,
aan de operator. De operator classificeert vervolgens de aard en herkomst van de
transient. Het is de bedoeling dat in de toekomst ook dit classificatieprobleem voor
een deel wordt overgenomen door de demonstrator.

De transient detectie demonstrator zal gebruikt gaan worden om verschillende
detectie- en classificatiealgoritmen te implementeren [2]. Het beste algoritme zal
de hoogste detectiekans hebben bij een gegeven loosalarmkans.

In dit rapport wordt de functionaliteit van de transient detectie demonstrator be-
schreven met behulp van de Yourdon ontwerpmethode [1]. Deze high level ont-
werpmethode wordt gebruikt om de functionaliteit van de software te beschrijven
voordat tot de eigenlijke software implementatie wordt overgegaan.

Zo’n ontwerp kan worden gebruikt om met de klant, in dit geval de Koninklijke
Marine, het idee en de functionaliteit van het ontwerp te bespreken. In dit stadium
is het dan nog eenvoudig om eventuele voorgestelde veranderingen te implemen-
teren.

Tezamen met de toegevoegde introductie, kan het ontwerp ook worden gebruikt
om andere wetenschappers snel inzicht te geven in de werking van de
demonstrator.
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Verder wordt beschreven hoe het Yourdon ontwerp wordt gebruikt om de low
level software implementatie te verdelen tussen meerdere ontwerpers.

In het rapport worden eerst de problemen besproken welke optreden bij het detec-
teren van transients d.m.v. passieve sonar en de algemene visie gegeven op de
transient detectie demonstrator.

Hierna worden, met een algemene beschrijving, de Yourdon diagrammen en de
definities van de belangrijkste variabelen gepresenteerd. Met behulp van een
tekenpakket is ook de uiteindelijke scherm output weergegeven.

Tenslotte wordt beschreven hoe de low level software implementatie wordt ver-
deeld tussen twee ontwerpers.
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1. Introduction to the transient detection demonstrator

1.1 Introduction to transient detection

One way of detecting submarines is through the use of passive sonar. Detection is
done either through listening to the noise produced by submarines or by Fourier
processing the noise and presenting the result on a sonar display. The sonar display
is called a lofargram and is in fact a time/frequency display. Detection concen-
trates on, so called, tonal signals emitted by submarines. A tonal is a fixed fre-
quency line and originates from some device within a submarine or surface vessel
with periodic behaviour.

The sound and especially the tonal signals produced by submarines has been
steadily reduced through the use of modern technics. This is the reason why the
Royal Netherlands Navy is searching for other technics for detecting submarines.
One can use active sonar to detect submarines but it is clear that this has also
specific disadvantages, the most important one being that one betrays oneself.
Especially for submarines, active detection is not an attractive option for detecting
other submarines or surface vessels.

A submarine produces, besides tonal signals, also transient signals. Transient
signals produced by submarines are, for example, the sound produced by the
pressure hull of the submarine when the submarine is diving or the sound produced
by a torpedo when it is being launched. Transient signals are generally badly
suppressed and can therefore be detected at large distances with a good signal-to-
noise ratio. Besides submarine transients there are other transient signals present in
the ocean. Examples are the noises produced by sea life, like the cry of a whale or
a dolphin, or by the surroundings, like the sound made by cracking ice.

A difficulty in submarine transient detection originates from the fact that a par-
ticular transient occurs generally only once or twice, as opposed to tonals which
are stationary. This increases the probability that a transient is missed by the sonar
operator. A further problem is that the transient is often short in duration and/or
broad band. Due to the long integration times used in standard passive sonars, the
energy of the transient is smeared out, leading to a low signal-to-noise ratio on the
lofargram. A transient is often detected and classified by the ear. If we assume that
the passive sonar system is capable of beamforming then still the sonar operator
can only listen to one beam direction at a time. This also increases the probability
that the transient is missed by the sonar operator. The transient project aims to
build an automaton that should aid the operator in detecting transient signals. The
simplest way of detecting transients is by means of a threshold detector which
triggers when some signal excess occurs. Often a transient is actually detected
through classification rather than through the strength of the signal. The transient
is then detected by specific features that contrast the transient from the back-
ground. For this reason classification will eventually become part of the detection
process. One should keep in mind, however, that the human operator is superior in
classifying a transient, often using knowledge gained from training or experience.
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Classification by means of a computer is a field of research that is rapidly evolv-
ing. The performance does, however, not match that of humans and it is not very
likely that it will in the near future. For this reason, in the current implementation
of the detector, the operator will still be the one who makes the final judgement
about the origin of the transient. Note, however, that an automaton is superior to
the human operator in one respect: it can look for transients in all bearing direc-
tions at the same time.

1.2 General view on the transient detection demonstrator

The above remarks have lead to the following considerations concerning the
automatic transient detector: The detector should be able to detect a transient
signal from the background noise. The background noise can consist of standard
ambient noise having a Gaussian character or it could consist of, for example, a
more or less continuous background of shrimp noise. When the detector has de-
tected a transient in some bearing direction, it should select a piece of signal
centred around the transient and present that to the operator. The operator should
then decide whether the signal consists of background noise or contains a tran-
sient. When the detector has falsely returned some piece of noise instead of a
transient signal, this will be called a false background alarm.

Suppose that the detector is perfectly able to discriminate between the background
and the transient signals. Then the operator will be warned if a submarine transient
is detected but also if some sea life transient has occurred. Of course the operator
is not interested in the sea life transients and we will refer to this as a false tran-
sient alarm. The aim of the automatic classification as part of the detector is to
suppress these false transient alarms.

Summarising the above: The detector must distinguish transient signals from the
background noise, the classifier must distinguish unknown transients from back-
ground transients and the human operator finally classifies and interprets the
unknown transient.

In a practical implementation the detector should first return all types of transients.
The operator should then tell the detector to which class the transient belongs: to
the known background transients or to an unknown class which the operator wants
to hear each time it occurs. If the transient belongs to the known background
transients then the detector should, in some way, suppress the transient when it
occurs the next time. In this manner a database is build on-line. It is clear that the
more transients are suppressed the higher the probability that a submarine transient
is wrongly classified as a background transient. The trade off should therefore be
between the number of times a sonar operator is bothered by the false transient
alarms and the probability of falsely classifying a transient as a background tran-
sient. This is the reason why, when the number of false transient alarms is brought
back to an acceptable level, the sonar operator should no longer label transients as
background transient.




TNO report

FEL-97-A023

Although there are basically only two classes of transient signals: known back-
ground transients and unknown transients, the known transients should never the
less be subdivided in more classes by the operator. The reason for this is that the
operator may, after some time, get the impression that the number of transient
warnings gets too little. This may occur, for example, when a ship sails from an
area with a lot of sea life to an area with much less sea life. The operator may then
come to the conclusion that the detector has been tuned to sharp for that area and
decide to no longer suppress certain classes of sea life transients, thereby increas-
ing the probability of correctly classifying real transients.

The above construction of the detector treats detection and classification as sepa-
rated topics. We know that classification can sometimes be part of the detection
process. But even if some sort of classification is part of the detection process, it is
conceivable that the detection is based on more general rules than the final classi-
fication. The point that should be clear is that in the current implementation of the
detector, classification is either part of the detection process or it is used as a
means of false transient alarm reduction. It is not meant to classify the final sub-
marine or surface vessel transients. These important and rarely occurring transients
are left to the human operator.
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2. High Level Design

2.1 Description of the high level design

Here we describe the overall working of the transient detection demonstrator and
refer to the Yourdon diagrams for the names of the databases and routines denoted
within (* ). All initial data creation, processing and display parameters are con-
tained in one parameter file (“parameter_file”).

First a signal is constructed consisting of only noise (“data_generation”). Then
transients are superimposed onto this signal starting at prespecified time moments.
The transients will be scaled to an appropriate signal-to-noise ratio (after beam-
forming). By scaling the transient and not the noise level, the noise level will be
constant within regions where there is no transient signal. The noise can consist of
Gaussian noise or it can originate from some file containing background transient
noise, consisting of, for example, shrimp noise. When the noise is collected from a
file (“transient_database™) we will have to patch the data a number of times to
cover the whole range of the signal (“length_of_noise”). If beamforming is de-
sired, each transient is delayed according to some prespecified direction, in such a
way that beamforming enhances the signal only in that direction. Because tran-
sients are in general broad band signals, a frequency dependent delay will be
necessary. The data is written to file (“hydrophone_signals™).

The hydrophone signals are read from file and beamformed (“beamforming”). The
beamformed data is further processed and written to file (“return_data_store”).
The data written to file will be used to create audio data.

Before being processed the signal is first pre-whitened (“pre_whitening”). The
reason for this is that the superimposed transient signal usually also contains some
noise and therefore at these places the noise level can suddenly increase. The pre-
whitened data is also written to file (“return_data_store”) and will be used to
present raw unprocessed data to the operator.

The processing (“processing”) of the pre whitened data may consist of, for exam-
ple, a short time FFT transformation or a wavelet decomposition. The processed
data is written to file (“return_data_store”) and is used to present the processed
data to the operator.

The processed data is input to a detector (“detection”) which in some manner
searches for a transient signal. It should be possible to implement different algo-
rithms within the demonstrator. The optimal algorithm will be a trade off between
the number of detections and the number of times the operator will be bothered for
false reasons. In the present version of the demonstrator, both a background tran-
sient and the submarine transient are presented to the operator as detections. In a
future extension of the demonstrator the operator should only be warned if the
transient does not match with the known background transients. We will then thus
have to include classification into the transient detection demonstrator. The opti-
mal detection/classification algorithm will still be a trade off between the number
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of detections and the number of times the operator will be bothered for false rea-
sons, now including sea life detections as false alarms.

When a detection has occurred, the detector writes general information concerning
the detection into a file (“detection_information”) and writes also the time of
detection into a file (“detection_times”). This last file is read by a display program
(“format_audio_and_display_data”) which collects patches of data from the data-
base (“return_data_store”) around the time of detection and formats the data
suitable for display. We will, however, also implement a mode for analysis pur-
poses, in which data is returned continuously within some bearing direction.

The returned patches of data are presented on an X-terminal (“X_terminal”) in
various plots and the corresponding sound is played on some audio device. The
operator can interact (“on_line_parameters”) with the display program via a com-
mand window (“see X_terminal).

The sound of the transient signal is also a way of signalling to the operator that a
detection has occurred.

The program “data_generation” will be written in C.

The routines “beamforming”, “pre_whitening”, “processing” and “detection” will
all be written as a single program in Matlab.

The formatting routine “format_audio_and_display_data” together with the whole

X-windows interface will be written as a single program in Matlab.

All three programs must be able to run separately on the same machine or on
different machines with only the input and output data shared between the ma-
chines.
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2.3 Variables and Routines

23.1 audio and display data
For the following value of the parameters:

display_low_time=100 (s)
display_high_time=120 (s)

display_low_amp=-30 (dB)
display_high_amp=90 (dB)

display_low_freq_amp=30 (dB)
display_high_freq_anp=50 (dB)

display_low_freq=300 (Hz)
display_high_freq=500 (Hz)

display_low_angle=20 (Deg)
display_high_angle=40 (Deg)

display_freq=410 (Hz)
display_angle=35 (Deg)

audio_low_volume=25 (dB)
audio_high_volume=95 (dB)

The displays and the command window are plotted
under the definition of the variable “X_terminal”.

The variable "display_angle" and "display_freq" are
given by the processor if "display_mode = operator_mode"

and set by the user if "display_mode = analysis_mode".

2.3.2 beam return signals
The total length of one block of data equals:

(length of header)+angle_data;1ength*4*number_of_angles
with (length of header)=5*8=40 bytes

The format of one block of data is as described below:
THE HEADER

4 bytes integer: block number
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4 bytes integer: year

4 bytes integer: Julian day

4 bytes integer: time of day, the seconds

4 bytes integer: time of day, the microseconds
Thus the time of first sample of the
data block is: seconds+microseconds/1e6

THE DATA

angle_data_length number of 4 bytes IEEE floats (angle: 1)
angle_data_length number of 4 bytes IEEE floats (angle: 2)

angle_data_length number of 4 bytes IEEE floats (angle: number_of_angles)

233 beamforming

Beamforms the hydrophone signals using broadside beamforming. This means that

each frequency component in the signal is delayed in the appropriate manner.
Hydrophone array parameters and angle parameters are taken from the
"parameter_file". After beamforming the beamformed data is written to the

"return_data_store". This is the data that will be presented, after some formatting,

to the operator as audio sound.

234 beam signals
The beamformed data contained in some allocated memory within the overall

Matlab program that consists of “beamforming”, “pre_whitening”, “processing”
and “detection”.

2.3.5 data generation

Creates noise consisting of Gaussian noise or real noise coming from a file, like
shrimp noise. When the noise is collected from a file (“transient_database™) we
will have to patch the data a number of times to cover the whole range of the
signal (“length_of_noise™).

Places, on prespecified time moments as described in the "parameter_file", tran-
sients into this noise data. The noise data is taken from the "transient_database".
which is described in the "transient_database_descriptor”.

The transients will be scaled to an appropriate signal-to-noise ratio (after beam-
forming). By scaling the transient and not the noise level, the noise level will be
constant within regions where there is no transient signal.

If beamforming is desired (“do_beamforming=1"), each transient is delayed ac-
cording to some prespecified direction, in such a way that beamforming enhances
the signal only in that direction. Because transients are in general broad band
signals, a frequency dependent delay will be necessary.

The program outputs blocks of data as described in "hydrophone_signals”.
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23.6  detection

This program searches in some way for transient signals in the processed data. The
simplest example way of detecting transient signals is by selecting data that exceed
a constant threshold. However, more advanced ways of detection are certainly
necessary to discriminate transients from the background. The type of detection
processing and other parameters are taken from the "parameter_file". The result
will always be the detection of a transient at a specific moment in time. This time
instant is written to the "detection_times" file and signals that a detection has
occurred. For each detection specific information concerning the detection, time,
angle of detection, etc., is written to the "detection_information” file.

2.3.7 detection information
parameter_file

forall detections
amplitude_of_maximum (dB)
snr_of_maximum (dB)
time_of_maximum (hh:mm:ss)
angle_of_maximum (degree)
frequency_of_maximum (Hz)
end

2.3.8 format audio and display data

This routine formats the data in such a way that it is appropriate for display on an
X Terminal. The most important function is to collect data, around the time of
detection, when a new detection time has been written to the "detection_times"
file. This data is taken from the blocks of data contained in the "return_data_store”
files. The amount of data (“return_time_interval™) that is returned for one detec-
tion is obtained from the "parameter_file".

The routine also resamples the "beam_return_signals” contained in the
"return_data_store" in such a way that it is in the appropriate format to be played
on some audio device.

The sound of the transient is also a mechanism by which the operator is signalled
that something has occurred and that the operator should take a look at the display
or replay the sound. Through the "on_line_parameters" the operator is able to
interact with this routine. For example: When a new transient is detected, while the
previous one is still being investigated by the operator, then the number of detec-
tions, which is displayed on the screen, is enlarged. When finished the operator
can press the "next" button with the mouse and this routine then starts selecting the
new data from the "return_data_store”. .

239 hydrophone signals
Consist of one pair of data files and one pair of communication files: While one
data file can be written by "data_generation”, the other data file can be read by
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"beamforming". Communication about which data file can be read and which can
be written is communicated via two files:

If the generic name of data and communication files is called “basename” then the
two data files are called “basename_hyd_1.dat” and “basename_hyd_2.dat” while
the two communication files are called “basename_com_1.dat” and
“pbasename_com_2.dat”.

“basename_hyd_1.com” contains the number 1 if “basename_hyd_1.dat” can be
written by "data_generation" and contains the number 2 if it can be read by
"beamforming”.

“basename_hyd_2.com” contains the number 1 if “basename_hyd_1.dat” can be
written by "data_generation” and contains the number 2 if it can be read by
"beamforming".

In the initial configurations communication file 1 contains the number 1 and
communication file 2 contains the number 1.

"data_generation" writes number 2 while "beamforming” writes numbers 1.

Since the processor is not real-time, both "data_generation” and "beamforming”
wait until they get access to the data files.

The total length of one data file equals:

(length of header)+hydrophone_data_length*4*number_of_hydrophones
with (length of header)=5*8=40 bytes

The format of the data (called a block) is as described below:
THE HEADER

4 bytes integer: block number

4 bytes integer: year

4 bytes integer: Julian day

4 bytes integer: time of day, the seconds

4 bytes integer: time of day, the microseconds
Thus the time of first sample of the
data block is: seconds+microseconds/1e6

THE DATA

hydrophone_data_length number of 4 bytes IEEE floats (hydrophone: 1)
hydrophone_data_length number of 4 bytes IEEE floats (hydrophone: 2)
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hydrophone_data_length number of 4 bytes IEEE floats (hydrophone: num-
ber_of_hydrophones)

2.3.10 on line parameters
This file contains the following parameters:

display_low_time (s)
display_high_time (s)

display_low_amp (dB)
display_high_amp (dB)

display_low_freq_amp (dB)
display_high_freq_anp (dB)

display_low_freq (Hz)
display_high_freq (Hz)

display_low_angle (Deg)
display_high_angle (Deg)

display_freq (Hz)
display_angle (Deg)

audio_low_volume (dB)
audio_high_volume (dB)

See also: audio_and_display_data

2.3.11 parameter file
The file is built as follows:

basename % (String)

% This is the basename of all the data, communication and detection

% information filenames. For example if the basename is called “filename’
% the hydrophone data files are called filename_hyd_1.dat and

% filename_hyd_2.dat

]

display_mode (operator_mode (1) or analysis_mode (2))

noise_mode (Gaussian (1) or sea life (2))
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noise_identifier (only read if noise_mode equals 2)
length_of_noise (s)
sample_frequency (Hz)
cut_off_frequency (Hz)
noise_level (dB)
number_of_transients
foreach transient
transient_number
start_of_transient (s)
snr_transient (dB)
angle_of_transient (degree)
end
do_beamforming (011)
number_of _hydrophones
hydrophone_spacing (m)
number_of_angles
proc_low_angle (degree)
proc_high_angle (degree)
angle_data_length (samples)
hydrophone_data_length (samples)
processing_data_length (samples)
blocks_in_store
fs_audio (Hz)
processing_patch_length (s)
processing_algorithm (1: nothing, 2: stft)
processing_parameters (5)
%For the stft:
FFT length (samples)
overlap_factor
return_time_interval (s)
log_of_data (OI1)
do_pre_whitening (0I1)
pre_whitening_algorithm (1: high pass filter)
pre_whitening_parameters (5)
% High pass filter
high_pass_cut_frequency (Hz)
detection_parameters
% Initially:
detection_threshold (dB)

init_year (1996)
init_julian_day (1-365)

init_time (hh:mm:ss)

%All parameters of the file on_line_parameters

17
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%with init_ before the variables

init_display_low_time (s)
init_display_high_time (s)

init_display_low_amp (dB)
init_display_high_amp (dB)

init_display_low_freq_amp (dB)
init_display_high_freq_anp (dB)

init_display_low_freq (Hz)
init_display_high_freq (Hz)

init_display_low_angle (Deg)
init_display_high_angle (Deg)

init_display_freq (Hz)
init_display_angle (Deg)

init_audio_low_volume (dB)
init_audio_high_volume (dB)

2.3.12 pre whitened beam signals
The pre whitened and beamformed data contained in some allocated memory
within the overall Matlab program that consist of “beamforming”,

% &

“pre_whitening”, “processing” and “detection”.
p g g

2.3.13 pre whitened return signals
Same format as the original “beam_return_signals”.

2.3.14 pre whitening

Due to the fact that the transients, which are superimposted on the stationary noise,
contain some noise, the noise level may increase at these places. Therefore, the
data is first pre whitened to obtain stationary noise. A high pass filter, which
subtracts the slowly varying trend, is the simplest implementation. The type of
processing and the processing parameters are obtained from the "parameter_file".
This pre whitened noise is written to the "return_data_store". This is the unproc-
essed data that will be shown to the operator.

2.3.15 processed data
The processed data contained in some allocated memory within the overall Matlab
program that consist of “beamforming”, “pre_whitening”, “processing” and

“detection”.
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2.3.16 processed return data
Same format as the beam_signals with "processed_data_length" instead of

"angle_data_length"
For the STFT the data has the following meaning
[FFT1IFFT2IFFT3I...IFFTnl for one angle, etc. for the other angles.

The time of the header is the time of the first sample which contributed in FFT1.
If the FFT overlaps, the display should correctly take this into account when
displaying the data to the operator.

2.3.17 processing

Processing may consist, for example, of the short time Fourier transform (stft) or it
can consist of the wavelet transform (wt). Type of processing and processing
parameters are specified in the "parameter_file". Also certain time-frequency
distributions are possible candidates. We assume, however, that the output is time
frequency data. This time-frequency data is written to the "return_data_store" and
will be shown to the user as processed data in various time-frequency plots.

2.3.18 return data store
This database consist of three pairs of data files and one pair of communication
files. If the generic name of data and communication files is called filename then:

The data files which can all be read by "format_audio_and_display_data" are
called:

filename_beam_1.dat : written by "beamforming"
filename_prebeam_1.dat : written by "pre_whitening"
filename_proc_1.dat : written by "processing”
filename_beam_2.dat : written by "beamforming”
filename_prebeam_2.dat : written by "pre_whitening"
filename_proc_2.dat : written by "processing”

The two communication files are called:

filename_return_1l.com
filename_return_2.com

filename_return_1.com contains the number 1 if datafiles 1 can be written and
contains the number 2 if it can be read.

filename_return_2.com contains the number 1 if datafiles 2 can be written and
contains the number 2 if it can be read.
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In the initial configurations communication file 1 contains the number 1 and
communication file 2 contains the number 1.

“processing” writes the number 2 while "format_audio_and_display_data" writes
the number 1.

"on

Since the processor is not real-time, all "beamforming”, "pre_whitening”,
"processing" and "format_audio_and_display_data" wait until they get access to
the data files.

The three files consist of:

One file with a blocks_in_store number of blocks of: processed data
One file with a blocks_in_store number of blocks of: beamformed data
One file with a blocks_in_store number of blocks of: beamformed and pre whit-

ened data

2.3.19 transient database
Files containing transient signals.

The transient data in the files is collected from a GAC tape
(iyxbqpdolo19951115143235) The format of the filenames is:
gac1_examplenumber_subdivision.wav. It contains the sound of shrimps, wales
and some sounds from submarines. A description is given in:
iyxbpqdolo19961205153624

The files are (currently) in directory: /fusr/velrS/transients/tran_data on the f44snl

The format of the data is: Microsoft Windows 3.1 WAYV format sound files. The
data in the files consist of is 16-bit data. The sampling frequency is: 22050 Hz

On can look and listen to the sound via program: trans_sounds.m which is also in
directory: /fusr/velr5/transients/tran_data

The data is read with program: wavread1. This program can be found in directory:
/opt/matlab/toolbox/TNOolbox/wavreadl.m

For more information: Type in matlab: help wavread and help wavread!. Read
program: trans_sounds.m

The essential code of program tran_data is given below:

% Calculate length of data but subtract the header (100).
len=str2num(length_of _file_in_bytes)/2-100;
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% Read the data.
y=wavread1(filename,1,len);

% Resample to approximately the 8192 Hz sample
% frequency used by the SUN
z = resample(y,2,5);

% Play the sound.
sound(z)

2.3.20 transient database descriptor
The contents of the descriptor file:

# number

filename

sample frequency (Hz)
total length (samples)
% Contents description
% Contents description

# number

filename

sample frequency (Hz)
total length (samples)
% Contents description
% Contents description

21
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3. Co-operation on the construction of the transient
detection demonstrator

A Yourdon design can be useful to divide the actual implementation of the soft-
ware between different software engineers. We describe below the parts of Gerard
Hotho (GH) and Marcel van Velzen (MvV) in the construction of the transient
detection demonstrator.

3.1 Part of GH

First GH creates two data files as described in "hydrophone_signals". The data
may consist of Gaussian noise only but may also contain a LFM signal in the data
of one hydrophone. GH also creates the two communications files which contain

the numbers 1 and 2 (see "hydrophone_signals™).
GH writes a faked beamforming program which does the following:

beamforming(hydrophone_signals,beam_signals,number_of_hydrophones,
number_of_angles)

{

Returns in beam_signals the data of the first "number_of_angles”
hydrophones, if "number_of_angles" <= "number_of_hydrophones”

Returns in beam_signals the data of the all hydrophones plus
("number_of angles"-"number_of_hydrophones") times the data of the
last hydrophone, if "number_of_angles" > "number_of_hydrophones”

}

The data in "beam_signals" is now considered as beamformed data. The main
program consist of the following parts:

main()
{

Read one block of hydrophone data from one of the data files.

Update the communication file to allow "data_generation” to write
to that data file. '

Beamforming (faked: as explained above)
Write one block of beamformed data to "return_data_store"

Prewhitening (nothing at the moment).
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Write one block of prewhitened data to "return_data_store".
The stft of the prewhitened data.
Write one block of processed data to "return_data_store".

Search by means of a constant detection threshold for a
detection. If a detection has occurred write the time of detection
into the file "detection_times".

if a "blocks_in_store" number of blocks have
been written, update communication files to allow
"format_audio_and_display_data" to read this data

3.2 Part of MvV

MvV writes program “data_generation”. This program creates real hydrophone
data which is written to file “hydrophone_signals” and which must replace the
simple hydrophone signals created by GH.

MyvV writes a broad band beamforming program that can be substituted for the
fake beamforming program described above.

MvV will display the data in "return_data_store" on an X-terminal with the same
output as described under the variable “X_terminal”. Special attention must be
given to detections that fall within the same “return_time_interval”.

25
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