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Executive Summary

The PAMGUARD project began investigating next gatien Passive Acoustic
Monitoring (PAM) software in 2004. By PAMGUARD 3@26 - 2007) functionality
analogous to that of the “RainbowClick” softwaressvailable and ruggedised by sea-
trials and functionality analogous to the “Ishmastftware was under development. 2D
localisation was provided using stereo hydrophones.

In this report we document PAMGUARD 4, the finabgk of intensive PAMGUARD
development. Beyond PAMGUARD 4 we anticipate thet PAMGUARD software will
continue to evolve as part of the open-source conitmuOriginally scheduled to run

from January 2007 to December 2007 the loss oétkey staff at OSU and Heriot-Watt
during 2007 reduced available effort and causegtbgct to be rescheduled to complete
in May 2008.

The three work packages in PAMGUARD 4 are the dgvakent of the Core
Architecture (WP1), the Maintenance of software ager base (WP2) and the
PAMGUARD Workshop (WP3). This document reports\atiés under (WP1), (WP2)
and the PAMGUARD changes coming out of the CODAtsah The Workshop, WP3,
was held at Heriot-Watt University in March 200'tldras previously been fully reported
by Ecologic, and a summary is included in Sectidn 2

Key new functionalities added to the core PAMGUARIhitecture in WP1 of the
project are as follows. Tables of delivered funeaiity and module dependencies can be
found in Appendix C.

» Adaptions to support offline analysis, e.g. a mimteeading stored data

» Advanced configuration utilities, e.g. storing dodding configurations

e Improved module management using a wizard

* Arange of advanced displays

* An interface to SQL Databases, validated with MyS(d MS Access

» A standalone filter

* Improved sound acquisition capabilities

* Aninterface to industry standard ASIO sound cavils multiple channel
selection

* A simulation capability

* NMEA data acquisition

» 3D Localisation capabilities
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Key PAMGUARD maintenance activities undertaken iR2\bf the project are as
follows:

» Users have been supported by email and phone

» Code has been maintained with activities including fixes, splitting
development into a robust Core and a developmestajBrersion, ports to
multiple operating systems etc,

* Documentation has been developed in the form dinenkelp and developer
(JavaDoc) documentation

* The Web presence has been maintained with a mpgwade early in 2007

» Training has included the development of User Tatsra Developer Tutorial,
and the delivery of training Workshops at the PAM&ARD Workshop and as
part of Seiche training

* Regular releases of both Core and Beta versions ibesen made

» Existing Core functionality has been continuallgbemproved.

PAMGUARD phase 4 has met almost all the objectauas$ exceeded them in many
parts. All of WP2 Maintenance has been deliverededsiled in section 2. The
Workshop, WP3, was delivered and is reported séglgra Almost all of WP1 Core
Architecture has been delivered.

The Future of PAMGUARD

PAMGUARD is a complex, evolving, and multidisci@iry software system and has the
potential to be useful in a broad range of appbeet for many years to come.

To reach its full potential, and indeed to remasahle, PAMGUARD requires
guardianship In essence this entails both continual maintemandrack the evolution of
components e.g. porting PAMGUARD to MS Vista, angkgrating new technologies
developed by the PAMGUARD community into the PAMGRIB core. Without
effective guardianship it is likely that, althouBAMGUARD will continue to be used, it
will never reach its full audience or potential.

To ensure that the PAMGUARD community enjoys unkrokupport, guardianship is
required to continue in 2008 and beyond. The spegifardianship activities that are

required are: bug fixes; integration of componel@geloped by other groups into the
PAMGUARD repository; maintenance of the PAMGUARDIw&te and repositories;

annual and minor releases to enable standardisation

1 © Heriot-Watt University 2008
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Related Reports

This report relates to other PAMGUARD reports ia #007/08 period as follows.

* A separate report has been provided on the SMRU BBAKRD 4 activities.

* A separate report has been provided on the full BG&x trial.

e A CD documenting the PAMGUARD Workshop (WP3) hasrbdistributed.
This report incorporates much of the SMRU and CQBb&terial, and summarises the
WP3 work in Section 2.5.

2 © Heriot-Watt University 2008
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1. Introduction

Phase 4 of the PAMGUARD project incorporates bo#imenance and development
aspects relating to the software. Much of this whatk been carried out collaboratively
between the partners involved. In addition, a carfee and workshop was held at
Heriot-Watt University in March 2007 on passive astics for monitoring marine
mammals at sea. At the workshop, participants wereduced to PAMGUARD and
provided with hands on experience with the softwBAEMGUARD has also been
subjected to one month of intensive de-buggingus®t evaluation during the CODA
trials in July 2007.

This document reports the activities and accompietis in phase 4 of the
PAMGUARD project. Section 2 describes work donearmdork Package 1 (WP1) of
the PAMGUARD 4 proposal. Section 3 describes wankedunder Work Package 2
(WP2) of the PAMGUARD 4 proposal. Section 4 sumisesithe CODA Trial work.
The Workshop, Work Package 3 (WP3), was held aiot@Vatt University in March
2007 and has previously been fully reported by &giol and a summary is included in
Section 2.5.

Partner’s activities were coordinated by email,mghand conference calls. Monthly
reports were collected and from all the partnetsedited by Heriot Watt University for
the JIP.

1.1.1. Related Reports

This report relates to other PAMGUARD reports ia #007/08 period as follows.

* A separate report has been provided on the SMRU BBAKRD 4 activities.

* A separate report has been provided on the full EG&s trial.

e A CD documenting the PAMGUARD Workshop (WP3) hasrbdistributed.
This report incorporates much of the SMRU and CQD&terial, and summarises the
WP3 work in Section 2.5.

5 © Heriot-Watt University 2008
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2. Maintenance activities

2.1.Support

Support for PAMGUARD users has been provided bgpiebne and email, using the
info@pamguard.org and support@pamguard.org emdikades.

There have been over 300 downloads of the softlise/ear, and almost 600 to date.
Figure 1 shows the download statistics taken fioaenlRAMGUARD SourceForge site
(sourceforge.net/projects/pamguard/).

Downloads

100 . - &
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EIII_— i E
B 2 (]
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(2] Lor ] = L] (2] Lor ] = Lop]
= = = = = = = =
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| B powniloads [] Bardwidth

Figure 1 PAMGUARD download history

At the time of this report 30 individuals have ated the PAMGUARD team for
technical support. The majority of these requeatehrelated to hardware/software
setups as opposed to PAMGUARD specifically, andeHaeen solved by giving advice
over email or telephone conversations.

(HWU)

2.2.Code maintenance

Debuggingis an on-going activity carried out by all partharHowever, a considerable
bugs list was generated during the CODA trial ity dund these bugs are mainly the

6 © Heriot-Watt University 2008
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concern of HWU/DG. Some of these bugs were fixetdhduthe trial and some have
subsequently been fixed.

Bugs have ranged from detectors crashing to smablyances, such as settings not
reloading correctly or incorrect distance beingegivn the GPS text area of the map.
Most bugs were fixed in less time than it would édaken to write them down and there
are no outstanding major bugs in the current PAM®&0DAcore. Section 4 details the
code maintenance induced by the Coda trial in rdetail.

(All)

Branching CVS Repository.The PamGuard CVS repository has been split into two
branches, the “pambranch” and the “Head” brancimlanch contains all the new
functionalities and developing modules; Head caostéhe fully tested functionalities. A
developer tutorial for how to access these two ¢diras was written. See Appendix D.

(HWU)

Multiple Operating System Support: While PamGuard is primarily developed and
tested on Microsoft Windows XP, it has been denrated to run satisfactorily on
Microsoft Vista.

(HWU)

The most common alternative operating systems oilaer MS Windows XP or Vista
would be versions of UNIX e.g. Leopard for Macirttes or LINUX for PCs. As a Java
application PAMGUARD is designed to execute on ¢hglatforms but must have
appropriate drivers for the peripherals e.g. saards etc.

LINUX has always been seen as an integral pati@PAMGUARD development
philosophy, indeed from the very conception ofghgect the use of Java was seen as
the only way to ensure portability.

(All)

2.3.Documentation

As the code base grows, allied documentation isirmaally added using the JavaDoc
tool from Sun Microsystems. This documentation rhayiewed as comments within the
source code, may appear as pop-up help from wsthine development environments,
and a recent version is provided on the PAMGUARID page.

The developer API documentation is also availabl¢ghe PAMGUARD web site by
selecting the DevZone menu, which was updated in R0D8.

7 © Heriot-Watt University 2008
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Help documentation continues to grow in line whik £xpanding functionality of
PAMGUARD. The release in May 2008 includes helpsfifor the new modules. e.g.
ASIO channel selection, 3D localization.

(HWU)

2.4 \Website

A major overhaul of the PAMGUARD website (www.panagd.org/ ) was carried out in
February 2007.

SOURCEFORGENET

ﬁAMGUARlﬂ

e vision for the PAMGUARD initiative Latest...

To address ihe fundamental limitations of existing cefacean passive acouslic Aug 07 PAMGUARD tested at sza
monitoring (PAM) software capabiliies by creating an integrated PAM software Suring CODA =2 sl

Infrastructure that is open source and available to all PAN users for the benefit FeB 67 PAMGUARD to convene

of the marine environment Sonieene fnd Wolshoon
Passive Acoustic Menitoring of
Marine Mammals at Sea

PAMGUARD is an open source (publicly owned and freely 2971208 Pamgusrd Releass 0 45

available) development which provides: 18/08/08 Pamguard Relsase 0,03

PAMGUARD is supported for ongoing development and
maintenance activities and continues to evolve by:

Figure 2 Revised PAMGUARD website

The site is now constructed using Dreamweaver. Alsas updating the visual aspect of
the site, the new site is much faster to load,easier to maintain. The new site makes
significant use of SSls (server side includes) Wwiiicthis case effectively means that
regions within pages which are to be updated mitsih @re sourced from individual
files. This allows for editing of these regionstwé minimal understanding of HTML.
HWU kept publishing new activities of Pamguard pabjon the website.

(HWU)

Ecologic has also been working on some aspectseofieb sites, for example providing
more information on marine mammal acoustics aneldgng animated how-tos or

8 © Heriot-Watt University 2008
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tutorials. These will be available on a privat& tte for comment and approval before
being integrated with the existing web site.

(Ecologic)

2.5Training
2.5.1. Development of Tutorials

User Tutorial

A training tutorial for PAMGUARD was written up anged for the PAMGUARD
workshop sessions in March 07. The tutorial proside introduction to PAMGUARD
from a user’s perspective, involving exercisesaittisg up and running the software with
a variety of configurations of plug-in modules. @33 participants expressed that the
tutorial was enjoyable in the workshop survey, soche constructive comments were
made.

The tutorial is available from the PAMGUARD websatied was also distributed on the
CD from the workshop, along with the necessary ddiles and PAMGUARD settings
files. This tutorial is available on the PAMGUARDebsite and was also used during a
training session at Seiche’s Underwater Acoustifi/Zraining sessions in Teddington,
London in September

The tutorial has been updated to reflect these camsrand recent changes and additions
to PAMGUARD, which includes 3D localization and Assound card selection. A copy
of the most recent tutorial can be found in Appemli

(HWU)

Developer Tutorial

Pamguard is an open source project, and as suatlpgers are welcome to look at any
part of the code, comment on it, modify it, and éfoly improve it! A developer tutorial
has been produced with a focus on the developnier@vwe detector modules using the
existing Pamguard infrastructure. A copy of thetial can be found in Appendix B.

(DG)

9 © Heriot-Watt University 2008
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2.5.2.

Dissemination and Training

Conference and Workshops

A conference and workshop event was held at Hewiatt University on 28 and 29" of
March 2007. The event had several objectives

To introduce passive acoustic monitoring (PAM) #mel PAMGUARD project to
a broad audience of stakeholders, including marniammmal observers (MMOs),
PAM providers, regulators, and developers.

To provide initial training and an introductionttte PAMGUARD software for
users — PAM operators, MMOs (and others) and deeeso— and receive, collate,
and eventually incorporate their feedback.

To provide an introduction and workshop sessiorpfiiential PAMGUARD
developers

To initiate and guide discussion on the strengtitsveeaknesses of PAM with
different species and situations.

To discuss areas for development and contributiam fother PAM software
developers within the open source framework of PAM®RD.

The first day was taken up with as series of lestdrom the Pamguard team and other
contributors. In all, 18 lectures or short talksrevpresented along with four posters.

Why PAM? An introduction to marine mammal acoustad passive acoustic monitoring for
mitigation and researchlonathan Gordon, EcologicUK, UK.

Principles and approaches to automatic detectidrckssification: a non-technical overview.
David K. Mellinger, Oregon State University, USA.

Principles and approaches to localisation: a nohrtieal overviewAaron Thode, Scripps
Institution of Oceanography , USA.

The PAMGUARD Concept. Why it is necessary, goatgaaisation, structure, future plans
Mike Jenkerson, International Association of Oil ard Gas Producers, E&P Sound and
Marine Life.

Research perspective; Distribution and abundaneegst Oliver Boiseau, International Fund
for Animal Welfare .

Seismic Operations perspectivieavid Hedgeland, PGS.

Bioacoustic applications and analysis requiremfatbiological researchHarold Figueroa,
Bioacoustic Research Program, Cornell University, SA.

Passive Acoustic Monitoring Using DASARSs to Asskspacts of Offshore Oil Production on
Bowhead Whales at BP’s Northstar Facility, AlasBmaufort SeaBill Streever, BP, USA.
Construction/other Energy related activities, (@lidecommissioningRoy Wyatt, Seiche, UK.
Military perspectiveEd Harland, Chickerell Bioacoustics, UK

Regulatory perspectiv&oe Crutchfield, INCC, UK?

MMO perspective. Alison Gill, Marine Team

PAM equipment and service provider’s perspectigeott Carr, JASCO, Canada

A non-technical introduction to the PAMGUARD softiaenvironment.Douglas Gillespie,
University of St. Andrews, UK.

Future capabilities and requirements for mitigatod monitoring using PAMGUARDavid K.
Mellinger, Oregon State University, USA and Aaron "hode, Scripps Institution of
Oceanography, USA.

Wider uses for PAMGUARD and the PAMGUARD programmamvironmentAaron Thode,
Scripps Institution of Oceanography, USA.

10 © Heriot-Watt University 2008
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e Strategies for long term sustainability of PAMGUARBNiIl Trinder, Heriot-Watt University.

The second day consisted of six workshops on va@spects of PAM.

» Testing, validating and quantifying the performanEé®amguard. How can the
software best be thoroughly tested in real worlddttions so that relevant aspects
of performance, such as detection probability aedlisation accuracy, be
quantified.

» Wider applications for PAM within the PAMGUARD frawork. Discussion of
other uses, research, survey, non-marine mammabHacs.

* Practical experience of using PAM, problems andoojpities. This provided an
opportunity to provide guidance and feedback todnelopment team.

» Training and support. Discussion of strategiesrardhanisms for providing
training in use of PAMGUARD and support to users.

» Regulation. A discussion of realistic capabiliteesl constraints of PAM as part
of regulation and mitigation.

» Development of a strategy for sustainability amthléerm support for the core
software.

Each session was run by one or more convenerstiartused to allow broad and open
discussion amongst all the participants. Thess@asran concurrently with two hands-
on tutorial sessions in the Department’s Computass€£oom. The first of these was a
general supervised tutorial session designed adradluction for new users which was
run twice to allow all participants to complete fthe other workshop consisted of a
tutorial and discussion session for those who triighinterested in developing new
modules in PAMGUARD in the future.

The workshop finished with a meeting to discuss A$#dards on acoustic monitoring
for marine mammals convened by Aaron Thode.

Attendance was good with around 90 people attendifogt were from the UK but
participants also came from USA, Canada, Franaly, INorway, Greenland, Mexico,
Denmark and Australia, and represented a goodittixe different interest groups and
stake holders. We feel that through this mix @fsentations and workshops we achieved
the event’'s rather wide objectives. Feedbackivedeboth directly and via
questionnaires was very positive.

Workshop planning was greatly helped by a steezargmittee which convened several
times by phone.

A report of the workshop was prepared as an HTMdedaCD which included all of the
presentations as both pdf documents and flash &oimsaas well as reports, from each of
the conveners, for the workshops held on the sedagd In addition, all of the tutorial
materials, including example sound and map filessoftware were included on the CD.
CDs were distributed to all of the participants émdther stake holders and user groups.
The report will likely be published online at adatiate.

11 © Heriot-Watt University 2008
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(Ecologic,All)

Seiche’s Underwater Acoustics September 2007

A PamGuard training session was given at Seichetedvater Acoustics 2007 training
sessions in Teddington, London in September. A Raands5demo was prepared for the
tutorial. CDs contains user tutorial, PamGuard desoand files, and map files were
prepared. A Pamguard lecture was given at thewtndadl was set up and run at Seiche
course.

(HWU)

2.6 Releases

Several major releases have been made in the cofuttsis project e.g. in August 2007,
January 2008, and in May 2008. Since January B0@8core and beta releases have
been made concurrently.

Several code enhancements were required for teéssses. Some of the new modules
and functionalities in PAMGUARD require Dynamic kihibraries (DLLS) to be loaded
before they can operate. These libraries (ASIQalsgort and system timing DLLS)
typically serve as interfaces to “native” operatiomhese libraries must be visible in the
java library path which is specific to individuabchines. Since PAMGUARD is
downloaded by the user as an executable Jartféegyath to the jar contents is not
included in the system path. Methods were therafegaired to update the java library
path and extract the DLLs to that location.

(HWU)

2.7 Improved functionality
The following section outline improvements to exigtcore functionality.

2.7.1. Click Detector

As one of the key components, and one which hashe®m extensively used at SMRU
for analysis of survey data, a number of improvetmiéave been made to the click
detector module.

Better channel grouping in the click detector farltmchannel analysis and better
displays for multi pair channel configurations hde=n added. To further assist set-up
by the user, trigger information can be displayga plug-in in the bottom of the
spectrogram window.

Click detector performance has been improved bgdipg up both the writing of clicks
to file and the click detector graphics.

12 © Heriot-Watt University 2008
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Improved time delay in correlation functions used © measure angles

A new algorithm has been implemented which usealqudic interpolation between the
integer sample numbers to improve the accuracglaiydand therefore bearing)
calculations in the click detector. . One pradtimplication of this is that useful bearing
accuracy can now be obtained from hydrophone fzétsare an order of magnitude
closer together.

Improved manual tracking

A pop-up menu has been added so that when an opeliaks on a detected click,
tracked clicks can be labelled / coloured (Figje
P4 PamGuard E|@ @

File Detection Display Click Detection Click Display  Help
22 November 2007 11:55:13 GMT
Map || User Display panel | Click Detector |

Click Detector = = o ———
| B Bearing Time Display =g
Detections in last 10 minutes DEI El
Clicks 327 | 22 November 2007 11:54:3% GMT

Click Events 0 | e

0.0 0.0 20,0 a0.0 40.0 50.0 60.0
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~
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Figure 3. Manual tracking of multiple sperm whales.When the right mouse button is pressed, the
display freezes, if the mouse is released over &kl a menu pop-s up and a train can be assigned a
colour / whale number. The example shows tracks d&fvo sperm whales.

Clicks which have been labelled in this way areealtith grouped detections and a
localisation calculated using target motion analysrossing bearings from multiple
points along the ships track). This can work eithigh a single hydrophone pair or with
pairs of hydrophones some distance apart. In they lease, it is possible to get a location
from a single click since bearings from two widsgparated points can be crossed
accurately. If only a single hydrophone pair isdygben locations can only be accurately
calculated once the vessel has progressed soraaaisalong the track. These locations
are only accurate if the animal movement is sna@thgared to that of the vessel.

It has proven to be a reliable method for estinggpiasitions of sperm whales, but is not

useful with fast moving animals close to the vesseh as dolphins. The calculation
computes a position along the vessel track linethagyerpendicular distance from the

13 © Heriot-Watt University 2008
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track line. Errors are also calculated on both dimaites. Positions and errors are shown
on the map (Figure 4).
\

-

Figure 4 Plots of locations of multiple sperm whale The left hand plot shows bearing lines to
manually selected clicks. This right plot shows Iations and errors on locations. The circle is a 1km
circle around the airgun positions (see section 33).

Improved click classification

Improvements to the IFAW RainbowClick click clagsif which were developed for the
detection of beaked whale clicks in 2007 have neenlfully implemented in
PAMGUARD (Figure 5). The click classifier contaifisictions for inserting default
parameters for some species (small pop-up merawierlright hand corner of Figure 5)
as well using a new set of parameters. This ésteasily be added to by developers.

Individual Click Classification x|

’V Eeaked Whale
25000 40000 10000 23125
o =00 IU =00

o O

{

r

P [
Be ale

Figure 5. Click classification options dialog
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The click detector displays have also been imprareithg options to only display clicks
classified to a particular species if requiredhaligh this classifier has proven useful and
is still being used at SMRU for the detection odked whales and porpoise, it may be
superseded later in 2008 by work being undertakeieiuthe JIP funded Odontocete
Classification project.

2.7.2. Whistle Detector

Another core detection component is the whistlectet which has also undergone
considerable bug fixing and improvement duringghst year.

Additional options have been added to the peakctletestage of the whistle detector to
allow for more flexible configurations. In partieu| options to limit the frequency band
for whistle searching have been added and twonalte peak detection methods are
now available.

Improved multi channel performance and configunatio

The whistle detector has been altered so that pfellindependent detectors will run on
pairs of hydrophone channels, each pair detectimgties and calculating bearings
independently. Figure 6 shows the new data soumegguiration dialog.

Whistle Detector Parameters x|

Source I Peak Detectinnl Linking I Whistlesl
R.aw Data Source

IFFT (Spectrogram) Engine - 4096 pt FFT LI
Channel list and grouping
Auka Grouping
= Mo groupin

s Zhannel Group
" One group [ Channel 0 ID vl
& User groups [+ Channell |0 =

v Channel 2 Il vl

v Channel 3 -

Ok, I Cancel

Figure 6. Whistle data source configuration. In theexample, two pairs of hydrophones are used.
Whistles will be detected independently on each paiand a location, based on crossed bearings, will
be calculated if whistles appear simultaneously oboth hydrophone pairs.

Set Defaulks |

If detections on multiple pairs of hydrophones@etected simultaneously and overlap in
both time and frequency, then the detection israssito be of the same whistle and the
crossed bearing localisation is computed, storeéddrdatabase and displayed on the
map.

Further improvements in the whistle detector apgeeted to arise from the JIP funded
species discrimination project.
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2.7.3. Map Display

The third key PAMGUARD component which has undersyoansiderable revision in
2007 is the map.
As well as the map comments, keys and detectias diescribed above, the map
graphics have been sped up. The map used to resey second and take
approximately half a second to redraw each timerethy rendering PAMGUARD almost
inoperable. Sensible buffering of underlying mapag®s and improved code now means
that most of the map does not redraw at all (urtessn settings are adjusted) and when
it does completely redraw, it only takes about liseicond to do so.
Coastline images can currently be loaded as ASIE from the Gebco digital atlas.
Names of Gebco files are now correctly held inRAVGUARD configuration options
between runs (Figure 7).

x|

General Options

Track Length 3600 5

Daka skarage kime (3600 H

Data display time |600 5
v Show hydrophones
¥ Keep ship on map

ASCII Map File

|C:'|,BCCCOde'|,L0gger Mapsihorthern EuropelMorthSea and Baltic, asc
Contours

Clear Browse |
¥ Om _l

T som
[V 100m
[~ 200m

Ok I Cancel | Help ... | Set Defaults |
Figure 7 Map options dialog

The GPS text area in the bottom right of the digplas been debugged so that it now
shows the correct distance from the vessel touhsoc (this was not the case in earlier
releases).

The pan/zoom buttons and the GPS text area havdaén relocated slightly and there

are options to remove them from the map altogetherder to increase the overall
viewable map area (Figure 8).
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s :
| .Map Comments

mands to remove

Figure 8. New position of Pan zoom and GPS text aaeand menu com them from

the map if desired

(DG)
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3. Core functionality work

3.1 Adaptations to support offline re-analysis

3.1.1. Viewer and Mixed mode operation

PAMGUARD now has three main modes of operation,/hamode, Viewer mode and
Mixed mode. During normal operation, PAMGUARD euits data from the outside
world (through sound cards, GPS’s etc.) proce¢gesetdata and stores summary
information in a database.

In Viewer mode, PAMGUARD reads data back from theatlase and re-displays it on
the map. This enables operators to review datavimitig a cruise, prepare maps for
reports, etc. In viewer mode, the ‘start’ and ‘Stognu commands have been replaced
with a dialog where the user sets the times foctvithey wish to display data.

In mixed mode, data are travelling in two direci@t once — both into the database and
out of it. GPS data and other data which does eovel directly from sound (e.g. depth
data) are read back from the database. Sound dateocessed, generally from file.
The output of detectors analysing that data isteriback into the database. A main
motivator behind mixed mode is the re-analysis ©D& / PAMGUARD field trial data
during which the operator is re-analysing datehasgh in the field. During mixed mode,
from the operators perspective, PAMGUARD operalowks and feels (apart from the
lack of motion sickness) exactly as it does duregg time operation. Mixed mode will
also be useful in any other re-processing of détarevdetections and localisations are
being reprocessed and need to be correctly linkBd@PS and other non-sound data.

3.1.2. Bulk file analysis

File folder analysis functionality for bulk procéss of audio files. The user can now
select a single file for analysis, a complete fololemany files (including those in sub-
folders if desired) or a selection of any numbetiles from within a single folder. There
are options to either analyse all sound as thougerie one long recording not stopping
between files, or to stop and restart detectotiseaénd of each file.

For bulk file analysis to work well, PAMGUARD mulsé able to detect the time at
which a sound file begins — its timestamp. PAMGUABAN now read a variety of
date/time formats encoded in file names and setdahesponding time for the start of the
file.

18 © Heriot-Watt University 2008



Commercial in Confidence FAWARD Final Report

3.2 Advanced Configuration utilities

3.2.1. Save Settings options

PAMGUARD now has the facility to save configuratieettings in settings files. When
PAMGUARD starts, the user is presented with a dtoywn list of recently loaded
configurations (Figure 9), or they can browse tikemputer for settings files. Settings

files can thus be developed for different applmasiand can be readily shared between
users.

Load PAMGUARD configuration from ...

Recent configuration Files

PamnguardSettings. psf

Options
[] Ahways show at start up

[ k. H Cancel ]

Figure 9 : Save settings options dialog presented the user at start-up

3.2.2. Hydrophone configuration, location and display

Hydrophone configuration options have been modiftedater for static (e.g. bottom
mounted) hydrophones. If a static array is seledtgdrophone positions are referenced
to a latitude and longitude entered by the user.

Framework code has been added to locate hydroplstre@sned behind a vessel using
either predicted positions, based on vessels réxaait, rate of turn, etc, or using data
from sensors or using a combination of predictetirapasured location. Java classes
have been written for a simple locator which assuthe hydrophone is sticking straight
out the back of the boat and a “threading” locatdrich assumes that the hydrophone is
following the exact track of the vessel as welfasstatic hydrophones. The type of
locator can easily be selected by the user fromop down menu. Developers can use the
framework to easily implement alternative locatbrequired in the future.

3.2.3. New module creation and inter module dependencies

A key feature of PAMGUARD is the way in which theem and add and configure
modules for different signal processing, detectind localisation tasks depending on the
type of work being undertaken.

The PAMGUARD user creates new modules from the PAME&D file menu.

Previously, the user always had to type in a namedch new module. Names are now
assigned automatically, although the user stilltbaonfirm. Module names are now also
required to be unique, for instance if you have imgtances of the click detector, it is not
possible to name them both ‘click detector’, yohale to use ‘click detector’ and ‘click
detector 2’, or better, ‘sperm whale detector’ drehked whale detector’, etc. The new
dialog for entering module names is shown in Fidie
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Module Name

Mew Madule Mame

Madule name Faor new Signal Amplifier

E.S.iu.;nal hﬁpiif.ie.r].

[ Ol ][ Cancel ][ Set Defaulks

Figure 10. New module name dialog.

Many PAMGUARD modules require other PAMGUARD modute be present before
they can function correctly. For instance, thekctietector requires some kind of sound
input, the whistle detector requires a FFT (smegam) Engine, which in turn requires
sound input, etc. When a module is added by the B#eMGUARD checks that any
dependencies are satisfied, and where necessanptrthe operator to create additional
modules. Figure 11 shows a typical information parech pops up if dependencies are

not satisfied.
x|

| The Whistle Detectar you are trying to create requires a

-l FFT {5pectrogram) Engine before it can operate

Do wou wish ko go ahead and create a FFT (Spectrogram) Enging

Cancel |

Figure 11. Message from the dependency manager irdiing that additional modules need to be
created.

(DG)

3.3Module management

Users may wish to add a module without having thiekhowledge of the data which that
module requires to operate. To assist the uséisrcase, a module dependency “wizard”
has been implemented. When a new module is creaiedyodule runs checks to verify
that the required data source(s) exist(s). Ifihimot the case, dialogues are presented to
the user to add the appropriate module(s). For piagni a user wishes to display a
spectrogram on a user display panel, and there &cquisition source set up, a dialogue
will first appear stating that there is no FFT dsdarce and asking the user whether one
should be created. The user selects OK and isptemented with another dialogue box
stating that the FFT module requires a sound aitquisnodule, again asking if one
should be created.

Previously in PAMGUARD, the user always had to typa name for each new module.

Names are now assigned automatically, althougligke still has to confirm. Module
names are now also required to be unique, fornost# you have two instances of the
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click detector, it is not possible to name thenmhBbolick detector’. Instead, the user must
use unique names such as ‘click detector’ andkdietector 2’, or better, ‘sperm whale
detector’ and ‘beaked whale detector’, etc.

(DG)

3.4 Advanced Displays

3.4.1. Display Software Restructuring

The PAMGUARD software has been restructured to beergeneric. This facilitates the
development of new core functionality and of plag-i

(HWU)

3.4.2. Vessel Display

A vessel dimensions dialog allows the user to ethietength and breadth of the vessel as
well as the relative position of the GPS receivetle vessel so that the vessel is
correctly drawn on the map relative to the GPSivecantenna (Figure 12). The ‘predict
ships position’ options can be used to show theytikosition of the vessel in the near
future (based on current speed and heading info.)

GPS Options X]

Ship Dimensions

Relative to GPS receiver

a0|
10

Low B T =+ =)
(4}
2 =2 2 2

15

Predict ships position

Show ship heading arrow
Arrow Length | 600 (seconds)

[ Ok, H Cancel ]
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Figure 12: Vessel display options
(DG)

3.4.3. Airgun Display

Airgun display options (Figure 13) can be usedispldy the exact location of the airgun
array. The module supports airguns deployed frarstime vessel that PAMGUARD is
running on as well as airguns deployed from diffiéreessels (for example, if monitoring
were taking place from a guard vessel). If gundar@oyed from a different vessel, then
AIS (Automatic Identification System) data are usedbtain the location and heading of
the source vessel and these are mapped in PAMGUARD.

Airgun display parameters §|

Ship Dimensions Saurce Vessel Idenitification

Relative to GPS receiver

E|z0 m
FlO m (%) Guns are deplayed fram this vessel

(") Guns are deployed from a different vessel

Source vessel mmsi number

Guns mitigation zone

Shaow mikigation zone on map
Mitigation radius | 500 m

] _
Shaw predicted zone ...

Predict ahead For | 600 seconds

{F gyguns

Figure 13 Airgun Display Options.

The airgun display shows the position of the ganspptionally, both the mitigation zone
(drawn as a circle centred on the guns) and agisstiswath of “mitigation area” ahead
of the vessel which will be ensonified by the gimthe near future (set to 600s in the
example in Figure 14).
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Map\ Recorder | Diclay | Cick Deteckor) |

b)

:c'br,d_a_t:ﬂ Disu}&&'““ Click Detector | ]

Figure 14 Vessel and airgun display for situationri which monitoring is occruing on the source vessel
(a) and on on an independent monitoring vessel (bn which case location and heading for he soruce
vessel would be provided by AlS. The blue circle gt astern of the monitoring vessel is the positioof
the monitoring array hydrophones and the black bld is the airgun array, the black circle is the
mitigation zone and the area enclosed by dotted l&s is the predicted 10 minute ensonified swath.

The ship and airgun displays on the map are shovigures 14a and 14b for airguns
displayed on the monitor vessel and on a diffevessel. Figure 14 uses archived AIS
data (collected in the English Channel by Richaal&haghan of IFAW) and simulated
GPS data. International Maritime Organisation (IM@&julations require AlS to be fitted
aboard all ships of 300 gross tons or more, engagedternational voyages, cargo ships
of 500 gross tonnage and upwards not engaged emattonal voyages and all passenger
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ships irrespective of size. The requirement becaffieetive for all ships by 31 December
2004. Presumably, most seismic source vessels viloaitdfore transmit AlS. AIS
receivers can be purchased for a few hundred dollar

(DG)

3.4.4. Pop-up hints

Hints providing information on detection and otberects displayed on the map and
other displays (Figure 15) have been added. Tlas sddition to the core architecture of
the graphic overlay functionalities within PAMGUARANd hence can now easily be
utilised by all future detectors.

Click Detector | Sound recorder | User Display panel | Map 2

— Click Trains

@ AIS Data

@4irgun array ra
# Whistle Events =

830 Towed Array localizer /

Click: Train

Time: 10:47:52 ko 10047:57
Last Angle: 120.0°

Range unkmawn

Channels: 0, 1

Figure 15 Example of a key in the corner of the maglisplay and a hint which popped up when the
mouse was hovered over a click train detection.

(DG)

3.4.5. Symbol keys on displays.

Keys have been added to maps and other displaysré-15). This required
infrastructure changes so that each graphics gueda provide correct information for
each display. Users can also now select diffengmbsls for each graphics overlay using
standard dialogs. This has become necessary dbe large number of detection and
graphics options now available within PAMGUARD.

(DG)
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3.4.6. Map Comments

Map | User [llsplayaanel‘
Key

@ Map Comments

Sperm whale tracks crossing here

True Course: 1
Spesd 07.5 knots

Cursor pasition
. Latitude ~ 56°00.485'N'

' Longitude  3°01.444'W'

e T —

Figure 16 Dialog for entry of a map comment.

The user can double click anywhere on the map atidiag pops up (Figure 16) with the
time and lat / long of the cursor’s location. Yoayrenter a comment or cancel. The date,
time, lat, long and comment text are written todaéabase. Locations of entered
comments are displayed on the map and hoverinmthuse will display the date, time,

lat, long and comment information (Figure 17). Tieiature is useful for registering the
results of manual tracking using crossing bearfrg® the click detector.

P4 PamGuard

Fi= Dstection Display Map Help
: 22 November 2007 11:47:50 GMT
iMizE | User Disply panel

Ciey

m Map Comments

|Map Comment
22 November 2007 11:47:34 GMT
56°00.414' N, 3°01.381' W
Sperm whale tracks crossing here

True Course
Spesd 07.5 knots

‘Cursor position
Latitude  56°00.408' N’
Longitude  3°01.382'W"

| Sound Card Prinary Sound Caplure Drver 48,04 2channcl tde [

Figure 17 The map comment showing as a new symbai the map, complete with pop-up ‘hover’
information
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(DG)

3.4.7. Depth Information

PAMGUARD now performs 3D tracking, as outlined iacBon 3.11, and the depth
information is displayed on the map, as illustratefligure 18 below, and in the Figures
in Section 3.11.

..- 4 PamGuard
|Fle Detection Display Map Help

Tracked clicks
30 Towed Array localizer

data
Mo GES received ....

"stnrposi'im

Latitude
Longtude

ange data
Vessakcursor
Range  2054m

Bearing  130°T

J * Audia File C:1D ts and Settings|Aaran Thods|My Documents|Projects|PAMGUARD,_SerizlPort|3D_Tracker|testa_azi45, R566m.wav 48.0kHz, 4 channsls : Ide
|

Figure 18 : Depth Information Display
(Scripps)
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P4 PamGuard M=
File Detection Display Map Help o
15 October 2007 13:10:34 GMT
Map I Click Detector ] User Display panel ]
[~Click Detector 1 rkey

Diebections inlask 10 minuk = Tracked diicks

EE(E:’:&I“ = 4;"”1“ = ‘EFDaiowe(dI;rlayIocal\zer ' A ‘
Click Events * 4 $ ’
A |V | 4

—
O[R] &
-~
| o|Ro| W

GPS data

DA‘T@ e Mo GPS received ....

. ~Cursor position

Latitude
Longitude

Range data
Vessel-cursar
Range 123m
Bearing 162°T

Audia File C:\Documents and Settings|Aaron Thode|My Documents|Projects|\PAMGUARD_SerialPart\30_Trackeritest3D_szie0_R233.wav 48.0kHz, 4 channels : Idle

3.5 Database interface

A new database interface, which is easily exteredabiny SQL based database system
has been written. This currently supports MySQL BI®IAccess databases (tested with
Access 2000 and Access 2003, but not Access 200@&)architecture is such that
support for other database formats can easily dedad required. The database module
will automatically configure a database so thaii$ the correct tables, with the correct
columns for whichever PAMGUARD modules are in usargy particular time.

Database tables have also been added which reé¢nctd modules within PAMGUARD
are installed and how they are configured in thaluse every time PAMGUARD starts.
The database therefore forms a single documentaiodamg not only detection
information, but also the PAMGUARD setup. This hae uses 1) auditing PAM
operations and 2) aids data analysis since thegroation ‘travels’ with the detection
data in a single document. Code has been writtegatt these data back into
PAMGUARD when running in ‘viewer’ mode, so thatetRAMGUARD configuration
matches the data in the database tables.

(DG)

3.6 Filter module

A stand alone filter which can be inserted into FBWARD data pathways. The user can
set up filters with a Chebyshev or Butterworth mesge for high pass, low pass of band
pass filtering (Figure 18).
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EArilter Settings X|
Filter Type Frequency (Hz)

IChebyshev ‘l {* High Pass

" Band Pass
" Low Pass
—Cut off Frequencies
High Pass S0000.0 Hz
Low Pass 15000.0 Hz
~Filter parameters
Filker order 4
Plot
Pass band ripple|z.0
X
x

(Gain (dE)

20
30
-40)

-50-

Cancel |

FAWARD Final Report

1000 10000

Figure 18 Filter configuration dialog

3.7.S5ound Acquisition
Sound Play back

When re-analysing wav files, sound can be playet barough the system sound card
(Figure 19). Check boxes enable to user to selbithachannels to listen to in multi
channel recordings. When combined with a patchldaee below) it is possible for the

3.7.1.

user to listen to multiple channels in each ear.

Future plans are to extend sound playback to wérdnaanalysing sound from sound
cards and other devices in real time.
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Sound Playback Options DZ|

Data source

:Raw input data from Sound % !

Channel 2
Channel 3

Options

Qutput device ...

[primary Soundoriver o
Use default playback rate
Playback rate | 19200 Hz

[ ()5 ][ Cancel ]

Figure 19 Sound play back control dialog.

3.7.2. Amplifier

A signal amplifier has been written (Figure 20)abidition to allowing different levels of
gain to be applied to each channel it providesatibty to invert the signal on individual
channels since we have in the past found that ipydnoes are sometimes wired
incorrectly so that the phase of signals is invede some channels, thus making it
difficult to accurately measure time delays betwsignal arrivals on different channels
using cross correlations.

Amplifier Settings
Raw Diabs input

F!.aw input data From Sound w !

Channel Gains

Channel Gain (dE) irvert

0 0.0
1 0.0
2 0.0

3 E_n.n

[ Ol ][ Cancel ][ Set Defaulks ]

Figure 20 Amplifier control dialog.

3.7.3. Sound acquisition
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ASIO

The ASIO protocol, specified by Steinberg, providesnterface with no specified limit
on the number of channels. There are now many ASI@pliant devices available which
offer more than 8 audio band, i.e. between 10Hz2&Hz, input channels. The
channels are commonly oversampled at rates up2kSIS.

Previously, PAMGUARD was unable to acquire acousitinals on more than two
channels, due to the restrictions inherent in stechtlVindows sound card devices and
drivers. A new DLL (dynamic link library) has beereated which now allows
PAMGUARD to interface with sound acquisition desaghich are supplied with ASIO
(Audio Stream Input/Output) compliant drivers. Fig21 shows the Audio Data
Acquisition dialogue. ASIO sound acquisition hasi&sted using the Fireface and
MOTU audio cards.

Other

A prototype interface to a high data rate Natidnatruments card has been developed.
This card is capable of detecting high frequenayalisations, e.g. from porpoises. To
acquire at such high data rates currently reqair@sdicated PC to interface with the
card, with a UDP link to the PC running PAMGUARD.the absence of a standard
interface like ASIO, each individual high frequergard requires a specialised software
interface.

While PAMGUARD potentially supports any ASIO catlde following table summarises
the cards it has been used with.

Card Type of Interface | Data Rate Status
RME Fireface 800 ASIO 96KHz Core
Motu 96KHz ASIO 96KHz Core
National Instruments | Bespoke UDP Link 500KHz Prototype

NI PCI-6123 Multi-
function DAQ &
NI PCI-6122 Multi-
function DAQ

Table of Validated Sound Cards

(HWU)
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Audio Data Acquisition

Daka Source Type

|.ﬁ.SIO Sound Cards W |

Select audio line

| MOTU Audio ASIO v|

Sampling

Sample Rate G000 Hz

Mumber of Channels

Peak-Peak voltage range
Preamplifier gain dE

Bandwidth |10.0 | to 200000 | He

[ ok |[ Cancel ]

Figure 21 Selecting ASIO devices from the Audio DatAcquisition Dialogue

Sound can now be played back through the systendsoard when re-analysing wav

files. Check boxes enable to user to choose wthienmels to listen to in multi channel
recordings. When combined with a patch panel (lEd2) it is possible for the user to
listen to multiple channels in each ear. The pataiel allows the user to mix different
channels together.

Patch Panel g|
Data Source
|Raw input: data from Sound A" |
Channel Connections
Ouktpuks
o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
MOOODODOOOOODOOOOdOoOoO0OooodooodoodooOodo o
1MOODOOOO0OO00OOO00OO00ODOOoO0OoO0DOooOoooooOooodsy,
s 20 M OO0OO00OO0OOOOOOOOOO OO OO O OO0 OOOOO:
OMOOOOOOOOOODOOOOO0OoOOoOoooooOoooooonOs
o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
[ Apply immediately
[ Ck H Cancel H Set Defaulks ]

Figure 22 Patch Panel control dialog

Future plans are to extend sound playback to wédrdnaanalysing sound from sound
cards and other devices in real time.
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File folder analysis functionality has been add&dbiulk processing of audio files. This
module currently only understands file date formatsd by PAMGUARD and IFAW
Logger software. Further work is planned in collation with Dave Mellinger to
improve this later in the year.

A simple signal amplifier has been written. Onét®imost useful functions is the ability
to invert the signal on individual channels sinaehave in the past found that
hydrophones are sometimes inverting the signakiectly on some channels, thus
making it difficult to accurately measure time daldetween signal arrivals on different
channels.

Previously, when analysing data from files, thereseild select either a single file, or an
entire folder of files (including the contents absfolders). The user can now also select
a selection of files for analysis from within orwder.

(DG)

3.8 ASIO sound card selection

PAMGUARD can now acquire multiple audio channefst@a maximum of 32. We
have implemented multiple channel selection for@8kvices. Previously, when you
tell the program to read a certain number of chisnitevould only read channels 0, 1, 2

. n-1. Now it can be sent a list of any chaiémehbers to read out. Figure 23 shows
that 4 channels (0,1,2,4) have been selected.d-Rfishows to create 4 panels for these
selected 4 channels. Figure 25 shows the useaglispithese 4 channels. Figure 26
shows the result of 8 channels. The panels areingbd user display module, each panel
shows the sound signals of each channel.

x

~Daka Source Type
IASIO Sound Cards ﬂ

—Select audio line

|n510 Fireface =]

—Sampling

Sample Rate |4SUUU Hz
Mumber of Channels |4 {hit enter)

Select Channels

Panel 0 channel IEI "I Panel 1 channel |1 vI

=

Panel 2 channel 2 |= Panel 3 channel

Peak-Peak voltage range IS.L'IL'I
Preamplifier gain Iltl.[l dB
Bandwidth Iltl.[l ko

]

1]

Hz

Cancel

mmﬂwnJHc

o]
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Figure 23 Channel Selection.

Spectrogram Parameters El

Data Source I Scalesl Plug insl Marl Dbser\rersl

~Source Data

IFFT - 1024 paink, 48000.0 Hz-FFT (Spectrogram) Engine - 1024 pk FFT j
FFT - 1024 paint, 48000.0 Hz 0
Mumber of Panels |4 (hit enter)

Panel 0 channel o I
Panel 1 channel 1 vI
Panel 2 channel 2= I

Panel 3 channel 4 - I

FFT Length 0 lamples
FFT Hop 1 mples
Sample Rate 5 0Hz

_ Ok I Cancel

Figure 24 Panel Selection.

il
File Detection Display User Display Help

110 March 2008 16:30:57 GMT
User Display panel |

BB FFT - 1024 point, 48000.0 Hz B = |

secor
0.0 00 00 0.0 00 00 00 00 0.0 0o 0.0
i i i i I i i i i I s

channel 0
20+

10

channel 1

20 100

o
channel 2
20-|

o
channel 4
20

o \ —50

ASIO Sound Cards ASIO Firef ace 48,0z, 4 channels : Running, buffer 0.05

Figure 25 User Display of 4 Selected Channels
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BdPamGuard == x|
Fie Detection Display User Display Help

110 March 2008 16:24:45 GMT

User Display panel |

lslx]

0.0
2

1.0
i

2.0
i

seconds

120

=

hannel 0

25

10

E=

oo

E=

hannel 3

25

25

E=

hannel 7

o

J ASIO Sound Cards ASIO Fireface 48.0ktz, 8 channels : Running, buffer 0.05

Figure 26 User Display of Selected 8 Channels

(HWU)

3.9 Simulator

PAMGUARD now features a simulator; whereby acoustiarces can be “placed” in the
simulated environment. The sources produce pericalis and their speed, depth and

course can be altered by accessing the simulaterpsinel settings controls. The sources
can also be dragged around the map with the mouse.
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Pd ramGuard
File Detection Display Map Help
23 August 2007 13:34:36 GMT

| Map | Click Detector __\:Iser u.'.|p|;1t_:

Click Detector i
Detections in last 10 minutes
Clicks 151 ' A ‘ ’
Click Events :D _ i
Userinput 4 $ ’ ‘
Hew Simulator |
A| V| 4
| source 1 V'! T — ]
C o o] | ~
Settings... Q I
AR ’
1
o .
GPS data |
| Latitude 5600 QEQ'N
g suurgel Longitude 2759.234'W
Time 13:34:35
Date 23087
True Course  56.0°
Speed 07.5 knots
Cursor position
Latitude 56°01.478' M'
Langitude  2°56.538"wW'
Range dats
Wessel-cursor
Range 4478m
Bearing s R

Simulated Sound Card Primary Sound Capkure Driver 48.0kHz, 2 channgls : Ide |

Figure 27 Simulator example

Figure 27 shows an example of the simulator in wbere tracked click bearing lines are
shown on the map, corresponding with source positio

The simulator must be used in conjunction with“gimulated sound card” sound source
option, which utilises the system’s default souaticas a source for timing.

(HWU)

3.10. NMEA Data Acquisition

Previously, NMEA data acquisition was available®MGUARD indirectly via a UDP
network connection. This was because there is meidserial port support in Java. For
situations whereby a NMEA network server was nespnt, users had to download the
small C++ NMEAServer (IFAW) application from the RMSUARD SourceForge
download page. This provided users with a meairgéoface a serial port NMEA device
with PAMGUARD. This was always intended as a woréead until another solution
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was found which would allow PAMGUARD direct serrt access from a user’s

MMEA Parameters @

MMES Source

perspective.

(") External MMEA server
() Simulated GPS data

Serial Settings

Part M3 b
BALID 4300 A

LDP Settings

IIDP Paort Mumber

[ Ck H Cancel ]

Figure 28 Serial GPS selection and settings

There is now a solution based on the RxTx packagepen source implementation of
the Sun's Java CommAPI. This package has now beerporated into PAMGUARD
and users now have the choice of, for example,iaogusPS data from the serial port or
an external NMEA server, as well as simulated G&8&.drigure 28 shows the NMEA
Parameters dialogue for the GPS, where the sembtpn be selected and setup
accordingly.(HWU)

3.11. 3D Tracker

Figure 29 shows a spectrogram and radar displaysohulated run of PAMGUARD, for
a source 400 m deep and 400 meters horizontal famgethe beam of a towing vessel.
Channel 0 of the spectrogram displays the simuldéed on the forward subarray, which
was 200 m behind the towing vessel at 75 m de@tiannel 2 shows data on the rear
subarray, 200 m behind the Channel 0 hydrophortealmo at 75 m depth. Each
“doublet” visible in the plot indicates the arriva a direct ‘click’ followed almost
immediately by a surface-reflected multipath, whicbvides the animal’s depth
information.
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I |

Click Detector - Click Detector

Audio File C: )_SerialPort|3D_Tracker|test3D_szi45_RS66m.wav 48.0kHz, 4 channels : Idle. Fie INNNNNNENI End 3:38:49 AM

Figure 29 Spectrogram and radar plot of simulated-D source on PAMGUARD.

Figure 30 shows how a standard Bearing displa)yAlMIBUARD plots the incoming

data. Finally, Figure 31 shows how the 3D posit®plotted in the Map view. The
latitude and longitude of the animals’ positionndicated by a red circle. The size of the
circle is inversely proportional to the animal’tie and the depth itself is printed next
to the circle. Because of the bearing ambiguity tivcles need to be plotted.

Figure 32 shows an alternative simulation of a @0@epth source at 60 degrees and 200
m horizontal range from the rear subarray. Not# tiee location circles are larger, since
the animal’s depth is shallower than was the aagégure 31.
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Fie Detectin Dsplay CickDetection CickDisplay Help

|15 October 2007 11:56:39 GMT.

15 October 2007 11:56:33 GMT
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End 3:56:50 AM

Figure 30 : Simulated 3D tracking data as it appeas in Click Detector view.

| §4 PamGuard
| Fle Detection Display Map Help

@30 Towed Array localizer

Audia File C:|Documents and Settings| Asran Thode|My Dacuments|Projects|PAMGUARD _SerislPort|3D_Tracker|test3D_azi45_RS66m,mav 48.0kHz, 4 channels : Tdi

GPS data
’;TO. GP5S received ....

Latitude

Cursar position
{an’@_me

ange data

Vessekcursor
Range  2034m
Bearing  130°T

'Figure 31 : Graphics output showing location of a @0 m deep source 400 m off the beam of the

towing vessel, located using two sets of hydrophasaitowed 200 m and 400 m behind the vessel,
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§4 PamGuard
| Fle Detection Display Map Help
115 October 2007 13:10:34 GMT

3D Towed Array localizer ||

G|C|VF AN
F RN AW

GPSdata——————
No GPS received ....

Cursar positian:
Latitude
Lunm_tpu‘_e

Rangedsta ——————
Vessel-cursor

Rangs  123m

Bearing 168°T

|
Audio File C:\Documents and Settings|Aaran ThodeiMy DocumentsiProjects\PAMGUARD._SerialPort3D_Tracker|test3D_azi60_R233. wav 48.0kHz, 4 channels : Idie |

Figure 32 Graphics output of a different source at 200 nthilep

3D localizer

—Detector source

ICIicks |

v Channel 0

v Channel 1
v Channel 2
v Channel 3

—3D selection parameters

Minimum ICI needed for cross-channel match 3 integer
Maximum mulitpath time T msec
Mazxirnurm Queue time 000 mseC
ICI estimation: percent angle errar permitted 10— percent
ICI estimation: percent echa kime error permitted (10 percent
~Tracking method

One whale TOA only j

One whale TOA only
One whale bearings

Ace haarinac

[
Figure 33 Parameter Dialog box for 3D tracker, showing pldivn menu for the three-different tracking
algorithms.
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The 3D tracking module permits three differentltiag procedures, depending on the
amount of multipath available on the array forking. The module also permits a
simple 2D range/azimuth estimation by crossingibgarfrom the two sub-arrays. The
particular tracking algorithms can be selected ftbenParameter Dialog for the module,
as seen in Figure 33.

(Scripps)

3.12. Ishmael detectors

PAMGUARD contains detection methods mirroring fuoctlity present in Ishmael’s
detectors, including energy summation, spectrogramelation (Figure 34a), and
matched filtering, presenting the detection outpwgraphical form. During
PAMGUARD 4, these detectors’ classes were modifiestay up-to-date with changes
to underlying classes that made the detectorslfiedlddition, to implement logging of
detections by PAMGUARD to a database, the clasapteimenting these algorithms
now contain subclasses of PamDetectionLogging d¢abel click and whistle detectors).
See tutorial Exercise 8 for a more detailed desonpf how to use this functionality,
and its capabilities.

ERAFFT - 1024 point, 249.0 Hz [ =101
seconds
| 100.0 200.0
_l [} |
40 e L

o Tt e i P S I - ,
Ehf_’_ﬂmfj}.-:‘,:,,.i—m.-. B T Hq "'h:-—.."__u- i L ) e

30_ - - . -
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20—

spectrogram correlation graphics

\
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Figure 34a Spectrogram correlation in PAMGUARD being usedétbect calls of blue whales from
Antarctica.

PAMGUARD also now incorporates an Ishmael “hypeididbcalizer that locates
vocalisations using multiple hydrophones. Figurb Bdistrates how to use it, and
tutorial Exercise 9 gives a more detailed desaiptf the localizer.

EAFFT - 512 point, 32000.0 Hz =101 %
seconds
60
e - = = . 50
157 channel 1 _ R
S—me e S o - - 2 —140
157 channel 2 il
.”_’/.
,‘r—’
’...____.r—"'_
5 =130

Figure 34b.Localizing a dolphin whistle; the red box indicatke selection to localize.
(OSU)

3.13. Other features

A channel spectra plugin display panel has beerldped which displays FFT data for
selected channels (Figure 35a).
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u
140
Channel Spectra

120 channel 3

100-;
B0

Figure 35aExample of channel spectra plugin display panel

There is a pop-up menu and dialogue which allowutfer to set up the display. This
allows users to select which channel(s) is(ardetdisplayed. In addition, since the
display of every individual FFT can often be difficto interpret visually, a smoothing
function has been added whereby users can seéentthber of individual FFTs used to
provide an averaged spectra.

(HWU)

There is now better channel grouping in the Cliekedtor for multi channel analysis and
better displays for multi pair channel configurasoFigure 35b shows an example of
multi-channel click detection using the channelugiag feature during the
CODA/PAMGUARD trial in July. The first grouping @ shows click bearing/time
display for hydrophones 200m behind the monitoxiegsel, and the second grouping
(right) fir hydrophones 400m behind the vessel.

8 Bearing Time Display . ';S”Q@Igiz. ring Time Display. EEL!‘E]

11 July 2007 11:41:06 GMT s L1 Juby 2007 11:41:06 GMT

Figure 35b Four channel click detection using chamel grouping feature

File writing has been speeded up and options tblerthe user to switch off individual
channels (e.qg. if they are noisy) have been added.
(DG)
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4. CODA/PAMGUARD Trial

4.1.Trial plan

A major field trial for PAMGUARD was carried out dag the 2007 CODA trial in
Block 3 (Northwest Spain). This trial was primardyganised by Doug Gillespie.

The original plan for this trial was for David Mctem to carry out leg one and Paul
Redmond to carry out leg two. In light of Paul leavthe project at the end of June, it
was thought best to employ the services of a psajaal PAM operator to carry out a
user assessment, replacing Paul for leg two. Sabhasgin Liders, a member of “Marine
Team” was to take up this role.

(DG)

The PAM system for PAMGUARD testing consisted &f ehannel array with two
separate groupings of two elements at 200, 203rmatal at 400,403 meters
respectively. A RME FireFace 800 ASIO device wasdu®r sound acquisition.

42leg1l

Leg one was on board B/A Investigadore and sailaeh Vigo in North West Spain on
the ' of July and returned on the"16f July. The main objective of this leg was to
identify bugs in the code and, if possible, fixgbealuring the cruise.

While much of each day was used for ruggedisatiwhdebugging work, attempts were
made to run the software for extended periodshed tiespecially when visual surveys
were taking place. Attempts were made to track atgnm real time using the graphic
tools on the click detector.

The user input form was used to log detection/isaibn information for subsequent
comparison with visual data (enhancements were naties module to make this easier
— see section 4.2.5). Since PAMGUARD was being ursiedmittently to allow
debugging, a master record of activities and aadietections was made using Logger.

This section describes which modules were testddhaw and does not describe the
bugs and deficiencies found in the software. THieofug record is in the full CODA
report. In addition, a full daily diary for thisdes available on request.

On this leg, there were some problems with noissd@gminantly on the 200m and 203m
hydrophone channels. There were some spectralsspifieh were reduced by re-
arranging the earth configuration for the systeheré were also transient noises which
were investigated. The most likely sources werebliplumes re-emerging from the
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stern of the vessel around the first hydrophone(paand the second was found to relate
to a loose boat rudder linkage being continuougliated by the automatic pilot system.

[
B FFT - 1024 point, 192000.0 Hz

g
T

192.0kHz, 4 channels : Running (RERENRRERN

Figure 36 Transient noise on the 200m and 203m channels

The following sub-sections summarise which moduleee tested and in which modes of
operation.
4.2.1. Sound acquisition

The new ASIO sound card interface was tested extdgsA RME FireFace sound
acquisition device was used and four input chanmele acquired continuously. With
de-bugging, 96kS/s operation was made reliable.

4.2.2. Database operation

During PAMGUARD sessions, either MySQL or MS Accdssabases were logging data
continuously. Some bugs were identified; for exaga@me modules were attempting to
submit “illegal” data to the database so code vaated to catch these entries and re-
format as necessary. There were indications tleeMySQL database introduced a
performance reduction to the system when many ttetewere running. This requires
further investigation. Comments were continuallydeauring the sessions and stored to
the database. Logger was also used to store cormmemAMGUARD operation details,
such as crashes and the “things heard” form indog@s also used as this feature is not
present in PAMGUARD.
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4.2.3. GPS acquisition

The GPS acquisition was found to be reliable. Haweone of the GPS devices used was
producing slightly erratic data. To reduce the iotgd this on modules which required
GPS data within PAMGUARD, a smoothing algorithm vadsled. This helped; however

it is suggested that a more sophisticated algorithdeveloped.

4.2.4. Map display

The Map display was tested extensively. For examplensure that the displayed
information was geographically correct and thaedetr information was being displayed
as it should be. A map file was loaded to ensuaettiis information was displayed.
Figure 37 is an example of the map display showhegcoastline, 100m and 1000m
contours.

'.f“iali' Spectrogram || Comments | Radar I SDunH Recorder I Click Detector |

A% = S — S— =

(7] a]
s T4 e]»]
| .:I':_'_ i = =
t. (N | V] 4]
| = ! e A =1
i:' [ O J_ Q J_ $ _|
ir Tif AN -~ |
} LO R N |
| |5 v TN ==
| GRS data l
Latitude 43°46.562' NI
Longitude 2°36.5951'WW

Time 10:02:20

Date 090707

True Course.  191.8°
Speed 096 knots

Figure 37 Map display example

4.2.5. User input module

The user input plugin was used to enter and logeents. Several new features were
added to this plugin. For example, it became dleairchanging to the user-input tab
panel to enter a comment at busy times was incoaneand took too long. To help enter
information more rapidly, a side panel text enteydf was created. In addition, to more
quickly enter positional data, the latitude, londi and bearing relative to vessel of the
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last clicked mouse position on the map is copiethéosystem clipboard. These data can
then be pasted rapidly into the user-input textyeii|d.

'j PamGuard
File Detection Display Help
: 01 September 2007 17:37:59 GMT

Map || Click Detector | User input

Click Detectar Enter Comment:
Detections in last 10 minukes test comment Sumbit comment
Clicks a5
) Clear comment
Click Events a
User inpuk

7''W, Range:58m, Bearing:252°

Entries:

01 Septewmber 2007 17:34:18 GMT :
01 September 2007 17:34:21 GMT : Lat:56%10.463' N, Lon:
Z®32.227' W, Range:58m, Bearing:Z252°

© Sound Card Primary Sound Capture Driver 48,0kHz, 2 channels | Running, buffer 0,05

Figure 38 User input panel showing side-panel

4.2.6. User display panel

Multiple spectrogram and radar display panels wenesimultaneously. For example, see
Figure 39, where click and whistle detections &@as to be overlayed on both panels
during an encounter with some dolphins.
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B4 PamGuard [BEE
Fle Detection Display LUser Display Help

14 July 2007 12:15:39 GMT

Comments.

|

Sound Recorder

- seconds

P 714_120458.mav | 0.0 1.0 20 :

" ‘ : v 2o
- |

in last 10 minutes

|

14050 b {

741 | | ] BN g
|
1

fosoft Access Database
la2007_140707.mdb

ions
whistles 101

ASIC Sound Cards ASIO Fireface S6.0kHz, 4 channels : Runing

Figure 39 Spectrogram and radar displays

4.2.7. Detector modules

The click detector was predominantly run in 4 cledp®6kHz mode with hydrophones 1
and 2 (200m) in group 1, and hydrophones 3 andgédop 2.

Figure 40 shows manually tracked sperm whale dekrings plotted on the map. In this
example the lines corresponding to each grouplaeg.cCross-bearing localisations were
plotted rapidly by taking advantage of the physgsglaration between the hydrophone
pairs associated with each group. While there kas Ino comparison between acoustic
and visual data to date, this example shows promise
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§d PamGuard
le Detection Displsy Map Help.
iémﬂsi‘ Map | | Comments | Radar | Sound Recorder | cick Detector|
&y
i 207073 iz5s0s | - | R I
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-
LIRS
-
O|R| N
-~ GP3data )
Latitudle 46248.201" N
Longitude  T*5T.016'W
Time 123042
Date 140707
True Course  208.9500000)
Speed 08,3 knots
 Cursor position

Latitude ~ 48%47.955° N’
Longitude  7°56.698' %"

- Range data
Vesselcursor
‘Range  1451m
Bearing 107"

ASIC Sound Cards ASIO Fieface 96,0k, 4 channels s Running (RRRARANAN ]

Figure 40 Manually tracked sperm whale bearings using twekdlietector channel groups

Since each hydrophone pair were situated in a aotislly different acoustic

environment (depth/noise-field, etc.) it was diffiicto set up the pre- and trigger filters as
there was and a compromise was required. It iether suggested that different filters
can be applied to groups/individual hydrophonethasoperational setup dictates.

Automatic click train identification was used ftietmost part. Figure 41 shows an
example of this feature in operation for a grougmérm whales.
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Figure 41 Automatic sperm whale click train identificationaemple

4.2.8.

Whistle Detector

The whistle detector was run using both pairs afrbghones, although it was found to
operate better using the rear pair, due to thecetiambient and vessel noise. In general
it was difficult to set up the whistle detectorrédiably detect whistles for changing
conditions and species. The detector was set ymton channels 0/2, with bearings
being calculated using channels 1/3.

Figure 42 shows whistle detection overlays on gfeegogram and radar panels.
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Figure 42 Example of whistle detection overlays

4.2.09. Sound Recorder

The sound recorder was used both in continuousiataiatic trigger mode. Multiple
channel recordings were made, up to four chanteldime. The system crashed several
times when operating in automatic mode. Howevenymacordings were made
successfully.

4.2.10. Aaron Thode’s 3-D locator.

This locator was used in association with the atlekector. While there were no bugs
detected from its operation, it appeared that thgnam output was to the console and
DJM was unsure of how to interpret the information.

4.2.11. Other modules tested

The following modules were also tested:

Decimator
IIRF Filters
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Spectrogram smoothing
workshop detector

Each of these detectors performed well, althoughetivere some problems which were
added to the bugs list.

(HWU)

4.3leg 2

The second leg was on board the Spanish vesseidédde Saavedra and sailed between
the 17th of July and the 1st of August.

For details of Sebastian’s findings please seedpisrt [ref. required]
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5. Summary

The PAMGUARD project began investigating next gatien Passive Acoustic
Monitoring (PAM) software in 2004. By PAMGUARD 3@26 - 2007) functionality
analogous to that of the “RainbowClick” softwaressvailable and ruggedised by sea-
trials and functionality analogous to the “Ishmastftware was under development. 2D
localisation was provided using stereo hydropkone

This report documents PAMGUARD 4, the final phatatensive PAMGUARD
development. The code and user base have beenrsgpe described in Section 2. The
functionality of the core PAMGUARD architecture hasreased substantially in this
phase of the project as described in Section 3rdlestness of the software has been
developed by a 2-week deployment on the CODA &satlescribed in Section 4. The
PAMGUARD profile has been raised by ongoing welspree, software releases,
conference presentations, and the PAMGUARD Worksraptraining activities.

PAMGUARD phase 4 has met almost all the objectauas exceeded them in many
parts. All of WP2 Maintenance has been deliverededsiled in section 2. The workshop,
WP3, was delivered and is reported separatelyymo#t all of WP1 Core Architecture
has been delivered.
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Appendix A PAMGUARD User Tutorial (HWU/OSU)

PAMGUARD Overview

Many marine activities involve underwater soundssians. These may be a by-product
of the activity (e.g. piling or explosives), oraot (e.g. air guns used for seismic surveys
in oil and gas exploration, or military/commercsainar). To mitigate against harm to
marine mammals, observers are often employed t@aNysscan the sea surface for the
presence of animals. In the event of a sightingeg@aures such as suspension/delay of
activities may be implemented to avoid harm.

Visual observations play a vital role, but marinemmals are difficult to spot on the sea
surface, especially when weather and light conufitiare poor. However, many marine
mammals produce loud and distinctive vocalisatiorigch can often be detected more
reliably than visual cues. For these species, pas&ioustic monitoring (PAM) offers an
effective means of detection. Furthermore, thetarea do not need to be on the surface
to be detected.

A basic PAM system consists of a number of hydroghelements (analogous to
microphones in air, but used for underwater soan@nged to form an array,
hydrophone signal conditioning/amplification, are§acquisition device (e.g. a sound
card) and a computer running PAM software. Soundke water are converted by the
hydrophones into electrical signals which are comaed appropriately and converted
into digital signals for processing by the PAM sddte.

The PAMGUARD project was set up to provide a staddaftware infrastructure for
acoustic detection, localisation and classificatmmmitigation against harm to marine
mammals, and for research into their abundancgiliison and behaviour.

PAMGUARD is open-source Passive Acoustic ModelliRdM) software based on a
platform-independent (e.g. Windows or Linux), flebe, modular architecture.

This architecture makes it relatively straightford/éo incorporate new modules as they
are developed to include additional detection,lieation, classification and sound
visualisation functionalities. The software offarsersatile software/hardware interface
to enable flexibility in the configuration of ingequipment (number of hydrophones,
sensitivities, spacing and geometry).

PAMGUARD is a sophisticated software package thatlwe used by the expert user to
set up industry/research PAM infrastructure. It also be configured for operational use
by MMO PAM operators. Central to the software desga flexible core architecture
which allows the integration of a range of addigibplug-ins. For mode information on
PAM and PAMGUARD please visggamguard.org
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This tutorial provides an introduction to PAMGUARIDmM a user’s perspective. This
involves exercises in setting up and running thewsoe with a variety of configurations
of plug-in modules.

The table below shows the core Built-in and a seleof the plug-in modules, some of
which will be utilised in this tutorial. Core modisl are always present in a version of the
PAMGUARD application, whereas plug-In modules gpéanal, and can be added and
removed as suits a given monitoring activity.

Core Builin Modues —___ Pluginliodes |
Array configuration MAP

Model Manager and Profiler NMEA/GPS Acquisition

GUI Container for plugins Acquisition devices

Help Manager FFT (Spectrum) factories

Configuration and settings manager Decimator

Standard graphics layout classes Sound recording

Spectrogram smoothing
Spectrogram displays
Radar displays

Click Detector

Whistle Detector

Energy Sum Detector
Spectrogram Correlation Detector

SQL database interface (requires MySQL)
Source simulation
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Tutorial Learning Outcomes
The purpose of this tutorial is to provide a basierview of how to use PAMGUARD,
including adding and configuring plug-in modules.

The main learning outcomes are:
Loading and running PAMGUARD configurations
Navigating the Graphical User Interface (GUI)
Basic Map familiarisation
Running and configuring a Click Detector module
Adding and configuring User Display panels
Overlaying detector graphics on display panels
Adding and configuring FFT Engines
Adding, configuring and running a Whistle Detector
Using spectrogram and radar displays to view dieteatformation

Using “Ishmael” Plugins

These learning outcomes can be achieved throughies ©f exercises that now follow.

The exercises can be seen as a guide, so you'oeged to experiment with
PAMGUARD as you work through each one.

55 © Heriot-Watt University 2008



Commercial in Confidence RFBWARD Final Report

Exercise 1. PAMGUARD familiarisation

1.1. Launching PAMGUARD

To launch PAMGUARD, locate the PAMGUARD..jar file gour computer and double-
click it. The following dialogue will appear:

Load PAMGUARD configuration from ...

Recent configuration Files

pamguardTukariall . psf

Options

Always show at start up

Figure 43.PAMGUARD configuration dialogue

This dialogue allows the user to choose from thecten of PAMGUARD configuration
files available on your system. You may need taMseto locate the settings files.

Note: In operation, operators may have a suitetip files available for particular types
of monitoring tasks and/or customise these foripaer tasks and situations.

Select the appropriate configuration file from thiep-down menu and click OK. In this
case, this will be “pamguardTutoriall.psf”.

WhenOK is clicked, the dialogue will disappear and theMBUARD application will
launch. During the launch, the following dialogudl appear.

Set PC Clock X

iZurrent PC System Time
15 March 2007 12:08:26 GMT|
Current GPS Time

15 March 2007 12:08:25 GMT

Auka set on Pamguard stark-up

Figure 44.Set PC Clock Dialogue

You should ignore this dialogue for this tutoriafter a few seconds it will disappear. In
real operation this would synchronise your PC chik the time provided by the GPS
system.
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1.2. PAMGUARD GUI overview

Once launched, the PAMGUARD Graphical User Intexf@@UI) will look something
like Figure 45.

File Defection Display Map Help
15 March 2007 12:18:00 GMT

o

Latitude 56700, EEB‘N!
Longitude: 2°58.227'W §
Time 12:17:50
Date 150307

o
Speed 07.5 knots

Cursar position

| Latitude
|| Longitude

eeeee g 302T

Wessel-cursor
Range 6751m
Ei

Sound Card Primary Sound Capture Driver 48.0kHz, 2 channels : Ide |

Figure 45.PAMGUARD Graphical User Interface

The GUI is subdivided as described in the followtalle.

Menu bar This provides access to many PAMGUARD settings@drols, as
well as access to the help system. PAMGUARD hagmamic menu
bar system, whereby the menu items change accotalithg current
view and settings.

Clock display ~ Shows the current time.

Side panel The side panel gives quick access to informati@hcmtrols for
currently active modules.

Tab panel Tab panels provide access to the main visual extedf of many of the
PAMGUARD modules. In this example the map tab pashown,
which consists of a map, compass and some GP&tdata

Status bar This bar provides information on the current statuUBAMGUARD,
e.g. whether it is running or idle

Spend some time investigating the user interface.
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1.3. Using the map

At this point, PAMGUARD should be running with thexercise 1” configuration.
Check that this is the case by selecting Elé.oad Configuration.

This will open the configuration dialogue. The @mtr configuration will be selected in
the drop down list. If this is not “exercise 1.pdfcate and select it. Otherwise, click
Cancel.

PamGuard can run in simulated or real GPS modeheltutorial configurations, the
GPS is simulated and the “vessel” icon will appmaand move over the map display. If
you cannot see this, make sure you have seleatatidlp tab panel by clicking on its tab
and click on the “centre map on ship” map contudtdn (see table below).

Experiment with the map controls, which have fumesi as described below:
This control pans the map such that the vesselhwhic

$ Centre map  gypplies PAMGUARD's GPS feed is represented in the
on vessel _ _
centre of the display by tH® icon.

These controls allow the user to zoom in and odbef
Zoom out/in  map view. These functions can also be achievedyubm
mouse wheel.

These controls allow the user to pan the map westeps.
Pan “Free” panning can also be achieved by clicking and
dragging the map with the mouse.

Ship/North  These controls set the map’s orientation to shipading
orientation  and North, respectively.

These controls allow the user to rotate the mapdesired

Rotate map arbitrary orientation.

CC28VADDD

Note the information panel at the lower right haodner of the map. This shows useful
information such as the position of the vessel Wiiscsupplied by the GPS feed to
PAMGUARD.

Move the mouse cursor around the map and notehtbdtatitude and Longitude of the

cursor position is provided and in addition, thegafrom the mouse cursor to the host
vessel. This is useful for range estimation.
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1.4.  Setting up a sound source

First of all you will need a source of sound. PAM&RD modules can acquire sound
data in a number of ways, e.g. sound can be achdirectly from the system sound
card, from some other digital acquisition devicesound files can be loaded and “re-
played”.

In this exercise, you will play a sound file in tb@mputer’s media player (e.g. Windows
Media Player) and PAMGUARD will acquire the datarfr the system’s sound card via
the computer’s software mixer.

Start the computer’s media player and load thenfimed “GomSpermWhales.wav”.
This is a recording of sperm whale vocalisationslenfiom a research vessel in the Gulf
of Mexico

Make sure that the media player is set to playsthend in a loop (set the player’s play
settings to Repedt (for windows media player, pre€rl-T).

Next, check that the computer’s software mixertording settings are set to record the
stereo mix. This may be calle&tereo Mi¥, “Wave Out Miketc. For windows users,
the mixer is accessed via the control panel andaak something like this:

i1 Recording Control

Cptions  Help
CD Audio Microphone Line In Wave Out Mix
Balance: Balance: Balance: Balance:
Walurne: Walurne: Walurne: Walurne:
Ll L Ll
L]
[]5elect [5elect [5elect Select
Conexant HD Audio inpuk

Figure 46. Setting the Windows mixer

If you have difficulty with these steps, ask a feelpr consult the computer’s help
system.

Select Play in the media player and, if you hawedpéones or speakers, you should be
hearing the sound file. Once these steps are davtie PAMGUARD will be ready to
process the sound data.
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Exercise 2. Running the Click Detector

The loaded configuration already has a Click Deteplug-in added. Clicking on the
Click Detector module’s tab will bring forward tingain Click Detector interface panel
(Figure 47).

| map | et |

| - Wertical &xist (<) Bea. .
B Bearing Time Display

15 March 2007 15:25:37 GMT

Seconds
0.0 2.0 4.0 6.0 8.0 10,0
! Ll 1 I 1 1

o
0 NI I

Figure 47.Click Detector Tab Panel

The panel has four main components:

Bearing/Time Each detected click is shown as a circle or ellggs¢he scrolling
display display. The toolbar at the top of the display barnused to select the
type of vertical axis - bearing, amplitude or intéck interval.

v

Click waveform | The waveform of each detected click appears onligpay as it is
display detected.

Click spectrum | The power spectrum of each click is displayed &sdetected.

Trigger display | The trigger window shows the amplitude of the sigmaeach
channel as a decaying histogram. The verticaliredrepresents the
trigger threshold set in the detection parametisgl (cross
reference). Level meters for each channel aresidewn on the right
hand side of the trigger window.

Start detection by selecti@etection= Startfrom the main menu. You are now running
PAMGUARD in active mode!
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1.5.  Tracking clicks manually

The bearing time display scrolls with time and degd clicks can be identified as
ellipses. As clicks appear on the bearing timeldisghe Click Detector’s side panel
display (Figure 48) updates the number of clickected in the last 10 minutes.

cdl
: % o Clicks, cdl
Detections in lask 10 minukes v Tracked Clcks, cd1
Clicks 5 | Click Trains, Click Train Detector |
Click Events 0 | (f
S
Figure 48.Click Detector side panel display Figure 49.Map Panel drop-down menu

To track detected clicks manually, select a clickne Bearing Time display by left-
clicking on it. This will draw a cross on that did= to confirm its status as being
tracked. Next, click on the map panel tab to bforgvard the map display. Using the
right mouse button (or for Macs, hold the ctrl kend click) click on the map display to
bring up the map detection drawing options. Thavtes a selectable list of items which
are suitable for drawing on the map. An exampkhswvn here:

Make sure that “Tracked Clicks” is selected (asdatéd by a checkmarK) for the

Click Detector which you are using — in this ca€éick Detector 1”. This will draw the
bearing lines for that click on the map panel radated in Figure 50:

0

map | cdi

Figure 50. Tracked click bearing lines plotting on the map @an
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1.6.  Tracking clicks automatically

The Click Detector can automatically detect seqasrug clicks on a consistent bearing
with a consistent inter click interval. Clicks thettisfy these constraints are referred to as
Click Trains

To enable this feature, select the Click Deteabrpganel. Then sele€lick Detection=
Click Train Identification..from the menu bar. This will bring up the followin
dialogue:

Click Train Identification X
Opkions

ORung

I Ok, H Cancel ][ Set Defaults ]

Figure 51.Click Train Identification Dialogue

Click on theRun Click Train ldcheck box and sele€iK.

Note that access to the same dialogue is also possible by selecting
Detection = "Click Detector Name” = Click Train Identification
from the main menu — where "Click Detector Name”is the name given to
the particular Click Detector module running. For this exercise this will be
“Click Detector 1".

Now look at the Bearing Time display. ldentifiedckltrains are indicated by coloured
ellipses, as in the Figure 52.

map | cdi
- Wertical Axis: () Bearing () Amplitude () ICT

B Bearing Time Display

20 March 2007 11:52:56 GMT

0o 2.0 4.0 6.0 8.0 10.0

£
sgg-....'.. . ...-.l.‘ e R e R
L
180 W

Figure 52.Click trains plotted on the bearing time display
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Now switch to the map view.

Position the mouse somewhere on the blue map atkprass the right mouse button to
display the drop-down detector selection box ankersare that “Click Trains” is
selected.

If a click train reaches sufficient length and bearing change is adequate, target motion
analysis automatically calculates a range and ibgaoi the sound source. The first and
last bearing lines associated with this click tre@guence are also automatically
displayed on the map. An example is shown in Figge

map: edl)

° BB
| < » ||
INE2P
| lv|a) s
BRr

| GRS data :
Latitude 56“05.922'N"_§’,
Longitude 2°44.300"W
Time 1200012
Date 20003007
True Course  56.0°
Speed 07.4 knots

Cursor position

Latifude  56°05.978" M
Longitude  2°43.820"W!

Range data
O Wessel-cursor
| Range 827m
Bearing 78°T
E 7= L
Figure 53.Click Train range estimates drawn on the map

Note that the lines terminate at the point of lise¢ indicating the range estimate. Now
hover the mouse cursor over this point and obstiv&/essel-cursor range and bearing
on the map information panel.

Take some time to experiment with the Click Deteetod map views.

Try the program with the file “SpermSurvey.wav'texording made in the course of a
real seismic survey from a survey vessel of Auistral

SelectDetection= Stopfrom the main menu to stop the detector.
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Exercise 3. Running the Whistle Detector

1.7. Load the sound file

To experiment with the whistle detection in PAMGUBRoad the sound file
“whistles.waVv into your media player. Again, make sure your pfag set to repeat
playback Ctrl-T in windows media playgand start the player.

1.8.  Adding a Whistle Detector module

Next, we will add a Whistle Detector module to PAMERD. Ensure that Detection
mode is not activéDetection= Stop. SelectFile = Add Modules..= Whistle
Detector from the main menu. The following dialogue witipgear:

Select an Option §|

The Whistle Detectar you are krying ko create requires a
*—H FFT {Spectrogram) Engine befare it can operate

D yau wish ko go ahead and create a FFT {Spectrogram) Engine

E s |[ Mo H Cancel ]

Figure 54.FFT Engine creation dialogue

Whistle detector modules require spectrogram aateork. FFT modules provide
spectrogram data and PAMGUARD knows at this pdiat ho FFT data producing
modules are present. PAMGUARD therefore asks ifwould like to make one. Click
Yes A new dialogue will appear asking you to nameRR& Engine module.

New FFT (Spectrogram) Engine

Enter a name For the new FET {Spectrogram) Englne
A' [FFT1] |

[ (o]4 l[ Cancel ]

Figure 55.Naming the FFT Engine module

In this dialogue, entdfFT1 as the name for the new FFT Engine and click Oé fiext
dialogue to appear is for the configuration of B Engine.
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EET Parameters E|

Data Source

Raw input data From Sound] 85
Channel list ...

Channel 0
Channel 1
FFT Length

FFT Length | 1024

FFT Hop |512
Ol Cancel

Figure 56. Setting the FFT data source

From the drop-down data source box, sel&awW in put from Sound Acquisition” and
make sure that both channels are checked. Leavegshef the parameters as default and
click OK. Next, enter WD1 as the name for the Whigtetector module.

New Whistle Detector

Enter a name For the new Whistle Detector
= WDl |

[ oK, ][ Cancel J

Figure 57.Naming the Whistle Detector module

Click OK. Access to the Whistle Detector setting&om the main menu,
Detection= Whistle Settings.

The Whistle Detector will also place an item on ¢ide panel as shown in Figure 58.
Now that you have changed the PAMGUARD model camfigion, click

File = Save configuration as. and save the configuration as
“clickAndWhistleDetectors.psf”

Wh1

Datections in last 10 minutes
Whistles |0

Whistle Events |0

Figure 58.Whistle detector side panel display

Close down PAMGUARDOFile = Exit) and re-launch the application. Choose
“clickAndWhistleDetectors.psf from theLoad PAMGUARD configuration from..
dialogue and cliclOK.

Note: This closing down operation is not necessary for PAMGUARD to operate
with the new configuration — it’s just to give you practice!
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1.9.  Adding a Spectrogram Display

Whistle detections can be viewed in a number of FAMRD graphics modules. For
this exercise you will firstly use a Spectrogransfday. Spectrogram Displays are placed
on a generic User Display panel, so first of all yave to add a User Display panel to
PAMGUARD. To add the new User Display panel, yoll mow use the Data Model
display. SelecFile = Show data model. from the main menu. This will open up a new
Data Model display window.

Pd Pamguard Data Model

 NMEA

 hMEA

MMEA data acquisition .U.Ur.fo @h,n o
L MaDen ! GPS Data 132
[ ,:-'»g'(v.*g ’
AI5 Processing EI‘EI Yo

AI5 Data

Sound] 0.0 % Lo
—— —_— it
Raw input data from Soundt |10 L ot tn.n % o1
— 5
Clicks Jo | | cickrain ostector Jo.0
( Tracked Clicks Jo Click Trains Jo

Fitered Data from CD1 |0

Fj FFT1 S

FFT - 1024 point, 480000 Hz 0.0 %

Raw FFT Data o W1 0.0%

[ Spectral Peak Blacks ]|0 D

Whistles o Whiste Even: Detoctor §0.0%
Whiste Events o

Figure 59. The PAMGUARD Data Model window

Place your cursor anywhere on an empty space otatiaemodel display area and,
clicking the right mouse button, seléadd Modules...= User Display panelfrom the
drop-down menus. Enter “User Display 1” as the namgur panel in the new module
dialogue and click OK. Note that the User Displaydule does not appear as part of the
data model. This is because the user display caeneive or produce data, and acts
merely as a canvas for other displays. Clidtiseat the bottom of the Data Model
display window.

To add the Spectrogram Display to the new UserlByspanel, select the User Display
tab on the tab panel selector. Notice the main nitemus change as you select the
various tabs. Seletiser Display = New Spectrogram. from the main menu. We are
going to use 2 spectrogram panels in slightly daifé ways, so enter “2” in the number
of panels box. Hit th&nterkey on the keyboard to confirm the value and seleannel
0 and 0 from the two channel selection drop-dowtsliClickOK and the new
Spectrogram Display will appear on tbser Display 1panel.
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1.10. Asio Sound Card Channel Selection

When an Asio card is pluged in, the PamGuard cgectid it automatically. In the
Audio Data Acquisition module, select ASIO Sound Cards, and selectiedf your
ASIO card, which is ASIO Fireface in Figure 18the PamGuard a certain number of
channels can be redéigure 18 shows that 4 channels (0,1,2,4) have been selected
Figure 19 shows to create 4 panels for these selected helgaRigure 20 shows the
user display of these 4 channélggure 21 shows the result of 8 channels.

x

~Daka Source Type
IASIO Sound Cards ﬂ

—Select audio line

|n510 Fireface =]

—Sampling

Sample Rate |4SUUU Hz
Mumber of Channels |4 {hit enter)

Select Channels

Panzl 0 channel IG Panzl 1 channel m
Panzl 2 channel 2 |= Panzl 3 channel
Peak-Peak voltage range W ':1] =
Preamplifier gain W dB .
Bandwidth IF ko 3-

Ok : Cancel |
3
Figure 18: Channel Selection.

Spectrogram Parameters El

Data Source I Scalesl Plug insl Marl Gbser\rersl

~Source Data

]

l'_'l|

Hz

IFFT - 1024 paink, 48000.0 Hz-FFT (Spectrogram) Engine - 1024 pk FFT j
FFT - 1024 paint, 48000.0 Hz 0
Mumber of Panels |4 (hit enter)

Panel 0 channel

(<)<

Panel 1 channel

5]
4

Panel 2 channel

Panel 3 channel 4 - I

FFT Length 0 lamples
FFT Hop 1 mples
Sample Rate - 0Hz

4

Ok Cancel

Figure 19.Panel Selection.
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=l=ix]
Fie Detection Display Lser Display Hep
110 March 2008 16:30:57 GMT
User Display panel |
EBFET - 1024 point, 48000,0 Hz 2l x|
seconds
0.0 00 0.0 0o 00 00 00 0.0 0o 00
i i i i i i i i i o
channel
20|
10
channel 1
20| 00
=
o
channel 2
£
50
-70
channel 4
20
60
o ‘ -s0
J ASTO Sound Cards ASIO Fireface 48,0ktz, 4 channels ; Running, buffer 0,05

SENS)

Figure 20: User Display of Selected 4 Channels.

Fie Detection Display User Display Help

|10 March 2008 16:24:45 GMT

User Display panel |
BB FFT - 1024 point, 48000.0 Hz B = = |
seconds
00 Lo 20 30 40
2 i i i i e
hannel 0
%
hannel 1 Hio
%
hannel 2
Hoo
2
hannel 3
=
a5 i
hannel 4 ‘
\ -
[ | | |
E= =Y L S|
hannel 5
-7
25
hannel 6
25 -
hannel 7
o 50

ASIO Sound Cards ASIO Firef ace 48,0z, G channels : Running, buffer 0.05

Figure 21: User Display of Selected 8 Channels
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1.11. Viewing whistle detections

Start detectioiDetection=> Start and the two spectrogram panels will show the
spectrogram data in real time.

B Raw FFT Data
secands
oo S i N
| | | ' 200
channel 0
= 1
£ N \ "4 150
| ..'-\I. ¥
i v
i3 Y \\1
-l i 1 i-_‘-ﬁ&';‘-jti:'-.-'r;-l'-_-‘.l-" A L S E i La e b LRt B LR e gl b 00
channel 0
20— |
b
PRI “ Tt g Tk R
| g 3 HE-N Pl ;
Iy N ‘\\‘ )
- o el i s S sl s i sl b Sl (SR e bl R 9 i _

Figure 22. A Spectrogram panel display

Right-click over the spectrogram display and chddstings.. from the menu. Now
click on theScalestab. Experiment with the spectrogram display bystthg the
amplitude range settings and clicking OK. This gemthe range over which the
spectrogram displays spectral amplitude data. Repisauntil you are happy with the
view. For the sound file you have running at themeat, you should see regular whistle
contours as in the image above.

Now, right-click over the top panel on the spectamg display and this time choose
Spectral Peak BlocksSmall blue rectangles will now be overlayed ondhannel 0
panel on top of peaks detected in the sound spddiese peaks are candidate
components for whistles.

Where consecutive peaks are connected in such asvaysatisfy the Whistle Detector

criteria, a Whistle detectiohis created. Now, right-click over the lower pael the
spectrogram display and this time chod#eistles
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B Raw FFT Data

Figure 23.Spectral peaks and whistle detections on spectrogra

As is illustrated in the figure above, detectedsilas will now be overlayed on the panel
as coloured lines which track the detected whistles

1.12. Data from Seismic Surveys

Try running the whistle detector with recording reatliring seismic mitigation exercises

File “whistlesurvey.wav” Was made from a seismiarse vessel off Australia with
electrical gating of the airgun pulse. The whistteme from a bottlenose dolphin.

File “whistlesguard.wav” was made from a guard eedsiring a seismic survey on the
Atlantic Frontier.
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Exercise 4. Advanced display features

There are a more display types available in PAMGDARhich will be explored here.

1.13. Adding further displays to Spectrogram Panels

It is often useful to view multiple data and dei@cttypes simultaneously. For example,
various detector modules active in PAMGUARD cannddetections on the Spectrogram
panels. While detection is running, right-click o@espectrogram panel and choose
“Clicks”. Detected clicks will now be plotted onetlpanel as red circles on the top of the
plot.

In addition, plots can be added to the bottom efSpectrogram panel. Right-click over
the spectrogram display and cho&sdtings..from the menu. Now click on tH&lug-in
tab. Select additional plug-in display panels bgkihg on the check boxes f&aw input
data from SoundlandClick Detector= Click Detector 1 Click OK.

B FET - 1024 point, 48000.0 Hz

seconds

i 200

channel 0

100

N
channel 0

Raw input data from Sound1

T VT

LEE 2 R

cnckne‘ctonc% b ™ T see g
*.—nz—o—fJ“—

Figure 24.Raw data and Click Detector plugin panels added spectrogram display

0.0+

As illustrated in the figure above, the raw souraveforms are plotted and also a
compact version of the Click Detector display iswh.
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1.14. Adding a Radar Display to the User Display panel

We will now add a “Radar” type display to the UBesplay. Radar display windows can
be used to display range, amplitude and bearirggnmdtion to detected sounds. To add
the Radar Display to the User Display padseér Display 1selectthe User Display 1

tab on the tab panel selector. Seldsér Display= New Radar display. from the main
menu.

Since many detectors, particularly those using Eripear hydrophones, produce
ambiguous bearing information, it is possible tgpthy either the full display or only one
half of the display. We will display a half digglcalledRD1, so type in the name and
selectRight half only from the Style option drop-down list. Once the &abDisplay is on
User Display 1, selectser Display= Arrange Windows.. = Tile Vertical from the
main menu. The display should look something lilguFe .

Figure 25.A Radar display added to the User Display Panel

Right-click over RD1 and choogettings...= Detectors From the Detectors tab,
select theShow Detector Dataettings as indicated in Figure .

Radar Display Parameters E|
Stales || Detectors]

Show Detector Data

Detector Lifetime ()
Clicks 1
Tracked Clicks |20

Wihistles 1

[ Ok H Cancel ” Set Defaults ]

Figure 26.Detector selection and lifetime settings for Reldeplay

Click OK. This will set the radar plot to display Clicksatked Clicks and Whistle
detections for 1, 20 and 1 seconds respectivelgefment with the plot settings and,

when you have finished, seldaetection= Stopfrom the main menu in preparation for
the next exercise.
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Exercise 5. Detection during seismic source operation

1.15. Loading the sound file

First load the sound file “spermWhalesPlusSeisnag:w

This is a recording of sperm whale vocalisatiokemaduring an active seismic survey.
The presence of a significant sound source, suéinras air guns has implications for
the operation of detection algorithms.

You will notice an artefact on the central axigd{gting no time delay between channels).
This is noise picked up after the seismic pulsectviias been gated out.

Here we will investigate changing the Click Detecettings in an effort to reduce the
adverse effects of the unwanted noise.

SelectDetection= Click Detector 1= Detection Parametets. from the main menu.
Click on the Set defaults button to restore thedets settings to their default values.
Start Detection@etection= Starf) and observe the Click Detector tab panel displays.
You should see something like this:

[map] €01 [ups |

a
. b
.

i [ S i

=20
Signal | Triager Level {dB)

& Driver 48.0kHz, 2 channels ; Running [RRRNRRNRRRARN

Figure 27.Click Detector display example for noisy seismitada

Notice the rapid click detections associated withelectrical noise on the 9bearing.
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1.16. Adjusting click detection parameters

Now select thédmplitude radio button on th€lick Detector Bearing Time Display

This changes the Y-axis of the plot to represemtatmplitude of detected clicks. Notice
that the rapid clicks consistently appear at loaraplitude to the majority of the rest of
the click detections (Figure ). If all of the clglkppear at the top of the display, you may
need to adjust your computer’s mixer settings tluce the amplitude of the captured
sound. You can also adjust the amplitude scalingetlisplay (Figure 2960).

Seconds
0.0 2.0 4.0 6.0 3.0 10,
1600 L ! I | i
~
”» - -
- 3 4 . - - . - . 4 . 4 - 1 F ] 8 “
o & - - - L] 1 i 1 b
= ] 1 . . o4 o e . .
[ ]
3 mmeymf?\*Mpu. R ET a1
£
=
S
-
60.0—

Figure 28 Plotting click amplitude versus time

Click Display Parameters

Auis | Click Size

Maimum ICI H
Amplitude Range  |60.0 tol160.0 |dB

Horizontal grid lines (0

[ ok ][ cancel |[ Help... |[ Setpefauks |

Figure 2960.Adjusting the amplitude scaling for the Click DetedAmplitude display

We will now adjust the click trigger threshold sublat the Click Detector will not trigger
for these lower amplitude clicks. Again selBetection= Click Detector 1=

Detection Parameters. from the main menu. This time, increase Tineesholdsetting
above the default setting of 10.0 dB. This wittnease the level above the measured
background which must be exceeded by clicks to iecdetection candidates.
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Click OK and observe the Click Detector display. Wait fa étigorithm to settle down
with the new settings (up to 10 seconds).

If your setting is too high, then genuine clicksynmat be exceeding the threshold and the
click display will look rather sparse. If the segiis too low, you will still be seeing the
interference clicks. Experiment with this settingiliyou are happy with the results.

 Wertical Axis: () Bearing (&) Amplitude () 1C1

Bearing Time Display

22 March 2007 13:28:40 GMT
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Figure 30.Results of adjusting Click Detector trigger threlsho
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Exercise 6. Energy sum detector

We are going to detect units in the humpback song by summing the “energy” in
the 100-300 Hz frequency band. First load the sound file “humpback whale
example.wav”, a recording of a singing humpback whale. On the menu, choose
Detection = FFT Parameters (Fig. 31) and set the FFT length to 512
(samples) and the FFT Hop to 256 (samples). Close this dialog box.

FFT Parameters ﬂ

Raw data source For FET

[v Chanmel 0

FFT Parametetrs

FFT Lenath (512
FFT Hop  [256
Window |Hamming j

k, I Zancel | Help ... |

Figure 31. FFT parameter settings for the spectrogram correlation example.

Choose File = Add Modules = Detectors — Ishmael Energy Sum and give
it the name energy sum. Next, choose Detection — Energy Sum Settings
(Fig. 32). (Sometimes “Energy Sum Settings” doesn’t show up on the detection
menu immediately. If this happens, you can get it either by quitting PAMGUARD
and restarting it, or by opening File = Show data model and right-clicking on
the red bar in the “energy sum’ box.) Set the minimum frequency to 100 Hz,
the maximum to 300 Hz, and uncheck the “Use log-scaled spectrogram” box if
it's checked. Also, set the vertical scale factor to 0.2 and the threshold to 1.5.
The data source at the top should remain Basic FFT. Close this dialog box.
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Energy Sum Parameters 5[

~Data Source
|Basic FFT - 1024 pt FFT -]
¥ Channel 0

~Ernergy Surm

Minimum Frequency |100.000
Maximum Frequency [=on,o0n

[T Use log-scaled spectraogram

~Display scaling
Wertical scale Factar |III.2IIIIIIIIIIIIIII

~Peak-picking
Threshold 1.50000
Min kime owver threshold 0,00000

Min kime before next detection 000000

ik, I Cancel

Figure 32. Parameter settings for the energy sum detector example.

Right-click on the spectrogram and choose “Settings”. Select 1 panel and hit
enter, then go over to the “Scales” tab (Fig. 32). There, choose a frequency
range of 100-300 Hz by setting the min and max frequency, and set the
amplitude range to 150-170 dB. The number of pixels per FFT will depend on the
size of your display; try 3 to start.

Next, on the Plugins tab, make sure the energy sum graphics checkbox is
checked. Click Ok.

Now you're ready for Detection = Start on the menu.

You should see humpback song units appear in the spectrogram (Fig. 33), and a
detection function appear below the spectrogram. The detection function
specifies, over time, the amount of energy in the frequency range you specified
(100-300 Hz). The threshold you set will cause PAMGUARD to trigger a detection
every time the detection function goes over this threshold.
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EAFFT - 1024 point, 1000.0 Hz =0l x|
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Figure 33. Example of the energy sum detector in operation.

Exercise 7. Spectrogram correlation detector

We are going to detect ‘A’ calls of Atlantic blue whales by using a spectrogram
correlation detector. First load the sound file ™ blue whale-Atlantic.wav”. On the
menu, choose Detection = FFT Parameters (Fig. 34) and set the FFT length
to 512 (samples), the FFT Hop to 256 (samples), and the window type to
Hamming. Close this dialog box.
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FFT Parameters x|

Raw data source far FFT

IRaw input data Fram Sound Input 1 LI
¥ channel 0

FFT Parametetrs

FFT Length |S12
FFT Hop  [256
Window |Hamming j

ok |

Figure 34. FFT settings for spectrogram correlation example.

Next, choose File = Add Modules = Detectors = Ishmael spectrogram
correlation and give it the name spectrogram correlation. Then choose
Detection = Spectrogram Correlation Settings (Fig. 35). (Sometimes
“Spectrogram correlation Settings” doesn’t show up on the detection menu
immediately. If this happens, you can get it either by quitting PAMGUARD and
restarting it, or by opening

File = Show data model and right-clicking on the red bar in the
spectrogram correlation box.) For segment 1, enter 0 for t0, 18 for f0, 10 for
t1, and 17 for f1. For segment 1, enter 10 for t0, 17 for f0, 15 for t1, and 15 for
f1. Leave the other segments blank, and use 1 Hz for the kernel width. Make the
vertical scale factor 0.2. Close this dialog box.
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Spectrogram Correlation Parameters El

~Data Source
|Basic FFT - 512 pt FFT ]|
v Channel 0

—Spectragram Correlation
] fo k1 f1

Segment 1 |0 13 10 17
Segment 2 (10 17 15 15
Segment 3
Segment 4
Segment S

Kernel 'width, Hz |1

[ Use log-scaled speckrograrm

~Display scaling

Wertical scale Fackor |EI.I32

~Peak-picking
Threshold 15
Min kime over threshold 0.00000

Min kime before next detection 000000

Ok I Cancel

Figure 35. Parameter settings for the spectrogram correlation example.

Right-click on the spectrogram and choose Settings. Select 1 panel and hit
enter, then go over to the Scales tab. There, choose a frequency range of 10-50
Hz by setting the min and max frequency, and set the amplitude range to 160-
190 dB. The number of pixels per FFT will depend on the size of your display; try
3 to start. Next, on the Plugins tab, make sure the “spectrogram correlation
graphics” checkbox is checked. Click Ok.

Now you're ready for Detection->Start on the menu. You should see blue
whale calls appear in the spectrogram between about 15 and 20 Hz, and a
detection function appear below the spectrogram. The detection function
specifies, over time, the degree of match between the spectrogram and the
frequency contour you‘ve defined. By setting a threshold in this function, you
cause PAMGUARD to trigger a detection every time the detection function goes
over this threshold.
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Figure 36. £Example of blue whale call detection using spectrogram correlation.

Exercise 8. Matched filter detector

FAWARD Final Report

We are going to detect calls of northeast Pacific blue whales by using a matched

filter detector. First load the sound file “blue whale-NE Pacific.wav”. On the

menu, choose Detection = FFT Parameters (Fig. 37) and set the FFT length
to 1024 (samples) and the FFT Hop to 512 (samples), and the window type to
Hamming. These parameters don't affect the matched filter, which operates on
the time-domain sound signal, but they do make the spectrogram show the blue

whale calls well. Click Ok to close the dialog box.
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FFT Parameters x|

~Raw data source for FFT

¥ channel 0

~FFT Parameters

FFT Length (1024
FFT Hop [512
Window |Hamming j

k, I Zancel | Help ... |

Figure 37. FFT parameters for the matched filter example.

Next, choose File = Add Modules — Detectors — Ishmael matched
filtering and give it the name matched filter. Then choose Detection =
Matched Filter Settings (Fig. 38). (Sometimes “Matched Filter Settings”
doesn’t show up on the detection menu immediately. If this happens, you can
get it either by quitting PAMGUARD and restarting it, or by opening File =
Show data model and right-clicking on the red bar in the matched filter box.)
In the “kernel sound file” area, click “Select another file” and choose the file
“blueDemo-NEPac-kernel.wav”. Set the vertical scale factor (for the display) to
500 and the threshold to 0.0004. Click Ok to close the dialog box.

Matched Filter Parameters |

~Daka Source

IRaw inpuk daka From Sound Input 1 ;I
v Chanmel O

~Matched Filter

Kernel sound File IC:'l,I:queDemu:u-NEPau:-kErneI.wav

Select another Fi...

~Display scaling

Wertical scale Fackor SO0

~Peak-picking
Threshold 0.0004
Min kime over threshold 0,00000

Min kime before next detection 000000

Ok I Cancel
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Figure 38. Parameter settings for the matched filter example.

Right-click on the spectrogram and choose Settings. Select 1 panel and hit
enter, then go over to the Scales tab. There, choose a frequency range of 10-60
Hz by setting the min and max frequency, and set the amplitude range to 80-110
dB. The number of pixels per FFT will depend on the size of your display; try 1 to
start. Next, on the Plugins tab, make sure the “matched filter graphics”
checkbox is checked. Click Ok to close the dialog box.

Now you're ready for Detection->Start on the menu. You should see blue
whale calls appear in the spectrogram, and a detection function appear below
the spectrogram. The detection function specifies, over time, the degree of
match between the spectrogram and the kernel sound you’ve chosen. You can
set a threshold in this function and have PAMGUARD trigger a detection every
time the detection function goes over this threshold.

EAFFT - 1024 point, 249.0 Hz — O] x|
seconds

100

—al

Figure 39. Example of a matched filter detecting calls of northeast Pacific blue whales.

Exercise 9. Ishmael “hyperbolic” localizer

You are going to locate a dolphin whistle using multiple hydrophones. First tell
PAMGUARD the positions of your hydrophones via File = Hydrophone array
(Fig. 40). Under “Array configuration” at the top, choose “Basic Linear Array”,
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and just below that choose “Static array”. Next, using the "Add” and “Edit”
buttons a bit farther down, set up 3 phones (numbered 0, 1, and 2) at these
positions:

Phone Id X Y depth
0 -100 0 5
1 -20 200 5
2 150 -50 5

The “Type” and “Bandwidth” fields don’t matter here.

Under “channel configuration”, make sure data channel 0 is connected to
hydrophone 0, data channel 1 is connected to hydrophone 1, and data channel 2
is connected to hydrophone 2. (This is the default, so you probably won't have to
do anything here.) Also, near the bottom of the dialog box, set the speed of
sound to 1500 m/s. Click Ok.
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Pamguard hydrophone array Ll

~Array Configuration
IBasic Linear Array Z|
(¢ Static array ( Towed array  Locator: IStraight | rigid Hydrophone LI
Hydrophone reference point
change
change
Id x ¥ depth Type Bandwidth
0 -100.0 0.0 5.0 Unknown 0.2-20.0 kHz
1 -20.0 200.0 5.0 Unknown 0.2-20.0 kHz
2 150.0 -50.0 5.0 Unknown 0.2-20.0 kHz
Add... Edit. .. Delete
-~ Channel Configuration
Audio File C:\Dave\EclipseWorkspace\PamguardExamples-Dave\dolphin whistle @ 20,20 wav 32.0kHz, 3 channels LI
Data Channel Hydrophone Gain Range Bandwidth
0 0 10.0dB S5.0Vpp 0.0-20.0 kHz
1 1 10.0dB S5.0Vpp 0.0-20.0 kHz
2 2 10.0dB S.0Vpp 0.0-20.0 kHz
Change hydrophone ...
- Environment
Speed of sound |15l:lu.lJ mfs

Figure 40. Key parts of the hydrophone array configuration for the localization example.

Next load the sound file “dolphin whistle @ 20,20.wav”. On the menu, choose
Detection = FFT Parameters (Fig. 41) and set the FFT length to 512
(samples) and the FFT Hop to 100 (samples), and the window type to Hamming.
Click Ok to close the dialog box.
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FFT Parameters x|

Raw data source far FFT

¥ channel 0
¥ charnel 1
¥ charnel 2

FFT Parameters
FFT Length |512
FFT Hop (100
Window |Harmming j

k, I Zancel | Help ... |

Figure 41. FFT parameters for the localization example.

Next choose File = Add Modules = Detectors — Ishmael Locator Results
and give it the name “Ishmael locator”. Click Ok. Then open the Detection =
Ishmael Location Settings dialog box and make sure the number of
dimensions is 2. Click Ok.

Next, right-click on the spectrogram and choose Settings. Under “Number of
Panels”, type 3 and press the Enter key on your keyboard. On the Scales tab
(Fig. 42, left), set the frequency range to 5000-16000 Hz with the min and max
frequency and the amplitude range to 130-160 dB. The number of pixels per FFT
will depend on the size of your display; try 2 to start. Next click the Mark
Observers tab (Fig. 42, right) and make sure the “Ishmael Locator” box is
checked. Click Ok to close the dialog box.
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Spectrogram Parameters il

Data Source | ocales’ Flug insl Mark, Ol:userversl
~Frequency Range

i S000 Hz Default

max 16000 Hz Default

—amplitude Range

mir 130.0 db
max 160.0 dE

~Time Range

oy Pixels per FFT 2
[ window Length (s) 0.6

Ok, I Cancel | Help ... |
Spectrogram Parameters il

Select specktragram mark observers ..,

[ Ishmael Locator

Ok, I Cancel Help ...

Figure 42. Spectrogram parameter settings for the Ishmael localization example: (left) Scales
tab, (right) Mark Observers tab.

Now you can do Detection = Start. You should see a dolphin whistle displayed
in 3 spectrogram panels. To locate a call (the whistle in this case), simply use the
mouse to draw a box around the call or a part of the call (Fig. 43). The location
will be computed and installed in PAMGUARD's set of located calls.
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Figure 43. Localizing a dolphin whistle; the red box indicates the selection to localize.

Exercise 10. Running the PAMGUARD 3-D module

These instructions guide a user on how to configure the “3-D” module in
PAMGUARD for estimating range and depth of a source using a long-aperature
towed array. At the time of this writing the module has only been tested with
synthetic WAV files and not real-time input, and only with a Static and Threading
Hydrophone Locator.

The instructions begin with an overview of the data model arrangement for the
model, the preliminary configuration for all upstream modules, and a description
of the options for the 3-D tracking module itself. Two configuration files are
available to demonstrate and confirm basic operability:

(1) Sim3D_wavinput_noGPS_ICItest_Feb2008.psf, and

(2) Sim3D_wavinput_noGPS_ICItest_twoanimals_Feb2008.psf.

The first configuration demonstrates the use of simulated data from a
single source, while the latter loads simulated data for two sources, and which
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requires an analysis of the inter-click interval (ICI) to correctly assign each

pulsive detection across the array.

Preliminaries

If either configuration file is loaded, and Data Model view selected, one will see a

basic setup for the 3-D tracking:

Jd Pamguard Data Model

E
B

Click: Trigger Function 54
Tracked Clicks

Sound 1
g Filkered Data from Click Detector {4

Raw input data from Sound in 40

1]

Ly 0.0%
FFT {Spectrogram) Engine - 1024 pt FFT 410

—

0.0% o 0% ﬁ 0.0%
Map Comments [0 Clicks 6 Click Detector Click Trains |44

B
Sound in 2 = A
Click Detector Tracked Click localisations |0

3D Towed Array locatizer

0.0 %

3D Towed Array localizer gl

Figure 44: Data Model view of demo 3D tracking configuration file
Sim3D_wavinput_noGPS_ICltest Feb2008.psf

At a minimum the 3D Towed Array module requires an upstream Data acquisition
module and a Click module (labeled Sound in and Click Detector in Figure 44).

At present the 3D module is configured to only work

with the Click Detector, and

not any Ishmael detectors. A typical array configuration is illustrated in Figure
45, which appears under the Hydrophone display. At present only two pairs of
hydrophones (4 phones total) are used in the module.
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5} Pamguard hydrophone array n
Hydrophane position: Array Configuration
(" Staticarray (v Towedamay  Locator: |Threading Hydrophone =]
1.0+ d X ¥ depth Type Bandwidth
] 0.0 -200.0 75.0 Unknoan 0.2-20.0kHz
1 0.0 -203.0 75.0 Unknoan 0.2-20.0kHz
2 0.0 -400.0 75.0 Unknown 0.2-20.0 kHz
B 0.0 -403.0 75.0 Unknown 0.2-20.0 kHz
2
=
B
@
=
8 i :
¥ £ Add.., Edt,
E
= Channl Configuration
261.0- Audia File C:\Dacuments and Settings|Aaron Thade|My Dacuments|Projects|PAMGUARD _SerialPort|3D_Tracker|best3D_szidS_RSE6m.wav 43.0kHz, 4 chamnals = |
Data Channel Hydrophane Gain Range Bandwidth
0 0 10.0 dg 5.0 Vp-p 10.0-20.0 kHz
1 1 10.0 dg 5.0 Vp-p 10.0-20.0 kHz
2 10.0 dB 5.0 Vp-p 10.0-20.0 kHz
El 3 10.0 dg 5.0Vp-p 10.0-20.0 kHz
3 (
S
Hydraphone numbers (ADC channel numbers)
46104 ; -Enviroriment |
-159.0 41.0
X () ‘ Speedof sound [1500.0  mfs |
~Array
Ok | Cancel l Mep Array... ] Copy... | Rename. . I Import. ., I Expott... I slete | ‘

Figure 45: Hydrophone array configuration

Figure 46 shows the configuration menu for the Audio Data Acquistion module
(SoundIn in Figure 44) should be configured to select a synthetic wav file, either
test3D_azi45_R566m.wav for a single simulated source, or
test3D_azi45_R566m_multanimals.wav for two sources. The wav file has 4
channels, with the hydrophone closest to the tow vessel being assigned the
lowest channel.

Audio Data Acquisition H

~Data Source Type

Audio File hd

~Select sound file

IC:IDocuments and Settings|Aaron Thode|My Documents|Projects\PAMGLUARD_SerialPort|3D_Tracker|test3D_azi4s_RS66m_multanimals. wav LI

Select File |

File date : |_- R

~Sampling

Sample Rate I-'E 000 Hz
Murmber of Channels I—' (hit entar)

Select Channels

Panel 0 channel IG Panel 1 channel IE
Panel 2 channel IG Panel 3 channel IE
Peak-Pealk voltage range W
Preamplifier gain IW dB
Bandwidth Ir to W Hz

Cancel |

Figure 46: Settings window for importing simulatedWAV data. The exact file path would need to be
adjusted before starting the program.
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The Click Detection module has many options, but only the following menu
needs to be changed from the default (Figure 47):

Click Detection Parameters H

Source l Trigger] Click Length]
R.aw Daka Source

|Raw input daka from Sound in ﬂ
Channel list and grouping
Aukto Grauping Channel Graup
" Ma grouping [w Channel 0 IE'
" One group [v Channel 1 IE'
{* |ser groups [v Channel 2 m
[v Channel 3 m

Cancel Help ... | Set Defaulks |

Figure 47: Detection Parameters Settings Dialog for Click Detector module, arranged for two
two-element subarrays. All other parameters are default.

The “Source” tab arrangement shown here assigns the first two channels to
Group 0 (thus generating a forward subarray bearing) and the last two channels
to Group 1, (generating the rear subarray bearing).

3-D Towed Array Settings

The module assumes that the separation between the two pairs of hydrophones
in the array is great enough that an ambiguity may exist as to how to match a
particular detection on the rear subarray with candidate detections on the
forward subarray. This ambiguity is more likely when multiple acoustically active
animals are present. In general, the module also assumes that the array
elements are deep enough that surface-reflected paths from pulsive sounds can
be cleanly separated in time from the direct paths. The time delay between a
direct and surface-reflected path will be defined as an “echo time” for the rest of
this discussion. The echo time of a detection, along with the acoustic bearing of
the detection, provide a set of features that permit identification of the signal
between subarrays.

To match the appropriate signals the program builds a queue of detections for
each subarray, and assigns an inter-click interval (ICI) to each detected click.
The ICI of a new detection is computed by searching the queue for a detection
that shares a similar bearing and “echo time” to the present detection. One the
ICI is assigned, the program can build a “linked ICI" list that provides the ICI of
the NV previous detections that share similar features to the current detection.
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This ICI list can then be compared to lists on the forward array to locate the

corresponding detection on the forward array.

Figure 48 shows the Settings menu for the 3-D Towed Array module. The
Detector source should be set to ‘Clicks’, and all four channels selected. The

selection parameters are as follows:

1] i 1 N
X
Detector source
[Clicks | |clicks
v Channel 0 qger Fun
v Channel 1 led Click
[¥ Channel 2 From Clic
v Channel 3
3D selection parameters
Minimum ICI needed For cross-channel match |3_ integer
Maxirmum mulibpath time ’T msec
Maximum Queue time W msec
ICI estimation: percent angle error permitted ,107 percent
ICI estimation: percent echo time errar permitted ,57 percent
Use cross-correlation to refine direct-direct TOA [V !
Use cross-carrelation ko refine direct-surface TOA v ram) Eng
Generate 30 positions v
Tracking method
TOA only, estimate TOA using ICT ﬂ
Cross bearings
TCOA only, simple TOA estimate

TOA only, estimate TOA using ICI
TCOA and rear bearing, estimate TOA using ICI

—{TOA and rear bearing, simple TOA estimate |

Figure 48: Settings window for 3D localizer, with "Tracking method” pull-down menu extended.

Minimum ICI needed: This parameter N defines the number of ICI to
incorporate into a list for cross-array comparison. In general the larger the
number the less likely a mistake will be made in assigning detections between

forward and rear subarrays.

Maximum multipath time:

Surface-reflected multipath is flagged by the fact it

must arrive only a short time after a direct path. This number sets the maximum
“echo time” that will be assigned by the system. Generally, this should be set to
twice the hydrophone depth divided by the sound speed.

Maximum Queue Time: Sets the amount of time a particular detection will be
retained by the subarray queue, to be available for ICI matching.
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ICI estimation: percent angle error: The percent difference between the bearing
of a new detection and a candidate detection must be less than this number, in
order to use the candidate detection to assign an ICI to the new detection.

ICI estimation: echo time error: Same as above, except the error percentage is
computed for the echo time. If an echo time is present, then the bearing and
echo time are weighted equally in the decision to link two detections together. If
no echo time is present, then only the bearing error is used.

Use cross-correction to refine TOA: The echo times and relative arrival times
between subarrays are computed form the detection times provided by a
Detection Data Unit. To achieve more precision the raw data between detections
can be cross-correlated to increase the precision of the estimate of the relative
arrival time. At present only the direct-surface TOA (echo time) feature is
enabled.

Generate 3D positions: If not checked, no 2-D or 3-D positions are computed.
This is a debug feature to permit the user to set up all other modules before
attempting to localize.

Tracking methods
A pull-down menu permits the user to select five different tracking combinations.

Cross bearings: The simplest tracking algorithm simply uses the ICI analysis to
generate bearings from the forward and rear subarray, and thus estimate slant
range. This slant range is plotted as a horizontal range on the map.

TOA only, simple TOA estimate: If echo times are available on both subarrays,
then a track can be computed without having to rely on acoustic bearings. This
“TOA only” method is advantageous for situations where the sources are directly
ahead or behind the tow vessel, and where the array cable inclination is not
measured and cannot be estimated accurately. The “simple TOA estimate”
simply means that a detection on the rear subarray is matched to a detection on
the forward subarray by simply selecting the detections that have the smallest
relative arrival times with respect to each other. For a single animal the “simple
TOA estimate” should work more quickly than a full ICI analysis.

TOA and rear bearing, simple TOA estimate: Same as previous, except that the
rear subarray bearing, instead of the forward subarray echo time, is used to
compute position. Best used for sources off the beam of the vessel and
situations where the echo time is not available on the forward subarray. Typical
situations where this happens include noise masking from noisy vessels, and
shallow hydrophones on the forward subarray.
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TOA only, estimate TOA using ICI Same as TOA only option previously
discussed, except that ICI patterns are used to match detections on the
subarrays. Should be used when multiple animals are present.

TOA and rear bearing, estimate TOA using ICI: Same as TOA and rear bearing
option discussed above, except that that ICI patterns are used to match
detections on the subarrays. Should be used when multiple animals are present.

Any 3-D tracking method (TOA option in the Tracking method pull-down menu)
will generate a Map image similar to that shown in Figure 49. The depth of the
source is indicated by the size of the circle and by text printed next to the circle.
The “Cross bearing” output is demonstrated in Figure 50.

BEE|

uuuuuuuuuuuuuu

nnnnnnnnnnnnnnnnnn

\\\\\\\\\\\\\\\\\\\ 130_Tracker testaD_szi45_RSs6m. wav 48,0k, 4 channels : Running, bufe

Figure 49: Graphics output showing location of a 400 m deep source 400 m off the beam of the

towing vessel, located using two sets of hydrophones towed 200 m and 400 m behind the vessel,

respectively. Any of the TOA options in the Tracking method pull down menu will generate this
result.
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GPS data
o GPS received ....

‘ Audio File C: i i )_Ser ) 1 )_azi45_RS66m wav 48.0kHz, 4 channels : Idle.
i

Figure 50: Output using the 'Cross bearings’ feature, which ignores multipath information and
simply tries to cross bearings.

Examples from the second configuration file,
Sim3D_wavinput_noGPS_ICItest_twoanimals_Feb2008.psf:

| 1 PamGuard
|File Defection Displayy Map Help

Tracked clicks
@ 30 Towed Array localizer

Latitude 07003795’
Longituds  0°01 156 W'

Rangsdata
Vessel-cursor
Range  3954m

Audio File C:|Dacuments and Settings|Aaron Thode|My Documents|Profects|PAMGUARD_SerialPort|3D, Tracker|test3D_azi45_RS66m. wav 48.0kHz, 4 channels

Figure 51: Output of CrossBearings tracker using test3D_azi45 R566m_multanimals. wav
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| P4 PamGuard

Filz Detection Display Map Help

Jﬁmymmm
CickDetector i | cickDatactor | User Doy e |
i ! = Tracked clicks
Click Events 114 @ 30 Towed Array localizer | 1

GPS data
No GPS received ....

Cursor position
Latitude  0°00.415'S'
Longitude 0°00.0658'E'

Rangsdata ————
Vessel-cursar
Range 5220m

Audia Flle C:|Documents and Settings|Aaron Thode|My Documants|Projects|\PAMGUARD_SerialPort|3D_Tracker|test3D_azi45_RSE6m.wav 48.0kHz, 4 channals :

Figure 52: Output of a 3D tracker for two animals using test3D_azi45_R566m_multanimals. wav.

2 Detection Display _User Display Help
05 November 2007 00:01:05 GMT
Map | Click Detector User Display panel |

Datector

Clickss
Detections st 10 minutes | |
dds [ i’
Cickbvents [ 2 Sl 3
. channel 0
2
10
: I I U
o0
channel 2
20
—7
- I ' 1l
§ 50
1%
i CucanwerFunTn A n A A
I T I i
1 T— L L
L L I
oo f— f—t —t 1
|
Audio m _SerialPort|3D_Tracker|testa_azi45_RS66m_multanimals,wav 480Kz, 4 channels : Ide | Fic MENNEN End 3:01:16PM.

Flgure 53: Spectrogram and radar plot of simulated 3-D sources on PAMGUARD.
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|
§d PamGuard ! ﬂ
File Detection Display Click Detection Click Display  Help
| 04 November 2007 23:56:09 GMT

Map Click Detectar I User Display panel |

Click Detectar B .
Detections inlast 10 minutes | | LE2 ISR

Clicks 52 04 Navember 2007 23:50:03 GMT ¥ Follawienlzy
Click Events IE o Soconde
0.0 5.0 10.0° 15.0 20,0
D.' | 1 I} 1
=l
4 § 4 8 0 4 0 8 02
= ¢ 6 00 860 0140
540
&
| I I | | I ] I ] )
L L] ] L) ) ] ) ] ] []
e
Eclick Spectrum ! | Trigger y E &
ms
0.0 50
ch
ch ‘
0 znl_n 400 i} _ 4
bins. Frequency kHz

Audio File C:\Documents and Settings\Aaron ThodsiMy Boc\.lments’(Pmieds'lPAMGUhR[}'_SerraPort\SD_Trackar\testSD_az‘!S_RSé&n_mltmimals.wav 48.0kHz, 4 channels : Idie

Figure 54: Simulated 3D tracking data for multiple animals as it appears in Click Detector view.
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Don’t stop now!

This tutorial has given you a brief introduction to setting up and using
PAMGUARD. There are more PAMGUARD plug-ins and features for you to try out.

Here's some ideas to get you going:

Set up a Sound Recorder module and trigger recordings from click trains.

Use a decimator to provide lower sample rate data to a second
spectrogram.

Display smoothed spectral data on a spectrogram.

Try these out with the other example sound data files.

The PAMGUARD developers are keen to know what you think of the software, so
any comments (good or bad!) are very welcome. Also, if you think this tutorial
can be improved in any way, please let us know at feedback@pamguard.org.

Thanks for taking the time to do this tutorial. Hopefully you've enjoyed this and

learned some more about PAMGUARD. You can contact us and keep up with
PAMGUARD news through visiting www.pamguard.org.
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Appendix B. Developer Tutorial (DG)
1. Introduction

Pamguard is an open source project, and as suatlpgers are welcome to look at any
part of the code, comment on it, modify it, and éfoily improve it !

The purpose of this session is to concentrate ®@ddvelopment of new detector modules
using the existing Pamguard infrastructure. Werasstinat participants in this session
have some programming experience. If you're alreadpVA expert, you'll find it easy.

If you've experience of C++, then JAVA will look gty familiar, and you’ll probably be
pleased at how easy it is in comparison. If yoneg to object orientated programming,
then hang on in there, we hope you'll still get stmmg out of this session !

This tutorial is laid out in two principal parts
1. An overview of the Pamguard program structure aod the different modules
relate to one another and pass data between them.
2. A walk through example of a really simple detectehich has been written
primarily to demonstrate and show off the Pamguaoie structure and
components rather than to be the ultimate in sigatdction.

1.1. Documentation

The Pamguard source code is extensively documesiad the Javadoc tool from Sun
Microsystems. This documentation may be viewedbasneents within the source code,
may appear as pop-up help from within some devedspranvironments (such as
Eclipse, which you will be using during the tutdyiand is also available on the web at
http://www.pamguard.org/devdocs/index.html.

1.2. Eclipse

The Eclipse integrated development environment JIDEvw.eclipse.org) and the Java
software development kit (Sun’s JDK 1.5) are alyeiadtalled on the machines you'll be
using. When you launch Eclipse, it will automatigahke you to the Pamguard project.
From the Window menu, select ‘Open Perspective’'taedJava Browsing’ and your
display should look something like this:

Working along the top of the top of the window, {bsee that the Pamsoft2006
‘Project’ is divided into a number of ‘Packagesich of which contains a number of
‘Types’ — Java classes or interfaces, each of whicttains ‘Members’ — functions of
variables. Take some time to browse around, opeargclosing the various ‘Types’ in
the main window.
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To run Pamguard from within the Eclipse IDE, présesrun button (solid green triangle)
in the toolbar. To debug Pamguard, press the dBbtign (icon with a picture of a little
bug) just to the left of the green run button.

& Java Browsing - PamDataBlock. java - Eclipse SDK
Fle Edit Source Refactor Navigate Search Project Run Window Help

S| H-0-%- | BEHG- OF || IB |8 -F-DS- & | §ava Browsing
& Projects 3 ¥ = O |4 packages 32 ¥ = O % rypes 2 7= O[99 Members 52 B e | =0
B [pemguard, ety A/ @gDatalype 1.3 (ASCH +kv) All| @iz impor &
® yPamConstants 1.1 (ASCIT ) S EFERENCE_ABSOLUTE : int
@ >PambataBlock 1.11 (ASCI k) REFERENCE_CURRENT : int
in

1.3 (ASCIT ov)
1.6 (ASCI kv) -

1.3 (ASCI k)
53 110 (ASCI k)
steBlock 1.4 (ASCIT k) &

EF, dlickDetectorHelp. docs
3 clickDetectorHelp. docs.images

(85 outine 82 B W e % 7 = 0| pamcujava | 1) Swaightydrophon.., | [ UserdisplayContra... | 3] Recordercontroljava m PamDatalnitiva | 2 =iy
=@ >PamDatafllock 1.11 (ASCIL +kv) 4| ®/* PAMGUARD - Passive Acoustic Monitoring GUARDianship.[] i
P REFERENCE_ABSOLUTE : int ka D AMVC s & -
¢FF REFERENCE_CURRENT : int package Pamguar i
% dataName : String
: dataFype: DataTyne 4 #import java.awt.event.ActionEwvent;[]
; -
i *
a
i *
o linkGpsData : bookean i
© ° PamDataBlod(DataType, String, PamProcess, ir 5
®
L *
G" # either from erna es (so GPS, etc.) or
: * ut (cli
@ *
® *
®
® |~ P> b
= hd >
o ] % Bpl[fE-5-0
® <terminated> Javadoc Generation o
g Generating C:\Pamguard\Doug\pamsoft2006\doc\overview-summary.html.. I L
a Generating C:\Pamguard\Doug\pamsoft2006\doc\help-doc.html...
) Generating C:\Pamguard\Doug\pamsoft2006\doc\stylesheet.css...
‘; 45 warnings
= i ~
£ 3 |8 >
i fB Writable SmartInsert | 38:15

Figure 1. The Eclipse IDE.

When writing code within Eclipse, there is an elad ‘auto complete’ function. Start
typing a command and press ‘Ctrl’ and the spacedggather and a list of possible
commands / classes should appear. To find out whatilable in the class you're
working on, try typing the word this. (to referttee current object) and holding pressing
‘Ctrl-space’ and see what's there ! Using auto cletepwill not only tell you what
commands are available, but will spell them cotydatr you (Java is a case sensitive
language) and it will also insert any ‘import’s’yaeed in order to access classes from
other packages (Java imports are similar to C hddes).

Hover the mouse over almost anything and you’lbaialy get a pop-up telling you all
about it.

Eclipse is very good at telling you if somethingvisong. Any code that will not run will
be underlined and the type / package / projecthveilhighlighted with a little cross and a
little red marker near the scroll bar so you cam got errors in your code before you
even try to compile and run it.
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A function you may find useful as you try to undarsl the code is
System.out.printin(any object) which will print tbetput (or more specifically, the
objects toString() member function) to the Eclipsasole.

To add breakpoints for the debugger, right clickhi@ margin to the left of the line you
wish to pause at.

If you implement a Java interface, don’t type thenes of all the functions yourself ! Just
right click on the java file, select ‘Source, tHemerride/implement methods...” and
you'll get a pop up box of possible functions wiitle ones yomust implement as part

of the interface already selected.

That'’s all you need to know about Eclipse for tingetbeing.

2. Pamguard Structure (a brief Introduction)

2.1 Pamguard Data flow.

Most data within Pamguard are handled with PamDatd8 and PamDataUnits. Check
out the Javadoc help for these classes, starting at
http://www.pamguard.org/devdocs/PamguardMVC/PamBlatk.html or by looking at
the source code, which you'll find in the PamguaxtB/package.

2.2 Pamguard plug-in packages

Pamguard consists of a number of plug in packagels ef which may or may not
process data, may or may not have a display andomianay not have some user controls
or configurable options. Every plug in inheritsibasic behaviour from a class
PamControlledUnit. Check out the java doc for tiass at
http://www.pamguard.org/devdocs/PamController/Pantf@dedUnit.html and follow

the link the ‘how to make Pamguard plug-ins’ ovewi

A Pamguard plug in should be able to do absol#aisthing you want, including
drawing on the map, writing to the database, drgwiver spectrogram displays, etc.
without having to modify the map package, withoating to modify the database
package, without having to modify the spectrograto, All the programmer has to do is
to make a class based on PamControlledUnit anda€ear two lines to the PamModel
class to let Pamguard know that's it's availabld amerything else will be automatic.

3. The Example Package

An example plug in package ‘WorkshopDemo’ has heetten specifically to
demonstrate how to use PamDataBlocks, PamDataamitsnain Pamguard display
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features. It consists of a relatively simple degettat runs and ‘in band energy detector’
on spectrogram data. A measure of mean backgronisd m a given energy band is
made as new data arrive. The instantaneous enetbgtiband is compared to the
background and a detection is made whenever thgyhbackground ratio goes over
threshold and then falls back down again.

The signal to noise ratio of the detector may lspldyed as a plug in window on the
bottom of spectrogram displays. If a detection &l it may be displayed as a coloured
rectangle overlaid on top of the spectrogram digpénd as a symbol on the map display.

3.1.Running the detector

You should already be familiar with how to use Paarg. Create an instance of the
‘Workshop Demo’ detector from the File / Add modsile.” menu. If necessary, you will
prompted to create an FFT data block to convertaasio data into a spectrogram. You
will also need at least one ‘User Display Panelignch you should create a
spectrogram display.

To view the signal to noise ratio display, righitklon the spectrogram and select
‘Settings...” go to the ‘Plug ins’ tab and check thabrkshop demo detector’ is selected.
The panel should then be visible at the bottonthefdpectrogram display.

To view detections as overlays on the spectrogegyain right click on the spectrogram
panel and select your detector from the pop-up menu

Play a sound file back through the PC sound sysasmer the user demonstration, and
start Pamguard detection from the ‘Detection /tStaenu.

Detection parameters may be adjusted from the diete/ Workshop demo detector
parameters’ menu.

3.2 A Walk through the code.

The example code consists of seven main Java slassktwo extra lines in the
PamModel class. These are listed in the order:

WorkshopController is the main plug in class colfitrg the detector

WorkshopProcess is the main detection process (tleasork)

WorkshopProcessParameters  contains parametersltiogtthe detection
process

WorkshopParametersDialog is a dialog box usedttdedection parameters

WorkshopOverlayGraphics provides graphics functionglisplaying
detections on top of spectrogram displays

WorkshopPluinPanelProvidenn  provides plug in paf@ishe bottom of
spectrogram displays.

WorkshopSQLLogging provides functionality for loggidetections to the
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| Pamguard database. |

The two lines added to PamModel are

mi = PamModulelnfo.registerControlledUnit("WorksHagmo.WorkshopController",
"Workshop Demo Detector");

and
mi.addDependency(new PamDependency(DataType.FEVMaliager.PamFFTControl"));

The first of which tells the Pamguard Model thas tetector is available. The second
line tells Pamguard that this detector requires B&R and that the preferred source of
FFT data would be an instance of fftManager.PamRHi©I.

3.2.1. WorkshopController
This is a subclass of PamControlledUnit (see Jasjado

It creates instances of the WorkshopDetectionPaeas)ehe WorkshopProcess and the
WorkshopPluginPanelProvider.

It overrides the PamControlledUnit function NotifglllelChanged to make the detector
aware when other modules are added or removedPamyguard.

It overrides the PamControlledUnit functions cr&asplayMenu() and
createDetetionMenu() in order to set up menu contim&or adjusting detection and
display parameters. These menu items will autoraitibe incorporated into Pamguards
main Detection and Display menus.

It implements the interface PamSettings and ragistéh the PamSettingsManager so
that the WorkshopDetectionParameters are storedalith other Pamguard
configuration settings when Pamguard is closedrastirted.

3.2.2. WorkshopProcess

WorkshopProcess does the actual work of makingctletss. Since the detector may be
required to operate on several channels simultatgoaome of the functions are
contained within an inner class ChannelDetector.

WorkshopProcess is a sub class of PamProcess. BeasBralready implements the
PamObserver interface, enabling it to listen outw PamDataUnits.
WorkshopProcess only has to override the newData(}tion to get these notifications
from the PamProcess superclass. When new data ahiev channel number of the
PamDataUnit is examined, and the data passed the &ppropriate ChannelDetector.

WorkshopProcess uses three different PamDataBlocdlkessource data block and two
output data blocks.
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The source dataBlobk, fftDataSource, is the PantBatk the detector will subscribe to
(become an observer of) in order to get notifiaeiovhen new FFT data units are
created.

Two output data blocks are created:

1. outputDataBlock will contain detections, (if andevhthey occur).

2. backgroundDataBlock will contain information recedrby the spectrogram plug in
panels, if any are ever created.

Note that outputDataBlock is registered with thenBaard system using the

addOutputDataBock() function. This will enable atRamguard modules, such as the

map and spectrogram display, to find the data hothe system and update their own

options menus and dialogs accordingly. The backgibataBlock is only used internally

within this module, so there is no need to tellrgt of Pamguard about it.

Two additional functionalities are added to outpatfiBlock: setOverlayDraw uses the
WorkshopOverlayGraphics class to provide drawingfionality for both the map and
the spectrogram displays. setLogging uses the WWod&QLLogging class to provide
functionality for logging data to the Pamguard 8atee.

prepareProcess is called whenever the Pamguard citatgges (i.e. modules are added
or removed) and whenever detection parametersigustad in WorkshopController. It's
here that the WorkshopProcess subscribes to thect@ata source and sets up the
individual channel detectors.

PamsStart is called by the Pamguard system justéefetection starts. It doesn’t do
much apart from reset some of the detection flagsach ChannelDetector. Real
detection will start when the first FFT datablock\aes.

ChannelDetectomner class

This does the actual work of making detectionsromédividual channel. Once a
detection is made, it uses the outputDataBlock¢ate new PamDataUnits and send
them off to the Pamguard systelote that unless the database is active or onheof t
Pamguard displays is using this data in some waphitely nothing will happen to this
data and it will very likely get deleted about @sed later !

3.2.3. WorkshopProcessParameters

Is a simple set of parameters controlling detectiod display for this detector. They are
all put into one class like this so that the Pamg8attingsManager can store them easily
and efficiently in a serialised binary file (theasyou select when you start up
Pamguard). Any class that will be used by thersgdtmanager must implement the
Serializable interface. This one also implementm€able so that it's easy to copy.

3.2.4. WorkshopParametersDialog

Is a dialog for setting workshop parameters. l&ibetl from the WorkshopController
menu ActionListener. It uses the PamDialog classmfdement some standard
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functionality such as the SourcePanel class whiokliges a quick and easy way of
generating a drop down list of available data sesiand channel numbers. This is just an
example of how dialogs are made — you can do itodingr way you want depending how
much you like the various Java LayoutManagers.

3.2.5. WorkshopOverlayGraphics

Implements PanelOverlayDraw and allows detectiorize drawn on the map and on
spectrogram displays. The Pamgaurd system caralfitide different data blocks, by
working through lists of ControlledUnits, PamPramsand output data blocks. Our
output data block has had an overlay graphics meseieDifferent displays within
Pamguard will call WorkshopOverlayGraphics. CanOaeneralProjector) to see if this
particular implementation of PanelOverlayDraw kisdvow to draw on those particular
displays. This depends on the axis types set ilGdreeralProjector, which are Latitude
and Longitude for the map and Time and Frequencthi spectrogram. The projector
will turn Latitude and Longitude or Time and Fregag into screen coordinates without
the WorkshopOverlayGraphics class having to knoythang at all about spectrogram
scales, map orientation or scales, etc.

If the map (or spectrogram) is set to draw Worksbemos DataUnit’'s, then the map (or
spectrogram) will subscribe to the data units. Winew units arrive at the map (or
spectrogram), or when the map (or spectrogramavesirit will call
WorkshopOverlayDraw with it's projector as an argum WorkshopOverlayGraphics
can work out what type of projector it is (map pestrogram) and call the appropriate
drawing function.

3.2.6. WorkshopPluginPanelProvider

As the name suggests, this class provides plugpiay panels. These can currently only
be ‘plugged’ into the bottom of the spectrogranpldig, it is possible however that other
displays will support the same plug ins in the fatu

The WorkshopPluginPanelProvider contains an intessscWorkshopPluginPanel, which
extends DisplayPanel and implements PamObserver.

The WorkshopPluginPanels each show a line grapigotl to noise ratio (SNR) for
each channel, they also have fixed lines at SNRardDat the value of the detection
threshold.

The various Pamgaurd displays will make as maniyidadal WorkshopPluginPanels as
necessary and each will run independently (folaims¢, they may end up with different x
and y scales depending on what they are pluggedl int

WorkshopPluginPanel implements PamObserver andieat@nce subscribes to the

backgroundDataBlock from workshopProcess in ordeeteive updates from the
process as new SNR values are calculated for é¢winel.
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Drawing on plug in panels takes place in two défdrplaces

1. Each time the update position on the spectrogramplal changes,
containerNotification() is called which informs tH&uginPanel that scales or
scale offsets have changed. In this example, all tlappens is that the plot is
cleared for a few pixels to the right of the cutrerroordinate on the spectrogram
container. (Try commenting out these lines and ysee that the line graphs are
continually drawing over themselves).

2. Each time new data arrive from the backgroundDatelBl those new data are
drawn on the line graphs. Information requireddtrglate x coordinates from the
time of the backgroundDataUnit and from the spegams current x coordinate
and current time is used. Previous values are gstioieally so that lines can be
joined up.

3.2.7. WorkshopSQLLogging

This class is used to add functionality to the natection outputDataBlock which will
allow data to be written to the Pamguard datald@aeguard currently only supports
MySQL databases and MySQL is not installed on ¢aeliing machines making it
difficult to demonstrate this code.

The abstract SQLLogging class has been createdeaali the unpleasantness of writing
database Structured Query Language (SQL) commamiisthe Pamguard user.
SQLLogging will automatically create the appropeidatabase table, and populate that
table with data in the format chosen by the deelolp additional table columns are
added to contain additional information at a |lak&te in the development process, those
columns will get added to an existing table. Asimplement support for other databases
(such as MS Access), the developers code will adig$ to those databases and populate
them in the exact same way.

SQLLogging has two main functions, the first pra@sdhe table definition, the second
(setTableData( ... )) gets called back by the daabznager when a new PamDataUnit
is created and requires the developer to popuiatdatabase fields.

When defining a database table format, it is pdssdoset cross reference information to
other database tables. In this example, we stogéeeence to the most recent entry into
the GPSData table.

Each database column is defined with a specifiméir(e.g. TIMESTAMP, FLOAT,

LONG, etc.). The types of the data set in setTadtaDnust match the column types or
the write operation may fail.

4. Suggested Exercises

4.1 Improve the detector:
1. Set a maximum length for detections
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2. Set a minimum gap within detections, so that ifgae is small, detections merge into
one.

3. Include any parameters controlling these functicies the dialog and the
WorkshopProcessParameters.

4.2 Use more Pamguard functionality

1. Add a counting module that appears as a side gariey the number of detections in
the last 10 minutes (Hint: to do this, copy thecklletector.ClickSidePanel class and
override the getSidePanel() function in Workshop@uler).

2. Automatically trigger recordings whenever the detemakes a detection. For this to
work, you will need to create at least one instasicthe Pamguard Sound Recorder
from the Pamguard ‘File/Add modules...” menu, thed e following code:

a) Create an inner class in the WorkshopProcess wimgblements the
RecorderTrigger interface.

b) Create an instance of this class and registertit thie class RecorderControl
using RecorderControl.registerRecorderTrigger (...)

c) Whenever you have in interesting event (i.e. atttiree you create a new
PamDataUnit) call RecorderControl.actionRecordgyger(...) which will
tell all sound recorders in your system that yomtta record.

What will happen ?

a) When you register your recorder trigger, on eaamdorecorder panel, you
should get to see a check box allowing you to enabldisable the trigger for
that particular recorder.

b) When you call actionRecorderTrigger, all sound rdecs that have selected
triggering from your detector will start a recordjntaking historical data
that's been stored in a buffer and adding it to $taet of the recording and
then continuing that recording for the amount ofdidefined in the member
functions of your class that implemented Recordgggr.

See the Click Train Detector class ClickDetectackdlrainDetector for an example of

this code.

Note that this is a rather naive example sincedinmple detector will probably trigger
quite often, so you'll end up recording almost aomtlly. Automatic recorder triggering
Is much better suited to events that are relatikeslg, such as the detection of a sperm
whale click train.

4.3 Add your own detector

We hope that Pamguard will be able to provide ydh @& framework within which you
can develop your own detector modules and also tiggie/ou will then share your
detectors with the rest of the research commuitye have shared ours.

The workshop demo detector took one of the Pamgeaeldevelopment team a bit less
than one day to write from scratch, so it's unkkeidat you will have time to write your
own detector in this training session. Howeverapéetake the opportunity to discuss
what your detector does, what it needs as inputndrat it would provide as output with
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one of the core team and we will be able to adytaeon how to proceed. (For info, the
workshop demo detector took one of the core teagndary to write from scratch).
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Appendix C  Tables of Functionality

Objective Team Status Notes
Adaptations to support offline re-analysis osu
/SMRU Due June 2008
Advanced configuration utilities (wizards, PAMGUARD now supports
save as, standard set-ups, etc) settings save/as and export.
SMRU complete
Advanced displays 3D/airgun/vessel/ etc) SMRU complete
3D localization Scripps complete On Beta version
Sound Acquisition A new DLL (dynamic link
library) has been created which
now allows PAMGUARD to
interface with muti-channel
sound acquisition devices which|
are supplied with ASIO (Audio
Stream Input/Output) compliant
HWU complete drivers.
Asio Sound Card Selection
HWU complete
NMEA Data Acquisition
HWU complete
FFT data for selected channels HWU complete
Simulator PAMGUARD now features a
simulator; whereby acoustic
sources can be “placed” in the
HWU complete simulated environment.
New Database interface
SMRU complete
Filter module SMRU complate
Sound playback SMRU complate
Amplifier SMRU complete
Patch panel SMRU complete
Ishmael Detector/ Ishmael Locator osu complete
Bug-fixes from CODA trials SMRU complete
HWU

Table C.1 PAMGUARD IV Delivered Functionality
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Module Data Input| Output NumberFunction
Maps and
Mapping
NMEA data | Serial port| Strings of Any Acquire NMEA data for use by othg
collection or server | NMEA data modules.
GPS NMEA GPS 0-1 Identified GPS data and unpacks
Processing | data locations NMEA strings
AIS NMEA Ship 0-1 Unpacks AIS data
Processing | data locations
Airgun GPS or Graphic Any Displays the locations of airguns at
display AIS Data | overlay for mitigation zones referenced to eithg
map the PAMGUARD vessel or some
other vessel broadcasting Its positi
over AlS.
Map GPS and | Map Any Displays vessel location and data
all graphics from other modules.
detectors | panel; map
comments
Utilities
Simulator None Simulated | 0-1 Simulates clicks on all audio
audio data channels for a whale at a set locati
ODBC Multiple Database 0-1 Stores data from multiple module
database modules in a Microsoft Access or MySQL
database
Depth Analogue | Depth data | 0-1 Depth data are displayed on scre
Readout* depth used in real time to update
sensors hydrophone locations and sent to t
database.
Terella Terella Depth, 0-1 As depth data.
Control* depth, heading and
heading | tilt data.
and tilt
Sensors
Seismic FFT and | FFT and raw| Any Detects very loud sounds using an|i
Veto* raw data | data band energy detector and replaces
these with randomly generated
coloured noise based on recent
measurements of the local noise
field.
Displays
User Input Typed 0-1 Time stamps and stores any
comments comment entered by the user
User Display Displays 0-1 Provides a containersfogctrogram
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Panel and radar like displays. Data from
detectors can be overlaid on top of
these displays.

Sound

Processing

Sound Sound Packed Any Controls a data acquisition device

Acquisition cards, chunks of and passes it's data on to other

audio files | raw audio modules
and other | data
acquisition
devices.
Sound Output| Audio Output to Any Outputs audio data through a soun
data the system card so it can be listened to on
sound card headphones

FFT Audio FFT Data Any Computes spectrograms (Fourier

(Spectrogram) data transforms of multiple overlapping

Engine chunks of audio data).

lIRF Filters Audio Audio data | Any Filters audio data using either

data Butterworth of Chebychev filter.

Decimator Audio Audio data | Any Filters and converts the sample da

data of audio data

Sound Audio Wav of Aif | Any Writes audio data to file. Recording

Recorder data files may be initiated by the operator or
triggered by a detector.

Signal Audio Audio data | Any Amplified audio data by some

Amplifier data scaling factor (can invert data if
required)

Patch Panel Audio Audio data | Any Mixes data between multiple

data channels, changes channel orderin
etc.

Spectrogram | FFT Data | FFT Data Any Smoothes successive framas in

smoothing spectrogram by convolving them

kernel with a Gaussian smoothing kernel.

Detectors

Click Audio Detected Any Searches for transient sounds,

Detector Data Clicks attempts to assign species, measu
bearings to source, group into click
trains, etc.

Whistle FFT Data | Detected | Any Searches for tonal noises. Measurg

Detector Whistles bearings and locations of source.

Whistle Detected | Species Any Analyses multiple whistle contours

Classifier* Whistles | probabilities. and uses a discriminant analysis
function to assign to species.
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Ishmael FFT Data | Detected Any Detects sounds with energy in a

Energy Sum sounds specific frequency band

Ishmael FFT Data | Detected | Any Detects sounds matching a user

Spectrogram sounds defined ‘shape’ on a spectrogram

Correlation

Ishmael Audio Detected Any Detects sounds using a user defined

Matched Data Sounds matched filter.

Filtering

Ishmael FFT Data /| Located Any Locates sounds extracted from aregs

Locator User input | sounds marked out on a spectrogram display

3D Locator Detected | Located Any Locates sounds detected by the click
Clicks sounds detector using surface echo’s to

obtain slant angles and generate a|3-

D location.

* Module under development

Table C.2 PAMGUARD modules and module dependencies
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Appendix D Developer Guide for Branched CVS
Repository (HWU)

D.1. Introduction

On the 22 January 2008 the PamGuard CVS repository wasisfitwo branches. The
HEAD (Core) and PamBranch (Beta) versions. The HEADe source code for the
Core release, please do a full test before youkcbede in to HEAD. The intention is
that development is checked into PamBranch befoue full test.

D.2. ToSwitch Between the Two Branches

D.2.1 From HEAD to PamBranch:

If this is the first time you are using the CVSeafthe CVS repository has been split, your
current local version should be Head. To switchpitggect contents to that of the
PamBranch, right-click on the project in the Nawgaview and seledReplace with -->
Branch or Version ...

Hierarchy ‘ Namgator| = il éD Thumbs,

= =’I=., 2 \=! Binary

i s »|||Firstbytes g
Go Into

Open in New Window
Open Type Hierarchy F4

[i=ICopy Cirl+C

Gualfied Mame

By
|5 Paste Corl+y

B Delets Delete
Build Path r
Source Alt+5hift+s b
Refactor Alt+shift+T *
1 o i Tmport, .,
i g Export...
Biild Project
0 g, o Refresh F5

Close Project
Close Unrelated Projects

Run As L
Debug As 3
Profile As r
& = Buid Fat Jar
Yalidate
Analysis
Team

+-fef di Compare With
- £ o Restore from Local History. ..
B o pDETaok v
B o
&l e Froperties Alt+Enter =
B[ doc.KernelSmaothing th‘ﬁmi‘ Ja
El{g'.jj doc.Layout
E{F} dac.loc3d_Thode
-3 doc.Localiser

- {F_z, doc.Logging
E!{F_\ doc.Map

E!{EJ doc.nidagdey
B-Hf doc.NMEA

E-H3 doc.PamController

L3
L3
3
L3
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You should see a branch selection similar to thelmow. (You may have to click
Refresh Tagsto see them all.) To switch to PamBranch, seleztfRamBranch under
Branches. Then clicOK.

& Replace with Branch or Version El

Select a branch or wersion (? = any character, * = any String):

Matching tags:

El‘ﬁk Branches

1

-l Versions

Refresh Tags | Configure Tags... | Add Date... |

.:':7:. Ok I Cancel |

The resource view should look like the one belole Branch name is gone which
implies thePamBranch

Eﬂﬂ (default package) PamBranch [pamguard.cvs.sourceforge.net]
: DE, JavalibPathAppender.java 1.1 (ASCIT -kky)
ﬂa Pamguard.java 1.13 [ASCII kkv)
DE, PamguardMixedMode.java 1.1 (ASCIT kkv)
: DE, Pamguardviewer.java 1.2 (ASCII -kkv)
ﬂﬂ Acquisition
- AirgunDisplay
ﬂﬂ amplifier
J':-E Array
- asiojni
ﬂﬂ dickDetector
ﬂﬂ clickDetector. dialogs
EE'D dlickDetectorHeln

D.2.2 From PamBranch to HEAD:
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To switch the project contents to that of the ntasmnch, right-click on the
pamsoft2008Janproject in the Navigator view and sel&splace with --> Branch or
Version ... You should see a branch selection similar tootie below.

&= Replace with Branch or Version 5[

Select a branch or version (7 = any character, * = any String):

Matching tags:

B o |

--1;1: Branches

Refresh Tags | Configure Tags... | Add Date... |

oK I Cancel |

Select HEAD, then clicloK.
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The resource view should look like the one belole Branch name is gone which
implies theHEAD branch (or main).

FERSPNIIE Hicrarchy | Navigator | -6

SR pamsoft2008Jan  [pamguard. cvs.sourceforge.net]
_I':-]ﬂ (default package) [pamguard.cvs.sourceforge.net]
._.I:'B Acquisition

:ﬂ AirgunDisplay

=R AIs

- amplifier

:ﬂ Array

ﬂﬂ asiojni

- dickDetectar

:ﬂ clickDetector. dialogs

EE'D clickDetectorHelp

- clickDetectorHelp.docs

EE'D clickDetectorHelp, docs.images
EE'D clickDetectorHelp, JavaHelpSearch
ﬂﬂ clipgenerator

-4 decmatar

.EE& doc

E'g_'t, doc, Acquisition

M- doc. Array

EE'D doc.books

EE'D doc.books . books

EE'D doc.books, books.images

EE'D doc.books.images

o R B

D.3. To Merge
D.3.1 To Merge your Changes in PamBranch into HEAD:

The first step of the merge is to point the workspto the target branch. In this case, the
target of the merge is the main branch, HEAD. Tddwthe project contents to that of
the HEAD (See section 2.2). All the version numkaestwo digits. The branch name is
gone which implies thelEAD branch (or main).

1. Right-click on thepamsoft2008Janproject and seledieam — Merge ... Click
the Browse button next to th&ranch or version to be mergedield. Choose the
PamBranch branch from th&€hoose End Tagdialog box. If you don't see the
branch, you may have to cli¢kefresh tags Click OK.
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. x|
Select the merge points

Specify the branch or version to be merged and the commaon base version, jt

Brarich or version to be merged {end tag):
Common base version {start tag):

¥ Preview the merge in the synchronize view

Browse.., |
Browse. .. |

[ Merge non-conflicting changes and only preview conflicts
" Perform the merge into the local workspace

Refresh Tags | ZCnnﬁgL,u'ETags_,..l

Select end tag {? = any character, = =any String);

Matching tags:

(7) I?I--‘ﬁk Branches

R HwUMENG

[ Pareranch|

% Versions

Refresh Tags | Configure Tags... | Add Date... |

(7
L L

oK I Cancel |

The start tag should be filled automatically wiRbot_PamBranch In this case,
the dialog anticipated correctly. For this merge,hvave electedot to check the

Merge non-conflicting changesheckbox. In the merge-again scenario, we will
check it and compare the difference. Clighish.
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X

Branch or version to be merged (end tag):

|F‘amBranch

Comman base version (start tag):

|Ru:u:ut_F‘amEranu:h

¥ Preview the merge in the synchronize view
[~ Merge non-conflicting changes and only preview conflicts
™ Perform the merge into the local workspace

Refresh Tags

Browse... |
Browse... |

Configure Tags...

(7) Finish I

Cancel

similar to the following merge results:

|- * synchronize > G

3. This is where the fun begins. You will be presemth the Synchronizeview

CV'S Merge 'Root_PamBranch to PamBranch' {(pamsoft2003Jan)

R B R = N | FP O

=1 j_,i*pamsoﬂEDDSJan [Pamguard.cvs.sourceforge.net]

whistleDetector

WorkshopDemo

St & . dasspath 1.6 - 1.5.2.1 {ASCIT o)
o Eﬁ’ README.txt ([ASCIT -kkv)

.

J'__;E Acquisition
_,'__;E dickDetector
_.'__;E generalDatabase
_,'__;E' loc3d_Thode
J'__;E Localiser
E- 5 Map

_.'__;E PamController
_.'__:E' PamView
Eﬁ% Resources
_EE UserInput
-

- i

_,':-Eb {default package) [pamguard.cvs.sourceforge.net]

118

© Heriot-Watt University 2008



Commercial in Confidence FAWARD Final Report

Right-click on theclasspathand selecMerge. CVS will attempt to work out if there
are any changes that are in conflict between Lesdion and the repository.

In our example, it updates .classpath as it wass tablesolve the conflicts there.
However readme.txpresents it with a challenge and Eclipse will aj@u that it was
not able to automatically merge the changes.

& Problem Occurred _ . =10] ]

Merging 3 resources, (Time of error: July 14, 2007 9:11:16 PM POT)
Reason:

Some conflicting changes cannot be merged automatically. These changes
will have to be merged manually,

oK | | Details »> |

As ominous as this appears, it's merely a remitiggrwe have to resolve some
merge conflicts because they were not auto-merges® could have avoided
the spectacle of this message if we had simplylattheMerge non-
conflicting changescheckbox.

Now let’s resolve the conflicts.

4. Double-clickreadme.txin theSynchronizeview to open th&€ompareeditor of the
merge tool. The left side of tAext Compareanel is the local copy of the main
branch contents. The right side is @mBranch branch contents.

We can't resolve this conflict by simply using @n@e or the other. For this case,
we edit the text in the left side (local file) tays'This line changed by Paul and
Wing in iterl.” Right-click in this same text windcand selecBave

Or we can right click readme.txt in the Synchronimaw select overwrite. This
will write the remote context to the local workspac
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[ Synchvonize % W = 0|

W5 Merge 'Root_PamBranch to PamBranch' (pamsoft2003Jan/README =

-t E-0 G R e
4= ﬁpamsuﬂEDDSJan [pamguard. cvs.sourceforge.net]

- B}W

Cpen
Cpen With r
Open In Compare Editor

Edit r

Synchronize
Remove from View
Expand All

Merge
[ Overwie |

Mark as Merged

Show Annotation
Show in History

5. At this point, the merged copy only exists in owrlspace. We still need to
commit it to the CVS repository. Select the projadheNavigatorview and
selectTeam — Synchronize with Repository These changes should not present
any conflicts and then commit it.

D.3.2 To Merge your Changes from HEAD into PamBranh:

Now it is time to merge your changes from the nimanch (HEAD) into the

PamBranch branch. This merge is similar to merging your g@gemfromPamBranch

into HEAD. To do this, you need to switch the pobjeontents to that of the PamBranch
(See section 2.1).

Right-click on thepamsoft2008Janproject and seledieam — Merge ... Click the
Browse button next to th&ranch or version to be mergedield. Choose thélEAD
branch from th&€€hoose End Tagdialog box. (If you don't see the branch, you rhaye
to click Refresh tags.In thestart tag field, click browse and seleBoot_PamBranch
from the list of tags.
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@ A start tag is required for previewing a merge in the synchronize

view,

Branch or version to.be merged (end tag):

|HEAD

Common base version {start tag):

¥ Preyview the merge in the synchronize view
[~ Merge non-confiicting changes and onfy preview conflicts
" perform the mergs into the local workspace

Browse...

x|
X
_powse.. |

Refresh Tags | CnnﬁgureTags...l

Select start tag {7 = any character, ® = any String):

Matching tags:

j Root_PamBranch

Root HWUMENG

Refresh Tags | Configure Tags... | Add Date, .. |

As for the rest of the panel, sel&eview the merge in the synchronize viewo
take advantage of Eclipse CVS support for resolwiregge conflicts. Also check
Merge non-conflicting changes and only preview cofi€ts. Otherwise we will

have to merge the non

-conflicting changes manudlly will use these settings

for all our merges in this article.

Click Finish. You shoul

d see the following message.
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x

- Some conflicting changes cannot be merged automatically, These chanages will
ﬁ__lr) have to be merged manually,

This is not as dire as it might seem. It just mahese are conflicts we have to
resolve. ClickOK to continue.

The following steps are the same as that in se&ibywhich are merge from
PamBranch to HEAD.

After solving all the conflicts, do not forget toramit you local space to CVS.

D.4. Others

Other activities such as synchronize, commit, updaterwrite, etc. are the same as that
in non-branching CVS.

D.5 References
Some useful references, in addition to the Eclgmsgimentation are given below.

+ Version Management with CYBer Cederqvist et al.
http://ximbiot.com/cvs/manual. This manual is tkenslard CVS reference.

« CVS Best Practice¥ivek Venugopalan 2002 html, pdf(75k)

« Branching with Eclipse and CVS, Part 1: The Basics
http://www.eclipse.org/articles/article.php?filetiste-
BranchingWithEclipseAndCVS/articlel.html

« Branching with Eclipse and CVS, Part 2: Rebasing
http://www.eclipse.org/articles/article.php?filetiste-
BranchingWithEclipseAndCVS/article2.html
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