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Abstract

The Autonomous Acoustic Buoy (AAB) has been designed and manufactured by Laboratori
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over the past two years. This is due to the need to measure and control the correlation befween

human activity and presence of marine mammals in the marine environmeatdoy is used for

recording sound patterns in the underwater environment, specifically referring to the physiolggical
and neurophysiologic processes by which sounds are produced, received and prot#ssed |
Furthermore the AAB has an important role in monitoring and identifying the communication
between marine mammals. This paper presents the further advancements and improvemeants of

the design and functionality of the AAB as well as a concise introduetmthe buoy capabilities

and a brief overview of the history, purpose and organisation of the LAB. With regards to the
improvements made this article gives details of elaborate research undertaken into daqlphin
whistles analysis and a well structured mettkg plan. The mechanical and electrical features

concerning the safe operating conditions of the buoy offshore are also presented within this r

eport.
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1. Introduction

Over four and a half months! YA @SNBAGEFG t2€ A (WYY Ol RS
collaboration with[ I 6 2 NI (0 2 NA RQ! LI} QABh&o@ahided theitdird O g & 0 A |j
edition of European Project Semester 20PS). The purpose of this course is to

provide a project by the collaborative work of international students. This isechrr

out in a multicultural environment at the same time bringing students into contact

with real tasks performed in professional situatiodS][

The company, for which th&utonomous Acoustic Bu@gfAB project is carried out, is
the LAB (se&ig.1). Established in 1997, tHeABis a multidisciplinary research group
of scientists who are searching for a solution to
the increasing acoustic degradation of the
marine habitat in the Mediterranean Sea and
- - the North Atlantic. TheLaboratory of Applied
Bioacousticswas created at the proposal of
aAOKStf | yYRNB oAl Rpanish INI y

Ministry of Science and Technologynd the

institutional support from theCity ofVilanova i

f | D&d theRdjts Direatrate of the Catalan Government.

With the cooperation of theUPCand the/ SY i NB ¢SOy 2t 53240 RS +Af
(CTVG), the.ABhas created the AAB record sounds in the marine environment

without introducing noise pollution from active sources such as sdB8}. These

recordings can then be studied and analyséd an additional activity, theABis also

involved in the organisation and teachimd different courses, such adfaster on

Marine Technologies and Acoustic SensinGetacean Bisonar and Communication

Fig.1LAB logo

The Autonomous Acoustic BUofAAB is a system used for acoustic monitoring
different types of sounds in the underwater environmehthas been designed in the
shape of a miniature ship in order that it can easily be transported and used in both
offshore and onshore environments. The shape of the buoy is crucial as it is not self
propelling and is very heavy, this aerodynamic shajpewal it to efficiently be towed
to its location by another vessel. In addition tAéBhas its own computing platform
used to record the desired sounds by selecting them with a programmable high pass
filter. This filter has been designed to select whistdier first comparing process of
sounds with references and was designed by 2009 EPS students. The AAB gives users
the option to both record and listen in real tinj8], to natural (e.g. cetaceans) and
artificial sounds(e.g. from shipping) at differdatations.
The main purpose of using tABIs to study the effects produced by ocean noise on
cetaceans. Manmade noise is the result of different anthropogenic activities, such as
the following:

1 Marine navigation;

71 Offshore natural resources exploratiamd extraction;

9



1 Civil engineering activities;

1 Military activities;

T Windmill parks; [5,6]
As well as being an impediment in communication processes between cetaceans and
marine environment such as displacement process or food sources, noise can also
produce serious injury to marine mammals. Traumas associated with noise pollution
can result in an either lethal or sublethal impact. In the case of sublethal impact on the
cetaceans hearing aid refers to:

1 Stress;

9 Disorientation;

1 Internal bleeding;$,9]
Recwery time can vary between a few hours and a few weeks depending on the
individual and the severity of damage. However, repetitive exposures to sound sources
without allowing adequate recovery periods can be fatal [9]. Also in the knowledge
and understandig of the acoustic sounds made by marine mammalsLihBcan help
to avoid whale and ship collisions thus preventing serious injury or death of the
mammals concerned.
Our project has been broken down into four subsections dictated by the knowledge
and enthwsiasms of the students within the group.

Electronics L 2y 1 dzo iAdz0 3 C&8f AE | Af f

The electronic section of the AAB project will design and implemewii@hdog that will
monitor both the physical and software condition of the Hercules board. This is the core of the
Autonomous Acoustic Buoy operating both the power supply module and/étehdogitself.

Marketing - Samantha van den Berg

The marketing section igesponsible for designing a plan to enter the AAB on the
global market.

Bioacoustic Aalysis - Maciej Ditrych

The Bioacoustic analysis section will examine and classify different sounds produced by
dolphins, these sounds are formally known as whistles.

CAD Simulatiom Andrea Johnson

The Buoy will be simulated in a variety of situations in order to test its behaviour in the
marine environment.

In conjunction with research and analysis done by bothlLihleoratory of Bioacoustics
Applicationsand EPS stadits the AABcan provide the key to a sustainable solution
for the protection of cetaceans against human activities in the marine environment.

10



2. Dolphin whistleAnalysis

2.1Introduction

¢CNF RAGAZ2YIEfe@ R2fLKAYQa NBO23phbtigiaghitc G SOKY
identification of various obstacles or other groups of dolphins. As well as these
photographic methods they also use sound identification engpbtlirem to recognize
objects for example group size or bottom structure. Dolplans capable of nmking a

wide range of sounds by using their nasal air sacs which are located close to the
blowhole. In general dolphins are able to produce three types of sounds: clicks; burst
pulsed sounds and finally whistles. Dolghioommunicate with each other using
whistles and burspulsed sounds however the exadature and extent of this
communicationability is not yet known. It is also believed that some dolphin species
can identify themselves using a signature whistle. Clioksuaed for echolocation and
primarly occur in short series calledick trairs. The rate of clicks increases as the
dolphin is approaching an object of interest. Dolphin echolocation clicks are one of the
loudest soundshat areproduced by marine mammals.

In recent years noise pollutiodmas become a serious issue affecting marine mammals.
Anthropogenic sounds (mavil RS y2AaS0 OFly AyKAoAG | OSil
find food, rest and locate others (for protection or mating) among a number of other
essential activities. Mamade nase arises from a variety of sources such as oil drilling,

sonar testing, explosives and seismsigrveys;however the majority ofmanmade

sound in the ocean is produced by shipping.

I NBaSINOK 3INRBdzL) yI YSR [ | 02NJI (2 bkkistarcd ! LI A OF
2F | YAGSNEAGIG t2ftA080yAOF RS [/ FGFfdzyel ot
They also investigate the effects of manmade noise on cetaceans. During the European

Project Semester (EPS) previously recorded whistle patterns will be edaiysl

classified. Itis possible to distinguish ongpecies from another on the basis of its

specific whistle characteristics and variables. In order to do this precise research on the

already examined whistles will be done using the aid of scientifiegsance this is

completed appropriate software can be utilised to set the parameters and begin the

process of classifying whistles.

The Autonomous Acoustic Buoy records information on the sound patterns produced
by cetaceans. In addition to this the LARBs a database of a wide collection of
recordings of the noise produced by marine animals. One such sound that features in
this collection is that of whistles; these are a specific type of sound which is produced
for the most part by dolphins. In order tturther understand the communication
processes and behaviours of marine creatures such as dolphins these whistles need to
first be analysed and secondly classified to the particular species which produced
them.

11



2.1.1The way in which dolphins produce sads

There are more than forty species of dolphins on our planet. They can be found
worldwide in the shallower seas for the most part in close proximitycemtinental
shelves. Itis a common belief that Dolphare one ofthe most intelligent animals in

the world andin addition they hae got very friendly appearanc&his in turnmakes
them very popular among humans.

Although sounds produced Hyolphinsprimarily originate underwater thewre also

able to produce soundsithe air Dolphins produce sounds air by releasing air from

their blowholes. In this way sound patterns are controlled by dolphgngte muscls,

by changinghe shapeof these theycan alte the sound patterns producedsounds,

which are producedinderwater,} N3 3 Sy SNIJ (SR A gad dnBegheathKS R2f L
the blowholewithout air escapindgrom the blowhole itself.

Twohypothesescan be found about the prodtion of these under water sounds:

1 Thefirst such hypothesis and the most popularcallel the nasal sac theory.
This hypothesis states thatounds are produced in tee pairs of air sacks
located under the blowhole. When dolphins breatln, their blowholes are
closed and air returns from the lungs into the channel leading to the blowhole
and irto one or more of the air sacs. The air is inflated into the sacs, then it is
forced out of the air sac and over the nasal plug (which is located just at the
opening of each air sac) resulting in sound production.

Blowhole _
——
/’H“

h_\
NS - \\
@% qﬁm%

Fig.2 Air sack locatiomvww.dosits.org/images/dosits/dolphin2222.gif

1 The second hypothesis states that, when the sound is produced by some small
knobs or fatty tissues beneath the blowhole, the sacs foca that sounds. This
tissuefunctions similady to our lips which are able to flap together when air is
pushed past them. In this way a pulse is created and is transmitted out into the
water.
Scientists araot able to confirm eithef thesehypothesesdhecause no one has ever
seen aR2f LIKAYyQa KSIFIR @gKAf &ad Al sodnds. Madial G KS  LIN
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equipmentis in existence that is capable of carrying out such an examination however

it is too difficult to be used with dolphins. Moreovet,can be simplydetrimental to

their health.Perhaps one day the near futurenew technology will become available

that will allow such scientific research to be carried out.

As forthe sound receptionscientistscurrently believe that specialized fgt tissues in
the jaw regionserve as the primary route able to pick up sound to the middle and

inner ears. This isnown aghe pan bone theory.

Tympanic-periotic Complex

Tympanic Membrane

b
\ /2g//

.
= Aint between Tympanic

[—— and Periotic Bon\es

Air Sinuses

Stapes

Fat Pad
Mandible Mandible Window

It
\

1

¢!

. / )
LY /
Tympanic Bone~"| /\‘P \
[

Fig.3 Drawing of general delphinid sound reception cresstion from the lefhanR

Involucrum

)
Synostosis

AARSO®

counterclock wise rotation crossection of tympangperiotic bone bullfl 1]

2.1.2Types of sounds

Periotic Bone

I / Cochlea

LyasSdy s

Dolphins produce many types of sounds, both witkey are underwater and above
the water surface. The three & are most welknown are whistles, clicks, and burst
pulse sounds. The graphical relation between the frequeaicg the time of those

sounds arecommonly presented by using spectrograrksgure4 below showsthe

frequency ranges and durations of different underwater sounds.
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Fig.4 Example of spectrograms of whistles, clicks or other sounds, which were recorded underwater

2.1.3Whistles

Dolphins produce many different types of whistles. One whistle which dolphins use
most There are many types afhistles produced by dolphins, but generally their
frequency is in range from 4 kHz to 20 kHz and their duration is not longer than 1,4 s.
Whistles are subdivided into 21 categories, based on the contour structure and shape
obtained from spectrograms. lItsibeleved that dolphins use whistles mainly for
communication with each othefl2], more rarely it is thought that whistles are used

for the expression ofemotions or feelings in the same way hsrst puke sounds.
Dolphins produce individuaignaturewhistles, theseare uniqueand thereforeenable

them to identify individualsDolphins have also aexcellentability to mimic and copy

the signature whistlesof other individuals. Calves are stiéveloping their signature
whistles up to six months afterging born.

.
—_ h
= L f | !
2 ¥ = Zmtl W e

TIME (sec)

Fig.5 Examples of different types whistle spectrogrémew.sarasotadolphin.org

Whistles consist of harmonics and steps, which make each whistle different. For
analysis of whistles, very important are the following parameters: number o steps,

14



number of harmonics, number of breaks, initial frequency and the final frequency,
maximum andhe minimum frequency as well as mean frequentiheFig. 6shows
an example of a whistle with all of the mentioned features presented.

End Point
{in this cose
max frequency)

Frequency [kHz]

Breuk

Start Point

min frequency

Duration

Time [s]
Fig.6 Example of a whistle with all of its features includledsed orEmily T. Griffith, @09)

2.1.4Clicks

Clicks are used exclusively fecholocation;this is R 2 f LJignificdt ability to
identify objects bythe means of using sound. Dolphins aséso able to detect
obstacles by creatingound patterrs and then receivingthem back In addition
dolphins are also able to receive information about an objects structure through the
use ofecholocationtechniques

Clicks are produced in clittains which are rapid sequences of sounds. The range of
frequency of clicks is very higlh comparsonto whistles, it is from 0,2 kHz even up to
150 kHZ13]. Dolphins use lower frequency clicks only for detectbobjectsthat are
further away aslow frequency sounds are able toavel further. Lower frequency
Oft A01a R2Yy Q&d infogngtidnl; thig” cark Belp Itd\ éxplain whylolphins
increasethe frequency oD f AaS th&y dnovelose to an object.

2.1.5Burst Pulse Sounds

Barks, mews, chirps and pops, these the group of sounds categorised as Burst
pulsed sounds. The reason why dolphins use them isknotvn for sure, hut it is
believed that they produceuchsounds under emotional duress i.e. when they are
angry, frustrated, frightened or upset. These sounds are mainly directed towards other
dolphins, humans or inanimate objects.
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2.2 Dolphin whistle research

In order to perform the analysis and classification of the recordings provided hyaLAB
complete researclon dolphin whistles wa#rst carried out.This was completedsing
scientific reportsand publications available onlines well as sound parametefs
particulartime and frequency characteristicsf different whistlesthat were extracted
and gathered along with the geographic location maps. Because dolphins (eveafones
the same spec® in differentlocatons produce sounds of varioymrameters,the
research part has beedivided into two main categries. These categories are that of
whistles produced by Pacific region dolphin and whistles produced by Atlantic region
dolphins. The Padfic region section contaswhistle information about specgfram

the northern part of Australia to theeastern Coast of North America tine Pacific
Ocean. In contrasthe Atlantic region section contasinformation about dolphins
living inthe Atlantic together with the Mediterraneasea

In addition to this research into potentiabftware for the analysis of djghin whistles
was carried out however no appropriapgogram was foundAs a resultvhistles were
further analysed in Matlab software and ahis software and its funtions was
performed.

2.2.1Ddphins taken into consideration

Thereare not many sourcegontaining information aboutiolphin whistlesHowever
the Bottlenose dolphin and Common dolphin, especially Sheeked common
dolphin, were the species for which it was the eastestind information Due to the
difficulties faced in obtaining information only 13 speciesi a total of 37 were taken
into corsideration for further research.

Tabk 1 Dolphins included in the research

Species taken into reasearch
1 | Cephalorhyncus commersonii Commerson's Dolphin
2 | Cephalorhyncus eutropia Chilean Dolphin
3 | Cephalorhyncus heavisidii Heaviside's Dolphin
4 | Cephalorhyncus hectori Hector's Dolphin
5 | Delphinus capensis Long-beaked Common Dolphin
6 | Delphinus delphis Short-beaked Common Dolphin
7 | Delphinus tropicalis Arabian Common Dolphin
8 | Feresa attenuata Pygmy Killer Whale
9 | Globicephala macrorhyncus Short-finned Pilot Whale
10 | Globicephala melas Long-finned Pilot Whale
11 | Grampus griseus Risso's Dolphin
12 | Lagenodelphis hosei Fraser's Dolphin
13 | Lagenorhynchus acutus Atlantic White-sided Dolphin
14 | Lagenorhynchus albirostris White-beaked Dolphin
15 | Lagenorhynchus Australis Peale's Dolphin
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16 | Lagenorhynchus cruciger Hourglass Dolphin

17 | Lagenorhynchus obliquidens Pacific White-sided Dolphin
18 | Lagenorhynchus obscurus Dusky Dolphin

19 | Lissodelphis borealis Northern Right Whale Dolphin
20 | Lissodelphis peronii Southern Right Whale Dolphin
21 | Orcaella brevirostris Irrawaddy Dolphin

22 | Orcaella heinsohni Australian Snubfin Dolphin

23 | Orcinus orca Orca(Killer Whale)

24 | Peponocephala Elektra Melon-headed Whale

25 | Pseudorca crassidens False Killer Whale

26 | Sotalia fluviatilis Tucuxi

27 | Sousa chinensis Pacific Humpback Dolphin

28 | Sousa plumbea Indian Humpback Dolphin

29 | Sousa teuszii Atlantic Humpback Dolphin
30 | Stenella attenuata Pantropical Spotted Dolphin
31 | Stenella clymene Clymene Dolphin

32 | Stenella coeruleoalba Striped Dolphin

33 | Stenella frontalis Atlantic Spotted Dolphin

34 | Stenella longirostris Spinner Dolphin

35 | Steno bredanensis Rough-toothed Dolphin

36 | Tursiops aduncus Indian Ocean Bottlenose Dolphin
37 | Tursiops truncatus Common Bottlenose Dolphin

2.2.2Whistle parameters

The Next step ofthe researchphasewas the extraction of datavith regards tothe
whistle characteristicdor individual species. All of the gathered parameters are
presented in the tables below. The following characteristics were taken into account:
duration, mean frequency, minimum and maximum frequency and finally the start and
end point of the whistle.

Table 2 Whistle parameter table for Atlantic region section

Specie name mean duration start end point min max
frequency [s] point [kHZ] frequency frequency
[kHz] [kHz] [kHz] [kHz]
Bottlenose mean 9,485 0,71 8,886 8,612 6,421 12,719
dolphin[14] sp 2,337 0,4 3,157 3,47 1,684 3,949
Risso's mean 10,877 0,65 11,75 11,877 8,287 14,652
dolphin[14] sp 2,35 0,36 3,929 3,522 2,027 3,27
Striped mean 10,906 0,73 9,994 11,819 7,868 15,163
dolphin[14] sp 2,116 0,35 4,039 3,797 1,843 3,611
Common mean 10,475 0,47 10,912 11,919 8,527 13,149
dolpin[14] sp 1,827 0,29 3,526 2,9 1,942 2,696
Atlantic mean 10,9 0,44 - - 7.1 14,5
spotted sp 2 0,3 - - 15 2,5
dolphin[15]
Shortbeaked mean 11,91 0,62 11,96 12,08 9,61 14,53
common sp 2,17 0,349 3,41 3,21 2,19 3,13
dolphin[13]
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Tabk 3Whistle parameter table for pacific region section

Specie name Duration Start End point  Minimum Maximum

[s] point [kHZ] frequency  Frequency
[kHZz] [kHz] [kHz]
Bottlenose dolphiff16] Value 1.4 11,2 9 7,4 17,2
SD 0,7 4,6 3,7 2,2 3,1
Shortbeaked common Value 0,8 9,8 11,4 7,4 13,6
dolphin[16] sp 0,4 3,9 3,9 2,3 34
False killer whalgl6] Value 0,4 5,2 5,8 4,7 6,1
SD 0,2 2,2 15 1,2 1,5
Pantropical spotted Value 0,9 9,5 15,3 8,2 18,7
dolphin[16] sp 0,4 2,9 5,2 1,7 3
Longbeaked common Value 0,7 10,1 14,1 7,7 15,5
dolphin[16] spD 0,4 3,9 4,5 2,2 4,2
Shortfinned pilot Value 0,4 4,4 55 3,6 6,1
whale[16] sp 0,3 3,1 43 2,3 4,2
Roughtooth  Value 0,6 6,8 8,5 6,3 9,1
dolphin[16] sp 0,4 2,9 3,1 2,5 3
Striped dolphirf16] Value 0,8 10,2 12 8,1 14,8
SD 0,3 3,7 2,8 1,6 3,5
Spinner dolphirjl6] Value 0,6 10,4 12,4 9,1 13,7
SD 0,4 3,4 3,6 2,5 3,5
Pacific Fraser's Value 0,46 11,9 13,9 11 14,9
dolphin[17]  sp 0,7 2,9 3,5 2,3 0,23
Irrawaddydolphin[18] Value 0,2 4,5 4,1 3,2 4,2
SD 0,02 2,6 2,1 1,2 1,1
Value 0,3 4,3 3 3,1 4,2
SD 0,01 1,7 1,3 1,4 1,4

In order to find and extracspecific features of whistles produced by a particular
specie, it is reasonable to presahie above parameters in a graphical wiayorder to
compare them. It is not always easy to extradme characteristic features from
obtained data. Moreover, if there will be a suffent amount of whistle samplethat
will be taken to analysis, it will bpossible to use the following graphs for the
classification process.

All of the comparison graphs of whistle parameters are include8ppdndix 1.
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2.2.3Geographic location research

Another useful tool for further analysis was the geographic location tahiecontains
information about the abundance & given specie. This researishimportant as the

[ 1. Q& LI G0 S Nithes afeFecdrrd indKvaneof dcéans and seas. It is
also reasonable to compare those locations with the areas from which come whistles
that were taken into consideration in the previously presented tables. Because
dolphins of the same species, living in two distinct places are producing whistles of
different parameters, such comparison was preparedappendix2]. An example of

this ispresented in the following figurefig.9. and fig.1) showing thegeographic
location of Bottlenose dolphsand the resarch area in which the data wasllected

by researchers.

Fig.9 Bottlenose dolphin abundance marked in bhador.

Fig.10 Whistles of bottlenose dolphins taken into account were recorded in the tropical Pacific Ocean
(marked above in orange)
2.2.4Sources used in the research section

Many sources were used in the research phase, such as: LAB, SedManctation

' YAGSNBRAGE 2F . Fy3I2NE DNRdAz2LJIS RS wSOKSNDKS
Oceanography, University of California at San Diego and many others. Documents in

which the @rameters of whistles were found are presented in the tables below.
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Talle 4 Reference table for the Atlantic region section

Specie Reference link Author Title Year
name
Bottlenos  http://ieeexplore.iee Alexandre Gannler, Sandr Pelagic Delphinids of the 2008
e dolphin  e.org/stamp/stamp.js Fuchs, Odlle Gannler, Jull Mediterranean sea have different
p?arnumber=047869 N. Oswald whistles
82
Risso's  http://ieeexplore.iee  Alexandre Gannler, Sandr Pelagic Delphinids of the 2008
dolphin  e.org/stamp/stamp.js Fuchs, Odlle Gannler, Jull Mediterranean sea have different
p?arnumber=047869 N. Oswald whistles
83
Striped http://ieeexplore.iee  Alexandre Gannler, Sandr Pelagic Delphinids of the 2008
dolphin  e.org/stamp/stamp.js Fuchs, Odlle Gannler, Jull Mediterranean sea have different
p?arnumber=047869 N. Oswald whistles
84
Common http://ieeexplore.iee Alexandre GannleSandra Pelagic Delphinids of the 2008
dolpin e.org/stamp/stamp.js Fuchs, Odlle Gannler, Jull Mediterranean sea have different
p?arnumber=047869 N. Oswald whistles
85
Atlantic  http://oceanwidescie = Lammers MO Au WWL Thebroadband social acoustic 2002
spotted  nce.org/PDF/JASA% and Herzing DL. signaling behavior of spinner and
dolphin  OLammers%20et%2( spotted dolphins
al9620%282003%29.
df
Short http://www.seawatc Emily T. Griffiths The repertoire analysis of the 2009
beaked  hfoundation.org.uk/d short-beaked common dolphin,
common  ocs/Griffiths2009_SB Delphinus delphjgfrom the Celtic
dolphin CDwhistle%20repert Deep and the Eastern Tropical
oire.pdf Pacific Ocean
Tabk 5 Reference table to the Atlantic region section
Specie Reference link Author Title Year
name
Bottlenos  http://swfsc.noaa.go Julie N. Oswald, Jay Acoustic identification of nine 2003
e dolphin  v/uploadedFiles/Divis Barlow, Thomas F. Norric  delphinid species in the Eastern
ions/PRD/Programs/ Tropical Pacifi Ocean
Coastal_Marine_Ma
mmal/Oswald.pdf
Short http://swfsc.noaa.go Julie N. Oswald, Jay Acoustic identification of nine 2003
beaked v/uploadedFiles/Divis Barlow, Thomas F. Norric  delphinid species in the Eastern
common  ions/PRD/Programs/ TropicalPacific Ocean
dolphin Coastal_Marine_Ma
mmal/Oswald.pdf
False killer http://swfsc.noaa.go Julie N. Oswald, Jay Acoustic identification of nine 2003
whale v/uploadedFiles/Divis Barlow, Thomas F. Norris  delphinid species in the Eastern
ions/PRD/Programs/ Tropical Paci¢ Ocean
Coastal_Marine_Ma
mmal/Oswald.pdf
Pantropic  http://swfsc.noaa.go Julie N. Oswald, Jay Acoustic identification of nine 2003
al spotted v/uploadedFiles/Divis Barlow, Thomas F. Norris  delphinid species in the Eastern
dolphin ions/PRD/Programs/ TropicalPacific Ocean

Coastal_Marine_Ma
mmal/Oswald.pdf
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2.3Whistle classification

The cond section of the bioacoustic analysis was the computer analysis of dolphin
whistles. Affirst it was assumed that sounds would aealysed in an already existing
software that wasavalable online. Unfortunately, nsuch program was found and a

new code was created in Matlab 7.10.0 (R2010a) for recognitionexhction of

whistles. The taskf this code was to extract from whistle samples the parameters as
presented in the research section, i.e. duration, mean frequency, minimum and
maximum frequency, start and the end poilt. omparing those parameters with the
previously prepared tablesit was possile to classify the whistle to the individual
specie whictpotentially produced it.
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2.3.1Procedure

Whistles selectedor the analysis were chosen frolmKS [ ! . Qa NB O2 NRAy 3
consistsof a variety of underwater sound samplesrin the LiguriarSea Not all of the
recordings contained whistlpatterns; they also contaiad sonar patterns orother
noisemost likely causetdy shippingThe frst step was to choose and extract whistles

GKAOK KIFR ljdzAGS | & mBsyhdrdertd chyylfuithefaNayys [ | . Q

out efficiently. For this purpose Adobeudition software was used, thiseturned
whistle samples in a wav fitaat could be directly analysed in Matlab.

Secondly a spectrogranwas created to show the graphical aébn between time and
frequency of the whistleThis was created using matlab software. The Spectrogram
command extracted directly from the wav filariablessuch astime, frequency and
power spectral density (PSD). The last parameter simply indicates strong the
signal is in a given range of frequency, or tiffbe pectrogram also showan image

of the wave pattern, in this case whistle pattern, from which all parameters can be
more or less accurately read.

Next the whistle was extractefiiom all of the other sounds that were present in the
sample. In order to diain a clear, extracted whistlérequency was limited from 4 kHz

to 20 kHz, which is the frequency range of whistles. In this range the highest local
maxima of PSD values in each time damuaiere extracted corresponding to the
frequency of the whistle returning as plot of the frequency in time domain, what was
the whistle.

The fnal step was to estimate and fit the whistle contour so as to receieevdiues of
frequency and time to besed for further classificatiohis tassification process was
based on the comparison of the received parameters of the extracted whiatld
their comparison with the values in the parameter talple.

@ 104 Spectrogram

1.6

15 /\l. ' & Fig.11shows a
- | spectrogram of sound
14 1 e
L i sample, the red contour
13 . b i T 1\ I3 represents the whistle. The

more intensive the color is
the stronger the value of
the (PSD). In this case the

Frequency (Hz)
»

11 0 whistle signal is very strong
A i\ A SR o S and the whistle is not
E 5. oy d y Ii h?,, ¢ destructed by othersunds.
GRE] . T e AER E R AR e EY IT
g g‘; BOU e Tl -I.j}:"_l"l.’ LAY )
1

1.5
Time

Fig.11 Whistle spetogram
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1.4F . Fig. 12shows the whistle after
extraction. Values of the frequency

- 131 1 corresponding to the highest local
I; maximum value of the PSD was
E 1.2r 7 extracted andplotted in time

[

i

segments. Such extracted whistle
still have to many brakes and has
to be fitted to produce a
continuousline representing the
whistle contour.

095 .

DB 1 1 1 1
0 50 100 150 200 250
Time segments

Fig.12 Whistle extraction

w10 extracted whistle

Finally the Fig. 13epresents the
estimated and fitted contour of
extracted whistle.

freguency [Hz]

DB 1 1 1 1 1 1 1 1 1
] o1 02 03 04 05 06 07 08 09 1

time [s]

Fig.13 Whistle estimated contour

2.3.2Results

From a total often whistles analysed only two weref adequate quality in order to
perform whistle extraction This is because nearly all samples contained unwanted
sounds or simply noise in the frequency range of the whistle. Such noise ntakes
impossible to carry out the extraction of the whistle and as a rethét extracted
pattern is that of the noise (FigdL Another factthat influences the analysis could be
the strengthwhistle signaivhichin itselfwas relatively low.
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w10 Spectrogram
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Fig.14 Figure at the top is an example of a sample, which cannot be analysed. Because of too many
sound waven the frequency range of a whistle, it makes it impossible to extract the whistle. The red
color in the bottom of spectrogram indicates frequency ran

From the two whistle samples thatige relatively positive results thehistle contour
was extracted analso frequency and time parameters of whistle were received, i.e.
duration, mean frequency, minimum and maximum frequency and the start and end
point. Extracted whistle contours drthe parameters are given in the following table

Tabk 6 Parameters received after analysis of the first whistle

parameter value
Duration [s] 1,0
Mean frequency [kHz] 11,9
Start point [kHz] 8,4
End Point [kHz] 9,0
Minimum frequency [kHz] 14,7
Maximum frequency [kHz] 8,4
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w10 extracted whistle
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Fig.15First extracted whistle contour

Table 7. Parameters received after analysis of the first whistle

parameter value
Duration [s] 0,6
Mean frequency [kHz] 9,2
Start point [kHz] 10,9
End Point [kHz] 10,4
Minimum frequency [kHz] 8,2
Maximum frequency [kHz] 10,9
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Fig.16 Second whistle contour extracted
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2.3.3 Classification

Analysed samples were recorded on the Ligurian Sésfalls intothe Atlantic region
section of the research part. Using the table dhd graphs previously preparado of
the extracted whistles were classified.

The frst whistle was classified ta possiblehree species i.e.: Sth LISR R2f LIKA Y X
dolphin and tle $hort-beaked common dolphin. All of the parameters iithin the

specified ranges presented in the graphshich suggests that this whistle was
producedby one of those three species.

2.4 Conclusions

Dolphins produce sounds mainly for communicationveén individuals as well as for
echolocation, amazing ability to detect objects underwater. Besides they also use
sounds to express their emotions i.e. when they are stressed, frightened, angry. By
analyzing those sounds we can learn not only about thehlaviours but also how
manmade sounds are affecting their life. All of those sounds vary in ranges of
frequency and the way, that are produced. Whistles mainly have frequency ranges
from 4 kHz to 20 kHz and their duration is close to 1 s, whereas clicks ardssoi
much high frequency, sometimes reaching values greater than 100 kHz and they
consists of sequences, called click trains. Burst sound pulses are the sounds generally
regarded as cries, barks, grunts and they are audible for humans. It is quiteceasy t
distinguish those sounds from eaclher; however it is difficult when a given sound
has to be classified tpotential specie thatcould produce it.

In the research section of the bioacoustic part of the project, thie necessary
information wasefficiently collected, in order to carry out further classification in an
effective way. From a total of thirty seven species, thirteen species were taken into
consideration and included in the analysis. The research sectiordiwiged into two
categories (Pacd and Atlantic region)this was necessarpecause dolphins of the
same specie living in different, distinct arga®duce different whistles. Six of trhibe

most important parameters were extracted and gathered in tieéevant parameter
tables. These pameters are: duration, mean frequency, minimum and maximum
frequency, start and end point. Another useful tool for further classification was the
geographic location tables containing information about the areas of abundance of
givenspecie.

All six specig included in the Atlantic regiorestion seem to produce very similar
whistles. Howevernn comparison withother species, bottlenose dolphins have got the
longest duration values and the lowest values of frequencies, i.e. mean frequency,
minimum frequeng, start and end point. Mean value of the maximum frequency is
also very low, but its standard dmation is relatively high, thisrakes the range of the
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maximum frequency quite wide. Also Atlantic spotted dolphins and Common dolphins
tend to have the shosst values of duration, but as for frequency parameters, they are
all comparable with the ranges of other species.

Asfor the whistles produced by eleven dolphin species includedhénRacific region

section, manymore characteristics can be found. Irrwdaddolphirs tendto have very

short values of duration and their standard deviation values are extremely small. This
adldSa GKIGd LNNBFRReE R2fLKAYyaAaQ gKAalnftSa KI
whistle type and 0,3 s for the second. These whistdso hae got very low

frequencies whichmakes them easy to differentiate from other speciémother

characteristic ouch dolphins is their abundancthey live only in limited areas close

to the northern part of AustraliaAnother dolphins, whickvhistles seem to be unique,

are Shortfinned dolphins, which behavior is more similar to whales rather than

dolphins RQ]. The flequencies of their whistles appets be very low and the time of

duration is also relatively low. Also whistles guzed by Btilenose dolphins havegot
someuniquecharacteristis, i.e. the longest duration time. Whistle parameterdaise

killer whaleshave got very small standard deviation values, resulting in small ranges of

their frequencies as well as ranges of duratioh.yPi NP LJA OF f aL}R2 G0SR R2f
have the highest values of the end point and maximfrequencies. Another specie

with identifiable whistle characteristis A & (1 KS t | @airfwhiSles Ba@ goS N a >

the highest value of minimum frequency and a&ryw small range of maximum

frequency.

In conclusion, in the Atlantic region, characteristic whistles are those produced by
Bottlenose dolphins. Also Common dolphins and Atlantic spotted dolphins produce
quite characteristic whistles, but they are not asnique as those of Bottlenose
dolphins. In Pacific region, characteristic whistles are produced by: False killer whales,
Irrwaddy dolphins, Bottlenose dolphins, SHimined dolphins, Pantropical spotted
R2f LIKAYAa FYR tIFIOAFAO CNI A&SNNR&A R2fLKAYaO®

Unfortunately,not all dolphins produce unique whistles what makes the classification
process relatively hard to perform. Very often one sample of whistle is not enough to
classify whistle to a specie, because the parameters extracted can be imprecise. This is
why a lager amount of whistles should be analysed and then taken for further process
of classificationThe results of whistle computer analysis shows that it is not possible
to extract whistles from all samples. From a total of ten samples it was possible to
extract only two whistles, what states only 20% of samples analysed. The efficiency of
the processs so low, because many whistle samples contained a lot of noise in the
frequency range of the whistle. In such cases it was impossible to extract whistles from
those samples, as the only pattern extracted was that of the present noise. Moreover
some whistks contained many brakes what also resulted in some problems in their
extraction, especially with the estimation of the whistle contour shape and structure.
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Also the strength of the whistle signal influence its analysis. The lower the signal was,
the harde the extraction was.

In conclusion, for efficient analysis and classification whistle samples have to be strong,
clear and they cannot contain any noise in the frequency range of the whistle. The best
way is to record whistles in some areas of limitedseolevel, what is quite hard,
because of the appearance of many maade sounds like shipping.
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3. CAD Simulation

3.0 Aim

The aim of the CAD simulation task is to further advance the current state of the
simulation project. The buoy haseen drawn in CAD (Solidworks) by the 2009 EPS
team however to date no simulations have been performed. The buoy will be
simulated using CAD software in order to assess its behaviour within the marine
environment.

3.1 Research

3.1.1 Environment

The oceanenvironment is one of varied conditions. The buoy must be able to
gAOGKaAaGrYR Fye 2F (GKSasS gKAOK R2 y20 FlLit 2o
sea currents, waves and of course normal weather elements such as Sun and
Raiff71,75/0 ¢ K S stahitigg shadld be adequate to survive full ocean storms even

when the buoy will be used primarily in the negroastal marine environment as this

will increase its usability.

3.1.2 Consequences

Short circuits, leakage currents and high voltage flasér wil occur if water comes

into contact with the electric circuit in the buoy. This will cause the buoy to fail. The
buoy may suffer permanent damage or at the very least be unable to record sound for
a period of time. Therefore it is important to ensure thabt only the hub is fully
insulated giving the components protection from wave splashes but also that the buoy
will not become overturned or submerged.

3.1.3 Simulations

In order to progress with the project it is important to establish exactly what waidn
to be simulated and what information/facilities are required to do this.

- Waterlinec Exact size and mass must first be calculated

- Stabilityg in terms of theoretical formulae requires accurate weight of
componentsg effect of different masses on this

- Angle of vanishing Point at which the buoy can tip and still right itsekffect
of mass / weight distribution.

- Aerodynamicg This will affect tow speed.

- Structural stability. Testing the buoy under stresses and strains.

3.1.4 Software

Before starting the simulation an appropriasoftware package has to be found.
Software packages will be evaluated on the basis of features, user friendliness and
finally availability.
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TaHle 7 Software packages evaluation

Name of | Key features Evaluation Available
Software
Solid A Complex Geometry and | Exact properties and V
works Freeform Surface Creatio| dimensions can be defined
A Feature Recognition but school does not have
A Reverse Engineering plugrin to do simulations.
A Motion Analysis However plugn in itself is
A Structural Validation limited as it does not have a
A Environmental Impact of the required simulation
Evaluation capabilities to simulat¢éhe
A Design for AAB.
Manufacturability
A Fluid FlowSimulation
A Photorealistic
Rendering63]
Ansys A Analysis of materials. School only has simple V
A Interactive GUI version which does not
A Integrated response of | contain enough
fluids, structures and functionalities to carry out
materials[64] buoy simulation.
NX A Linear and nonlinear Developed by Siemens corp V
stress, vibration, motion, | school has this software
dynamic response, available. However it has
durability, flow and limited functions which coulo
thermal analysis prove troublesome in later
A Integrated multiphysics | more advanced simulation.
solvers Fluid dynamics are also not
A Model preparation with | included.
multi-CAD support Schools version is also in
A PLM integration with Spanish which presentsem
advanced simulation with an added difficulty.
structure management
[65]
A Open application and
system supprt
Autodesk A CAD support Has more functions than V
T 1§ 3 A Modeling and meshing | other available software
A Static stress andrlear (including Fluid dynamics) &
dynamics can be downloaded legally a
A Mechanical event no extra cost.

31



javascript:void%20window.open('http://download.autodesk.com/us/algor/lss_demo/algor_simulation_lss_demo_820x700.html','1253200763656','width=820,height=700,toolbar=0,menubar=0,location=0,status=0,scrollbars=0,resizable=1');
javascript:void%20window.open('http://download.autodesk.com/us/algor/lss_demo/algor_simulation_lss_demo_820x700.html','1253200763656','width=820,height=700,toolbar=0,menubar=0,location=0,status=0,scrollbars=0,resizable=1');
javascript:void%20window.open('http://download.autodesk.com/us/algor/mes_demo/algor_simulation_mes_demo_820x700.html','1253200796600','width=820,height=700,toolbar=0,menubar=0,location=0,status=0,scrollbars=0,resizable=1');

simulation

A Computational fluid
dynamics (CFD) simulatig
A Multiphysics[66]
Ansys A Integrated response of | Capable operforming fluid
Profession fluids, structures and dynamic (wave) simulations.
al or materials. These are the preferred
student A Multiple solvers, including options but are very
with those for structural expensive.
Ansys Ls analysis and fluid flow.
Dyna or A Analysis of materials.
Ansys A Interactive GUI
Autodyn A Simulation integration
A Extensive material model
library[67]
Adina A Stress analysis of solids | From watching videos on
(2D and 3D) YouTube it is possible to
A Analysis of structures in | conclude that Simulations ar
statics and dynamics. more complex and time
A Linear or nonlinear consuming to perform in
analysis including the Adina than in Ansys.
effects ofmaterial Adina is available as freewa
nonlinearities, large onthe internet however a
deformations and contact| version of this software was
conditions[68] downloaded onto my laptop
but failed to install correctly.
Catia V5 A Linear stress analysis on | Catia is very advanced and
parts and hybrid therefore expensive
assemblies software. It is primarily used
A (solid, surface, and in the automotive industries.
wireframe)
A Transient and harmonic
dynamic analysis
A Contactanalysis
A Buckling analysis
A Thermemechanical
analysis
A Modal analysis
A Vehicle assembly analysi
A Assembly of multiple

analysis modelf69]
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3.2Chosen Solution

G! dzi2RSat I f 32 NX {AYdzZ I GA2Y &
ldzi2RSa|1t az2ftdziAz2y F2NJ 5AIAGET t
of mechanical simulation tools to help designers and
engineers make decisions earlier in the design process.
Support for muliCAD environmentsand extensive finite

element modeling tools help manufacturers study initial

design intent and accurately predict product performance.

Autodesk Algor Simulation allows you to validate and

optimize designs before manufacturingncreasing efficiency,

minimizng reliance on physical prototypes, reducing costs,

YR RSONBI[E2y3 SNNRBNHEODE

1 CAD support Direct, associative data exchange with most CAD software.
(Including Solidworks)

1 Modelling and meshing Create finite element models and meshes using tools
and wiards designed to improve productivity and simulation accuracy.

§ Static stress and linear dynamitsStudy structural response of designs.

1 Mechanical event simalationt Enhance design decisions by using rrudiily
dynamics with support for largecale motion, large deformation, and large
strain with bodyto-body contact.

1 Computational fluid dynamics (CFD) simulatiorstudy thermal characteristics
of designs and perform accurate,tdéded fluid flow analysis.

1 Metaphysicg Study multiple physical factors acting simultaneously by
combining results from different analysis types.

3.2.1Limitations

Finding appropriate software has been extremely time consumiagc&mpromise has

had to be made due to the timescale of the project. The chosen software is limited as
it is not able to perform all of the required simulations as detailed in the simulation
section.

3.2.2Solution to Limitations

Due to a lack of avaible softwarein the school S/W is not available to me that has all
of the required functions to complete the simulation tase have therefore broken
down the task into several subtasks in order to find ways of carrying out each part of
the task.
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Tabk 8 Work process

Factors to be tested

Test method

Waterline¢ Exact size and mass must first
be calculated

Tested using formulae

Stability¢ in terms of theoretical formulae
requires accurate weight of componengs
effect of mas®n this

Tested using formulae

Angle of vanishing Point at which the buoy
can tip and still right itself effect of mass /
weight distribution

Tested using formulae.

Buoyancy Buoyancy concerns the
Archimedes Principle, in other words Will i
Float?

The buoyancy force is the upward vertical
force felt by a submerged, or partially
submerged body. It is equal to the weight
the fluid displaced by the submerged
portion of the body. A body will sink until
the buoyancy force is equal to the weight ¢
the body.[73]

Tested using formulae.

Aerodynamicg, This will affect tow speed

Tested using CAD software Autodes}
Algor Simulation Professional 2011

Structural stability. Testing the buoy under
stresses and strains.

Tested using CAD software Autodes}
Algor Simulation Professional 2011

3.3Further Research

3.3.1 Formulae
14 GKS odzze Of2aSft e

NEasSvyofsSa | o2l

Ay

boat design) will be used in order to calculate the behavioural properties of the buoy.

Tabk 9 Formulas used in calculation process

Factor

Formulae

Waterline¢ Exact size and mass must submerged volume == total displacement /

first be calculated density of water

density of water == 62.5 |b/ft"3 fresh or 64
Ib/ft"3 salt[73]

Stability¢ in terms of theoretical Capsize Screening Formula = Beam /
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formulae¢ requires accurate weight of
components; this will be effected by
buoy weight

(Displacement / 645
(Displacement is in Pounds

Beam is measured in Fegtd]

Angle ofvanishingg Point at which the
buoy can tip and still right itself.

Screening Stability Value ( SS¥ ) Beant)
/ (BR * HD * DV?)

BR: Ballast Ratio ( Keel Weight / Total Weig
)

HD: Hull Draft

DV: The Displacement Volume in cubic
meters. DV is entered as pounds of
displacement on the webpage and converte
to cubic meters by the formula:

Displacement Volume in Cubic Meters =
( Weight in Pounds / 64 )*0.0283168

Angle of Vanishing Stability approximately
equals 110 + (400 / (SS10) J77]

Buoyancy Will it Float?

Assuming full submersion Force of Buoyan
(Fe) = Vol x g [78]

3.4Theoretical calculations

Formulas that are commonly used in boat design are typically expressed in imperial
format. In order to use these formulas accurately but also produce relevant and
analysable results | will be converting metric data from the buoy into imperial to carry

out the calculations before converting it back to analysable metric data.

Data calculated by Autodesk Algor Softwgappendix3] and from technical drawings

produced in Solidworks will be used to carry out the theoretical calculations (formulae

as detailedn the research section).
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Fig.17 Autodesk Algor datasheet production

3.4.1 Submerged volume

Submerged volume = total displacement / density of water
density of water == 62.5 Ib/ft"3 fresh or 64 Ib/ft"3 salt

1pound = 4.448221628258bMp mthPc b S22y Qa I' onmdPcmdpccy do

341.61966893638277/64 5:34t>

3.4.2 Capsize Screening Formula

Capsize Screening Formula = Beam / (Displacement’? 64)
(Displacement is in Pounds, Beam is measured in Feet)

Theweight of the boat used in the calculations is taken from data produced from the
autodesk algor software. This is without any extra weight used to enhance the stability
of the buoy.

1200mm = 3.937007874012 ft

MpMdpP®Pc bSsli2yQa I' onmdPcmpccy PocoyHTT t 2dzyR3
=3.93700787401/2341.61966893638277/64'

= (3.93700787401/%5.337807327}?

= 0.73757024%

=225

A value >2 means that the buoy may not be stable, therefore the result shown above
may means that the boat may be vulnerable to capsizinghAsging the shape of the
buoy is not an option, changing the weight of the buoy will now investigated in order
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to establish how the stability of the vessel is affected by this. It is also not an option to
make the buoy lighter as the structure has alreb@n manufactured.

Tabk 10 Effect of weight on buoy stability

Weight (N) | Mass (Pounds) | Capsize screening
1519.6 341.6196689 2.212710744
1779.289 400 1.88976378
2001.7 450 1.679790026
2224111 500 1.511811024
2446.522 550 1.374373658
2668.933 600 1.25984252
2891.344 650 1.162931557
3113.755 700 1.079865017
3336.166 750 1.007874016
3558.577 800 0.94488189
3780.988 850 0.889300602
4003.399 900 0.839895013
4225.811 950 0.795690012
4448.222 1000 0.755905512
Value Capsize screenin(
2,5
2
1,5
1 ! Capsize screenini
0,5
0 . . . . . Mass (N)
0 1000 2000 3000 4000 5000

Fig.18 Effect of weight on buoy stability
As the graph shows the more weight is placed within the buoy the more stable it will
become.

3.4.3 The Angle of Vanishing
Screening Stability Value ( SS¥ | Beant) / ( BR * HD * DV?)
BR: Ballast Ratio (Keel Weight / Total Weight )

HD: Hull Draft
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DV: The Displacement Volume in cubic meters.

Displacement Volume in Cubic Meters = (Weight in Pounds / 64 )*0.0283168)

Angle of Vanishing Stability approximately equal® + ( 400 / (S£10) )
Screening stability volume

=(3.93700787407/((25.23255569980232/341.619668936382 77(341.619668936382/6

)*0.0283168"%) =15.500031/(0.073861543* 2626963673

=64.4920733 (SSV)

Angle of vanishing stability110 + (400/(64.49.0))=117.3407965

This calculation will now be carried out for a range of different buoy weights. This will er
the effect of weight on the angle of vanishing stability to be analysed.

TaHle 11 Effect of weight on angle of vanishing stability

Weight

Weight (N) | (Pounds)| Beam Sq BR HD| DV SSV AVS

1519.6| 341.6196 15.49997| 0.073862| 2 |1.626964| 64.49182| 117.3408
1779.288651 400 15.49997| 0.063081| 2 1.905| 64.49182| 117.3408
2001.699733 450 15.49997| 0.056072| 2 |2.143125| 64.49182| 117.3408
2224.110814 500 15.49997| 0.050465| 2| 2.38125| 64.49182| 117.3408
2446.521896 550 15.49997| 0.045877| 2| 2.619375| 64.49182| 117.3408
2668.932977 600 15.49997| 0.042054| 2 2.8575| 64.49182| 117.3408
2891.344058 650 15.49997| 0.038819| 2| 3.095625| 64.49182| 117.3408
3113.75514 700 15.49997| 0.036047| 2| 3.33375| 64.49182| 117.3408
3336.166221 750 15.49997| 0.033643| 2| 3.571875| 64.49182| 117.3408
3558.577303 800 15.49997| 0.031541| 2 3.81|64.49182| 117.3408
3780.988384 850 15.49997| 0.029685| 2 | 4.048125| 64.49182| 117.3408
4003.399465 900 15.49997| 0.028036| 2| 4.28625| 64.49182| 117.3408
4225.810547 950 15.49997| 0.026561| 2 |4.524375| 64.49182| 117.3408
4448.221628 1000 15.49997| 0.025233| 2| 4.7625|64.49182| 117.3408

As the table shows the screening stability value and therefore angheaoishing
stability is not effected by a change in weight.

3.4.4 Buoyancy

Assuming full submersion Force of Buoyangy$F/ol x g

Fs = (3.93700787401x2x5) x 64 lbs/ft

Fs= 755.9055bs= 342.87 kg

Weight of Buoy (without component weight) = 341.62Hs154.96 kg

The Force of Buoyancy is greater than the Weight of the Buoy meaning the Buoy will

float.
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3.5 Simulation using Algor

Autodesk Algor simulation wahiosen to perform the theoretical CAD simulations. The
Autodesk Algor Help Guwed2010 was used in order to become familiar with the
software. It was also used foeferencethroughoughtthis simulation task.

3.5.1 Importing the CAD model

In order forsimulations to be carried out the existing CAD (Solidworks) model must

first be imported into Algor simulation software. The online help guides were used to
find instructions on how to do this.

The Algor simulation online help guide outlines three methimismporting Datd79]:

1) Copying the file across from other CAD software. This requires CAD software that
created the model to be open & is advantageous as material properties allocated in
previous software can also be transferred. This is not an ogtoithe import of the

buoy as Solidworks is not available on the same workstation as Algor.

2) Opening the file directly into Algor. In order to do this the file must be saved in one

of the following formats: ACIS Files, Autodesk AutoCAD*, Autodesk Ilmrent
Autodesk Inventor Fusion, Autodesk Mechanical Desktop, IGES Files, Rhinoceros 3D,
STEP Files Stereolithography (STL) Files. This is the preferred method to import the
Buoy data.

3) Importing the file as Wireframe IGES. This is more complex than imgp@t3D
model but is a backup method. The file is opened selediifigeframe IGES (*.igs,
*.iges) asfiles of type lf all the entities in each part lie in a single plane the entities in
the part can be imported into a sketch by selecting limport as 2Dobjectscheck box.

If the model will be analyzed using 2D elements, it must be imported into the YZ plane.
Activating thelmport into YZ planeheck box will translate the positive X axis in the
IGES file to the positive Y axis in the sketch and theipesitaxis in the IGES file to the
positive Z axis in the sketch.

The CAD model was successfully |mported into Algor This was done using the direct

P — : WSS import method (2)

— Mﬂ;}i’ﬁlifw gt mama %T:t a@ wi:‘;\ as detailed above.)

e oman oo In solidworks the file

= ., Wwas saved in the

o STEP format and
: | - then opened in

. Autodesk Algor. The

initial import can be

_ . .| seen across.

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

7

Fig.19 Initial Buoy import
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3.5.2 Creating a Mesh

Py TR # A R

Bl File Edit Selecton Yiew Mesh Geometry Anabvss Tools Window Help
(=== Jry

— Once the existing
mRia @70+ v BERS T GTHA LER ABSR model had been

FE-.o AR+ concecee Fel = ceacalE EENNEE02 8 @ . .
piemsiea s ———— imported into

Algor the next
step was to
create a mesh
structure. This is
- what will be used
‘ﬁ to carry out
va simulations  on
the buoy. The
initial mesh
structure was
created by first

knitting the assembly together and then using the mesh function. The result is shown

to the left.

Fig.20 Initial Mesh

3.5.3Assigning materials

The next step in the analysis is to assign the correct material types to each part of the
buoy. It is important that this is done correctly as different materials will behave in
different ways when placed under simulation conditions.e Timaterial used to
manufacture the buoy is polyethylene, (10mm thickness for the body and 6mm for the
shell.)

—
e S SN \

ibrary... #] Add Existing Library...

Select Lirary [Customer Defined]
Autodeskc Algor Plastics Library ~ | B Current Material Information Eo+ B @
uk

Date Last Updated:
Unis System

Material Descrption:

Not Available

Sourc:

Select Materal [Customer Defined]

In Library File:

Edi Properties
Co -

? F‘TJ /T ‘1' E ” E_} '? @@7‘ - B mgs«uzgum I

Fig.21 Asigning materials
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3.5.4 Unsteady fluid Flow Analysis

The first Analysis to be run on the buoyuissteady fluid flow. This will monitor the
behaviour of the buoy when it is on the water in the marine environment.
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Fig.24 ReMesh 1
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The first stage in the
analysis was to set
the test conditions
(analysis parameters)
a screenshot of this
can be found ifig.22

The next step carried
out was to generate
the fluid exterior in

order to simulate the

marine environment

in which the buoy was
to sit. This process is
illustrated in Fig. X.
However this was
unable to be created

due to a problem with

the model topology.

The model was re
meshed in order to
attempt to correct
this problem.
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Fig.26 Generate fluid exterior attempt 3

Due to the complex shape of the buoy difficulties have been faced in creating a stable
analysis. A great deal of time has been spent troubleshooting within the Autodesk

The fluid exterior
was still unable to be
created due to the
complex model

topology.

After creating a third
mesh structure was
created in order to
troubleshoot the
problem of creating
the fluid. The same
problem was again
faced.

Algor software & the same problem is still faced regarding the model topology itself.

A further troubleshooting step would be to modify the Solidworks model. However this
can only be done to a certain extent as the Buoy model must remain accurate in order
to give useful simulation results. This simulation was put on hold in order to melimis

wasted time and makefficient progress with the simulation task.

3.5.5 Static stress Analysis

The first Analysis to be run on the buoy is unsteady fluid flow. This will monitor

structural analysis to be carried out.
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Fig.29.Failed static stress analysis.
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After setting the
analysis parameters
an analysis was run.
This wasunsuccessful
as yet again the
model topology was
too complex to carry
out the simulation.

Troubleshooting
dictated that the
buoy was again re
meshed. The mesh
structure is important
as different options
work with different
simulation types.

Analysis was run for a
second and third
time. On the outset
these analyses
appeared to hae
functioned correctly
however. No
guantifiable results
were produced.



3.5.6 Progress

All simulations carried out to this point have beansuccessfulUsing clues given by
error messages flaggeid Autodesk Algor software an appropriate troubleshooting
step is to greatly simplify the solidworks model. This will allow the software to be
tested. However it must be remembered that a heavily simplified model will not
produce accurate & therefore usgdfsimulation results.

3.5.7 Troubleshooting

As outlined in the progress sectlon a much S|mpI|f|ed representatlon of the buoy was
e - ~ .. created in order to
T test Autodesk Algor
software. This was
created using
solidworks. The new
model was then
imported (in the
same way detailed in
section 3.5.1) into
Autodesk Algor. Next
the mesh structure
was created.

EABle Edit Selecton Yoow Mesh Geomelry Snaks Took

a2 ' ~ The parameters for

Eane sE@es o4+ ¥ EEDS ¢« STP& LES ADS .
ROl Rareien0ne o ¥ - Static stress
(nonlinear  material

@
&/ anna aow
2]
=
5
s
i

] models) were seand
R the analysis was run.
Visible results were
| produced from the
- analysis however
v quantifiable  values
1_,, were still not given
=: = from this type of
analysis.

Fig.31.Simplified meshed model
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Th|SS|mpI|f|edtest shows that the software is functlonlng correctly and is able to carry

- . . out simulations.
Be@e xar+ ancccces Bk However it is also
Faie Fooes ] raee WS
2]

et LI LU EEEEALTE possible to deduce

that thus far the
incorrect types of
calculations have
been carried out in
order to produce
—_— , valuable results.

Time Step: 0 of 2400
Maamum Yalue: 0 Himm2) X
f

Minimem Value: 0 Hime2)
a 4 — =

’e"'"T £ 6O B B & ‘«ET'E

Fig.32 Simplified model results
3.5.8 MES RIKS Analysis
MES RIKS analysis allows the weak/breaking points in the model to be identified. It also

allows maximum stress levels to lascertainedregarding the physical properties of
the buoy.

3.5.8.10peration
The parameters were first set and the analysis was run.

FEaia@ecs 0+ ¥ EEBES 4 BTEFa LE® ABS
.ot XAA+ BOODOBS
00w

O im e s i Settings were
e changed to show the
e buoy under a variety
of stresses  and
H strains.  From this

images could be
© exported.

Tme: 03 -

Time Step: 0 of 20

Masmum Value: O Hmm<2) z
Missenum Value: 0 Himav2)

3« Design Scenanio >

Fig.34 Von mises stress analysis
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Maximum stress
levels can also be
acertained from the
software.
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In addition graphs are
produced using given
values.
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Fig.35 Graph showing von mises stress analysis

3.5.8.2Results

This image produced by Autodesk Algor
software allows the weakgoints of the buoy to
easily be identified. These are shown in the
lighter coloured areas for example towards the
top of the mast, front part of the buoys base &
on the bottom extremity.

Fig.36 Buoy weak points
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Tablel2 Maximum stress level

Part

1 < BOUY-FIMAL: Co...
2 < BOUY-FIMAL: fin...
3 < BOUY-FIMAL: fin...
7 < BOUY-FIMNAL: bo...
8 < BOUY-FIMNAL: bo...

Allowable Stress (N/..

62.0523156348813
62.0528156348813
62.0528156348813
62.0528156345813
62.0528156345813

Thistable shows the maximum
stress levels that can be exerted
on the AAB before it reaches
breaking point. This data is
taken from MES RIKS analysis &
gives a value of 62.05N

3.6 3D simulations

At the request of the marketing section a 3D animation wesated using 3D studio
max software in order to provide a pictorial simulation of the Buoys behaviour. This avi
File can be used in future presentations made by the LAB.

The first step in the
simulation was to
import the buoy from
solid works. Next a
plane was created
and positioned in
order to simulate the
water around the
AAB.

Fie Ede Tools Group Views Creste Modifiers Animation GraphEditors Rendering Lighting Analyss Customce MAxScript Help Temtacle:
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ot Key | J¥ KeyFiters. nl[,—n
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ooresss Next the materials

were assigned using
the materials tool.
These were chosen
appropriately in
order to make the
simulation  aear
more realistic.
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Fig.38 Max animation 2
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i The next step was to
create the movement of
the buoy within the

scene. This was done
using the key frame tool
& physically moving the
orientation of the buoy.
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IECEET

L WJ
SetKey
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Curers Tk 7275 Rendaiig

- Finally lights were added

T “J‘;!::-m | and the scene was

: ~ rendered. An Avi file was

the chosen output as this

can be played on most

devices/operating
systems.

El= = Q @ EH

Fig.40 Max anlmatlon 4

To the rightthe first shot
of the animation can be
seen. This task has been
successful.

Fig.41 Final animation

3.7 Evaluation

In the beginning the CAD simulation task did not progress as quickly as hoped. At the
midterm stage the task was two weeks behind schedule. No simulations had been
carried out due to difficulties faced in sourcing appropriate CAD software. However
since ths point satisfactory progress has been made, the buoy has been structurally
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tested using Algor simulation software & theoretical calculations have also helped to
make further assessments about the buoy. In addition an animation has been created
using 3Dstudio Max to be used for marketing purposes.

3.7.1 Further Work

Possible future work includes doing a more detailed theoretical CAD simulation. This
would be made possible by using more powerful and expensive software such as Catia
which has greateranalysis capabilities. However as the AAB has already been
manufactured and is close to completion in other areas such further analysis can
possibly be considered futile. This is the judgement call that the LAB will now have to
make.
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4. Electronic Design

4.1 Introduction

Due tothe needs to monitor operating parameters of electronic equipment and buoy
behaviourin the marine environment, Electronic Department of AAB project (EPS
2010) built up a watchdog, which takes care of the good physical and software
conditions of the Hercules board and represents the core of the Autonomous Acoustic
Buoy, power supply module and the watchdog itself. For those systems that can't be
constantly watcled by a human, watchdog is the right choice and the best solution.
The watchdog is circuit board, which consist of two main parts, hardware and
software. These components will trigger a system reset or other corrective action,
depending on user settings drimmediate needs resulted from operating conditions
and environment. For instance: temperature and humidity discrepancies, a hang of
main computer, or neglects to regularly service the watchdog. The intention is to bring
the system back from the nonrespsine state into normal operation one, or to inform
the shore about the current state of the system and buoy in case ofrepairable and
irrevergble state. As is shown iRig.42the watchdog is going to be placed inside the
a! dzi2y2Y2dza | Whithizgllibe OffshordzoR rdoBitoring and registering
the marine mammals whistles.

LAB

Fig.42 Overview and Watchdog positioning in the system

The watchdog is a complex device, attempting to save debug indion onto a
persistent medium. The recorded information is going to be used for debugging the
problem that caused the fault. The most common use of a watchdog is in embedded
systems, where this specialized timer is often a Huailinit of a microcontroér. In our
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case the device has to be more sophisticated, with many features andiseilthe
microcontroller itself & a core of the device.

4.2 Watchdog Functions

Watchdog timers will trigger fagafe control systems to move into a ebf state, such
as turning off themain computer, lowvoltage detecion, and other potentially
dangerous subsystems until the fault is cleared.

¢ Limiting and savingthe power consumption. Set time limits and constant
values in the program, which are goitagbe used as a guideline conditions for
stop the entire system or shut down different its componeims order of
importance

1 Protect the electronic equipment when high temperature or high humidity
occurs, also in case of water infiltration due to buoyearsal.

1 Monitor and register information as temperature, humidity and position of the
buoy, which are going to be sent to the shore, where the user can compute
them in terms to obtain charts, diagrams and table reports with received data.

1 Emergency messagén case of irreversible damage, the buoy will inform the
shore sending a radio message as a help request.

Usng the watchdog will make thAutonomous Acoug: Buoy a selfeliant system.
Thiswill save users from direct inteention as well agme and maey. In relationto

the text written above, thewatchdog has specific features which caniaidohing any
problems which it may encounter

4.3 Connection between watchdog function, its hardware and its software

4.3.1 Physical conditions

One of the mairfunctions of the monitoring device is to supervise tleenperature,
humidity and impact®f the sea against the buoyh& watchdog should take decisions
accordinglyin terms of resetting or powering down thderculeoard. The watchdog
has an intgrated three axes accelerometer wittvhich to monitor the behaviar of
the buoy offshore.

The operating conditions of thEerculesoard in terms of temperature and humidity
are monitored using th&HT73ensor from theSensiriorCompany. This sensi half
duplex, synchronous, and has his own protocol that needs lf®o(input/output) pins

of the PIC microcontroller. The acquick data issent viathe USART (Universal
Synchronous Asynchronous Receiver Transmipter) to the Hercules COMort,
where gathered d& isgoing to be stored. The stored data will be downloaded to the
main compter, so that scientists and engineers can ascertain informagioout the
conditions of the buoy. With this information, they can also monitor in real time the
variations of thephysical conditions. Temperature, humidity and tehaviourof the
sea (accelerometer) are the main parameters supervised by thehdaty; in thisvay
decisionscan be takenn terms of buoy functionality.
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4.3.2 Levels of danger

Due to the fact thathe AAB has to interpret different results witthfferent meanings,
and thenhas to ike an appropriate decisiodjfferent levels of warningvere assigned
as references for the buoy:

1. The first level will beto reset the Hercules board ithe event of a poor
communicationsignal, or if the Hercules hangs up.

2. The second level of warning will be power down the Hercules board if the
operating conditons fall outside of the acceptable randea the event of this
the watchdog mustwait until the conditios have returned to a satisfactory
state bdore turning on the Hercules board.

3. The third level of w@rningis to be usedvhen the buoy becomes damagegbr
example in the event it becomes capsizedater penetrates nside or if the
battery is nearlydepleted It will send a rescue signaking a radigransmitter.

According to the levels of danger mentioned above, the pfdectteam (EPS 2010)
has developed a softwar@rogram which will operate themicrocontroller. As a

consequence all the decisions which Watchdogwill take, are decided based on the
software program.

4.3.3 Software conditions

The main program of the Hercules board will sgediodicallyto the watchdog asignal

to inform it that communications between th buoy and the main computeare
working properly. Therefordf the main program of the Hercules board hangs up or
communications fails, the watchdog will detect the absewtehis periodical signal
and will restart the Hercules board. For this task is going to be used one d?kh@ a
timer to count a certain period and the external interrupt feature of tiRdC
microcontrolle. If in the established periothe watchdog desnot get the signal from
the Herculesboard, and the timer overruns, the watchdog will pdiwn a digital
outpdziT GKIG A& O2yySOl SR Hearctlesio&dSIn adifitiorStie Wo dzd G 2
Watchdogis going to monitorthe power consumption and the level of the battery,
using the analogueto digital converter of the PIC microcontroller. Based on the
received d#&a, the watchdog has to decide which part of the buoy has tshg down
andalso conservéhe maximumamount of power thait can until the rescue tearare
ableto change battery of the buoy.

In the event of irreversible damage tihe buoy(Level 3) further watchdog feature
has been added, this is tlradio transmittermodule which has the task of sending a
rescuesignal to shore. For this feature we will use two antennas. One antenna is
positionedon the top of the buoy and another is placeuh the ottom. The bottom
antennawill be used in the event that the buoy becomes capsized. Bothdpeand
bottom antennas will broadcast signals wheime buoy is exposed tany other
improperoperating conditioss.
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4.4 Hardware design

4.4.1 Full hardwarduoy system overview

I
Own Battery Acces Point
RF Help VIII. Power supply
@ |. Power supply
&
V. Enable + Signal XIlI. Ethernet
XIlll. Programming b X
——> -
. E ‘\ . IX. Reset, on/off
) Temperature Accelerometer &
[] X. RS232 Hercules
TExA] &
Voltage XI. Live sensing
Il. Current sensin HEEED oL Reddlaors
: & 9 XIV. Aplified signal
111. Battery control
&
V. Power supply |
VII. Power supply Amplifier
MA P
Current sensing Battery control
Main Battery /4
VIII. Power supply
XV. Hydrophone signal
o \ /

d

Hydrophone

Fig.43 Full buoy diagram

The full hardwae system of the buoy consists @iman battery that supplies power to
all of its modules The Watchdog and RF Help modudéso havetheir own backup
battery for use in the event thathe main batterybecomes deador becomes so
overheated that itneeds to be disconnecteddm the system. If this were to become a
reality then without individual backup batterigbese twovital moduleswould notbe
able to send a essentiaBOS signal.

The somds of the sea are recorded by thgdrophone. This hydrophone is connected

to an amplifier, and the amplifiein turn to the Hercules boardThe Hercules board
manages and saves alf the gatheredinformation with the use ofan access point.
ThisHercules board operates the buoys core functionalities, as a result of this it cannot
be allowed to hang up. In ordéo supervisehis and ensure that it does not become a
reality the watchdogmonitors the status of all functionalities within the AAB. This is
achieved by the sending of periodical signathat is generated by the Hercules
computer. In the event that the Hercules has become inactive wachdog wil not
receive this signal and as a conseqgaewill restart the Hercules board. The Whdog

is also able to sendenvironmental data (for example abouttemperature and
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acceleration to the Herculesboard In additionthe watchdoghas the capability of
disconnecing the battery from theremainder of the system in the event of water
penetration or that the battery becomes overheatedThe current that is being
consumedby the Hercules boari$ alsosupervisel by the watchdogn orderto detect
short-circuits or other anomalie$Appendix 1

4.4.2 Watchdog Schematic

The hardware of the watchdog is dividedarafew main partseachpart is referred to
as a module. These modules perforspecific functionssuch asmonitoring the
environment, communicationsensing the power supply, supeiaig the Hercules
board, to name a fewThe man modules are the following

a) Communication between watchdog and Herculesmizoard
b) Digital temperature and humidity sensor

c) Analogical temperature sensors

d) Power

e) Power sensing

f) Accelerometer

g) LAN activity (Liveensing)

h) Programming port

1) Hercules power control

j) Battery charger

4.4.2.1Communication between wataliog and Hercules main board

The communications module is based in tR&232 standard protocol. As th&TL
technology of the PIC microcontroller does noatch with the RS232 standard, we
use the transceiver signal conditiongtAX232from the MAXIMcompany. This device
requires some external capacitors to work.
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Fig.44 PIC Microcontroller with the corresponding ports
Theseexternal capaitors are C1, C2, GBid C4.AIF 2 dzNJ  NBE MKk C St SOUNRT ¢

and this value is the recommded by the MAXIM @npanyin their specification
sheets of such devise

Fig. 44showstwo ports, these arecalled IC2.tlinand IC2.rloutand are vrtually

connected to pins 25 and 26 of the PIC microcontroWétually connected means that

in the schematic they are not linked by a litweavoid what is commonly known as a:

Wa Ll IKSG0A ezas3in® VHatitheOROGPmictocontroller atite MAX232

integrated circuit are connected by those virtual ports.

InFig. 456 S OFy +fa2 aSS t!lox G(KS LINBTAE t! YSI
identify that it is inside the schematicC2 NJ 4 KS a! - Hon Sy Ol Lladz I (A
PDIP. This jsist to avoid soldeng complications and to ensure thaio muchtime is

not wastedsoldering.The MAX232 is power supplied by 5Whe capacitor C20 is a

decoupling capacitor
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Fig.45 MAX232 with the required extern@omponents
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4.4.2.2Temperature and humidity sensor

To sensdhe temperature and humidityan embedded devicédhas been chosen. This

contains both features in the same physicivie. This device is the SHT7R, i

represented by the partname SB)KS { LINBFAE YSIya GKIG AGQaA
just an identifier inside the schemat This embedded devicefislly calibrated in the

factory and thereforeit does not require any external electronequipment to

calibrate It has got a dital synchronous serial output and in addition fislly
recommended to work wit battery supplied systems abe consumpion of the
deviceisonlyaround y x ! @
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Fig.46 Humidity and temperature module

This embedded device isold by the SENSIRION company. The sensor is already
soldeed onto asmall PCB with a pin arrayeaning that it can be implemented more
easily;as a resultthe integration ofthis device is quite easy. With regards ttee
external components that we can as@nError! Reference source not foundthe R1 is a

Ok ohm pulup resistor needed for the conditioning of the signatiditionallythe IC9
integrated circuitcan be seenthisis a ADG3304 thirectionallogic level adapter. This

is because the SHT73 sensor works at +3,3V logic level voltage and also power supply
and the PlGnicrocontroller works at +5¥f power and logic level. In order tavoid
damaging the devicéhis device is usedvirtual ports linking the IC9 voltage adapter

with the PIC Microcontrollecan also beviewed in this Image

4.4.2.3Analogical temperature sensors

Although the watchdog has one digital sensor of temperature and idiiyn it has
three more sensors of temperatur@his is used to monitor thdifferent parts of the
buoy. Ashumidity does not need to be monitored imll the places whereghe
temperature is sensedhese sensorsarenot SHT73, they are AD22103.

56



+33 PALD +3.3  PAll +3,3 PAll
—I—_ 1 —I—— 1

EERT . 4.Ve - $5.Vo

I

ADI2103 — ADX103

]

ADI1103

|”_‘
LFNy

Fig.47 Analogical and temperature sensors module

The 22103, is a sensor developedAyalogie Devicesltis analogicain nature and
containsthe signal conditioningvithin its own chip. Trs device is solth two different
encapsulabns: T2 and SOIC. Theo#rd is able to work with either of these
encapsulationdue to the fact that they are both abl® link the sensors with the
board ports. These are shown @810, PA11l and PA12eddqg. 47

~

The sensor has an analogical outpurJ2 NI A2yt (2 HyYzk6/ | yR
bmMnno/ ® ¢ KS piiod biihe telice G D PraAdaxvd therefoie perfect for
battery powered devices suthe AAB.

4.4.2.4Power

Thecircuit isoperated using power from théattery of the Hercules main boards

thiso F GGSNE Aad MHzI YR ¢S ySSRurren@Qegilation | YR ¢
needs to take placeThis regulation is donaising three positive linear voltage
regulators, seéig. 48
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Fig.48 Power and pBwer sensing modules
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To supply the powemodule, there is the PA4, this directly connected to the
batteries of the Hercules boardn addition thelC5is used this ensures that the
battery voltageis regulatedo 3,3V.The 7805s used to supply the 5V and the 7806 to
supply the6V.

The 7805 and 7806egulators can draia maximum of 1Aand the 7833 500mA, this
a few hundredmore timesthan that whichthe watchdog will requireAs a resulthey
will not require heat sinking.

4.42.5 Power sensing

The function of the power sensing module is to supervise the voltage level of the
Hercules battery. The PIKicrocontroller has got a builin A/D converter, but the
maximum voltage that it can sense is 5W order not to damage he PIC
Microcontroller, we have tqseeTable 14adapt the 12V of the battery to 5.
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TaHe 13 Corresponding voltages from the battery to the adapted ones

Battery Voltage Adapted voltage for PIC Microcontroll
12 5
6 2,5
0 0

This table showthe ecuation (1)demonstration
w — 1)

To phyically implement this literal conversianvoltage dividerhas been designed
Thisvoltage dividercan be seern the Watchdog schematierror! Reference source not
ound.. Voltage is divided bthe resistorsR10 and R11. laquation (2)we can see the
demonstration.

W OYp p

v Opv

O — uvao

vae o —— 2
PQ Yo —

PQ Yom cT T
Yo p1T ®TH

So, in the R11 the drop voltage will be the adapted one thilitbe ®nnectkd to the
sensing virtual port whicln turn is connected to the PIC Microcontroller analogical
channel 0.

4.4.26 Accelerometer

The main core of the acceleronsgt module is the LIS3LVO2DL. Thia three axes
digital output linear accelerometer thatlso includes a sensing element and an IC
interface This interface iable to take the information from the sensing element and
in additionto provide the measured acceleration signals to the external world through
an 12C/SPI serial interface.

-,

LGA-16

Fig.49LIS3LV02DL package

As this device (&eFig. 49 is sold in a smd package that is really difficult to soltter,
UMO0395adapter boardhas been selectedho to providean effective solutionThis is
necessary ashe LIS3LV02DL accelmeter is already soldered ta PCB with a pin
array output that fits with the DIP standard,esEig. 50
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Fig.50 Adapted board for the accelerometer

In Fig. 51we can see the electronic connections of the accelerometer moddie. T
accelerometer is linked to the microcontrollering the ADG3304 voltage adapter. The
operation of this device is explained previously in sechipn
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Fig.51 Accelerometer module

4.4.27 LAN activity

This module consists of a simptgut port PA2 (se€ig. 53 which is directly connected

to the PIGmicrocontroller. The periodical signal that comes from the Hercules board is
plugged into this. Theeriodical signaln questionis generated by a program that is
used to run the Hercules, thereforéf the Herculeseases to function correctlthe
signalwill not be producedAfter thisthe watchda will noticeand will consequently

SESOdziS | NBaSG ar3daylrf F2N GKS | SNOdz Sa o

O2yiNRfQd ¢KS Aylldzi aAraylrt Ydzad 6S bpx

PAZ2

1 FAZlan

2

Live sensing

Fig.52 LAN actiity module
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4.42.8 Programming Port

This module is used to program tineemory of thecodeand configurebits of the PIC
microcontroler. The schematic is quite a simple structure. It consists oftarde data

pins, PAl.mclr/vpp, PAl.pgd and PAl.pgc (Sege3d which are linked to the PIC
microcontroller.

bal PAl.mckipp

F

B2 4K7 -
1
2
i PATp=E
= DAl.pec

DicKit3

J

Fig.53 Programming port module

4.42.9 Hercules power control

As we can sthe PA9 is the port which manages the power state of the Hercules
board. This port is simplgonnectedto the power pin of this board isuch a way that

it emulatesthe function of a persomouching the power button. Ithis pinis put upfor

four seconds, for example, the Hercules board will turn down. Thierigin order to
avoid the buoy opratingin bad weather conditionand will thus help to preverdome
types of internal damage.

4.4.2.10Battery charger

The battery charger modulés simply a voltage source from whithe current is
limited by a resistor. In addition @lso containsa diade to avoid reverse voltage
connections (se€ig. 5.

Fig.54 Battery charger

4.4.3 Expansion Ports

The Watchdog board has been developed to catrysome extra functions such:as

a. Radio transmitter and amplifier
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b. Current sensing
c. Battery control

These functionalities are not builito the Watchdog board howeveér does havehe
necessary ports enable them to be carrimat.

4.4.3.1Radio transmitter and amplifier

The radio transmitter is needed to sead SOS signal the case ofemergenciesThis
signal will be emitted by the FRTFQ1 module which is sold by RD Solutions
Company This is a fufldesigned and embedded radio emitter that does not require
external components and works in the 868MHz frequency range. We eathseadio
transmitter in theFig. 55with the identification 1C3.
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I1C4  Raddio Anplifier foanms | 0 (@

GHND

g e
- i)

d ANT

100pF Radin Emitter

rafe

ANTIL

_ﬂf

Fig.55 Radio transmitter with the corresponding radio amplifier
The radio amplifier isrequired in orderto increase the signal from the radio

transmitter. In this modulethere are manymore components than in the previous
ones. The radio amplifier consists of the following componel@d, C6, R6, C7, ANT1,
L1, C8 and CThemain coe of this module is tb IC4. Thiss a wideband medium
power amplifier that will increase the power signal from the radio transmitter. This
Silicon Monolithic Microwave Integrated CircuMIC) is sold by the Semiconductor
division of PHILIPS.

In Figh5 we can see the compomés position and its corresponding values. This
position and valueis recommended by the specification sheeivgn by PHILIPS
Semiconductor withthis device.In the Watchdog PCBthe ®rresponding ports that
link the radio transmitter and radio amplifierilvbe the PA5 and PAGhe PAS is the
power port that will give +5V and +6V to power up the amplifier and the transmitter.
PAS5 port ishe radio control port, this isne of the pins ishat will turn on or off the
radio device and the other one isedto send the rescue signed be emitted.

4.4.3.2Current sensing

The current sensing porEig. 56, hasthe task of receiving theroportional voltagein
accordance with theurrent that n real time is being consumed bye main battery.
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Fig.56 Current sensing expansion port

The current sensing module should consist of a low resistance resistor in series with
the full system and the battery, in this way:

0 @Y
0 ® Y 3)

4.4.3.3Battery Control

The battery contol expansion port is the PA7, shit consists of three pins. One is +5V
to give the power supply to thenodule. Another one is the control pin, which is
connected to the PIC microcontroller andnkichwill give the signal to disconnect the
full system from the batteryn the event that goroblem s detected. The third pin is
ground.

4.5 System integration

To isolate the watedog module from the otheparts of the AAB the decision was
takento place theWatchdogin a separate sealed boXhis was important as a result
of the operating conditionsin which the buoy is to operatefor example water
infiltration or extreme shakinglhe box must be completely impenetrable in same way
that a blackbox of an airplands. As a resultjf the Herculesis in dangerthen the
Watchdog will not beThe only link between thélerculesboard and the watchdog is
the SHT73ensor. Thisvill be placed in théHerculesbox and linked to the watchdog
viathe use @ cables. e sealed box of the watchdog is going to be powered up with
+12 Vfrom the battery box using and exterhaonnector and cables. Because the
batteries also control theelectronic circuitwhich havea certain range for operating
conditionsit wasdecided to place another temperature and humidity sensor inside the
battery box.

As a backup solutiort will be taken into consideration to builthe watchdog own
power system supplyln the event thatthe buoy power system is damaged we can
switch the alignment of the watchdog from the general power supply box to the
backup power systemrhisis a small 9V batterthat is capable oprovidingenough
power for the board to send rese signals to the shie. Forfuture improvemens of

the AAB it is suggested thaplar panelsare used tgpower the mainsupply system. In

this way, using a proper electrical system which can convert solar energy to electricity,
it will be possible to use energy storedrahg the day time to rechargéhe batteriesof

the buoy. Solar panels will bpogtioned on top of the buoy and the electrical
convertors will be placed in a separate box inside it.
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4.6 Communication between Watchdog and Hercules main board

Communication betweethe watchdog and Hercules main board (deig. 57, will be
made using well insulated wireg&ffectively theHercules 1l is an embedded CPU board

in an EBX form factor that integrates the following subsystems onto a single compact
board:

1 CPU
Core PC Chipset
Video
Sound
Ethernet

1 Analogie anddigital I/O [2]
As a result of the features contained within it, the Hercules Il board is the core of the
AAB. It represents a computer with many inputs and outputs, both digital and
analogicalthat allow the Buoy to register marine noise and whistles. This final feature
of the Hercules board is the most important in the research process carried out by LAB.
As a result the designed watchdog has to communicate with the board in terms of
monitoring the operating condition of the main computer. In limiting the buoys
exposure to detrimental environmental conditions the quality of acquired sound
recordings can be improved.

1
1
1
1

Fig.57 Hercules Il EBX
In order to carry out the af@mentioned task the watchdog hasriousperipheral
devicessuch as different types of sensors. Howewbe most important function of
the watchdog is to detecad £ A @S & At Werdulés BHaR This sigrialsent
from the main computer to thewatchdog periodicallyand will trigger a software
function fromthe watchdog. If, the periodical signal is missing for more time than
period establishedthe user, the watchdog will detect the situation and will take an
appropriate decision in terms efhether toreset or power off the computer.

4.7 Software Design

The software design for the Watchdog, and namelyHtC18f452%8nicrocontrollerwill
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be basedas mostembedded systems are, amn infinite loop. As is showjppendix
11], the program hashree different courses. A main coursé the program and two
interrupt routines. The interrupts are used for monitoring the external high priority
events, such athe hung up of the Hercules board an external interrupt given byhe
accelerometer. Thesgypes of routineswill serve to avoid or treathe event which
caused the damage.

The main loop will run forever, and has some critical stéfpshich ithas to follow:

1. Initializing microcontroller peripherals:
1 Input and Output ports of the microcontrolie
1 Universal Synchronous Asynchronous Receiver Transputter
1 Analog to Digital Converter;
1 Activating the interrupts;
1 Internal timers;
2. Initializing the communication with external peripherals:
1 Accelerometer;
1 Temperature andHumidity Sensor
i Radiomodule;
1 Herculesoard,;
Data acquisition;
Data computation;
Sending the computed data throu@flUSARD Herculesdoard;
Comparing data with reference values;
Depending on results of comparison operatite Watchdoghas to take the
following decisions:
1 Reset theHerculedoard;
1 Shut down temporary thélerculedBoard;
1 Shut down permanently thelerculeBoard;
1 Send rescue signals to the shore;

N ohkow

In nextthe figure the time evolution of the softwarés shown Atime of 6 secondsvas
obtained for an entire cye. Eaclrycle is divided into three sectiofseeFig. 59:

1. Initialization: at this point microcontroller is initializing its peripheral devices;

2. Data acquisition and computation: in this section core of Watchdog
receives data related to temperature, humidity, acceleration, power
consumption and current sensing. Afterwards data are computed and sent to
main computer through USART port.

3. Decisions: at this point computed data are compared with references and if it
is necessary the Watchdog takes decision in terms of reset, power off or
power on main board.
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Fig.58 Time ewlution of the software program

Normally every 18 secondise watchdog has to receive a signal fréhe Herculesthis
isthea f AMIBY & ¢ 5 A TF (0 K andinteRuptSdcurs/ahdi reskts thal adayi
computer.

4 .8 Software Structure

The software was developed usingPLABenvironment and MCC18 Ccompiler
provided bythe Microchip Compangsee Fig. 59)The softwae structure is constituted

of eleven files, eight source ég and three header files (sé&g.60). Eachsource file
contains functions related to identifyg, initializing and controlling the
YAONRO2Yy iNRft SNDRa LISNISOKEPSfiefcontRissd fo@ited P
which generatesan SOS signal in Morse alphabet. Tmgssage is taken ihe radio
module, which broadcastit. Links between source files are made with header files
cdling them. In this way every source file knows about the existenaghar source
files.
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[ ADC - MPLAB IDE v8.43

File Edit View Project Debugger Programmer Tools Configure Window Help

= @ ? [pebn FFHBRO SHEB ® Checksum: Uxccdd || @
] ADC.mcw [= J[E (5] | 11 FAProteus\ADC\ADC software\main.c [= (& (= | 2 Output =]
= INTCONbits GIE = 1 — | | Buld | version Contral | Findin Files | Proteus vSM |
=+ ADC.mecp INTCONZbits INT WELINK 4 34, Link g =
= . Linker P
2 DSEuurce Files GpenRBOINT INT ON & PORTE_PU Copyright (0) 2008 Microship Tschnology Tnc
i €] anc.c PEIIERITEIITEIIE P Fopors s
OpenTimerd (TIMER_INT OM : TO_SOURCE INT : TC
while (1 MPZHEL 4,34, COFF to HEN File Converter
| ||Copvzight tc) 2009 Hicrachip Technology Inc
, corTobiva.RDL=1: [ [i==== a
- | ||Loaded F:\Proteus\ADCVADC software\ADC cof.
(0 tibrary Fies Debug build of project "F\ Proteus\ADCYADC software\ADC. me
= E Linker serint Lanquage tool versions: mpastmwin.exe v5 34, mplink exe w434
|2 isfs2s g e Preprocessor symbol__DEBUG' is defined =
*.23 Other Files SatJun 05 13:51:56 2010
BUILD SUCCEEDED L4
23 Fes |Og Symbu\s‘ T = o i v
1 P AintHendler.c [S I[EJ[5=] | EJ F\Proteus\ADCVADC software\ADC.h = |[E1][£3] | LI ADC.DSN - Proteus VSM MPLAB Viewer [S[=@E=]
= #ifndef _ ADC__ ol =
finerude pragsss n: l: fities Tane S| Ede® E|7
#include <usart.h> =
o nn = +R28 Q%
ginclude <stdia h>
include <poreh bs
include "ADC.n" / =
#include <timers.h> void change(void) ; ==
void timer_isr (void);
T i migtn (vesa) EINIE
i #endif —
change
endasm -
yor i L Fioot sheet 1
||« & T » |« » @ No Messages
Proteus VSM PICIBF4525 pcd) Wi novzdce bank0 WR

Fig.59 Development software environment
Inside header files, usgrcan set up global variables used in the program (e.g.
Variable.h ). Futhermore uses can configurethe YA ONR O2 y i NB f f
PortConfiguration.y For instanceaY A ON2 O2 y i N2 f f SN &
outputs modifyingTRISegistersrelated to the each port. In additionsers can modify
value on the pins changing PORT or LAT registers value.

AnalogToDigital.c

OnOffResetHercules.c

Y

/Y

Intterupts.c

————

Main.c

Temp&HumidCalculation.c

SOS.EPS.c

e

StatusRegister.h

Variable.h

PortConfiguration.h

Y

RS232.c

Accelerometer.c

Fig.60 Software structure
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Becausethe microcontroller PIC18F452%as to control different types of peripheral
devices such as senspwhich have their own memory and their own registérsyas
decided to create another header file (e.g. StatusRegister.h). This file contains
information related to the desired information at the time in the internal registers of
peripheral devices.

499 A @GS aAr3dyl €

The PIC18F4525evice hasmultiple interrupt sources and an interrupt priority
features that allowmost interrupt sources to be assigned a high priority level or a low
priority level. The higipriority interrupt vector is at 0008h and éhlow priority
interrupt vector is at 0018h. Higpriority interrupt events will interrupt any low
priority interrupts that may bein progress.[datasheet] For thisurpose only high
priority interrupts are used namely external interrupt and timer O oan overflow
interrupt. Thesetwo interrupts are controlled by twoSFRregisters INTCONand
INTCONZ2Appendixes].
Firstly we dedicated two pins of the microcontroller (RD3 and REB®ugh which
reset signals were to be sent in additiongower off/on signals. These pins are linked
to the J7 utility connector from Hercules Board [Hercules]. J7 connector has a reset pin
and a power on/off pin. Secondly we developedoftware routine to be located ifle
OnOffResetHerculesahich carrieout the followingsteps:

9 set up external interrupt as a high priority interrupt;

1 set up TimerO interrupt on overflow as a high priority interrupt;

1 in case of external interrupt the routine resets timer;

9 in case of TimerO interrupt the routine pulls down voltage RB3pin for

200ms, which means a reset signal for the Hercules Board;

The periodical signat d t A @S casipiyided fom main computer every 18
seconds. If the external interrupt pRBQR2 Say Qi RSGSOG yég Y2RATA
level during 18 seconds, internal timerO of the microcontroller overflows and triggers
its interrupt. [Appendix12]

4.10 SHT73 temperature and humidity sensor

The SHT73 sensor was chosen because fafatares:

- Relative humidity and temperature sensors;

- Dew point;

- Fully calibrated, digital output;

- Excellent longerm stability;

- No external components required;

- Ultra low power consumption;

- Surface mountable or-pin fully interchangeable;

- Small size; . .
. Fig.61 Humidty and temperature
- Automaic power downj25] Sensor SHT73
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A photo of SHT78ensor is shown iRig61. Depending on needs and designer opinion
the choice was madbetweenthe SMDchip and a throughhole device After much
considerationthe troughhole devicewas chosenThe main advantage of thisensor is
that in a single chip there atevo traducers which can usbe same resourcethat are
provided by the microcontroller. In this case the design of watchdagpisg to be
more versatile and open for further development.

4.11Communication between microcontroller and SHT73

For establishing communication lve¢en sensor and microcontroller two pins from
PORTB of microcontroller adedicatal, namely RB4 and RBfheserepresent DATA
line and SCK line.

4.11.1 Start up Sensor

To make SHT73 sensor warkD = 3.3V powesupplyvoltagewas chosenThe slow
rate during power up shouldot fall below 1V/ms. After poweup the sensor needs
11ms toarrive in Sleep Statetherefore before that timeit is prohibited to send any
other command. 25]

4.11.2 Sending a Commanatinitiate a transmission

A Transmission Start sequence has to be issnamtder to begin thecommunication
between devices. It consists of a lowering of the DATA line while SCK is high, followed
by a low pulse on SCK and raising DATA again while SCK is stiRShighh¢
subsequent command consists of three address bits and five commandh@stS§SHT73
indicates the proper reception of a command by pulling the DATA pin low (ACK bit)
after the falling edge of the 8th SCK clock. The DATA line is released (and goes high)
after the falling edge of the 9th SCK clock. (see Hardware simulation chapter)

4.113 Measurement of RHand T

Il FGSNI Adadzhiy3a | YSFE&adz2NBYSyid O2YYIFIYR oWnnnn.
for temperature) the controller has to wait for the measurement to complete. This
takes a maximum of 320 ms for a 14bit measurement. The tiames with the speed

of the internal oscillator and can be lower by up to 30%. To signal the completion of a
measurement, the SHT73 pulls data line low and enters Idle Mode. The controller must
wait for this Data Ready signal before restarting SCK to ongadhe data.
Measurement data is stored until readout, therefore the controller can continue with
other tasks and readout at its convenience. Two bytes of measurement data and one
byte of CRC checksum (optional) will then be transmitted. The microcartmolist
acknowledge each byte by pulling the DATA line low. All values are MSB first, right
justified (e.g. the 5th SCK is MSB for a 12bit value, for a 8bit result the first byte is not
used). Communication terminates after the acknowledge bit of the C&& dhe
device automatically returns to Sleep Mode after measurement and communication
are completed[Appendix9]

The temperature sensois very linear by design.h& following formulais usedto

convert digital readout (SOT) to temperature value, with coefficients givéfpiendix
10):
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4.11.4 Humidity compensation

For compensating nchinearity of the humidity sensor and for obtaining the full
accuracy of the sensor it is recommended to convert the humidity readout (SORH) with
the following formula with coefficients given irable 35 AppendixL0].

~ ~

YO ® @ YO & YO PYO (5

4.11.5 Temperature compensation of Humidity Signal

C2NJ GSYLISNY GdzNBEa aA3IyATFTAOLIyGfte RAFFSNByI
temperature compensation. The temperature correction corresponds roughly to

n ®wm H"z vatl 50%RH Coefficients for the temperatureompensation are given in
Table 37

YO Y cu o6 o0 YO YO (6)

4.11.6 Dew point computation

SHT73 is not measuring dew point directly. However dew point can be derived from
humidity and temperature readings. Since humidity and temperature are both
measured on the same monolithic chip, th®HT73allows superb dew point
measurements. For dew poinfTd) calculations there are various formulas to be
applied, most of them quite complicated. For the temperature rangedbicp nc/ G K S
following approximation provides good accuracy with parameters given in table below:

YOYEY Y — (7)

b

TaHle 14 Parameters for dew point calculation

Temperature Range Tn(C) m
Above water, G 50lC 243.12 17.62
Above ice;40- OUC 272.62 22.46

This task is not implemented ydtpwever it could be a good startingint for the
future development of the AAB

4.12Power sensing

Another task that we have to facis that of power consumption monitoring. For this
approachit was decided to usean Analogie-to-Digital converter module othe
PIC18F4525 microcontrollelm this way we are using 2 out of a possible 13 A/D
channels one for current sensing and one for voltage sensimg.effect we are
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monitoring two voltages becausthe data is easy tgrocess When voltage and
currentare known itis simplya matter ofusingmathematical formulan orderto find
out power consumption.

0 Y O (8)

4.12.1 Analogcalto Digital Conversion

Thee are 13 Analogcatto-Digital (A/D) converter moduge within the PIC18F4525
device. This module allowshe conversion of an analogal input signal to a
corresponding 1it digital number. The module is controlled by the fallng
registers:
A/D Result High RegisteX[DRESH
A/D Result Low RegisteADRESL
A/D Control Register ADCONR
A/D Control Register ADCON}

1 AJ/D Control Register ADCONR
By programming in the right way these registers user can choose as anaiggical
inputs as he needs, which are working one at the time gisin internal multiplexor
[Appendix8]. For software development we faced a small issue in terms of acquisition
time. The minimum acquisition timefis®n xa | y:R O2yaAiada 27F
TACQ = Amplifier Settling Time + Holding Capacitor Charging Time + Temperature
Coefficient
TACQ = TAMP + TC + TCOFF
¢! /v ' ndH x& b M X& b MOHKaEA [ HON ¥4&
A simple applied formula gives us current and voltage:

§ ® (9)

E N W

Y

O — ao (10)
Where U, and |, are inputs of voltageand current respectively and U and | are
computed voltageand current, which are used for power consumption computation.

4.13 Behaviair detection of the buoy

For monitoring the buoys behaviour offshore 3 axis digital acceleration sensor
LIS3LVO02D1tave been usedSomeof its features are listetelow:

2.16 V to 3.6 V single supply operation

1.8 V compatible 1/0

[2C/SPI digital output interfaces
Programmable 12 or 16 bit data representation
Interrupt activated by motion

Programmable interrupt threshold

Embedded self test

High shock survivability [32]

=4 =4 _-48_8_98_9_-9_-29
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4.13.1 SPtommunication port

The SPI mode of PIC microcontrollalflows 8 bits of data to be synchronously
transmitted and received simultaneously. All four SPI modes are supported. To
accomplish communication, typically three pins are used:

1 Serial Data Out (SDQRC5/SDO

1 Serial Data In (SDJ)RC4/SDI/SDA

1 Serial Clock (SCKRC3/SCK/SCL
In additionthe sensor requires a chip select channel whigds set up using th&C2

pin. [27]

4.13.2 SPI bus interface

TheLIS3LVO2D&PI is a bus slave. The SPI allows us to write, and read the registers of
the device. The serial interface interacts with the outside world \thigh 4 wires:CS
SPCSDIlandSDO

- —

cs \
S VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV

SDI mﬂm_m:@:@:

DIF D6 DI D4 DI3 DI2 DA DO
M5 ADS AD4 AD3 ADZ AD1 ADD

SDO OO T —
DOT DO D05 DO4 DO3 DOZ2 D01 DOO
Fig.62 Read and Write protocol

CSis the SeriaPort Enable and it is comtfied by the SPI master. Itl®awv at the start of

the transmission and goes back high at the ei®P0s the Serial Port Clock and it is
controlled by the SPI master. It is stopped high wikSis high (no transmissiongDI

and SDQare respectively the Serial Port Data Input and Output. Those lines are driven
at the falling edge oS8PCand should be captured at the rising edgeS®C Both the

Read Register and Write Register commands are completed in 16 clock pulses or in
multiple of 8 in case of multiple byte read/write. Bit duration is the time between two
falling edges oSEPC The first bit (bit 0) starts at the first falling edgeSPCafter the

falling edge ofCSwhile the last bit (bit 15, bit 23, ...) starts at the last falling edge of
SPC just before the rising edgeG$

bit 0: RW bit. When 0, the data DI(7:0) is written into the device. When 1, the data
DO(7:0) from thelevice is read. In latter case, the chip will di&@Cat the start of bit

8.

bit 1: MS bit. When 0, the address will remain unchanged in multiple read/write
commands. When 1, the address will be auto incremented in multiple read/write
commands.

bit 2-7: address AD(5:0). This is the address field of the indexed register.

bit 8-15: data DI(7:0) (write mode). This is the data that will be written into the device
(MSb first).

bit 8-15: data DO(7:0) (read mode). This is the data that will be read from thealevi
(MSb first).

In multiple read/write commands further blocks of 8 clock periods will be added.
When MS bit is 0 the address used to read/write data remains the same for every
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block. The function and the behauioof SDland SDOremain unchanged. [32

For a proper communication between devices some of the accelerometer registers

have to be set up in terms to get the desired resufisdendix11].

4.14 Serial communication
All data received from microcdnNR2 f f SNID & LIS Néntidhdhthd seridlS 3A OS &
port of the microcontroller tahe Herculesnain board. The communication protocol is

RS232 and is based arthree wire resource. Data sent haset format which lo&s
like that found in the followingable:

Tale 15 Data transmition format
¢ I p E

H = xx,x %
V =xxxV
| = xx.x |
Xaxis = xg
Yaxis = xg
Zaxis = Xg

To enable the serial porMSSHENnable bit SSPEKSSPCON1<p>must be set. To reset
or reconfigureSPimode, clear theSSPERNIt, reinitialize theSSPCOMgisters and then
set the SSPEMIt. This configures th&DI, SDO, S@Rd SSpins as serial port pins. For
the pins to behave as the serial port function, somest have their data direction bits
(in the TRIS register) appropriately programmed as follows:

(5L Ad ldzi2YlIdAOItte O2ydNREtSR o0& GKS {t

w {5h Ydzad KI@S ¢wL{/fpBH 0AlG Of SI NBR
w {/Y o6al @GSN Y2RS0 Ydzaid KI @S ¢wL{/foBhH O0ACl
w {/Y 0{ mish8ve YTRASES3H bit set

{{ Ydzald KIFI@S ¢wL{!'fph 06AG &aSi

To set up an Asynchronous Transmission, it setdwork with the TXSTAand
SPBRGH:SPBRGisters othe PIGmicrocontroller:

1 |Initialize the SPBRGH:SPBR&£gjisters for the appropriate baud rate. Set or
clear theBRGHand BRG16bits, as required, to achieve the desired baud rate.

1 Enable the asynchronous serial port by clearingshiNCand setting biSPEN

1 If interrupts are desired, set enable GiXIE
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If 9-bit transmission is desired set transmit BIXQ This @an be used as
address/data bit.

Enable the transmission by setting Bit{ENwhich will also set bifl XIF

If 9-bit transmission is selected, the ninth bit should be loaded inT{OD

Load d#a to the TXRE@egister (starts transmission).

If using interrupts, ensure that th&lEand PEIBbits in the INTCONegister
(INTCON<7:63ye set.

1 AlsoTRISC<7and TRISC<@xt must be set asligital outputs;[27]

=A =4 -4 -4

USARTort of the microcontroller can havéhe function to bothtransmit and receive
information. To receive information from any peripheral devices, in our case tlhem
Hercules board, the port has to be set up for datading[Appendix7]. In this way the
user which controls main computer caalso control the watchdog by writing in its
registers infornation for further actions. Ris task can be easily accomplishedthy
nextteam of EPS students.

4.15 Hardware simulation and obtained results

Before implementing o real PCB the designed schematic, we tested and sintulate
it. Forthe simuation procesghree different stepsvere applied

1. Software simulation of the hardware step using Proteus environment:

=4

——{ RADAC N RCOTHOEOTHACH # m 2" FCATIO0RE) o
o e REITICAlECPES |
| PRGN RE e REZCCPIPTA [
| RANBNEAINRER RCASCKECL |1 o
——] RMTICRIEIOUT RCHEDUEDA |5 .
— | PABRESRVDNCZOUT RESEI0 — ; AT
= raicacai ko ROATHCK [ E RiD
—— RATEEC LK RETIRADT {—
B 1 cit i o
= | REQN1ZELTIANTD ROREPD | . .
R ROUREPY —"i S T TIuT 3;— RTe
| reamiEnTz RORPERE —— ] moour RIN [
REUANGACEPZA = cTe
i = 8 [
L2 p—— —
—— REGMEINRAC —
- £ panweiaran =
"D .
T
|1 4 —0C3
L [ ou

B —

Fig.63 Watchdog schematic
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2. Hardware simulation using prototype boards and electronic devices:

Fig.65 Final product testing

4.15.1 Software simulation of the hardware step using Proteus environment

To simulate the circuit which testing the temperature and humidity sensor,
acceleration sensor, external interrupt featuranalogueto digital conversion, and
implements serial communicai between microcontrollerand a computer, it is
necessary to have electrical models of the following components, as shawg.&8

1) PIC18F452Blicrocontroller;

2) Adjusting voltage levels circuit to facilitate 2 wires communicatMAX232
3) A virtual terminal which replaces the ser@DMport of the computer;

4) SHT73 temperature and humidity sensor;

5) AccelerometelLIS3LVO02DL,;

6) 5Vpower source

The communication is made using two lines, one is a clock line and the other ane is

data line. Bth wires are bidirectional, for receiving and transmitting dafehe
MAX232circuit is connected in a classical design using small range capacitors. The
microcontroller is the device which will start or stop the data exchange, being
programmed in a certai way. Virtual terminal is a tool provided by Proteus
environment which is simulating serial computer COM port. Sk 7Ghumidity and

temperature sed 2 NJ R2Say Qd NI I|j dzA Nabn protocolthatneetdsaoNIi | & A
be set bythe programmer using thsoftware program. For this we will need two 1/0O
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pins of the microcontrollerRB4and RB5 Operating range in terms of temperature-is

40(C and +12&C, and in terms of humidity isTD0% which is the operating range of

the microcontroller.

Because of thevery low power consumption of the sensor the samples can be taken

2y 0S | a4S02yR y20 2FG4Syo 1ftaz2 AdQa yz2a vy
temperature and humidity, so for less power consumption of the entire schematic can

be reduced by programming thmicrocantroller in sleep mode. Thdecision is going

to be taken lateron how often sampleshould be takercorresponding tathe other

functions that watchdog has to make.

After the sdtware simulation and emulatiomlmostthe same result in relation tohe

datasheet was obtainedn the followingfiguresthe resultsare shown with mention
that the yellow waveform i©ATAline, and the blue waaform is clock line. Alsthe

left of the figurescontain data obtained from simulation and othe right side are
waveforms fronthe datasheet.

DATA
SCK

Fig.66 Start transmision sequence

For easy understanithg and implemenation of the required sequences of data and
clock signals for communication betweehe microcontroller and sensor state
machineswere developed as shown in the next figure. Tiiplements the starbf the
transmission sequence.

Fig.67 State machine of start transmission sequence
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DATA \ ,!’

Tran:Smissioni Start

Fig.68 Reset connection sequence

Fig.69 Command sequence for temperature measurement: 0x03

Fig.70First received byte of temperature measurement
The following screen shotshows an example of usin@ virtual terminal for the
simulation of theCOMport of a computer. The port is used for displaying data such as
temperature and humidity.

Wirtual Terminal

Humidity = 79,9 %
Temperature = 26,9 C

Fig.71 Sample of temperature and humidity measurement;

4.15.2 Software Errors

It needs to be mentioned that samples are taken with 14 bit resolution for
temperature measurement and with 12 bits for humidity measurement. Because of
data convertions and mathematical computation also becausethef empirical
determined coeficients ofdmperature and humidy compensationthe results are not
very precise. The smallest error for temperatur@.i5C and for humidity is 0.5%.é&de
rates are related tdhe normal rangeof operation for the WDT. The error goap to
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1,5C for temperature and5% for humidity for operation conditianin theextreme
range

U3
3. irtual Termina
= LSCK . | Virt IT I
— DATA il Humidity = 6.7 %

Temperature = 29.8 C

o ® “RH@C il Humidity = 76,7 %
Nl Temperature = 29,8 C

SHT11

Fig.72 Error between real data and computed data
A 10 bit resolution conversion of power consumption with 1 LSb ewas also
obtained. Acceleration obtained usingld bit resolution has no error besides factory
errors. The reasothat makes us to believe that there is no error is the fact that the
interface between accelerometer and microcontroller is fully digital.

4.16 Versatility

The watchdog was designea such a way that it would beersatile.In the persuit of
this goal, the printed circuit board has following features:

1 Unused pins othe microcontroller were placed aside with a specific type of
connectors;

1 Thepins can be used to connect new devices to the printed circuit;

1 As thelogical consegence of the preview feature igrogrammed in a certain
way, the microcontroller is able to perform other functions. $aéunctions
will trigger an external device using the unused pins;

1 To conrect the peripheral devices to thegrinted circuit board specific sockets
are used

1 Usually the sockets are universal ané aompatible with other devices.

4.17Conclusions and furtér goals

Most embedded systems that include high integration peripherals have somefsort
built-in Watchdog. This is also the caséh the Hercules boardn the Autonomous
Acoustic Buoy. It l|to be avoiegd apart from in themost costsensitive or bergn
aeaidsSvyao LYGSNYylLt dzyaAida 2FFSNI YAYAYEFE LINRQG:
protection against external factors as optimal working condition. Runaway software
may regrogram the watchdog controller and in additiomany internal watchdogs Wi

not generate a proper reset thereforany failure of the processor will make it
impossible to put the halware into a safe state. An efficientatchdog mus be
independent of the CPU it tsying to protect. For this reason the external watchdog
was designé for the Autonomous Acoustic Buoy. The device mdhitor the buoys
operating conditions ensuring that weather conditions apdwer supplydo not
impede or restrict the operations of thdercules board.
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For the further development of the Watchdogt is recommenad that the

YA ONER O2 y (i NP farfe StiNsBdi TheF frstOpbift Asiitd ke advantagef the

USART port not only for tramstting information, but alsdor receiving information.
By receiving datathe software program which triggers the anocontroller can save
information into its internal data memory,and afterwards use it towrite internal

registers of the device imrder to modify its functionality. Secondli is strongly

suggested that the remainder of theanalogie to digital channels of the

microcontrollerare usedoy the addition ofanalogical sensors.
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5. Marketing plan

5.1 Goal and Aim of this project

As previously mentioned the 2010 teanthe third groupto work with the LAB on the
AAB project. Our main task is to further develop the design and functionality of the
AAB.In additionit is also our task to design a marketing plaith the aim of creating a
strategywith whichto introduce the AAB dio the market.

Last yeatthe marketing prt of the Projectwas started Students of the2009 project
group havecollecied and maintaired information about the company and ifgroduct,
andin addition have alsaleveloped a leafletTaking this into account it is the aim of
the 2010 team tdurther advance thalesignof astrategy to enter the market.

5.2 Introduction

Ocean noise has always existadoth natural and biological form$lowever in recent
years a large increase artificial soundpollution sourceshas become a threat to its
balance

Cetaceans can be considered asibidicators of the acoust balance in the oceans. To
gainknowledge about their way of perceiving and communicating in the environment,
it is important to investigate in the conservation of the marine ecosystant the
development of sustainable human activities.

It is difficult to find financial support, because the effects of noise pollution on the
marine environment have not yet been completely implemented in national programs.
At the moment the financial sygort is from privatesources to guarantee continuation

of this research.

The development of a sustainable marine environment concerns everyone. With some
support we can implement solutions from science and applied research in order to
bring back the impdant acoustic balance to the s¢29].

5.2.1 Noise pollution

Before further progress can be madeis important to know whats meart by ocean
noise.
Human activities which produce underwater noise pollution e following

Shipping,

Offshore oil/gaexploration and production,
Industrial and military sonar,

Experimental acoustic sources,
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- Underwater explosives and other underwater civil engineering activities,
- Airborne noise from supersonic aircraft.

130
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Tz 40 {Ereen) noise.
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Fig.73 Types of noissources

The noises can cause lesionshia acoustic organs of cetaceans, wh@mresult in
displacement, avoidance reactions, collisions with ships, mass stranding and death.

Noise Sources Sound Levels
Lightning strike on water surface 260dB (approximately)
Seafloor volcanic eruption 255 dB (approximately)
Sperm Whale 163180 dB

Fin Whale 160-186 dB

Humpback Whale 144174 dB

Bowhead Whale 128189 dB

Blue Whale 155188 dB

Southern Right Whale 172-185 dB

Gray Whale 142-185 dB

Shipping 180 dB (approximately)
LFA (Low Frequency Sonar) 240 dB

Yachts and pleasure boats 160 dB

Military and industrial sonar 230 dB

All decibels (dB) are re 1 microPa at 1 m

Source:http://www.surtass-fa-
eis.com/Terms/index.htm05-03-2010

5.3 Internal analysis

5.3.1Organisation

The need to control sea noise that is made by human activities in ¢oderotect the
cetacans in the marine environment hasesulted in the development ofthe
Autonomous Acoustic Buoy. The AAB records and saaptaistic signal®und in the
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marine environment and then delivers themthrough a wireless connectionto a
computer. Scientist are then able to analgghe received information.

¢CKS [F02NFG2NR RQ! LX AOF OA2ya . Aaddésyesii A |j dzS &
to sell the techique of the AAB to other companie#y orderto aid in theprotection
of the ocean environment.

The LAB was created withgaant from the Spanish Ministry and support from the city
+AflLy20F A fI DSt {&Eodking togahePalmcrea®aivaren€sd Sy G A &
of the acoustic degradation of the marine habitat in the Mediterranean Sea and the

North Atlantic. At this moment the organisah hasthirteen employees. Although the

final decision should be made by the directdfo G KS [ ! . = aA OKSf | yRNEB:?
has their own activities and responsibiliti&édost of the activities, which are needed to

provide in theobjective of the company, are carried oby employees of the LAB

themselves Activitiesinclude the followingresearch, design, acoustic identification of

marine mammals, developing of methods for processing and automatic classification

of hydrophone recordings arfihally engineering.

5.3.2 Employees of the lab

An organization chart fahe company can be found in the append&ppendix Z].
ahAOKSt ! yRNEB- Director

Josep Maria Alonso - Associated researcher

I NARAGAyYy Il #ft @4 NBS$pecialistijpeBvidarheatal law, in particular the
communitarianlaw. She is a legal adviser for
VIEGdZNEQa LINRPGSOGAZY

James L. Aroyan - Associated researcher

Joan Vicent Castell Senior scientist

Eduard Degollada - Associated researcher

W2 | lj dzZNy RSt N 2Acquisition of auditory evoked potentials in
cetaeans

John C. Goold - Associated researcher
[ dzZRg A 3 | 2 dzS 3y A IDeyeloping processing techniques
Alex Mas - Researcher

Maria Morell - Researcher
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Marta Nin i Camps - Design of scientific exhibits and research

divulgation
al NIl {2fS - Biologi¢ pathology, anatomy
Mike van der Schaar - Acoustic identification of marine mammals
Serge Zaugg - Developing methods for processing and automatic

classification of hydrophone recordings

The actual production of the buoy will bmutsourcedto two other companies. One
company is located in Barcelona and the other one in Italy. These compzpeieislise
in the production of buoysalthough not only for the LABut also for other companies.

5.3.3 Objectives and mission

The objective of theeompany is to create a system, the AAB, which investighies
sound production and reception in animals, including man, the biological acoustically
borne information transfer and st propagation in elastic media. With this system the
LABwantsto protectthe cetaceans irsea, because the noises of human activities can
lead tothe dead of animals. The company has the desire to be the first company with a
system like this. This objective leads us to the mission of the company;

Gt N2GSO0 GKS Swiidd thids yoYhsly uthan @divitiéshh the sea to
O2yGAYydsSy | fGK2dAK ¢gAGK2dzi RIEYF3IAYy3a GKS

5.3.4 Target group

For companie# isimportant to decide wil the target group is bef@ introducing the
product into the market. The AAB is a business orientated product, a business
business markefThe target group for the AABsiss of companies with activities in
the windmill industry,offshore oil and gas exploration and productioas well as
navies.

5.3.5 Marketing mix

5.3.5.1 Product

To get information about cetaceans living in the marine environment, a product is
needed that receives sounds from underwater sources. The AAB is able to receive
sounds in an underwater environment by a hydrophone. THygrophone is an
element in the AAB which will pick up acoustic energy. The hydrophone will not only
receive sounds from the cetaams, but also from other animals, natural sources like
waves, rain, storm and human activitie§o make sure that only the sods of
cetaceans will be saved, a filter is needed. The filtering and amplifying of the signal is
done by the Programmable Filtering Circuit (PFC). After this step, the information will
be sent to the Hercules Board, a computer which is installed in &t Ahis computer
controls the gain and ctaff frequencies of the PFC. Beside that the Hercules Board
will sample and sent the recorded signals to a computer, through a wireless internet
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connection. After receiving the signals from the AAB, the emplopédke LAB can
study the informatioif3].

Input from

Hydrophone ;lr{ L;t
Oar

Output to
Hercules
Board

WiFi

Fig.74 Basic Block diagram of the AABource: Final report AAB for the EPS, 211D

The Autonomous Acoustic Bu@/anew product on the market, in other words: the

product is atthe orientation stage of the product life cycle. An advantage of this stage

Ad GKFEG GKSNB FNByQl Ylyeée O2YLISGHAG2NAE
the product to the next stage in the product life cycle throui disclosureto
potential customers. As result dhis disclosuresales will increase and will takeeth

product to the next stage known g@gowth. A promotion campaign is very effective at

this stage of the cycle.

— Priofit

Introduction

i
Maturity |

Product {(Industry) Life Cycle stages

Dacline

T Time

Fig.75Product Life Cycle stages
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At the moment the product is ready for sale, although the company is rslking
further improvements to he system.

5.3.5.2 Price
The company have not yeecidedthe price

5.3.5.3 Place

The Autonomous acoustic buoy is a product thas baglobal coverage. This is a result
of the target group on which they are focussing for example the windmill industry and
navies.Theseare examples of organisations which are operating on a global level.

5.3.6 Financial situation

¢KS [ ! . R2nényfhancial redodcesAt the moment they are busy with
providing the system. This marketing plan hasrniwoduce the AAB on the market in
orderto find customers and investors.

fiSons de Mar needs your support through a denati on

To collaborate with Sons de Mar is to decide to actively participate in the
conservation of the ocean's balance. As an individual, or from your company. It is

an investment in dedicated research; it is the desire for sustainable development in

the sea, now, and for the genera tions to come.

The decision to help the sea getting back to its own environment of natural sounds,
without noise pollution, is a choice everyone can

5.4 External analysis

5.4.1 Economic

According to a report of PricewaterhouseCoopers thielre is apolitical revolution on

its way, this which will change the leading economic countries. At this moment the
USA, Japan, Germany, France, United Kingdom, Italy and Canada (G7) are the leading
countries Although they will be challengeloy a new group, the & China, Russia,

India, Brazil, Mexico, Indonesia and TurkBy.approximateh2019 the average GDP
(Gross Domestic Product) tife E7 will match the GDP tie G7. However by 2(Rit

is expected thathe GDP othe E7 willhaveincrease and wouldthen be higherthan

the GDP of G7 by 30%. 2030 the global priority list ofhe most important global
economies willconsist of: China, USA, India, Brazil, Russia, Germany, Mexico, France
and United Kingdoi@d4].

5.4.1.1 Europe

An article on the websitavww.express.bed 9 dzNB T 2y S C2NB Ol aiGé¢ o8
states that the European econonwill be weak until 2012By this pointmost of the

larger member stateswould have overcome the recession howevbke prospectsin

the short term areproblematic. The GDP Wiincrease by 1% in 20Mith a 16%
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increasein 2011.This is n contrast with unemployment rates whighl reach a peak of

17 million unemployed people (10,3% of the labour force). The worst part of the
recession has already passby, although it is nobver yet andg S ¢t 8e¢ @ full
recovery until at leasR012. The expectation is that the north of Europe (Germany,
France and the Benelux) will recover faster than the south of Europe (Greece, Portugal,
Spain, Ireland and Italy). Tieeonomy will onlyricrease by),6%from 2010 to 2012, in
comparisonwith 1,8%for the north of Europe. A result of thikere isa gap between

the north and south of Eurog45].

5.4.1.2 America

Since 2009 the economy of America is growing. This is a result of the increqeet e
of 18% in 2009At the fourth quarter of he year the American economy grew with a
5,9% base year oyear. The GDP increased with 2,28%se year oryear in the third
quarter of the year. If we look at the GDP in 2009, as a complete yéasdecreased
by 2,4%. This is the largest decrease since the decrease of 10,9% in 1946.

The btal amount of income of companies, consumers and government in American
was13.14 billion dollarsn the fourth quarter of 2008 One year later this had already
increased to 13.1®illion dollas. Unfortunatdy the expectations are that this increase
will not continue. As soon as the stimulus money of the Americanrgavent is out of

the market, it is expected thatonsumer expansion will decred46].

In April onsumess trust in the economy greatlylecreased Index figures showhat
consumers losts trust for example 73.6 in March to 69.5 in April. Although analysts
thought that the trust would increase instead ofedrease. According to research
consumers are ingeire about the weak labour market and their own job certainty.
Beside this consumers lost their faith in the economic pghcy

This was not the only change in March, the consumer gridex also increase. In
comparisorwith the previous month it inacgased by0,1%48].

5.4.1.3 Africa

Thisyear the world cupwill be held in Soudh Africa. The success of the world cisp
ONHzOA L F2NJ GKS SO2y2Yeé 2F (GKS O2dzyiNER O
poorest inhabited continents. Like other countries in the world, South Africa also
suffered from the worldwide recession last yeareTéconomy decreased in 2009 by
1,8% and 900,000 jobs were lostoweverthe minister of Finance expects a gribmin
2010 of 23%largely due to the world cup football. If predictions are corrde South
African economy will béetter in 2012 Also if we look athe figures of the years
before 2008 this period sawthe economy grovby 5% a yeda9].

5.4.1.4 Asia
An article publishedn April 2010 pedicted that upcoming eonomies in Asia would
grow by 75% this year, a forecast from the Asian Development Bank (ADB).
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Last year the GDP éfia grew by 2%. For 201 the ADB expects a growth of3%.It

is predicted thatChina wvill be the leaderof theseupcoming economiesyith a growth

in GDP of 9.6%. It is expected that china would first be followed by Azerbaijan with an
increase (9.5%)ral then India at (%). Only the economy of Fiji will decrease this
year.

These positive figures are a result of the risingpmes and stimulation policiexf the
government. This will also result in an inflation growth of 4% in 2010.2Ba4L a
growth of 39%is expected50]

5.4.2 Sociat cultural

Duringinternet searchesabout ocean noisea lot of articleswere found.Articles with

the subjectssuch asincreasing of sea noise, stranding whales, increasing of offshore
activities and so on.

Thefollowing texts are a&hort preview ofarticles found

G2 KFEtS az2y3a RNRgYSR 2 dzi thedtile oKadzaiicl pogtedA a S
on October 29, 2009 by LKBIlog. The article writes about the increasing of sound
pollution, and claims that this isnot only confusinghe mammalsbut that it isalso
threatening the survival of thee endangered animals. At one poitgtaceanswere

able tocommunicate over thousands of miles andw they are losing touch ith each

other. This text is taken from a spdeenade byan expertduring a conference in
Rome. That same period, 100 governments were gathered in Rome for a meeting of
the U.N-backed Convention on the Conservation of Migratory Species of Wild Animals.
The agenda of this meeting includes ways to iasee protection for endangered
species, including measures to mitigate under water r{éise

LJ2 |

Another article was founds A 0 K G KS (A (f Ssoundirg ElarhsSn NZ &NJ Y RA Y

L { | Thés &ardicle was published obecember 28, 2009 also by LKBlog. Abdut 3
whales were stranded on Coromandel peninsula. Experts are studying cases like this.
They believe thatetaceans are becoming beached as a direct result of an increase in
sound pollutionwithin the marine environmerj52].

Human activities on oceans andas areincreasing; thigesults in an increase in sea
noise. Take foexample the offshore industry, in the last two years more offshore
wells have been drilled than the rest of the decade combined. Between January 2008
and July 2009 35 enand offshore wells were drilled, and this is only a short
period53]. Another example is seaborne transportation, ather words: shipping.

G! OO2NRAY3I (2 1 9[/haX FINRdzyR wnnn &KALJ
Baltic Sed54]d¢é ¢ KS S E LIS O |farm &f yaaspdrtadigh will Kdrehse HyK A a
40% bythe year2017.
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The last examplearticle is about important progress in field of the legislation.
OYVPANRYYSYy(d 3INRdzZJ LC!2 L}RaitSR 2y al NOK wmpX
John Kerry introduces legislah 2y (2 LINRGSOG 6KIfSagdd 2A0K
Kerry (BMA) shows his commitment towards environmental conservations. The
WLYOGSNYFGA2YFE 2KIES /2yASNIBFGAZ2Y YR t NRBOS
to whales including commercial whadj, ship strikes, entanglement in fishing gear,

ocean noise, and climate change and reasserts the U.S. as a leader in whale
conservation. Jeff Flocken, DC Office Director of IFAW, hopes that other Senators will

follow after this step.

Elements of the legiation include:

T t NPY2GAY3 AYOGSNYyFrGA2ylf STFF2NIha (G2 O2ya
throughout their range.

1 Strengthening the whale conservation and protection efforts of relevant
international organizations including the United Nations Conventionthe
Conservation of Migratory Species of Wild Animals, the International Whaling
Commission (IWC), the Convention on International Trade in Endangered
Species (CITES), and the International Maritime Organization.

1 Ensuring that the IWC commercial whalipgn is neither lifted nor weakened
and that the related illegal and lethal scientific whaling is ended.

1 Reducing and, where possible, eliminating sources of human caused death,
Ayedz2NBES KIFENIaayvYSyd FYyR RAAGAzZNDI yOS 2F (K

q Initiating and expaRA Y3 NBASIF NOK (2 AYLINRBOS 2dzNJ dzy
whales including health and reproduction, whale habitats and the impacts of
human activities and other threats to whalfs5].

Nowadays it is more and more important for the society that people emhpanies
are environmentally responsibleThere are legal environmental requirements and
regulations for companies.

Environment

Companies are required to take care dfeir activities, to cause less harm tbe
environment. For example ¥ taking care otheir refuse in addition toconserving
natural resources andeducing the amount ofjreenhouse gasesxpelled fromtheir
activities Anenvironmentfriendly mangement system seems expensivetlie short
term, although it will pay off on the long term.\ill improve the competitive position
of companies on the market.
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Employees

With regards toemployees companies havebligations. It is their job to prevent
discrimination at work. Besalthat the work surroundings haute be safe and healthy
for employees.

Voluntaryaction

All companies have to satisfy to theinimum legal requirements, aftough thinking
ahead can improveheir position onthe market. It will contributeto a bdter
competitive position, makingompany activities moréng lasting andalso increasing
the chance oeconomic success on the long tef&6].

Justifyng undertaking is crucial to build faith, trade and globalisa{®n).

5.4.3 Politicaljuridical

Companies are having a big influence on the environment. This influsrtbe most
important reason why they have to conforto a lot of EU environmeatrestrictions.
Examples of restrictions are in guality, chemical matter anevastemanagement.

The EU has setup an environment prognae) consisting of six aspects to pect the
environment. The six aspects are:

Lesspollution

Suppression of climate change
Maintenanceof bio-diversity
Respectingnaturalresources

Minimisingamount of greenhouse gases expelled

A =2 =2 =4 4 =

Taking responsibility for the dispos#lchemical matter

5.4.4 Customer analysis

There are three kinds of businesses which are interesting for the LAB to focus on.
Firstly the windmill industry:

5.4.4.1 Windmill industry

Two European innovators worked together to create wind turbines that can float on

0 KS 2 €uSdce/ Qrie of the innotars is a company from Norwayorsk Hydro,
and the other one is from Germany, Siem¢ng|.

& Norsk Hydro

HYDRO 1 @ RNR2 A& | b2NBS3IAAlLY SySNHE& 3INRAzZI
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energy expertises are:

- Comprisingpoth energyproduction and trading
- Is vital to us in our role as the biggest aluminium producer in Europe

- ltis cruciathat we assess the likelihood of constancy in the regulations
governing new projects

The mission of Hydro is to contribute to a morable society. This mea that they

lead the creation of conditions that help others develop and progress. Our mission
implies certain values which govern our behaviour, both as individuals and as
organization. The mission leads to the values: courage, respect, cooperation,
determination and foresight.

Hydro is aware of the climate change on the planet, from emissions of greenhouse
gases. That is the reason why the company committed to create systems and
technologies to reduce those emissions.

SIEMENS .= o h & sta

Semens is a German engiering company with a straight

and clear mission. They want to find the best way of combining and developing their
know-how and expertise, so that they can profitably channel them into outstanding
value for customers. Highest performance with the highest ethibis is in one
sentence the value of the company. Although they have three other words which are
important: responsible, excellent, and innovative. Responsibility is important because
of the commitment to ethical and responsible actiod$iey want to be xcellentin

high performanceand resultsand being innovative to create sustainable val&@].

5.4.4.2 Oil/gas industry

The oiland gas industry is comprised of a few large compawiesh are operating
worldwide. Beside these big companies theme @ lot smaller companies. Iother
words: the oil/gas industrycomprises alot of companies. The question is, which
organisations ar@otential customers for the LAB?

Shell
@ Shell is a global energy and petrochemical company. The aim of the company
is to meet the energy needs of society, in ways that are economically, socially
and environmentally viable, now and in the future.

Sustainable development is integrated in the argation of Shell. The main activity is
G2 KSftLI YSSO GKS ¢2NIXI RQa 3INRgAYy3dI SySNHe
the environment. Shell tries to reduce impacts of their operations, including tackling
greenhouse gas emissions. As a globalrgmeompany they set high standards of
performance and ethical behaviours. Shell is aware of the fact that there reputation is
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depending by how they live up to their core values: honestly, integrity and respect for
people. People judge on the way the compgaact.

¢KS aidN)IGS3e 2F {KSff AayY daz2NB dzZJaiGNBI YX
on delivery and growth, leveraging their strong portf¢4o).

BP

Like shell, BP is a global energy and petrochemical company. The company

wants to be recognize@s a great organisation, competitively successful

and a force for progress. They believe that they can make a difference in
the world, by helping the world meet its growing need for heat, light and mobility. The
activites are on a way that it is affordatS > &S OdzNE |yR R2SayQi
environment.

The values of the company are: progressive, responsible, innovative and performance

driven. Progressive; in the way they build relationship®: the company it is not only

important to build on a good relaihship between employeedyut also with their

partners and customers. They believe in the principle of mutual advantage.
Responsible; the company feels responsible for the safety and development of their
employees and the communities and societies in whitdy operate. Innovative; they

LJdza K 0 2dzy RI NASa (2RIF& FyYyR ONBIFIOS G(G2Y2NNRgC
and technology. Performance driven; they deliver on their promises through
continuous improvement and safe, reliable operations.

The strategy oBP is separated into three fields:

- Explore for, develop and produce more fossil fuel resources that the world
needs.

- Efficiently manufacture, process and deliver better and more advanced
products.

- Be a material contributor to the transition to a lesarbonfuture.

They want to strengthen their position further by securing new access and achieving
exploration succes$1].

Hess
‘HESS\ Hess is a leading global independent energy company, engaged in the
exploration and production of crude oil and natural gas, &il &s in
refining and in marketing refined petroleum products, natural gas and
electricity.

The vision of the company is to maximize shareholders value by enhancing financial
performance and providing loAgrm profitable growth. They are committed to ree
the highest standards of corporate citizenship by protecting the health and safety of
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their employees, safeguarding the environment and creating a-lasiing, positive
impact on the communities in which they do business.

The company has operations vidwide. The countries they are operating are: the
United States, United Kingdom, Norway, Denmark, Russia, Equatorial Guinea, Algeria,
Libya, Gabon, Egypt, Ghana, the Joint Development Area of Malaysia and Thailand,
Indonesia, Thailand, Azerbaijan, AusaaBrazil and St. Lucia.

The marketing and refining objective is to maximize financial returns from existing
assets. The Company operates about 1,360 Hess branded sites in 16 states along the
East Coast of the United States. They continue to selecexgsind our HESS EXPRESS
convenience store network. The HOVENSA refinery in the United States Virgin Islands,
a joint venture between a subsidiary of Hess Corporation and a subsidiary of Petroleos
de Venezuela, S.A. (PDVSA), is one of the largest crudefiodries in the world.
Refined petroleum products, as well as natural gas and electricity, are marketed to
customers throughout the East Coast of the United States. This integrated approach to
marketing allows the Company to meet the total energy neetlsw customer base

while maintaining a lovwcost operating base. They have a strong leadership team and a
global organization, implementing a focused strategy that is positioning Hess
Corporation for longerm financial performance.

The values of the compg are: integrity, performance, social responsibility,
independent spirit and value creatid80].

Maersk
* Maersk group is a global company, which opesaite 130 countries and

MAERsk hasa workforce of 120,000 employees. In addition to owning one of the
g2NI RQa fIFNABSald aKALLIAYy3I O2YLI yASaxz
activities in the energy, logistics, retail and manufacturing industries.

The values form a guiding principle foehaviour, decision making and interaction, a
set of fundamental shared beliefs.

Constant caretake care of today, actively prepare for tomorrow.
Humblenesdjsten, learn, share, and give space to others.
Uprightnesspur word is our bond.

Our Emploges,the right environment for the right people.

Our Namethe sum of our values: passionately striving higiiét].

One of the business areas is oil; Maersk Oil. Btaachof the company is specialized

in offshore oil and gas production. The valueMaterks Oil are the same as the other

ONI yOKSa 2F (KS O2YLIyes FfiK2dzaAK (GKS 20285
to identify, control and minimize emissions, discharges and wastes from exploration

and production activitiesOffshore oil and gaproduction can affect the environment
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in various ways; for example, offshore energy requirements are normally provided by
the combustion of natural gas, which results in emissions to the atmosphere. Another
example is the water, produced with oil and gaghich is discharged to sea after
cleaning. Because of the damaged offshore oil and gas production can cause feels the
company committed to protect the environment and places high priority on
environmental considerations. Through constant cayecareful useof resources,
optimization of operations, and handling of waste streams minimize the
environmental impact of activities. Beside that the company strives for continental
improvement in the environmental performance and pollution prevention across all
the activities. This involves openness, environmental awareness, and the application of
environmentallyfriendly technologies.

5.5 SWO7analysis

To indicate therelevanceof the strengths, weaknesses, opportunities and threats is
worked with marks. The higher the mark, the more important the strength, weakness,
opportunity or threat is.

1 = Less than average
2 = Average
3 = More than average

5.5.1 Strengths Relevance Section
5.3.

L

1 S1: Clear objectives and a clear mission

&
5]
[y

1 S2:Protecting the marine environment

5.5.2 Weaknesses
1 W1:Not yet a price definitiondr the AAB

tn
ol
Ln

T W2:A lack of financial sources

wn
o
o

1 Wa3: Factory also produces for other companies

L
L
LA

1 W4: Product needs still some improvements

5.5.3 Opportunities

N
P
b

1 OLl:Increasing of interest in thproblem

@
P
[y

1 O2: Because we past the worst part of the recesdioere | 3
is space for other problems

1 O3:Environmental responsibility is important for society
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1 O4: Big companies are trying harder to be environmenta

responsible

5.5.4 Threats

T ¢mMY /2YLIYyASa | NByQi 26f ‘ GSFz LINE G §
1 T2:1tis hard to get attention from companies

5.6 Confrontation matrix

The strengths, weaknesses, opportunities and threats fritvra last chapter are
presented in the confrontation matrix below. @nfrontation matrix provides insight
into the possibilities to combine strengths and weaknesses with oppdrés and
threats. One plus (+) indicates a relative context between strength 1 and opportunity
1, for example. Thélue colour indicates a strong correlation betwetre selected
points. A strong correlation between two points céme the basis for estrategic
strategy, to give direction to the company.

Tabk 16 Confrontation matrix

Opportunities Threats
01(3)| 02(3)| 03(2)| O4(3)| T1 ()| T2(3)
U)
5 S1(2) + - - - -- +
3
% S2 (3) + + + + + + + + + +
8 wi (3) + + - - - + +
(72}
D W2 3)| ++ + + + + +
g
o W3 (2) + -- -- + -- --
=
W4 (1) + + -- + + -- +
+ + Relatively high context
+ Relative context

- No relative conte>
-- No relative context at all

5.6.1 Strategic option 1

S2+ O1 or O4take advantage ahe strength and opportunity

S2: Protecting the marine environment

O1: Increasing of interest in the problem

O4: Big companies are trying harder to be environmentally responsible
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A strengthof the LAB is the desire to protect the marine environment. For the society

it is more and more importanthtat companies are operating in anvironmentally
responsibleway. This is a result of the deterioration of the environment, and the
predictions tha it will be worseif nothingwere to change This opportunity indicates

that there is a market for the AAB=rom thispoint it is important to take advantage of

the opportunity ¢ . A3 O2YLI yAS& NB GNBAY3I KIFNRSNI G2
By offeging companies a solution to be environmentally responsible with the marine
environment.

The first step is to make contact with potential customefdere are a lot of different
marketingcommunication instruments to communicate with customers. For examp
public relations, advertising, direct marketing, sponsoring, faim, store
communication or personal saleBecause of the lack of financial resources it is not
possible to use different kirsdof marketing communication instrumentsDirect
marketingand persoml sales are two marketing tools that could be used to get the
right result, without high costs. For the content of theessages it important to focus

on the advantages for the company.

The post brings earyday a lot of advertisement letterand flyers This resul
decreasednterest from receives. However receivers ofaddressed maivill read the
letter or flyer more carefullyThis is an importanadvantageof direct marketing. The
LAB couldgsendpotential customers a letter, with inforation about the solution they
offer to protect the marine environment against ocean noise. This letter should be
sent includingwith the flyer of the AABdso with a request to come to their company
to give a short presentation about the product and whhé advantages are for the
company. The presentation is an example of personal sales. An impadeaahtageof
personal sales is the opportunity tmustomize the story to the needs of the customer,
answer their question immediately and take away their emainties.

5.6.2 Strategic option 2

W1 + T2 Avoid or pull back
W1: Not yet a price definition for the AAB
T2: It is hard to get attention from companies

Nowadays it is hard to get attention from companies, especially from big companies
who areoperating worldwide Without complete information it is even hardéo get

their attention. Before further contact with companies it is recommended to define a
price for the AAB.

There are two different price strategies that are recommended for the LRBInSng
pricing and penetration pricing.kBnming pricing means that the product would be
introduced on the market with a high price. As soon as the sales are decreasing, the
price would be slightly reduce®enetration pricing is the oppositeirstly, tre product
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is introduced into the market with a low price to attract customers. Afterwards, the
company will slightly raise the price.

5.6.3 Strategic option 3

W2 + O1 #mprove or transform weaknesses inétrength
W2: A lack of financial sources
O1:Increasing of interest in the problem

An increasing ofinterest in ocean noise can influence the position of the LAB
positively.! f 1 K2dzZaKX (GKS [!. R2S8SayoOi KI@S Fye& 06N
f2y3 a GKS LRISYdGAlt OdzaifigeovtiSeNdmRahs they Ol | Y 2
will not sell anything.That is the reason why it is important to get brand awareness.

Marketing is a tool that would generate awareness by potential customers. Because of

the weakness, a lack of financial sources, it is not &asyeate a marketing campaign.

These weaknesseshould be firsimproved or transformed into a strengtihmproving

the weakness into a strength would give the LAB a stronger position.

There is one marketingcommunication instrument that is suitable to implement
strategic option 3, Public Relations (PR). With PR it is possible to generate free
publicity. To create free publicity it is important to get attention from journalists from
papers and trade journals. As soon as they write about the idea of Alile dnd its
product, it will result in brand awareness in the market. Followed by an increased
interest from potential customers, what can result in demand of the AAB.

5.7 Chosen strategy

After a lot of research and with help from the confrontation matiixs recommended
tochoosed 1 NI G SIAO 2LIIA2Y wmMZI adGlF1S | RAmtyidi- 3S 27
chapter an example of the direct communication and the personal sales is presented.
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5.7.1 General letter

LAB

| am the head ofhe Laboratory of Applied Bioacoustics of the Technical University of
Catalonia, in Spain. Our laboratory main objective is the development of technological
solutions to balance the effects of anthropogenic sound sources on the marine
environment and to povide interested parties with reaglme mitigation tools when

faced with the necessity of detecting, identifying and localizing sound sources, in
particular cetacean acoustic signals, in areas of interest.

Dear Sir / Madam,

Geophysical prospection is often associated i production of loud noise that
may have a detrimental effect of nediy individual cetaceans. The challenge in this
situation is to be able to monitor the presence of these animals continuously and
immediately determine the actions to be undertaken.

Ourlaboratory has developed a totally automated system that is supported by low
cost autonomous buoys that can be deployed during seismic surveys. These buoys are
radio-linked to the operating vessels and transmit in réade the position and
movement of ay individual cetacean around the boat.

We believe this system would allow your company to sustainably develop its market.

| would be very happy to introduce to you and to your technical staff the
characteristics of our system and answer any question yoy maxe.

Your sincerely,

A1%4
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5.7.2Letter Maersk

Every organisation and every company is different. To respond to the needs of the
potential customer, it is important tacustomize the content of the message. The
message should match the needs of the receiver to get their attention.

The letter below is an example of a letter for the company Maersk.

LAB

This letter is not written to blame you for your activities in the marine environment. It
is also not our intention to disturb your work, in comparing to activists. However, we
did write this letter to offer you a solution to reduce the damage of youwias to

make sure that you can continue your businesses. Not only for the-gdront but also

in the future. A solution without blames, high costs or negative publication. In spite of
these negative points, the solution to decrease excessive sea naifkgue you
advantages.

Dear Sir / Madame,

Information on your website showed that you already made some efforts to purchase

lowy2A &S GSOKyz2f23&8d LG Aa | IA22R adlk NI Y

completely. Like you, also the government, activists and tlugegpare spending more
and more time on the problem. Consequently, they will introduce more areas as
Marine Protected Areas. Areas which are important fouryactivities can be turned
into a protected area. By introducing the Autonomous Acoustic Buaysalution for
this problem, you will evade this result.

We would love to sum up the benefits and give you an idea of the product during a
short presentation at your office.

Thinking ahead will give your company opportuniti@sirongposition on the maket

in comparing to competitors and more profit from the society. These are just a few
examplesof benefits

LT &2dz KI @S lye ljdzSatArz2yas R2yOG KSaAadl
make an appointment.

Your sincerely,
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5.7 3 Presentation

Personal sales are another marketingcommunication instrument which are
recommended. In this chapter an example is presented of the layout for a
presentation. It is important tase the same layout forlacommunication methodsif

you use different layots the customer will get confused. This the reason that the
layout of the websitéhas been usetbr the presentation.

,'-A\B

LABORATORI D'APLICACIONS BIOACUSTIQUES

1111111 m Awvda. Rambla Exposicid s/n
08800 Vilanova i la Geltri, Barcelona, Espanya
uPc

tel. (34) 93 896 72 27 fax (34) 93 896 72 01

LABORATORI D’APLICACIONS BIOACUSTIQUES
y | (
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6. Conclusion

Over the course of the EPS comprehensive progress has been made in the
development of the AAB. Each team membes worked to the best of their abilities

in order to achieve their individual goals. This has resulted in an efficient and dynamic
team working together to successfully further advance and develop the Autonomous
Acoustic BuoyThe research and analysissssm produced in the Dolphin Whistles
Analysis section will allow the LAB team to more accurately and efficiently Identify
different species of Dolphins by the sounds they produce. Both the information
collected and analysis performed will allow the LABmprove their understanding of
cetaceans abilities to communicate underwater. For future work a more
comprehensive analysis system could be designed.

For the electronics section, an efficiemtatchdog system has been designed and
manufactured. This willlbw the Autonomous Acoustic Buoy to become a-selifant
entity saving users from the need for direct intervention and thus time and money.
The Watchdogsystem has been tested to be efficient in operation and can therefore
be deemed as a success. Howevmrssible future improvements may include
upgrading it by adding additional or more accurate sensors as well as software
improvements.

CADsimulations carried out over the course of the project have enabled conclusions to
be drawn about the overall stdily of the Autonomous Acoustic Buoy. This has been
carried out using both Computer software and theoretical calculations. In addition to
initial requirements a computerised animation has also been produced in order to aid
in the marketing presentation. Ifuture a more detailed computer model could be
simulated using software with greater processing capabilities; this would give a more
accurate representation of the buoys behaviour.

The Marketing section has produced a detailed Marketing plan despite dnawin
overcome difficulties in sourcing detailed information. However due to a lack of
financial resources and cooperation of interested parties it has not been possible to
write an entire marketing campaign. If the LAB wish to be able to put the Buoyeon th
market in future they first need to sail the buoy and present to companies. This will
enable them to achieve financial backing and therefore a presentation has been
designed. Once financial backing has been achieved the remainder of the marketing
campaign can be designed.

Although further improvements have been outlined in this report these are minimal.
Both the technical and analysis capabilities of the buoy have been significantly
improved in addition to providing the LAB with guidance on how to etitermarket.
Overall the team is satisfied with the work undertaken and progress macdeddition

the team have gone some way in helping th&B tobecoming the key to a sustainable
solution for the protection of cetaceans against human activities in tharime
environment.
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8. Appendix

Appendix 1 Geographic location table

TaHle 17: Geographic location list of species abundance in the Atlantic region section and the corresponding areas of exandrgitien specie

Geographic location

Area of examination

Bottlenose dolphin
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