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Chapter lintroduction

The Dual Accelerometer Vector Sensor (DAVS) is a measuring equipment developed duringtWiMUST
project to perform geophysical acoustic surveys at sea. The device is a vector sensor for underwater
sensing applications, in a compact size capable of being mounted on an autononumrs/ater vehicle
(AUV). This small size allows for an easy integratitnAUVs and facilitates the vehicle manoeuvrability,
compared with a classic towed arrfd).

Figure 1 - DAVS system

The DAVS acoustsensor consists of two closely spacediial accelerometers one on each side of
ahydrophone, all in the same casing and aligned along an axis. These sensors work as a vector sensor and
can obtain information about the directivity of the acoustic sitgn Compared to traditional sensor arrays,
the DAVS sensor configuration is able to easily distinguishattam reflections from direct and surface
reflected paths, allowing for a simpler data processing than that needed for a towed &frkis acoustic
sensors are molded together to form a solid and compact directional array. Additionally, it has inertial
sensors, which allows to obtain information about theviie orientation.For the chled mode will be
used the DAVS Base Station systena telemetry and powering externsystem.

The DAVS system is a complete acquisition system, with 7 recording chammeiponding tahe
acoustic sensorgaccelerometertl X axis, X axis,Z axis, hydrophone, accelerometé? X axis, Y axis, Z
axis) The recorded data from that 7 channels is storgd mmWAVE format filewithout any compressian

Any deployment follows a workflow with 3 main phases, covered iridih@wing chapters:

1) Prepaationand configuation ofthe device;

2) The underwater dployment or the experiment

3) Retrienng and processing tfie recorded data.

The DAVS can operate in two different modes: an autonomous mode and a cabled mode. The
autonomouws mode allows for a standalone deployment where acquisition, data storage and powering are
internal to the DAVS. The cabled mode allows the acquired data to be visualized and stored by any
external host device, the powering of the system and the adjustroéabme DAVS settings on the fly.
this manual we will usthe externalDAVS Bas8tationsystem, develoged by Marsensingcach moddas
different preparation methods and runningdetails, sofor each phaseof the workflow $Z €& [¢ o0}
distinction between them.

The manual is structured in the following way:

x 2" chaptertalks about the basic preparatiom@fore deploymenwith DAVSIt's explains what

you need todo andprepare before leave to deployment site.

x 3Ychapter shows how tproceed in the deployment si@nd somecare to be taka whenrunning

the experiment

x 4™ chapter details the after deployment, namely the data retrieve proeggssome simple data

processing examplesising two commone } (§ A GAJdacity and Matlab). It has also some
information aboutthe longterm storage andnaintenance operations

I WiMUSTproject, funded under H202EU.2.1.1.5agreement 10645141
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x The appendix section, wheseme additionall]v (} Eu S]}v[e v}S v (J& %o0}Cu vSs
There is amore detailed description of the devicethe Matlab source code some basic

information about the FadtourierTrarsform algorithmand the structure ofome files generated
by DAVS

Thismanual serves as a reference for DAVS u$amye a user perspective, containing only general
information about the system. It will explain some of the hardware without getting into much detail, for
anyone that will need to work with DAVS understand whathe@omponent is. More technical
JV(}Eu S]}v[e & e E] ]v 8§z Al ZEAE E %}ES
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Chapter 2DAVS Operatio®@eforeDeployment

This chapter will focus on the preparation of the devif@r any of the deployment model contains
all theimportantinformationto planand preparean underwaterdeployment.

2.1 DAVSystem introduction

DAVS system is a complete acquisitpdatform that recorddata fromacoustic sensorplus some
meta datainformation about the device statust’s three main parts are thend cap that close thethe
main cylinder that contains all the electronic boards inside andrnibgee where the acoustisensing
elements aranolded Theseareidentifiedin Figure2.

The end cap is a simple cap made with Delrin, whichssii® main cylinders and contain an
underwater onnector that allows a cable connectioithe main cylinder is also made from Delrin and
contains all the electronisystemgelectronic control boards aniattery packs for autonomous mode)
the system DAVS nose i8here the sensing elements armsoldedand is attached to a Delrin cap that
screw to main cylinderAll the electronic boards are attached to noseside DAVS nose there are two
accelerometerplaced between &ydrophone. Each accelerometer is designed by a number (#49 or #50),
referring to accelerometer last two digits of serial number. This identification is useful to know the relative
position of accelerometers into DAVS npséce DAVS S a vector sensor where the orientation is
important.

R} End Cap, 7 End Cap

) [ Battery Pack

Electronic

Main Cylinder

Figure 2 - DAVS main components

Thetwo accelerometers and the hydrophone generate 7 channetsofisticdatawhichdepending
on the deployment mode can be streamed (autonomous mode) or stored into an internal SD card
(autonomous mode)When streamed to DAVS base #tat this device will storéhe acquired data
internally. In any of the two cases, tlaeoustic data is storkinto a WAVE filef 8 channelsTablel
resume the corresponding WAVE files channels to DAVS sensing element

Transducer Accelerometer #49 Hvdroohone Accelerometer #50 NOT
X axis Yaxis | Zaxis | o oP Xaxis | Yaxis | Zaxis | USED
WAVE 1 ) 3 A - ) ; -
channel

Table 1 -WAVE file channels

TheDAVSasalsoan inertial measurement unitvhichgenerate roll, pitch and headirigformation.
These arestored in two ways depending on the deployment modé/hen usingn autonomous mode
theseinertial data is stored into WAVE file headeaiile when in cabled mode this data is merged with
some othersysteminformationand stored into a commseparated valueJSYfile. DuringAutonomous
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mode, additional infomation about the system is storedto WAVE file headefFigure3 resumesthe
stored data, where the acoustic sensor is always recorded to WAVE file, while systemertial
information can be stored into WAVE file headautonomous modedr into a separate CSV fileapled

mode with base station)

Unit (IMU)

/Data Files Created 7
" Cabled mode

Acoustic Sensors

Roll, Pitch, Heading

”.DAVS micr"bc.ontroller

Hydrophone

Accelerometer

Figure 3 - Recorded data path and files created based on selected mode

In autonomous modé¢he created WAVE files are stored into a micro SD card, while whesbled
mode withDAVSase stationthe WAVE and CSV files can be accemsédlownloaded via web browser.

2.2 DAVS Storagand Transportatiosase

The DAVS system is stored inside a waterproof Peli Case (model 1605), which can also include
severalaccessories as the batteries, battery packs and chargers for battErgesé4). Depending on the

18650
Battery

Figure 4 - DAVS Peli Case (left side image) and some optional accessories inside case (right side)
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deploy mode this case can cargfl the needed materialBefore leaing for deployment always chete
case contenfor yourdeployment needs

2.3 Autonomous mode

The DAVS autonomous mode selection is based on the detection of a SD card\jrcgidtining a
A o] JIV(IPHE 3]}v (Jo X /(U AZ v % }A E]JVP p% AWcith a Adnfiguratidn € [« 7
file, the device will boot for autonomous mode. If no card is found, then DAVS will assume the cabled
mode and begin streaming the @athrough Ethernet. When powered ON, DAVS will start by searching
for the configuratiorfile and then configureall the electronicsccordingly

2.3.1 SD card preparation

Prepare themicro SD card timely, formatting it in exFAT or FAT32 forffia¢re are naestrictions
onvolume nameX /[« v}3 v ¢ EC 3} (}JEu § §Z DANS bdpaga@eritipn to@rée i
space and the estimated deploy timBAVS have 3 different sample rates availdb@s47,52734 and
105469) which can be chosen, depending the experimentneeds Even if it only uses 7 channels, the
device recordshe 8 analogoutputs ofanalog todigital converter (ADCYou can estimate the file size for
some acquisition, based on the recording tirBgs ¢ 5 3 x ($ggondspndanalog to digital converter (ADC)
sample rate5 4(Hz)setting, using the following formulél) inMegaBytes.

54Utv Uz UR

5 B ¢ 020 doaa—— (54—~ TAC=SURAO &

Note that since eachWAVEfile created hasa headerinformation which occupysome extra bytes
(512) this value is only an approximatioviou can alsestimate therecordngtime R g ¢ 53 x ($ggonds)
allowedby a SD card of siZe& ; (GgigaBytes)

zUt"* 0584
Rooaaxdau 540tv Oz |

DA?KI@O 2

Forexample, when sampling at 10547 Hz, you will be storing 10547 points of 24 bits for each channel
per second. So, theightchannels will nee@025024(10547*24*8) bits per second of recorded data. If
you store 60 seconds of data, it will result i21501440bits 202502460) or 15187680 bytes
(12150144@8). This is nearAMB per minute of record. Using a sample rate of 52734 will result in file
with near73 MB per minute. Each free GB will give you approximat2h/ seconds 70 minutes) at a
samplerate of 10547 Hzor 848 seconds 14 minuteg at 52734 Hz so always considdhe expected
deployment time, sample rate chosen and free card space. Also remember that higher sample rates (as
105469H2 will require a card with a high write speed, namelyUshclass card. Some slow speed classes
may result in data losses or card corruption.
(8§ E (}&u $8s]vPU & 8§ v (JCONEGSTRV ¢]o0%wo u 1% Jv SZ &}}S ("
The settings you choose will maintain until you change any parafetPDONFIG.TXT (Jo X Z o]v }(
this text file will represent some DAVS configuration parameter:
Line 1) Length of the recorded WAVE file, in secofidse minimum value is 60 seconds. keep files
at a reasonable size, they are stored with a fixed lengsually a few minutes (1, 2 or 3).
WE} e¢¢]JvP o EP (]Jo ¢« v Z E U <} ]3npdividiRalfiles MiattEonlyr S} &
few dozen MB. For example, for a record file with 60 seconds of the seven sensors data, this
line should contain the numbe0 _ ~A]SZ}pus <u}s eV
Line 2) HydrophoneProgrammableGain Amplifier (PGA)jndex, from 1 to 7 representing the gains
from 1x to64x(seeTable 2). These gainare explainedin appendixA.1.4;
Line 3) Accelerometers PGA Gain Index, from 1 to 7 representing the gains from 1x(fafd 2);

5
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Line 4) Sampling ate index, from 0 to 3 corresponding to DA npling rate (se@able 3). Check
appendixA.1.4for a detailed explanation

PGA Gain 1x 2X 4x 8x 16x 32X 64X

PGA File Index 1 2 3 4 5 6 7
Table 2 - PGA gain index for configuration file (for line 2 and 3)

Sampling Rate (Hz) 10547 52734 52734 105469

Sampling File Index 0 1 2 3

Table 3 - Sampling rate index for configuration file  (for line 4)

2.3.2 SD Card preparatia@xample (Windows OS)

In Windows environmeninsert the SD carinto computer using any micro SD adaptBy selecting
the cad in windows explorer, right clidgk and choose formaas in (1) oFigure5. Then select FAT32 file
*Ce3 uU AE]S vu Vv o]l z P]v[ 8§} 5 A& formaRtiKg<dardinished (JEu ~T¢ X
open it andcreate a text file (extensioritxt ) with notepador similar(4). Write the desired settingin
each ling saving$Z (]o CONFG.TXTinto SD card root foldeK5). In the example above, a

configuration file was created with files of 60 recording seconds, with PGA gaifsrdfybrophone and
accelerometersand an ADCsample rate of 52738z

(3]

_[Record Files Duration (s)
——{Accelerometer PGA Gain|
~Hydrophone PGA Gain|

\\

{Sample rate (SPS))

AASlR

Figure 5 - Example of DAVS configuration file in Windows and Notepad++

2.3.3 18650LHon Batteries preparation

When deploying in autonomous modBAVS uséive rechargeable Hion 18650 batteries as powe
source. These batteriesshould be charged in an appropriate charger fotohi, which manages the
charging proces&Vhen picking the batteriest’s possible to check for the charge state of a battesing
a multimeter.Justcheck ifthe batterypresentsa voltage around 4.1 Volt as figure6. A good charger
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will alsohave the option to checthe charge stateof a battery. If any battery has leghan that voltage,
% E} o @lychqgged
Note that a discharged battergan take several hours to recharggepending on the chargemnd

chargirg current so prepare thenin advanceAlways boose qualityorandedbatteries with a high rated
capaciy (> 3000 mAh) for longer runtimes.

AccuPower

A j,;:ag. A

Figure 6 - Lilon batteries charger (left) and Lilon vltae easue with a multimeter  (right )
2.3.4 Accessing DAVS Battery compartment

Open the DAVS battery compartment, removing the locking wire and pulling the cap out(gaetti
Figure7). Take care of the Ethernet and XT30 power cables inside DAVS which could be connected to
DAVS mainboard. XT30 could be manually unplugged, but Ethernet need a screfadrarsithing with
a long rodYo help unplugging it from the yellow main board support

Main Cylinder

Figure 7 - Removing locking wire, end cap, XT30 connectors and Ethernet connector from main cylinder



DAVS User Manual

2.3.5 Accessing DAVS SD card slots

If you need to insert a SD card, remove the DAVS nose by unscrewing it gently. Try to press the nose
in the white Delrin zone only (marked in dashed redFigiure8 above). Only unscrew the nose from the
cylinder when the SD card is prepared, to minimize the exposure time to any dust or particles that may
damage the sealing-ongs.

E 7

. Main Cylinder

onf *F

Figure 8 - Remove nose from main cylinder

All electronic boards are attached to the nose, so remove it from cylinder cargfuliyFigure9). The
SD slots are in the plastic yellow support and geed touseon slot A a cardwith a configuration file
Can also be used slot & fextending memory capacityith avalid card on slot &). After inserting the
SD card immediately close the DAVS, reversing the procdsgui8. Slide thecylinder through the
electronic boards carefully (3), thescrewit in the direction marked by (4nduntil it aligns the cylinder

X axis mark with the nose X md8. The X mark follows the mold marks, as the dashed gaégnment
markshows.
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Alignment Marks

Figure 9 - OpenedDAVS (1) with marked yell ow supportlocation and SD card slots (left side) and X axis alignment
marks ( 2). Closing procedures (3 and 4) and align ed position (5)

2.3.6 Attaching Battery pack to DAVS end cap

DAVS Battery pack is a blue cylinder which use filanl1i8650 batterieand can bescrewed toDAVS
end caplf the battery pack was disassembled from end dagyrelOsU ]S[e v ¢o EC S} %o ** SZ

Figure 10 - Mounting of battery pack in End Cap



DAVS User Manual

and communication cables through the centre of the battery pack (1) before inserting the batteries. With
some care, pass the cables as showrigurel0(2) paying attention to the pack threaded end that should

be in the end cap side. Then screw the battery pack tdothek part ofend cap and just slightly tighten

]8 ~ieX /5[« Etthe 18550]vatteties (4).

2.3.7 Installing DAVS Batteries

Before installing the batteries, ake sure they are rechargdsy checkng the voltage individually.
Each one should have around 4.1 Vak seen ichapter2.3.3 A discharged pack will reduce the device
autonomy.Don"tmix charged and discharged batteries in #anepack

Insert five batteries in the pack, respecting the polarity aBigurellX dZ %.}o0 E]SC Jev[S u &
the pack, so note the negjge side as a metal spring plate. The battery pack voltage should also be
checked with a multimeter, to guarantee that the voltage is near 20.5 ¥altautonomy of 20 hours is
expected when using five 18650 batteries with 3100 mAh of capacity.

—

@)

leTac

¢ Eagl

¢

{ € EagleTac

2.3.8 Closing D¥XS system

Connect the two female XT30 energy connectors from the end cap and battery pack, to the two male
connectors of the electronic§igurel?). The Ethernet cable can be left unplugged. The DAVS system will
start up immediatelytrying to readthe SD cardTo see ifth«E [« vV} E&E}E & |]vP ~ E U Z
light which should bélinkingwith 10 seconds duration (10 second ON then 10 seconds OFF). If blink
MHE SJ}v ]ev E i+ }vUZSZvVv SZ E [ *ich SBaH{ @ \@EifiedleRse notld o

Figure 12 - XT30 power plugs connection

10
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that a 10 second blinfust indicate that DAVS is workixg / ( §Z ¢prpblena with configuration file
DAVS will not be recordirgutit } < v h&s any LED indication for that

Assemble the DAVS by inserting the cap with care in the cylinder. Just slide it in the direction shown
atFigurel3 ~is v % E ¢+ o0]830 ]Jv §Z v U SZ & [ v} (& %}*]8]}v (J&E
wire, by rolling it (3) through the opening of the image (2). After closing itivleeends of thelocking
wire wil be sticking out, and the system is ready for deployn{dit

Figure 13 - Closing the end cap

2.3.9 Autonomous deploymemhaterial check list

Before leaving for deployment sittheck if you carryhe basic materiafor autonomous operation
The followingTable4 resumes the moreiseful material to take.

Material Notes
DAVS Peli case
18650 batteres 5 units
18650 spare batteries Depending on deployment time
18650 charger
Zip Ties Large size
Duct Tape Large size
Fixation Supports I(8Z & [+ vC (}E& §5Z2 A% E]Ju vs
Cleaning cloth To dryDAVS after retrieving it from the water

Table 4 - Autonomous mode material check list

11
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2.4 Cabled Mode:

When using DAVS on cabled mode an extedieaice should be used to provide energy aadeive
the acquired dataThis connection is done through &thernet cableprepared for underwater use
allowing the reaktime streaming of sensors data as well as powering the device. An external host
computermustbe used fowiew andretrieve streamal dataas well aset acquisition parameters. Here
we will useDAVS Base Statisgstemdescribed irappendixA.2 which already has the underwater cable
andact asa Wi-Fihot spot allowing the connection of any exterrtadst computer. Real time streamed
data will be stored in this device memory. DAVS setting can be adjusted through a web inte Ba0éSf
Base Station

2.4.1 DAVS base station storaggse

DAVS Base Statidirigurel4) is a companiosystemof DAVSleveloped byMarsensingallowing an
easy visualization of acquired signals and an interfacehange acquisitiosettings on the fly. All the
system components are insidepaotective Peli case model 1200. It includes an underwater cable for
direct connection to DAVS. When tlsgstem is working, it will act as a Vi hot spot allowing the
connections of external devices and giving access to a web server. This web server will allow the
visualization of streaming data and the download of recorded files, through a web interfage. | 0}
possible to configure DAVS, adjusting some settings through this web interface.

Figure 14 - DAVS Base Station with case and external Ethernet green cable (left image) and case opened without
battery (rightimage)

2.4.2 Lead/Acid Batteries preparation

DAVS Base Station is powered by adi2Clead acidbattery type (Valve RegulatedLeadAcid type,
model UL912), with 2 male spade type connectors and a capacity of @Rjurelb). It needsto be
charged with a specific charger for lead doatteries andcan take several hours to rechar@o,prepare
the batteries some days before the deploymatdy. For recharge jus connect the charger cables to
battery, respecting polaritief-igurel6). Depending on the charger, can be seen the state of chaiye
charging times also depend ¢ime charger currentThe volage can be measured with an multimetend
should be higher than 12 Volt.

Always prepare some spare batteries, depending on how many days are planned for the experiment.

12
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Negative

Figure 15 - 12 Volt Lead Acid (VRLA) Battery for base station with marked polarities

Figure 16 - Charging a lead acid battery (left side). Note the color of the charging cables respecting the battery
polarity . Checking battery voltage with a multimeter (right side)

&/ ¥

2.4.3 Accessing DAVS Batteries compartment

To access thbatteriescompartment,start by openingDAVSremoving the locking wire and pulling
the end cap out gentlgs seen orfrigurel?. Take attention to the Ethernet and XT30 power cables inside
DAVS which could be connected to DAVS mainboard. XT30 can be disconnected by hand, but Ethernet
need a screwdriver to help whug it from the yellow main board support (check). You will need to press
the Ethernet locking pin with the help of a screwdriver and pull it by the wibesiou can disconnect it
by handif need todisassemble DAVS ndee SD card removal.

For the cabled operation mode, we need to make sure that no SD card is inserted in any DAVS slots

v §Z 8 38Z EvVv 8 %]P3 ]Jo v ydii %}A E 0 & }vv § §} u]v }

inserted, it will prevent DAVS from booting in cabled madd stream data, so we need to remove it. If

13
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none SD card is inserted and the Ethernet and energy cables are connected, you can skip the next steps
to chapter2.4.6

Main Cylinder

Press there
for disconnect
Ethernet cable

Figure 17 - Removing locking wire, end cap, XT30 connectors and Ethernet connector from main cylinder

2.4.4 Removing the battery pack from DAVS

In cabled mode§[¢ %o}e*] 0 3} pHe s A18Z YE A]3Z}pus SPVBCAMS IS}ve E
E u}A 3z §S§ EC % IU ipeS ul epE 18 Z sv[8 vC 88 E] * Jve ES
the sequence frontigurel8 and with all cableslisconnectedrom mainboardunscrew the blue pack
gently from white end cap (1) in green arrow direction, then separate it from the end cap cables with care
~TeX }v[S (}E& 8§z o0 *U ]J(SZ C[E +Sp !l ps Clp&E (JvP E+ 8} 0} S§Z

Figure 18 - Removing of battery pack from DAVS end cap

14
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2.4.5 Removing any SD card from DAVS slots

If need to remove any SD caimm mainboardyou will need to disassemble DAVS nastarting to
unscrewing it gently. Try to press the nose only in the white Delrin zone (marked in dashed-rgdrat
19above) and rotate the main cylinder body in the green ardirection. Try to minimize the exposure
time to any dust or particles that may damage the sealifrngs.

. Main Cylinder

Inscrew direction

Figure 19 - Remove nose from main cylinder

All the electronics are attached to the nose, so remove it from cylindir eare. To remove a card,
just pull it gently from the plastic yellow supporfigure20 image J. After removing the SD card
immediately close the DAVfst connecing the Ethernet cable (2)hen sliding the white cylinder with
care(3). Screw it in the direction marked in ¢#) the cylinder and nose marks aligh) (Please note that
whenplugging the Ethernet cahlthe end cap (and battery pack aftached) will bephysically connected
to the nose soscrewthe cylinder with car@and never forcat if you find any resistanc&Vhile screwing,
check if the Ethernet wires are not being twisted and rotate the endtoggevent twisting, if necessary.
Check if something istuckandtry to clear it beforecontinuingto screw thecylinder.Rotate it tillthe
alignment markdgrom cylinder and nose overlap.

2.4.6 Closing DAVS

If the Ethernet cable is disconnected try teconnect the Ethernet plug, just by pressing it until hear
the locking pin clickyou will need to manually align it with the DAVS mainboard saaiathen press it
with the help of ay long object like a screwdriver or a pérhen reconnect the XT30 power plagd
close the cylinder, sliding the end cap gently in green arrow directiGigoire21.

To lock the end cap, press a little in thapto take it to the correct pasion (1 ofFigure22« X dzZ & [
no fixed position for this cap. Put the locking plastic wire, by rolling it (3) through the opening of the image
(2). After closing it, the two ends of the locking wire will be sticking out, and the system is ready for
deployment (4).

15



DAVS User Manual

Slide Direction

Figure 20 - DAVS SD card slots ( 1), Ethernet cable connection (2), closing DAVS procedure (3) and (4) and

alignment of cylinder and nose (5)

Yy

ss the plug of
Ethernet cable to
connect it

Slide end
cap

Figure 21 - Connecting Ethernet, power plug and closing cap

16
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Figure 22 - Closing the end cap

2.4.7 Cabled modeleployment material check list

Before leaving for deployment site check if you carry the basic material for cabled operation. The
Table5 - Cabled mode material check lissumes the more useful matet to take.

Material Notes
DAVS Peli case
DAVS Base Station case

Lead Acid Battery 1 unit

Lead Acid charger Depending on deployment time

Zip Ties Large size

Duct Tape Large size

Fixation Supports I(8Z € [+ vC (}& §8Z A% E]Ju vs
Cleaning cloth To dry DAVS after retrieving it from the water

Table 5 - Cabled mode material check list

17
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Chapter 3DAVS Operatiomuring deployment

This chapter will focus on thensite deployment of DAV8evice for any of theoperatingmodes. It
containsinformation to prepare a deploymeras theattachmentto any structure and some verifications
that can be done

3.1 Autonomous mode

The deployment in autonomous mode allows tagtachmentof DAVS to any AUM to any fixed
structure, leaving the devicevorking standaloneThis methodand the chosesettings should be well
planned, sincdé’s not possible to seahat is going omuringthe acquisition.

3.1.1 Orienting DAVS and Attachitaga support structure

SinceDAVS systens a vector sensor, itapturesdata which has directional informatioas the
accelerometer reading$o,it’s important todecide an orientation for the deploymenand respect that
orientation whenattaching DAV Sotany structure Also, DAVS have an inertial sensor which records the
position of the deviceuseful when deploy attached tanaAUV forexample positioningin Figure23 can
be seen theacoustic sensoraxis orientatios as well as the inertial sensor axis, which arethetsame.

Acoustic Sensors

Positioning

Inertial Sensor Axis E

Figure 23 - DAVS orientation axis

Before attachmehDAVS should be rotated along each axis to calibratétxtial sensor. Just rotate
twice along eachaxisto guarantee thatthe calibrationis done.Also note thatthe inertial sensoris
prepared for a vertical fixation. A horizonttachmentwill generatewrong compass values.

The attachment of DAVS to tlievelopmentstructure can be made using any spec#igpports or
using a simple du tape or zip ties The duct tape solutioalsopreventsthe rotation of DAVS, so should
be used irconjurction to Zip Tiesin Figure24 (1) and (2kcan be seesome specifielrinclampsmade
for the exact sizes of DAVS and tigV. In (3a duct tape solutions used inserting somdoam pieces
between theAUVstructureand DAVS. This foam is useful to reduce some ofrtbehanical noise that
could occur with direct contadbetween the rigid surfacesiAny adopted solution should take care of

18
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tighten enough thedevice, preventingt from slipping but notighten it to the point of deforming the
case which @nresult in water leakage

In Figure24(3) thereisalso the DAVS axigpresentedwhich are of extreme importance t@spect.
Since theDAVSasa directional responsehe attached position should be thene which permit théest
results for the acquisitiosenario.When attaching DAVS tleeoustic axiposition should b considered
andrecorded forlater data processing

' R "7 / e e
O

2y Q 2y

Figure 24 - DAVS Delrin supports (1) made for a specific AUV attachment (2). DAVS attached to a AUV using duct
tape (3). Note the orientation of the device by the axis representation.

3.1.2 Data quality assurance check

When deploying DAV autonomous mode, theecorded data remains inaccessible befdhe
recovery. So, it's not easy to check if the recorded datayacel for the pupose of the experimenfThe
gainsettingsof the programmable amplifiershould be set to an appropriate level for thge of signals
expected by the experimenfin experiment for recordnderwater ambient noiséor example will need
again high enouglo get a gooaignal to noise ratio. However, if there’s a possibilitgxist loud sources
in the deployment sitethis high gaircan lead to saturation and clipping of thapturedsignal So, these
settings should consider the expectedund levels fothat acquisition

Dependingpn the experiment, somehecks can be made to guarantegoodquality of the recorded
data. Always check for LED blinking for 10 secdifitgure25), any other time or no LEIyht indicates
some problem which should be check&tlease note that during daylightcan be difficult tcsee theLED
light through the Delrin cylindeso ch@se adarklocation.

If 18 pessible toretrieve DAVS during the experimeffibr batteries change)or immediately after
recoveringit, pick the SD card with the recorded data atabck it in a computer, taking attention to:

X Visually check the recorded ddiar data presencelf no data is present in the WAVE fileno WAVE
files exist, then theravas some problerwith DAVS systemstart up. Checkhat SD card wasorrectly
formatted and configuredby doing a simpleprocedure. With the DAVS nose opened &1d card
inserted, plug the battery padior some minutes. Then unplug battery pastd checlkagainfor data
recorded /(U §Z & [+ v} thsck {droonfiguration fileformat. Anywrongformat (with text
in any line, for example) widimply not store any WAVE file
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x Check for the amplitude dthe interest signalgdynamic range of the signaldy. there’s some
saturated zones, the amplifier gains should be redudtthe interest signals are weakhe gains
should be raised.

X Hear the recorded adio for each channesearching forclippingand saturated zonesnechanical
noises from attachmenar platform,unwantedanthropogenimoisesor other environmental noises
If audio files aresaturated, theamplifier gainshouldbe reducedIf $Z &ome mechanical noises
from the mechanical attachmenthe fixation methodshouldbe changedif the deployment sitdas
meaningfulunwanted anthropogenic noiseprobablyit’s not a good place tdeploy.

Figure 25 - Green LED position in Delrin cylinder
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3.2 Cabled Mode

The DAVS cabled mode allow the connection to an externaldomsputer andadjust some setting
during the experiment.

3.2.1 ConnectinddAVS Base Statierternal Ethernet cable

To connect the external Ethernet cablelAVS Base Statidinst remove the dummy caps from both
the DAVS an®AVS Base Statimonnectors Figure26). Start by unscrewing the DAVS locking sleeve in
the direction of green arrow (1) and then pull the dummy caps apart gently, storing them in a safe place.
Then connect the green cabterminal plug to DAVS connector (2) and screw the threaded connector
sleeve (3).

// \ 4 & ‘\\‘ 7 " |

14 ) | Q]

A y h / \ /
\ V. \ 4 \

R -y

Separate Dummy

Locki
. ocking

sleeve

‘ 2

F
Figure 26 - Connection of DAVS Base Station cable to DAVS connector

3.2.2 Orienting DAVS armittachingto a support structure

Since DAVS system is a vector sensor, it captures data which has directional information as the
accelerometer readings. So, it’s important to decide an orientation for the deployment and respect that
orientation when attaching DAVS to any structure. ABAVS have an inertial sensor which records the
position of the device, useful when deploy attached tooatthat can changés positioning. InFigure23
of chapter3.1.1can be seen the acoustic sensors axis orientations as well as the inertial sensor axis, which
are not the sameBefore attachment to support structure®AVS should be rotated along each axis to
calibrate the inertial sensor. Just rotate twice along each axis to guarantee thaah@l sensors are
calibrated Also note that the inertial sensor is prepared forvartical attachment any horizontal
attachment will give wrong readings.

The attachment of DAVS to the development structure can be made using any spguiftots or
using a simple duct tape or zip ties. The duct tape solyti@ventsthe rotation of DAVS, so should be
used in conjunction to Zip Tie&lhen attaching to any platform, respect the defined orientation of DAVS
InFigure27 can be seen three differergttachments to support structures, all using duct tape aigities.
Therightestimagehasmarked theDAVS acoustic sensakis,which should be recordedor the later
signals processing.
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Externél
Ethernet
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i = Plastic

i ~_Structure| | - Tl\e%
e S Plastic =« “&
= - » Zip Ties
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Tape

o

Figure 27 - Three different DAVS attachments using duct tape and zip ties. Please note the axis on the right photo

3.2.3 Connecting Marsening system VRLA battery

Insert a chargetkad acidoattery into theDAVS Base Staticase battery area and arrange the power
cables inside Figure28). A charged battery has a voltage around 13 Volt and can be checked with a
multimeter. Connect the battery plugs, respecting the colors and staftomg the negative pole (black).

Then connect the positive pole (red) quickly, to minimize voltage spikes in the system. Make sure the
connectors are well settled. You will see a red LED light blinking, showing that the system is booting up.
The case shodlbe closed to preventvater or moisture to get inside. Wait for up to 2 minutes for the
system to completely start ugfter that time the led should be always ON

—

Base Station case(left side) and power cables connection (right side)
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3.2.4 Connecting tdAVS Base Statibiot Spot (Windows 10 OS)

When theBase Statiosystem is fully working, it will act as a-Wihotspot allowing external devices
connection. You will need to connectVWi-Fi hot spotusing the following credentials:

X Wi-Fi Hot Spot Name: SIPLAB_TP -1
X Wi-Fi Hot Spot Password: digitalHyd

To do this in Windows 10 environment, search for that &) v $A}@E| v u WonAdgte &

}u% o $
v SA}EI

vE E 3Z %o ccAJ@tX wyes "3}
E JA use P e« C]JvP 8Z § §Z
wantto connect to DAVS.

eduroam
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eduroam-install
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.
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network
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Figure 29 - Connecting to DAVS hot spot in a Windows 10 operative system
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3.2.5 Connecting tdAVS Base Statibtot Spot (Android OS)

/ § [pdso possible to connect tdAVS Base Statiarsing any mobile phone with Android or iOS
operative systemFigure30 shows an Android device connection example. The interface design can
change, based on your Anddoversion or device, but the steps are similar. Stadisgabling mobiledata,
thensearch fora Z}S *%}S SiPOAB T™® ]v -Ki]jconnections menu, click on it and insert the
% e A}dmitaHyd X d} (Jv]eénnedt! v A 13 (}E $bn tgstabligh. In the end it

should indicate that the device is connected to SIiPLAB TPA ]

us Jv[s Z A /vs Ev §
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S e SiPLAB_TP-1 -
Utilizar o Wi-Fi | Utilizar o Wi-Fi

Palavra-passe

digitalHyd

eduroam SiPLAB_TP-1

_Turn OFF
| mobile data

Agora: -287 mA\Zh 3 DAW 8 Mosthar palavra-passe adiir} Con nected
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Figure 30 - Connecting to DAVS hot spotin a n Android 9 mobile phone

SiPLAB-5G-Eq

3.2.6 DAVS Base Statiozaltime web interface

After connecting tdAVS Base Statitnot spot and access to web interface, open a browser in your
Ju%pud E v v AJP § 3} E o0 $]u 1921%8x20Q.218368EK dZ3@® C}u AlJoo -
real time streaming data interface with a waterfall plot and the frequency spectrum insithe left side
of the screen. In the right siddhere are some visualization controlsica DAVS settings, that can be
changed in real time also.

The visualization window is composed of two components: a frequency spectrum graph and a
waterfall plot (Figure31). The frequency spectrum represents the real time amplitude (X axis) of the signal
frequency components (Y axis). The waterfall plot is a dynamic spectrogram which shows how the signal
frequencies amplitudechangesalong time. The amplitude is representdittough a color that change
based on the amplitude of the signal and follows the power scale color scherfégure31 an high
intensity signal (around 180 dB)showi in a red color and a weaker signal (near or above 60si&jown
in a dark blue color. Moving the mouse through the waterfall plot will identify the frequency of that point.

A simplifieddescription of the calculations performed to obtatinese plots(called FF) are givenin
appendixA.4

s \/isualization
Controls

per Second

"Power Scale Frequency Axis

DAVS

ﬂtrols

Waterfall Plot ——  System
: Information

Figure 31 - DAVS Base Station w eb interface sections and control panels
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In Figure31you can see the differergections ofDAVS Base Statioveb interface. Theight hand
top pand shows thevisualization controlshat adjust how the signal is represented in the visualization
Alv JAX /8 } ev[E (( 8 8Z + 83]vPe }( s~ }E « A t sare@wailai¥e:dZ (}oo}

x Colorscale adjust which amplitude of the signal correspond to the minimum (dark blue color) and
maximum (red color) of the waterfall color scale. The scale ranges from 20 to 200 dB. For example,
choosing a minimum of 40 dB widipresent a frequency component with an amplitude of 40 dB
(or less) by a dark blue color in the spectrogram.

x Frames per Seconchange the refresh rate of the frequency spectrum and spectrogram. It ranges
from 1 to 30 frames per second. A higher frame rat update the frequency spectrum and
spectrogram quicker.

x FFT Window Typewhich permit to change the window type usedthg FFT algorithm. There are
Rectangular, Hamming, Hanning, Blackman, Nuttal and Blackintdal window types available
(see moranformation on appendiA.4).

x FFT Window Sizaevhichsetshow many data points are used ltlye FFT algorithm. It has three
options (2048, 4096 and 8192) and the héglthe value the more frequency resolution you get.
However, this is a trade off with time resolution, so getting higher frequency resolution take a lower
time resolution.

x Spectrum turns ON or OFF the visualization window

DAVS contral pané changes howDAVS acquire signals and accordingly, the saved files settings.
Changing any of these parametéexceptthe Channelone)will create immediately a new WAVE file with
the new settings. Control section éithe following options:
x Datasourcethe nameand }( $Z Al }vv § U pep 00C N, C E}%Z}v iTif_
x Sampling rate the number of samples per secontdiZ( used by DAVS. It has four options following
the sample rate of ADC, being 1054wice 52734 and 105469 HZhe 52734Hz has twmptions
related toan ADC configuration that change tBegnal to Noise ratiecheckappendixA.1.4.3.
x Preamplifier gain changsthe gain of the PGA. The options available are 0x, 1x, 2X, 4%, 8x, 16x, 32X
and 64x(checkappendixA.1.9.
x Channelselects the DAVS channel being visualizedearvibualization panelThe available options
are presented ifmable6. This setting only affects visualization window, siaitthe 8 DAVS channel
will always be recorded tthe WAVE file.
x Recordingto turn OFF or ON the recording of DAVS acquired data to a WAVE file

Transducer Accelerometer #49 Hvdroohone Accelerometert50 NOT
X axis Y axis | Z axis ydrop Xaxis | Yaxis| Zaxis | USED
Panel 1 ) 3 A - ] ; -
number

Table 6 - Channel options for DAVS control panel

System informatiopanel Jev[$ pe A]3Z §Z Spo s"Z EAEX

When using a mobile device, the prakee is the same, just open any browser and navigate to
7192.168200.248:7681 E ¢+X dZ % P AlJoo Z A 3Z <« u o C}u3 v (upv 8]}
version, as seen drigure32.

25


https://ualg365-my.sharepoint.com/personal/nfpinto_ualg_pt/Documents/EMSO/192.168.200.248:7681

DAVS User Manual

13:49 5) A

@D 192.168.200.254:7681 @

Figure 32 - DAVS Base Stationweb
interface, using mobile Firefox (Android OS)

3.2.7 Data quality assurance check

When deploying in Cabled Mod¢'si easy to check if thecquiredsignalshave someproblems and
correctthem beforethe end of the experimentSince the web interface allows theal timevisualization
of the acquired signalthe visual inspection of the waterfatllot will showthe amplitudesof the signals.
Check] ( §Z & [mexpedgtedhigh levelsoundsor if the gains are too high or low for the expected
signalslf there’s some saturated zones, the amplifier gains should be reduced. If the interest signals are
weak, the gains should be raiséthe gain settings of the programmable amplifiers should be set to an
appropriate level for the type of signals expected by the experimitsto check fotransientsthat can be
caused bympacts andcould reveal some problems in the attachmeftDAVS tsupports.

Hearing the acquired audio can also help to find any problérhe simple way is to doiwad a
captured WAVE file and hear it in any softwaeexplained itChapter 4 Hear the recorded audio for
each channel searching for clipping and saturated zones, mechanical noises from attachment or platform,
unwanted anthropogenic noises or other environmental noidkaudio files are saturated, the amplifier
P Jve ¢Z}uo E 4 X /(S8SZ & [**}u u Zv] ov}]e e (E}uSZ u Z v]
method should behecked andhanged. If the deployment site has meaningful unwanted anthropogenic
noises probably it's not a good place to deploy.
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3.3 Troubleshooting

Some common problems that may occur are describelainle7 below.

: Manual
Problem Mode Cause Solution
Chapter
. . Check batteries and change them for| 2.3.3and
Batteries are discharged
charged ones 2.3.7
A
sh VIS -5 ES onemots XT30 connector not
> Iv[S SUEV | correctly plugaed Check XT30 connectaeconnecting it.| 2.3.8
blink for 10 seconds) y plugg
Cabled U_nderwater connector Check und_erwater connector and 321
disconnected reconnect it
SD card not formatted into| Retrieve SD card and format it in FAT 2.3.1and
Green LED blink for 1 FAT filesystem filesystem 23.2
Autonomous
second
SD card into slot B Change SD card from slot A to Slot B| 2.3.5
Web interface get
stuckedor }v[S Z} Reboot base station, by disconnect a
any DAVS real time Cabled Internal error reconnectieadbattery 323
data
Base station system not
connected (red LE@red Check It_aad battery charge state and | 2.4.2and
. o« OFF) connection 3.2.3
v[§ }vv § §} Cabled
server If using a mobile device, disconnect
Red LED turned ON 9 ! : 3.25
“u} Jo S _
Find WiFi network but Forget V.\AF' con_nect|on and 3.2.40r
B Cabled Inserted a wrong passworq reassociate again. Double check
don’t connect 3.25
password
sA Jv[E E @ Check if configuration values or
i Autonomous| tE}VP ~ }v(]PXSA ™ }v(]PXSAS_ (]Jo (}oo}A4 231
any WAVE file
format and values
DAVS compass Autonomous qur_lg attachment ReAttach DAVS in a vertical position 3.1.1or
information is wrong or cabled position 3.2.2

Table 7 - Troubleshooting for the most common problems
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Chapter 4DAVS Operatiofter deployment

This chapter will focus on thafter deploymentprocedures,for any of the operating modes. It
contains informationon how to retrieveand procesddata acquired by DAVSIhere arealso some
considerations aboutaintain and store DAVS.

4.1 Data retrieve

Retrieve data from DAVS @bviously dependent on deployment method. The following chapters
describe theproceduredor the two modes.

4.1.1 Autonomous Mode

When in autonomous mode DAVS slibile retrieved from water andiried before opening, to
preventwater spilling to electronic board3he opening of DAVS follows what is describeahapters
2.3.4and2.3.5 After picking upthe SD card, connect it to any computer aetfieve the files by copying
them to your computer.

Z 8]u sN ]e %o0OuPP KEU 135 AlJoo & § (Jo & v u Nod yyyy
number from0000 to 9999. When creating a new folder DAVS check for the last folder name existing in
root folder of SD card, creating a new folder with the next number. For example, if when booting there
& OoE C *}u (}o &+ v u A od 1111 8} 1 cdedtel & nelv folsér dalled
A d 1110 v e8}E ts (]Jo e ]ve] 8Z]e}v XdZ ts (JoeZ A 8Z e u v

~ o~ o~

§ ~ diiliXt s_ 8§} ~ d 06006 dxgure33xar be seen an example of the content of a SD
card, with several folders followingignaming scheme, and the content of a foldér d iiiiwhere
someWAVE files are.

/8] Potactice to keepthe original files untached mairtaining them withoutany editing or
processingSo,duplicate theoriginalfilesanduse theduplicatedfilesfor processing.

EARE s DAVS root folder

Nome Data de modificac... | Tipo lamanho

l DATA0000 2 14:33 Pasta de ficheiros
B pATA0001 14:13 Pasta de ficheiros
l DATA0002 ) 3 Pasta de ficheiros
B pAaTA0003 3 Pasta de ficheiros
l DATA0004 ) Pasta de ficheiros
. DATA0005 3 Pasta de ficheiros
. DATA0006 ) 14:13 Pasta de ficheiros
. DATA0007 14:13 Pasta de ficheiros
. DATA0008 3 Pasta de ficheiros
. DATA0009 ) 3 Pasta de ficheiros
B oaaoo10 ) 14:13 Pasta de ficheiros
B pata0011 21/ £ Pasta de ficheiros
l DATA0012 21/02/2020 14:12 Pasta de ficheiros
] config.txt 21/ 02 Ficheiro TXT

DAVS (E:) DATA0012

Nome Data de modificagdo

B pAtaco00.wav 21/0
B pata0001.wav
B pataco02.wav
B pAtac003.wav

Figure 33 - Example of the content of a SD card and data folder, from a DAVS acquisition

4.1.2 Cabled mode

DAVS Base Statiaetrieves acoustic and system information from DAVS system, storing these
Jv(}EuU S]}v[e Jv8} T » % E S (]Jo X dZ i¢ |icwdrnels iS stgredSZ a WAVE files
format, with 120 seconds of duration. Every 120 seconds period a new file is grieeieg thigime fixed
infirmwareX d} &€ SE] A §Z U] E T3] § ip«I®2VI68PRO.8SAI0atal EE}A. &E
where a web interface allowtdownloadthe acquired data. The WAVE data files are separated into
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(Jo E+U (}00}AIVP  %18Z16820D 2534/ YBAR/MONTH/DAY/X :p+s v AP § &} §Z
folder matching the date of acquired signals and select the files you negowtaloadthem to the host
device. WAVE data files follow a naming scheme containing DAVS ID and acquisition start time as
DATA_TP1_id_XXXhhmmss.watr &ample, one file recorded at 10:57:08 of day 13 January 2020 by

Al /[ iTiAuU  Aloo %o O § /d(BoITIEI i 9%i1d Zvith” a filename
DATA_TP1_0215_012105708.WAKIgure34 shows an example folder, with the recorded files listed
and a download window asking to opengave the file. In an Android mobikevice the listing page will
have the same functionality.

Indes o /dsta x 4+ o

- c® © /4 192168200254 AR noe Mg e =

Month of aci

quisition
Year of acquisition e

noe Mg o

Index of /data/2020/01/13/

Abrir DATA TP1,0215 013105708 WAV x
Optou por abric:
<) DATATP1_0215 013105708 WAV
que éum: i 145 M8)

Figure 34 - Folder structure of data folder, from web interface  (Firefox browser in Windows 10 OS)

Inside each day folder there @ <}u A] § 8izyyyZZuuflesX wiere several
Jv(}&EuU S§]}v[e IS s~ E& <S}E X /v §Z + (]JOo U o00 §Z § €& <S}CE
(CSV) formafThefile namereflectsthe creation time of the file] v § Ahmmss_ %q uSihg Base Station
internal time EacHfile line represents one second of system activity or a change in settings done through
web interface. There are Akldsthat represent some specific information about DAVS, as seétigume
35. These fields are described in more detailappendixA.5.

[l DeviceDetect_338101102.csv E3

1 1575454263,0215,digitalHyd TE-1 7Ch DAVSvl,8,1575455086000000,192.168.95.121,4,10547|52734|52734|105469],8,011121418|16]32|6%],0,

2 1575454264,0215,digitalEyd TP-1 7Ch DAVSvl,S,1575455086000000,152.168.95.121,¢,10547|52734]52734|105469| 2|84|

5 15754542 15,digitalHyd TE-1 7Ch DAVSvl,S,1575455087000000, 192 121,4,10547|52734|52734|105469], 2|64

4 15754542 15, digitalHyd TB-1 7Ch DAVSvl, 8, 1575455088000000, 192 121,4,10547|52734|52734|105469], 2|84|

5 15754542 15,digitaldyd TE-1 7Ch DAVSvI,S,1575455089000000, 192 121,4 2|64|

& 15754542 15, digitaldyd TB-1 7Ch DAVSvl, 8, 1575455050000000, 121,4 2|84],0,

7 15754542 15,digitaldyd TP-1 7Ch DAVSv1,8,1575455081000000, 121,4 264,09,
15754542 15,digitalHyd TP-1 7Ch DAVSvl,8,1575455082000000, 121,4,10547|52734|52734|105469], 2|64
15754542 15,digitaldyd TE-1 7Ch DAVSvI,S,1575455083000000, 192 121,4,10547|52734|52734|1054691,8,0]1]2]418|16]32|6¢|,0,10547,2

10 15754542 15,digitalHyd TB-1 7Ch DAVSvl,8,1575455054000000,192 121,4,10547|52734|52734|105469],8,0]1|21418|16|32|64],0,10547,24,1,1,1,1,

11 1575454272,0215,digitalByd TP-1 7Ch DAVSwl,$,1575455095000000,152.168.99.121,4,1054715273415273411054691,8,0111214181161321641,0,10547,2

Figure 35 - DeviceDetect file content, opened in a notepad application
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4.2 Data visualization

In this chapter we will present some simple examples to visualize and process the acquired data, using
2 different software AudacityandMatlab. We will not deepen any explanation about them, since it’s not
the purpose of this chapter.

4.2.1 Audacity

A simple way to view and process the acquired acoustic data is to use theudeeityaudio editing
*}(3A & avalldhle for Windows, Linux or Mac platforms and in our examples the Windows version
has been used. The functionality should be similar in any other operating systems.
4.2.1.1 Opening and playing of a WAVE file
To open a DAVS WAVE file simply start Audacity and séleetOpert E » SE0=K_ «Z}ES psU -
the desired file from storagd-{gure36).

% Auscty N
Fie| Ed% Seect View Tampof Tacks Genete Efect Anaze Toos Eata Help
e e B 2 S e e e e L e e e e R IEUE o ie %
»l 1 T v " =
Opaess Sea Q|exk| XD ] B XK= N B A — e o0 <h - ) 3

30 40 50 60 70 . Y Y 120

130 140 150 . 170 180 190 200

T 7] &5 2 —rio—ton Bicum Smeontirny 46300120 | | M)[5]—vi2 rio e o o 0 o o B[ e@ie

Q|ek| KD 4|4 2l [ v i hor | )

20 20 40 . 70 80 80 120 130 140 150 160 170

3 Select one or more files:

i [ 1] DATAGOOM Evert1_Woreg 2 @@
Nome N Tavlo Intérpretes particip... Album Tamanho
& DATanswav 25552K8
& DATAOIEWAY 23952K8
& DA WAV 2952K8
& DATonawaY 5952K8
& Davaniewav 2592K8
& DaTon0waY 25952KB
& DATRO21 WAV 25952K8
& pamon.wav 3952K8
25952K8
ELION
& DATCO2s WAV 25952K8
& DATAOD26 WAV 25952K8
& DATAOO27WAY 2992K8
& DATonza WAV 2595268
& DAon20 WA 295268
4 nataomn wav 25957 kR

Project Rat
44100

Floname DATAO02 WAV _
Stopped Fesdltpe  Aifies

Project Rate (H2) | Snap-To Audio Position Length and End of Selection v Center frequency and Width v
44100 ‘\ on v [-h--m- s - - samples* [00M00mO0s00000samples [00N00 MO0 5200000 samples® |- - - - - - - HZ¥ |- - - - - oclaves®
—

Figure 36 - Audacity window and open file dialog

tZzv ts (]Jo ]e o} U ]JS[* %}*¢] 0 8} Z E ]S v » S8SZ JEE *%}V
(range-1 to 1) of each recorded channel. To hear it, just presspthg button } E pe $pace bar
shortcut. All the seven channels will play simultapeoo C X /S[* %0}*¢] o 8} ups }E +}o} v(C
channel menu, as well as adjust channel intensity. There are some additional options available in the
channel options menu. IRigure37 can be seen the channels position and the location of each menu.
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@ oamons Play controls| = & %
Eicheiro s jelecionar Portar  Fagas Gerar Efeitos Apalisar Eeamentas Ajuda
wl el = ‘é-?/ Qs ds 2w = ; meu PR — — — — '31 I —— | o) - o‘)
? ) Q) 0|5 o MR & Microfone (High Definition Audi anal de Gravagho (Mo D Auscultadores (High Defintion
- {Play button " , (/'PJPIay Iocatlon)ybar‘ . - - - - =
v | sen oot A4Q X axis A49 X waveform

°

<
YTChannel Menu

X SATaseze re| 19 2
o [ 5o ‘°5‘A49 Y axn4

! - }
— J,V'|\_gl,9,,a,DQSQLQ buttons|

X DATAfeE 2w 10

weo s 05| A49 Z axis l
: t

™™ Channel Intensity

| Semconar |1,

& Sescionsr

| DATADR24 3w 1,0

s Hydrophone )

o54Channel Oplim?s\

X DATAOG24

w2 0% ABO X @Xi |

o X
1

051 » .

o ./Normallzedl Intensity|

a Somchonar |1,

| DATA0024 w] 1.0

" ABO Y axis |

°

05
| seeconsr |10

X DATAGG24 6w 1.0

— “_f‘ASOZaxis 1

°

0
al senconar |10

Taxa do Projeto (H2) | Austar Para | Posiglo do Audio Inicio e Fim da Selegdo .
Desligar [00hoom 108628 [00N00mM00,0008~ 00RO T mME99768%

Reproduzindo. Taxa Actual 10547

Figure 37 - Basic menus and recorded channels location after open a WAVE file

The waveforms represent the sampled points in time, as lbanseen onFigure 38. If press
CTRL+Mouse Scroll ]$0¢ %o}ee] o 3} 1}}u Jv pvs]o ¢ 3Z Jv ]JA]l L O ¢ U%O =
1/(sampling rate) seconds. In the exalmpbelow there are 10547 samples per second (SPS), which
correspond to approximately 94.813 microseconds between consecutive sarNpliesthe amplitude of
each samplevhichis normalized betweerl and 1.

Vu.lﬂzs 1:40,2130 11402135 - 1402140 o 1:40,2145 1:40,2150 1
e Sample amplitude File Time
—_
: :WH: < R
-‘1:_‘f;|.:‘. NS ‘-‘ ’ ’
F'e':;’[,[wrll,lwi MHN-

057 Time between samples

0,094813691096... ms

4| Seleconar| [ 1,0
x| DaTAODZd 1w | 1,0
?“m‘osmi :‘Z ¥ s t - + T ] s 4 + t ] ’ { { [ t 1

-05

| |
Figure 38 - Zoom in sh owing some samples of a channel

4.2.1.2 Viewing the spectrogram of a channel
d} Alep 00C Vv 0C- Z vv o ]8[* }uu}v 8} pe *% SE}PE uU AZ] .

each signal frequency component, in time domain. To change from a wavefagpetdrogram view in

B ]SCU <]Ju% ogpectrogrard_Yv § Zchannel menu (1 in Figure 39). The amplitude is
represented by a color, the frequency is plotted iaxis and the time in X axis. To get a better view, drag
the border of the channel window to a bigger size (2). There you can see the spectral behaviour of the
signal, where the strongest signals get colored red and the weaker ones get a light blue colgrég).
The X axis has the relative record time of the file, not the real capture time. For example, a 120 seconds
record will have a time from 0 to 120 seconds only. The Y axis has the frequency scale in Hertz, which
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represent values from 0 to half ¢hsampling rate (due to Nyquist Theorem)Figure39, the 10547 SPS
will get a maximum frequency of 5273 Hz.

1% Chapnel Menu EZE =

Figure 39 - Change from waveform view to spectrogram view

The spectrogram is generated by a mathematical operation called Fast Fourier Transform (FFT), which

is outside the scope of this text. A short explanation was givappendixA.4 The most common FFT
settings are the window type and size, which can be configured in Audacity by clicking in the channel
U Vv vspéctrogram settings X = ] §Z § o0P}E]SZu péasiyévo thahgétheaolors
and scale, however we will leave the default options. Adjusting the best colors depends on the signal
*SE& vPSZ v Y pain pejwmRnde  }%S]}veX &E <p v C v S]Ju €E +}ous

Z VP C ipe-3hlgeriteid windowsize X 0o}A & A op AJoo P § Z]PZ 5 u%}E
a low frequency resolution. A high window value will result in a high frequency resolution but a lower
temporal resolution. For more information on these settings please refeAtdacity spectrogram
manual

4.2.1.3 Frequency analysis of a file
You caranalyse in detail the frequency of a specific zone of the spectrogram. This is also done by a
& 83 &IUE] E dE ve(}JEUX :peS ¢ 0 § *}ju <% SE}P EAmalysEme]$Z $Z
v Plot Spectrumwhich will open a spectrum analyser windowith several option to configure. For
more information about these options, please referAadacity plot spectrum manualn the example of
Figured0we select a zone between approximately 45.8 and 45.9 seconds, which will give us the spectrum
from the selected time.

o
Fle tot secct Vo Tomson Tocks Geente e (A .
T i P P P P A 1) e o P g N e A

Onn« o /aQQQ e

N> kN e

Figure 40 - Frequency analysis plot from a selected region of the spectrogram
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Choosing the right parameters (size and window type) will help us to see where the most relevant
frequencies are. IrFigure 41 there are three big peaks marked in theeduency graph and the
correspondent zone in the spectrogram. It can easily be seen that higher peaks in the frequency graph
have a brighter red color in the spectrogram.

21Hz 500Hz 1000Hz 1500Hz 2000Hz 2500Hz 3000Hz 3500Hz

Cu.saq‘ 564 Hz (C25) = -53 dB jvealq 555 Hz (C#5) = -53.3 dB

Algorithm: | Spectrum v| size 512 v

Function: | Hann window v Axis: Linear frequency «

Figure 41 - Frequency plot correspondence in spectrogram

4.2.1.4 Applying a filter to the signal

/8] 0} %o}ee] 0 8} %% 0C <}u (( S+ BWwekdowthBtwuosigr@alldkinteestu %0 U
is SA vi v T 1,1U ]8[* %}*+] 0 3} (Jo3 E o0 3Z puvA vs i@ cpu v ]
cureeffect X :pues e 0 §3Z E AzZ E A A vs §Z FEffecEmehuand%eiead] U P}
~&]o§ (. Théd Hou can design the filter behaviour, where unwanted frequencies cattemeiated,
and desired frequencies can be amplified. In tiraph windows you can add multiple points and set
different zones with different gains. The 0 dB line is where the signal remains the original, the positive
values means amplification and negative attenuatiorf-igure42 we design a band pass filter, where we
remove all the frequencies below 1 kHz and above 3 kHz. For the unwanted ones we d&thdE
attenuation. For the usable-2 kHz we define a small gain of 2 dBter we apply it to the signal, we can
see that almost all the signal outside our pass band is removed. The exception for the high intensity low
frequency signals, which were strong enough to, even after reducing it 30 dB, maintain in the signal.
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Figure 42 - Example of filtering the signal to remove unwanted frequencies
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4.2.2 Matlab

Matlab is a commercial software, commonly used in the academic communftgstjood tools for
data processing and visualization and some toolboxes for specific applications like signal processing, audio
%o E} se]VP }E 3 §]e8] «X /E[+ A Jo o (}&E t]v }A.U >]vp&E }E D %0
Windows version has been usethe functionality should be similar in any other operating systems. In
our examples we will use two functiorspectrogramandbandpase SZ s & F@ndEF oE€sBing
Toolbox «} u |l epu@E Clpu Z A 18 ]ves oo X c@pendiw®a3o 3 } ]« }v

4.2.2.1 Opening and playing of a WAVE file
The usage oMatlab software gives us some good processing tools. Here we will show a simple
example for plotting the waveforms and hearing a WAVE data file. We will not explaveatlab options
in detail, since there are so many and they are not needed for the explaratitiese simple examples.
Please refer tavatlab manual.
d} }% v (Jo U (]Jv SZ % SZ ]v SZ }u%opsS Eadjoedd fanstionilm v pe
separate the file in a matrix of sime@samples andh channels (variablg) and sampling rateR3.
% Wave File location
path_file = 'D: \ example \ of \ path_to_data_file \ DATA0024.WAV';

% Getting Sampling Frequency Fs and Y datapoints from WAVE file
[y, Fs] = audioread (path_ file ):

Then, to isolate each channel, just assign each column of the ryatria variable, representing the
source @ the data GcaA9_x acc49 _yaccd49 zhyx ac0 x acc50_yacc50 2 Note that these values
are normalizedbetween-i v iU v }v[§ ]J]E SoC physEaldaantty.5} vC

% Separate each channel from *.wav to a variable with source name

accd9 x = y(, 1)
accd9 y = vy(, 2)
accd9 z = y(, 3);
hyd =y@ 4
acch0 x = y(;, 5);
acch0 y = y(, 6);
acch0 z = y(, 7);

We have all the 7 channels separated, so we just need to create an array of time which will be
common for each channel. To do so, just create an array starting at O till the size of the WAV file,
representing the time of each sample data point The simple way to do this, is to get the size in samples
(Nte }( vC A E] lengtp flindfort and divide it by sample ratéq.

% Create a time array [0, Ts, 2Ts, 3Ts,... (Nt -1)Ts]
Nt = length (hyd); %NOTE: Could be obtained from another variable
t = (0:Nt-1) Fs;

Now we have all the information needed to represent a waveform, the X axis time and Y axis
§ %}]vEeX /v §Z /£ u%o }JA U A & plét_fun¢liéhpashowtheuwavetdrm »
of acceleromete#49(Figure43).

% Create a simple waveform from a single channel

figure ('Name', ' Acc#49 X axis Normalized Waveform )
plot (t, acc49_x)

grid on

axis tight

title('Acc#49 X")

xlabel ('time(s)' )

ylabel ('normalized amplitude' )

35


http://www.mathworks.com/products/matlab.html
http://www.mathworks.com/help/signal/ref/spectrogram.html
http://www.mathworks.com/help/signal/ref/bandpass.html
http://www.mathworks.com/products/signal.html
http://www.mathworks.com/products/signal.html
http://www.mathworks.com/help/matlab/ref/audioread.html
http://www.mathworks.com/help/matlab/ref/length.html
http://www.mathworks.com/help/matlab/ref/plot.html

DAVS User Manual

Acc#49 X

07

06

05

04

03

02

normalized amplitude

01

A et e S et

time(s)

Figure 43 - Simple waveform graph of a single channel

It's also possible to overlap waveforms in the same figurefdlteving code create a grapFigure
44) with the data from accelerometer #49 overlapped.

% Create waveforms from accelerometer tri - channel data

figure ('Name' , 'Accelerometer #49 Normalized Waveforms' )
plot (t, acc49 x, T , t, accd9y, 'g- ', t, accd9 z, b’ )
grid on

axis tight

legend

titte  ('Acc#49 Waveforms' )
xlabel ('time(s)’ )
ylabel ('normalized amplitude' )

Figure 44 - Graph of the three #49 accelerometer axis data overlapped
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