D6.27 Compact multifunctional passive acoustic sensor syste
transducers and signal processing description

Lead organisation for this deliverable
Centro Tecnoldgico Naval y del Mar (CTN) and SMID Technology (SMID)

Lead authorsPablo Ruz Molina (CTN) and Diego Pinzani (SMID)

Contributors:Luigi Corradino (SMID), Pablo Cervantes Fructuoso (CTN), Alberto Figoli
(SMID), Dan Toma (UPC), Joaquin del Rio (UPC), Eric Delory (PLOCAN)

NeXOS- Next generation LowCost Multifunctional Web
* Erabled Ocean Sensor Systems Empowering Mai
"_‘k : Maritime and Fisheries Management, is funded by
* K “COOPERATION _ 9dzNBLISHY [/ 2YYAAEdAA2Y Q& -Giak

(o]
THE OCEAN OF TOMORROW Agreement N° 614102

* X
v




3 . nexos Deliverable 6.2 :***1

Compact multifunctional passive acoustic sensor sys K
. . . - *
transducers and signal processing description.

" COOPERATION
THE OCEAN OF TOMORROW

Deliverable 6.2Compact multifunctional passive acoustic sensor systems transdsi@erd
signal processing description

Project Acronym: NeXOS

Project Title: Next generation LovCost Multifunctional Web Enabled Ocean Sensor Systems Empoy
Marine, Maritime and Fisheries Management

Programme: The Ocean of Tomorrow 2037 Framewok Programme
Project CoordinatorEric Delory

Theme2: Food, Agriculture and Fisheries, and Biotechnology

Theme 4:Nanosciences, Nanotechnologies, Materials and new Production Technologies
Theme 5:Energy

Theme 6:Environment (including climate change)

Thenme 7:Transport (including aeronautics)

Topic: OCEAN.20%3 Innovative multifunctional sensors for-gitu monitoring of marine environment an
related maritime activities

Instrument: Collaborative Project

Deliverable Codel603B30-NXSWFR6_D.6.2v.1.1_final

Due date 2016/03/30

TheNeXO%roject owns the copyright of this document (in accordance with the terms described i
Consortium Agreement), which is supplied confidentially and must not be used for any purpose
than that for which it is sugped. It must not be reproduced either wholly or partially, copied
transmitted to any person without the authorization of PLOCANMXOSs a Cooperation Resear
Project funded by the Research DG of the European Commission within the Ocean of Tontir80
W2AyGd /FEf 2F GKS T3OK CNIYSE2N] tNBINIYYS 9§
Community is not liable for any use that may be made of the information contained therein.

2
Doc.N°: 131280KSWPX_NX856.2v.1.1 final
Date: 09/06/2016



» . nexos Deliverable 6.2 :***1

Compact multifunctional passive acoustic sensor sys K
. . . - *
transducers and signal processing description.

COOPERATION

THE OCEAN OF TOMORROW

DISSEMINATION LEVEL

Public X

Restricted to other prgramme participants (including the Commission Services)

Restricted to a group specified by the consortium (including the Commission Services)

Confidential, only for members of the consortium (including the Commission Services)

DOCUMENT HISTORY

Edi./Rev. Date

Prepared 2016/03/18 Pablo Cervantes

Checked 2016/03/18 Pablo Ruiz

Checked 2016/03/29 Lars Golmen

Checked 2016/04/01 Pablo Cervantes and Pablo Ruiz
Approved 2016/06/09 Eric Delory

DOCUMENT CHANGES RECORD

Edit./Rev. ‘ Date Chapters Reason for change

0.1 2016/03/29 | All Chapters Editing

1.0 2016/06/09 All Chapters WP lead and CTN Editing, proofreadingand
additions to the text (whistle detector and
impulsive noise indicator)

1.1 2016/06/15 All Document Format adjustment before uploading to EC
(Simone Menrg)

3
Doc.N°: 131280KSWPX_NX856.2v.1.1 final
Date: 09/06/2016



S NEXOS

DISTRIBUTION LIST

Compact multifunctional passive acoustic sensor sys
transducers and signal processing description.

Deliverable 6.2 ** %

*
*
*

* ot

* gk

" COOPERATION
THE OCEAN OF TOMORROW

Copy no. Company / Organizatio Name and surname
(country)

Eric Delory, Ayoze Castr®imone Memeé

1 PLOCAN (ES)
2 IFREMER (FR)
3 UNHHB DE)

4 52-N (DE)

5 AMU (FR)

6 UPC (ES)

7 ACSA (FR)

8 UNOL (DE)

9 NKE (FR)

10 TRIOS (DE)

11 CMR (NO)

12 CTN (ES)

13 HZG (DE)

14 REC (NO)

15 NIVA (NO)

16 SMID (IT)

17 FRANATECH (DE)
18 UNIRESEARCH (NO)
19 CNRISMAR (IT)
20 IEEE (FR)

21 ECORYS (NL)
4

Doc.N°: 131280KSWPX_NX856.2v.1.1 final
Date: 09/06/2016

JeanFrancois Rolin, Jerome Blandin, Laurent Delauney, Pt
Woerther

Christoph Waldmann, Eberhard Kopiske
Simon Jirka, Matthes Rieke

Madeleine Goutx, Marc Tedetti,

Joaquin del Rio, Daniel Mihai Toma

Yann Le Page, Frédéric Fiquet, Frankager Demotedainard,
Dorothée Coulomb

Oliver Zielinski, Rohan Henkel, Daniela Vof3
Patrice Brault, Damien Malardé, Arnaud David
Rudiger Heuermann

David Peddie

Noelia Ortega, Pablo Ruiz, Daniel Alonso

Wilhelm Petersen, Steffen Assmann, Ridiger Roettgers, F
Carsten

Nils Roar Hareide, Karsten Kvalsund

Lars Golmen, Kai Sgrens&manuele Rgiani
Luigi Corradino

Michel Masson, Joaquim Schwerdtfeger
Svein @sterhus

Marco Faimali, Stefania Sparnocchia, Giovanni Pavanello, Mi
Martinelli

Jay Pearlman, Francoise Pearlman, René Garello

Johan Gille, Dick Mans



3 . nexos Deliverable 6.2 :***1

Compact multifunctional passive acoustic sensor sys K
- . . - *
transducers and signal processing description.

" COOPERATION
THE OCEAN OF TOMORROW

Acknowledgements

Funding for theNeXO%$roject (Grant Agreement No. 614102) was received from the EU Commission as part of
the 7th Framework ProgrY YSS da ¢ KS hOSlIy 2F ¢2Y2NNR g &

The help and support, in preparing the proposal and executing the project, of the partner tinsigtus also
FOly26ft SRAISRY tt 4 F2NXYIF hOStyAOFr RS /FYyFENRFA 69{0ZX
Mer (FR), Universitat Bremen (DE), 52°North Initiative for Geospatial Open Source Software GmbH (DE), Aix
Marseille University (FRYniversitat Politecnica de Catalunya (ES), Architecture et Conception de Systémes
Avancés (FR), Carl von Ossietzky Universitat Oldenburg (DE), NKE Instrumentation (FR), T+i@® MEss
Datentechnik GmbH (DE), Christian Michelsen Research AS (NO), Tmtodogico Naval y del Mar (ES),
HelmholtzZentrum Geesthacht Zentrum fur Materiahd Kustenforschung GmbH (DE), Runde Miljgsehger

(NO), Norsk Institutt for fenforskning (NO), SMID Technology s.r.l. (IT), Franatech AS (NO), Uni Research AS
(NO), Coniglio Nazionale delle Ricerche (IT), IEEE France Section (FR) and ECORYS Nederland BV (NL).

Abstract

The present document summarigthe work carried ouin EU FP7 projedieXOFwww.NeXOS§roject.ed) for

- S

task 6.2 Ly G4 SANIF 4GSR 4J & HR P8 R dzO2NIadRB BHID R YIRS ik & 1 thensbo a! f 3
RSOSt 2 LIVb8gTNE SR

The purpose of tasB.2is to develop the transducer stage required for an integrated multifunctional digital
passive acoustic sensorssgm. This sensor system will be capable of measuring and processing underwater
noise and bioacoustics activity. Two prototypes are developed, the ((k&} a small, low consumption,
transducer stage for mobile platforms, and a seco®) a transducerstage for fixed platforms with
enhanced capability, including arrmased source localization and acoustic propagation modelling. Three
replicasof A1 and one A2, based on Als but with Ethernet capability be manufactured and tested in a
troncoconicatank in CTN facilities.

Second, signal processing algorithms for mobile (Al) and fixed platforms (A2) developed de Gdpicted.
These algorithmsaddressthe Marine Strategy Framework DirectiMSFD)requirements in terms of
underwater noise and biaustics monitoring more specificallyMSFD Descriptor 1 antil. Thesewill be
explained in detail, including computational load measurements, capabilities and limitations, and good
practice for the user.

Codes developed under this task are summarizechénannexes and they will be available under request in
the proper format.
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1 INTRODUCTION

This documenteports the work carried outin Tasks 6.2 and 6.3 of Work Packagef éhe European project
NeXOSThework followsthe NeXO®escription of Work and Deliverabl#6.1- Passive Aagstics integrated

sensor systems development pldime document is divided in two main parts relative to the work done in task

6.2 dintegrated passive acoustics transducer developréénS R o0& {alL5 FyR c®do a! f I32NA
by CTN.

Codes developd under this task are summarized in the annexes and they will be available under request in
the proper format.

2 ACRONYMS

ADC  Analogto-digital converter.

ARM  Advanced RISC Machine.

FIR Finite Impulse Response.

GPS Global Positioning System.

GUt  Grephical User Interface.

HYD  Hydrophones.

IR Infinite Impulse Response.

MSFD Marine Strategy Framework Directive.
MCU  Micro Controller Unit.

PCB  Printed Circuit Board.

PPS  Pulse Per Second.

SAR  Successive approximation register.
SCU  Signal Conditioing Unit.

SEL: Sound Exposure Level

SPkns: Sound Pressure Level

3 REFERENABEOCUMENTS

Aj, V. d.,, Ma,, A, & André M, B. K. (201Buropean MArine Strategy Framework Directivé&sood
Environmental Status (MSFD GES): Report of the Technical Subgroup nmatémdeoise and other forms of
energy.

ARM., L. (24 de September de 201@MSIS DSP Software LibrdRgcuperado el 17 de March de 2015, de
http://www.keil.com/pack/doc/CMSIS/DSP/html/index.html

Betke K., F. T. (201BIAS Standards for Signal ProgegsAims and Recommendatioverfu U.K., Sigray P.

CMSIS. (08 de 03 de 2016). CMSIS DSP Obtenido de
http://www.keil.com/pack/doc/CMSIS/DSP/html/index.html
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2008 establishing a framework famommunity action in the field of marine environmental policy (Marine
Strategy Framework Directive).

Dekeling, R. T. (2014 &lonitoring Guidance for Underwater Noise in European Seas, Part Il: Monitoring
Guidance SpecificationdRC Scientific and PgliReport EUR 26555 EN, Publications Office of the European
Union, Luxembourg, doi: 10.2788/27158.

Dekeling, R. T. (2014 byhomsen, F., Werner, S., Wittekind, D., Young, J.V., Monitoring Guidance for
Underwater Noise in European Seas, Part lll: Backgrdofe@mation and AnnexesEuropean Union,
Luxembourg, doi: 10.2788/2808: JRC Scientific and Policy Report EUR 26556 EN, Publications Office of the.

Delory, E. (2015p6.1- Passive Acoustics integrated sensor systems development plan.
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S12.9, A. (1988). Quantities and Procedures for Description and Measurement of EnvironmentaP&duhd.

4 TASK6.2 INTEGRRED PASSIVE ACOUSTIRANSDUCER DEVEENT

This section reports on the work carried out in task 6.2 of NeXOS Project Work Package 6. Leader of this task is
partner 16, SMID Technology SRhe work complements Task 6.3 (algorithms), reported in sebtion

4.1 INTRODUCTION
We herein summarize the specifications for the sensors to be developed, designated as the passive acoustics
Sensor systems:

w Al: Compact, low power multifunctional passive acoustics sensor system, enablipigtfonm
measurement andathareacterizationof underwater noise and several soundscape sources, aimed for platforms
with limited autonomy power supplhand/or communication capability.

w A2: Compact multifunctional passive acoustics sensor system, enablifgmealaveform streaming
for the measurement of underwater noise and several soundscape sources, aimed for platforms with
unlimited power autonomy and/or communication capability.

NeXOSsensors Al and A2 will be capable of measuring and processing underwater noise and bioacoustic
adivity (minimal requirements) and potential additional variables as shall be identified in WP1. Innovation will
result in an unprecedented dynamic range and spectrum for such a compaceftiognt system.

Measurement capability will allow single measorents of: sea noise, vessel traffic noise, noise from human
activities (air guns, etc.), marine biological noise (mammal survey), air transport, and production of oil and gas
(seismics, explosions, dredging, construction, drilling) as determined by ttadlederequirements of the
project. The device will consist of a digital passive acoustic transducer array, and its raw signal wil be pre
processed to the level specified in WP3. The array will be equippedwetion sensors (pan, tilt, compass) to
allow detection and tracking of noise sources. The device will allow integration of acoredggant
oceanographic sensors (sound velocity, temperature, depth) forthes propagation modelling. All signals
(acoustic, positional, oceanographic) will be titgid for transmission and pre and pegtrocessing by the
sensor and user interface (WP4), as specified in WP3. Two prototypes will be developed:
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1) the first, a small, low consumption, transducer stage for mobile platforms, which will include the minimal
requirements (at least one multifunctional hydrophone for noise and bioacoustic sources) and where viable,
passive acoustielevant oceanographic sensors, as identified in WP1.

2) the second, a transducer stage for fixed platforms with enhanced capabikluding arraypased source
localisation and acoustic propagation modelling through integration of parameters such as position,
conductivity, temperature and depth.

4.2  ACOUSTIC SENSAR& A2

4.2.1 General description
Before reading this section, the readé& advised that this document follows a development plan and
therefore for the sake of concisenes®es not includall the reference material, which is the subject of:

Delory, E. (2015p6.1- Passive Acoustics integrated sensor systems developmentNelA@SProject.
The requirements set out for the transducer stage in the above document have been addressed as follows:

Dynamic rangein order to obtain a 50 to 180dB dynamic range, considering the inherent sensitivity of
hydrophone transducers, a cost effint approach is to use two amplifier stages with different gains.

ADCsThe signals will be sampled by two-iis SAR converters controlled by an ARM microcontroller that
performs the mathematical operations.

To avoid aliasing problems after the amplif@ages we have inserted digital filters, controlled by MCU.

The MCU processes the sampled data and transmits the results-2a2Rsgrial port (A1) and via Ethernet
(A2).

Clock Al is equipped with a real time clock useful to tag temporally sampled Hatas also equipped with a
PPS input for the GPS link.

A specificity of A2 is that it is connected to a Master Unit that will manage the synchronisation.

This section deals only with the transducer stage composed of hydrophone, SCU and A/D cdruiégensor
assemblies descriptions will be reported in D6.3.

SCU and A/D converter components will be the same on both A1 and A2 devices.

4.2.2 Hardware description
The transducer stage consists of:

() A highquality hydrophonesensor(also hereafter referredd as thetransducer)
(%) Signal conditioning unit with low power, low noise CMOS preamplifiers, EqualizegliAsiing filters.
() Micropower SAR Analog to Digital Converters 16 bit ADS8867 (2 Ch.)

The following figure shows the logic block diagram of tam$ducer stage:
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) lAntialiasing 16 bit
. (235213 - Equalizer Filter ADC SPI
LTC 1569-6 CH-A
HYD
lOn/off CLK
Gain
Equalizer
Clk out
\Vref
ICLK 2V82
lAntialiasing . 16 bit
Filter Diff ADC
LTC 1569-6| | driver CH-B
Vanalog [3V LDO VDD
4+— —
REGULATOR

Figurel Logic block diagram of the transducer stage.

4.2.2.1 Hydrophone

The transducers thdtave been selected tbe integrated omA1 and A2areof three high-quality andrelatively
low-cost (<<1ke @ommercialtypes: they are different in sensitivity, shape and cdstis allows for covering
high quality requirements(allowing for low-noise measurementin deep sea conditioscostefficiency
(relatively low cost for the specified qualitgnd flexibility depending on the platform to be used and the
application scenaricAll three are rated dow to 1Hz, allowing for seismic signal monitoring if required, while
still measuring until above 20kHz and beyond for certain modmtsl still very compactAll three can be
integratedwith little modification of the circuit componentsjust requiringdifferent moulds for resin casting.
All three transducers will be integrated, tested and validated on sepaN#XOSreplicas (i.e. the full
assemblies to be delivered on M3¥%ye hereby provide the specifications.

4.2.2.2 NeptuneD/70

Thishydrophone is a Neptune Sanmod. D/70 This hydrophondransducerhas very good sensitivity and
EMF shielding characteristics. Itsigitablein a broad range of applicatiored for several platform types in
NeXOsgparticularly orautonomous vehiclegradeddownto 1000m depth.

Sensitivity: My R. NBE >t
Capacitance: 9.3 nF @ 1kHz
Operating depth: down to 1500 m

Frequency response:| 1 Hz to 70 kHz

Electrical insulation: | 500 M ohm

Diameter: 34 mm

Length: 45 mm

Figure2 Hydrophone D/70
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Figure3. D/70 Receive graph Figure4. D/70 beam pattern

4.2.2.3 JSB106C4DP

The JB10GC4DP Acoustic Sensor is a cutting edge, high quality, high performance solution to a wide and
varied range of underwater acoustic measurement applicatioftsis hydrophondnas the additional benefit of
greater depth as compared to the D7ote worthily leadtime for delivery was more than 6 months at the

time we ordered them, producing substantial delays in the integration process.

Sensitivity: -HnAM R. NE >t
Capacitance: 4nF.
Operating depth: down to 3600 m.

Frequency response: 1 Hz to 50 kHz.

Directivity: Omnidirectional +£ 1dB.
Diameter: 24 mm.
Length: 48 mm.

Tablel. JSB10GC4DP Acoustic Specifications.
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JS-B100-C4DP S/No. 5

-160
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-180
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-200 w’\
-210
-220
-230
-240

OIC Receive Voltage Sensitivity
(dB re 1V/uPa)

1 10 100 1000 Figure6 JSB100 hydrophone

Frequency (kHz)

Figure5 JSB100 Receive graph

4.2.2.4 SQ2601

The hydrophone is a Sensor Technology Limited mod. -8Q2&vailable with integral shield in a low noise
configuration.This hydophone has the benefit of a reduced price as compared to the above, and might be
more suitable for installation on mobile systems not meant to be recovered such as ARGO profilers.

Sensitivity: mpodp R. N
Capacitance: 1.4 nF +10%
Operating depth: down to 2000 m

Frequency response: | 1 Hz to 28 kHz

Electrical insulation 500 M ohm
Diameter: 25.4 mm
Length: 25.4 mm Figue 7 SQ26 hydrophone

Table2. SQ26 Acoustic Specifications.

Note: The manufacturer does not provide the receiver and sensitivity graphs.

Using the valugindicated by hydrophone manufactureand the measurements made oaircuit prototypes
we oould predict thefollowing acoustic specificationfer each transducer

Hydrophone | sensitivity frequency equivalent input| max input source
model band noise level
R. NB M™MHz dBre 16 PaSSHz |dB
CHA SQ2601 -143.5 1.37 to 28k +23.5 +143.5
HI GAIN | D/70 -148 1 to 50k +28 +148
JSB100 -151 1 to 50k +31 +151
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CHB SQ2601 -173.5 1.37 to 28k +65 +173.5
LOW D/70 -178 1 to 50k +69.5 -178
GAIN
JSB100 -181 1to 5k +72.5 +181

Table3. Acoustic Specifications estimation using hydrophones specifications provided by the manufacturers.

The values, especially in terms of sensitivity and bandwidth, will need to be confirmed by the measurements in
the tank.

The frequency bandvas calculatedconsidering the i§nal Conditioning Unit (SCU)input impedaice (see
4.2.7.2.2.
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4.2.3 Signal conditioning unit
The SCU, as shavin the picture belowgconsists otwo amplifier stages, gualizer, antialiasing active filters,

differential drivers andxlow noise low dropout powesupplystage.

The equalizer is connected before thedain stage in order to optimize the signal to sea noise ratio at lower
frequency. The amaliasing hipass filters are controlled fronthe MCU in order to change the coff

frequencyas a function othe application.

input Gain Antialiasing
B i Filter Output Hi gain
20 dB Equalizer L TC 1569-6
CLK
Gain
High/Low
On/off
CLK
Antialiasing
Filter .
LTC 1569-6 Output Low gain
Vref
2V82
 Vanalog 3V LDO Ext Vdc
- regulator

Figure8 SCU block diagram
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4.2.3.1 Preamplifier input stage AD8655

Preamplifier quality is critical in order to warrant ehhighsensitivity needed for low ambient noise
measurements. After selecting higlensitivity, cosS T FSOG A @S O02YLI O4 GN)} yaRdzOSNA X
lowest noise, precision CMOS amplifiers (also very low power). The selected types are the Analeg Dev
DigiTrim® technology, also to achieve high dc accuiidey. OPAMPart used is a low noise precision CMOS

amplifier AD8655 from Analog Devic&fie AD8655/AD8656

The AD8655/AD8656 providéow noise (2.7 n\& Hz at 10 kHz), low THD + N (0.0007%), and high precision
performance (25@ V max over VCM) to low voltage applications. The ability to swintpredlil at the input

and output enables designers to buffer anakogdigital converters (ADCs) and other widlynamic range
devices in singlsupply systemsTher high precision performance improves the resolution and dynamic range
in low voltage applications. Audio applications, such as microphonemppms and audio mixing consoles,
benefit from the low noiselow distortion, and high output current capability of the AD8655/AD8656 to reduce
system level noise performance and maintain audio fidelity. The high precision atwhraill input and output

of the AD8655/ AD8656 benefit data acquisition, processratsitand PLL filter applications.

¢tKS !'5ycppk!5ycpc FNB FdzZAfte &aLISOAFASR 20SNJ GKS bnnc/
available in Pree, 8lead MSOP and SOIC packages.

Main Features:

Input noise voltage density: en=n¥// Hz f= 5KHz

Bandwidth: 28 MHz
Supply Current: 3.7 mA at 3V
No Phase Reversal

=A =4 =4 =4

For reference see/ww.analog.conpart number AD8655ARMZ

4.2.3.2 Gain selection
The hydrophone signal is spitted in two different channels with two diffegaits and two simultaneously
SAR 16 bit ADC.

To comply withboth the requested maximum pressure level and sensitivityhef sensoy the selected gains
are:

w CHA Hi Gain: 20 dB or 50 dB

w CHB Low Gain: 20 dB

4.2.3.3 Equalizer
The equalizer circuit ia one pde filter with a cutoff frequency of 3200 Hz. It will be used with high gain (50
dB) to avoid saturation at low frequency caused by rough sea, ship traffic, etc.

At the same time, the equalizer ensures high dynarmngeat high frequency where thambient noise level is
lower.

The equalizer can be turned off bye MCU.
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4.2.3.4 Gain and equalizer configuration
In order to allow maximum flexibility, theircuit was designed to providéour different configurations,
selectable via software:

Config ?ﬁz:::d Gain (CHA) command  |Equalizer (CHA) command
on=hi gain on=active

1 Aand B on off

2 A on off

3 A on on

4 A off (recommendedl on (recommendedl

Table4. Hardware configurations

1 CONFIG. 1

This configuratiormeets all the equirementsof NEXOSvith in addition the seismic applications. It should
always be used when the MCU is ablénémdlehi data throughput.

When the throughput is not sustainableonfigurations 23-4 shouldbe used

1 CONFIG. 2
This configuratioraccepssource leved uptomn o dp R. NB ™M >t | @
It should be used onlyiquiet sea conditions, especially in deep water.

1 CONFIG. 3

Equalizing the low frequencigthis configurationcan also be used witheavyship traffic and bad weather
conditions.

Channel seniivity isfrequencydependent
This configurations recommended to monitothe 100 Hz 50 kHzband
1 CONFIG. 4

This configuratioris recommended for low frequeganonitoring,where theambient ocean noise high.This
configuration ca be used as ssinic hydrophonet low frequency.
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4.2.3.5 Anti-aliasing filters LTC 1568

In order to reduce thdoad on the CPU) especially when high bandwidth is considered unnecessary (low
frequency monitoring)the possibility to modify the sampling frequency via hardwérg means of switched
capacitor filters) has been taken into consideration.

Thechosensolutionis based on th& TC156% model fromLinear Technologyrhe LTC1566 is a 10th order
low-pass filter featuring linear phase and a root raised cosine amplitadponse. The high selectivity of the
LTC156% combined with its linear phase in the pdsand makes it suitable for filtering both in data
communications and data acquisition systems. The filter attenuation is 50dB atfC8TOFF, 60dB atx2
fCUTOFFand in excess of 80dB at)>6fCUTOFF. B&tcuracysensitive applications benefit from the 5mVv
maximum DC offset.

The cutoff frequency can be set with an external clock and the ¢tocktoff frequency ratio is 64:1. The ratio
of the internal sampling ra&t to the filter cutoff frequency is 128:1.

The LTC1566 wasfully tested for a cutoff frequency of 64kHz with a single 3V sufig.LTC1566 features
power saving modes and is available in ar8S€irface mount packageuitable for our compact loywower
requirements

Main features:

]

Root Raised Cosine Response

3mA Supply Current with a Single 3V Supply
Up to 64kHz Cut off on a Single 3V Supply
10th Order, Linear Phase Filter in an&O

DC Accurate, VOS(MAX) = 5mV

Low Power Modes

Differential or Singkended Inputs

80dB CMRR (DC)

82dB Signaio-Noise Ratio, VS =5V
Operates from 3V to +5V Supplies

=A =4 =4 =4 -4 -4 -4 -4 -4

Main characteristicsf interest to our applicatiorare:

1 Supply current: 3mA at 3V
Max cut off: 64 kHz

10" order linear phase filter
S08 footprint

= =4 =4

Using he clock directlhyavailablefrom the MCU allows for greater flexibility in terms of sampling frequency
(e.g. as compared to a lookup tahle)

For reference see/ww.lineartech.compart number LTC1568.
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4.2.3.6 Differential Driver

To differentially drive the ADC convertghe operational amplifierAD8607 from Analog Devices Iveas
selected AD8608 are dual micrepower raitto-rail input and output amplifiers, that feature very low offset
voltage as well as low inpubltage and current noise.

These amplifiers use a patented trimming technique that achieves superior precision without laser trimming.
The parts are fully specified to operate from 1.8 V to 5.0 V single supply or from 0.9 V to +2.5 V dual supply.
The comhaation of low offsets, low noise, very low input bias currents, and low power consumption makes
the AD8607 especially useful in portable and lpapvered instrumentation.

The ability to swing rail to rail at both the input and output enables designersuffebCMOS ADCs, DACs,
ASICs, and other wide output swing devices in low power, sguglply systems.

The AD8607 is available idéad MSOPackages.
Features and Benefits

1 Low Offset Voltage: 40 pV typ.

Low Input Bias Current: 1pA max.
SingleSupply Opration: 1.8 to 5 Volts.
Low Noise: 25 nV/vHz.

Micropower: 50 LJA/Amp max.

No Phase Reversal.

Unity Gain Stable.

=A =4 4 -4 -4 A

For reference see/ww.analog.conpart number AD8607ARMZ .

4.2.3.7 SCU power supply circuit

The LP5907 from Texasstruments is a linear regulator capable of supplying-@#0output current. Designed

to meet the requirements of RF and analog circuits, the LP5907 device provides low noisegweghSupply
Rejection Ratiplow quiescent current, and low line or loadnsient response figures. Using new innovative
design techniques, the LP5907 offers cliessling noise performance without a noise bypass capacitor and the
ability for remote output capacitor placement.

Another benefit of he LP5907s that itcan be pavered down by the MC(power saving mode)A low voltage
on the specifigin turns the regulator off and discharges the output pin to GND through an internal\23Q-Jdzf
down, the quiescent current in disable condition is 0,2 uA.

The voltage input in the 19807 is 5 Volts and it regulatéhe voltage to the SCU at 3,3 Volts.

For reference see datasheet form Texas Instrumentsv.ti.compart number LP5907MFX.3 .
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4.2.4  Micro power SAR ADC

The ADS8867 is a -b#t, 100kSPS, truglifferential input, analogo-digital converter (ADC). The device
operates with a 2.8/ to 5V external reference, offering a wide selection of signal ranges without additional
input signal scaling. The reference voltage setting is independent of, andkcaadk the analog supply voltage
(AVDD).

The device offers an S&mpatible serial interface that also supports dai$yain operationfor cascading
multiple devices.

Main Features

1 Sample Rate: 100 kHz

1 No Latency Output

1 Unipolar, TrueDifferential Input Rnge:(VREF to +VREF

1 Wide CommorMode Voltage Range: 0 V to VREF wittdBOCMRR (min)

For reference see datashekitp://www.ti.com/lit/gpn/ads8867

4.2.4.1 Sampling frequency configuration
Sampling frequency (BFRwith a maximum ofLOOKsps is controlled bythe MCU timer.SF may be reduced
from the MCU, selecting a desd timing by changing theimer clock divisor regist€éalue

4.2.5 Main power supply
The main power circuit is composefila DEDC converter modélraco Power TSRN2#50, it has a Vin from
4.6 to 42Vdc VoubV and can supply a cuneof 1 Ampere, the 5V output powsrthe digital circuit and
analog section circuit SCU.

The new TSRM series steglown switching regulatorsvas chosen as drop-in repacement forthe less
efficient 78xx linear regulatorased in a first version of the desigh high efficiency up to 95 % allows full load
operation up to +70°C (+85°C with derating) ambient temperature without the need of anysiméadr forced
air cooing ¢ fit for our moulded compact design

The TSRN switching regulators provide other significant features over linear regulators, i.e. better output
accuracy (2 %), lower standby current of ~2 mA and no requirement of external capacitors. Theyahte suit
for positive or negative output circuits. The high efficiency and low standby power consumption make these
regulators an ideal solution faur energy sensitive application.

For reference see/ww.tracopower.can part number TSRN-2450.
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4.2.6 PCHBlesign

Once defined the optimal dimensions of the final product, in collaboration with several platform providers
(e.g. complying with the NKE Provor float eleatnechanical constraints)he Printed Circuit BoardACB
manufacturing consigtd in the following task:

1 Drawing ofthe electrical circuit

ez

T S T SR
e e Y P T T = L 0

4 4al
EREEEEEE

Figure9. Schematic diagram example

1 Selection of the integratkcircuit and passive components on the market that will be used and
association of eeh componentto the schematic symbols

1 Emission of the bill of materials

1 Drawing and identification of the footprint of each components

Ux
1 8-S0OICY| 8
2 U* 7

Figure10 component PCiotprint

1 Routing the PCBonsidering the mechanical constrajns

1 Producing the physical PCBge result of which is displayed in the following final schematics and
photos, with all componentsounted
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Figurel1 PCB Routing
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Figurel2 Resulting final PCB

SFAN 198 @@8 Hz RANCE: -51 dBU STATUS: PAUSED SPAN 190 ©OB Hz RANGE: -1 dBU STATUS: PAUSED
AMATH SORTQM2AZ / MIr2Y RMS:28 fMATH SORTQMRAZ / MIn2) RnSiz0
£ 50
By aBaw

18
a8
P

] START: @ Hz Bu: 258 Hz STOP: 180 GE@ Hz
START: @ Hz BH: 250 Hz STOP: 199 @80 Hz X 5008 Hz vi 4977 B
® 3000 Hz v 13.89 dBW)

Figurel3. SCU analog outputLow Gainfc= 3.2MHz Figurel4. SCU analog outputHi Gainfc = 3.2MHz
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SPAN 180 888 Hz RANGE: —15 dBU STATUS: PAUSED
AMATH SORT(MZAZ / MIA2Y RHMSI3@

L
dBCUY

18
dB
ZDIV

-58

START: @ Hz BW: 258 Hz S5TOP: 188 ©B@ Hz
¥ 5888 Hz ¥ 18.85 dB(UY

Figurel5. SCU analog outputLow Gainfc = 1.6MHz
4.2.7 Laboratory Test

4.2.7.1 Passive Comptents value and tolerance consideration

Passive components likesistors have a toleranagf about 1% and not all numeric valuage availablehence
the signal conditioning stagevhich builds on acombination ofpassive components anaktive 1@, will not
result exactlyin the expected valuesthus the only way toproduce the actualvalues is to measureand
calibrate the final product This said, ie expected error is usually +/1 dB and therefore negligible when
referring to acoustic hydrophone toleraes. The result of the acoustic calibration mtistn be taken into
account in thearithmetic operations carried out bthe firmware.

4.2.7.2 Frequency Range

4.2.7.2.1 Upper limit

TheNeXO%$assive acoustic scenario requirement in term&obdustic bandwidths afrequencg/ range oflHz
to 40 KHZNeXODeliverable 6.1)Considering that the $ected ADC can run up to 100 kefzd the anti
aliasing filter has maximum cubff frequencyof 64 kHz, the uppeacousticfrequency maybe as high as 50
kHz Any frequency range male selected fromthe microcontroller changing the frequency clock dfe

aaaaa

-sa
START: @ Hz

Antialiasing filter (fc) see * =™
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sPAN 100 Ge@ Hz RANGE: —1 dBU STATUS: PAUSED
amaTH SORT(MZAZ / MIND) Rrsiz0

50
aBaw

18
a8
o

20
START: @ Hz B 258 Hz STOP: 180 G@@ Hz

Flgur913, X 5000 Hz vi 4877 B

Figurel4 andFigurelb.

4.2.7.2.2 Frequency lower limit
The lowest frequency range obtainable using a 50 Ohm signal generator is 0,8h¢tzthe hydrophone is
not a theoretical generator the final lowest frequency will depend from hydrophone capacitance.
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The following figre is the equivalent circuit schematic of the hydrophone and input stage
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o

o
\”“/

Hydrophone Pre-amplifier

Figurel6 Equivalent circuit schematic of the hydrophone and input stage

Where he h-pass cutoffis:fipl M K H~/ K OWLKKWAYD

Applying the formula t&Q26 and D/70, for which the values &bty or partlyavailable
SQ26

1 Ch=1.4 nF, Rin =100 M ohm, Rp =500 M ohm
o Fecutoff (h.p.) = 1.37 Hz

D/70:

1 Ch=9.3 nF, Rin =100 M ohm, Rp = unknown (we suppose near 500 M ohm)
o Fcutoff(h.p.)<=1Hz

The exact aluemainlydepends on the tolerance and stability the hydrophone capacitance

4.2.7.3 Equalizer

The equalizer circuitwhich ensures high dynamic range at high frequency (preventing typical saturation at
high gain)jsaone pole filter with a cubff frequeng of 3200 Hz. It will be used with high gain (50 dB) to avoid
saturation at low frequency caused by rough sea, ship traffic, etc.

SPAN 18 888 Hz RANGE: 1 dBY STATUS: PAUSED
AMATH SART(MZ2A2 ~ MI~2)Y RHMS:38

68
dBdU)

18
dB
DIV

—-28
START: B Hz BH: 25 Hz STOP: 18 @88 Hz
¥ 3288 Hz ¥ 46,64 dB(W

Figurel7 Equalizer frequency response
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4.2.7.4 Equivalent input noise
The following figure shows the neislensity output othe SCUwith V(noise) out = 120 dB re 1\& Hz

Considering a total gain of the chain of 50 dB, to dateuhe input noise density weeed to subtract this gain
value.

V(noise)in-120-50=-170dB re 1V/§ Hz

CENTER 25 888 Hr RANGE: -47 dBU STATUS: PAUSED
AMATH SORT(MAG~Z2 ~ BH) RMS5:38

—-78
dB(UY

18
[ ]
SOIV

—158
START: @ H=z BW: 187.5 H=z STOP: S8 @88 Hz
X 28888 Hz ¥i-128.57 dB(Y>

Figurel8 Noise density output of SCU

Becausehe noisedensity of the chosenCMOS OPAMB BnVrms/MP ie chosen of SCUreHhg/input noise

density depends only on the noise thie input stage. The noise densitywisched capacitor filter +ADC being
128.5 dB re 1V/ i also significantly lower than V(noise) oulZ0dB re 1V/gnifi Therefore the gain value
choice of 50 dB proved to lmorrect

4.2.7.5 Maximum input voltage level and dynamic
The full scale athe 16 bit ADC is set to 1Vrms (2,82edkpeak), therefore the maximum input voltage level
of the SCUs:

CH bit | Fullscale (Vrms) Gain (dB) Max input (mVrms)
CHB LOW GAIN 16 1 20 100
CHA HI GAIN 16 1 50 3,2

Table5. Maximum Input Voltage to ADC

The SNR of the ADC is: 96 dB with (THB:dB)
The use of two channels with 30 dB of gain differealb®ws to have a total SNR of 126 dB.
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4.2.8 Acoustic resolution
Considering the 16 bit A/D converter with a dynamic range of 96 dB, the acoustic resolution depends on the
chosen hydrophone, ashown in the followindables

SQ26
Gain | Channel Sensitivity MIN input source leve| Max input source leve
least significant bit Full scale
dB |dBrelv/>t | R. NB ™M >t
CHB Low Gail 20 -173.5 77.5 173.5
CHA Hi Gain | 50 -143.5 475 143.5
D/70
Gain| Channel Sensitivity MIN input source leve| Max input source leve
least significanbit Full scale
dB |[dBrelv/>t | R. N6 ™M >t
CHB Low Gail 20 -178 82 178
CHA Hi Gain | 50 -148 52 148
JSB100
Gain | Channel Sensitivity MIN input source leve| Max input source leve
least significant bit Full scale
dB | dBrelv/>t | R. NB ™M >t
CHB Low Gail 20 -181 85 181
CHA Hi Gain | 50 -151 55 151

Table6. Acoustiadynamic rangechieved depending on the chodeydrophondransducer

The gain and sensitivity is referred to 1 Vrms (2.82 Vppkimum input level of the ADChe above figures
show that theestimateddynamic ranges argenerally compliantvith the stringentrequirements set out in
the NeXO%®assive acoustics scenario (e.g. ESONET label requirements).
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5 TASK6.3. ALGORITHMBEVELOMENT

This section reports othe work carried outin task 6.30f NeXO3roject Work Package 6. Leader of this task is
partner number 12, CTNChe work complements Task 6.2, reported in the above.

5.1 INTRODUCTION

This section reports othe work carried outdr the development of the signal processing algorithms in order
to provide the capabilities required to cover the MSFD Descriptor 1 Rescriptor 11for the NeXOS
multifunctional systems.

As it is mentioned in the task 6.3 description of work describetthénAnnex ka5 SAONA LIGA2Y 2F 62N
Grant Agreement no: 6141020, the monitoring algorithms should include tracking, measuring and classifying
features relevant to MSFD descriptor 11 (Energy/Underwater Noise) and descriptor 1 (Biodiversity).

Accordig to MSFD, the definitions of each descriptoe:

9 Descriptor 1. Biological diversity is maintained. The quality and occurrence of habitats and the
distribution and abundance of species are in line with prevailing physiographic, geographic and
climatic canditions (segComission, 2009)

f 5SaONALII2NI mmMmd GLYGNRRdzOGA2Y 2F SySNHeé&>X AyOf dzZRAyY 3
FFFSOG GKS YINARYS SyYy@ANRYYSyi(éo

According toDekeling R. T., 2014, &escriptor 11 is divided into two differentditators:

1 11.1. Distribution in time and place of loud, low and mid frequency impulsive sounds.

o 11.1.1.- Proportion of days and their distribution within a calendar year over areas of a
determined surface as well as their spatial distribution, in whiclhpogenic sound
sources exceed levels that are likely to entdagn#icant impact on marine mamals
measured as Sound Exposure Level (in dB re?lg)Par as peak sound pressure level (in dB
re 1uPgeay at one metre, measured over the frequency barid® Hz to 10 KHz.

I 11.2. Continuous low frequency sound

0 Indicator 11.2.1: Trends in the ambient noise level within 1/3 octave bands 63 and 125 Hz.
(centre frequency) (re 1pPa RMS; average noise level in these octave bands for a year)
measured by observain stations and/or with the use of models if appropriate.

Regarding signal processing related to Descriptor 1, CTN has developed two different algorithms (Click
Detector and Whistle Detector). Both of them are based on the egmmrce software PAMGuardhis
decision was taken in after a deep study on possible reference passive acoustic monitoring softwares and is
justified in(Delory, 2015)

Regarding Descriptor 11CTN has developed three different algorithmBiese algorithms have been
developedentirely for the NeXO$roject. MSFD requirements regarding Indicator 11.2.1 have been taken into
account. These requirements have been extracted fi@ekeling R. T., 2014 ahd (Dekeling R. T., 2014 b)
and will be explained in theubsections related to eachlgorithm.

' RRAGAZ2YLIfteés /¢b KFra RS@OSE2LISR Iy Ft3a2NAGKY OFff SR
to design an IIR filter low/band/high pass filter and the duty cycle for data computatiom{SRd. percentile
levels).
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Note that the document reports on current achievement and will bpdated as other algorithms artilly
implemented.

Algorithms still under developmetatre:

1 Low frequency Tonal soundBl@nned delivery datel5/06/2016)
91 Localization and tracking algorithnilgnneddelivery date).

5.2 METHODOLOGY

As mentioned before, iDelory, 2015}t was decided to base signal processing algorithms on an-sperce
software. Tle chosensoftwareis PAMGuard, a wekknown passive acoustic software used by marine biologists
and scietists all around the worldThe challenge then consisted in the possibility to port such software into a
power and CPU limited embedded system.

Severalaspectsshould be kept in mind:

1. NeXOSequirements in terms of signal processing algorithms are:
1.1.To coer MSFD Descriptor 1. Biological diversity.
1.2.To cover MSFD Descriptor 11. Introduction of energy, including underwater noise sources, is at
levels that do not adversely affect the marine environment
2. MSFD provides information about requirements for the slgpeocessing algorithms for noise
monitoring for Indicator 11.2.1 (from descriptor 11) (Dekeling R. T., 2014 ahd (Dekeling R. T.,
2014 b)
3. PAMGuard is an opesource software which is developed in JaMaXOSlatforms will be based on
an ARM CorteM4 microcontroller.

Taking into account what has been mentioned before, CTN had to:

1. Assess whether PAMGuard algorithomild covetMSFD requirementsnake changes if appropriate.

2. Assess whether PAMGuard algorithms wpoetableto a microcontroller platfom and make changes
if appropriate for them to be suitable for an ARM cortex-Mdsed platform.

3. Develop new algorithms from scratch if needed.

The first action consisteith studying which algorithms were fulfilling MSFD requirementgen availableTSG

Noisein (Dekeling R. T., 2014 and (Dekeling R. T., 2014 fives recommendationsn signal processing and

YSI adzNBYSy i LINR G2 O2¢ F2N) AYRAOFG2N) MMOHDOM &/ 2YGAY
recommendations are considered for the developmenthaf indicator 11.2.1.

Regarding the algorithm porting to an ARM Cortex M4, PAMGuard is ddsed software. Java is a high level
programming languageomposedof a large number olibraries. These libraries kabuilt-in functions that are

not thought towork on a microcontroller but in aonventional microprocessdrasedcomputer, therefore a

deep study of each algorithm had to lperformed prior to the coding stage in order to identify buift
functions which are not implemented in the scientific libes provided by ARM CMSIS and evaluate the
feasibility of its coding in C for Cortex M4 as well as the computation load that would mean for the algorithm.
Some algorithm featureswere identified asiot appropriate for their implementation on a microcontter.

LGQa ¢2NIK (2 YSyidAaAzy GKIFIG Ay | FANRG adl aIexosit {Ay3
fixed point arithmetic was chosen to start coding in C. However, this increased the complexity of the algorithm

as well as the time neededrfohe coding, therefore, since ARM Cortex M4 microprocessor has a floating point

unit (FPU), a comparison in time computation needed for a basic signal processing téibe(ihg) and one

algorithm (Click Detectdrusing fixed point arithmetic (Q1.18hd floating point arithmetic (Float) was carried

out. Results obtained can be seen in sectol 1
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Once minimum algorithm features are chosen to be ported / coded into C for ARM Cortex M4, a first version of
the algorithm isdeveloged in Matlab. This is done for mathematical and functional checking and validation.
Once theMatlab version is done, the algorithm is ported to C using as much as possible functions already
implemented and preided by ARM CMSIS DSP Lib{@&iMSI1S2016)

Once the algorithm is implemented in C,ié validated by comparison withthe Matlab algorithm and
PAMGuard software when appropriate. Computation load is measured by measuring the number of cycles
needed for the algorithm to process a chunk ofala

Together with the code, Bitlab scripts necessary in order to generate certain needed C header files are also
delivered to the user. These header files control certain characteristics of each algorithm (seeqpkenty,
filters, duty cyclesetc.) thus they are totally necessary for the algorithms to work properly and to be
configurable by the user. These scripts are dgendly and the user does not need any previous knowledge in

C coding but just to have Matlab installed on@nputerin order to generate the header files.

Documentation of the code in C is also generated using Doxggeopen source software that can be used in
order to generate odine documentation and latex manual which can be compiled to obtain a hyperlinked PDF
(very comfortalte for the user).

NAST R20dzySyida FT2NJ dzaSNRa 3I22R LINF OiAOSa INB | faz
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5.2.1 Fixed Point Arithmetic VS Floating Point Arithmetic

[Algorithm: | cLick bETECTdR
[Block size (: | 2048

FLOAT FIXED POINT ARITHMETIC

D203 KNSA10ED oo flor 16233401 2015

Matlab ARM CORTEX M. Execution time (ms) Matlab ARM CORTEX M: Execution time (ms;
[Click Position 270 269 352 [Position 270 269 a7
‘Click Value 0,90909 0,90909 "’ [Value 0,90909 0,90909 !

Figurel9. Computational load between Euk point arithmetic and floating point arithmetic. Click Detector

algorithm.
[Algorithm: | INDICATOR 11.2.%
\B\ock Size ( | 512
FLOAT FIXED POINT ARITHMETIC
Matlab ARM CORTEX M4 Accuracy (Y)Execution time (ms Matlab ARM CORTEX M4 Accuracy (Y)Execution time (ms
[rms 63 Hz 0,1041 0,1034 99,32756961 0326 [ms 63 Hz 0,1041 0,0986 94,7166186 0506
[rms 125 Hz 0,20310 0,20240 99,655342: ’ |rms 125 Hz 0,20310 0,19750 97,2427375 ’

Figure20. Computational load between Fixed point arithmetic and floating point arithmetic. Indicator 11.2.1
algorithm (512 senples)

[Algorithm: [ Indicator 11.2.1 |
[Block Size (Samples): | 1024 |

FLOAT FIXED POINT ARITHMETIC

Matlab ARM CORTEX M4 Accuracy (%9)Execution time (ms; Matlab ARM CORTEX M4 Accuracy (%gExecution time (ms;
‘rms 63 Hz 0,1051 0,1048 99,7145575! 0.644 Irms 63 Hz 0,1051 0,0986 93,8154138! 1
Irrns 125 Hz 0,20410 0,20370 99,8040176: ’ Irms 125 Hz 0,20410 0,20240 99,1670749

Figure21l. Computational load between Fixed point arithmetic and floating point arithmetic. Indicator 11.2.1
algorithm (1024 samples)
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\Algorilhm: | Indicator 11.2.1 |
[Block Size (: | 2048 |

FLOAT FIXED POINT ARITHMETIC

Matlab /ARM CORTEX M4 Accuracy (Y)Execution time (ms Matlab ARM CORTEX M4 Accuracy (Y)Execution time (ms
[rms 63 Hz 0,1056 0,1054 99,8106060| 128 [rms 63 Hz 0,1056 0,0986 933712121
[rms 125 Hz 0,20460 0,20440 99,9022482 ’ |rms 125 Hz 0,20460 0,20240 98,9247311

1,99

Figure22. Computational load between Fixed point arithmetic and floating point arithmetic. Indicator 11.2.1
algorithm (2048 samples)

5.3 ALGORITHMS
5.3.1 Acoustic Sensors Al & A2
5.3.1.1 MSFD Indicator 11.2.1.

5.3.1.1.1 Introduction
The aim of the preserdectionis to introduce the solutin for fulfilling with indicator 11.2.1. describéd (Aj,
Ma., & André M, 20123s follaws:

Indicator 11.2.1trends in the ambient noise level within 1/3 octave bands 63 and 125 Hz (centre frequency)
(re 1 |Pa RMS; average noise level in these octave banwtr a year) measured by observation stations and/or
with the use of models if appropriate (11.2.1).

It is worth to mention that the Technical Subgroup on Noise (TSG) has defined some terms used in the
indicator 11.2.1 in order to help its understanding:

Trends the Oxford5 A OG A 2 y I NB R S §enegfad directioi MBwWii¢hésometling ¥ @eveloping or
changing ® C2f f 2 ¢ A yelers foldagoyead(dr MERyghREanges in ambient noise levels.

Average noise levelTSG Noise realized that§8h G SNY Wl @SN 3S y2irasS tS@StQ Aa
different methods to establish a value for an average that are all correct, but lead to different values. TSG
b2AaS RSTAYySa WI@GSNIIAS y2AaS t SOSt Qhigdefinitioh @SNSt®S 2 F (O F
changes or differences in the duration of individual time samples.

Use of models Measurements are considered essential to ground truth models. The use of models
strengthers analyses by, for instance, addressing bias introdunethe variability of the environment, and to
extend the results of monitoring to poorly or uncovered areas.

Based on these three points TSG Noise recommends the following interpretation of indicator 11.2.1:

Trends in the annual average of the squared sbpnessure associated with ambient noise in each of two
third octave bands, one centred at 63 Hz and the other centred at 125 Hz, expressed as a level in decibels, in
units of dB re 1 pPa, either measured directly at observation stations, or inferred dronodel used to
interpolate between or extrapolate from measurements at observation stations.

In order to fulfill with requirements described ofAj, Ma., & André M, 2012NeXOSis developing an
algorithm for its implementation in platforms Al and A2. B of the present document is to describe how
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NeXO%ddresses with the requirements of the MSFD in terms of audio pre and rostessing as well as how
the MSFD indicator 11.2.1 is extracted and stored.

5.3.1.1.2 Methodology

NeXOSas decided to base their algrms on an opersource software called PAMGuard. PAMGuard offers
numerous different algorithms related to passive underwater acoustic monitokHuagveverPAMGuard does
not offer a specific algorithm to cover the indicator 11.ZI'houghif we take into acount the definition of the
indicator 11.2.1, we can take advantage of some of the modules already implemented in PAMGuard.

5.3.1.1.2.1 Study of reference algorithm

In the following figure achemefor MSFD indicator 11.2.1. algorithm is shown:

Meta

data ‘

LLLLE DR DL LR LR LD L]

63 Hz Filter _l

Acoustic RMS
Diata

SPL  bp StoOrage

L

EmEEEEE --1-----

125 Hz Filter

P NN S SN NI NS I NS S NN N NSNS SN NN EEEE

Figure23. Indicator 11.2.1 Flow scheme

According toFigure23 two filters are needed to fulfill with indicator 11.2.1. PAMGuard includes a module
called Noise Band Monitoring. This algorithm is able to filter out an inputisitodata and extract some
different parameters from it.

In (Dekeling R. T., 2014,yeveral recommendations in order to fulfill with indicator 11.2.1 are described.
These recommendations aim to establish a base for type and format standardization.

Relevant recommendations fathe 11.2.1 algorithm development are:

- The parameter more suitable for indicator 11.2.1 is the SPLrms which is defiG&dl in

- The average used in order to express the noise trend is the arithmetic nagen) (

- There is not any specific recommendation regarding snhapshot time duration, although it is
recommended to leave this parameter as optional depending on the requirements of the mission,
taking into account that the measurement should be large enoligii ( £ S+ aid cn aSO02yR&a&ULV O
mention that this duration should be constant for all the measurements when AM is applied.

- Filters are recommended to be generated following IEC 61260 (1995) norm¢ Baisesystems and
class O filters are preferred.

53.1.1.2.1.1 Stucture

The functionality of the present algorithm is based on different modaesugh which the input signal is
processedn order to obtain the desired Output.

Considering that the measures should be large enough (at least 60 seconds), and takaugaotat that block
size to process by the algorithm is limited (typically 1024/2048 samples), before offerings@sahh SPL
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value, the algorithm must process a certain number of blocks, which will be given according to the sampling
frequency rate (fsand thechosenduty cycle.

Then the complete block diagraimasdescribed irFigure24:

Acoustic

Meta data

63 Hz Filter 125Hz Filter

L |

RMS

No

¢Time=Duty Cycle
(¢k=nBLOCKS

Yes
Total RMS
\ \
Total SPL Percentile
Levels
Storage -

Figure24. Indicator 11.2.Tomplete flow scheme

The functionality of the modules dfie algorithm is:

1. Acoustic Data It represents theacquisition and signal conditioning stagehis module is in charge of
the signal conditioning for it to be properly guided to the filtering stage. It is wortthémtion that
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this module is oubf the sope of the present document, since this task is carried out in another task.
However it should be mentioned that, this stage should deliver the acoustic data in digital form, more
concretely in floating point arithmetic.

2. Filtering Stage 63 and 125 Hz:\Wo digital filters are applied to the input signal. These two filters are
third-octave band filters which fulfill with Baggen systems and class O filters according to IEC 61260
(1995) norm.

3. RMS stagelt consists of the computation of the RMS valukatige toa one block of data inpuhis
value will be used later for the computation of the gRlalue.

4. SPLSound Pressure Level is a logarithmic measure of the RMS sound pressure of a sound relative to a
reference value, the threshold of hearing. it measured in decibels (dB)ferenced to 1uPa in
underwater applications

5. Comparison stage: Until the time of computation equtile duty cycle chosen by the user, the
algorithm will continue computing input blocks.

6. Total RMS: It consists of the comptiten of the RMS value relative to a period of time defined by the
user. This value will be used later for the computation oftthtal SPkns value.

7. Total SPLIt is the SPLrms value corresponding with a period of time defined by the lusan be
compued as stated if{6).

8. Percentile Levels: They are very useful parameters in order to obtain knowledge about maximum
levels and background noise discarding spontaneous and unusual SPL levels

5.3.1.1.2.1.2 Identification of basic modules (mimum algorithm features) and functionality
IntheRtf 26Ay3 GKS o0FaAixd Y2RdzZ S&a 2F (GKS | f3I2NRGKY | NB
each module, the solution chosen for it to be coded and implemented in the platform will be darifie

5.3.1.1.2.1.2.1 Acoustic Data

This module was covered in the former secfibgeport on task 6.2transducer stage signal conditioning unit
(4.2.3). However,there are several parameters from this stage that should be taken into accoumtier to
ensure a good functioning of tHellowing modules. These considerations are:

1. The samphgfrequency of the signal should be thfatr whichthe filters are designed for.

2. Channel gains (hydrophone sensitivityamplifier) should be known in ordefor the SPL to be
computed properly.

3. Transfer function and reference voltage of the ADC should be known for the SPL to be computed
properly.

4. Numberarithmetic should be set to floatingoint arithmetic from Q1.15 format.

5.3.1.1.2.1.2.2 Filtering Stage

5.3.1.1.2.1.2.2.1 Introduction
Thereare numerous filter types in terms of digital filtering implementation, however in the present document
we will focus on two different ways for acoustic filtering.

5.3.1.1.2.1.2.2.2 1IR and FIR filters
Although, Infinite Impulse Response (IIR) and FIR (Finite Impulse Beppme different in terms of
computation and characteristics, conceptually IR and FIR filters are based on the calculation of some
coefficients that are able to modify the input signal according to some specifications.

Main difference betweemoth is tha coefficients of IIR filters weight input signal samples and previous output
signals in order to obtain the output. This is the reason for them to be cRilirsive Filteras well. FIR filter
coefficients weight just input signal samples and thereddeedback in the computation from the output to
obtain the new output.
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FIR Filter IR Filter

x(n) hy(n) Yy xm) o h(n) ()

X(z) B(z) | Y(z) X(z) B(z) Y(z)

Figure25. Block Diagram differences between FIR and IIR filters implementation. Notice the feedback loop from
output (y(n) ) to input ( x(n) ) in lIRdiltblock diagram. Picture extracted frqiMikroElektronika D.0.0O.)

5.3.1.1.2.1.2.2.3 Comparison between IIR and FIR filters.
When it comes to implementation, IIR and FIR filters implementation are quite diffdvenauseeach
presens some advantages and disadvantagéth respect to the other. These differences are summarized in
Table7.

Characteristics FIR filterind IR filter
Q Vs order V
Computational Efficiencly V
Numerical stability V
Linear phase V

Table7. Main differences between FIR and IIR filters

According toTable7 and consideing linear phase is not required for the purpose of indicator 11.2.1 algorithm
and that computational efficiency is a key factoMNeBXOA1 platformthe first approach is based on IIR filter
structures.

As mentioned in{Delory, 2015)Cortex M4 ARM micmrocessothas been choseas main controlling interface
processor for thdNeXO%®roject. Thereforethe ARM CMSIS DSP library has been used for the implementation
of the filterson the LPC 4337 boardA first approach has been developed usitige commercia technical
computingsoftware Matlab. This approach will be used as a reference in order to be able to compare filter
performance orthe LPC 4337 board.

5.3.1.1.2.1.2.2.4 Filter Bank Generation.
Thirdoctave bands are generated followitige IEC 61260 (1995) normith Clas O filters. The octave ratio
has been calculatedroa baseg ten system.

Exact mid band frequencynff nominal midband frequency @) bandedge frequencies {fand %) for each
third-octave band filter are specified rable8.
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fc(Hz) f1(H2) fm (H2) f2(H2)
63 56,2341325 63,0957345 70,7945784
125 112,201844 125,89254] 141,253754

Table8. Relevant frequencies for thiattave band filters generation.

Thirdoctave bands are generated indtlab using IIR butterworth filter structures. Order of the filters depend
on the requirementof IEC 61260 (1995) norm and the sample frequency of the input signal.

In order to test and validate filtering algorithms provided by ARM CMSIS DSP library, 4 different filters are
generated using ARM CMSIS DSP library.

In order to obtain the impulse sponse of the generated filters, an impulse sighal() is generated in
Matlab, then a .WAV file is generated in order to load the signal into the Labview bestch application
developed by UPC and being able to run the filter on LPC 4337 boagdmiise signals is defined as:

e T
plE p )
Transfer fundbn of the filter generated in Mtlab is obtained by application of the Fourier Transform of the
impulse response, then it is compared with IEC 61260 8equirements Figure26 and Figure27) and with
the transfer function of their respective filters generated using ARM CMSIS DSP HigangZ8 and Figure
29).

1 &

Since sample frequencies available on Al are not exactly known yet, two sample frequencies have been tested
on the board LPC 4337. Trable9 filter parameters (centred frequencyFc, sample frequency Fs) useddr
comparison are depicted.

Fc (Hz) Fs (Hz) |Minimum Ordei
63 500 3
63 1000 3
125 500 4
125 1000 3

Table9. Filter Parameters used in the comparison between filtering performance in Matlab and on LPC 4337
board.
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———IEC class 0 - min attenuation
IEC class 0 - max attenuation

20k

Gain [dB]

Y S

s

Frequency [Hz]

Figure26. Frequency response of tihioctave band filters centered at 63 and 125 Hz Vs ibatdve band class
0 IEC 61260 ( 1995 ) requirements. Sample Frequency (Fs) = 500 Hz. Matlab performance.

One-third-octave filter: Fc =63 & 125 Hz, Fs = 1000 Hz

ol 8

Filter
———IEC class 0 - min attenuation
IEC class 0 - max

20}

)| M

Gain [dB]

40

50

Fo

gl i i

Frequency [Hz]

Figure27. Frequency response of thiodtave band filters centereat 63 and 125 Hz Vs thiattave band class
0 IEC 61260 ( 1995 ) requirements. Sample Frequency (Fs) = 1000 Hz. Matlab Performance.

Biguad coefficients have been computed from those calculated for biquad filierst form | computed using
Matlab. Thesecoefficients are used as anput for biquad filter function implemented in ARM CMSIS DSP
library,arm_biquad_cascade dfl_q15

It should be mentioned thathe ARM CMSIS DSP library presents several versions of this function depending
on the type of numeical format of inputg output formats and computatioal speed.In this regard, according
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to (ARM., 2014)the fast version uses a 2fit accumulator whereas the slow version uses ebidaccumulator
in order to avoid wrap around distortion.

Filtering perbrmance of biquad filters with same parameters as describedTéble 8 and Table 9 ,
computation time test has been carried out in order to checkNeXO\1 platform requirements.

As can be seen ifrigure 28 and Figure 29, differences between the frequency behavior of the filters
implemented using Q15 ARM CMSIS DSP Biquad Cascade filter function are noticeable when values in
amplitude are close to40 dB. The frequency behavior seen in these figures, is computed according to
equation(2).

OHOQEC TR GOIO00andIRIQNEET Q (2)

This difference is larger for the filters calculated for a sample frequency of 1000 Hz than those computed for a
500 Hz sample frequency.

No difference betveen the two versions of the biquad cascade filtering function (Slow and fast versions) is
observed in terms of impulse response atndnsfer function. However asan be seen iTable10, time for
filtering performance of the slowersion is approximatelywice the timeof the fast version.

0.08
—_— : : : Lol Frequency responss of Matiab Fitter -
—— Bl An y - Siow Verslan ot L H . : 83 Hz - IEC 61280 (1985) class 0
—5— Impulsa respanas of Biquad fiksr -\n ARM CMSIS DSP Ebeary - Fast Veraion : : : : Froquency response of Biquad fiter -
0.08F N ~ o : : : : 9 g3 Hz- ARM GMSIS DSP Ibrary - Siow Version
1ol : i R o e e Care ey Fast Vorson
oot : : ‘ ‘ 1 R & T
[P ) OO TR RN Y TEIE TR TR YT PPN N
0.021- 1 : F
A 2 a0 Y |
2 01 R % : N &
7Y OO EORUUTURSIN
002 . E 1 : :
-0.04 | 50
0,06 [ 4 80f
008 ; ; ; : 70 : o R
0 50 100 150 200 250 16
Samples Frequency (Hz)
0.15 T
e iMpUlse response of Matlab Fliter - 126 Hz - IEC 61260 (1896) class 0 Matiab - N N .
—— Big - Slow Versian O = e ooy feiiei g v PR S
—— Biquad fiklor - ARM CMSIS DSP brary Frequency of Biquad fifer - i : : :
01}f : B e 126Hz - ARM CMSIS DSP lbrary - Slow Version
response of fitter -
q0H Tgmcussbgglﬁn::-’Fmvm
oosl- M. e Fred
: : 20
° o P
k| S0
a : : £
E : : 3
005 - e e
: H 40
oA b s Freee sl
015 [ : : : : 1 el
02 ; ; ; ; 70 : : P I
0 50 100 150 200 250 10' 10?
Samples Frequency (Hz)

Figure28. Impulse and Frequency response of toictave band filters centered at 63 and 125 Hz. Matlab
filters plotted in blue and Biquad filters using biquad casdagtect Form | filtering (slow version = green line;
fast version = green line). Fs = 500 Hz. The green line is overlapped by the magenta coloured one. Length of
input signal is 1024 samples.
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Figure29. Impulse and Frequency passe of thirdoctave band filters centered at 63 and 125 Hz. Matlab
filters plotted in blue and Biquad filters using biquad cascade Direct Form | filtering (slow version = green line;

L
200

250

1
Frequency (Hz)

fast version = green line) from ARM CMSIS DSP library. Fs = 1008 gteefhine is overlapped by the
magenta coloured one. Length of input signal is 1024 samples.

Difference between Matlab Biquad Filter and ARM CMSIS Biquad Filters (slow and fast versions) is larger for

the filters calculated for a sample frequency of 0@8z than for a 500 Hz sample frequency.

No difference between the two versions of the biquad cascade filtering function (slow and fast versions) is

observed in terms of impulse response and its transfer function.

Computation time and number of cycles dsor filtering performance have been tested and results can be

seen inTablelO.

Computation time only takes into account the filtering of the signal, and it has been measured using a
reference signal from an oput port of the IPC 4337 board that is turned on when the processing is being

executed and turned off when it is done (S€igure30).
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030 £, MY5A431060: Mon Mar 16 22:45:24 2015

Detener

Figure30. Reference dput signal of LPC 4337 boda computation time measuremesit The pulse signal
corresponds to the time of processing.

Filter Signal Length  Processing Timeu$) NirsET
Frequency (H4)Sample Frequency (HZrde Verz;gzaﬁ g;esl‘:uar;célo Samples |Trial 4 Trial 4 Trial 3 Avg of cycles
Fv 512 94,52 | 94,44 94,34 94,43 19264
500 3 1024 184,74] 184,72] 185 184,82 37703
sv 512 237,95| 237,86 237,84| 237,88 48528
63 1024 4715] 4712 4718] 471,50 96186
v 512 94,36| 94,5 | 94,54 94,47 19271
1000 3 1024 184,56| 184,92] 184,62] 184,70 37679
sv 512 238,34 237,86 237,78] 237,99 48551
1024 471,12| 471,74] 471,22 471,36 96157
v 512 125,6 | 124,92| 124,82 125,11 25523
500 4 1024 316,54 316 | 31592 316,15 64495
sv 512 316,2 | 315,88| 316,2 316,09 64483
125 1024 627,3| 628 | 627,5 627,60 128030
v 512 94,44 | 94,52 94,28 94,41 19260
1000 3 1024 184,9 | 184,88 185,34 185,04 37748
sv 512 237,58| 237,63| 237,68 237,63 48477
1024 471,24] 471,76] 471,12 471,37 96160

Tablel0. Processing Time of LPC 4337 board using biquad filtering using ARM CMSIS DSP library. Filters are 1IR
third octave bands centered at @&hd 125 Hz for sample frequencies of 500 and 1000 Hz. FV and SV in 4th
column stand for Fast and Slow versions of ARM CMSIS biquad cascade filter function.

As can be seen ifiablel0, although no differences between fast and sleersion of the biquad filter function

was observed in terms of impulse and frequency response, computation time is highly dependent on the
version of the function used. Results reveal that the time consumed for the fast version implementation is
approximdely half that consumed for the slow version. Therefore, taking into account that there is no

difference between fast and slow version filter implementation in terms of frequency response, the fast
version of the function is preferred. However, a largesttusing different input signals is highly recommended

in order to verify results shown so far.

As explained i previoussection, using floating point operatiorier the filtering stage the performance of
the microprocessor was even improved. For thedson,it was decided to use floating point arithmetic instead
of fixed point arithmetic. Thereforein the following, only the performance ¢ filters using flating point
arithmetic is shown
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Fs(H2) | Fow(H2) | R(HZ) | Fgn(H2) N Fs(H2) | Fou(H2) | R(H2) | Fign(H2) N
1000 56,2341325| 63,0957345 70,7945784] 3 1000 112,201845 125,892541f 141,253754; 3
Plot Plot
Zoom Plot Zoom Plot
Figure31. Filter Transfer Function VS IE! Figure32. Filter Transfer Function VS IE
60595 (1995, class ' thirdoctave band 60595 (1995, class ' thirdoctave band
requirements fn = 63 Hz. requirements fn = 125 Hz

5.3.1.1.2.1.2.2.5 FIR filters implemgation
Another option is to use FIR filters whose frequency response fulfils with IEC 61260 (1995). Use of these filters
may introduce more delay in the filtered signal as well as more computation loading due to a larger order
needed for the same magniteddecrease and larger number of additioaad multiplications. However, their
response is more stable in comparison with IIR filters and can be made to bepimese easily.

In Figure33 the impulse response of BIR filter centred at 63 Hz, designed such that its frequency response
matches with the frequency response of an IIR butterworth filter with order 3 which fulfils with IEC 61260
(1995) requirements for a class 0 third octave band is shown. The butterfitigthis the same filterasin
Figure26 andFigure27.

As it can be seen the order needed in order to obtain the same decrease in amplittBB0} is much higher
than for the IIR filter =3 ). The @lay introduced by the filter will be of 150 samples.
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FIR Filter Design. Impulse Response
0.08 T T T T T T

T T T
—— Impulse response of FIR filter - Order = 300

005/~ ‘Sample 150

Amplitude

o
=3
|

Galn (dB)
PO
|

o
S
|

Frequency (Hz)

Figure33. Impulse response and frequency response of a FIR filter designed for its frequency response to match
with IR Butterworth filter with order 3 which fulfills withQB1260 (1995) requirements.

Due to the larger delay added because of the use of FIR filters and the larger number of coefficients, the use of
these filters were discarded.

5.3.1.1.2.1.2.2.6 FFT¢ based Filters Vs Circular Convolution

The second approach considered in thiscument is the FFT based filtering. This approach has been
considered due to its implementation on the Baltic Sea Information on the Acoustic Soundscape (BIAS) project.
In (Betke K., 2015Yhis method is described. The energy present in the frequemay bis obtained by means

of adding up those bins inside the bandwidth of the thimttave band.

The reason for the use of these filters is the difficulty of implementing digital filters ensuring their stability and
their power consumption.

In (Betke K.2015) a correction for the bandwidth to be taken into account for the addition of bins is shown:

6w

(oI pmi i Co o (3)
Where:
6w is the corrected bandwidth value
6w is the actual badwidth value

(Betke K., 2015Wwarns aboutthe reliability of such filtering technique for frequencies below 10 Hz. In order to
validate this technique for its implementation on Cortex M4 microprocessor, we have made a short script in
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Matlab in which we study the difference between the SPL contraafter a traditional filter using an IIR
filter and an FFbased filter.

Test made shows that the sum of bins of frequencies included within the bandwidth of the filter leads to
unreliable results (deviation about 12 dB). This is of course inadmissiblegever, another approach of this
technique is testedThe technique is describdakereatfter.

FFT of the signal is computed

FFT bins of the selected frequencies are extracted
An IFFT is computed over the new FFT

The RMS value is computed

powbdpR

Frequency bandwith has been set to the cff frequencies according to IEC 61260 (1995), these are [56.23,
70.79] Hz. The signal to be filtered is White Gaussian Noise plus a pure tone at 63 Hz sampled at 4000 Hz. The
duration of the signal is 10 seconds. Filtering aRd. Somputation have been carried out over signal slices of
4000, 2048, 1024 and 512 samples. This is done in order to take into account possible deviations due to the
frequency resolution.

In order to validate this technique, results obtained have been mamed with results using a circular
convolution with the impulse response of a thiodtave band filter.

Comparison between SPL values (Circ. Conv Vs FFT-based filtering)

—&— Filtering with Circular convelution
—©S— FFT - based Fltering

Slices of §12 Slices of 1024

-10

o
® @ =

SPLme (dB re 1DU)
P
e

] .
SPLms (dB re 1DU)
" !
3

¥

8
-

Time (s) Time (s)

Slices of 2048 Slices of 4000

3

@

s

&

SPLrme (dB re 1DU)

SPLrms (dB re 1DU)
.
5

5
Time (s) Time (s)

Figure34. Comparison between SPL values computedawdrite gaussian noise plus a pure tone of 63 Hz
filtered with and IR filter using circular convolution and an ff&8ed filter, both with Fc = 63 Hz.

As it can be seen iRigure34, the larger the size of the slice the smaller is the difference between circular
convolution and FFbased filtering results. As it was expected, the average SPL level is higher wias&drT
filtering is used, due to the neattenuation within the bandwidth between low and high eoftf frequencies.
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Overall SPLrms (10 seconds) dBre 1
Slice Samplgd4-FT-Based Filteripn@ircular Convolution STD
512 -17,22 -20,53 2,34
1024 -18,60 -20,57 1,40
2048 -19,31 -20,55 0,88
4000 -20,65 -20,72 0,05
STD 1,43 0,09

Tablell. Overall SPL over 10 seconds, obtained from SPLs computed over different slice lengths

Overall SPL values are calculated and shovilfablell. As can be seen, the standard deviation (STD) between
SPL valuesbtained across slice lengths and filtering technique has been calcudteding that:

91 Circular convolution techniqgue shows more coherent results when different slice lengths are used
than FFT, Based filtering technique

1 Overall SPL shows less deviatimnoss different slice lengths when circular convolution is used.

1 For slice lengths of about 1 second (4000 samples) SPL values are very similar with differences smaller
than 1 dB.

In (Betke K., 2015)SPLrms values are computed over slices-gdcbnd duation. Taking into account results
shown inTablel], it is reasonable to use FB#sed filtering when such a slice length is used. Slice lengths
used for filtering implementation on microcontroller ARM Cortex 8¢4far are of 512, 1024 and 2048 samples
representing from 0.1 s to 0.5 s of time sigfal4kSample per second sampling frequency

Due to this dependency on the number of slices, traditional filtering technique using IIR filter implementation
is decidedo be used in this algorithm.

5.3.1.1.2.1.2.3 RMS computation

The RMS will be computed in slices of a certain length (4096 samples as maximum). Obviously, the time
represented by this number of samples is sampfrequency dependent, therefore, depending on the duty

cyck chosen by the user, the total RMS will be computed as statéd jrmand(5)

Yy £ oiaabo (4)
YOy YO "YYOY (5)
5.3.1.1.21.2.4 SPL
SPL is computed as defined ).
Yo ocm®e 2 5o 0o (6)

As mentioned in MSFD recommendations, saHE the suitalle parameter to obtain information about the
acoustic energy introduced by continuous sound sources.
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5.3.1.1.2.1.2.4.1 Percentile levels

According toDekeling R. T., 2014, lpercentile levels are very useful parameters in order to obtain knowledge

about maximum levelsral background noise discarding spontaneous and unusual SPL levels, however no
recommendation is given in this regard. Accordind$2.9, 1988)N percent exceedance level is the time

weighted and frequencyeighted sound pressure level that is exceeded N % of the time interval
O2y4ARSNBR® LG Aa lfaz2 YSyldAz2ySR GKIFIG awSaAiARdz f &2 dz
exceeded during9Qdp 2 2F GKS YSIF AdzZNBYSyd LISNA2RE @

Since there are no general recommendations for percentile parametses we have decided to calculdie

andd by default in order to offer information about maximum and background noise present in the
measurement. However, this percentile levels can be changed by the user, and any percentage can be
calculated and stored for its analysis.

5.3.1.1.2.1.2.5 Storageand Metadata
Once the required parameters are calculated, we need to store them and share them. It is worth to mention
that this duty can be an issue when we deal with little storage capacity.

In case of platform A1, it is necessary to store two kinddabd:

1. Acoustic Data
2. Meta-data

Acoustic data will be reduced to the parameters (sPtomputed. Metadata containing relevant information
related to the period of measurement will be also stored. It has to be mentioned that in case of Al, the file to
be stoed and transmitted has a maximum allowable size of 60 kb according to the document about the
profiling float cycle given by NKE. Therefore, an estimation of the size of the generated file has to be done
when defining the mission. This means that, the ifdee for the user to design a mission (filters, parameters

to be measured, snapshot duration, periodicity of measurements) has to be able to warn the user about the
size of the file that will be generated with such mission characteristics.

Another possiblestrategy (complementary) is that once the maximum size of the file is reached,
measurements are paused giving the float the opportunity of going to the surface and send the information
and then come back to mission point where it was paused.

The algorithmoutput consists of:

1. SPhas(63 Hz)A 32bits

2. SPhns(125 Hz) 32 bits

3. Lo(63 & 125 Hzp\ 32 + 32 bits
4. Leo(63 & 125 Hz}\ 32 + 32 bits

Therefore, the output of the algorithm for each period of time defined by the user would be a file of 24 bytes.

5.3.1.1.2.1.2.6 Storag

Storagemanagementis out of the scope of the present document, however, CTN has reviewed proposals from
other European projects which deal with MSFD and Indicator 11.2.1 concluding that different and interesting
proposals regarding data storage are depd in(Betke K., 2015pr the Bias Sea Information on the Acoustic
Soundscape (BIAS) projectd are showrhereafter.

5.3.1.1.2.1.2.6.1 Format and naming of the file
The format of the file is ASCII FILE. The naming will be as follows:

StationSSS_BBBFFFHz_Start YYYYMMDIDSS_End YYYYMMDDHHMMSS.asci
52
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Where:

1 SSSis the station Id format %03d;

T ... Aa | 1S@62NR RSaAaONAROAYy3d GKS oFlyRARGKD L
nature of the acoustic data that is stored in the file;
f FFFistherounded centrBINS |j dzSy O0& 2F (KS FYRSARIGK 6KSYy

9 Start designate the time of the first acoustic data contained in the file;
1 End designate the time of the last acoustic data contained in the file;

YYYYMMDDHHMMSS: Year, Month, Day, Htingte, Second;

5.3.1.1.2.1.2.6.2 Content of the file
Each file contains information about one frequency band and is made of a header and a table. The header of
the file gives information about the measurement. The header will allow the user of the file to get the context
of the data that is present in the table of the file. The following section describes how to format the header
and the table.

Regarding the file formatBetke K., 2015)ses an ASCII file with a header where metadata is written and then
a table with acoutic information. (Betke K., 2015proposes to save 1 file for each frequency band chosen.
Different proposalsexist regarding the storageln Talde 12, the different metadatafields related to the
measurement useth BIAS project are showbata typeis also specified.

Header
Organization name %lssued by String
Stations Id %Station Id integer %03d
Station name % Name of the station String
Loggerld % Data Logger unit Id String
DataType %Type of acoustic data Wi tQ
dBunit %Units of the acoustic data String
BandType %Third octave Band/ BroadBand String
Fc % Central frequency of the band float %8.2f
Fmin % Minimum Frequency of the band float %8.2f
Fmax % Maximum Frequency of the band float %8.2f
Window % Procesing window (s) integer
Latitude % Lat signed decimal degrees, WGS84 Float %11.8f
Longitude %Lon signed decimal degrees, WGS84 float %11.8f
L %Height above bottom (m) Float %5.1f
H % Water depth (m) Float %5.1f
Hdate % Date of water depth measurement String YYYYMMDD
Issued % Date of Issue String YYYYMMDD
ProgramName % Processing program used String
Sync % Sychronisation Data of Data Logger String YYYYMMDD
Drift % Logger Drift (s/day) Float %10.8f
N % Number of the lines in the table Integer

53
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Each line shall have the same following format:
15t column: Dateg Stringg YYYYMMDDHHMMSS

2" column: Minimum Level (%6.2f): foksecond values, the minimum level is defihas the minimum of the
N valies of tsecond processed data;

34 column: Mean level (%6.2f): for-décond values, the median level is defined as the median value of the N
values of isecond processed.

4th column:Maximum level (%6.2f): forSlecond values, the maximum level is defined as the maximum value
of the N values of-second processed.

5th column: Standard deviation (%6.2f): forsBicond values, the standard deviation level is defined as the
standard devition of the N values of-econd processed data.

6" column: Ratio of clipping samples in the processed window to the number of samples in the processed
window (%10.8f, Number between 0 and 1.

7™ column: Ratio of Negative clipping samples in the proegsgindow to the number of samples in the
processed window (%10.8f)Number between 0 and 1.

Each column is separated by a TAB.

5.3.1.1.2.2 Implementation in Matlab
The modules that have been implemented in Matlab are:

1 Filtering stage
1 RMS computation
1 SPL computation.

Regarding the filtering stage, filters have been implemented and generated with Matlabefilters are IIR
butterworth filters and their characteristics are summarizedTiable8 and Table9. The tramsfer function of
the filters have been used for:

1. Generating Secondrder coefficients for them to be used in the biquadratic structure which ARM
CMSIS DSP Library base the IIR filtering on.

2. Comparison with IEC 61260 (1995) requirements.

3. Comparison with trasfer function of fixed point and floating point based filters in the ARM Cortex
M4 microprocessor (seBigure26, Figure27, Figure28, Figure31, Figure32).

After the filtering stage, the SRk computation is computed as indicated {r6 ). As can be seen, the RMS
computation is already included {16 ).

5.3.1.1.2.2.1 Functionality validation

In order to validate the algorithm, a signal test is generated in Matlab. The signal consists of the sum of two
pure tones of 63 and 125 Hz with an amplitude of 1. Then it is filtered out using filters depidtégLine26

and Figure27 and their SRksis computed. SPL of the signal without filtering and after filtering stage are
compared and results can be seerilablel3
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Samples 512 1024 2048 4096
SPls (63 Hz - No filter) df -3,0113 | -3,017 | -3,0133 [ -3,0096
SP|<(63 Hz - Filtered) dB| -3,4669 | -3,2392 | -3,1228 | -3,0639

Abssolute difference (dB)| 0,4556 0,2222 0,1095 0,0543
MSE (Mean Squared Error) d 0,271883

SP|.s(125 Hz - No filter) dj -3,0087 | -3,0096 | -3,0111 [ -3,0115
SP|.<(125 Hz - Filtered) df -3,2328 | -3,1201 | -3,0659 [ -3,0388

Absolute difference (dB) 0,2241 0,1105 0,0548 0,0273
MSE (Mean Squared Error) d 0,066179

Tablel3. Validation of Matlab filters.

5.3.1.1.2.3 Implementation in ARM Cortex M4 microprocessor

5.3.1.1.2.3.1 Acoustic Data

As mentioned in sectiorb.3.1.1.2.1.2.1 the acoustic data module does not belong to theyamithm
development taskand is described in the section on transducer stage signal conditioningduhi®( however
there are several issues from this module thatve@o be taken into account in order to ensure the proper
functioning of the algorithm.

Considerations are:

1.
2.

The sample frequency of the signal should be that of the filters are designed for.
Channel gains (hydrophone sensitivity + amplifier) should be known in order for the SPL to be
computed properly.
Transfer function and reference voltage of the ADC should be known for the SPL to be computed
properly.
Number arithmetic should be set to floating point arithmetic from Q1.15 format.
Duty Cycle should be defined by the user accordmthe period over which one was to get the
SPL. Duty Cycle is related to the samgfirequency and the size of the block as showr(8j
. £ 00D E B Q

OO0 00U WO -Q O (8)

and the number of blocks to be computed()
P » QIZ0@N6 wwa Q
O E B Q (9)

5.3.1.1.2.3.2 Filtering
The filtering process in the microcontroller is implemented using the DSP library provided by ARM CMSIS.

In terms of filtering, the mentioned library provides IIR filtering based on biquad structufitdrs. These
structurescanbe performed in fixed point and floating point arithmetic.

In a first approach, fixed point arithmetic was used, however as it can be seeigure28 and Figure29,
performance of the filter were quit@oorin the low frequency range of the thirdctave band.

Since the microcontroller has a floating point unit, it was decided to study the difference of computational
load (assumed to be the best advantage of using fixedtpavithmetic instead of floating point arithmetic),
and the results can be seen kigure20. Therefore, the filtering stageasdecided to be done using floating
point arithmetic.
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In order to test the filter performance of thidters implemented in the microprocessor:

1. A pseuderandom signal is generated in Matlab iaput to the filtering stage in both environments,

Matlab and C.

2. The signal is filtered out in both platforms and compaire@oth time and frequency domas

Resuls of both filters can be seen Figure35and Figure36.

Figure35. Filter process comparison between Matlab (Butterworth filter) and ARM Cortex Mda@ filter).

fn = 63 Hz.

Fs (Hz)

Flow (Hz)

Fc (Hz)

Fhigh (Hz)

1000

56,2341325

63,0957344 70,7945784

Plot

Fs (Hz) Flow (Hz) Fc (Hz) | Fhigh (Hz) N
1000 112,201844 125,892541 141,253754 3
Plot

Figure36. Filter process comparison between Matlab (Butterworth filter) and ARM Cortex M4 (Biquad filter).

5.3.1.1.2.3.3 RMS Computation

fn = 125 Hz.

The RMS computation is computed usingSth | wa
information see5.3.1.1.2.1.2.3

5.3.1.1.2.3.4 SPL computation

Due to power consumption requirements, it is necessary to decrease the number of compufatidosmed
by the processoto the extent possible In order to avoid the computation of the basen logarithm,including

/ a{L/{

51t

ft AONI NB QA

sensitivity andgains considerations, it is decided to compute thergdPly means of a lockiptable.

Tdzy O A

The lookup table, is computed taking into account thearimel sensitivity (Hydrophone sensitivity + Gain) and

the transfer function of the ADC (reference voltage considered). Therefore, thisifptdble will set a relation

between the RMS of the signal in Digital Units and thexsF_1pPaexistingin the water.
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Due tothe logarithm function properties, for proper computation more resolution (in terms of number of
value per dynamic range) is needed on the lower part of the dynamic range. Aipotaible of 1024 values
wasimplemented taking into account te dynamic range of the system (96 d®jich results ira resolution

of 0.0938 dBNote thatthis resolution ibviouslynon-linear.

Pressure (Pa) - Voltage (V) . DigitalUnits —~ Normalized . Digital Units
(DU) Digital Units Q15 (DUais)
(DUnorm)
|
|
P Vv
‘ DU | l
| |
\/ DUnorm,
- ‘ |
Sensitivity ‘ DUaus
DAC |

Normalize to [-1,
DU=ZxV 1] range, ref to
max DAC output

f
DUais = round (Dunorm x 2/15)

Dunorm = Y x DU

Figure37. Units Flow for the SPLrms Computation.

5.3.1.1.2.3.5 Percentile levels

For the computation of te percentile levels, a function has been developed. The function takes as input
arguments a vector with all SRLcomputed in the period of time defined by the user and the percentile level
(5%,10%,15%, etc.). Default values are setig@md loo. It is worth mentioningthat (Dekeling R. T., 2014 a)

Lldzia SYLKI&ra 2y (GKS LINBFSNNBR dzasS 2F GKS GSNY 4aSEOS
I 22AR YAaddzy RSNEGFIYRAYI&ad ¢KSNBET2NBIX (KS RBTFAYAGAZ2Y 27

N Percent exceedance levélevel that is exceeded N times out of 100.
Taking this definition into account:

1 Lo Represents the level that has been exceeded/d 0f the time Therefore it will be close to the
peak level.

1 Leo: Represents the level thdatas been exceeded 9% of the time Therefore it will be close to the
background noise.

The output consists of a float variable of 4 bytes and it is gathered to the Output of the algorithm under study.

5.3.1.1.2.3.6 Observations and Limitations

The present algorithm aimto cover the requirements of the MSFD indicator 11.Ntte worthily, the
algorithmsare¥ 2 Odza SR 2y G(KS SEGNI OldAzy 2F GKS LI NFIYSGSNE (K
underwaterat 63 and 125 Hz. This trend can be obtained using differeasurement techniques in terms of
measurement periods of time and duty cycle, and due to the lacka@immendation irthis regard, it is up to

the user to choose properly the snapshtime duration and the frequency of the snapshots during a
measurengnt campaign.
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A memory limitationapplies whenincreasing the snapshdime duration. Because increasing the snapshot
time increases the number of processing bloctee maximum snapshotime duration is currently 954
seconds, which corresposdoalmost16 minutes.

As mentioned in sectioh.3.1.1.2.1.2.1describing the metadata associated with the measurement is out of
the scope of the present document, however, we would kessthe importance of this matter in order toeb
able to fulfill with MSFD requirements as well as with the usefulness ofrtfuiemation for the analysis and
the assessment of the underwater noise pollution.

Regarding percentile levels, the output of the algorithm is prepared for the storage of iffevetit values,
these can be defined by the user though. Default percentile levels are setdad.lso.

5.3.1.1.2.3.7 Versions
There are two versions of this algorithm. Onéased onfixed point arithmetic, the other on floating point
operations.

Since floating pint operations is faster and more accurate as can be seéigiwe20, the default version has
set to the Floating Point arithmetic version.

Since MSFD requirements amell defined in(Dekeling R. T., 2014 a)d (Dekeling R..T2014 b) leaving little
room for other interpretations, just oneverall version has been developed. This version allows the user to
configure the size of blocks, the satmgl frequency €.g.1000 Hzfor this algorithm), the duty cycle of the
measuremers and thechannelgain.

5.3.1.1.2.3.7.1 Code
Thesourcecodefor this algorithm iprovidedin AnnexesAnnex | Indicator 11 2 1.dacx

5.3.1.1.2.3.7.2 Functionality Validation

In order to validate the performance of the algorithm implemented on the microcontroller, pseagidom
noise is generated and issed as an input signal to the filtering stage in Matlab and in the microcontroller.
Outputs from these filters are compared kigure35 and Figure36.

5.3.1.1.2.3.7.3 Computational Loatleasurements

Computational measurements have been carried out using 2048 samples of block processing length. The
decision of the block size is a trad# between accuracy of measurement, filtering performance and
computational load. Assuming stochasticds®in the measurement, the longer the duration of the recording,

the better SNR is achieved as well as better accuracy on the computation of thedbeLto the smaller
influence of the inherent filter delay. 2048 samples ensures that several cydesimod signals at 63 and 125

Hz are present in the recording and its computational load is smaller than 2.048 seconds which is the length of
the input signalThis alsaoffers better time resolution than 4096 samplearpund4 seconds of input signal)

giving the opportunity of recording transient sounds larger than 2 secpand although this is not the main
purpose of the algorithm, percentile levels are also provided in order to detectythesof noises and discard
measurements if appropriate.
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To calclate the processing speed of the algorithm, a digital signalisisd, displayedon the following
oscilloscopescreen capture

1Y54431060: Thu Mar 17 18:11:45 2016

0.0s b00.02/ Detener

Fuente [s} Unidades
~-

Figure38. Reference output signal of LPC 4337 bdardomputation time measurementBulse correspais
to time of processinghere aduty cycle of 954 sec.

In the table below the computational load of the algorithm with different duty cycles is shown.

5.3.1.1.3 Sampling Rate1000 Hz

5.3.1.1.4 Sample of 32 bits (float)

5.3.1.1.5 Size of block2048 samples

5.3.1.1.6 Microprocessor 204 MK

Duty cycle N° Blocks Time of processing
~3 sec 1 block 1,5 msec
~ 60 sec 29 blocks 42 msec
~500 sec 244 blocks 370 msec
~954 sec 465 blocks 680 msec

Tablel4. Indicator 11.2.1. Computational load vs duty cycle.

Each bloclof processing (2.048 sec) takes around 1.5 m3&is demonstratesiow the algorithm is fast
enough to be executed in real time.

5.3.1.1.6.1.1.1 Optimization
The implementation of the algorithm within A1 and ARXOSsensors is being carried out and algorithm
optimization if needed is expected to be performed at this stafithe work plan

5.3.1.1.7 Good Practice for the user

As a general recommendation, it is suggested to the user to read carefully all the documentation delivered
together with the GUI, in order for him/her tonderstand properly the meaning of the inputs that should be
defined by him/her and what output should be expected from the algorithm.

It is also highly suggested for the user to réBekeling R. T., 2014 a)d (Dekeling R. T., 2014 in) order to
set srapshots duration and measurements duty cycle according to MSFD recommendations.
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5.3.1.2 MSFD Indicator 11.2.1. Extended

5.3.1.2.1 Introduction

This algorithm is an extension of the indicator 11.2.1. While in the indicator 11.2.1 it should calculate the
trends in the ambiat noise level within 1/3 octave bands 63 and 125 Hz, in the indicator 11.2.1 extended the
range of ambient noise level &ibstantiallyincreasedto (20 Hz¢ 20 KHz). This involves obtaining a result
above the minima required by MFSD, but is a recommendat For more information regarding MSFD
indicator 11.2.1, please refer m3.1.1

5.3.1.2.2 Methodology
Aswe didfor indicator 11.2.1, this algorithm has beérily developedwithin NeXOS

5.3.1.2.2.1 Study of reference algorithm
The baseline suly was based on indicator 11.2.1. Please refés.81.1.2.1

5.3.1.2.2.1.1 Structure

The number of thirebctave bands within the frequency range (@0 KHz) according to IEC 61260 (1995) is
30. Therefore a total of 30 filters are applieathe input signal in order to obtain the Skdcorresponding to

each frequency band. The number of decimation orders has been minimized obtaining a total of 3 different
orders. Decimation which is needed here due to filtering implementation constraimf the processing
platform, is the process of decreasing thangpling frequency of a given signal, therefore after the decimation
process by 2 different orders, 2 different nevangpling frequencies will be obtained. These saingl
frequencies ard and B KHz

Each of these samiply frequencies will be used for the signal to be filtered in different frequency ranges. This
also helps in decreasing the need of high order filters implementation if IEC 61260 (1995) requirements are
wanted to be fulfilled. Keping low order filters (fulfilling with IEC 61260 requirements) presents two main
advantages:

1. Low effect of filter delay on the filter output (low impact on the rms value computation and
consequently on SRds computation).

2. Low number of computations rafed to the filtering process and therefore a decrease on the
computation load of the algorithm.

In Table 15 cut-off frequencies of each third octave band implemented are depicted. Besides, it has been
included thesample frequency ( Fs ) obtained after the decimation process associated with each third octave
band. The order of the filter ( N ) has been also included.

60
Doc.N°: 131280KSWPX_NX856.2v.1.1 final
Date: 09/06/2016



£y . nexos Deliverable 6.2 :***1

Compact multifunctional passive acoustic sensor sys K
. . . - *
transducers and signal processing description.

" COOPERATION
THE OCEAN OF TOMORROW

Fs (HZ) Flow (HZ) FC(HZ) Fhigh(HZ)
22,3872114f 25,1188643 28,1838293
28,1838293| 31,6227766| 35,4813389
35,4813389 39,8107171] 44,6383592
44,6683592] 50,1187234] 56,2341325
56,2341325 63,0957345 70,7945784
70,7945784] 79,4328235 89,1250938
89,1250938] 100 112,201845
112,201845 125,892541] 141,253754
414,253754] 158,489319 177,827941
177,827941] 199,526232| 223,872114
223,872114] 251,188643| 281,838293
281,838293] 316,227766 354,813389
354,813389 398,107171] 446,683592
446,683592] 501,187234] 562,341325
562,341325 630,957344] 707,945784
707,945784] 794,328235 891,250938
891,250938] 1000 1122,01845
1122,01845 1258,92541] 1412,53754
1412,53754] 1584,89319| 1778,27941
1778,27941 1995,26231 2238,72114
2238,72114] 2511,88643 2818,38293
2818,38293| 3162,27766| 3548,13389
3548,13389 3981,07171] 4466,83592
4466,83592] 5011,87234] 5623,41325
5623,41325 6309,57344] 7079,45784
7079,45784] 7943,28235 8912,50938
8912,50938 10000 11220,1845
11220,1845 12589,2541] 14125,3754
14125,3754] 15848,9319 17782,7941]
17782,7941 19952,6231 22387,2114

1000

16000

48000

BIBA[([A[(R|P[WIW[WIW|WIW([WWW[W|W[WW|WW|R|P|WWW[WIW[(W|W|W|Z

Tablel5. Cutoff frequencies of each third oata band filter its associated sample frequency and butterworth
order used in Indicator 11.2.1. Extended algorithm

As it can be seen ifablel5, there are three different sample frequencies taking into account dhiginal
sample frequency of 48 KHz and the butterworth filter orders are 3 or 4 depending on the third octave band
and its samphg frequency associated. This is done in order to ensure the requirements of the norm IEC 61260
(1995).

Then the complete bldcdiagram, in which the decimation block is added, is shoviigare39:
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Figure39. Indicator 11.2.1 extended complete flow scheme.

5.3.1.2.2.1.2 Identification of basic modules (minimurtgarithm features)
Basic modules of this algorithm are the same as in the indicator 11.2.1 (refeB.th1.2.1.®, except for the
decimation module.

- Decimation module reduces the data rate according the decimation faktorever, downsampling
alone causes higfrequency signal components to be misinterpreted by subsequent users of the
data, which is a form of distortion called aliasing. So, the first step, if necessary, is to suppress aliasing
to an acceptable level using fdter called antialiasing filter. The decimation factor is usually an
integer greater than one. This factor divides the sampling rate.
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5.3.1.2.2.2 Implementation in Matlab
The modules that have been implemented in Matlab are the sawmé indicator 11.2.1, exceptor the
decimation module. In the case of Matlab, there is a simple function that pegarm

y = decimate (x, r, n, "fir)The function reduces the sampling rate of x, the input signal, by a factor of r. The
decimated vector, vy, is shortened by atfacof r so that length(y) = ceil(length(x)/r). By default, decimate uses

a lowpass Chebyshev Type | IIR filter of order 8. However, order of the filter as well as filter type (FIR filter) can
be changed.

5.3.1.2.2.3 Implementation ifNeXO®latform
Regardinghe dedmation module, dunction of the ARM CMSIS DSP library that offassfactoryresultswas
used Please refer 16.3.1.2.2.3.2.

void  arm_fir_decimate f32 (const arm_fir_decimate_instance f32 *S, float32_t *pSrc, flaatpDst,
uint32_t blockSize)

These functions combine an FIR filter together with a decimator. They are used in multirate systems for
reducing the sample rate of a signal without introducing aliasing distortion.

A [in] *S points to an instance of the floatippoint FIR decimator structure.
A [in] *pSrc  points to the block of input data.
A [out] “*pDst points to the block of output data.

[in] blockSize number of input samples to process per call.

5.3.1.2.2.3.1 Observations and Limitations

As occurs inndicator 11.2.1( 5.3.1.1.2.3.6), in this case therare again memory limitations on the platform
and aremore pronounced. In this algorithm a new vector is required to process decimation. In addition,
temporary vectors, which store the RMS and SPuegbf each block grow as the number of filters to be
processed.

Moreover, according to the functional validatiof.8.1.2.2.3.2., it was detected that the SPLrms calculated
at frequencies corresponding to the filters sampkdl kHz have not performed welMore work is needed on
the decimation function, which seems to be the problem in this case.

So farwe have achieved stable performance of the algorithm with 11 filters. The filters chosen in the
implementation are showmiTablel6:
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Fs (Hz)

R (Hz)

I:high(HZ)

1000

414,253754

158,489319

177,827941

16000

223,872114

251,188643

281,838293

354,813389

398,107171

446,683592

562,341325

630,957344

707,945784]

891,250938,

1000

1122,01845

1412,53754

1584,89319

1778,27941

48000

2238,72114

2511,88643

2818,38293

3548,13389

3981,07171

4466,83592

5623,41325

6309,57344

7079,45784

8912,50938,

10000

11220,1845

14125,3754

15848,9319

17782,7941

AIRIWOIWIWIWIWIWIW|IW|RMZ

Tablel6. Chosen filters for Indicator 11.2.1 Extended. (To be optimized)

Moreover, after several tests it has been found that the maximum number of blocks to prieces$o get an
idea, with a sample frequency of 48000 Hz and a block size of 2048, the algorithm can process a duty cycle of
213 milliseconds. It is therefore essential to optimize this algorithm in terms of memory use.

5.3.1.2.2.3.2 Versions
Until now just one versiohas been developed. This version allows the user to configure the size of blocks, the
duty cycle of the measurements and the changain

5.3.1.2.2.3.2.1 Code
The coddor this algorithm isavailablein AnnexesAnnex Il _Indicator 11 2 1 extended.docx

5.3.1.2.2.3.2.2 Functionality Validation

Validation of the functionality is made in the same way as in indicator 11Fdr. different input blocks of

2048 samples eaclvere built Each block consists of white Gaussian noise and have different amplitudes. The
simulated blocks are read one by one.

RMS values obtained using the algorithm developed in C are similar to those obtainedhesMagtlab code.

To validate thedecimation blocKunctionality, the module has been compared between C and Matlab for each

of the 30 filters. The input signalasvhite Gaussian noisef 2048samples AFIR filter of order 106 usedfor

the decimated signal. For filters with a sampling frequency of 1000 Hz a decimation factor of 48 is used. For
filters with a frequency of 16000 Hz a factor of 3 is used and fofiltlees with sampling frequency of 48KHz

no decimation factor is used.

In Tablel7 results of all the filters are shown:

FIR (Order) 100
Filter Center SPL
Frequency RMS MATLAB RMS C SPL MATLAE SPL C difference.
1KHZ
25,11886432 1,30E03| 2,05E04 -57,5912 -73,773 16,1818
31,6227766 0,0021| 7,401904 -53,4661| -62,6131 9,147
39,81071706 0,0046 0,0015 -46,7482| -56,6875 9,9393
50,1187233€ 0,0095 0,0034 -40,4901| -49,3723 8,8822
63,09573445 0,0141 0,002 -37,0289| -47,4644 10,4355
79,43282347 0,0231 0,0113 -32,7459| -38,9398 6,1939
100 0,0484 0,0301 -26,3093| -30,4257 4,1164
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125,8925412 0,0263 0,0241 -31,6034| -32,3765 0,7731
158,4893193 0,0418 0,0202 -27,5723| -33,8784 6,3061
199,5262315 0,024 0,0305 -32,3654| -30,3173 -2,0481
16KHZ

251,1886432 0,0418 0,0394 -27,5862| -28,0965 0,5103
316,227766 0,0441 0,0437 -27,1097| -27,1989 0,0892
398,1071706 0,0477 0,0478 -26,4273| -26,4198 -0,0075
501,1872336 0,0566 0,0569 -24,9462 -24,898 -0,0482
630,9573445 0,0699 0,0674 -23,1114| -23,4332 0,3218
794,3282347 0,1029 0,1021 -19,7543| -19,816 0,0617

1000 0,1215 0,1204 -18,3059| -18,3848 0,0789
1258,925412 0,114 0,1117 -18,8651| -19,0356 0,1705
1584,893197 0,1144 0,1113 -18,8278 | -19,0666 0,2388
1995,262315 0,1517 0,1506 -16,3781| -16,4461 0,068

48 KHZ

2511,886437 0,1565 0,1563 -16,1103| -16,1201 0,0098
3162,27766 0,1965 0,1966 -14,1342| -14,1302 -0,004
3981,07170€ 0,2165 0,2164 -13,2901| -13,2933 0,0032
5011,872336 0,2485 0,2484 -12,0951| -12,0968 0,0017
6309,573445 0,2619 0,2619 -11,6361| -11,6377 0,0016
7943,282347 0,2599 0,2599 -11,7031| -11,7036 0,0005

10000 0,3166 0,3166 -9,9895| -9,9895 0
12589,25412 0,3479 0,3479 -9,171| -9,1707 -0,0003
15848,93192 0,3871 0,3871 -8,2435| -8,2439 0,0004
19952,62319 0,4605 0,4605 -6,7349| -6,7352 0,0003

Tablel7. Validation of the decimation module.

The SPL differends generallygood for the filters with sampling frequency of 4Bk and sampling frequency
of 16 kHz. However, the deviation observed in results of the filtering from 25 Hz to 200 Hz is not acceptable for
accurate results.

5.3.1.2.2.3.2.3 Computational Load Measurements
Computational measurements have been carried out using 2048 sarmgdlélock processing length. Refer to
5.3.1.1.2.3.7.3

In the table below the computational load of the algorithm with different duty cycles is shown.

Sampling Rate48000 Hz
Sample of 32 bits (float)
Size of block2048 sarples
Microprocessor 204 MHz

Duty cycle N° Blocks Time of processing
~42.7 msec 1 block 12.2 msec
~ 213 msec 5 blocks 60 msec

Tablel8. Indicator 11.2.1 extended. Computational load vs duty cycle.

Each block of processing.Q28 sec) takes around 12.1 msec. fAsindicator 11.2.1, the algorithm is fast
enough to be executed in real time. However in this example it is about 10 times slingeis because it has
many more filters to compute.
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5.3.1.2.2.3.2.4 Optimization
No optimization haseen implemented yetWe are workingon the implementation of the 30 thirebctave
band filters.

5.3.1.2.3 Good Practices for the user
It should follow the general recommendations of indicator 11.Pléase refer t%.3.1.1.7

5.3.1.3 Noise Baud Monitoring

5.3.1.3.1 Introduction
This algorithm calculates the trends in the ambient noise level within a band of frequency defined by the user.
Thegeneralfoundation is the same dsr indicator 11.2.1thusplease refer to sectiof.3.1.1

5.3.1.3.2 Methodology

The frequency bantbr which trendsare calculateds limited by a filter defined by the user. In this manner this
filter is not necessarily a thirdctave band filter which follo&/IEC 61260 (1995) norrithe ideas to provide
the user with a flexible filtering tool.

To assist the user to generate this filter externalGUIlis provided For informatioronthe GU) see5.4.1

5.3.1.3.2.1 Study of reference algorithm
The baseline study was based on the samfoamdicator 11.2.1. Please refer 8©3.1.1.2.1

5.3.1.3.2.1.1 Structure
The structure defined for this algorithm is similar to indicator 11.2.1. Instead of two f{&&and 125 Hz
now it takes only a usetefined filter.

The complete blockliagram is depicted iRigure40.
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Figure40. Noise band monitoring complete flow scheme.

5.3.1.3.2.2 Implementation in ARM Cortex M4 microprocessor

5.3.1.3.2.2.1 Observations and Limitations

Asfor indicator 11.2.1 (see sectidn3.1.1.2.3.§, thereare again memory limitations on the platform. In the
above case we assumed a value of 2048 sarlgeks and fs 1000Hz. But in this algorithm, both block size
and fs arespecifed by the user. For this reason, now the duty cycle parameter is not a good indication for the
limitation of the algorithm (sed 8 ) ). In this casavhat is relevant ighe total number of blocks that the
algorithm can process.

After several tests it has been found that the maximum number of blocks is 712. To get an idea, with a sample
frequency of 1000 Hz and a block size of 2048, the algorithm can process a duty cycle of 1458 seconds, which
corresponds to about 24 min.
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5.3.1.3.2.2.2 Versions
A firstversion has been developed. This version allows the user to configure the size of blocks, the sampling
frequency, the duty cycle of the measurements and ¢thannel gain.

5.3.1.3.2.2.2.1 Code
Thesourcecode of this algorithm iprovidedin AnnexeSAnnex IIl_Noise Band Moniiog.docx

5.3.1.3.2.2.2.2 Functionality Validation

Validation of the functionality is made in the same way as in indicator 11.2.1. They have been built for
different input blocks of 2048 samples each. Each block consists of white Gaussian noise and has different
amplitudes. The simulated blocks gpeesented to thealgorithm one by one.

As in sectiorb.3.1.2.2.3.2.2 RMS values obtained using the algorithm developed in C are similar to those
obtained using Matlab code.

5.3.1.3.2.2.2.3 Computational Load Mesurements
Asin indicator 11.2.1, computational measurements have been carried out using 2048 samples of block
processing length. Refer ©3.1.1.2.3.7.3

In the table below the computational load of the algorithm with difet duty cycles is shown.

Sampling Rate1000 Hz
Sample of 32 bitgfloat)
Size of block2048 samples
Microprocessor 204 MHz

Duty cycle N° Blocks Time of processing
~3 sec 1 block 1,1 msec
~ 60 sec 29 blocks 32 msec
~500 sec 244 blocks 272 msec
~9%1 sec 465 blocks 520 msec
~1458 sec 712 blocks 800 msec

Tablel9. Noise Band Monitoring. Computational load vs duty cycle

Each block of processing (2.048 sec) takes around 1.1 msémw.iAgicator 11.2.1againthe algorithm § fast
enough to be executed in real time. Even in this case it is somewhat faster bétaosgputes a single filter
instead of two.

5.3.1.3.2.2.2.4 Optimization
The implementation of the algorithm within A1 and ARXOSsensors is being carried out and algorithm
optimization(if needed) wilbe performedshortly.

5.3.1.3.3 Good Practices for the user
This should follow the general recommendations of indicator 11.2.1. Please reé§e3.101.7

5.3.1.4 MSFD Indicator 11.1.1.

5.3.1.4.1 Introduction
The aim of this sectivis to introduce the solution fathe implementation ofindicator 11.1.1 described o),
Ma., & André M, 20123s follows:

Indicator 11.1.1: Proportion of days and their distribution within a calendar year over areas of a determined
surface, as well aheir spatial distribution, in which anthropogenic sound sources exceed levels that are likely
to entail significant impact on marine animals measured as Sound Exposed Level (ini)dBr2. k) or as peak
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sound pressure level (in dB reuPa peak) at onenetre, measured over the frequency band 10 Hz to 10 kHz
(11.1.1).

This description is not unambiguous and therefore the Technical Subgroup on Noise (TSG Noise) recommends
the following revision of the indicator 11.1.1 on low and Hriequency impulsive smds:

The proportion of days and their distribution within a calendar year, over geographical locations whose shape
and area are to be determined, and their spatial distribution in which source level or suitable proxy of
anthropogenic sound sources, measdrover the frequency band 10 Hz to 10 kHz, exceeds a value that is
likely to entail significant impact on marine animals (11.1.1).

A basic principle of the MSFD is that it addresses the ecosystem rather than individual animals or species. This
indicatorillustrates the cumulative impact of activities, rather than that of individual projects or programmes
(deal with by other EU legislation). Effects of localized singular activities are therefore not covered, and this
indicator on its own is not intended,on is it sufficient, to manage singular events. Environmental Impact
Assessments (EIA) can be used to assess and, where necessary, limit the environmental impacts of individual
projects.

¢KS AYLI OG GKFG A& | RRNBAaS RispmémentyTRis i© thdidispldcamendoi @M A &

significant proportion of individuals over a relevant time period and spatial scale. The indicator addresses the
cumulative impact of sound generating activities and possible displacement associated.

The purposef this indicator is to assess the pressure on the environment by making available and overview of
all low and midfrequency, impulsive sound sources over a period of one year throughout regional seas. This
will proved MS with an overview of the environnmiahpressures from these sources, which have not been
previously measured.

In order to fulfill with requirements described ofAj, Ma., & André M, 2012)NeXOS is developing an
algorithm for its implementation in platforms Al and A2. The aim of the pitedecument is to describe how
NeXOS addresses with the requirements of the MSFD in terms of audio pre angdrposssing as well as how
the MSFD indicator 11.1.1 is extracted and store.

5.3.1.4.2 Methodology
As in the indicator 11.2.1 and the indicator 11.2.1elBxled (please refer to sectidnh3.1.1.2this algorithm has
been developedfrom scratcl.

5.3.1.4.2.1 Study of reference algorithm
In the Pllowing a scheme where MSFD indicator 11.1.1 algorithm is shown:

Meta

=) R

10 Hz — 10 kHz Filter H RMS H SPL ]——4 Storage

1\\
Uﬁ

g 2

o 9

z
o 1

P

Figure4l. Indicator 11.1.1 Flow Scheme
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A band-passfilter is needed to fulfill with indicator 11.1.1n order tofilter out an input acoustic data and
extract some different parameters from it.

TSG Noise temmends that Member Statesork together in settingip a register, both at regional seas level

and the EU level. Seismic surveying,-gii@ing, explosives, sonar working at relevant frequencies and some
acoustic deterrent devices are the most important sotsudirces that should be considered for inclusian

the register. There are additional sources of possible concern (e.g. boomers, sparkers, scientific echo
sounders). It is recommend that information on all such sources should be included in the registry.

The nain itemsneeded to derive the amount ofytse-block days (the number of days that in an area (block) a
certain threshold (pulse) is exceeded) as required in the text of the Commission Decision, are:

Pulsegenerating activity
- Day

Location

Source level

Once a register is established, it will be gibte to determine the coarse scale spatial and temporal
distribution of impulsive noise sources. This quantified assessment of impulsive noise sources could be used in
the future to determine policy targets. It should also be possible to establish abgs&8 2 F &G OdzNNBy i 02

5.3.1.4.2.1.1 Structure
The functionality of the present algorithm is similar to Noise Band Monitoring, but instead of alefieed
filter, it takes a 10 Hz to 10 kHz bapdss filter.

Then the complete block diagram, in which the panéeity SPLrms processing after a certain duty cycle is
added, is as described below:
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Figure42. Indicator 11.1.1 complete flow scheme
The functionality of the modules of this algorithm is the same awtie described in sectiob.3.1.1.2.1
5.3.1.4.2.2 Implementation in ARM Cortex M4 microprocessor

5.3.1.4.2.2.1 Observations and Limitations

The observations and limitations observed in this algorithm are similar to indicator 11.2.1 (please refer to
section5.3.1.1.2.3.5 but in this case, regarding percentile levels, the output of the algorithm is prepared for
the storage of a single value, which is the percentile level set.to L

5.3.1.4.2.2.2 Versions
Until now just one version has be developed. This version allows the user to configure the size of blocks, the
sampling frequency, the duty cycle of the measurements and the gain of the channel.

5.3.1.4.2.2.2.1 Code
The code of this algorithm movidedin Annexe$sAnnex VI Indicator 11 1 1.docx
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5.3.1.4.2.2.2.2 Functionality Validation

Validation of thefunctionality is made in the same way as in indicator 11.2.1. They have been built for
different input blocks of 2048 samples each. Each block consists of white Gaussian noise and has different
amplitudes. The simulated blocks are read at the entrancagirithm one by one. When they have been read

the 4 (after 4 input blocks), are repeated again.

As in sectiorb.3.1.2.2.3.2.2 RMS values obtained using the algorithm developed in C are similar to those
obtained using Matlalcode. However, in order to validate the value of SPLrms, a real Nexos platform is
needed(under development)

5.3.1.4.2.2.2.3 Computational Load Measurements
The same manner as in indicator 11.2.1, computational measurements have been carried out using 2048
samples of blok processing length. Refer$a3.1.1.2.3.7.3

In the table below the computational load of the algorithm with different duty cycles is shown.

Table20 Indicator 11.1.1. Computational load vs duty eycl

5.3.1.4.3 Sampling Rate48000 Hz
5.3.1.4.4 Sample of 32 bits (float)
5.3.1.4.5 Size of block2048 samples
5.3.1.4.6 Microprocessor 204 MHz

5.3.1.4.7

5.3.1.4.8 Duty cycle

5.3.1.4.9 N°Blocks

5.3.1.4.10 Time of processing

5.3.1.4.11 ~42,7 msec

5.3.1.4.12 1 block

5.3.1.4.13 860psec

5.3.1.4.14 ~213 msec

5.3.1.4.15 5 blocks

5.3.1.4.16 4.1 msec

5.3.1.4.17 ~1sec

5.3.1.4.18 23 blocks

5.3.1.4.19 17,8 msec

5.3.1.4.20 ~10.66 sec

5.3.1.4.21 250 blocks

5.3.1.4.22 194,1 msec

5.3.1.4.24 720 blocks

5.3.1.4.23 ~30.72 sec 5.3.1.4.25 554,1 msec

Each block of processing (2.048 sec) takes around 866 Adappened with indicator 11.2.1, it can be seen
how the algorithm is fast enough to be executed in real time.

5.3.1.4.25.1.1.1 Optimization

As occurs with indicator 11.2.1 and noise band monitoring, the implementation of the algorithm within A1 and
A2 Nexos semss is being carried out and algorithm optimization if needed is expected to be performed at this
stage.

5.3.1.4.26 Good Practices for the user.

As a general recommendation, it is suggested to the user to read carefully all the documentation delivered
together withthe GUI, in order for him/her to understand properly the meaning of the inputs that should be
defined by him/her and what output should be expected from the algorithm.
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It is also highlyecommendedor the user to read (Dekeling R. T., Monitoring Guita for Underwater Noise

in European Seas, Part Il: Monitoring Guidance Specifications, 20d{pekeling R. T., Thomsen, F., Werner,

S., Wittekind, D., Young, J.V., Monitoring Guidance for Underwater Noise in European Seas, Part IlI:
Background Informabn and Annexes, 2014) order set snapshots duration and measurements duty cycle
according to MSFD recommendations.

5.3.1.5 Click Detector

5.3.1.5.1 Introduction

The aim of the present section is to introduce to the reader the solution for clicks generated by marine
maY Y | fde@e&tion onNeXOSensors Al and A2. This module is based on thmaled module implemented

and developed in PAMGuard.

First, we will describe how the algorithm works conceptually explaining the purpose of each block. This will
help the user toconfigure the algorithm according to Wier requirements. Second, we describe how the
algorithm is ported to C for its use on the ARM microprocessor, indicating its limitations.

5.3.1.5.2 Methodology

Since it was decided ifDelory, 2015)bioacousticsalgorithms aveloped forNeXOSlatforms are based on

the opensourcePAMGuard software. Thefore, the methodology for the development of the algorithm has
been based on the study of the reference algorithm in PAMGuard. The main and basic modules are identified
and ported to Matlabfor technical testingand then to C for ARM Cortex M4. Functionality validation of the
algorithm is made by comparison with PAMGuard version and Matlab performance.

5.3.1.5.2.1 Study of reference algorithm

The click detector algorithm is based on tbe called Java class that can be found on the PAMGsaurtte
code Note worthilythe most important method implemented in this class is called look_for_clicks and its main
purpose is to distinguish a click within the input signal. Thereforest efforts focused onunderstandng the
functioning of this method and its implementatidar future optimizing and porting to an embedded platform

5.3.1.5.2.1.1 Structure

InFigure43;the/ £ AO1 RSGSOG2NI Ff I2NRAGKYQa adidedYS AYLI SYSy G SR
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Figure43. Click Detector Algorithm Scheme implemented in PAMGuard. Picture extracted from help document

included in the PAMGuard software.

In the following, the different modules are depicted briefly:

1.

Acoustic Data: Amentioned in5.3.1.5.2.1.2.1 the acquisition module is out of the scope of the
presentsection and is described in the section on transducer stage signal conditioningti2n8. (
However, it isvery important that this modulés able to condition the signal in order for functionality
to be preserved. Therefore, it is important to keep in mind that:

a. The output of this module is expressed using floating point arithmetic.

b. The channel sensitivity shtd be known in order to be able to compute the sound pressure

f S@gSt 2F G(KS OftA01Qa LIS @
c. Metadata regarding the UTC time should be provided in order to establish the time of
detection.

Prefilter: consists of a digital filtéhat decreassthe bandwidth d the input signal. This will avoid the
detection of undesired transient noise of possible sound sources located at other spectral lscation
than the oneof interest Its output is also used for localization and tracking algorithms. In this case, it
is interesting to have more frequency data within the signal in order to improve the localization.
Triggering Filter: This is a digital filtdrat further decreass the bandwidth of the input signal. It is
used in order to improve the click detection in a freqey range of interest (e.@ givenspecies
vocaliingat 15 KHz, 22 KHz.)
Trigger Decision: This module is in charge of analyzing the input signal astblopéssible clicks.
Clip GeneratarA clip is generated once a trigger occurs. This moduledsrudevelopment by NEXOS
partner UPC.
Clip Data: Although no clip generator is implemented in the present document, data from the
detected clicks are studied and delivered to the user.

5.3.1.5.2.1.2 Identification of basic modules (minimum algorithm features) and Fomality

The identification of the basic modules is carried out by studying the signal flow and the basic methods
implemented in PAMGuard. It is obvious that the basic module will depend on the features that are considered
as minimum. Due to the lack offarmation by the MSFD on the requirements in terms of signal processing for
descriptor 1, we propose as minimal features:

1.
2.
3.
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Detect and identify the click.
Time of event
Peaksound pressure level of the click in dB re 1uPa.
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4. Being able to filter the input ghal in order to increase the accuracy of the click detections related to
a specific marine mammal species.

In the Pllowing a description of each stage is developed.

5.3.1.5.2.1.2.1 Acoustic Data

This module iglescribed in the sectioon transducerstage signal condititing unit @.2.3. However, it is very
important that this modulds able to condition the signal in order for functionality to be preserved. Therefore,
it is important to keep in mind that:

1. The output of this modulenust beexpressed using floating point arithmetic.

2. The channel sensitivity should be known in order to be able to compute the sound pressure level of
GKS OftA01Qa LISk ®

3. UTC time should be provided in orderrezordthe time of detection.

5.3.1.5.2.1.2.2 Prefilter

For NeXOSensorAl, this module is not implementedrhis module aims to help in localization and tracking

tasks A1 NeXOSloes not contain any localization nor tracking feature, and therefore, it is not implemented.

This module is only implemented for the A2 sensor, miiog the possibility of using sound data with
YFEYYEFEEQa Ot A0la RSGSOGSR F2NJ E20FtATFGAZ2Y | yR GNF OlAy
5.3.1.5.2.1.2.3 Trigger- filter

This module is implemented for both platforms Al and A2. It consists of a filtering stage, in which the user

defines whether B/she wants the input signal to be filtered out or not and in affirmative case, the filter
parametersto be used. The purpose of this stage is to increase the efficiency of the click detection by letting

just the information related to the marine animal ealization being input to th&rigger decisiorstage.

Its implementation is supported with a Matldimsed GUI whose functioning can be seen in se&idi8 It is
important to keep in mind thait isthe dzi S N & NBarévigw thekransfér fuiicion of the chosen filter
and evaluate the possible effect of thetdit delay to the input signal. The transfer function is shown to the
user. If the user agresawith the transfer function shown, the header file in order to parh the filtering stage

is generated and the filter flag is set to 1.

5.3.1.5.2.1.2.4 Trigger Decision

The trigger automatically makes a measure of background noise and then compares the signal level to the
noise level. When the signal level reaches a certain threshalgeathe noise level a click clip is started. When

the signal level falls to below the threshold for more than a set number of bins, the click clip ends and the clip
is sent to the localization and classification modules.

The trigger decision stage is afite detect and extract relevant information about the click detected. This
information consists of:

1 Main frequency ( Hz ). Frequenafymaximum amplitude.
T 0 -Maximum SPL in frequency

1 Click waveform (start and end time stamgd)ata Clip

1 Time bcalization of click event.

This stage iparticularlyimportant for the good performance of the algorithm, since it will detect the impulsive

A2dzyR 6KAOK Oy 68 NBEFGSR G2 + 3I8ySNIdGSR OftAdl® LiGQ
PAM@iard there is a special comment on trigger parameters which express the need of user experience on

click detection to increase the efficiency of the algorithm performance.

Signal and noise levels are compared by:
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1 The noise level N at sample i is measunsohg( 7 ):

O | 8 p | O (7)

1 The signal level S is measured ugi8g

Y s o p |Y (8)

where| is either the Long filter input parameter when no click is active (i.e. the signal is below threshold) or
the Long Filter 2 input parameter when the signal is above thresholi the Shorfilter input parameter. A

click is started / stopped when the signal to noise ratio goes above / below the threshold parameter. Long,
short filters and the threshold are definedylhe user together with other parameteithat can be seen in
Table21and are explainetierein

1 Threshold: indicates the sound pressure level at which the algorithm starts looking for clicks.

Long filter: is a weight coefficient for equati¢i@ ) when there is no click present

Long filter 2: is a weight coefficient for equatipr) when there isaclick present.

Short Filter: is a weight coefficient for equatif8 ). This coefficient is used alottte wholesignal.

Min click Separation indicates the number of samples between two consecutive clicks in order for the

second to be considered as one, avoiding false clicks consisting of transient sounds, orpaakble

clicks.

Max click length: indicates the maximum numbésamples that a click event can last.

1 Presampleindicates the number of artificial samples that the signal is gerdded with. Zerevalue
samples are added to the beginning of each input processing block.

1 Postsamples: indicates the number of artifidgamples that the signal is zepadded with. Zerevalue
samples are added to the end of each input processing block.

=A =4 =4 =4

=

Parameters

Threshold (dB) 0
Long Filter 0,01
Long filter 2 0,001

Short Filter 0,1

Min click Spearation (samples) 0
Max click Length 1024

pre sample (samples) 0

post samples (samples) 0

Table21l. PAMGuard Click Detector Module and MatGilck detector user defined inputsd their default
values.

5.3.1.5.2.1.2.5 Clip Generator

When a click is detected, a sound clip is created. This sound clip contains the click waveform. It is worth to
mention that this clip is generatefrom the output of the prefilter stage. This is because it has more
frequency information than the output of the trigger filtering stage. This information is usefifitrer species
study/classification and localization purpose
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5.3.1.5.2.2 Implementation in Matlab

For technical analysis and optimizatiohetalgorithmwasimplemerted in Matlab and tested with a simulated

click signal. This signal is generated with a Matlab support code provided by PAMGuard. The modules
implemented are then:

1 Prefilter

1 Trigger filter

1 Trigger decision
1 Clip generator

5.3.1.5.2.2.1Prefilter and Trigger filter

Theyconsist of a GUI in which the user can define the filter to be used. The types of filters available are IIR
Butterworth or Chebyshev Filters and in turn they can be specified as low or high pass and pass band filters by
means of their cubff frequencies ad the sample frequency of work. This G&the same one developed for

the implementation of the algorithm in theleXOSensors but without the possibility of writing a header file

for the C code. Its functionality can be seen in seciighl

5.3.1.5.2.2.2Trigger Decision

The trigger decision module is implemented by coding the short and long filters as they are defiifeédaimd
(8). Then the otput of these two filters are compad when the signal is above the threshold and if the
condition of SNR > Threshold and there is no click active, then a&we#okis startedand set to True. This is
maintained until the condition mentioned above is not fulfilled anymore or the maxinemgth of the click
has been exceeded.

Once the start of a click event is detected, the pe&aketected and its value and position with respect to the
input signal is stored.

5.3.1.5.2.3 Clip generator

Taking into account the maximum length of the clitle start ard end of the click are set. As in PAMGuard,

the user must define the percentage of the click energy for a click clip to be generated and start and end of the
click to be calculated.

In order to do so, the total energy of the click is computed taking imtwoant the maximum length of the

click, with the peak of the click located at the middle position. Then the new energy defined by the user in
percentage form is computed and from the middle position, samples at both sides are added to the click clip
until the energy requirement defined by the user is fulfilled.

5.3.1.5.2.3.1 Functionality validation

In order to test the algorithm implemented in Matlab, a test signal is generated with the support Matlab
function to generate clicks. First 40 clicks are generated and they fre concienated with random
separation between them. The separation is filled with zeros. The signal lasts 13 seconds and is stored in a wav
file with a sample frequency of 48 KHm. PAMGuard, the sampling frequency is previously defined in the
audio acquisition module, however the sampling frequency is not a key parameter in this module, since the
detection is made in the time domain. The sampling frequency is only necessary if prefilter/triggering filter are
used or the frequency content of the dtioeeds to be known.

PAMGuard software is set for it to read the signal and click parameters are set as they are ddfigedens
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Parameters
Threshold -3,1dB
Long Filter 0,01

Long filter 2 0,001
Short Filter 0,1
Min click Spearatiof 0
Max click Length 1024
pre sample 0
post samples 0

Figure44. Click Parameters for test valiitan in Matlab

Results from PAMGuard can be seefrigure45
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Figure45. PAMGuard Results from test WAV file
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Figure46. Click Detector Matlab algorithm results with Test Wike/ 40 Clicks detected

T T T T
08
06 -
04
02
02
04
06
08
I I I I
1.2 13

T
L L
1.15 135 14 145

Audio Data
*  Clicks Detected | |

Amplitude
o
|

1.25
Time (s)

Figure47. Detailed zoom oFRigure46.

As can be seen iRigure46 and inFigure47, click detection and & peak detection matches with PAMGuard
results shown ifFigure45.

Once the peak of the click is located, the start and end of the click are established depending on the
percentage of the total energy (1024 samples with peaktktat sample 512) of the click as it has been
explained in5.3.1.5.2.3 In this case the energy has been established to the 100 % of the click. This is done in
order to be sure that the constraint of the distance between tvamsecutive clicks is taken into account by

the algorithm.
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Figure48. Click Start and end calculatieMatlab function

5.3.1.5.2.4 Implementation iNNeXOS

The main goal of the Click Detector algorithm is to find when and where a cliakchased. In order to do

that, the input signal must be evaluatéd order to checkf it exceeds a certain threshold (predefined by the
dzZaSNL F2NJAG G2 0S O2yaARSNBR | aLI2aairotsS OtA01éd
filters), both of them, filteed sample by sample and estimate the signal and background noise respectively.
The estimated signal to noise ratio (S/N) is computed and compared to the threshold level defined by the user.
A click is considerednly if the SN ratio exceed the threshold level. Then, the algorithm looks for the peak
level andits position. Once this is found, it is stored the click structure.

5.3.1.5.2.4.1 Block Diagram

The implementation of the click detector algorithm in the microprocessor ARM Chtdekas been carried
out by means of three different functions that airgerconnected. Thsefunctions are:

9 Click Detector
This is the main function and it is called in the main script where the signal processing is performed.

1 Look For Clicks
This functdn is called in Click Detector, after the Trigger filter and the absolute value of the input signal is
computed.

1 Get Click
Once the click is detected, the peak level of the click and its position is stored in an array of C structures. By
default, taking mto account that the processing block is 2048 samples long, if the maximum length of a click is
1024 samples, in the best scenario, just 2 clicks would occur within that processing block, therefore, the length
of the array of clicks is set to maximum numioé clicks that in the best case scenario would occur.

The structure of the click detector algorithm implemented for microprocessor ARM Cortex M4 can be seen in
Figure49.
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Figure49. Structure of the Click Detector Algorithm implemented in C for MicroProcessor ARM Cortex M4

ngh Pass

5.3.1.5.2.4.2 Functionality
The click detector algorithm contains three source files .c and four header files .h

9 Click parameters ( .h)

1 Look forclicks (.h/.c)
1 Getclick.h/.c)

9 Click detector (.h/.c)

Input file contains the signal input withmedefinedblock size (512, 1024, 2048 samples

5.3.1.5.2.4.2.1 Click parameters.h
This file contains all the parameters needed to find the clidkfned by the user.

These parameterare:

A num_of_clicks_expectedMaximum number of clicks that a click structure can contain. This is limited
by the number of samples that are processed at a time (BLOCK_SIZE) and the maximum length of a
click in samples.

A BLOCK_SIZSize of the block thas processed at a time.
0 More than 3072 samples cannot be introdudeecauseeither the sensoor the free version
of the program (LPC Xpressin) not allow it.
0 In case two signals with different sizes are introdies inputs, the Block Size will haveth
maximum size.
6 0 006 I A@ Q&EXmE fphiQE ngo o

A Prefilter_flag. Indicates if the signal should be filtered before thkck detectionprocess. This
parameter is not used by now.
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A Filter_flag Indicates if the signal shalibe filtered after the prefilter process. This parameter cannot
be 1 if the prefilter_flag is 0. This parameter it need by now.

A Long_filter_coeff [ 2 ] An array with Noise filter coefficients.
Default values are (0.00001, 0.000001).

A Long_filter_oeff_1 [ 2] This parameter is not defined by the user directly. It is computed as:

a£Q p Ga€&Q
A Short_filter_coeff.Signal filter coefficient. Default value is 0.01
A Short_filter_coeff_1This parameter is not defined by the user directly It is computed as follows:
i® o p i®@i o
A Trigger_level.This is the threshold level. This parameter indicates the amplitude level at which an
input sample can be considered as a possible click. This level will lebias#B re 1uPA to the user
and will be converted to Digital units automatically taking into account the sensitivity of the system.
A Max_click_lengthMaximum size of a click in samples. By default is 1024.
A Min_click_separation.Separation between two icks in samples. By default is 100. However, we do

not count with it in this algorithm.

A Previous_sample_IngThis parameter is used to initialize the long filter. It is not defined by the user.

A Previous_sample_shrhis parameter is used to initialize thleort filter. It is not defined by the user.

5.3.1.5.2.4.2.1.1 Matlab files

In order to let the user define somef the parameters in the Click detector algorithm, we have developed a
Matlab script that is able to generate the click_parameters.h file.

Open Generation_ OffCA O wt I N} YSGSNAR DY Ay Yl GtFo6X |yR NYzy GKS
write_c_h_file_parameters should be either in the working path directory or added to it.

5.3.1.5.2.4.2.2 Click_detector (.h/.c)
This function processdata and detects when andhere a click is detected.

The functionality of click_detector is to get the absolute value of the input, getting the position of possible
clicks by callindook_for_clicksand then getting peak values and positions of the clicks detected calling
get_click

5.3.1.5.2.4.2.3 Look for clicks (.h /.c)

The first thing this function does is to evaluate the input signal with the trigger level. If the signal is above or
equal than the trigger level we can start looking for the clicksdio#t_statugparameter is 1.

Once weknow theclick status,we run the short and long filters sample by sampl&ur{_short_filterand
run_long_filter)

- Run_short_filter This function filters the input signal starting with the first sample. The signal level is
estimated using:
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i Qdve (@D Zi QanaQ@i o
ZR 1 QULIQE o (9)

- Run_long_filterThis function filters the input signal in order ¢@t an estimation of the background
noise. Depending oalick_statughe noise level is measured with a different noise filter coefficient.
o If click_status = 1, long filter coefficient will be 0.000001.
o If click_status = 0, long filter coefficient wak 0.00001.

¢ ¢ Wi aéeQ Oé QUUNGINVE /& Q

~ B (10)
aéeQ wé QUG INOQB Ui QE 6

Onceboth estimations are computed (signal and noise levels), it is hecessary to know if the signal to noise
ratio is larger than the trigger level. If this condition is true then a click has been detected. (This condition will
be stored in a variable calledv€rthreshold)

If the signal and the signal to noise ratio are above the trigger level, we can evaluate the clicks.
- LT AdQa GKS FANRG GAYS + Of A01 KIa 0SSehl ckekiSOGISRE
variable anchum_of_clicksvill increment to 1.

- If num_of_clickss not zero (because a click has been already detected) it means that another click
has been detected, so we need to know in which position this occurred. In order to do that, we check
if the difference between the ew position that is being evaluated and the position that previously
has been stored ireal_clickgs greater than the maximum click length (by default 1024), if this is true
then, another click has been detected and the position evaluated is stonea@nclicks and again,
num_of_clickss incremented.

It is required that the difference between clicks is 1024 samples.

Finally,real_clickswill contain the positions where the signal to noise ratio is for the first time above the
trigger level, regardinthe difference between clicks (1024).

Andnum_of_clicksvill be the number of clicks that has been detected.

(We add a board_LED_set that every time a click is detected, the blue ledWhen detections are too fast
to be seen, an oscilloscope isatded).

5.3.1.5.2.4.2.4 Get _click (.h/.c)
This function looks for peak values of the click and its position once werbavelicks

First of all, we have declareds#&ruct typenamed Click that it is used in the function. Click type consists of two
different paraneters regarding amplitude and localization of a click event.

In order to find peak values, we need boundaries. Because of the maximum click length (by default 1024), the
samples that we have to evaluate fromal clicks(which contain the positions whera click has been
detected) are 512. However, it these samples exceed the block size, we will stop looking for peaks when we
get to the last sample of the signal input.
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Once we have delimited the boundaries, we start looking for the peaks. So as thdimgdwe need to check
whether the amplitude of the next sample to process is the same or isgrdan the amplitude of the click
detected (stored imeal clické ® LF &2 ¢S KIFI@S F2dzyR GKS Of A01Qa LISI |

The \alue of the peak, will be converted to SPL by means of a look up table that is included in the code.

The position and the SPL value are stored in the Click structure.

5.3.1.5.2.4.3 Observations and Limitations

The read of this document is highly recommended in ordeunderstand how the algorithm works and how

the click parameters should be defined by the user. PAMGuard suggests the familiarization with the input
parameters defined by the user and since the present algorithm is based on the same algorithm, the same
suggestion is made fdleXO%users.

Special attention should be paid on the triggering filtering stage and the specification of the threshold level,
which has to be referenced to 1 pPa. The threshold would be automatically corrected by the click parameters
generator taking into account the channel sensitivity and ADC transfer functions.

The main limitation, is the maximum length of the click event. This is due to the limitation on the block size for
the audio data processing (that is 2048 samples).

Other limtations are related to the extrd S| (G dzZNB&a GKIF G |INB AYLIE SYSYGiSR Ay t
implemented here so far (for instance, the frequency content of the clicBy now, it is known that the
computational load has to be as small as possible. Howekiere is no maximum established bieXOSOf

course, this limit will depend on the functioning and need of other tasks that should be carried out by the
microprocessor. Therefore, by now, the extra features have been set to the minimum and it is exjetted

an optimization and a feature addition will occur at n&léXOSStage in task 6.4 Sensor assembly and factory

testing.

5.3.1.5.2.4.4 Versions
There will be just one version delivered.

5.3.1.5.2.4.4.1 Code
It can be seen ilnnexesAnnex |V Click Detector.dacx

5.3.1.5.2.4.4.2 Functionality Validation

Since the Mdab algorithm was validated by comparison with PAMGuard Output against the sgue i
signal, the output of the Click Detector algorithm implemented in C is validated by comparison with that
implemented in Matlab.

Since the output of the Click Detector atghm developed foNeXOfonsists of the peak level of the click and
the position with respect to the input block size, the comparison between the two algorithms will be done
based on these two parameters.

In order to do so, a simulated signal containihglifferent clicks is generated and used as an input to both
algorithms.
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Figure50. Simulated Click generated signal ieXO3\gorithm Validation

Position Peak Value
Sample Q15 Float
270 29789 0,9091
HPE el 1294 29789 0,9091
270 0,9091
L 1294 0,9091

Table22. Results obtained ith Click Detector Algorithms implemented in Matlab antl@XO%C
programming language)

Results are consistent with Matlab output regarding Peak Amplitude and localization in time of the click event.

5.3.1.5.2.4.4.3 Computational Load Measurements

Processing time has ba measured for 2048 sample&s it can be seen iRigure51, this processing time is
3.52 ms. It is obvious that this time is independent from the sample frequency ( fs ), however it is very

important when real time processingdesired.

Taking the highest possible ( fs = 100KHz ), 2048 samples means 21 ms. This means that, in principle, the

algorithm can be run in real time, however care should be taken regarding:

A As it has been mentioned before, extra features (obtain clickeirdormation) will be added to the
actual algorithm, and this will increase the processing time, therefore a maximum should be

established in order to know what features can be added or not.

A The speed of the microcontroller at the time of the measuremisniaximum which may not be the

most efficient from a power consumption perspective.

A The microcontroller may be taking care of other processes (apart from audio processing) and this will

reduce the time window for audio processing.
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Algorithm: CLICK DETECTQOR
Block Size (Samples): 2048

FLOAT

DS0-X 20024, MY54431060: Mon Now 16 233401 2015
1 2 /

Fuente

2 ~-
Matlab ARM CORTEX M4 Execution time (ms
Click Position 270 269 352
Click Value 0,90909 0,90909 '

Figureb1. Processing time for the Click Detector

5.3.1.5.2.4.4.4 Optimization
No optimization is performed to the actual algorithm, this is expected to be carried out at theNexDS
stage inNeXOSask 6.4 Sensor assembly and factorytites

5.3.1.5.3 Good Practices for the user
It is highly recommended to read carefully all the documentation about this algorithm delivered together with
it, this consists of:

I The present document.
1 Annex with code
1 Click Detector GUI (secti@4.3

As it has been mentioned before, special attention should be paid to the triggering filtering stage and the
specification of the threshold level, which has to be referenced to 1 pPa.

Filters implemented are the responsibility of the user, riéfere the user should be familiar with filtering
techniques and should be aware of the signal transformation that occurs when a filter is applied to the signal.
The Click Detector GUI aims to help the user in the estimation of the performance of the &fiplied,
however it is highly recommended for the user to get familiar with filtering techniques if he/she does not have
previous experience on such topic.

The threshold would be automatically corrected by the click parameters generator taking intanadbe

channel sensitivity and ADC transfer functions, therefore the user has not to get worried about this topic. If the
system sensitivity is changed due to any reason, the user may change this in the code which it is something not
trivial if the user las not previous experience on microcontroller programming, under his responsibility.
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5.3.1.6 Whistle Detector

5.3.1.6.1 Introduction

The purpose of the Whistle Detector is to detect whistle like vocalizations from marine mammals, in a similar
way as theClick Detector. Thmethod for the detection takes the spectrogram data as input and extracts the
contours of tonal sounds, applying a noise removal process in order to improve the contour detection.

Some of the noise removal blocks that the algorithm includes in PAMguardoptienal, and their final
objective is to improve the contour detectioklere he workfocuses on the blocks included in PAMguard that
have been configured as essential for the algorithm to operate.

5.3.1.6.2 Methodology

The algorithm is basedike the otherbioamusticalgorithms, on the open source software PAMGuard. Among
the different algorithms that PAMGuard offers related to passive underwater acoustic monitorings calked
Whistles and Moans, based on a previous version called Whistle Detector. Tasref@rence algorithm for
NeXOSWhistle Detector.

5.3.1.6.2.1 Study of reference algorithm
The Whistles and Moans algorithm in PAMGuard followsaHewingscheme:
RAW Signal

Click Removal
(Optional)

%]
)

=2 Y

=
(2}
=
B
[

=
s
=
=

eq[n]
edn]
ime [n]
imen]
edn]

e Min frec[n]
H Duration [n]

[
= =

Final fi
Initial
Final
Max fi

FETiength S
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FEThop N
512

Noise Removal Process

Spectrogram

Rejoining and

Branching
’ MaxCrossLe ngt_ N
s % Median Filter 5 Regions
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ConnectionT
25O P —
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update Constant Ave rage ma)?Freq Con n_eCt| ng
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Smoothing WECE __ J  Thresholding
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Figure52. PAMGuard Whistles And Moans Deteditock diagram.
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5.3.1.6.2.1.1 Structure

Click removalit is common for dolphin whistles to be overlaid by broadband clicks from other animals, so the
clicks are removed from the raw audio data in blocks of the same length as the FFT in the subsequent
spectrogram.

Spedrogram: The spectrogram consists of a successive FFT of the data input, with a determined number of
points and a determined FFT hop which overlaps one slice with another.

Spectrogram Noise Removarhree noise removal algorithms are applied to the spegtam data to improve
the contour detection.

Median filter: Filter to enhance tonal peaks in the spectrogram. It obtains a median value and
subtracts it from the original data.

Average subtractionRunning average background to remove constant tones suliigaét from the
output of the median filter.

Gaussian Smoothing Kernebmooth of the spectrogram by convolving it with a Gaussian smoothing
kernel. It is useful as it removes a large amount of single pixel regions.

Thresholding:All data points in the deoised spectrogram below a defined threshold are set to zero. This block
has two possible outputs: one in which the points of the denoised spectrogram over the threshold are set to 1,
and other in which that points are left with its FFT values.

ConnectingRegionsThe binary map of points proceeding from the threshold is divided into regions according
if the pixels are in touch or not. There are two different kinds of connection: corhdfiur sides) and
connect8 (four sides and four diagonals). Paramstlike minimum total length or minimum number of pixels
determine when a region is considered a whistle or is discarded.

Rejoining and Branching RegionBach whistle could cross or be crossed by other(s) whistle(s). Connecting
Regions detects them as anique region, so this block tries to split the crossed whistles into different
branches.

5.3.1.6.2.1.2 Identification of basic modules (minimum algorithm features) and Functionality
The fundamental modules that the Whistles and Moans algorithm in PAMGuard needs tprepsxly, are

the ones that conform théollowingblock diagram.
RAW Signal

nWhistles

‘—> Initial freqn]

FrTengh
1024

FEThop S
512

Spectrogram

- |ax fredn]
e Min freqin]
‘—> Duration [n]

ConneclionTyp-
N\ 478

e — Connecting
nFilter . . mQai(F:’[eq N
R 4 Viedian Filter | [EGRR—— Regions
o min'zrglalsize —

Noise Removal Proces

Average ol Thresholding
updateConstant ]
0.02 Subtraction

\,

Figure53. Fundamental PAMGuard Whistles And Moans Detector flow scheme

Amore specific explanation of eachoduleis providedbelow.
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5.3.1.5.2.1.1.1. Spectrogram

A spectrogam is, inessencecomputed asa succession of FFTs of a signal with a determined oviertame.
This overlapis configured here via parameter called Fkop. This parameter indicates the jump from the
beginning of a FFT and the beginning of the nex. A typical Fidp is50 % of the Fkehgn parameter where
FFEngthis the number of samplgzrocessed

PAMguard contains a certain amount of casieant forthe graphic representation of the spectrogram. This
will be directly made in Matlab with the pper function and will not be needed MeXOSso it is not relevant

to explain it here.On the other hand, the mathematical calculation of the spectrogram is the fundamental
basis of the Whistle Detector, and its parameters will have a direct ingabioth whistle detection and time
consumption.

The spectrogram generates a different number of slices dependingedivisions of the signal according to
the values of Fhehgthand FFilop.

5.3.1.5.2.1.1.2. Spectrogram noise removal: Median filter
The spectrogram noise remal stage is included in PAMguard both in the spectrogram itself and in the
Whistles And Moans detector. First part of this stage is the median filter.

The median filter is used to enhance tonal peaks in the spectrogram by flattening the spectrum across the
entire frequency range. In order to do this, it uses the median value in spite of the mean bécauser to
obtain stable values for the central tendency of each whistle.

CKAA TFTAEGSNI SEFYAySa | cC¢ &f A0S TOMEYI SINKS A¥IRS @t NBSHNI
points it will take to calculate its median; being half of them at each side of each central value. This median
value is then subtracted from the original data. This is represented in equitibh

@ O 6QQ e oo (11)

5.3.1.5.2.1.1.3. Spectrogram noise removal: Average subtraction

The aim of the average subtraction module is to remove constant tones fnensgiectrogram. The process is

0KS YFOGKSYFGAOIE (22t aNHzyyAy3a | @SNFr3IAS o6 O13aINRdzy R NB®
mainly used in image processing. It tries to suppress the information in the backgrouedhtmcethe

information in the foreground. To do this in this case, the running average is calculated and then subtracted

from the input data (in logarithmic units). Again, this block processes a slice at a time.

Equation ( 12) shows the running average calation. There is a parameter which impacts clearly in the result.

Li Aa GKS h gpdateCooSantSyj d2l 1A RIEAZNRNI ¢ KA & LI NF YSGSNI AYyRAOL
is used to calculate the average. A small number (typically, 0.02) indicegas gmounts of background

suppression from not much signal, and vice versa.

© | W P | ® (12)

The equation( 13) shows the subtraction of the resuif from the original input.
aw 0w © (13)

5.3.1.5.2.1.1.4. Thresholding
A threshold is applied to the input, putting to zero all data points below that thwkes On the other hand, the
data over threshold is treated in three different ways:

a) A RAW output with the data input as it is, without performing the threshold.
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b) A binary output where the data over threshold is put to one.
¢) An output where the dataver threshold is left as it was in the input.

The default value of the threshold parameter is 8 dB. This parameter has a critical impact in the next stages of
the processing, as the regions detected depends on what amount of data is 1 or not.

5.3.1.5.2.1.1.5. Connectindregions

This module connects the points in the spectrogram proceeding from the Thresholding stage to define the
regionswith whistles detected. Ihas asnput the binary map proceeding from the Thresholding process (the
rest of the Thresholding outputs @only used in purposes of graphical representation of the spectrogram).

This stage of the process is to connect these pixels in the binary map into regions, being these regions made up
of pixels in direct contact with another. This connection can be of d¥fferent types: conneett and connect

8. In connecH, the spectrogram pixels are considered in contact if they are in touch on their sides. In connect

8, in addition of this, they are considered also the contact in the corners.

Once the regions are dekd and all the possible pixels are included in each of them, the regions that contain
less than a minimum number of pixels (minTotalSize, by default 20) or that are shorter than a minimum total
length of time bins (slices, nhamed as minLength) are nosidened as final regions detected. The regions
detected are also defined between a minimum frequency and a maximum frequency (minFreq and maxFreq).
Out of that range, the input bins are not processed.

In order to do all this processing, this module negas slices as input, considering that each one of them has
to be compared with the one immediately next to it to create the regions and decide the connections.

5.3.1.6.2.2 Implementation in Matlab

The strategy followed for the Matlab implementation of the Whistle [ébe is the programming flow that C
would have, in order to prepare the code to be transferable to the microcontroller without major changes.
This implies avoidinlylatlab resourcesiot available inthe ARM CMSIS DSP library suchmgdicit declaration

of variablescertain builtin functions,etc. A special resource is also used: the division of the input signal into
chunks, to simulate block enésin NeXOS

5.3.1.6.2.2.1 Spectrogram

Jectrogramfunctionsin Matlaband PAMguard are alik@ he first and unavoidable press is the calculation

of how many chunks can be processed for each block. As the,RES to be used fronone FFT to the next,

two chunks are processed at a time, so the FFT of the part that contains a part of the first chunk and a part
from the next me can be calculated. This is illustratedrigure54.

Input [n-1] (iBLOC_IGIZP;‘ Input [n] (E%LOCLGIZE
| |

- S
— e
fft_hop \§ i

FFTIm-2] (fft_length) |
| FFTIm-1] (fft_length) |
| FFTm] (fft_length) |

Figure54. Example of overlapping froome FFT to the next in two different chunks of the input signal for
fft_length =BLOCK_SIZE and fft_hop = fft_length/2
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The number of slices is calculated at the beginning, to know how many slices will result from each FFT process.
The first iteration this number will be higher than the rest of them, since there are two chunks to proces
From the second on, we only have to process the part than the first chunk shares with the second, and the
second one. In the example of thegure54, if it is referred to a first iteration of the spectrogram, in the
second onewe only have to process two chunks in spite of three; the FFT[m+1] (from the shared part of
Input[n] and Input[n+1]) and the FFT[m+2] (from Input[n+1]).

As the spectrogram needs two chunks as input, the first of all will be necessarily zero, in ordecdsspthe

first real chunk. That means that a few outputs from the spectrogaaenincorrect depending on the Fidgtn

and the FREp. In the preceding example, the first two slices will be irrelevant since they are calculated with a
chunk which contais only zeros.

The spectrogranoutputs a matrix, since it obtains several FFT slices from each pair of chunks. The number of
slices determines the height of the matrix, and the fft_length, its wiéibr. this reasorthe rest of the Whistle
Detector is condioned by the number of slices the spectrogram obtains. Uatllslices are processed, the
spectrogram cannot process a new chunk.

Since the FFT of each slice has a positive and negative part, and the spectrogram only needs the positive one,

the output marix of the spectrogram haa
the algorithmby half.

width. This reduces the time consumption for the rest of

5.3.1.6.2.2.2 Median filter
The median value is calculated from the input slice by #iaecomes directly from the spectrogram, ahthen
issubtracted from the input itself.

The nFilter parameter indicates the order of the filter. An array is created where there are half nFilter points
that repeat the first values of the input, then the complete input and then the half nFilter pointise end of

the input. This array is ordered in descendant order by the function bubble (which in the other hand uses the
function swap). From thithe median valués extracted and stored as the first output. The algorithm continues
over the rest of tle slice. The operation of the mieoh filter can be seen iRigure55.

Input Data

5 3 1 4 6 8 7 2

Data for median calculation

5 5 3 1

N
(o]
o'
~
[N
[N)

Median values X

5 3 3 4 6 7 7 2

Figure55. Example of the operation of the Median Filter

5.3.1.6.2.2.3 Average Subtraction
Since this module is fundamentallysanplepair of operations samptpy-sample, its translation from Java to
Matlab is practically immediate.

The equations are algp12) and( 13), so they are written directly. The block diagram that defines the entire
process is shown iRigure56.
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Figure56. Block diagramdr the average subtraction module of the Whistle Detector

There is only one consideration; the median filter can result in zeros, whoselBdsgarithm is the medints
that repeat the first values of the input, then the compb, that transform$§ inso then all the algorithm result
in infinites. To avoid that, if the median filter slice has any zeros, logarithm calculated isfy(10

LY LINBGA2dza OSNRBRA2Yy A (KA aFilteR Wwdrkg Qith ze2o€) dhezrdlvad A ghéckinglinda (K S
whichifo gl ay Qi | v dndr)Sthdwas halzgotilized. yh debugging process, we saw that this
AYyaiaNHzOGAz2y O2yadzYSR OSNIFAY FY2dzyi 27F tdhedidditet yR & &\
and the mentioned logarithm approximati wasapplied

5.3.1.6.2.2.4 Thresholding

The thresholding process is simple, and there is a difference between Java and Matlab. As the output with raw
values and the one with the FFT thresholded are not used, the only output is the binary map, that is the input
that Gonnecting Regions need

5.3.1.6.2.2.5 Connecting Regions

To obtain regions containing the pixels of the thresholded spectrogram is the objective of the Whistle Detector
algorithm, since these regions will be the potential whistles. This algorithm is noticeably thepartstlar of

all, as it uses objeairiented programming over two slices of the signal, withgetrforming any significant
processing. Two objects are needed for this purpose: Region and Pixel. Both are Matlab handles.

Pixel: This object contains only twproperties: row and column. Both correspotalthe row and the
column of the pixel in the binary map from the thresholded neisduced spectrogram. The pixels
allow us to know the size of the region, its first and last slice, and its higher and lover Ploey
could be used to plot the regions on the thresholded spectrogram.

Region:The regions are the sections of the thresholded spectrogram which contain pixels in contact.
To define all the parameters needéaf this object, several propertieare usel:

1 PixelsInReg: Array of as many Pixel objects as pixels are in the Region.
totalPixels: Number of total pixels in Region, contained in PixelsInReg.
firstSlice: First slice whose pixel(s) have been included in the Region.

lastSlice: Last slice whose pixedsve been included in the Region.

= = =4 =4

isConnected: Array which contains the reg id of the Regions that are connected to this Region. If
0KSNBE I NByQli O2yySOiGAz2yasz Aad no

1 isGrowing: boolean (0,1) that indicates if the Region accepts more Pixels or not.
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1 isDead: bolean (0,1) that marks the Region as rmmdsting when it is merged with other one.

1 reg_id: Number that identify in a univocal way the Region. It coincides with the index of the
RegionArray of ConnectingRegions.

Propertiessuchas minimum and maximum fregncy, initial and final frequency and initial and final
time are not consideredbecause they are immediate to calculate from the pixels in the region, and
they are not necessary for the region definition and the whistle detecfitye. main reason is thah
NeXOsSincluding all these properties will reduce drastically the number of regions that can be stored
in memory. This is the actual line of work: to see hoangregions can be detected, including all
their characteristic parameters.

The methods inhie object Region are, besides the constructor, the ones listed hereunder.
1 AddPixel(R,pixel)

Adds a pixepixelto RegionRE I yR | OGdzl t AT Sa GKS LI NIYSGSNB ySS
is ended (this must not happen, but is included to detect posshiars).

1 MergeRegions (RT,R1,R2)

Unifies Regions R1 and R2 in RT. RT can be one of them or not. All the parameters from both
Regions are included, except for the connections. They are included in the function
ConnectingRegions as some checkings must be.do

1 ConnectRegions (R1, connection)

Includes the n_reg defined ronnectioninto the array of connections in R1. This has to be done
for both regions to connect.

1 FinishRegion(R)
Region R is marked as not growing.
Connecting Regions module

The new slice isompared with the old one through the frequencies decided. When a pixeriszero, the
connect4 or connect8 processs implemented If connect4 is enabledConnectingRegionshecks if there is
another pixelprecedingthis pixel in the same slice. 46, it connects the actual pixel to the preceding region,
labeling the pixel with its reg_id. Then, the pixel is compared with the pixel next to it in the old slice. If this
pixel is also different to zero, there can be two possibilities:

a) The precedig pixel is zero, so the actual pixel is included and labeled in the region from the pixel
next to it.

b) The preceding pixel is also different to zero (so the actual pixel is yet connected to this one), so
both Regions are marked as connected.

If nor the pixel next to the actual one nor the pixel precedent to it are different to zero, this pixel may conform

a new Region. To guarantee that there is not another Region next to this one, this condition is checked, and if
there is a Region containing the negikel in the new slice and the next one in the old slice, the actual pixel is
added to this Region (this strategy avoids the creation of a spigtd Region, saving memory consumption).

If connect8 is selected, all the preceding process is also donethane are two more conditions to check. If
the pixel in the corners are not zero and are not in the same Reggdhe actual pixel, both Regions are
marked as connected and labeled if the actual pixel is not 1. If it is 1, it is directly added todioe Red
labeled.
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Once the slice is covered, we go also round RegionArray in order to finish Regions, when they have not grown
during an entire sliceWe alsocheck if there are connections to perform between finished Regions, so that
Regions are properlgnerged iro one. This process implies the preservation of the connections left, without
repeating them. To do this, the properfgConnectedrom both Regions is analyzed and a vector with the
connections left is created. This array is stored as the neyioR&sConnectegroperty.

There is a last stepyhichis to check if the Regions thaivebeen detected are or not going to be considered
as potential whistles. The arrayonnectedRegiorstores the Regions that pass all the conditioimeluding
minTotdSizen pixels and theninLengthin slices.

5.3.1.6.2.2.6 Functionality validation

In order to prove that thalevelopedalgorithmperformsproperly, a test input is introduced both in PAMguard
and Matlab, and the outpwtof each moduleare compared. Thaisedinput is agroup of real dolphin whistles
with a light toneat 5 kHz.

The parameters are default: median filter length 61, average subtraction constant 0.02, threshold 8 dB,
frequency between 0 Hz and 24 kHz, conrgcMinLength 10 time slices, MinTotalSize 20 Isix€he rest of

the modules in PAMguard are not activated: there is not click suppression, branched regions are left intact,
Gaussian Kernel is off.

It can be seen ikrigure57 how the spectrogram developed in Matlab obtains aregentation very similar to
PAMguard. Theerceiveddifferences are due taendering In Figure58 a comparison between the noise
reduction stage (median filter and average subtraction) between both algoridmagisplayed Again there
are perceiveddifferencesdue torendering but the effect of both modules is visible.

Figure59 shows the difference between the thresholded spectrogram in Matlab and PAMguédreke a
sensible change from one result to@her can be observedThis is probably caused by a conversion factor in
PAMguardandremainsa point toresolve.Using a lowethreshold the two outputs do coincide as can be seen
in Figure60, but their Regiorcount daes/ Q (isbs ubdér study at the moment.

Final Spectrogram of the signal x(t)

71

21

0 02 04 06 08 2J 12 14 16 18
Time (s)

Figure57. Comparison between Matlaleft) and PAMguardright) spectrogram
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seconds

Final Spectrogram of the signal x(t)

00 ¥ 20

24.00 .
0
5
0 0.000- =1
0 02 04 06 08 1 12 14 16 18
Time (s)
Figure58. Comparison between Matlalteft) and PAMguardright) noise reduction stage
seconds

Final Spectrogram of the signal x(t) 00 10 2o

0 02 04 06 08 1 12 14 16 18 o ] = =

Time (s)

Figure59. Comparison between Matlaleft) and PAMguardright) thresholded spectrogram

seconds

Final Spectrogram of the signal x(t) 00 10 20

180

155

-130

105

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Time (s)

Figure60. Comparison between a thresholded spectrogram in Mdlkeft) with 3 dB threshold and a
threshdded spectrogram in PAMguadght) with 8 dB threshold

Concerninghe number of Regions, we are going to compare executions with different parameters between
Matlab and PAMguardWhile there are sensible differences between Matlab and PAMguard now being
studied. updateConstant and nFilter are maintained at their default values (0.02 and 61 respectively).
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2 2 2 2 2 = = °
o © o ] o © o © o © o ] o ] o o]
= < = < = < = < = < = < = < = <
o o o o o o o o
102 | 102 | 102 | 102 | 102 | 102 | 102 | 102 | 102 | 102
FFTlength 4 4 4 4 4 4 4 4 4 4 512 | 512 | 512 | 512 | 256 | 256
FFThop 512 | 512 | 512 | 512 | 512 | 512 ]| 256 | 256 | 256 | 256 | 256 | 256 | 128 128 | 128 | 128
Threshold 8 8 8 8 5 5 8 8 8 8 5 5 5 5 3 3
Connection
4 4 4 4 8 8 4 4 8 8 4 4 8 8 8 8
Type
. 10e | 10e 10e | 10e
MinFreq 0 0 0 0 0 0 0 0 3 3 0 0 3 3 0 0
MaxEre 24e | 24e | 24e | 24e | 24e | 24e | 24e | 24e | 15e | 15e | 24e | 24e | 15e | 15e | 24e | 24e
q 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
M'”Tgta's'z 20| 20| 10| 120]2|2|110]10]10|110|2]2]10]|10]|110]:10
MinLength | 10 10 5 5 10 10 5 5 5 5 10 10 5 5 5 5
Connected
. 2 8 5 23 13 20 38 61 12 37 22 29 33 29 33 29
Regions

Table23. Comparison between connecting regions performance in Matlab and PAMGuard

5.3.1.6.2.2.7 Matlab code
Please seédnnexesAnnex V_ Whistle Detector.docx
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5.3.1.6.2.2.8 General overview
In this section we explaithe function andinterdeperdences of the different blocks of th&/histle Detector,
mainly based p the Matlab version.

main.c

The main method includes some code for the Whistleedetr including initialisationThis includes all the
variable declaration, the initialization of gldbaariables likeNreg (number of the next Region to create)
Oldinput(needed for the overlap) and input parametensch as constantike fft_hop, nFilter, etc.

In addition to the initialization oOldInput the LastAveragelnputas also to beetto zera This is the slice of
the coefficients obtained i\verageSubtractioto do the average subtraction process. Other important step
must bedone before everything starts likbe calculation of the range for the Region detection. As there are a
maxFregand a minFreq,there are aminPixand a maxPixin each slice of fft_length pixels, where the
ConnectingRegioredgorithm is going to run.

The Threshold is also converted to linear scale, in order to threshold the signal without calculating logarithms
sample ly sample.

globals.h

The whistle detector uses many shared abtes acrosslifferent functions. To avoid passing one to another
and copy memory once and again, a headentainsan exterral declaration of all the shared variables. Once
the global variableare defined in main.c, they can be used in any part of the algorithm.

This strategy is widely used as a clean, reliable solution to link various source files in a program.
whistle_detector_f (.h and .c)

This is thecore of the entire algorithm, distributig the variables, the slices and the results as needed. It
returns the number of whistles detected directly fra@onnectingRegions

The first part of this file is the calculation of the number of chunks to split the two concatenated iapdts
decide the mimber of iterations that the spectrogram will do

The number of chunks is the number of times the processieeds to bedone. TheSpectrogranmatrix size is
n_chunksfft_length, so in each iteration a FFT slice from this matrix is processed, andritgetuthe chunk
calculation andhe Spectrogrammodule when done.

spectrogram_f (.h and .c)

This module isimilar to the one inMatlab; everything explaineéarlier Spectrogranis totally valid here
except for one thing derimg from the FFT: the length of the information. The CMSIS FFT used to calculate it
obtains a FFT whose positive part occugfedength in spite offft_length/2, this has to be considered along

the whole algorithm. Basically, the processing has to be dioraigh the entire slice and not half of it.

Afunction calledfft_f iscreated to calculate the FFT properly using this library.
fft f(.h and .c)

The FFT is calculated using the CMIE3® library. The module for the FFT usedris_cfft_f32 It needs a
2*fft_length input, with the real part of the values in the even positions (considering zero) and the imaginary
2ySa Ay G(GKS 2RR LJ2&AGA2Y A dasinpdt, albtite inR@nAr@ valuds ardero.02 Y LI SE

Strictly the FFT haxtfft_length points, but CMSIS works wifft_length and obtains a positive part with length
fft_length.
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With this input, theFFT is calculated and passedhe output.
medianFilter_f (.h and .c)

In this case, the module is identical to its Matlab versiamctionsswapand bubbleto calculate the median
are also implementedThe only commentary is that it needs the functifaiosfto get the absolute value in
float format from the librarymath.h.

averageSubtraction_f (.h and .c)
Again, this block is the same asMatlab.It uses the function#g10f, fabsfand powf from math.h.
thresholding_f (.h and .c)

As in PAMGuard and Matlab, the thresholding process compares the spectrogram from the noisalremov
stage with a threshold in dButting the values to {above) o10 (below).

In order to saveprocessingime, the comparison iperformed between each sample of the noisemoved
spectrogram and the threshold in linear scale, which has been calculated in main.

connectingRegions (.h and .c)

The connecting regions module hasebdargely improveavith respectto the Matlab version. In the platform
version, there are no connections stored, as the Regions touching other Regions are immediately merged in
one of them, being the other one discarded, thanks to the usage of linkad list

As the Regions conform a struct, we have decided to integrate the nodes of the list within the Regions itselves,
avoiding to create a struct for the Region and another struct for the node. The pixel object in Matlab has
disappeared in C in order to sameemory, but the struct Region includes information about its number of
pixels, first and last slice, first frequency pixel and last frequency pixel, that are the relevant parameters to
characterize each whistle.

5.3.1.6.2.2.9 Observations and Limitations
Because ofmemory limitation, a maximumnumber of Regions has to be set, estimated to58€ (the length
of the RegionArray. This made necessary that the Regibastored in a dynamic list.

The number of connections was an array in Matlab, so it weeralimting paameter if we did it that way in
C, so we developed a strategy to merge the Regions immediately after each slice processing, so the connecting
process disappeared.

As the number of slices is a-b@ integer, the actual maximum number of slices is 65638hich should be
plenty in the general cas&hiscan be changed to a 33t integer, or even 64it, but this has a direct impact
on the memory consumption dRegionList

5.3.1.6.2.2.10 Versions

After a first version that containethe spectrogram, the thresholding antié connecting regions modules, in
order to observe if the memory limitations all@d the algorithm to work properlythe noise removal process
(median filter and average subtraction) was includessulting inversionl.0.

In the first testversion there vas a RegionArray containing the Regjcas in Matab. But this arrayfaced
memory limitatiors when ported to C, estimated to b800 Regionsywhich was unnecessary becauseleted
Regiors werestill occupying memorywVe use linked listénstead In versionl.0the Regions ar¢hus stored in

a linked list, and they grow and merge online, before being terminated. This strategy discards the function
ConnectRegions, the parameter connections, and stores in memory oniglth@ntRegions.
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5.3.1.6.2.2.10.1 Code
Please see AnxeVB.

5.3.1.6.2.2.10.2 Functionality Validation

The algorithm functionality in the platform is being compared with theuttssin Matlab- as they werealready
validatedin PAMguard. Arinput signal is used in the platform which consists in the same iapin Matlab,
introduced block by block, and its output is also plotted in Matlab. As whwle algorithm is not yet
devdoped, we only have tested the spectrogram, showing that it workactly as in Matlab, excephat in
Matlab half the FFT has to be passedhe output, whereasspectrogram only uses the positive part.

5.3.1.6.2.2.10.3 Computational Load Measurements
An Input of 90000 samplesas usedn Matlab sampled at 48 kHlasting 1.82 s.A block of 256 samples lasts
5.12 ms, a block of 512; 10.28, and one of 1024 lasts 20.7 ms.

The Whistle Detectoprocessingime for an Input with BLOCK_SIZ36 lasts 31.2 ms, artie processing of a
BLOCK_SIZE of 512 lasts 67.8 ms. So, the time processing is around 6 times the duration of the signal. This
confirms that, at the moment, a regime Whistle Detector is not possible with this sampling frequency.

A test with 10 input blocks has been performed, obtaining a time processing of 550 ms. We hoped that the
time that each blockastswould grow a little iteration after iteration, as it hasore Regions to manage, but

the average is 55 ms, so that growth is not higher than the initialization of the algorithm performed before the
first iteration.

The fft_length used to do the measures has been in all cases the same as the BLOCK_SIZE, e@s we hav
observed thain this waywe can obtain the best results both in contour detection and in time consumption.

5.3.1.6.2.2.10.4 Optimization
The preceding sectionseda BLOCK_SIZE of 512, and some testd a BLOCK_SIZE of 256, but neesl
1024 samples, because the tesvith a BLOCK_SIZE of 1024 samples are now unstable.

Because of that, our efforts to optimize the algorithm are in two lines. The main line is to reduce the memory
usage, as it is a very heavy algorithm because it needs many arrays and matrixes ffeteatdiarts of the
processing,n additionto the Region List and all the parameters in each Region. We are trying to convert as
many arrays and matrixes as possible in pointers. The immediate objective is to work properly with blocks of
1024 samples.

The second but not less important line is the reduction of the time consumptidrich in any casis highly
connected with the memory reading and writing processes.

5.3.1.6.3 Good Practices for the user

A goodchoiceof fft_length, fft_hop, threshold and Region restions determine the grade of success
detecting whistles not to say the time of processimgso the user has to choose the parameters carefully in
order to get good resudtfor the Whistle Detector.

5.4  SUPPORT SYSTEMBUIS-OR USER INTERPACE

5.4.1 Noise BandMonitoring GUI
As mentioned in sectioh.3.1.1 the user is responsibler it KS FAf 6 SNR&a RSaAdaly dzaiy3ad (K
This GUI generates the header file for the filter needed in the Noise Band Monitoring algorithm.

In the provided GUI, the user has to make different choices about the desired filter. These chaitasth
the selection of the type of filter:

A Low pass.
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A Band pass.
A High pass.

Once this has been decided, the user will choose between a Butterworthdiitta Chebyshev filter.

5SLISYRAY3I 2y (GKS dzaSNRa OK2AO0S: GKS LI NFYYSGSNBR G2
following figure.

Butterworth - Sample Frequency
Low Pass - Filter Order
Chebyshev - Cutoff Frequency
Butterworth - Sample Frequency
High Pass - Filter Order
Chebyshev - Cutoff Frequency

- Sample Frequency
Butterworth - Filter Order
Band Pass —
Chebyshev - Low Cutoff Frequency

- High Cutoff Frequency

Figure6l. Different filter parameters depending ¢ime choice made by the user.

It is important to mention that these parameters have default values (which can be seen in the table below)

0 dzii A G OagespoRsBilityditiaStingd filter created is stable and behaves properly, which means that the
behavor of the filter should be checked by the user. In order to do so, the GUI shows the transfer function of
0KS FAEGSNE odzi AG R2SayQi ¢l Ny GKS dzaSNJ I o2dzi | ye
errors.

Filter Parameters DefaultValues

Samping Frequency | 48000

Filter order 3

Cutoff Frequency 10000

Low Cutoff Frequency 20

High Cutoff Frequency 10000
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Table24. Filter Parameters and its default values.

The transfer function of each filter with its defia values are shown in the following figures.

BUTTERWORTH
Low Pass Band Pass High Pass
Fs (Hz) | Cuttof Freq(Hz) | N Fs (Hz) | Fow (HZ) | Figh(HZ) | N Fs (Hz) | Cutoff Freq(Hz) I N
48000 | 1000 | 3 48000 | 20 | 10000 | 3 48000 | 20 | 3
Plot Plot Plot
—_—
g )
g c - g
s s €
o 05 1 15 25 o 05 1 15 2 25 0 05 1 15 2 25
Frequency (Hz ) x10* Frequency (Hz) x 10" Frequency (Hz ) w10t
i — L —_——
o 05 1 15 25 0 05 1 15 2 25
Frequency (Hz ) x10° 0 05 1 15 2 25 Frequency (Hz) N
Frequency (Hz ) 10" 1o
Zoom Plot Zoom Plot Zoom Plot
& g g
—
2000 0 000 400 000 800 10000 12000 T T T
Froqamey (1) i L ey (42)
Figure62. Response of the Butterworth filter depending on the type chosen.
CHEBYSHEV
Low Pass Band Pass High Pass
Fs(Hz) | Cuttof FreqHz) | FsH) | Fu |  FgHD) | N Fs(Hz) | Cutoff Freq(Hz) | N
48000 | 1000 | 48000 | 20 | 10000 | 3 48000 20 | 3
Plot Plot Plot
— 7
g g \ g
. . | )
0 05 1 1 2 0 05 1 15 2 25 05 1 15 2 25
Frequency (Hz ) 1o Frequency (Hz ) i Frequency (Hz) < 10"
7 | 1] 7 =
g H -
g - 8 i .
4 & T F
o 0.5 1 15 2. () 0.5 1 2 25 05 1 15 2 25
Frequency ( Hz ) x 10" Frequency (Hz ) 10" Frequency (Hz) x10°
Zoom Plot Zoom Plot Zoom Plot
) . 1
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I~
\\\
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Figure63. Response of the Chebyshev filter depending on the type chosen.

Finaly, when all the parameters wva been decided and checked by the user, the header file for the filter is
created Filter.H. This file contains three variables which are the ones that the ARM CMSIS DSP library needs.

Theseare:

1. pCoeffs: the coefficients diie filter created.

101

Doc.N°: 131280KSWPX_NX856.2v.1.1 final

Date: 09/06/2016




3 . DEXDS Deliverable 6.2 :***1

Compact multifunctional passive acoustic sensor sys K
. . . - *
transducers and signal processing description.

" COOPERATION
THE OCEAN OF TOMORROW

2. numStages: Number of second order stages in the filter.
3. pState: the address of the state buffer.

In order to run this script, open the matlab fil&eneration_of Filter_Parameters.nThe functions
write_c_h_file_parameters, write_c_file and plot_filter should either be in the working path directory or be
added to it.

5.4.2 MFSD Indicator 11.2.1, indicator 11.2.1 extended and noise band monitoring GUI
The simulation of indicator 11.2.1, indicator 11.2.1 extended and of noise band magit@guire four input
variables. These variables are:

1 Block size of the input (in samples).

1 Sampling frequency (fs) of the input signal.
91 Duty Cycle of the indicator.

1 ChannelGain .

It should bekeptin mind that sampling frequency must be 1000 Hz in ¢hse of indicator 11.2.1 and 48000
Hz in the case of indicator 11.2.1 extended.

Filling the text fields in the GUI, the user can generate the header file that contains these input variables.

4] Param.. = [ x|

Enter block size:

Enter sampling frequency:
1000

Enter duty cycle:
60

Enter gain of channel
20

oK Cancel

Figure64. GUI for header file of imchtor 11.2.1.

In order to create the header file, user should r@eneration_of indicator_11 2 1 Parametemsand the
functionswrite_c_h_file_parameters_ indicator_11 2 should either be in the working path directory or be
added to it.

5.4.3 Click Detector GI

A series of parameters are necessary in orderparameterizethe Click Detector algorithm and these
parameters haeto be defined by the user. So, we have developed a matlab GUI that is able to generate the
header fileclick_parameters.lthat would giwe the specifications to the algorithm for it to work properly.

All parameters needed to find the clicks, as explained in seéti®i.5.2.4.2.fre:

Number of Clicks expected.
Block Size.

Prefilter flag.

Filter flag.

Long Hter Coefficient 1.
Long Filter Coefficient 2.
Short Filter Coefficient.
Trigger Level.

Maximum Click Length.
Minimum Click Separation.

D> DD D D> D
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In the GUI, these parameters have default values which can be modified by the user. These values are
presented inTable25.
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Click Parameters

Default Values

Number of Clicks

expected 4

Block Size 2048
Prefilter Flag 0

Filter Flag 0

Iiong Filter Coefficien 0.00001
Iéong Filter Coefficien 0.000001
Short Filter Coefficien| 0.01
Trigger Level 0.7
Maximum Click Lengt| 1024
Mlnlmum Click 100
Separation

Table25. Click Parameters and its default values.
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answer is yes, the Filter Flag parameters is set to 1 and then, the user has to define the desired filter.

First of all, the user has to decitlee type of filter:

A Low pass.
A Band pass.
A High pass.

Then, the user has to choose between a Butterworth filter and a Chebyshev filter. Finally, the parameters of

each filter are defined. These parameters are shown infigere61.

Depending on the type and the method, the filter parameters have different default values.
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Samping Frequency | 48000

Filter order 3

Cutoff Frequency 10000

Low Cutoff Frequency 20

High Cutoff Frequency 10000

Table26. Filter Parameters and its default values.

In order to check the response of the filter, its transfer function (Gain and phase plots) is shown to the user.
The response of each filter with the default values are shown below:

BUTTERWORTH
Low Pass Band Pass High Pass
Fs(Hz) | cutiof FreqHz) | N FsH) | R | R | N Fs(Hz) | Cutoff Freq(H?) | N
48000 | 1000 | 3 48000 | 20 | 10000 | 3 48000 | 20 | 3
Plot Plot Plot
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Figure 65. Response of the Butterworth filter depending on the type chosen.
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CHEBYSHEV
Low Pass Band Pass High Pass
Fs (Hz) | Cuttof Freq(Hz) | N Fs (Hz) I Fow (HZ) | Fign(Hz) | N Fs (Hz) I Cutoff Freq(Hz) I N
48000 | 1000 | 3 48000 | 20 | 10000 | 3 48000 | 20 | 3
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Figure66. Response of the Chebyshev filter depending on the type chosen.

Finally,once all filter parameters hae been chosen, a gssage will appear in order to check if the filter
parameters chosen are the desired ones. If they are, Rhier.hfile is created. Then, another message will
appear to check if the click parameters chosen are correct. If theyttaelick_parameter.his created.

As mentioned in previous sections, in order to run the GUI, the user should open the file
Generation_Of_Click_and_Filter_Parametaxs. And it is important that the  functions
write_c_h_file_parameters, write_c_h_fiéand plot_filter should either be in the working path directory or be
added to it.

It is the responsibility of the user to choose proper filter parameters and a carefully check of the transfer
function is highly recommended.
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6  ANNEX ¢ INDICATOR1.2.1CODE

6.1 SIrRUCTURE

The ode is structured as usual in C, in two different folders. One folder called src folder,
contains the source files and the other called inc contains the header files needed in order
for the algorithm to work properly

6.2 CGODE

6.2.1 Indicator 11.2.1

/*

*indicator 1 1 2 1.h

*

* Created on: 16/3/2016

*  Author: Centro  Tecnolégico  Naval
*/

/*
* @brief Obtain values for Indicator 11.2.1
*

* @note

* Copyright(C) Centro  Tecnolégico  Naval 2015

* All rights reserved.

*

* @par

*"Indicator 11.2.1" returns th e SPLrms values of the input signal for 63 Hz and 125 Hz filters.
* |t also returns the value of the SPLrms percentiles.

*

*

* @par

* NEEDS TO BE UPDATED

* Permission to use, copy, modify, and distribute this software and its

* documentation is here by granted, under Centro  Tecnoldgico  Naval' and its
* licensor's relevant copyrights in the software, without fee, provided that it

* is used in conjunction with Centro Tecnolégico  Naval. This

* copyright, permission, and disclaimer notice must appear in all copies of
* this code.

*

#ifndef  INDICATOR_11 2 1 H_
#define  INDICATOR_11 2 1 H_

#include <arm_math.h>

void indicator_11_2_1 (float32_t * Input, uintlé_t k, float32_t *rmsValueVector, float32_t
*splValueVector, float32_t  * Output);

#endif /* INDICATOR 11 2 1 H_*

/*

*indicator_11 2 1.c

*

* Created on: 16/3/2016

*  Author: Centro Tecnolégico  Naval
*/
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/*
* @brief Obtain values for Indicator 11.2.1

* @note

* Copyright(C) Centro  Tecnolégico  Naval 2015

* All rights reserved

*

* @par

* "Indicator 11.2.1" returns the SPLrms values of the input signal for 63 Hz and 125 Hz filters.
* |t also returns the value of the SPLrms percentiles.

*

*

* @par

* NEEDS TO BE UPDATED

* Permission to use, copy, modify, and distribute t his software and its

* documentation is hereby granted, under Centro  Tecnolégico  Naval and its
* licensor's relevant copyrights in the software, without fee, provided that it

* is used in conjunction with Centro Tecnolégico  Naval. This

* copyright, pe rmission, and disclaimer notice must appear in all copies of

* this code.

*/

#include <indicator_11 2 1.h>

#include <inputMatlab.h>

#include <lookUpTable_UD_SPLrms.h>
#include <math.h>

#include <stdlib.h>

#include <stdio.h>

#include "percentile_level.h"

#include “filter_63_fs_1000_fp.h"
#include “filter_125 fs_1000_fp.h"

/
* Private types/enumerations/variables

************/

float32_t  rmsValue = 0;
float32_t  splValue = 0;
float32_t  percentile90SPL;
float32_t  percentilel0SPL;
float32_t  *pCoeffs_f;
uint8_t  numsStages_f;
float32_t  *pState_f;
uintlé t i
uintlé_t j;
float32_t  rmsValueVector_temp[NBLOCKS];
float32_ t splValueVector_temp[NBLOCKS];
arm_status status;
const uint8_t num_filters = 2;
/

* Public types/enumerations/variables

/

/

* Private functions

/

/

* Public functions

/

/**

* @brief Get the SPL of each filter and its percentiles 90 and 10.
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* @param(in] *Input points to the i nput vector.

* @param(in] k. Counter of maximum value: NBLOCKS

* @param(in] *rmsValueVector points to the RMS value vector.

* @param(in] *splValueVector points to the SPL value vector.

* @param(in] *Qutput points to the output vector in w hich SPLrms and its percentiles values are
stored.

* @return none

*

* <p>Functionality of the function:</b>

* \par

* This function gets the SPLrms value of an input signal, as well as its percentiles.

* First of all the Input signal must be fi Itered.

*

There are two filters, one with a center frequency of 63 Hz and the other one with a
centre  frequency of 125 Hz.
* Every time the signal is filtered, we store the RMS value on a vector and the same is
done with the SPL value.

* So avect or with the RMS and SPL values for each center frequency is obtained.

*

* When the RMS and SPL values for each center frequency is obtained, it will be stores
in a vector the RMS of every RMS obtained with a different

center frequency. This is, th e RMS of every RMS obtained by a fc  of 63 Hz and 125 Hz.
The same is done with the SPL.

Then the percentiles |_90 and |_10 of the SPL is obtained.

*

*

*

*

*

* Finally the output will be a vector containing the final SPL, SPL percentile |_90 and
SPL percentile |_10.

*

*/

void indicator_11 2 1 ( float32_t * Input, uintl6_t k, float32_t *rmsValueVector, float32_t
*splValueVector, float32_t  * Output )

/I This is the loop for each filter. Depending on the value of i, the filter will be done wit
a fc of 63 Hz or 125 Hz.

for (i=0;i<num_filters;i++){
float32_t  signalToProcess[BLOCK_SIZE];

/I Choose filter
switch (i) {

case 0: //Filter for fc =63,09573445
pCoeffs_f = pCoeffs_f_63_fp;
numStages_f = numStages_f_63_fp;
pState_f = pState_f 63 _fp;
break ;

case 1: //Filter for fc =125,89254118
pCoeffs_f = pCoeffs_f_125_fp;
numStages_f = numStages_f_125_fp;
pState_f = pState_f_125 fp;
break ;

}

/IFiltering block

arm_biquad_casd_dfl_inst {32 *S = ( arm_biquad_casd_df1_inst_f32
*) malloc (sizeof (arm_biquad_casd_dfl_inst 32 ));

arm_biquad_cascade_dfl_init_f32 (S, numStages_f, pCoeffs_f, pState_f);

arm_biquad_cascade_dfl_f32( S ,Input, signalToProcess, BLOCK_SIZE );

free (S);

/I RMS co mputation X Hz and store it in the vector.
arm_rms_f32( signalToProcess, BLOCK_SIZE, &msValue);
rmsValueVector[k+NBLOCKS*i] = rmsValue;

/I SPL computation X Hz and store it in the vector.
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splValue = lookUpTable_UD_SPLrms(rmsValue, GAIN);
splValueVector[k+NBLOCKS*i] = splValue;

/I Once every block has been processed, get the RMS and SPL of each filter and get the
percentiles of each one of them.
if (k==(NBLOCKS1)){

/IrmsValueVector_temp will contain the RMS of each RMS obtained wit h the
filters.

for (j=0;j<NBLOCKS;j++){

rmsValueVector_templj] = rmsValueVector[j+NBLOCKS*i];

}

/IsplValueVector_temp will contain the SPL of each SPL obtained with the
filters .

for (j=0;j<NBLOCKS;j++){

splValueVector_templ[j] = splVal ueVector[j+NBLOCKS*i];

}

/I SPL total

arm_rms_f32( rmsValueVector_temp, NBLOCKS, &msValue);

splValue = lookUpTable_UD_SPLrms(rmsValue, GAIN);

/I Percentiles

percentile90SPL = percentile_level (splValueVector_temp, NBLOCKS, 90);

perc entile10SPL = percentile_level (splValueVector_temp, NBLOCKS, 10);

Output[3*i] = splValue;

Output[3*i+1] = percentile90SPL;

Output[3*i+2] = percentile10SPL;

}
}

}

6.2.2 LookUpTable_UD_SPLrms

/*
* lookUpTable_UD_SPLrms.h

* Created on: 16/3 /2016

*  Author: Centro  Tecnolégico  Naval
*

/

/*
* @brief Identifies digital values with SPLrms re 1uPa values
*

* @note

* Copyright(C) Centro  Tecnolégico  Naval 2015
* All rights reserved.

*

* @par

* lookUpTable_UD_SPLrms link digital values of the processing with SPLrms values re 1uPa, taking into
account:

* - Sensitivity of hydrophone

* - Gain of the channel
* - Conversion Factor of ADC
*
*
* @par
* NEEDS TO BE UPDATED
* Permission to use, copy, modify, and distribute this software a nd its
* documentation is hereby granted, under Centro  Tecnoldgico  Naval' and its
* licensor's relevant copyrights in the software, without fee, provided that it
* is used in conjunction with Centro  Tecnolégico  Naval.  This
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* copyright, permission, and disclaimer notice must appear in all copies of
* this code.
*/

#ifndef LOOKUPTABLE_UD_SPLRMS_H_
#define LOOKUPTABLE_UD_SPLRMS_H_

#include <arm_math.h>  // Include CMSIS header

Fkkkk
/

* Private types/enumerations/variables

#define NELEMS(x) ( sizeof (x)/  sizeof ((x)[0]))

/
* Private functions

/
float32_t  lookUpTable_UD_SPLrmq float32_t Input, uint8_t Gain);

#endif

/*
* lookUpTable_UD_SPLrms.c
*

* Created on: 16/3/2016
*  Author: Centr o Tecnolégico  Naval
*/

/*
* @brief Identifies digital values with SPLrms re 1uPa values
*
* @note
* Copyright(C) Centro  Tecnolégico  Naval 2015
* All rights reserved.
*

* @par

* lookUpTable_UD_SPLrms link digital values of the processing with SPLr ms values re 1uPa, taking into
account:

* - Sensitivity of hydrophone

* - Gain of the channel

* - Conversion Factor of ADC
*

*

* @par

* NEEDS TO BE UPDATED

* Permission to use, copy, modify, and distribute this software and its

* documentation is hereby granted, under Centro  Tecnolégico  Naval' and its
* licensor's relevant copyrights in the software, without fee, provided that it

* is used in conjunction with Centro Tecnolégico  Naval. This

* copyright, permission, and disclaimer notice must app ear in all copies of
* this code.

*/

#include <lookUpTable_UD_SPLrms.h>

/
* Private types/enumerations/variables

*****************/
const float32_t SPLrms_Table_Gain20[1024]=
{

, 82,517,

81.6704 , 81.7645 , 81.8585, 81.9526 , 82.0467 , 82.1408 , 82.2348 , 82.3289 , 82.423
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82.6111 , 82.7052 , 82.7993 , 82.8933 , 82.9874 , 83.0815 , 83.1756 , 83.2696 ,
83.3637, 83.4578,

83.5518 , 83.6459 , 83.74 , 83.8341 , 83.9281 , 84.0222 , 84.1163 , 84.2103 , 84.3044
, 84.3985,

84.4926 , 84.5866 , 84.6807 , 84.7748 , 84.8688 , 84.9629 , 85.057 , 85.1511 , 85.2451
, 85.3392,

85.4333 , 85.5273 , 85.6214 , 85.7155 , 85. 8096 , 85.9036 , 85.9977 , 86.0918 ,
86.1859 , 86.2799 ,

86.374 , 86.4681 , 86.5621 , 86.6562 , 86.7503 , 86.8444 , 86.9384 , 87.0325 , 87.1266

, 87.2206 ,

87.3147 , 87.4088 , 87.5029 , 87.5969 , 87.691 , 87.7851 , 87.8791 , 87.9732 , 88.0673
,88.1614 ,

88.2554 , 88.3495 , 88.4436 , 88.5376 , 88.6317 , 88.7258 , 88.8199 , 88.9139 , 89.008
,89.1021,

89.1962 , 89.2902 , 89.3843 , 89.4784 , 89.5724 , 89.6665 , 89.7606 , 89.8547 ,
89.9487 , 90.0428 ,
90.1369, 90.2309 , 90.325, 90.4191 , 90.5132 , 90.6072 , 90.7013 , 90.7954 , 90.8894
,90.9835,
91.0776,91.1717 , 91.2657 , 91.3598 , 91.4539 , 91.5479 , 91.642 , 91.7361 , 91.8302
,91.9242 ,
92.0183 , 92.1124 , 92.2065 , 92.3005 , 92.3946 , 92.4887 , 92.5827 , 92.6768 ,
92.7709 , 92.865 ,
92.959, 93.0531, 93.1472, 93.2412 , 93.3353 , 93.4294 , 93.5235 , 93.6175 , 93.7116

, 93.8057,

93.8997 , 93.9938 , 94.0879 , 94.182 , 94.276 , 94.3701 , 94.4642 , 94.5582 , 94.6523
, 94.7464

94.8405 , 94.9345 , 95.0286 , 95.1227 , 95.2168 , 95.310 8, 95.4049 , 95.499 , 95.593
,95.6871,

95.7812 , 95.8753 , 95.9693 , 96.0634 , 96.1575 , 96.2515 , 96.3456 , 96.4397 ,
96.5338 , 96.6278 ,

96.7219 , 96.816 , 96.91 , 97.0041 , 97.0982 , 97.1923 , 97.2863 , 97.3804 , 97.4745 ,
97.5685 ,

97.6626 ,9 7.7567 ,97.8508 , 97.9448 , 98.0389 , 98.133 , 98.2271 , 98.3211 , 98.4152
, 98.5093,

98.6033 , 98.6974 , 98.7915 , 98.8856 , 98.9796 , 99.0737 , 99.1678 , 99.2618 ,
99.3559, 99.45,

99.5441 , 99.6381 , 99.7322 , 99.8263 , 99.9203 , 100.0144 , 100.1 085 , 100.2026 ,
100.2966 , 100.3907 ,

100.4848 , 100.5788 , 100.6729 , 100.767 , 100.8611 , 100.9551 , 101.0492 , 101.1433,
101.2374,101.3314

101.4255, 101.5196 , 101.6136 , 101.7077 , 101.8018 , 101.8959 , 101.9899 , 102.084 ,
102.1781,102.27 21,

102.3662 , 102.4603 , 102.5544 , 102.6484 , 102.7425 , 102.8366 , 102.9306 , 103.0247
,103.1188 , 103.2129 ,

103.3069 , 103.401 , 103.4951 , 103.5891 , 103.6832 , 103.7773 , 103.8714 , 103.9654 ,
104.0595 , 104.1536 ,

104.2477 ,104.3417 , 104. 4358 ,104.5299 , 104.6239 , 104.718 , 104.8121 , 104.9062 ,
105.0002 , 105.0943 ,

105.1884 , 105.2824 , 105.3765 , 105.4706 , 105.5647 , 105.6587 , 105.7528 , 105.8469
, 105.9409 , 106.035

106.1291 , 106.2232 , 106.3172 , 106.4113 , 106.5054 , 106.5 994 , 106.6935 , 106.7876
,106.8817 , 106.9757 ,

107.0698 , 107.1639 , 107.258 , 107.352 , 107.4461 , 107.5402 , 107.6342 , 107.7283 ,
107.8224 , 107.9165 ,

108.0105 , 108.1046 , 108.1987 , 108.2927 , 108.3868 , 108.4809 , 108.575 , 108.669 ,
108.7631 ,108.8572,

108.9512 , 109.0453 , 109.1394 , 109.2335 , 109.3275 , 109.4216 , 109.5157 , 109.6097
,109.7038 , 109.7979 ,

109.892 , 109.986 , 110.0801 , 110.1742 , 110.2683 , 110.3623 , 110.4564 , 110.5505 ,
110.6445, 110.7386 ,

110.8327,110.926 8, 111.0208 , 111.1149, 111.209, 111.303, 111.3971 , 111.4912 ,
111.5853, 111.6793,

111.7734 , 111.8675, 111.9615, 112.0556 , 112.1497 , 112.2438 , 112.3378 , 112.4319
,112.526 , 112.62,

112.7141 , 112.8082 , 112.9023 , 112.9963 , 113.0904 , 113.1845, 113.2786 , 113.3726
, 113.4667 , 113.5608 ,

113.6548 , 113.7489 , 113.843 , 113.9371 , 114.0311 , 114.1252 , 114.2193 , 114.3133 ,
114.4074 ,114.5015 ,

114.5956 , 114.6896 , 114.7837 , 114.8778 , 114.9718 , 115.0659 , 115.16 , 115.2541 ,
115.3481 , 115.4422 ,
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115.5363 , 115.6303 , 115.7244 , 115.8185, 115.9126 , 116.0066 , 116.1007 , 116.1948
,116.2889 , 116.3829 ,

116.477, 116.5711 , 116.6651 , 116.7592 , 116.8533 , 116.9474 , 117.0414 , 117.1355,
117.2296 , 117.3236 ,

117.4177, 117.5118,117.6059, 117.6999, 117.794,117.8881 , 117.9821 , 118.0762 ,
118.1703, 118.2644 ,

118.3584 , 118.4525 , 118.5466 , 118.6406 , 118.7347 , 118.8288 , 118.9229 , 119.0169
,119.111, 119.2051,

119.2992 , 119.3932 , 119.4873 , 119.5814 , 1 19.6754 , 119.7695 , 119.8636 , 119.9577
,120.0517 , 120.1458 ,

120.2399 , 120.3339, 120.428 , 120.5221 , 120.6162 , 120.7102 , 120.8043 , 120.8984 ,
120.9924 , 121.0865 ,

121.1806 , 121.2747 , 121.3687 , 121.4628 , 121.5569 , 121.6509 , 121.745 , 12 1.8391,
121.9332, 122.0272 ,

122.1213 , 122.2154 , 122.3095 , 122.4035 , 122.4976 , 122.5917 , 122.6857 , 122.7798
,122.8739 , 122.968 ,

123.062 , 123.1561 , 123.2502 , 123.3442 , 123.4383 , 123.5324 , 123.6265 , 123.7205 ,
123.8146, 123.9087 ,

124.0027 , 124.0968 , 124.1909 , 124.285 , 124.379 , 124.4731 , 124.5672 , 124.6612 ,
124.7553 , 124.8494 ,

1249435, 125.0375, 125.1316 , 125.2257 , 125.3198 , 125.4138 , 125.5079 , 125.602 ,
125.696 , 125.7901 ,

125.8842 , 125.9783 , 126.0723 , 126. 1664 , 126.2605 , 126.3545 , 126.4486 , 126.5427
, 126.6368 , 126.7308 ,

126.8249 , 126.919, 127.013 , 127.1071 , 127.2012 , 127.2953 , 127.3893 , 127.4834 ,
127.5775, 127.6715,

127.7656 , 127.8597 , 127.9538 , 128.0478 , 128.1419 , 128.236 , 128.33 01, 128.4241,
128.5182, 128.6123,

128.7063 , 128.8004 , 128.8945 , 128.9886 , 129.0826 , 129.1767 , 129.2708 , 129.3648
, 129.4589 , 129.553,

129.6471 , 129.7411 , 129.8352 , 129.9293 , 130.0233 , 130.1174 , 130.2115 , 130.3056
, 130.3996 , 130.49 37,

130.5878 , 130.6818 , 130.7759 , 130.87 , 130.9641 , 131.0581 , 131.1522 , 131.2463 ,
131.3404 , 131.4344 ,

131.5285, 131.6226 , 131.7166 , 131.8107 , 131.9048 , 131.9989 , 132.0929 , 132.187 ,
132.2811, 132.3751,

132.4692 , 132.5633 , 132.65 74 ,132.7514 , 132.8455 , 132.9396 , 133.0336 , 133.1277
,133.2218 , 133.3159 ,

133.4099 , 133.504 , 133.5981 , 133.6921 , 133.7862 , 133.8803 , 133.9744 , 134.0684 ,
134.1625 , 134.2566 ,

134.3507 , 134.4447 , 134.5388 , 134.6329 , 134.7269 , 134.82 1,134.9151, 135.0092 ,
135.1032, 135.1973,

135.2914 , 135.3854 , 135.4795 , 135.5736 , 135.6677 , 135.7617 , 135.8558 , 135.9499
, 136.0439 , 136.138

136.2321 , 136.3262 , 136.4202 , 136.5143 , 136.6084 , 136.7024 , 136.7965 , 136.8906
,136.984 7,137.0787,

137.1728 , 137.2669 , 137.361 , 137.455 , 137.5491 , 137.6432 , 137.7372 , 137.8313 ,
137.9254 , 138.0195,

138.1135, 138.2076 , 138.3017 , 138.3957 , 138.4898 , 138.5839 , 138.678 , 138.772 ,
138.8661 , 138.9602 ,

139.0542 , 139.1483 , 139.2424 , 139.3365 , 139.4305 , 139.5246 , 139.6187 , 139.7127
, 139.8068 , 139.9009 ,

139.995 , 140.089 , 140.1831 , 140.2772 , 140.3713 , 140.4653 , 140.5594 , 140.6535 ,
140.7475 , 140.8416 ,

140.9357 , 141.0298 , 141.1238 , 141.2179 , 141.312 , 141.406 , 141.5001 , 141.5942 ,
141.6883, 141.7823,

141.8764 , 141.9705 , 142.0645 , 142.1586 , 142.2527 , 142.3468 , 142.4408 , 142.5349
, 142.629 , 142.723 ,

142.8171 , 142.9112 , 143.0053 , 143.0993 , 143.1934 , 143.2875 , 143.3816 , 143.4756
,1 43.5697 , 143.6638 ,

143.7578 , 143.8519 , 143.946 , 144.0401 , 144.1341 , 144.2282 , 144.3223 , 144.4163 ,
144.5104 , 144.6045 ,

144.6986 , 144.7926 , 144.8867 , 144.9808 , 145.0748 , 145.1689 , 145.263 , 145.3571 ,
145.4511 , 145.5452 ,

145.6393, 145.7333, 145.8274 , 145.9215 , 146.0156 , 146.1096 , 146.2037 , 146.2978
, 146.3919 , 146.4859 ,

146.58 , 146.6741 , 146.7681 , 146.8622 , 146.9563 , 147.0504 , 147.1444 , 147.2385 ,
147.3326 , 147.4266 ,

147.5207 , 147.6148 , 147.7089 , 147.8029 , 1 47.897 ,147.9911 , 148.0851 , 148.1792 ,
148.2733, 148.3674 ,
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148.4614 , 148.5555 , 148.6496 , 148.7436 , 148.8377 , 148.9318 , 149.0259 , 149.1199
,149.214 , 149.3081 ,

149.4022 , 149.4962 , 149.5903 , 149.6844 , 149.7784 , 149.8725 , 149.9666 , 15 0.0607
, 150.1547 , 150.2488 ,

150.3429 , 150.4369 , 150.531 , 150.6251 , 150.7192 , 150.8132 , 150.9073 , 151.0014 ,
151.0954 , 151.1895 ,

151.2836 , 151.3777 , 151.4717 , 151.5658 , 151.6599 , 151.7539 , 151.848 , 151.9421 ,
152.0362 , 152.1302 ,

152.2243 , 152.3184 , 152.4125 , 152.5065 , 152.6006 , 152.6947 , 152.7887 , 152.8828
,152.9769 , 153.071 ,

153.165, 153.2591 , 153.3532 , 153.4472 , 153.5413 , 153.6354 , 153.7295 , 153.8235,
153.9176 , 154.0117 ,

154.1057 , 154.1998 , 154.2939 , 15 4.388 , 154.482 , 154.5761 , 154.6702 , 154.7642 ,
154.8583 , 154.9524 ,

155.0465 , 155.1405 , 155.2346 , 155.3287 , 155.4228 , 155.5168 , 155.6109 , 155.705,
155.799, 155.8931 ,

155.9872 , 156.0813 , 156.1753 , 156.2694 , 156.3635 , 156.4575 , 156.5 516, 156.6457
, 156.7398 , 156.8338 ,

156.9279 , 157.022 , 157.116 , 157.2101 , 157.3042 , 157.3983 , 157.4923 , 157.5864 ,
157.6805 , 157.7745 ,

157.8686 , 157.9627 , 158.0568 , 158.1508 , 158.2449 , 158.339 , 158.4331 , 158.5271 ,
158.6212, 158.715 3,

158.8093 , 158.9034 , 158.9975 , 159.0916 , 159.1856 , 159.2797 , 159.3738 , 159.4678
, 159.5619 , 159.656 ,

159.7501 , 159.8441 , 159.9382 , 160.0323 , 160.1263 , 160.2204 , 160.3145 , 160.4086
, 160.5026 , 160.5967 ,

160.6908 , 160.7848 , 160.8 789, 160.973 , 161.0671 , 161.1611 , 161.2552 , 161.3493 ,
161.4434 ,161.5374 ,

161.6315, 161.7256 , 161.8196 , 161.9137 , 162.0078 , 162.1019 , 162.1959 , 162.29 ,
162.3841, 162.4781 ,

162.5722 , 162.6663 , 162.7604 , 162.8544 , 162.9485 , 163.042 6, 163.1366 , 163.2307
,163.3248 , 163.4189 ,

163.5129, 163.607 , 163.7011 , 163.7951 , 163.8892 , 163.9833 , 164.0774 , 164.1714 ,
164.2655 , 164.3596 ,

164.4537 , 164.5477 , 164.6418 , 164.7359 , 164.8299 , 164.924 , 165.0181 , 165.1122 ,
165.2062 , 165.3003 ,

165.3944 , 165.4884 , 165.5825 , 165.6766 , 165.7707 , 165.8647 , 165.9588 , 166.0529
, 166.1469 , 166.241 ,

166.3351 , 166.4292 , 166.5232 , 166.6173 , 166.7114 , 166.8054 , 166.8995 , 166.9936
,167.0877 ,167.1817 ,

167.2758 , 167.36 99, 167.464 , 167.558 , 167.6521 , 167.7462 , 167.8402 , 167.9343 ,
168.0284 , 168.1225 ,

168.2165 , 168.3106 , 168.4047 , 168.4987 , 168.5928 , 168.6869 , 168.781 , 168.875 ,
168.9691 , 169.0632 ,

169.1572 , 169.2513 , 169.3454 , 169.4395 , 169.5335 , 169.6276 , 169.7217 , 169.8157
,169.9098 , 170.0039 ,

170.098 , 170.192 , 170.2861 , 170.3802 , 170.4743 , 170.5683 , 170.6624 , 170.7565 ,
170.8505, 170.9446 ,

171.0387 ,171.1328 , 171.2268 , 171.3209 , 171.415, 171.509 , 171.6031 , 171.6972 ,
171.7913, 171.8853

171.9794 , 172.0735 , 172.1675 , 172.2616 , 172.3557 , 172.4498 , 172.5438 , 172.6379
,172.732 ,172.826 ,

172.9201 , 173.0142 , 173.1083 , 173.2023 , 173.2964 , 173.3905 , 173.4846 , 173.5786
,173.6727 ,173.7668 ,

173.8608, 173.9549,174.049,174.1431,174.2371,174.3312,174.4253 , 174.5193 ,
174.6134 , 174.7075 ,

174.8016 , 174.8956 , 174.9897 , 175.0838 , 175.1778 , 175.2719 , 175.366 , 175.4601 ,
175.5541 , 175.6482 ,

175.7423 , 175.8363 , 175.9304 , 176.0245 , 1 76.1186 , 176.2126 , 176.3067 , 176.4008
,176.4949 , 176.5889 ,

176.683, 176.7771,176.8711 , 176.9652 , 177.0593 , 177.1534 , 177.2474 , 177.3415 ,
177.4356 , 177.5296 ,

177.6237,177.7178, 177.8119, 177.9059

h
const float32_t RMSspl_Table_Gain50[1024]=
{
51.6704 , 51.7645 , 51.8585 , 51.9526 , 52.0467 , 52.1408 , 52.2348 , 52.3289 , 52.423
,52.517,
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53.3637 , 53.4578 ,
, 54.3985,
,55.3392,
56.1859 , 56.279

, 57.2206 ,
,58.1614 ,
,59.1021 ,
59.9487 , 60.0428 ,
,60.9835,
,61.9242 ,
62.7709 , 62.865 ,

, 63.8057,
,64.7464 ,
,65.6871,
66.5338 , 66.6278 ,
67.5685 ,

, 68.5093,
69.3559, 69.45,
70.2966 , 70.3907 ,
, 71.3314 ,
,72.2721,
73.1188, 73.2129 ,
, 74.1536 ,

, 75.0943 ,
75.9409 , 76.035,
76.8817,76.9757 ,
, 77.9165,

, 78.8572,
79.7038, 79.7979 ,
, 80.7386 ,
,81.6793,

,82.62,

83.4667 , 83.5608 ,
, 845015,

, 85.4422 ,

115
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52.6111 , 52.7052 , 52.7993 , 52.8933 , 52.9874 , 53.0815 , 53.1756 , 53.2696 ,

53.5518 , 53.6459 , 53.74 , 53.8341 , 53. 9281 , 54.0222 , 54.1163 , 54.2103 , 54.3044
54.4926 , 54.5866 , 54.6807 , 54.7748 , 54.8688 , 54.9629 , 55.057 , 55.1511 , 55.2451

55.4333 , 55.5273 , 55.6214 , 55.7155 , 55.8096 , 55.9036 , 55.9977 , 56.0918 ,

S;6'.374 , 56.4681 , 56.5621 , 56.6562 , 56.7503 , 56.8444 , 56.9384 , 57.0325 , 57.1266

57.3147 , 57.4088 , 57.5029 , 57.5969 , 57.691 , 57.7851 , 57.8791 , 57.9732 , 58.0673

58.2554 , 58.3495 , 58.4436 , 58.5376 , 58.6317 , 58.7258 , 58.8199 , 58.9139 , 59.008
59.1962 , 59.2902 , 59.3843 , 59.4784 , 59.5724 , 59.6665 , 59.7606 , 59.8547 ,

60.1369 , 60.2309 , 60.325, 60.4191 , 60.5132 , 60.6072 , 60.7013 , 60.7954 , 60.8894

61.0776 ,61.1717 , 61.2657 , 61.3598 , 61.4539 , 61.5479 , 61.642 , 61.7361 , 61.8302

62.0183 , 62.1124 , 62.2065 , 62.3005 , 62.3946 , 62.4887 , 62.5827 , 62.6768 ,

62.959 , 63.0531, 63.1472 , 63.2412 , 63.3353 , 63.42 94 ,63.5235, 63.6175 , 63.7116
63.8997 , 63.9938 , 64.0879 , 64.182 , 64.276 , 64.3701 , 64.4642 , 64.5582 , 64.6523

64.8405 , 64.9345 , 65.0286 , 65.1227 , 65.2168 , 65.3108 , 65.4049 , 65.499 , 65.593

65.7812 , 65.8753 , 65.9693 , 66.0634 , 66.1575 , 66.2515 , 66.3456 , 66.4397 ,

66.7219 , 66.816 , 66.91 , 67.0041 , 67.0982 , 67.1923 , 67.2863 , 67.3804 , 67.4745 ,

67.6626 , 67.7567 , 67.8508 , 67.9448 , 68.0389 , 68.133 , 68.22 71,68.3211 , 68.4152
68.6033 , 68.6974 , 68.7915 , 68.8856 , 68.9796 , 69.0737 , 69.1678 , 69.2618 ,

69.5441 , 69.6381 , 69.7322 , 69.8263 , 69.9203 , 70.0144 , 70.1085 , 70.2026 ,

70.4848 , 70.5788 , 70.6729 , 70.767 , 70.8611 , 70.9551 , 71.0492 , 71.1433 , 71.2374
71.4255, 71.5196 , 71.6136, 71.7077 , 71.8018 , 71.8959 , 71.9899 , 72.084 , 72.1781

72.3662 , 72.4603 , 72.5544 , 72.6484 , 72.7425 , 72.8366 , 72.9306 , 7 3.0247 ,
73.3069 , 73.401, 73.4951 , 73.5891 , 73.6832 , 73.7773 , 73.8714 , 73.9654 , 74.0595

742477, 74.3417 , 74.4358 , 74.5299 , 74.6239 , 74.718 , 74.8121 , 74.9062 , 75.0002

75.1884 , 75.2824 , 75. 3765 , 75.4706 , 75.5647 , 75.6587 , 75.7528 , 75.8469 ,
76.1291 , 76.2232 , 76.3172 , 76.4113 , 76.5054 , 76.5994 , 76.6935 , 76.7876 ,

77.0698 , 77.1639 , 77.258 , 77.352 , 77.4461 , 77.5402 , 77.6342 , 77.7283 , 77.8224
78.0105, 78.1046 , 78.1987 , 78.2927 , 78.3868 , 78.4809 , 78.575, 78.669 , 78.7631

78.9512 , 79.0453 , 79.1394 , 79.2335 , 79.3275 , 79.4216 , 79.5157 , 79.6097 ,

79.892 , 79.986 , 80.0801 , 80 .1742 , 80.2683 , 80.3623 , 80.4564 , 80.5505 , 80.6445
80.8327 , 80.9268 , 81.0208 , 81.1149 , 81.209 , 81.303 , 81.3971 , 81.4912 , 81.5853

81.7734 , 81.8675, 81.9615 , 82.0556 , 82.1497 , 82.2438 , 82.3378 , 82.4319 , 82.526

82.7141 , 82.8082 , 82.9023 , 82.9963 , 83.0904 , 83.1845 , 83.2786 , 83.3726 ,

83.6548 , 83.7489 , 83.843 , 83.9371 , 84.0311 , 84.1252 , 84.2193 , 84.3133 , 84.4074

84.5956 , 84.6896 , 84.7837 , 84.8778 , 84.9718 , 85.0659 , 85.16 , 85.2541 , 85.3481
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85.5363 , 85.6303 , 85.7244 , 85.8185 , 85.9126 , 86.0066 , 86.1007 , 86.1948 ,
86.2889 , 86.3829 ,
86.477 ,86.5711 , 86.6651 , 86.7592 , 86.8533 , 86.9474 , 87.0414 , 87.1355 , 87.2296

,87.32 36,

87.4177 , 87.5118 , 87.6059 , 87.6999 , 87.794 , 87.8881 , 87.9821 , 88.0762 , 88.1703
, 88.2644 ,

88.3584 , 88.4525 , 88.5466 , 88.6406 , 88.7347 , 88.8288 , 88.9229 , 89.0169 , 89.111
, 89.2051,

89.2992 , 89.3932 , 89.4873 , 89.5814 , 89.6754 , 89.7695 , 89.8636 , 89.9577 ,
90.0517, 90.1458 ,
90.2399, 90.3339, 90.428 , 90.5221 , 90.6162 , 90.7102 , 90.8043 , 90.8984 , 90.9924
,91.0865,
91.1806 , 91.2747 , 91.3687 , 91.4628 , 91.5569 , 91.6509 , 91.745 , 91.8391 , 91.9332
,92.0272,
92.1213 , 92.2154 , 92.3095 , 92.4035 , 92.4976 , 92.5917 , 92.6857 , 92.7798 ,
92.8739, 92.968 ,
93.062 , 93.1561 , 93.2502 , 93.3442 , 93.4383 , 93.5324 , 93.6265 , 93.7205 , 93.8146

, 93.9087 ,

94.0027 , 94.0968 , 94.1909 , 94.285 , 94.379 , 94.47 31, 945672, 94.6612 , 94.7553
,94.8494 ,

94,9435, 95.0375 , 95.1316 , 95.2257 , 95.3198 , 95.4138 , 95.5079 , 95.602 , 95.696
,95.7901,

95.8842 , 95.9783 , 96.0723 , 96.1664 , 96.2605 , 96.3545 , 96.4486 , 96.5427 ,
96.6368 , 96.7308 ,

96.8249 , 96.919, 97.013, 97.1071 , 97.2012 , 97.2953 , 97.3893 , 97.4834 , 97.5775
, 97.6715,

97.7656 , 97.8597 , 97.9538 , 98.0478 , 98.1419 , 98.236 , 98.3301 , 98.4241 , 98.5182
,98.6123,

98.7063 , 98.8004 , 98.8945 , 98.9886 , 99.0826 , 99.1767 , 99 .2708 , 99.3648 ,
99.4589 , 99.553,

99.6471 , 99.7411 , 99.8352 , 99.9293 , 100.0233 , 100.1174 , 100.2115 , 100.3056 ,
100.3996 , 100.4937 ,

100.5878 , 100.6818 , 100.7759 , 100.87 , 100.9641 , 101.0581 , 101.1522 , 101.2463 ,
101.3404 , 101.4344 ,

101.5285, 101.6226 , 101.7166 , 101.8107 , 101.9048 , 101.9989 , 102.0929 , 102.187 ,
102.2811, 102.3751 ,

102.4692 , 102.5633 , 102.6574 , 102.7514 , 102.8455 , 102.9396 , 103.0336 , 103.1277
,103.2218 , 103.3159 ,

103.4099 , 103.504 , 103.5981 , 103.6921 , 103.7862 , 103.8803 , 103.9744 , 104.0684 ,
104.1625 , 104.2566 ,

104.3507 , 104.4447 , 104.5388 , 104.6329 , 104.7269 , 104.821 , 104.9151 , 105.0092 ,
105.1032, 105.1973,

105.2914 , 105.3854 , 105.4795 , 105.5736 , 105.6677 , 105.7617 , 105.8558 , 105.9499
, 106.0439 , 106.138 ,

106.2321 , 106.3262 , 106.4202 , 106.5143 , 106.6084 , 106.7024 , 106.7965 , 106.8906
,106.9847 , 107.0787 ,

107.1728 , 107.2669 , 107.361 , 107.455 , 107.5491 , 107.6432 , 107.7372 , 107.8313 ,
107.9254,10 8.0195,

108.1135, 108.2076 , 108.3017 , 108.3957 , 108.4898 , 108.5839 , 108.678 , 108.772 ,
108.8661 , 108.9602 ,

109.0542 , 109.1483 , 109.2424 , 109.3365 , 109.4305 , 109.5246 , 109.6187 , 109.7127
, 109.8068 , 109.9009 ,

109.995, 110.089 , 110 1831, 110.2772 , 110.3713 , 110.4653 , 110.5594 , 110.6535 ,
110.7475, 110.8416 ,

110.9357 , 111.0298 , 111.1238 , 111.2179, 111.312, 111.406 , 111.5001 , 111.5942 ,
111.6883,111.7823,

111.8764 , 111.9705 , 112.0645 , 112.1586 , 112.2527 , 112. 3468 , 112.4408 , 112.5349
,112.629 , 112.723 ,

112.8171, 112.9112, 113.0053 , 113.0993 , 113.1934 , 113.2875 , 113.3816 , 113.4756
, 113.5697 , 113.6638 ,

113.7578 , 113.8519 , 113.946 , 114.0401 , 114.1341 , 114.2282 , 114.3223 , 114.4163 ,
114.51 04, 114.6045 ,

114.6986 , 114.7926 , 114.8867 , 114.9808 , 115.0748 , 115.1689 , 115.263 , 115.3571 ,
115.4511 , 115.5452 ,

115.6393 , 115.7333, 115.8274 , 115.9215, 116.0156 , 116.1096 , 116.2037 , 116.2978
,116.3919, 116.4859 ,

116.58 , 116.67 41, 116.7681 , 116.8622 , 116.9563 , 117.0504 , 117.1444 , 117.2385 ,
117.3326 , 117.4266 ,

117.5207 , 117.6148 , 117.7089 , 117.8029 , 117.897 , 117.9911 , 118.0851 , 118.1792 ,
118.2733, 118.3674 ,
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118.4614 , 118.5555 , 118.6496 , 118.7436 , 118.83 77 ,118.9318 , 119.0259 , 119.1199
,119.214 , 119.3081 ,

119.4022 , 119.4962 , 119.5903 , 119.6844 , 119.7784 , 119.8725 , 119.9666 , 120.0607
,120.1547 , 120.2488 ,

120.3429 , 120.4369 , 120.531 , 120.6251 , 120.7192 , 120.8132 , 120.9073 , 121.001 4,
121.0954,121.1895 ,

121.2836 , 121.3777 , 121.4717 , 121.5658 , 121.6599 , 121.7539 , 121.848 , 121.9421 ,
122.0362 , 122.1302 ,

122.2243 , 122.3184 , 122.4125 , 122.5065 , 122.6006 , 122.6947 , 122.7887 , 122.8828
,122.9769 , 123.071 ,

123.16 5, 123.2591 , 123.3532 , 123.4472 , 123.5413 , 123.6354 , 123.7295 , 123.8235 ,
123.9176, 124.0117 ,

124.1057 , 124.1998 , 124.2939 , 124.388 , 124.482 , 124.5761 , 124.6702 , 124.7642 ,
124.8583 , 124.9524 ,

125.0465 , 125.1405 , 125.2346 , 125.3287 , 125.4228 , 125.5168 , 125.6109 , 125.705 ,
125.799,125.8931 ,

125.9872 , 126.0813 , 126.1753 , 126.2694 , 126.3635 , 126.4575 , 126.5516 , 126.6457
,126.7398 , 126.8338 ,

126.9279 , 127.022 , 127.116 , 127.2101 , 127.3042 , 127.3983 , 127.4923 , 127.5864 ,
127.6805 , 127.7745 ,

127.8686 , 127.9627 , 128.0568 , 128.1508 , 128.2449 , 128.339, 128.4331 , 128.5271 ,
128.6212 , 128.7153,

128.8093 , 128.9034 , 128.9975 , 129.0916 , 129.1856 , 129.2797 , 129.3738 , 129.4678
,129.5619 , 129.656 ,

129.7501 , 129.8441 , 129.9382 , 130.0323 , 130.1263 , 130.2204 , 130.3145 , 130.4086
, 130.5026 , 130.5967 ,

130.6908 , 130.7848 , 130.8789 , 130.973 , 131.0671 , 131.1611 , 131.2552 , 131.3493 ,
131.4434 , 131.5374 ,

131.6315, 131.7256 , 131.8196 , 131.9137 , 132.0078 , 132.1019 , 132.1959 , 132.29 ,
132.3841, 132.4781

132.5722 , 132.6663 , 132.7604 , 132.8544 , 132.9485 , 133.0426 , 133.1366 , 133.2307
,133.3248 , 133.4189 ,

133.5129, 133.607 , 133.7011 , 133.7951 , 133.8892 , 133.9833 , 1 34.0774 ,134.1714 ,
134.2655, 134.3596 ,

134.4537 , 134.5477 , 134.6418 , 134.7359 , 134.8299 , 134.924 , 135.0181 , 135.1122,
135.2062 , 135.3003,

135.3944 , 135.4884 , 135.5825 , 135.6766 , 135.7707 , 135.8647 , 135.9588 , 136.0529
,136.1469 ,1  36.241,

136.3351 , 136.4292 , 136.5232 , 136.6173 , 136.7114 , 136.8054 , 136.8995 , 136.9936
,137.0877 ,137.1817 ,

137.2758 , 137.3699 , 137.464 , 137.558 , 137.6521 , 137.7462 , 137.8402 , 137.9343 ,
138.0284 , 138.1225,

138.2165, 138.3106 , 1 38.4047 , 138.4987 , 138.5928 , 138.6869 , 138.781 , 138.875 ,
138.9691 , 139.0632 ,

139.1572 , 139.2513 , 139.3454 , 139.4395 , 139.5335, 139.6276 , 139.7217 , 139.8157
, 139.9098 , 140.0039 ,

140.098 , 140.192 , 140.2861 , 140.3802 , 140.4743 , 140. 5683 , 140.6624 , 140.7565 ,
140.8505 , 140.9446 ,

141.0387 , 141.1328 , 141.2268 , 141.3209 , 141.415 , 141.509 , 141.6031 , 141.6972 ,
141.7913 , 141.8853,

141.9794 |, 142.0735 , 142.1675 , 142.2616 , 142.3557 , 142.4498 , 142.5438 , 142.6379
,142.7 32,142.826 ,

142.9201 , 143.0142 , 143.1083 , 143.2023 , 143.2964 , 143.3905 , 143.4846 , 143.5786
, 143.6727 , 143.7668 ,

143.8608 , 143.9549 , 144.049 , 144.1431 , 144.2371 , 144.3312 , 144.4253 , 144.5193 ,
144.6134 , 144.7075 ,

144.8016 , 144.8 956 , 144.9897 , 145.0838 , 145.1778 , 145.2719 , 145.366 , 145.4601 ,
145.5541 , 145.6482 ,

145.7423 , 145.8363 , 145.9304 , 146.0245 , 146.1186 , 146.2126 , 146.3067 , 146.4008
, 146.4949 , 146.5889 ,

146.683 , 146.7771 , 146.8711 , 146.9652 , 147.05 93, 147.1534 , 147.2474 , 147.3415 ,
147.4356 , 147.5296 ,

147.6237, 147.7178, 147.8119, 147.9059

k

const float32_t UD_Table[1024]=

{
1.079e-05,1.0907e -05,1.1026e -05,1.1146e -05,1.1267e -05,1.139e -05,1.1514e -05
,1.163%9e -05,1.1766e -05, 1.1894e-05,
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1.2024e-05, 1.2155e -05,1.2287e -05, 1.2421e -05,1.2556e -05,1.2693e -05,1.2831le -
05,1.2971e -05,1.3112e -05,1.3255e -05,

1.3399e-05, 1.3545e -05,1.3693e -05,1.3842e -05,1.3992e -05,1.4145e -05,1.4299% -
05,1.4454e -05,1.46 12e-05,1.4771e -05,

1.4932e-05,1.5094e -05,1.5259e -05,1.5425e -05,1.5593e -05,1.5763e -05,1.5934e -
05,1.6108e -05,1.6283e -05,1.646le -05,

1.664e-05, 1.6821e -05,1.7004e -05,1.718% -05,1.7377e -05,1.7566e -05,1.7757e -
05,1.795e -05 ,1.8146e -05,1.8343e -05,

1.8543e-05,1.8745e -05,1.8949e -05,1.9156e -05,1.9364e -05,1.9575e -05,1.9788e -
05,2.0004e -05,2.0222e -05,2.0442e -05,

2.0664e-05,2.088% -05,2.1117e -05,2.1347e -05,2.157%9 -05,2.1814e -05,2.2052e -
05,22 292e-05,2.2535e -05,2.278¢e -05,

2.3028e-05,2.3279%e -05,2.3532e -05,2.3789 -05,24048e -05,2.4309e -05,2.4574e -
05,2.4842e -05,25112e -05,2.5386e -05,

2.5662e-05, 2.5942e -05,2.6224e -05,2.65le -05,2.6798e -05,2.709e -05,2.7385e -05
,2.7683e -05,2.7985e -05,2.828% -05,

2.8598e-05,2.8909e -05,2.9224e -05,29542e -05,2.9864e -05,3.0189 -05,3.0518e -
05,3.085e -05,3.1186e -05,3.1525e -05,

3.1869e - 05, 3.2216e -05, 3.2567e -05, 3.2921e -05,3.328e -05, 3.3642e -05, 3.400 8e-
05,3.437% -05,3.4753e -05,3.5132e -05,

3.5514e-05, 3.5901e -05, 3.6292e -05, 3.6687e -05,3.7086e -05,3.74% -05, 3.7898e -
05,3.8311e -05,3.8728¢ -05,3.915e -05,

3.9576e-05, 4.0007e -05,4.0443e -05,4.0883e -05,4.1329e -05,4.1779%¢ -05, 4.2234e-
05,4.2693e -05,4.3158e -05,4.3628¢e -05,

4.4103e-05, 4.4584e -05, 4.5069%e -05, 4.556e -05, 4.6056e -05, 4.6558e -05, 4.7065e -
05,4.7577e -05,4.8095e -05,4.8619% -05,

4.9148e-05, 4.9683e -05,5.0224e -05,5.0771e -05,5.1324e -05,5.188 3e-05,5.2448e -
05,5.3019e -05,5.3597e -05,5.418e -05,

5.477e-05, 5.5367e -05,55969e -05,5.6579e -05,5.7195e -05,5.7818e -05,5.8447e -
05,5.9084e -05,5.9727e -05,6.0378e -05,

6.1035e-05,6.17e -05,6.2372e -05,6.3051e -05,6.3737e -05,6 .4431le-05,6.5133e -05
,6.5842e -05,6.6559e -05,6.7284e -05,

6.8017e-05, 6.8757e -05,6.9506e -05,7.0263e -05,7.1028¢ -05,7.1802e -05,7.2583e -
05,7.3374e -05,7.4173e -05,7.4981e -05,

7.5797e-05,7.6622e -05,7.7457e -05,7.83e -05,7.9153e -05,8.0015e -05,8.0886e -05
,8.1767e -05,8.2657e -05,8.3557e -05,

8.4467e-05,8.5387e -05,8.6317e -05,8.7257e -05,8.8207e -05,8.9167e -05,9.0138e -
05,9.112e -05,9.2112e -05,9.3115e -05,

9.4129e-05 , 9.5154e -05 , 9.619e -05 , 9.7238e -05 , 9. 8297e-05 , 9.9367e -05 ,
0.00010045 , 0.00010154 , 0.00010265 , 0.00010377 ,

0.0001049 , 0.00010604 , 0.00010719 , 0.00010836 , 0.00010954 , 0.00011073 ,
0.00011194 , 0.00011316, 0.00011439 , 0.00011564 ,

0.00011689 , 0.00011817 , 0.00011945 , 0.000120 76 , 0.00012207 , 0.0001234 |,
0.00012474 , 0.0001261 , 0.00012747 , 0.00012886 ,

0.00013027 , 0.00013168 , 0.00013312 , 0.00013457 , 0.00013603 , 0.00013751 ,
0.00013901 , 0.00014053 , 0.00014206 , 0.0001436 ,

0.00014517 , 0.00014675 , 0.00014835 , 0.0 0014996 , 0.00015159 , 0.00015324 ,
0.00015491 , 0.0001566 , 0.00015831 , 0.00016003 ,

0.00016177 , 0.00016353 , 0.00016531 , 0.00016711 , 0.00016893 , 0.00017077 ,
0.00017263 , 0.00017451 , 0.00017641 , 0.00017833 ,

0.00018028 , 0.00018224 , 0.0001842 2 , 0.00018623 , 0.00018826 , 0.00019031 |,
0.00019238 , 0.00019448 , 0.00019659 , 0.00019873 ,

0.0002009 , 0.00020309 , 0.0002053 , 0.00020753 , 0.00020979 , 0.00021208 , 0.00021439
, 0.00021672, 0.00021908 , 0.00022147 ,

0.00022388 , 0.00022632 , 0.0 0022878 , 0.00023127 , 0.00023379 , 0.00023634 ,
0.00023891 , 0.00024151 , 0.00024414 , 0.0002468 ,

0.00024949 , 0.0002522 , 0.00025495 , 0.00025773 , 0.00026053 , 0.00026337 |,
0.00026624 , 0.00026914 , 0.00027207 , 0.00027503 ,

0.00027802 , 0.00028105 , 0.00028411 , 0.00028721 , 0.00029033 , 0.0002935 ,
0.00029669 , 0.00029992 , 0.00030319 , 0.00030649 ,

0.00030983 , 0.0003132 , 0.00031661 , 0.00032006 , 0.00032354 , 0.00032707 |,
0.00033063 , 0.00033423 , 0.00033787 , 0.00034155 ,

0.00034527 , 0.00 034903 , 0.00035283 , 0.00035667 , 0.00036055 , 0.00036448 ,
0.00036845 , 0.00037246 , 0.00037652 , 0.00038062 ,

0.00038476 , 0.00038895 , 0.00039319 , 0.00039747 , 0.0004018 , 0.00040617
0.00041059 , 0.00041507 , 0.00041958 , 0.00042415 ,

0.00042877 , 0.00043344 , 0.00043816 , 0.00044293 , 0.00044776 , 0.00045263 ,
0.00045756 , 0.00046254 , 0.00046758 , 0.00047267 ,

0.00047782 , 0.00048302 , 0.00048828 , 0.0004936 , 0.00049897 , 0.00050441 , 0.0005099
, 0.00051545 , 0.00052106 , 0.00052674 ,
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, 0.00054413

0.00056823 , 0.00057441 , 0.00058067 , 0.00058699 ,

0.00059338

0.00059984

0.00060638

0.00063322 , 0.00064012 , 0.00064709 , 0.00065413 ,

0.00066126

0.00066846

0.00067574 ,

0.00070565 , 0.00071334 , 0.00072111 , 0.00072896 ,
0.0007369 , 0.00074492 , 0.00075303 , 0.00076123 , 0.00076952 , 0.0007779 , 0.00078637

, 0.00079494 , 0.00080359 , 0.000812
0.00082119 ,

34,
0.00083013 ,

0.00083917 ,

0.00087632 , 0.00088587 , 0.00089551 , 0.00090526 ,

0.00091512 ,
0.00097656 , 0.0009872 , 0.00099795 , O

0.00092509

, 0.00093516 |,
.0010088 ,

0.00084831 ,

0.00094534

* gk

0.00055006 , 0.00055605 , 0.0005621 ,
0.00061298 , 0.00061965 , 0.0006264
0.0006831 , 0.00069053 , 0.00069805 |,

0.00085755 , 0.00086688 |,

, 0.00095564 , 0.00096604 ,

0.0010198 , 0.0010309 , 0.0010421 , 0.0010535 , 0.0010649 , 0.0010765 , 0.0010883 ,

0.0011001 , 0.0011121, 0.0011242 ,

0.0011365 , 0.0011488 , 0.0011613 , 0.001174 , 0.0011868 , 0.0011997 , 0.0012128 ,

0.001226 , 0.0012393 , 0.0012528 ,

0.0012664 , 0.0012802 , 0.0012942 , 0.0013083 , 0.0013225 , 0.0013369 , 0.0013515 ,

0.0013662 , 0.0013811 , 0.0013961 ,

0.0014113 , 0.0014267 , 0.0014422 , 0.0014579 , 0.0014738 , 0.0014898 , 0.0015061 ,

0.0015225, 0.001539 , 0.0015558 ,
0.0015727 , 0.
0.0016966 , 0.0017151 , 0.0017338 ,
0.0017526 , 0.0017717
0.0018907 , 0.0019113, 0.0019321 ,
0.0019531 , 0.0019744
0.002107 , 0.0021299 , 0.0021531 ,
0.0021765 , 0.0022002
0.002348 , 0.0023735 , 0.0023994 ,
0.0024255 , 0.0024519
0.0026165 , 0.002645 , 0.0026738 ,
0.0027029 , 0.0027324
0.0029158 , 0.0029476 , 0.0029797 ,
0.0030121 , 0.0030449
0.0032494 , 0.0032848 , 0.0033205 ,

0015899 , 0.0016072 , 0.0016247 , 0.0016424 , 0.0016603 , 0.0016783 ,

, 0.001791 , 0.0018105 , 0.0018302 , 0.0018502 , 0.0018703 ,

0.0

019959 , 0.0020176 , 0.0020396 , 0.0020618 , 0.0020843 ,

0.0022242 , 0.0022484 , 0.0022729 , 0.0022977 , 0.0023227 ,

0.0024786 , 0.002

5056 , 0.0025329 , 0.0025605 , 0.0025884 ,

0.0027621 , 0.0027922 , 0.0028226 , 0.0028534 , 0.0028844 ,

0.0030781 , 0.0031116 , 0.0031

0.0033567 , 0.0033932 , 0.0034302 , 0.0034675 , 0.0035053 , 0.0035435 , 0.003582 ,

0.0036211 , 0.0036605 , 0.0037003 ,

0.0037406 , 0.0037814 , 0.0038225 , 0.0038642 , 0.0039063 , 0.00394

0.0040353, 0.0040792 , 0.0041236 ,

0.0041685 , 0.0042139 , 0.0042598 , 0.0043062 , 0.0043531 , 0.0044005 , 0.0044484 ,

0.0044968 , 0.0045458 , 0.0045953 ,

0.0046453 , 0.0046959 , 0.0047471 , 0.0047988 , 0.004851 , 0.0049038 , 0.004957

0.0050112 , 0.0050658 , 0.0051209 ,

0.0051767 , 0.0052331 , 0.0052901 , 0.0053477 , 0.0054059 , 0.0054648 , 0.0055243 ,

0.0055844 , 0.0056452 , 0.0057067 ,

0.0057689 , 0.0058317 , 0.0058952 , 0.0059594 , 0.0060243 , 0.0060899 , 0.0061562 ,

0.006223 2, 0.006291 , 0.0063595 ,

0.0064287 , 0.0064987 , 0.0065695 , 0.006641 , 0.0067134 , 0.0067865 , 0.0068604 ,

0.0069351 , 0.0070106 , 0.0070869 ,

0.0071641 , 0.0072421 , 0.007321 , 0.0074007 , 0.0074813 , 0.0075627 , 0.0076451 ,

0.0077283, 0.0078125 0.0078976 ,

0.0079836 , 0.0080705 , 0.0081584 , 0.0082472 , 0.008337 , 0.0084278 , 0.0085196 ,

0.0086124 , 0.0087061 , 0.008801 ,

0.0088968 , 0.0089937 , 0.0090916 , 0.0091906 , 0.0092907 , 0.0093918 , 0.0094941 ,

0.0095975 , 0.009702 , 0.0098077 ,

0.0099145 , 0.010022 , 0.010132, 0.010242 , 0.010353 , 0.010466 , 0.01058 , 0.010695

,0.010812, 0.01093 ,

0.011049, 0.011169 , 0.01129, 0.011413 , 0.011538 , 0.011663 , 0.01179, 0.011919 ,

0.012049, 0.01218,

0.012312 , 0.012446 , 0.012582 , 0.0

,0.013427,0.013573 ,

12719, 0.012857 , 0.012997 , 0.013139 , 0.013282

0.013721, 0.01387, 0.014021 , 0.014174 , 0.014328 , 0.014484 , 0.014642 , 0.014801 ,

0.014963 , 0.015125,

0.01529, 0.015457 , 0.015625 , 0.015795 , 0.015967 , 0.016141 , 0.01

0.016674 , 0.016856 ,

0.017039, 0.017225 , 0.017412 , 0.017602 , 0.017794 , 0.017987 , 0.018183 , 0.018381

,0.018581,0.018784 ,

0.018988 , 0.019195 , 0.019404 , 0.019615 , 0.019829 , 0.020045 , 0.020263 , 0.020484

,0.020707,0.0 20932,

0.02116, 0.021391 , 0.021624 , 0.021859 , 0.022097 , 0.022338 , 0.022581 , 0.022827 ,

0.023075 , 0.023327 ,
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0.023581 , 0.023837 , 0.024097 , 0.024359 , 0.024625 , 0.024893 , 0.025164 , 0.025438

,0.025715, 0.025995 ,

0.026278 , 0.026564 , 0 .026853 , 0.027146 , 0.027441 , 0.02774 , 0.028042 , 0.028348 ,

0.028656 , 0.028968 ,

0.029284 , 0.029603 , 0.029925 , 0.030251 , 0.03058 , 0.030913 , 0.03125 , 0.03159 ,

0.031934 , 0.032282 ,
0.032634 , 0.032989 , 0.033348 , 0.033711 , 0.034078 , 0.03 4449 , 0.034825 , 0.035204
, 0.035587 , 0.035975 ,

0.039658 , 0.04009

0.036366 , 0.036762 , 0.037163 , 0.037567 , 0.037976 , 0.03839 , 0.038808 , 0.039231 ,

1

0.040526 , 0.040968 , 0.041414 , 0.041865 , 0.04232 , 0.042781 , 0.043247 , 0.043718 ,

0.0441 94 , 0.044675 ,

0.045162 , 0.045654 , 0.046151 , 0.046653 , 0.047161 , 0.047675 , 0.048194 , 0.048719

,0.049249 , 0.049786 ,

0.050328 , 0.050876 , 0.05143 , 0.05199 , 0.052556 , 0.053128 , 0.053707 , 0.054292 ,

0.054883 , 0.055481 ,

0.056085, 0.056 695, 0.057313, 0.057937 , 0.058568 , 0.059205 , 0.05985 , 0.060502 ,

0.061161, 0.061827 ,

0.0625 , 0.063181 , 0.063869 , 0.064564 , 0.065267 , 0.065978 , 0.066696 , 0.067423 ,

0.068157 , 0.068899 ,

0.069649 , 0.070408 , 0.071174 , 0.071949 , 0.07273 3, 0.073525, 0.074325, 0.075135

,0.075953, 0.07678 ,

0.077616 , 0.078461 , 0.079316 , 0.080179 , 0.081052 , 0.081935 , 0.082827 , 0.083729

,0.084641 , 0.085563 ,

0.086494 , 0.087436 , 0.088388 , 0.089351 , 0.090324 , 0.091307 , 0.092302 , 0.09330

,0.094323, 0.09535 ,

0.10511, 0.10626 ,
0.11714,0.11841 ,
0.13196,
0.14705,
,0.16387,
,0.18261 ,
0.2035,

0.22434, 0.22678 ,
0.25272,

,0.2816 3,
0.31385,

0.34598 , 0.34974 ,
0.38975,

, 0.43433,
,0.48402,
0.53938 ,
,0.60108,

0.66262 , 0.66983 ,

k

0.096388 , 0.097438 , 0.098499 , 0.099571 , 0.10066 , 0.10175 , 0.10286 , 0.10398 ,
0.10741 , 0.10858 , 0.10977 , 0.11096 , 0.11217 , 0.11339 , 0.11463 , 0.11587 ,
0.1197,0.121, 0.12 232 ,0.12365, 0.125, 0.12636 , 0.12774 , 0.12913 , 0.13053 ,
0.13339, 0.13485, 0.13631, 0.1378 , 0.1393 , 0.14082 , 0.14235, 0.1439 , 0.14547 ,

0.14865, 0.15027 , 0.15191 , 0.15356 , 0.15523 , 0.15692 , 0.15863 , 0.16036 , O

0.16565, 0.16746 , 0.16928 , 0.17113, 0.17299 , 0.17487, 0.17678 , 0.1787 , 0.18065

0.1846 , 0.18661 , 0.18865 , 0.1907 , 0.19278 , 0.19488 , 0.197 , 0.19914 , 0.20131 ,

0.20572 , 0.20796 , 0.21022 , 0.21251 , 0.21483 , 0.21717 , 0.21953 , 0.22192 ,
0.22925, 0.23175, 0.23427 , 0.23682 , 0.2394 , 0.24201 , 0.24464 , 0.24731, 0.25,

0.25547 , 0.25826 , 0.26107 , 0.26391 , 0.26679 , 0.26969 , 0.27263 , 0.2756 , 0.2786

0.2847 , 0.2878 , 0.29093 , 0.2941 , 0.2973 , 0.30054 , 0.30381 , 0.30712 , 0.31046 ,

0.31726 , 0.32072 , 0.32421 , 0.32774 , 0.33131 , 0.33492 , 0.33856 , 0.34225 ,
0.35355, 0.3574, 0.3613, 0.36523 , 0.36921 , 0. 37323 ,0.37729, 0.3814 , 0.38555,
0.394 , 0.39829 , 0.40262 , 0.40701 , 0.41144 , 0.41592 , 0.42045 , 0.42503 , 0.42965

0.43906 , 0.44384 , 0.44868 , 0.45356 , 0.4585 , 0.46349 , 0.46854 , 0.47364 , 0.4788

0.48929 , 0.49461, 0.5, 0.50544 , 0.51095 , 0.51651 , 0.52214 , 0.52782 , 0.53357 ,

0.54525, 0.55119 , 0.55719 , 0.56326 , 0.56939 , 0.57559 , 0.58186 , 0.5882 , 0.5946

COOPERATION
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1621

0.60762 , 0.61424 , 0.62093 , 0.62769 , 0.63453 , 0.64144 , 0.648 42 , 0.65548 ,

0.67713, 0.6845, 0.69195, 0.69949

/
* Private functions

Vi
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* @brief Getthe SPLrms realtive  to UD value.
* @param(in] *Input points to the input vector.

* @param(in] Gain is the gain of the channel (20 dB or 50 dB).

* @return SPLrms value

* <p>Functionality of the function:</b>

* \ par

This function gets the SPLrms realtive  to digital units processed.

*
* ok

COOPERATION

THE OCEAN OF TOMORROW

*
* This function has two possible results, when gain channel is 20 dB either is 50 dB.
*

The table provides 1024 values, which provide sufficient resolution, without resu

in excessive memory consumption.
*
*

The equally spaced values is logarithmic, in order to get resolution in low values.

*/

float32_t  lookUpTable_UD_SPLrmg float32_t  Input, uint8_t Gain)
{

float32_t  maxInput, mininput, dif_dB, dif_lineal, dif total, SPLrms;

uintlé_t n,y;

const float32_t * SPLrms_Table;
n = NELEMS(SPLrms_Table);
mininput = 1.07895% - 05;
maxInput = 7.071068e - 01,

y=0;

if (Gain ==20){
SPLrms_Table = SPLrms_Table_Gain20;

}
else if (Gain==50)
{

}

if  (Input >= maxInput)

SPLrms_Table = SPLr ms_Table_Gain20;

SPLmms = ( float32_t ) SPLrms_Table[n -1];}
else if (Input <= minlnput)

{

SPLrms = ( float32_t ) SPLrms_Table[0];}
else if (Input> mininput)
{

while (Input > UD_Table[y])

{

y+;

}

dif_lineal =U D_Tablely] - UD_Table[y - 1];

dif_dB = SPLrms_Table[y] - SPLrms_Tablely - 1];

dif_total = Input -UD_Tablely - 1];

SPLrms =(float32_t ) ((dif_total*dif_dB/dif lineal) + SPLrms_Table[y

return SPLrms;

6.2.2.1.1.1.1.1 RPercentile_level

/*
* percentile_level.h
*

* Cr eated on: 15/1/2015
*  Author: Centro  Tecnolégico  Naval
*/

/*
* @brief Calculates a certain percentile level on a vector.
*
* @note
* Copyright(C) Centro  Tecnolégico  Naval 2015
* All rights reserved.
*
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* @par
* percentile_level calculates a certain percentile leven on a vector.

*

*

* @par

* NEEDS TO BE UPDATED

* Permission to use, copy, modify, and distribute this software and its

* documentation is hereby granted, under Centro  Tecnolégico  Naval' and its
* licensor's relevant copyright s in the software, without fee, provided that it

* is used in conjunction with Centro Tecnolégico  Naval. This

* copyright, permission, and disclaimer notice must appear in all copies of

* this code.

*

#ifndef PERCENTILE_LEVEL H_
#define PERCENTILE EVEL_H_

/
* Private functions

/
float32_t  percentile_level (float32_t  input_vector][], int vector_s ize, int percentile_level);

#endif

/*
* percentile_level.c
*
* Created on: 15/1/2015
*  Author: Centro  Tecnolégico  Naval
*/

/*
* @brief Calculates a certain percentile level on a vector.

*

* @note

* Copyright(C) Centro  Tecnolégico  Naval 2015
* All rights reserved.

*

* @par
* percentile_level calculates a certain percentile leven on a vector.
*

*

* @par

* NEEDS TO BE UPDATED

* Permission to use, copy, modify, and distribute this software and its

* documentation is hereby granted, under Centro Tecnoldgico Naval' and its

* licensor's relevant copyrights in the software, without fee, provided that it

* is used in conjunction with Centro  Tecnolégico  Naval. This

* copyright, permission, and disclaimer notice must appear in all copi es of
* this code.

*/

#include <arm_math.h>
#include <stdio.h>
#include <stdlib.h>

/
* Private functions

FAKATKIKAK |

int cmpfunc (const void *a, const void *b)

{

return  (*( int )b - *(int *)a);
}
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/**

* @brief Get the SPL of each filter and its percentiles 90 and 10.

* @param(in] input_vector(] points to the input vector.

* @param([i n] vector_size is the size of the input_vector.

* @param(in] percentile_level is the target level of percentile.

* @return level of percentile.

*

* <p>Functionality of the function:</b>

* \ par

* This function gets the value of percentile i ndicated in percentile_level input
argument.

*
float32_t  percentile_level (float32_t  input_vector][], int vector_size, int percentile_level){

int position;

if ( percentile_level >= 100 X
percentile_level = 99;
}

if (perc entile_level <=0 ){
percentile_level = 1;

}
position = floor (( percentile_level * vector_size ) / 100 );
gsort (input_vector, vector_size, sizeof (float32_t ), cmpfunc);
if ( position == vector_size -1){
return  input_vector[position -1];
}
else
{

return  input_vector[position];

}

6.2.2.1.1.1.1.1 Rilters (63 and 125 Hz)

/*
* filter_63_fs_1000_fp.h
* Created on: 15/1/2015
*  Author: Centro  Tecnolégico  Naval
*/

/*
* @brief Header file of filter of 63 Hz.

* @note

* Copyright(C) Centro Tecnolégico  Naval 2015

* All rights reserved.

* @par

* filter_63_fs_1000_fp has the values needed by the ARM CMSIS DSP in order to carry out the filter of
63 Hz

*

*

* @par
* NEEDS TO BE UPDATED
* Permission to use, copy, modify, and distrib ute this software and its
* documentation is hereby granted, under Centro  Tecnolégico  Naval' and its
* licensor's relevant copyrights in the software, without fee, provided that it
*is used in conjunction with Centro Tecnolégico  Naval. This
* copyrig  ht, permission, and disclaimer notice must appear in all copies of
* this code.
*/
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#include <arm_math.h>

float32_t  pCoeffs_f 63_fp[15] = { 8.7526e -05,
1.764, -0.91246,
0, -1,
-0.95121,
-2, 1,
-0.95945
/12 stages

uint8_t  numsStages_f_63_fp = 3;
float32_t  pState_f _63_fp[12];

/*
*filter_125 fs_1000_fp.h
*
* Created on: 15/1/2015
*  Author: Centro  Tecnolégico  Naval
*
/

/*
* @bri ef Header file of filter of 63 Hz.

* @note
* Copyright(C) Centro  Tecnoloégico  Naval 2015
* All rights reserved.

*

* @par

THE OCEAN OF TOMORROW

0.00017505, 8.7526e - 05,

1,
1.7669,

1,
1.8347,

* filter_125 fs_1000_fp has the values needed by the ARM CMSIS DSP in order to carry out the filter

of 125 Hz

*

* @par

* NEEDS TO BE UPDATED

* Permission to use, copy, modify, and distribute this software and its

* documentation is hereby granted, under Centro Tecnoldgico

* licensor's relevant copyrights in the software, without fee, provided that it
*is  used in conjunction with Centro  Tecnolégico  Naval. This

* copyright, permission, and disclaimer notice must appear in all copies of
* this code.

*/

#include  <arm_math.h>

float32_t  pCoeffs_f_125_fp[15] = { 0.00063858,
0.00063858, 1.2868, -0.8323,

0, -1,
- 0.90655,

-2, 1,
-0.91951
/12 stages

uint8_t numStages_f 125 fp = 3;
float32_t  pState_f 125 fp[12];

124
Doc.N°: 1312B0XSWPX_NX56.2v.1.1final
Date: 09/06/2016

0.0012772,
1,
1.2228,
1,
1.4482,
k



caNEXDOS Deliverable 6.2 2

Compact multifunctional passive acoustic sensor sys x, *
. . . . *
transducers and signal processing description.

COOPERATION

THE OCEAN OF TOMORROW

6.2.2.1.1.1.1.1.Blain (simulation of CTN)

/*
* main.c
*
*  Created on: 16/3/2016
*  Author: Centro  Tecnolégico  Naval
*
/

/*
* @brief main of indicator 11.2.1
*

* @note

* Copyright(C) Centro  Tecnolégico  Naval 2015
* All rights reserved.

*

* @par

* main declares the needed variables and call indicato r 11.2.1 function.
*

*

* @par

* NEEDS TO BE UPDATED

* Permission to use, copy, modify, and distribute this software and its

* documentation is hereby granted, under Centro  Tecnolégico  Naval' and its
* licensor's relevant copyrights in the software, without fee, provided that it
* is used in conjunction with Centro Tecnolégico  Naval. This

* copyright, permission, and disclaimer notice must appear in all copies of

* this code.

*/

#include <board.h>
#include <indicator_11 2 1.h>
#include ‘inputMat lab.h"

/
* Private types/enumerations/variables

float32_t  rmsValueVector[NBLOCKS*2];
float32_t  splValueVector[NBLOCKS*2];
uintlé_t k;

/
* Private functions

/* Sets up system hardware */
static  void prvSetupHardware (void )

{
SystemCoreClockUpdate();
Board_Init();
Board_LED_Set(0, false);

}

/
* Public functions

*********************/

int  main(void ){
prvSetupHardware();

/[Start measuring time in processing
Board_LED_Set(0, true); /IGreen light on

gl5_ t Input[BLOCK_SIZE];
float32_t  Input_floatlBLOCK_SIZE];
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float32_t  Output[3*2];  //Three values (SPLrms, L 10 and L90) for each filter (63 Hz and 125 Hz)

uint8_ t i=0;

for (k=0; ksNBLOCKS; k++){

it (==0)

else

else

else

}

if

if

if

get_input_1(Input);

arm_q15_to_float(Input, Input_float, BLOCK_SIZE);

indicator_11_2_1(Input_float, k, rmsValueVector, splValueVector, O utput);
i++;

(i==1)

get_input_2(Input);

arm_q15_to_float(Input, Input_float, BLOCK_SIZE);

indicator_11_2_ 1(Input_float, k, rmsValueVector, splValueVector, Output);
i++;

(i==2)

get_input_3(Input);

arm_qg15_to_float(Input, Input_float, BLOCK_SIZE);
indicator_11_2_1(Input_float, k, rmsValueVector, splValueVector, Output);
i++;

(i==3)

get_input_4(Input);

arm_qg15_to_float(Input, Input_float, BLOCK_SIZE);

indicator_11_2 _1(Input_float, k, rmsValueVector, splValueVector, Output);
i=0;

//Stop measuring time in processing
Board_LED_Set(0, false); /IGreen ligth  off
Board_LED_Set(1, true); /IGreen blue on

/I Never returns, for warning only

return  (0);
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7  Annex | ¢Indicator 11.2.1 Code

7.1 INTRODUCTION
This annex aims to explain the process that has been carried out by CTN in order to ensure
the good performance of the filtering process in the Indicator 11.2.1. Extended version.

The number of thirebctave bands within the frequency range of (220 KHz) according to

IEC 61260 (1995) is of 30 frequency bands. Therefore a total of 30 filters are applied to the
input signal in order to obtain th&Pkxscorresponding to each équency band. As it has
been mentioned before the number of decimation orders has been minimized obtaining a
total of 3 different orders. As it has been mentioned before, decimation is the process of
decreasing the simple frequency of a given signal, therefore after the decimataegs by

2 different orders, 2 different new simple frequencies will be obtained. Thszsaple
frequencies are 1 and 16Hz.

Each of these sample frequencies will be used for the signal to be filtered in different
frequency ranges. This also helps in @esing the need of high order filters
implementation ifIEC 61260 (1995) requirements are wanted to be fulfilled. Keeping low
order filters (fulfilling with IEC 61260 requirements) presents two main advantages:

3. Low effect of filter delay on the filter optit (low impact on the rms value
computation and consequently on Sidcomputation).

4. Low number of computations related to the filtering process and therefore a
decrease on the computation load of the algorithm.

In Table 15 cut-off frequencies of each third octave band implemented are depicted.
Besides, it has been included the sample frequency ( Fs ) obtained after the decimation
process associated with each third octave band. The order of the filter ( N ) hasalseen
included.
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Fs(Hz) | Fow(H2) F(Hz) Frigh (HZ)
22,3872114] 25,1188643 28,1838293
28,1838293 31,6227766| 35,4813389
35,4813389 39,8107171] 44,6383592]
44,6683592 50,1187234] 56,2341325
56,2341325 63,0957345 70,7945784
70,7945784] 79,4328235 89,1250938
89,1250938 100 112,201845
112,201845 125,892541] 141,253754
414,253754 158,489319 177,827941]]
177,827941 199,526232| 223,872114]
223,872114] 251,188643 281,838293
281,838293 316,227766| 354,813389
354,813389 398,107171] 446,683592)
446,683592 501,187234] 562,341325
562,341325 630,957344] 707,945784
707,945784] 794,328235 891,250938
891,250938 1000 1122,01845
1122,01845 1258,92541] 1412,53754
1412,53754] 1584,89319| 1778,27941
1778,27941 1995,26231] 2238,72114]
2238,72114] 2511,88643 2818,38293
2818,38293 3162,27766| 3548,13389
3548,13389 3981,07171] 4466,83592]
4466,83592 5011,87234] 5623,41325
5623,41325 6309,57344] 7079,45784
7079,45784] 7943,28235 8912,50938
8912,50938 10000 11220,1845
11220,1845 12589,2541] 14125,3754
14125,3754] 15848,9319| 17782,7941
17782,7941 19952,6231] 22387,2114]

1000

16000

48000

BRI (D|IP|WWIW(W|W|WW|W(WIW[([WW|W[([W|W]R|A|W[W|W[W|W|W[W|W|Z

Table27. Cutoff frequencies of each third octave band filter its associated sample frequency and butterworth order used in
Indicator 11.2.1. Extended algorithm

As it can be seen ifable 15, there are three different sample frequencies taking into
account the original sample frequency of 48 KHz and the butterworth filter orders are 3 or 4
depending on the third octave band and its sample frequenspa@ated. This is done in
order to ensure the requirements of the norm IEC 61260 (1995).

7.2 VALIDATION OfLTERS
Filter validation has been carried out in two different stages:

1. Validation in Matlab
2. Comparison between Matlab and ARM Cortex M4 performance.

7.2.1 Valdation in Matlab
The validation of the filters matlab has been carried out by following the next steps

1. Design of the filter
2. Computation of its transfer function
3. Check the transfer function versisC 61260 (1995) requirements.
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It is worth to mention thatfilter transfer functions have been checked versus class 0
third-octave band filters according to the norm IEC 61260 (1995).

As a result of this validation, a plot showing the transfer function of each-tutave filter
implemented in matlab versus IEC20 (1995) requirements is generated and can be seen
from Figure67 to Figure96 (note : fn = nominal frequency);

Fs (Hz) Fow (H2) F(Hz2) Frigh(HZ) N
1000 22,3872114] 25,1188643) 28,1838293] 3
Plot

Zoom Plot
Figure 67. Filter Transfer Function VS IEC 6059 Figure 68. Filter Transfer Function VS IEC 6059
(1995)71 class ' hird-octave band requirements fn (1995)71 class ' thirdoctave band requirements fn
25 Hz. 31.5Hz.
Fs (Hz) Fow (HZ) F.(Hz) Frigh (HZ) N
1000 | 35,4813389 39,8107171] 44,6383592 3
Plot

Zoom Plot
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