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La tomographie sismique
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Carte de [’International Registry of
Seismograph Stations

Il y a peu de stations sismologiques en mer !
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Un reseau a [’echelle globale

Le réseau ARGO mesure la température et la salinité des océans

I1 est constitué d’environ 4000 flotteurs



Les flotteurs profileurs MERMAID

Recorded on board a SOLO float: Mw 5.95 at 46°
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EarthScope-Oceans
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Vers un flotteur acoustique pluridisciplinaire
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Nouvelle carte d’acquisition basse et haute frequence
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Essais en Mediterranee
fin 2023 - 3 flotteurs

Il faut développer des applications de traitement de données
(les applications pourront étre mises a jour par satellite)




Développement des applications

1. Développement d’un algorithme avec un langage type Matlab ou Python

fid = fopen(acousticFile);

y = fread(fid, 'int32');

fclose(fid);

for i = plotStartIndex:plotStartIndex+maxPlotNb-1
type = "%

staltaoffset = 40%32;
liml = 15%32;
lim2 = 35%32;

dl
d2

(round(seconds(toPlot(i) - startDate)))*200;
(round(seconds(toPlot(i) - startDate)))*200

yspectro = y(dl-liml:d2+1im2);
yfeatures = y(dl-liml-staltaoffset:d2+1im2);

[spectrogram] = whalesSpectroCopy(yspectro, 200);

[allMaxFreql, allMaxfSNR1, staltal = computeFeaturesCopy(yfeatures); =

allMaxFreql = allMaxFreql(staltaoffset/32:end);
allMaxfSNR1 = allMaxfSNR1(staltacffset/32:end);
stalta = stalta(staltaoffset/32:end);
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2. Intégration et test dans le flotteur

void Coordinator task(void* parametres) {
init board(9);

BlueWhales semaphore = xSemaphoreCreateMutex();
MermaidAlgo semaphore = xSemaphoreCreateMutex();
'BluewWhales

xTaskCreate(Bluewhales task,
xTaskCreate(MermaidAlgo task, "Me
xTaskCreate(Hydrophone_task,

while(1) {
_update mission_sequence();
_wait_low_power_mode(1000);

aidAlgo
"Hydrophone task", 2048, NULL,
xTaskCreate(HydrophoneHF_task, "HydrophoneHF task", 2048, NULL, 19, &Hyd

tas
task",

k", 2048, NULL, 4, &BlueWhal
2048, NULL, 3, &Mermai
19, &Hydroph
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Développement des applications

1. Développement d’un algorithme avec un langage type Matlab ou Python

fid = fopen(acousticFile); [ JoN Figure 1: , 23-Jun-2012 11:44:46
y = fread(fid, 'int32'); File Edit View Insert Tools Desktop Window Help ¥
fclose(fid); Dede @2 0DE (B
for i = plotStartIndex:plotStartIndex+maxPlotNb-1 == k(B
type = ") o0
staltaoffset = 40%32; E 75
liml = 15432; -
lin2 = 3532; & 5
5]
3
dl = (round(seconds(toPlot(i) - startDate)))x200; 8’ 25
d2 = (round(seconds(toPlot(i) - startDate)))*200; i
yspectro = y(dl-liml:d2+1im2); 0
yfeatures = y(dl-liml-staltaoffset:d2+1im2);
[spectrogram] = whalesSpectroCopy(yspectro, 200); I -

[allMaxFreql, allMaxfSNR1, staltal = computeFeaturesCopy(yfeatures); "439 false negatives"
allMaxFreql = allMaxFreql(staltaoffset/32:end);

allMaxfSNR1 = allMaxfSNR1(staltaoffset/32:end); ans =

stalta = stalta(staltaoffset/32:end);

“Total "

/4

coration et test dans le flotteur

xTaskCreate(BluewWhales task,
xTaskCreate(MermaidAlgo task,
xTaskCreate(Hydrophone task, "Hydrop™®
xTaskCreate (HydrophoneHF task, "Hydropho
while(1) {

_update mission_sequence();
_wait_low_power_mode(100g

%, &BlueWhal
WwLL, 3, &Mermai
¥6, NULL, 19, &Hydroph

2048, NULL, 19, &Hyd

ueWhales task"
aidAlgo task",
task"
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Un langage de programmation dédie: MeLa

Comment développer des applications sans spécialistes des systemes embarqués ?

— Langage de programmation MeLa dédi¢ au flotteur MERMAID

Ce langage permet:
1. De cacher les aspects bas niveaux orientés systemes embarqueés
2. Prendre en compte les limites de I’instrument (puissance de calcul, €nergie)
3. D’assurer la fiabilité et I’efficacite des applications

4. D’1nstaller plusieurs applications sur un méme flotteur



MelLa: calcul de FFT
Mission:

ParkTime: 7 days
ParkDepth: 1500 meters

Coordinator:
ParkAcgModes: helloFFT during 10 minutes every 1 hour

ContinuousAcgMode helloFFT:
Input:
sensor: HydrophoneHF(20000)
data: x(128)
overlap: 32

Variables:
Array spectrum(128)

RealTimeSequence main:

spectrum = fft(x, 128, HANNING)
endseq;
endmode;
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MelLa: generation de code

MeLa angage C
1 fichier / 20 lignes de code 0 fichiers / 442 lignes de code

DESCENT) {
descent_cycle_time_s = getsdate() - descent_start_time_s;
if (!Simple_is_running) {
SRC_ROOT: resume_Simple_task();
- p—— _ROOT=src
Mission: }

if (nission_step

ParkTime: 7 days CPPFLABS+=-T$(SRC_RODT) '

else if (mission_stey PARK) {
park_cycle_time_s = getsdate() - park_start_time_s;
ParkDepth: 1500 meters LD_PATH=boards if (15iaple_is_running) 4
resume_Simple task();

- : }
SRC_SRC+=$(SRC_R0OOT) /Coordinator_task.c if (Simple_is_running) €
0 SRC_SRC+=$ (SRC_ROOT) /shared.c
Coordinator:

suspend_Simple_task();

}
q . SRC_SRC+=$(SRC_RO0T) /Sinple_task.c }

ParkAcgModes: helloFFT during 10 minutes every 1 hour SRE_SRO+=5 (SRC_ROOT) /HydrophoneBF. task. c else if (nission_step == ASCENT) {
ascent_cycle_time_s = getsdate() - ascent_start_time_s;
if (Isimple_is_running) {

resume_Simple_task();
C 4 A M d h 'l-l FFT . void Coordinator_task(void* parametres) { T
ontinuousAcgMode hello £ )
init_board(0); if (Simple_is_running) {
I t: Simple_semaphare = xSemaphoreCreatetutex(); suspend_Simple_task();
n pu - xTaskCreate(Simple_task, "Simple_task", 2848, NULL, 3, ESimple_task_handle); ¥
. xTaskCreate(HydrophoneBF_task, "HydrophoneBF_task™, 2848, NULL, 19, &HydrophoneBF 3
sensor: Hyd rophoneHF(Z@@@@) unite(1) { slse if (mission_step == SURFACE) {
update_mission_sequence(); surface_cycle_time_s = getsdate() - surface_start_time_s;
data: X( 128 ) _wait_low_power_mode(1600); if (simple_is_running) {
¥ suspend_Simple_task();
overlap: 32 '
if (buffer_to_flush true) {
serialPrintString("Write on files\n");
buffer_to_flush = false;
Variables: void Hydrophone8F_task(void * parameters){ }
int32_t sample;

Array spectrum(128) int 4 < ¥; woid resune_sinple_task() {
xSemaphore = xSemaphoreCreateMutex(); Sinple require samples - frue:
xSemaphoreTake (Sinple_semaphore, portHAX_DELAY); ple-require.sanples = true;
TaskSuspend(NILL) 5 ask_start_HydrophonesF ();

. . N ! wTaskResune(Sinple_task_handle);
RealTimeSequence main: watle (1) 4 e rumning - trun;
q sample = get_HydrophoneBF_sample(); . Simple.ds_running = true;
spectrum = fft(x, 128, HANNING) i (simple_require_sanples) {
’ ’ .
x_Simple_fill->datali] = sample;
endseq; i ;
q; if (4 >= x_Simple_fill->len) { void suspend_Sinple_task() {
217 o N Sinple_require_samples = false;
endmode; if (x_Simple_fill == &x_Simple_buff_1) { -
! x_Simple_process = 6x_Sinple_buff_1; ask_stop_HydrophonebF();
x_Sinple_fill = Ex_Simple_buff_2; wTaskSuspend(Sinple_task_handle) ;
} Sinple_is_running = false;
else { H
x_Simple_process = Ex_Simple_buff_2;
x_Simple_fill = Ex_Simple_buff_1;
¥
i=6; static int32_t x_data[18];
xSemaphoreBive (Simple_senaphore) ; static array_i32_t x = {x_data, 18, x_data, 18};
} static int32_t y = 0;
}
b
} void Sinple_task(void * parametres){
wTaskSuspend(NULL) ;
while (1){

xSemaphoreTake(Simple_semaphare, portMAX_DELAY);
meanArrayI32(ax, &y);
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MelLa: estimation de la consommation d’énergie

Autonomy:

Energy consumption rate:

Mission step

Processor (%)

Sensors (%)

Transmission

Actuators (%)

(%)

Descent 0.3 0 0 1.1
Park 33.3 37.7 0 0
Ascent 0.1 0 0 25.9

Surface 0 0 1.6 0




MelLa: Intégration dans [’editeur ATOM

@ seismic.mela — ~/Workspace/MelLa/mela-tutorial

Project seismic.mela Mela tools

v mela-tutorial
> i Images Mission: Parse © Analysis  Simulation
v [ seismic .
> [l simulation
README.md Parse Mela application:
B seismic.mela Coordinator: Success

[E) seismicDet.mela

> Bl sperm-whales : Seismic
README.md

ContinuousAcgMode Seismic:
Input:

HydrophoneLF(40)
x(4000)

Variables:
File f(ARCHIVE)

RealTimeSequence main:
f.record(x)

endseq

endmode

seismic/seismicmela GO O0A0®D 0 231 LF  UTF-8 Mela ¥ main




Mela: tutoriels
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Nous recherchons des spécialistes
pour participer au développement
d’applications:

e MZétéo
o (étacés
e Bruit ambiant

Permettra d’améliorer les
fonctionnalités de Mela

Déploiement de 3 flotteurs
en Méditerranéee fin 2023 !

Mail: bonnieux@geoazur.unice.fr
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Applications
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