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KdUINO

Instrument: The KAUINO DIY Buoy. Sensors 2016, 16, 373.
https://doi.org/10.3390/s16030373

Do-It-Yourself (DIY)

Bardaji, R.; Sanchez, A.-M.; Simon, C.; Wernand, M.R.; Piera, J. Estimating
the Underwater Diffuse Attenuation Coefficient with a Low-Cost

Technology
Cost < 100 €
DIY

Dept. Oceanografia Fisica i Tecnologica
Jaume Piera
Raul Bardaji
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& LIMNOPIRINEUS

LIMNOPIRINEUS

SAaciono!
diiguestorims Parc Natural

'IEE?* - de IAlt
o= fiet { : Pirineu

2013, Aspecte de I"estany Closell durant eis darrers anys d'engd que
van desaparéiner les trultes | va quedar-hi només el barb roig. Fote:
A Mirds

2015, Frult d# s artuacians &' sliminacid S8l har roly dETes & rerme

ped projecte LIFE LimnoPirinsus, estamy Closell ha recuperst la seva
transparéncia natural. Foto: A Mird




Actualitat

5/45

MONOCLE H2020

MONOCLE

Multiscale Observation Networks for Optical
monitoring of Coastal waters, Lakes and Estuaries

Multiscale Observation Networks for Optical
Monitoring of Coastal Water, Lakes and Estuaries

https://monocle-h2020.eu/
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Actualitat

Evolution of KAUINO

Measuring Kd

Low-Cost and DIY

Depth depending on wire length

Array of PAR or RGB sensors

Data saved locally and transmitted it over Bluetooth
to mobile App

Deployed in local areas, Lakes of Pyrenees, Ebro Delta

KduSTICK
(1t version)

KduSTICK
(2nd version)

Measuring Kd

Low-Cost and DIY

2m stick

RGB sensor

Data saved locally and
transmitted itover loT
Low-energy (weeks)
Deployed in local areas and
Lzke Balaton

Measuring Ka
Low-Cost and DIY
1.5m stick

PAR sensor

Data saved locally and
transmitted it over loT
Low-energy (weeks)
Not deployed [In
development)

* Measuring Kd
* Low-Cost and DIY

development)

* Depth depending on configuration of modules
* Array of independent modules with RGB or multispectral sensors
* Data saved locally and transmitted over Wifi to mobile app (in

Deployed in local areas and Loch Leven, Lake Balaton, LakeLab

KduMOD prototype

(KduPRO)

* Measuring Kd and temperature

* Professional version

* Depth depending on configuration
of modules

* Array of modules with
multispectral sensors

* Data saved locally and transmitted

it over loT

* Low-energy (months)

* Deployed in lab test (In
development)

KduMOD
professional

KduMOD
low-cost

Measuring Kd and temperature
Low-Cost and DIY

Depth depending on configuration
of modules

Array of modules with
multispectral sensors

Data saved locally and transmitted
it over loT

Low-energy (months)

Not deployed (In development)
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Com podem mesurar la qualitat de 'aigua?

La terbolesa és la falta de transparéncia de I'aigua, deguda a la presencia de particules en
suspensio.

Quantls més solids en suspensid hi hagi en 'aigua, més bruta sembla i el valor de terbolesa és
més alt.

Per al desenvolupament de les plantes i animals aquatics, és millor que I'aigua sigui el mes
transparent possible, encara que una aigua terbola no significa necessariament que estigui
contaminada, ja que la terbolesa pot estar ocasionada per fenomens naturals, per exemple la
preséncia d’argiles o llims procedents de |'erosio dels terrenys del voltant o bé la
descomposicio de la vegetacio de ribera.

En el nostre cas:

El coeficient d’atenuacié difusa (K;) és un parametre que ens permet monitorar I'estat de la
columna d’aigua.

Com més elevada sigui K;, menys transparent és l'aigua

. I
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The studies of light propagation and light field characteristics are crucial for understanding many
physical and biological processes in the water bodies, driven by, or depending on, solar radiation,
such as phytoplankton dynamics and surface bloom or eutrophication.

This radiation at the sea surface is conventionally measured as spectrally resolved downward planar
irradiance, Ed (A), and the attenuation of this quantity with depth (z) can be described by the
diffuse attenuation coefficient Kd (z, A).

This parameter is of particular interest in water quality monitoring programs because it represents
a suitable proxy of water transparency and it is related to light penetration and availability in
aguatic systems.

Rodero, C.; Olmedo, E.; Bardaji, R.; Piera, J. New Radiometric Approaches to Compute Underwater Irradiances: Potential Applications for High-
Resolution and Citizen Science-Based Water Quality Monitoring Programs. Sensors 2021, 21, 5537. https://doi.org/10.3390/s21165537
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Pergué mesurem aguest parametre?

Es un factor clau en els ecosistemes aquatics.

IClluan la IIum)s‘atenua es redueix la possibilitat de la fotosintesi (procés que produeix |'oxigen vital per a
ecosistema).

rer elxemple, guan hi ha un bloom d’algues nocives, no es poden recollir musclos perqué seria perillds per a
a salut.

La transparencia de l'aigua s’utilitza sovint com a indicador de la qualitat de 'aigua

Monitorar qualitat aigua |

Causes de la terbolesa de I'aigua

També, els materials procedents de la descomposicid dels éssers vius causen terbolesa, per exemple, les
restes de plantes, branques, etc.

Finalment, particules inerts de naturalesa inorganica, com son argiles i llims redueixen la transparéncia de
I'aigua. L'aportacid d’aguestes particules, especialment les inorganiques, pot deure’s a la resuspensio dels
set?iments del fons del riu o llac (per exempﬁ: peixos que s’alimenten pel fons i els regiren, com per
exemple la carpa)

[

La terbolesa pot estar ocasionada per particules vives que habiten en l'aigua, per exemple el fitoplancton. |
Finalment, els abocaments d’aiglies residuals industrials o urbanes poden augmentar la terbolesa .
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Monitorar qualitat aigua

Com mesurem K

KdUINO

I Radiometer
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Measuring Kd

Kd from KduPRO

In(Light Value) = -Kd x Depth + constant

KduPRO module #1
1)

Kd = 0.437
2 =0.988

KduPRO module #2 Ligiiic Veile = il In(Light ValL_Je) In(Light Value) = -Kd x Depth + constant
'd .

Light Value = #2

KduPRO module #3 % ight Value = #3
1
Light Value = #4
2

In(Light Value)

| KduPRO module #4

0.50 0.75 1.00
Light Value = #n Depth of sensors (m)

| KduPRO module #n




Results

Lab, simulating different scenarios of
turbidity
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a KdUSTICK parts
k!

' =3 [ Lora & sigfox Antenna (868MHz / 915MHz) |

' ESP32 Microcontroller programmable in
MicroPython, connected to expansion
board with GPS, accelerometer, microSD
card and deep sleep mode (~15pA)

> (]

lTGa-rrzs Light Sensors at different depths ]

| Sensor

Sensor 2

Sensor 3

Sensor 4

Sensor 5

KduSTIC




Monitorar qua

itat aigua

14/45

Jd

KduSTIC

K




Monitorar qua

itat aigua

15/45

KduSTIC
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KduPRO

User's guide and
technical documentation

l‘- g‘: gfgutmein

.,  Union's Horizon 2020 research and innovation

KduPRO




DescriptiOn *  Multispectral (R,G,B)

Build your own KduPRO!

Hardware components

e Light > Frequency - Counts (12C)

P

Component Cost (€}
-_ Feather HUZZAH ESP8266 19.49
Adalogger FeatherWing RTC Clock and SD 9.60
= — FeatherWing Proto 23
m_\ ) Underwater case {GoPro or similar} 15.69
= = TC534735 color RGB sensor 11.76
”I m Lithium-ion Polymer Battery 8.41
i ? MicroSD 1339
\l !‘ _Ié.g CR1220 Button Battery 3V 133
11 m"’- PC8 socket 2 54 mm square 7 contacts 219
!‘ ¥ : PCE Receptarle 2 54 mm hoard ta board 20 contacts 3.47
\ —-lg:'r_ﬁL. - PCE Recepracle 2 54 Joard- 3 oritac 667
= — = Total
- = Budget for building one module of KduPRO 9731

 Thi oot s acabvad fundieg e th Entpaan
it anme U orerl aerearrest Ko TTS40

EMONOCLE
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Dispositius
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Arduino ©® PlatformIO

ARDUINO

Programacio de Microcontroladors en C++

ESP8266

L ¥
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Dispositius

\ OPEN EDITORS

T PIO Home X

] Welcome to n

Home

Projects

hon

Quick Access

initial .

¢ measure
I main.cpp

Inspect

O

] @ Project Examples
Hom

gitignore
[ Open Projec ' travisyml
platformic.ini

longitude
altitude

https://platformio.org/

processing proc
ing version =
processing revision

|
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Programacio de Microcontro

adors en Python

ESP32

Micropython £
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Plagues Pycom

Lopy

*Powerful CPU, BLE and state of the art WiFi radio
*Can also double up as Nano LoRa gateway
*MicroPython enabled

*Fits in a standard breadboard (with headers)
Ultra-low power usage: a fraction compared to other
connected micro controllers

L ¥
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Pysense

*Ambient light sensor
*Barometric pressure sensor
*Humidity sensor

*3 axis 12-bit accelerometer
*Temperature sensor

*USB port with serial access

*LiPo battery charger

*MicroSD card compatibility

*Ultra low power operation (~1uAin
deep sleep)

Pytrack

*Super accurate GNSS Glonass GPS
3 axis 12-bit accelerometer

*USB port with serial access

*LiPo battery charger

*MicroSD card compatibility

*Ultra low power operation (~1uAin
deep sleep)

4
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Dispositius
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* 8-channel LoRaWAN gateway

* Dual SX1257 transceivers for a total of 8 channels
support

* Frequencyrange from 863MHz to 870MHz

* SX1308 baseband processor

* Compatible with WiPy3.0, GPy and LoP4

* Ultra-low power standby mode

* Ethernet with PoE via the optional daughter board
* Poweredvia USB, LiPo Battery and Ethernet via the
optional daughter board

* LiPo battery charging via the USB port

* USB to serial connection for the Pycom module with
auto-programming features
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Dispositius

Prototipus KduSTICK connectivitat Sigfox / LoRa projecte MONOCLE H2020
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1st Test KduMOD

Pycom Pytrack

Read battery status

Get GPS position

Get deployment sequence from SD (from A to Z)

Get data from Tx/Rx (rel. humidity)

Save |d, deployment, datetime, gps data, volt, UART data intg 5D
Send data to Sigfox (when deployment is ‘a’)

Send data to TTN

Pycom Pysense

Read light sensor AS7262
Read from Pysense sensors:

- Temperature
- Altitude

- Pressure

- Rel.humidity
- Light

- Acceleration
- Rall

- Pitch

- Battery

Save it into 5D

Send data to buoy using Tx/Rx (rel. humidity)

Light Sensor AS7262

Wavelength values in 450, 500, 550, 570, 600, 650 nm

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 776480 (MONOCLE). ‘

_J\/L‘/ : E;»\;\_
-
MONOCLE
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1.

LoRa

Long Range

Cobertura ~ 10-20 km

Es un esquema de modulacié de senyals a radiofreqiiéncia creat per I'empresa
Semtech Corporation.

Aquesta empresa dissenya i produeix entre altres elements els xips LoRa que seran
utilitzats com a base fisica de les xarxes LoRaWAN.

LoRa
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2. LoRaWAN

; —
. Es una implementacio del protocol LPWAN que o, ®
utilitza la tecnologia LoRa. Lo Ra WA N
~
) —

. Es desenvolupada per I'anomenada LoRa Alliance
integrada entre d'altres per Cisco, IBM i Orange.
. Podem veure LoRaWAN com la definicio del

protocol i I'arquitectura de xarxa sobre el qual e r— e —_—

interactuaran directament les aplicacions.

Long range

End-to-end security

O Xarxa que uneiX diferents diSpOSitius LORa Deep indoor penetration Firmware updates over the air

(gateways i nodes)
. Es una de les tecnologies LPWAN (Sigfox, NB-1OT,
LTE-MTC... ) Geolocation
Et pots crear la teva propia xarxa

License free spectrum

Certification program

Ecosystem
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LoRa and LoRaWAN - what is the difference?

A
SEMITECH

Application

LoRaWAN® MAC
Class A Class B Class C

eusss | euaas | usons | asazo | —

LoRa® Modulation

MAC Layer
(MAC)

Physical Layer
(PHY)
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The Things Network

Utilitza LoRaWAN

Es el punt d’accés a Internet

Xarxa gestionada per la propia comunitat TTN

Dades son de "'usuari, no de 'empresa que ho gestiona

N

THE THINGS

NETWORK
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“Internet de les coses" a I'lCM: una xarxa d'us

public per a monitorar la qualitat ambiental en

la costa

RELATED STAFF

Jaime Piera

RELATED GROUPS

La internet de les coses (en anglés, Internet of Things, abreujat loT) &5 un concepte que es refereix

a una interconnexio digital d'objectes quotidians amb Internet. Les xarxes loT tenen la capacitat de
connectar un gran nombre de dispositius que enviin petites quantitats d'informacid (pocs kBytes)
per hora. Per les seves caracteristiques técnigues, les xames [oT son ideals per a desplegar

sistamas de manitaratna amhiantal

https://www.icm.csic.es/ca/noticia/internet-de-les-coses-licm-una-xarxa-

dus-public-monitorar-la-qualitat-ambiental-en-la-costa
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Linear measurement

8,439 Meters (5.24 Miles)

& Centeronthisline W Delete
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Internet de les Coses (loT

Measure distances and arsas

Last point
41°02'59.43" N/ 02° 27 44.32"E
41.049842 / 2 462311

Path distance 43,860 Meters (27.25 Miles)

© Cancel & Finish measurement
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Tests de consum, transmetent dades cada 5 minuts

voltatge .,

(V)

\\\\\\
222222222222222222222222222222222222222222222222222222222222

temps
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Data transmitted by LoRa
from KAUMOD to CSIC

* 60.98 ° 4,09 4153

-
1, | “
o UL LLINIE ety IR R R T U T 1L e —
- . = KA
— AllThingsTalk/Viak

The AllThings Talk Developer Cloud

Tuesday Wednesday Thursday Friday

- =

‘or
|
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Internet de les Coses (loT

kdumod _test AllThingsTalkMaker

Humidity modale Humidity buoy
T T T T T T T T T T T T I T T ] T T T T T T I I T T I
26 28 2Mer 4Mar &M BMar 10 12 14 16 15 0. 22 4. 26 28 26 28 2Mar 4Mar &M BMar 10 12 14 16 18 2. 22 24 26 28
Feb  Feb Mar  Mar  Mar  Mar  Mar  Mar  Mar  Mar M Mar Feb  Feb Mar  Mar  Mar  Mar  Mar  Mar  Mar  Mar M Mar

Light Voltage

T I T T T T T I T T T T T T T T
T T T T T T T 26 28 2Mar 4Mar 6Mar 8Mar 10 12 14 16 18 20 22 24 2% 38
Tuesday Wednesday Thursday Friday Saturday Sunday Monday Feb  Feb Mar Mar Mar  Mar  Mar  Mar  Mar  Mar Mar Mar

E AllThingsTalk Maker

The AllThingsTalk Developer Cloud
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TTN
Node-RED — mqtt

— influxdb — Grafana

&) influxdb E‘\

INEIEEED Grafana
Node-RED —> influxdb — Grafana
Data manipulation Data storage Data visualisation

8086 3000
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Si ngX data received in Balaton from KdUSTICKS

bytes received by week bytes received by hour

= [ | [ © | L]
] [ | || i R eyl B T e -
S M T w T F ) 0:00 6:00 12:00 18:00 23:00

L T T 1 1 I

Kd histogram

min: -0.5016375274442149 . 4 max: 05072510932237558
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Diferencies entre Sigfox i TTN

Sigfox TTN

Tipus de tecnologia privada (1$ per disp. / any) open

30 dies The Things Stack Cloud

Baecend 1any 24 hores The Things Stack Community Edition

Transit dades

Uplink 140 missatges 12 bytes 30seg. [ dia
Downlink 4 missatges de 8 bytes 10 missatges / dia
Quantitat byt di
uantitat bytes pgrr)“n'i 1680 bytes > 6000 bytes
Tamany maxim missatge a .
arviar 12 bytes 5 segons a l’aire [ 222 bytes
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Ciencia participativa |
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Ciencia ciutadana

J. ’ N k A e EXPLORAR  COMUNITAT®  MES ™ - REGISTREU-VOS INICIEU SESSIO
4 3

SUSTAINABLE
DEVELOPMENT

( ;.‘\.‘",'AI : ;
dih
s

\\ . MINEA dona suport als Objectiu de Desenvolupament Sostanible

L

Actda.perun .
futur sostenible! ' | —-— Com funciona?

UNEIX-TE AVUL ! 5
y AN

\

|
\

Fiona A. 1 P
Montseny 1
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Ciencia participativa

CanAirlo: Citizen network for monitoring air

Our workshops

DOCUMENTATION INSTALLER

https://canair.io/
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P t 1 C . t ,f.
ROJECTE L'EQUIP BLOG DADES SORTIDES CONTACTE

Pati Cientific

MAR | CIENCIA | CIUTADANIA

Ciéncia sostenible | de tothom

El projecte Pati Cientific &s una plataforma d'unié entre participacio, conscienciacio i coneixement de la costa
de Barcelona.

https://paticientific.org/

i
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