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PROBLEM: Water Availability EEEEEE J

Level of vulnerability to water stress in the world
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Water Distribution .

Seas and oceans are only 0.023% of the total mass of the planet

Extraction Consumption
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PROBLEM: Food Insecurity
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“FAO recognizes that the amount
of water withdrawn for agriculture
can only be increased by 10%”

Source: FAO (2018)
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FAO's Sustainable Development Goals - 2030

En septiembre de 2015, 193
Estados Miembros de las

Naciones Ul}idas aprobaron EN EL Aﬂo 2030
los 17 ODS, incluyendo el SE PREYE QUE LA
HAMBRE CERO POBLACION MUNDIAL
PARA 2030 AUMENTE HASTA
ALCANZAR LOS
o iy
VPR
1 “.\ )
\ W,
~—> 8 300 millones
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*@1 LA DEMANDA DE
]| ALIMENTOS CRECERA

Aumentar la inversién en agriculiura. Crear
infraestructuras de mercado y mejorar los
bienes publicos para ayudar a incrementar
la productividad y los ingresos rurales.

ops HHAED v

Gestionar de modo sostenible los
osques, océanos, agua, fierras

bosq gua, f

y suelo, y promover un enfoque

MAS DE 820 MILLONES DE
PERSONAS PASAN HAMBRE

Promover polificas de nutricién,
incluida la educacién sobre la
alimentacién, y pasar a enfoques
del consumo y la produccién que
promuevan beneficios para la
salud a largo plazo.

ops ZH v

Establecer sistemas de proteccién
social, tales como alimentacidn
escolar y fransferencias de efectivo.
Sin alimentos, los seres humanos no
pueden aprender ni llevar una vida
sana y productiva.

obs AAHABAME (v

ecosistémico para obtener un
mayor rendimiento agricola con
menos insumos.

ODS
OEEE [V

EL AUMENTO DE LA DEMANDA DE ALIMENTOS

ESTA INTENSIFICANDO LA COMPETENCIA

POR LOS RECURSOS NATURALES @q

Source: http://www.fao.org/sustainable-development-goals/es/

“FAO points out that, by 2030,
developing countries will only be
able to increase production by
33%, using only 12% more water,
but with new and more efficient
irrigation technologies that mean
less waste and optimization of
the resource”
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http://www.fao.org/sustainable-development-goals/es/
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Gauging Stations

Hydraulic Weirs
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Use of Limnimeters
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_ Weir and Orifice Methods el

CONTRACTIONS

Rectangular weir e
without contractions ': J

Q = 1.859 x L x H3/?

Q = 1.84 (L —0.2H) x H3/?

Triangular weir ey

Q =1.84L x H3/?

O = Flow rate (m’ / s)

L = Crest length (m)

H = Weir load (m)

Q = 1.4 x H>/? D = Diameter of circle (m)




Chico AJ Portoviejo Station

Availability of Hydrometric Data
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Experimental Weir

Rectangular weir
without contractions
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Solar Energy Source

Hydraulic Weir
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Base Wireless Devices with
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loT platform
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Microcomputer

CPU + GPU: Broadcom BCM2837B0, Cortex-A53 (ARMv8)
64-bit 1.4GHz

RAM: 1GB LPDDR2 SDRAM

Wi-Fi + Bluetooth: 2.4GHz y 5GHz IEEE 802.11.b/g/n/ac,
Bluetooth

4.2, BLE

Ethernet: Gigabit Ethernet about USB 2.0 (300 Mbps)

4 ports USB 2.0

Camera

USB IP
o |
s =

Raspberry Pi3 5mp

5 MP 1080P

Resolution: 2592 x 1944 pixels

1080P 30 fps 720P 60 fps 640x480 90 fps
Automatic switching between day and night mode
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10T Solution Architecture EREEEEEE J

Visualization

Data Analytics

Connectivity

Sensing Action / Decision
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10T Solution Architecture .

Visualization and analysis
of data from Internet of
Things solutions.

Different options:

Challenges

Honeywell Sentience X
Amplia 107
Amazon AWS AT g TM2X MS Azure el
Bitstew Systems Uptake 1BM Watson loT AirVantage
Carriots ' Bosch loT GE Predix
sap Hana clous INTEI 1OT Cumulocity : M?Shr',fy

Interoperability | Scalability

Siemens MindSphere _Cisco Jasper
Coverage Scalability
Aspects to take into account:
5 v Scalability (1 -100 -1.000- 1.000.000 nodes)  Big Data
\
loTNode ¢ 1 s v Availability
e Autonomy, _
interoperability, | Scalability v Security
security, v’ Ease of programming
complexity

v’ Interoperability
v’ Cost
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Cloud

Communication

10T Solution Architecture

Challenges

Interoperability

Coverage

Autonomy,
interoperability,
security,
complexity

Scalability

Scalability

Scalability

T 5100
:’% mpbs

1 KM

15 KM
Range/Distance

Aspects to take into account:

v" Service coverage (urban vs. rural area).
v Number and size of messages required.
v" Availability.

v' Radio spectrum availability.

v" Cost.

Source: Frost & Sullivan. (2019)
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10T Solution Architecture

The electronic device for
monitoring the variables of interest

Challenges

Interoperability | Scalability

Aspects to take into account:

Cloud v Energy autonomy: batteries, solar panels.

v/ Sensors:  physical principle, ranges, accuracy,
calibration, certification, sensor communication
protocols.

Communication

Coverage Scalability v" Communication technology, antennas.

v Robust firmware design

v/ Remote update.
v Node status monitoring.

Autonomy,
interoperability, | Scalability

v" Physical support structure (station).
v Installation.

security,
complexity

v" Logical and physical security.

v Manufacturing options.
v Cost.
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Devices with LoRa Communication

LoRa
Scope 2-5km (city)
15km (rural)
Frequency band 433/868/915MHz
ISM

Data sending rate 300 bps a 50kbps

Data reception rate 300 bps a 50kbps

Standard LoRaWAN
LoRa® MAC
MAC options

—
~—
-~

(Baseline) (Baseline) (Continuous)

Regional ISM band

LoRa Alliance

EU 868 EU 433 Us 915 AS 430 —

Source: Lora Alliance. (2015)

Heltec WiFi LoRa 32 (V2)

WIFI LoRa 32(V2) Pinout Diagram i - o
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Source: Heltec Automation. (2022)

= Microprocessor: ESP32 (dual-core 32-bit MCU + ULP core),
with LoRa node chip SX1276/5SX1278.

= Onboard 0.96-inch 128*64 dot matrix OLED display.

= Integrated CP2102 USB to serial port chip.

= ESP32 + LoRaWAN protocol Arduino® library.

= Support the Arduino development environment.

= Sleep current <800uUA.
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Node-RED

=2

Node-RED

JavaScript

Honeywell Sentience

Amplia loT

Uptake |BM Watson loT

Bitstew Systems

Carriots

SAP Hana Cloud Intel IOT CumUIOCity
Siemens MindSphere Cisco Jasper

Amazon AWS AT g TM2X MS Azure

Bosch IoT GE Predix

ThingWorx

=1\%

TempolQ
AirVantage

Meshify

Sources: Node-RED: OpenlJS Foundation. https://nodered.org

Node.js Foundation: https://nodejs.org/en/

loT Platform

Data
Streaming

Server-
side proxy

Big-data and
Analytics

S

Wireless
connectivity

System Monitoring
dashboard

Real-time
data

Queued I/O
Inputs

Chat Bots
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REST API

Web scraping
and automation
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Monthly energy output from fix-angle PV system
(C) PVGIS, 2022
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Photovoltaic System
Comision
Europea

Regulator

QOutline of horizon
(C) PVGIS, 2022

PV energy output [kWh]
»

S
Il Horizon height

—- Sun height, June

== Sun height, December

Monthly in-plane irradiation for fixed angle
(C) PVGIS, 2022
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Schematic Design of the System for the Automation of Remote

Reading of Limnimeters in Hydraulic Weirs

Photovoltaic System Microcomputer Hydraulic Weir
Camera
Solar panel Solar Charge Raspberry PI Raspberry [« — #%- L4 Limnimeter
50w Regulator 3B+ Pi3 5mp
20A

LoRa devices

usB l I

uplink
Esp32 Lora P »| Esp32Lora
(Emitter) (Receiver)
<
C3 830 MHz downlink 830 MHz
+
Battery 12 V - loT Platform :
Inverter DC/AC , v
400 W ?” Application <«F - Node-RED _ _(  reRner
Server Server \,‘,_,.)
A
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Radio Link Study

Cevallos

ﬂ‘x

Andignato

Velasco Ibarre

Distance=3,15km

Azimuth=180,20°
PathLoss=123,1dB (3)

Elev. angle=4,3595%
E field=61,9dBp\/m

Obstruction at 0,66km
R level=—-56,7dBm

01°22'05,5°S 078°35°29,2

Source: https://www.ve2dbe.com/rmonlineinfospa.html

Worst Fresnel=-0,1F1
Rx level=103, 99p\

R Relative=40,3dB

[0 )t

0
2V S
An

3

N = >
;mga!_\; ’ Salasaca
.n:l' : % al
A8 .
"
F AN E30
Ve X - et
L5
.
Guantugs
f
:
2
: .
E‘W'u\ ! Llimpe Ladr]
. :
)
3
:

Agencia de
Regulacion y Control
de las Telecomunicaciones

A

L
RADIOMOBILE

@ ESPE

UNIVERSIDAD DE LAS FUERZAS ARMADAS
INNOVACION PARA LA EXCELENCIA




loT Platform

(7)) mosauitto - NMQTT

Node-RED

& Mode-RED b + y —

- &% 0O &

Fecha/Hora Flujo (I/s)

2022-06-15T16:59:56,256Z 3902842
2 15T16:49:56.255Z 3950259

2022-06-15T16:39:56.254Z 3950259

Deploy -

‘INIVERSIDAD DE LAS FUERZAS ARMADAS ESPE Tendencia de Flujo

EXTENSION LATACUNGA analogico

SISTEMA DE MONITOREQ DE CAUDALA TRAVES DE LORA ESP 32

Resetear function msg E
function

mag. payload E msg.payload E

Flujo Actual (I/s): Date/Time Formatter function function

COMNTROL DE DATOS

B connected fonction Tendencia de Flujo .
function http request
function limit topic 1 megd10m
[ I
function msg.payload E
set msg.payload sy, payload E
0 connected
Recibe fanual function O connected
msg.payload E
C:\Userstwimnara importacionesiDesktop\Datosireporte. txt S.400.000
Guardar Reporte function function msg.payload E
B
1 ’ 00 07:01:00 1:.00 09:01:00 10:01:00 11:01:00

o =|C|+

Sources: https://nodejs.org/es/
Eclipse Mosquitto: https://mosquitto.org/

Watson Visual Recognition (IBM Watson): https://www.ibm.com/watson/services/visual-recognition/ 'I Ea E S p E
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ELECTRICO

¥¥ debug i & % # -
Tallnodes = aal -

14052022, 200246 hode: 5138180085¢61080

C0 Mg payioad : stringl7]

7738"

Monitoring

022, 200245 node: $136180085061060
mes pavioad | strina7]

"3137738"

122,200250 node; 513818b085461080

jco - msg payload - string(7]

2 node: 51381ab085de 1080

foad - string{7]

14/B/2022, 200254 node: 51381ab085d6T06
analogico * msg payload © stringl7]

"3137738"

Valor de Fluj

Valor de Flu
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® Greater impact than that produced by the individual use of a
@ wireless sensor network in a single weir.

o

I@ Improved production and quality.

Optimal resource management.
Q& Technological inclusion of small farmers.

Implementation of an appropriate action plan based on the
actual needs of hydraulic weirs.
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Flow (1/s)
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Conclusions

“*The accumulated error of the measurement with the designed instrument is £ 1.1080%,
its standard deviation is 0.6497 cm and its sensitivity is £ 0.1 cm.

“*The automation of remote reading of limnimeters in hydraulic weirs through artificial

vision and loT, allows a constant monitoring of the water resource and there is no loss of
data at any time.

“*The implemented electronic system allows to obtain as a result the effective flow rate of

the hydraulic weir in |/s without the need to visualize directly the linear scale of the
limnimeter.

“*LoRaWAN technology represents a practical alternative for implementing the IoT concept,
as it is a very wide area network with low power consumption.
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