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Googling for « Internet of Things »

…shows communicating objects/devices
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2026: A very mature ecosystem!
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Quick definitions of IoT

⊙ Some definitions
⊙ IoT is about making ordinary objects “smart” by giving them the ability to 

sense, communicate, and act via the internet [ChatGPT]
⊙ IoT refers to any system of physical devices that receive and transfer data 

over wireless networks with limited human intervention [RedHat]
⊙ Internet of things (IoT) refers to devices with sensors, processing ability, 

software, and other technologies that connect and exchange data with 
other devices [Wikipedia]

⊙ IoT refers to a network of devices, vehicles, appliances and other physical 
objects that are embedded with sensors, software and network 
connectivity [IBM]

⊙ The Internet of things (IoT) refers to devices with embedded sensors, 
processing ability, software and other technologies that allows to connect 
and exchange data with other devices and systems over the internet or 
other communications networks [EU Commission]

Implementing IoT can be considered 
as deploying a whole ecosystem
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IoT teaser & tutorial videos!
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Example: the smart light bulb

⊙ Smart light bulbs are becoming very popular: ease of installation, 
centralized control, many configurations are possible, e.g. 
dimmable, scheduling & timers, integration with voice control, …

What’s Inside a Smart Bulb? | SYSKA LED Teardown & Full Breakdown!
https://www.youtube.com/watch?v=PvH3tj4_kWo 

https://www.youtube.com/watch?v=PvH3tj4_kWo
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Example: the smart light bulb

⊙ Smart light bulbs are becoming very popular: ease of installation, 
centralized control, many configurations are possible, e.g. 
dimmable, scheduling & timers, integration with voice control, …

What’s Inside a Smart Bulb? | SYSKA LED Teardown & Full Breakdown!
https://www.youtube.com/watch?v=PvH3tj4_kWo 

Implementing IoT can be considered 
as deploying a whole ecosystem
Q: What is the ecosystem here?

https://www.youtube.com/watch?v=PvH3tj4_kWo
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More advanced IoT=
interactions with physical world!

Q: Interactions? How?
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Interaction? With sensors!
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Interaction: active or passive sensors?

⊙ Powering sensors may be impossible in some cases
⊙ Radio-Frequency Identification (RFID)
⊙ Near Field Contact (NFC)
⊙ Even printed QR code on stickers!
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Interaction: active or passive sensors?

⊙ Powering sensors may be impossible in some cases
⊙ Radio-Frequency Identification (RFID)
⊙ Near Field Contact (NFC)
⊙ Even printed QR code on stickers!

Q: How RFID works without batteries?
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IoT? What for? A simple example…

Connected
Agriculture

Soil 
Monitoring

ALL EQUIPMENTS ARE 
TRACKED (AVAILABILITY, 
LOCATION, SPEED) 

OPTIMIZE HOW THEY 
WORK ALTOGETHER: E.G. 
HARVEST IN LESS TIME!

OPTIMIZATION GIVE TIME 
TO HELP NEIGHBOR 
FARMS AS WELL !



13

P
r. 

C
on

gd
uc

 P
ha

m
ht

tp
://

w
w

w
.u

ni
v-

pa
u.

fr/
~c

ph
am

IoT, a new concept?
~1850: The term telemetry (Greek: tele = 
remote, metron = measure) emerged: 
telegraphs sending weather/river level 
data over wires, remote monitoring of 
electrical power networks. This was the 
first step — collecting data at one place 
and transmitting it to another.

1920s: Wireless radio telemetry enabled 
monitoring from far away (e.g. aircraft).

1950s–60s: NASA and space agencies 
monitor spacecraft (temperature, pressure, 
velocity) from Earth. à Large-scale 
remote monitoring & control — a concept 
central to IoT.

1970s-1990s: Shift from analog to digital electronics and computers: industrial 
plants, oil & gas, weather stations, military. SCADA systems (Supervisory 
Control and Data Acquisition) connected sensors, machines, and computers. 
Early “machine-to-machine” (M2M) communication — precursor to IoT

1990s-2000s: Telemetry started using cellular 
networks (GSM, GPRS, 3G) for remote 
monitoring (e.g., vehicle tracking, utility 
meters). Devices began sending data not only 
to control centers but also to the internet/cloud

2010s-present: Explosion of cheap sensors, 
microcontrollers, Wi-Fi, Bluetooth, LPWAN 
(LoRa, NB-IoT). Devices became small, low-
power, affordable

A large majority of IoT are basically 
modern telemetry at massive scale!
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IoT, a new concept?
~1850: The term telemetry (Greek: tele = 
remote, metron = measure) emerged: 
telegraphs sending weather/river level 
data over wires, remote monitoring of 
electrical power networks. This was the 
first step — collecting data at one place 
and transmitting it to another.

1920s: Wireless radio telemetry enabled 
monitoring from far away (e.g. aircraft).

1950s–60s: NASA and space agencies 
monitor spacecraft (temperature, pressure, 
velocity) from Earth. à Large-scale 
remote monitoring & control — a concept 
central to IoT.

1970s-1990s: Shift from analog to digital electronics and computers: industrial 
plants, oil & gas, weather stations, military. SCADA systems (Supervisory 
Control and Data Acquisition) connected sensors, machines, and computers. 
Early “machine-to-machine” (M2M) communication — precursor to IoT

1990s-2000s: Telemetry started using cellular 
networks (GSM, GPRS, 3G) for remote 
monitoring (e.g., vehicle tracking, utility 
meters). Devices began sending data not only 
to control centers but also to the internet/cloud

2010s-present: Explosion of cheap sensors, 
microcontrollers, Wi-Fi, Bluetooth, LPWAN 
(LoRa, NB-IoT). Devices became small, low-
power, affordable

A large majority of IoT are basically 
modern telemetry at massive scale!

IoT is the evolution of telemetry 
from specialized, limited 
systems into a global, everyday 
network of smart, connected 
devices!
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IoT ? Simple telemetry?

The air conditioner unit can 
communicate whether its 
compressor is running 
smooth or shows some sign 
of failure.

Is it IoT or Telemetry?

Cited as IoT example in the video
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IoT for Smart Metering – Telemetry?
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IoT for Smart Agriculture – Going IoT!

Connected
Agriculture

Soil Monitoring

MORE
TELEMETRY
ORIENTED

TO REALLY TRUE IOT!
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IoT in industry
Industry 4.0
⊙ Smart logistics 

management, remote 
management, tracking

⊙ Connectivity to back-end 
system, integration of 
smart tools, 
Interoperability

⊙ Data analysis, Supply 
Chain Optimization, 
Predictive maintenance

⊙ Continuous process 
improvement, Process 
automation, Process 
optimization

⊙ Infrastructure monitoring, 
Security & Safety
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IoT in industry
Industry 4.0
⊙ Infrastructure monitoring, 

Security & Safety
⊙ Continuous process 

improvement, Process 
automation, Process 
optimization

⊙ Smart logistics 
management, remote 
management, tracking,

⊙ Connectivity to back-end 
system, integration of 
smart tools, 
Interoperability

⊙ Data analysis, Supply 
Chain Optimization, 
Predictive maintenance

Think critically, not all examples are true IoT!
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IoT: All communicating objects?
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IoT: Always complex interactions?

From https://youtu.be/ccM8RLLKasw 

VS

https://youtu.be/ccM8RLLKasw
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IoT: Let's be creative!

ITU Telecom World 2018
Phathwa Senene at MTN booth

Q: How to enable municipal street 
sweepers to report illegal dumping, 
leaking pipes and emergencies?

"smartphone"
Hum, they only 
have 2 hands…

Report
Emergency
Apps
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Home/Consumer IoT products

Pictures from WiThing, https://www.withings.com/eu/fr/products/body
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Local interaction is possible…
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…but IoT added-values come from 
interactions & linked data!



27

P
r. 

C
on

gd
uc

 P
ha

m
ht

tp
://

w
w

w
.u

ni
v-

pa
u.

fr/
~c

ph
am

Clouds for IoT

vs
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Sense, Monitor, Optimize & Control

APPLICATION DOMAINS

Sensing
Physical world interaction

Monitoring

DATA ANALYSIS, OPTIMIZATION & 
CONTROL
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WHAT DID WE LEARN? QUESTIONS?

⊙ IOT IS THE EVOLUTION OF TELEMETRY
⊙ IOT=INTERACTIONS WITH PHYSICAL WORLD
⊙ INTERACTION à WITH PHYSICAL SENSORS!
⊙ IOT ADDED-VALUES COME FROM CLOUD DATA
⊙ CLOUD DATA ALLOW FOR DATA CORRELATION



IOT
CORE 

TECHNOLOGIES

&

CHALLENGES
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⊙ IoT device can be viewed as
a simple Embedded System

⊙ Designed for a single, specific
task

Typical IoT device

Physical Sensor

Processing 

Microcontroller

Q: uprocessor vs ucontroller?

Radio
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Microprocessors & Microcontrollers

⊙ A microprocessor unit (MPU) is a processor on one silicon chip
⊙ A microcontroller unit (MCU) is a microprocessor with some 

added circuitry on one silicon chip
⊙ Most IoT devices are based on microcontrollers

VS

From "An Embedded System Overview" by Dr. Eng. Amr T. Abdel-Hamid
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From µcontroller to µcontroller board 

⊙ A µcontroller (MCU) can be standalone

⊙ But, it is usually mounted on
a board with additional
electronics parts
⊙ Leds, Voltage regulators
⊙ Easy access to pins
⊙ Reset button
⊙ Serial-USB interface
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Interacting with the real world?

⊙ Taking the simple analog sensors example
⊙ Analog sensors provides a voltage output that varies according 

to a physical parameter, e.g. temperature, humidity, 
luminosity,…
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Microcontrollers have Analog/Digital (A/D) converter to map a voltage to a numerical value. A/D 
with 10-bit resolution give numerical values in [0, 210-1] = [0, 1023]

Vcc usually refers to the operating voltage of a given microcontroller. Vcc is typically 3.3V.

If 0=0V and 1023=3300mV then 3300mV/1024=3.22mV is the granularity of the measure

Reading a digital value of 100 means 100*3.22mV=322mV
If the sensor output is 10mV/1°C then the physical temperature is 322mV/10mV=32.2°C

Digitalizing the physical world!
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Arduino's success story
starting in 2005
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20 years later: the incredibly large 
microcontroller board ecosystem!

Teensy 3.2

STM32 Nucleo-32

LoPy

Adafruit Feather
LinkIt
Smart7688 duo

Heltec ESP32 

XIAO SAMD21
Arduino Nicla
Sense ME

ePulse Feather Low Power ESP32 FeatherS3 – ESP32-S3uPesy ESP32

RP2040
zero

DFRobot
Beetle QT Py ESP32-C3
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Major MCUs
manufacturers 
⊙ STMicroelectronics – STM32 series

⊙ Widely used in IoT sensors, wearables, and industrial devices
⊙ Espressif Systems – ESP8266, ESP32

⊙ Extremely popular for Wi-Fi + Bluetooth IoT devices (smart plugs, home automation)
⊙ Microchip Technology (formerly Atmel) – AVR, PIC, etc

⊙ Backbone of Arduino boards → huge in prototyping & education
⊙ Texas Instruments – MSP430 (ultra-low power)

⊙ Often used in battery-powered IoT sensors and industrial apps
⊙ NXP Semiconductors – Kinetis series, LPC series, etc.

⊙ Strong in automotive IoT, smart cards, industrial control
⊙ Renesas Electronics – RX, RA, RL78 series

⊙ Big in automotive IoT, industrial, and healthcare devices
⊙ Nordic Semiconductor –nRF51, nRF52, nRF53 (BLE)

⊙ Dominates wearables and wireless IoT sensors
⊙ Silicon Labs – EFM32 (Gecko), Wireless Gecko (BLE, Zigbee, Thread)

⊙ Used in smart home, energy management, medical devices

No IoT without MCUs!
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Enabling Do-It-Yourself IoT!

⊙ Simple integration of off-the-shelves components
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Low-cost soil moisture device

SEN0308 
capacitive sensor

Watermark WM200
Water tension sensor
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Piloting in Algeria & Morocco

ADDITIONAL DEPLOYMENT IN GREECE, 
PANAMA, LAOS, THAILAND, TUNISIA
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AgriFutur Going beyond irrigation

⊙ Use the same approach of cost-
efficiency and out-of-the-box 
deployment, expanding the sensor 
ecosystem

⊙ Complementarity & Adaptability: high-
end, low-end, innovative, …

⊙ Target Agroecology, Nature-Based 
Solutions & sustainable agriculture 
practices

⊙ With the objective to better Qualify & 
Quantify the impact of these new 
practices

⊙ More data = more correlation in 
agroecological system
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43

AgriFutur More Advanced Sensing Systems?

⊙ Many applications need visual information à Image Sensing IoT 

2012 2016

XIAO 
ESP32S3
Sense

ESP32S3 32-
bit, dual-core, 
up to 240 MHz

2024
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44

AgriFutur Image Sensor? Quite a challenge!

⊙ Low Power
⊙ Plug-and-Sense, out-of-the-box
⊙ Embedded AI processing
⊙ Versatile AI learning framework
⊙ Application-specific AI models
⊙ Robust image encoding against losses
⊙ Long-range radio transmissions
⊙ Efficient usage of radio resources

Agriculture

AgroecologyBiodiversity
Environment

Surveillance

Wildlife

ROI

EMBEDDED IMAGE ANALYSIS

TRANSMITTED 
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45

AgriFutur Proof-of-concept: LORACAM-AI
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46

AgriFutur WHAT DID WE LEARN? QUESTIONS?

⊙ NO IOT WITHOUT MICROCONTROLLERS !
⊙ VERY POWERFULL MICROCONTROLLERS ARE AVAILABLE
⊙ ENABLING DIY IOT FOR MAKERS & HOBBYIST & RESEARCH
⊙ SUFFICIENTLY POWERFUL FOR EMBEDDED AI !
⊙ MATURE ECOSYSTEM à INNOVATIONS EVERY DAY !
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You said IoT? OK, how to collect data?

Microcontroller

?
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Wireless (radio) transmission basics

Q: Can we have Gbps in wireless?
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Low-power & long-range radios
Energy

Energy-Range
dilemma

Long-range: 5-30kms
Low-power: 15-40mA

5G?
NB-IoT
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Energy consumption comparison

200-500mA      500-1000mA      100-300mA

TX power: 40mA. Mean consumption: (4sx40+3596sx0.005)/3600=0.049mA

2500/0.049=51020h = 2125 days ~ 6 y. J

18mA 18mA-40mA

TX power: 500mA. Mean consumption: (4sx500+3596sx0.005)/3600=0.56mA

2500/0.56=4464h = 186 days = 6 months L
2500mA

In most cellular networks, the device 
is still maintaining communication 

with BS even if it is inactive

Most LPWAN does not need to 
maintain connection if not in used
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1st challenge: signal attenuation

??

25mW Attenuation limits the range!

Depends mainly on distance, with :
§ Pt = transmitted power 
§ Pr = received power 
§ d = distance between antennas
§ α from 2 to 4

https://vexlio.com/math-equation-writer/
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52

Attenuation for wireless signals

⊙ For an ideal antenna (theoretic)

§ Pt = transmitted power 
§ Pr = received power 
§ Pt / Pr  is high when Pr  is small → high attenuation
§ d = distance between antennas
§ c = light speed in space 3.108 m/s
§ λ= wave length of the signal=c/f
§ Higher frequencies f means higher attenuation!

Only f and d are variables!
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Attenuation, values in watts

⊙ Free Space Path Loss model

0.0025mW
x10,000 smaller!

𝑃! =
"! #"

(% & ' ()"
→ 𝑃! =

*.*,- × /********"

(0,.-1 × 𝟐.𝟒 × 𝟏𝟎𝟗 67 × 𝟏(8))"
~0.0025𝑚𝑊 at 1m

(0.0000025W)

0.00062mW
x39,810 smaller!

0.0000099526mW
x2,511,886 smaller!

25mW

??
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Link budget in wireless system – (simplified)

Adapted from Peter R. Egli, INDIGOO.COM

Receiver sensitivity is a measure 
of how well the receiver 
performs. It is the power of the 
weakest signal the receiver can 
detect 

Ex: 25mW

At 1m: 0.0025mW

At 1000m ?

How low can you go?
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Attenuation, in decibel (dB)

⊙ Since attenuation is high, received power Pr  is very small compared 
to transmitted power Pt : from 25mW to 0.0025mW 

⊙ Decibel uses logarithmic scale to express attenuation in a more 
"simple" way:  Pt/Pr =10dB/10

⊙ An attenuation of 40dB means Pt/Pr = 1040/10 =10,000
⊙ To simplify even more it would be great to easily add or substract 

transmitted power with attenuation= 25mW – 40dB?
⊙ We need to also express transmitted power in logarithmic scale. We 

use dBm to express power relatively to 1mW
⊙ P(mW) = 10dBm/10

⊙ A transmit power of 14dBm means Pt= 1014/10 ~ 25mW
⊙ Now, we can do 14dBm-40dB=-26dBm → Pr= 10-26/10 =0.0025mW 
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Attenuation and how far can we go?
-26 1

-32 2

-38 4

-44 8

-50 16

-56 32

-62 64

-68 128

-74 256

-80 512

-86 1024

-92 2048

-98 4096

-104 8192

-110 16384

-116 32768

-122 65536

-128 131072

-134 262144

-140 524288

-146 1048576

-152 2097152
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How can we increase range?

⊙ Increase TX power and/or improve RX sensitivity
⊙ RX sensitivity (decoding capability~robustness) can be 

increased when transmitting slower – like speaking slower!
⊙à LPWAN have low data rates
⊙ Ex: LoRa technology. Spreading Factor defines how long is a 

symbol. Longer duration➠more robustness

up chirp à Binary 0

down chirp à Binary 1

Can still
decode!
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The price to pay!

⊙ The price to pay for LPWAN
⊙ LoRa radio has very low throughput

200bps – 37500bps
à 0.2kbps – 37.5kbps!

WiFi 802.11n: 450 000 000 bps (450Mbps)
WiFi 802.11g:   54 000 000 bps (54Mbps)
Bluetooth3&4:  25 000 000 bps (25Mbps)
Bluetooth BLE:   2 000 000 bps (2Mbps)
3G/4G : 20Mbps-200Mbps
LoRa : 200bps – 37500bps (0.0002 –0.0375Mbps)
3G/LoRa ratio: 20,000,000bps/200bps = 100000!

HopeRF RFM series 
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DISTRIBUTE to be more robust!

⊙ Assuming you could get back ALL your butter, how much butter 
did you loose?

⊙ This is the idea behind "spread spectrum" techniques: the more 
you "spread", the more it is robust to interferences

The buttered toast analogy
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Another solution: BE INVISIBLE!

⊙ Ultra-narrow band (UNB) of about 
only 100Hz (e.g. SigFox)

⊙ High frequency diversity from one 
message to another

⊙ Narrowband reduces noise and 
increases transmission quality

⊙ But decoding is much more 
complex…

Image credit: https://www.linuxembedded.fr/2020/03/introduction-a-sigfox

More than 1000 
times smaller!
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Distribute AND try to be invisible!

⊙ A new comer: mioty technology
based on Telegram-Splitting

⊙ Again, decoding is much more
complex…
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The LPWAN revolution… and battle!

Image credit: scoop.it
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The competitors – other technologies
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2026: the 4 (3?) that counts!

NB-IOT

LTE-M
(Cat-M1)

LoRa

SigFox
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LPWAN=star topology, gateway centric

Figure from Siradel
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LPWAN: example with LoRaWAN

⊙ LoRaWAN specifications/protocols run on top of LoRa physical 
networks. It is defined and managed by the LoRa Alliance

⊙ Make possible to run large-scale, public LoRa networks

https://www.lora-alliance.org/
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Line-of-Sight & Fresnel zone

⊙ LoS means clear Fresnel zone
⊙ Football (american) shape
⊙ Acceptable = 60% of zone 1 + 3m

RF Essentials from Digi

??
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Clearing the Fresnel zone?
Raise antennas!

RF Essentials from Digi
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Going beyond terrestrial network!

https://www.everythingrf.com/community/what-is-satellite-iot-connectivity

https://www.smartsight.in/industry-insights/iot-for-wildlife-conservation-and-environmental-monitoring/
https://github.com/nguyenmanhthao996tn/LEAT-EchoStar-Terminal-BSP

Low-cost satellite IoT
F. Ferrero & M. T. Nguyen
LEAT laboratory, University of Nice, France

9cmx9cm

EchoStar XXI satellite
Formely TerreStar 2, launched in 2017
Geostationary satellite, S-band 2GHz
Huge transponder of 18 meters!

Image credit: EchoStar

With no obstacle, we can reach a satellite!
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IoT connectivity battle going to space!

⊙ Non-Terrestrial Networks (NTN) & Direct-to-Satellite (DtS) IoT 
communication

⊙ DtS version of the LoRa PHY modulation for increased 
robustness à LR-FHSS

⊙ Mioty can be extended to DtS communication

⊙ Cellular Network standards such as 5G NTN
and future 6G with native NTN support

BUT TRADITIONAL CELLULAR ACTORS WANT THEIR SHARE!
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What about underwater IoT?

⊙ Radio waves can not be used in water
⊙ Only acoustic waves can cover long 

distances underwater
⊙ Underwater IoT (IoUT) is possible but 

still a niche market
⊙ Last link may be satellite IoT links
⊙ Example of manufacturer/provider

https://www.codemotion.com/magazine/iot/underwater-iot/
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WHAT DID WE LEARN? QUESTIONS?

⊙ WIRELESS TRANSMISSION: ENERGY-RANGE DILEMMA
⊙ 1ST CHALLENGE: SIGNAL ATTENUATION!
⊙ RX SENSITIVITY INCREASED WHEN SENDING SLOWER
⊙à LPWAN RADIOS HAVE VERY LOW THROUGHPUT
⊙ IOT CONNECTIVITY IS A TRUE BATTLE!



IOT
UNLEASH THE 

POWER
OF IOT DATA !



2026, billions of IoT devices 
are deployed worldwide !



75

P
r. 

C
on

gd
uc

 P
ha

m
ht

tp
://

w
w

w
.u

ni
v-

pa
u.

fr/
~c

ph
am

Integrating multiple data sources
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2nd challenge: searching for IoT data
From "search for info" to "receive the info"

⊙ Use the PUBLISH/SUBSCRIBE model

Temperature of room S25
in Duboué building

22.5

22.522.522.5
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Automatization made simpler

⊙ Use the PUBLISH/SUBSCRIBE model

Temperature of room S25
in Duboué building
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MQTT
Message Queue Telemetry Transport, 1999 by IBM for SCADA system

⊙ Use broker nodes to manage topics
⊙ UPPA/Duboue/S25/temp, UPPA/Duboue/S25/hum
⊙ UPPA/Duboue/+/temp, UPPA/#

U
P

P
A

/D
ub

ou
e/

S
25

/te
m

p

UPPA/Duboue/S25/temp

UPPA/Duboue/S25/temp

UPPA/Duboue/S25/hum



80

P
r. 

C
on

gd
uc

 P
ha

m
ht

tp
://

w
w

w
.u

ni
v-

pa
u.

fr/
~c

ph
am

MQTT+smartphone=

àEasier access to open data
qUPPA/ROOMS/#
qUPPA/CONGRESS/#
qPAU/WEATHER/#

GET YOUR IOT DATA EVERYWHERE
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MQTT is very lightweight

⊙ MQTT can run on
small IoT devices

⊙ Heltec WiFi ESP32
⊙ Device connects to

WiFi network
⊙ Then will publish

data to an MQTT
broker & topic
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Ex: Mosquitto MQTT broker

⊙ Eclipse Mosquitto is an open-source MQTT broker
⊙ MQTT test broker: test.mosquitto.org
⊙ IoT device will publish to topic UPPA/Duboue/S25/temp
⊙ On a computer, use mosquitto_sub to subscribe
⊙ mosquitto_sub -v -h test.mosquitto.org -t UPPA/Duboue/#

⊙ -v ➠ to display information in detailed mode
⊙ -h ➠ the MQTT broker: -h test.mosquitto.org
⊙ -t ➠ the MQTT topic: -t UPPA/Duboue/#
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Ex: HiveMQ broker on websocket
⊙ http://www.hivemq.com/demos/websocket-client/
⊙ use "-h mqtt-dashboard.com" with mosquitto_sub

http://www.hivemq.com/demos/websocket-client/
http://www.hivemq.com/demos/websocket-client/
http://www.hivemq.com/demos/websocket-client/
http://www.hivemq.com/demos/websocket-client/
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MQTT in real IoT deployment

Sensor part Control part – IoT gateway

Simple IoT 
devices have NO 
WiFi

Use LPWAN 
radios, e.g. LoRa

Send to IoT 
gateway Connected to Internet
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MQTT implementing social media

⊙ It is very easy to implement a social media app using MQTT
⊙ WhatsApp-like example
⊙ Define MQTT topic per phone number

⊙Alice: myWhatsApp/0655667788
⊙Bob: myWhatsApp/0611223344

⊙ To receive/send message
⊙Alice publishes to myWhatsApp/0611223344
⊙Bob publishes to myWhatsApp/0655667788
⊙Both subscribe to their own topic

⊙ To create a group
⊙Alice creates a group showcase-iot
⊙myWhatsApp/0655667788/showcase-iot

⊙ To join(publish) on(to) the group
⊙Subscribe(publish) to myWhatsApp/0655667788/showcase-iot

0611223344

0655667788

Bob

Alice
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Creating complex data flows?

Intuivive connection from IoT data 
producers to IoT data consumers? 
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…without programming?

⊙End-users are not necessarily 
computer science experts nor 
high-skilled programmers!

⊙Building data processing flows 
with a low-code approach?
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Node-RED

⊙ Tool for graphically wiring together hardware devices, APIs and 
online services, e.g. clouds of various types

⊙ Browser-based flow editor to wire together flows with a wide 
range of nodes
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Node-RED blocks

⊙ Increasing number of Node-RED blocks
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⊙ MQTT in-broker: test.mosquitto.org
⊙ "MQTT in" node listens on UPPA/Duboue/S25/temp
⊙ "Function" node to rectify temperature by -1.8°C
⊙ MQTT out-broker: mqtt-dashboard.com
⊙ "MQTT out" node publishes on UPPA/Duboue/S25/realtemp
⊙ "Mail" node sends rectified temp to Congduc.Pham@univ-pau.fr

Simple MQTT Node-RED flow



91

P
r. 

C
on

gd
uc

 P
ha

m
ht

tp
://

w
w

w
.u

ni
v-

pa
u.

fr/
~c

ph
am

⊙ MQTT in-broker: test.mosquitto.org
⊙ "MQTT in" node listens on UPPA/Duboue/S25/temp
⊙ "Function" node to correct temperature by -1.8°C
⊙ MQTT out-broker: broker.hivemq.com
⊙ "MQTT out" node publishes on UPPA/Duboue/S25/realtemp
⊙ "Mail" node sends corrected temp to Congduc.Pham@univ-pau.fr

Simple MQTT Node-RED flow
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Node-RED enabled IoT gateway

Sensor part Control part – IoT gateway

Connected to Internet
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Generalizing interactions?
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Adding interactions?
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IF THIS THEN THAT applets
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IoT landscape

https://mattturck.com/iot2018/
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Conclusions

⊙Internet-of-Things provides the 
unique feature to make things "talk" to 
us: localisation, surrounding 
environmental conditions, particular 
events, …
⊙Next gen sensors such as cameras,

spectrometers, hyperspectral 
cameras, etc, will provide possibilities 
to further optimize a number of 
complex processes

What else?
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AgriFuturIoT – from idea to reality Paving for the next 10 years 
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Advanced and disruptive IoT/AI technologies targeting 
the smallholder community for increased resilience 

Wireless Sensors Made Simple
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