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Advanced and disruptive loT/Al technologies targeting

i X ) Wireless Sensors Made Simple
the smallholder community for increased resilience

for agroecology & sustainable agriculture
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C\ ~== What do they have in common?
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IESTEC Thematic Areas

~  EnviroWment, Climate
= Change and Sustainability
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C\ === What do they have in common?
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I IESTEC Thematic Areas

THEY CAN ALL BENEFIT

FROM SMART OBJ ECTSI
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CPCEES 2189 | 23.10
o =4

Sense, Monitor, Optimize ..

DATA ANALYSIS, OPTIMIZATION, CONTROL,

PREDICTION & DECISION-MAKING

MONITORING, DATA COLLECTION

SMART OBJECTS WITH SENSORS,
INTERACTION WITH PHYSICAL WORLD

Change and Sustainability,

Energy
poductlonanih..f
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CNAZIUCY
loT - from idea to reality

(WAZH )

Paving for the next 10 years
of innovation in loT and Al

(. L
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S Intel-

[oT for smallholder farmers

§ soilCRC

Soil sensor technologies:...

W Farmers Weekly
Guide to soil moisture...

® Tomorrow Lab
Tomorrow Lab | Work |...

4 Weather Shop

M Licensable

Dreamstime.com
A Man Holding a Smartphon...

¢ Farm Progress

Soil moisture probe tracks...

% Soil Sensors for Agriculture |...

=

4 @& Clemson News - Clemson...

Clemson research finds usin...

¢ soiloptix
Enhancing Soil Health with...

C\ === Smart Sensors in Agriculture

STEMinds

Article Archives - STEMinds

i () Sensoterra

-~z

) Manx Technology Group
Soil Monitoring with loT -...

T Teksun Inc
Smart Soil Sensor for Farm ...

Ground

F—=—====

1 Soil, Water,

| Environment,

Sensors

| Plant,
I etc.

NDVI, etc. —

REAL-TIME DATA
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swroe Collaboration on cost-effective sensors in
C“ =z ggriculture & agroecology
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Liberté

Technological Integration and Ecosystem Modeling for Adaptive Management ﬁf::’::;m

Instituto Nacional de Investigaciones Cientificas Avanzadas en Tecnologias
de Informacion y Comunicacion AIP
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——— OK, you said “Deploy, Sense & Monitor”?
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CAN WE DEPLOY SMART

OBJECTS EVERYWHERE-
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C Energy - Range dilemma

ENERGY RRADIO RANGE
Q,: ))) !\.'4'

| CAN WE HAVE SEVERAL YEARS

OF AUTONOMY-
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C\ -~ Radio technologies

ENERGY

-6 wiD))E B ite g

; Cellular 3G -87

MOPS, L - )

'PAN ),

€3 Bluetooth

. @)THREAD :
JR#S] ENERGY
bps

im 10m 100m 1km 10km+

SPEED + POWER

DISTANCE —
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R MULTIPLE HOPS BEFORE REACHING THE GATEWAY

The golden age of multi-hop wireless sensor networks!




@ AGRI FUTUR
=/ Toward Future Agroecology

EEEEEEEEEE
NNNNN

deee




RANGE

RANGE ENERGY

'LAN "WAN o

QWFER = zpolte =t
: g Cellular 3G _8
S e s K
'PAN -

€3 Bluetooth

II |||||

Z] 2|gbee

im 10m 100m 1km 10km+

DISTANCE —

@ LoRa YO sigfox  LTE-(Y) &) ne-ior RANGE
NFC ! ]

ENERGY FAMSEIN Ll I EREPWy ENERGY
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C\ === LPWAN: star topology, gateway-centered

DE RECHERCHE

anr’ @® A typical architecture taking graphics from LoRa networks

. Monitoring gas, electrical and
= water use reduces consumption

I —
= LoRa )
LoRa Fo < . S

— Concentratorl EVERYTHING

End Nodes /Gateway

The Internet of Things and LoRa® are making

t a better, sustainable world to live, work and play.
. kpe LoRa and the LoRaWAN" standard provide a “voice” to things —
tracking carrying an explosion of data and analytics to solve real world challenges. Indoor/Outdoor Remote temperature
geolocation monitoring of
asset tracking refrigerated food
increases efficiency ensures quality

3G/
Ethernet

smoke alarm

Precision Cattle health
B ac kh au I irrigation monitoring increases
water reduces water milk harvest by
meter ] 1,200 liters per cow Advanced Metering
Infrastructure
—

UPTO | g00a0
30% aoanan

™ ()

(AMI) increases

Remote metering grid efficiency

applications U P TO

replace costly

manual processes 2 5%

trash container

vending
machine

gas monitoring
2-30kms J'

Desk and meeting room occupancy
\T 7| tracking optimizes space utiization

/2'4) 24/7 monitoring of cracks, tilt and
foundation strength improves safety

. 1
Wearable tracks dementia patient é ; 1 9 1 M I L L I 0 N
Aocalic s st o o« - - connected loT devices leveraging LoRa

Free secure wireless datanetwork 4%
to the entire Madrid healthcare
system during the Coronavirus crisis

r
[
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Big issue: signal attenuation

X watts -
“ Attenuation limits the range!

P,
2?7 " &

»

Depends mainly on distance, with :
= P, =transmitted power
= P,=received power
= d =distance between antennas

= afrom2to4



AGRI FUTUR

Toward Future Agroecology

\ PROGRAMME
FRANCE DE RECHERCHE

25mW
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Wireless attenuation, let’s take a quizz!

FOR A 2.4GHZ SIGNAL AT 2M

3,500 times smaller !
! Free Space Path Loss model

10,000 times smaller !
C2 IPt

e

18,345 times smaller !!! P
r

39,810 times smaller 1!

2,511,886 times smaller !!!!

4m

&en 16en Destance im
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Wireless attenuation, let’s take a qwzz|

FOR A 2.4GHZ SIGNAL AT 2M

3,500 ti ller !
B mes smatet Free Space Path Loss model
B 10,000 times smaller ! -_—

2 I
B 18,345 times smaller !!! P C Pt |
z39,810 times smaller !1!! " (47Tf)2|d2 I
|

B 2,511,886 times smaller !!!!

‘ ' . >
4m 8m 16m Destance im
0.0025mW 0.00062mW 0.0000099526mW

x10,000 smaller! x39,810 smaller! x2,511,886 smaller! R
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=== | PWAN’s big challenge - simplified!

C\ oS,
r@
Digital signal |1 O 0|10} 1 O 0 O0|1]0 1\
representing ------Jd---d- e et R R EEEEEEEEEEES bt B B

binary data

Frequency

.
shift R RSY 8 & 5 1 R R N (N S U 8 8 1 Sy S 0 R 6 Ny Ay SR AP RN (N A JH ) I N U DR R N 5 5 PR —
keyi

below noise floor

LOT’S OF
ATTENUATION!!! very weak received power
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LPWAN s big challenge - S|mpI|1‘|edT

Digital signal ‘ 1 O 01110} 1 O 0 O| 110} 1 J
representing ------Jd-c-decmemnn- e R e e e L LY bt bt EEEE EEE T
binary data

Frequency
Shit — —cccccqtHiH--f=---|-- e e T L LT e I RN A T PR Y AN P Y P
keying

7
LOT’S OF '
ATTENUATION!!! very weak received power
,5 .
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——— More robust transmission?
CE
anr’ |
Digital signal ‘ 1 O 01110} 1 O 0 O| 110} 1 J
representing ------Jd-c-decmemnn- e R e e e L LY bt bt EEEE EEE T

binary data

Frequency
shift
keying

7

ML mm

2 S LU Qi . ci W e
i
} S ‘ i 20/39
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C\ MMMMMMMMM Usea chirp for even more robustness!

EEEEEEEEEEE

anr’

Digital signal ‘ 1 O 01110} 1 O 0 O| 110} 1 J
representing ------Jd-c-decmemnn- e R e e e L LY bt bt EEEE EEE T
binary data

|
I |
Frequency ] I
Shift  ~-ccc-qiHiH--f--d--]- S A R el R e e e e It i Bt B L
keying 1 I
(1
P

Immunity to In-Band Interference and Jamming | "mﬂ“"u i ‘
Resistance to Multipath Fading CHIRP > FREQUENCY VARIES IN TIME { LoRa" =

Doppler S Tolerance A e T i
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(i”;;;j Another solution: BE INVISIBLE!

®© Ultra-narrow band (UNB) of about only 100Hz (e.g. FZASIEEOS
@© But decoding is much more complex...

NARROWBAND
SIGNAL
TRANSMITTING
ENERGY SPREAD-SPECTRUM

ULTRAWIDEBAND

/ Sl / SIGNAL

-------------------------------- NOISE FLOOR

FREQUENCY
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Another solution: BE INVISIBLE!

® Ultra-narrow band (UNB) of about only 100Hz (e.g. 1508

® But decoding is much more complex... Credit: disk91.com — the IoT blog
NARROWBAND ; A
SIGNAL Lo e
868.0 868.1
TRANSMITTING
ENERGY
SP REASDI'GSNPEETRUM ULTRAWIDEBAND
/ / SIGNAL
_______________________________ NOISE FLOOR
AN
FREQUENCY
Credit: https:/lwww.edn.com/ultrawideband-the-next-wireless-panacea/ 100HZz = 1250 times smaller!
LoRa
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AN’  ® Decoding is much more complex

@® The "needle in a haystack” problem W Prea
® You need to have some clue
® Top? Bottom?

@ Left? Right?

W

® Middle? om
@® Sigfox base stations operate with " OR BE ABLE TO
very wideband receivers (typically | LOOK EVERYWHERE |
tens of kHz to several MHz). ... AT THE SAME |

@® Continuously monitor the whole ez TIME!
usable ISM band = need high-
end & costly hardware!
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Time matters!

® Decoding is much more complex Congratslations,

® The "needle in a haystack” problem ( it only took you |

® You need to have some clue

® Top? Bottom?
@ Left? Right?

© Middle?
@® Sigfox base stations operate with YOUALSO
very wideband receivers (typically NEED TO DO IT
tens of kHz to several MHz). FAST!

© Continuously monitor the whole
usable ISM band = need high-
end & costly hardware!

Wiy jolyon.co.uk
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Distribute AND (try to) be invisible!

La France au Panama et aux Bahamas

® A new comer: mioty technology
based on Telegram-Splitting-UNB

@®@ Developed by Fraunhofer IIS —
now an ETSI standard

' mioty

alliance

Transmission of entire data package

A
o
: |
: X
o
it
= Data not
Interferer received
: >
Time
Transmission of partial data packages
A
— 7 — —
w i - m - ol

> [ [
= — = ==
g W _ — i
g g W 1
S Y MIOTY™ Data

/ Interferer subpackage received

>

Time

ADD REDUNDANCY FOR MORE ROBUSTNESS

subpackets
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Telegram-Splitting
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© Randomness everywhere! Random time intervals & frequency carriers

® Again, decoding is much more complex...

Author — Paul Pinault / Disk91.com

. Packet (telegram) split into a

minimum of 24 burst (core frame)

Each burst is senton a

different frequency (up to 34)

Each burst is separated from
the others by a certain time

Each burst includes 1/3 of
sync data (but no identification)

Information is triplicated to
support collision

Creates time and frequency
diversity with redundancy

< TT >
[0112:3 . Telegram .| 51 Random time intervals

l \\.
L) Tea(1) @F Tos 2)ﬂ Tes3)

frequency —»

Telegram ... | |

[oi1i2i3]..

sub-packets

27139
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C\ === Needle in a haystack?

DE RECHERCHE

r@ ® mioty uses TS-UNB, so do we have the "needle in a
haystack" issue?

® mioty uses time and frequency diversity

I‘j 1< S | BUT USES 8 PRE-DEFINED PATTERNS

oET L E e 8 i ...SO DECODING IS MUCH EASIER!

[0i1i2i31 .. Telegram ... | 51|

d
- o NN
> o O N
—-..___,_‘?:1

4T

d
>
=

frequency —
T

2
Spesal

carrier index
=

4

(<)

T
T
L

s =L
T

o
4
T ———

o N B O
i
ap Sl

0 0.5 1 1.5 2 2.5 3

B : “time sec] > | |

w
w

sub-packets
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£ LoRa, Sigfox, mioty: common point?

anr’ @ LoRa Spread Spectrum with innovative use of chirp signals
@ Sigfox: Ultra-Narrow-Band with complex decoders

® mioty: Ultra-Narrow-Band + Telegram Splitting

WHY ALL THESE HASSLES?
BECAUSE THEY USE UNLICENSED BANDS!
AND SO?

ANYBODY CAN USE THESE BANDS, NEED
TO BE MORE ROBUST & SMARTER!

WHAT IF LICENSED BAND?
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C\ —— NB-loT & LTE-M solutions
anr’ @® They both come from mobile cellular technologies
@® They operate in licensed bands assigned to operators
- Can transmit at higher power, e.g. 200mW instead of 25mW
@® They use scheduled channel access
—> Devices cannot transmit whenever they want
—> Base station assigns radio resources and transmission times
- When, how long, and on which subcarriers (e.g. frequency)

LTE-M is optimized for mobile, higher-data, low-latency loT with
support for voice and handover-> ~lightweight 4G for loT

NB-loT is optimized for massive, deep-coverage, low-power,
low-data, static loT > specifically designed for loT




NB-loT

EXN
?ﬁ;‘ﬁ%ﬁ%@s aux Bahamas
2026: the 4 (37) that counts!
G s,
anr 002 10T ANALYTICS Your Global IoT Market Research Partner
Global LPWAN market 2015-2027: Market shares of key technologies
LoRa
LTE-M
Others
SigFox
Excluding China
B\ LoR
35% L1?E-El’w
7y NB-loT %

LPWAN market share (by number of connections in %)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024E 2025E 2026E 2027E

Source: loT Analytics Research 2024 - Global LPWAN Market Tracker. We welcome the republishing of images but ask for source citation with a link to the original post and company website.

—ﬁ Others
SigFox
31/39
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== = What your mother never told you...

AnNI'”  © Despites all these smart mechanisms, obtaining several kms
range at low power is still very challenging!

HIGH OVERHEAD, LOW TRANSFER EFFICIENCY!

REDUNDANCY & REPETITION FOR ROBUSTNESS
LORAWAN RECOMMENDS 2-3 REPETITIONS, SIGFOX USES 3
MIOTY'S OVERHEAD IS USUALLY 300-500%

NB-loT CAN HAVE FROM 2 TO 128 REPETITIONS (DEEP)

LTE-M CAN HAVE 2, 4 OR 8 REPETITIONS
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Really anywhere on Earth?

PROGRAMME
DE RECHERCHE

©
I © Deployment of LEO satellite constellations make Satellite 10T a reality!

LEO Satellite

User Lin

LINK BUDGET: JRRcPT
SAT. VISIBILITY?

POWER SAVING- S ©
o
' loT Device > © Gateway Network Server
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@® Satellites belong to so-called Non-Terrestrial Networks (NTN)
@® 3 approaches for Satellite I0T connectivity (mostly to LEO satellites)

1/ Use terrestrial LPWAN technologies: adaptations of terrestrial LPWAN
technologies to satellite links

Direct-to-Satellite (DtS) means device - satellite

Indirect access means device = gateway - satellite
2/ Extending cellular technologies for NTN: satellites provide connectivity to
ordinary or adapted cellular devices using spectrum traditionally associated
with terrestrial cellular mobile networks

3/ Use satellite-native LPWAN: low-power devices communicate with
satellites using protocols or waveforms specifically designed for satellite 0T

35/39
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anl‘@ ® Direct-to-Satellite (DtS) device = satellite

@® DtS version of LoRa CSS for more robustness - Semtech LR-FHSS
Long-Range Frequency Hopping Spread Spectrum

A

— [ 10dB link budget
- p— - - improvement results
sarcut | 5 S L in 3X free-space and
[ ] @ [ ] - 1.5X terrestrial range
e Sioamsed  wiolzams improvement
Time

https://news.rakwireless.com/lora-css-vs-lora-fhss/

® mioty can be more easily extended to DtS communications due to its
native FHSS-like operating mode
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2/ Cellular technologies for NTN

@® Extending 3GPP cellular technologies
= NB-IoT NTN & LTE-M NTN

© Advantage - Can leverage compatible
cellular loT chipsets and standards

® Main challenge - Adapting cellular

procep]ures and devicesto NTN LTE-M NTN supports loT

conditions i _ o
@®@ Adoption = Utilities and governments applications requiring

prefer licensed spectrum, national

NB-loT NTN is optimized

for low-rate loT
communications

greater mobility or

operator coverage, and long-term throughput
standardization




FRANCAISE La France au Panama et aux Bahamas

@ AGRI FUTUR
alf>/ Toward Future Agroecology

\ RRRRRRRRR
FRANCE \ Dt RECHERCHE

©
anr @® LEO constellations from Kinéis, Astrocast, Iridium, ...
@ Kinéis (France): 25 LEO nanosatellites
@® Astrocast (Switzerland): 100 LEO nanosatellites

@ Iridium (US); 66 LEO satellites, Short Burst Data
(340 bytes) service

@® Globalstar (US): 48 LEO satellites, with expanding
plan!

3/ Satellite-native LPWAN

©®© Swarm: 150 picosatellites. Bought by SpaceX in
2021. Now has ceased activity = included in Starlink

@ Starlink (US): originally not really adapted for loT,
more oriented towards broadband residential Internet
connectivity. Now jumps into satellite loT but rather
with LTE Direct-to-Device approach
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Conclusions

® ~1999: Smart Objects and Internet-of-Things

® 2026: Technology maturation is here!

® From application perspective, it is great!

® From research perspective, well...we can study, evaluate, propose...

@® ... but probably marginal change to "standards"

® Can contribute to innovative applications with more open technologies
@®@ Collaboration between devices in P2P & mesh

@ Hybrid and continuity of access: multi-radio, terrestrial, non-terrestrial, ...

©® Ad-hoc deployments with application-specific mechanisms in
agriculture, agroecology, environment, wildlife, ...

STILL A LOT OF EXCITING RESEARCH BEFORE | RETIRE!




