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Applications : Volcano monitoring

RAVIOLI (Radon Analysis on Volcanoes with )
;n-i/tu O)bservat/ons of short-Lived il A S

5ecm

Radon gaz sensor @ Etna, Masaya,
Soufriére volcanos

Can be used to predict volcanic activity

Sensor are moved depending on volcano
activity

A terrestrial LoRaWan network has been

deployed, but the coverage is limited w‘
®
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Application :

Wildlife monitoring

Based on low-power camera with
Al classification (Mobilet on TF
Lite Micro)

* Wake-up based on PIR

 Species classes counters sent
periodically thru a LoRaWAN LT e
private network

* Sites

* Alps valleys(not covered by public
loT operators)

UCA

Université A
Grenoble Alpes

https://gitlab.com/wildcount/doc/ ’




Application : Bird
species classification

* Project with CERN

* Use audio and Al to detect
and classify bird species

* Sensors deployed in the
211 hectare to follow bird
life

- UNIVERSITE
. COTE D'AZUR



Application : Microclimate sensors

for Malaria surveillance

Malaria (WHO, 2021)
» 247 million cases worldwide

* 619,000 deaths : 25% attributed to
environmental factors

Surveillance (loT)

 low cost and low tech LoRaWAN weather
stations
for collecting environmental data

+ Prediction/prevention (IA ML) .~
« Machine (Deep) Learning for predicting and R e
alerting Q- —

in case of Malaria epidemic hotspots U C_A /
A |

Sites d by terrestial LoRaWAN gat t
(COVGFG Yy terrestial Lora gateways or sa ) Universite’

» Yaoundé (Cameroun), Niamey (Niger) Grenoble Alpes

* Remote areas of African countries are badly covered by
terrestrial networks

https://en.wikipedia.org/wiki/Malaria




Introduction

Power Baud rate

850/1900 MHz
900/1800 MHz
100mW Mbps i WiFi / BT & ( .Cellular A/
® | (B4
\_ EJ.I\%% 4Gl NB4OT
10mW  Kbps .izmuz
(" Shert Range R il LPWAN "
€ Bluetooth Ne-1oT  LORa
imw  bps ¢ fHREAD ¥4 | - %7 SIGFOX
» Range
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Introduction

Low Earth Orbit reduce communication distance
GEO provide continuous coverage

LEO

g about 850km up

MEO

LEO inclined / pdlar
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Introduction

= More satellites means lower revisit time

= Multiple orbits help to increase coverage
everywhere

= Most company will start to operate with

4-12 satellites

10
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Introduction

VHF  UHF L S C Ku Ka
0.03-0.3 03-1 1-2 2-4 4-6  11-14 20-30

AdtrocasiFleet HeliosWire

Telne [
Kineis Iridiurlv

Lacuna

MyLiota
Eutelsat Smart-
loT

Cubesat 3u-6u

Pocket cube Small Sat
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LABORATOIRE D'ELECTRONIQUE
ANTENNES ET TELECOMMUNICATIONS

network

Lacuna

Lacuna
Customers

Other

— i
) LoRaWAN < LoRaWAN
l = Providers
Battery powered devices Satellites in low earth Messages are relayed to Data relayed to The Distributed to Lacuna Space
S @ direct to satellite—no orbit collect and store ground station when Lacuna Network for customers or other
@Q gateway required received messages satellite goes overhead distribution operators as appropriate
A

Lacuna Use ISM bands : 868 or 920MHz
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Introduction

How does the Lacuna technology work?

Satellites in low earth
orbit broadcast downlink
messages including
Keplerian information

TLE are sent to satellite
from ground staation

Use ISM bands : 868 or 920MHz
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Antenna for loT from Space

= Ceramic Patch antenna

*  Robust and industrial

=  Cost

= Cross dipole

= Simple printed structure

* Need a balun

= Quadri-fillar

= Wide circularly polarized beam

* Feeding circuit is complex
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Antenna for loT from Space

Made on Epoxy FR4 substrate : Top is 0.4mm, Bottom is 0.8mm

Top PCB

1Z2mm

70mm

S5mm
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Antenna for loT from Space

Made on Epoxy FR4 substrate : Top is 0.4mm, Bottom is 0.8mm

Top PCB

[ 12mm

Bottom PCB

70mm

S5mm

16
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Antenna for loT from Space
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Electric field near the antenna
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Electric field 5cm from the antenna

LABORATOIRE D'ELECT
ANTENNES ET le.zconuum:meu!
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Antenna for loT from Space
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Antenna for loT from Space el

LA
ANTENNES ET TELECOMMUNICATIONS
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Antenna for loT from Space
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Antenna for loT from Space

Based on LS-200 Reference Schematic :
868/923 RHCP antenna

SX1262 (LoRa transceiver)
STM32L476 (1Mb flash)

Ublox M8Q GPS

Sensors : Accelerometer, Air quality, ..

Lauréats de I'appel a projets « hardware » mené en 2021 par
Hall sensor I’Académie “Réseaux, Information et Société numérique” (RISE)

Sleep power : 20uA
Relay mode : 60uA

Several years of autonomy with a single
battery

21
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Antenna for loT from Space LEAT

O
Lacuna
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ANTENNES ET TELECOMMUNICATIONS

2022/9/23 22:34:52
elevation (") - 21.20
azymuth(®) : 26.49

range (km) : 1210.7

rssi (dBm) :-134

sat:Ls28

cnt: 1262

Iat, lon - 51.656205, 13881628

<118
RSSI Level 00, =
M- i -118>x>-123
18 x>-123 & B 123> x>-128
423 % >-128 o d
128> x>-133

| [PRESS

-128> x>-133 |

LS2D (polar orbit) LS2C (37° inclination orbit )

Communication down to 20° of elevation
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: LEAT
Experiments —

LS2D (polar orbit) LS2C (37° inclination orbit )

Communication down to 20° of elevation
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Introduction

LEA

[ U1 L LTI

LABORATOIRE D'ELECTRONIQUE
ANTENNES ET TELECOMMUNICATIONS

S &
Extending minimal
7 4 . .
| elevation increase
E -
5 average passes per
= 5 .
s Day
4]
s |
o
#3
E
2
1
0 T T r 1
0 15 30 45 60 75 90
Minimum Elevation (s in degrees)
Base
Parameter Value Remarks Variation Remarks
inclination (J) 60° Good temperate-zane t-00° Retrograde orbits
coverage are similar
Similar to altitudes of lkonos Covers almost all
Altitude (#) 680 km | and GeoEye commercial 350-1000 km | LEO satellites in
imagery spacecraft NORAD catalog
“A Closed-Form Approximation of Revisit Rate for Blevation () | 207 | Allows reasonable imaging 0.90°
- H 1/ Malta, Kirkuk, Tehran, Tokyo, North and south
LOW AItItUde Spacecraft Dr‘ Roger Chapman Latitude (L) 35° Albuguergue, Memphis (TN); 0-90° latitudes give

Buenos Aires, Sydney

identical results

Burk, Ph.D
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* From 0 to 20cm height

- From 26t December 2020 to
6t January 2021

- 17dBm output power
(respecting EU regulation)
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ANTENNES ET TELECOMMUNICATIONS

Experiments -E

e Ground is strongly impacting
antenna pattern

e Can create isoflux pattern

——Terminal in Free Space

- --Terminal over ground plane at 12cm

Realized Gain (dBi)

-25 - '
-180 -120 -60 0 60 120 180
Theta (°)

27



ELECTRONIQUE
ANTEKNES ET TELECOMMUNICATIONS

Experiments

RSSI Level
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Relay mode : extending the coverage

1 second 30-100ms
nPreamble Symbols nHeader Symbols
Sraar e Header | CRC | Payload Payload
(explicit mode only)

CRC

CR=4/8 e CR = CodingRate

SF7 with 1 sec
preamble

]

LoRaWAN Gateway

= Relay lorawan message

= Optimize relay power consumption
thanks to duty cycled Rx
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LoRaWAN Gateway

= Relay sensitivity : -115to -120 dBm

= Average power consumption : 70uA

30



12m AstroMesh
18m reflector to create
regional cells on the
ground

45° elevation south

Gain : 50dBi per beam
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Echostar budget link ceramic linear antenna

= Geostationay orbit : 36000km
= Attenuation @2GHz : 190 dB

= Rx sensitivity : -135dBm (SF12)
*" Margin : 6dB (depend on your application)
= Fading effect : 4-8dB (multi-path)
= Kit avg Antenna gain : -1dBi

= Linear to CP loss : 3dB

= Satellite Gain (18m dish) : 50dB

Tx power terminal : 19-23dBm



Echostar budget link with CP antenna

= Geostationay orbit : 36000km
= Attenuation @2GHz : 190 dB

= Rx sensitivity : -135dBm (SF12)
* Margin : 6dB (depend on your application)
= Fading Effect : 2-4dB

= Avg Antenna gain : 0dBic
clhipoorte-Chless— 2R

= Satellite Gain (18m dish) : 50dB

Tx power terminal : 13-15dBm



Antenna development

Size : 50*65*10mm

S-band Left Hand Circularly Polarized
Antenna

L-band Right Hand CP antenna for
GNSS

UHF miniature antenna for 868MHz
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LEATY
S-band Antenna Measurement e

Hﬁ

0 O A N O N DO ®

Bl
H~ N O

1800 1850 1900 1950 2000 2050 2100 2150 2200 2250 2300

—Directivity —Gain —Efficiency

35



LEAT

S-band Antenna Measurement e
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Test with Tx =0dBm

1m

W

LU L LTUUTTT T

LABORATOIRE D'ELECTRONIQUE
ANTENNES ET TELECOMMUNICATIONS

* SNR-14to -16dB

* Low impact from human body
effect

-62
-63

-65
-66
67

20:44

echo.mean

20:44

echo.mean

2044

echo.mean

20:46

echo262. mean
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echo262 mean

20:48

20:48

2048

SNR

20:50

RSS!

20:50

Counter

20:50

20:52

20:52

20:54

20:54

20:56 20:58

20:56 20:58

20:56 20:58
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Terminal development

LEAT

) ‘

LABORATOIRE D't lemnumoul
ANTENNES ET TELECOMMUNICATI

e Size : 50*65*10mm

* Module EM2050

 STM32WB5MMGH6TR module

* S-band Left Hand Circularly Polarized
Antenna

* L-band Right Hand CP antenna for GNSS

e UHF miniature antenna for 868MHz

65mm

A
v

50mm



Terminal development

e Size : 50*65*10mm

* Module EM2050

 STM32WB5MMGH6TR module

* S-band Left Hand Circularly Polarized
Antenna

* L-band Right Hand CP antenna for GNSS

e UHF miniature antenna for 868MHz

2 Y EchoStarMobile- C€
SN ' EM2050 léK

DevEUL:

W% 0016C001F0100262
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Test with 14dBm

* 4*AAA battery
* SNR-11 to -15dB - TP :
* Still 6 dB difference with .

antenna alone -> work in
p rO g re S S :: v pip'l'h\-""'y"“-]i, :ﬂm‘.l | W NS Wk wa'-.wl M% l.l A 1'”||~ . -rllh-w it J‘."‘Ilﬂ"lll" M,“rﬂ”“' " w.ﬂhrm'fi‘vﬂl'
20 S e (" 2 :

A s
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2
C
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Conclusions

Frequencies VHF (144M) UHF (400M) UHF(400M)/ ISM (868M) L-band (1.61G) S-band (2G)
UHF (400M) ISM S-band (2G)

Constellation 120 -> 400 7->27 4 ->25 4 ->150 18->80 GEO (EU &US)
-> LEO (28)

Modulation LoRa Proprietary Proprietary LR-FHSS Proprietary LR-FHSS

QPSK

Latency >15mn >15mn >15mn >15mn >15mn 500ms

Downlink Bi-directional Bi-directional  Bi-directional Broadcast Bi-directional Bi-directional

Chip/ Proprietary STM32WL Proprietary SX126X, Proprietary Proprietary

Electronic module module LR11XX module module ->
LR1120
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Conclusions

= Future of loT for remote area

= Similar power consumption and RF power with terrestrial network
= 200 byte/s, 50 byte per message, a message every day ...

-> Satellite fit perfectly with Edge Technology

= Choice is not easy

Perspectives
= New Sith terminal will include more bands and standards

= New terminal will include energy harvesting with supercapacitor
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