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Ultrasonic fill level sensor
10+ years battery life
IP 66, [-40°, +85°]
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TELEMETRY AND
TRANSMISSION COST

Moisture/ 10-15kms é\ %

Temperature of — = * &

storage areas e D i
GPRS - : -

Range O: 300m
(I=Indoor, O=0utdoor) I 30m

Tx current

) 200-500mA 500-1000mA 100-300mA
consumption

Standby current 2.3mA 3.5mA NC



EENERGY CONSIDERATION

P
| | 90959095nssssussuiNsnRes

ARRMERRRRLRERERIRLRIRLRIL

TX power: 500mA. Mean consumption: (8x500+3592x0.2)/3600=1.31mA
500mA 8s
: Eg s; 4 2500/1.31=1908h = 79 days
2500mA
0.2mA
3600s
e | L e
Range O: 300m
(I=Indoor, O=0utdoor) I 30m
C;:S‘L’::;ﬁ'l‘;n 200-500mA  500-1000mA  100-300mA

Standby current 2.3mA 3.5mA NC



THE WIRELESS SPACE

Energy-Range dilemma

Energy
WWAN
2G/3G/4G
o WMAN
=Y)
=
2
WLAN
Zigee 802.15.3
802°15°4 Bluetooth 802 15 3
WPAN 802.15.1 15.3a
- 802.15.3¢
0.01 0.1 1 10 100 1000

Data Rate (Mbps)



HEEE 802.15.4 IN ISM 2.4GHZ

Low-power radio in the 2.4GHz band offering 250kbps
throughput at physical layer

° @ |Chipcon Products
- | from Texas Instruments

062420

° Parameter Min. Typ. Max. Unit Condition / Note
Current Consumption,
° transmit mode:
P =-25dBm 85 mA The output power is delivered
P=-15dBm 29 mA differentially to a 50 Q2 singled —
P=-10dBm 1 mA ended load through a balun, see ‘
P=-5dBm 14 mA also page 55.
P=0dBm 174 mA
Tha = oV
¥’  Threshold - | e ® \ E
: | @ 1E5
‘SO 51
I ‘4)1 ( t )
<« 1E.7
\ | v
Transmitted " l o 1E8 -
bit =0 \ E; v E, v
Y
! e 5 ) X +10 +16
Signal-to-Noise Ratio (SNR)
v




LOWER ENERGY MEANS
SHORTER RANGE!

-~

-

-
-

How bad is multi-hop routing?

Increases packet loss rate
Increases end-to-end delivery fime
Consumes more energy as infermediate nodes must relay packets

Limits energy saving mechanism benefits as both sender and
intermediate node must be somehow synchronized

Is impacted by intermediate node failure

O 000

O



% 15 YEARS OF MULTI-HOP
ROUTING?

High packet loss rates
Needs synchonization when duty-cycling
Complex deployment, funneling effect
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wﬂ" 'ACADEMICS VS INDUSTRIES

BEET'S GO BACK TO REALITY!

500 sensors, STATIC deployment,
but need to have RELIABILITY,
GUARANTEED LATENCY for
monitoring and alerting. MUST
run for 3 YEARS. No fancy stuff!
CAN | HAVE IT?

Millions of sensors,
self-organizing, self-
configuring, with
QoS-based multi-
path routing,
mobility, and ...

« Placement constraints
« Lifetime constraints




OW-POWER & LONG-RANGE RADIO
TECHNOLOGIES

Energy-Range dilemma

Energy

Long-range
Low-power

2G/3G/4G

L, WM
=Y §)
e
&
WLA
802.15.3
802.15.4 Bruetooth 802.15.3a
WPAN 802.15.1 1.

802.15.3¢

0.01 0.1 1 10 100 1000

Low throughput pata Rate (Mbps) .



B = INK BUDGET OF LPWAN

_ KEY PRODUCT FEATURES

LoRa"™ Modem

157 dB maximum link budget
+20 dBm at 100 mW constant|RF output vs. V supply
+14 dBm high efficiency PA

Programmable bit rate up to 300 kbps

High sensitivity: down to -137 dBm

o
#
&
\
* & ¢ 0 o 0o

I
I
0dB : [';] - _, Transmission
|
\

Path

n I
I [dBm]

Boulll

Loss

— N
dB 9% | S

From Peter R. Egli, INDIGOO.COM

12



SIMPLE LOSS IN SIGNAL
STRENGTH MODEL

_ (4md\?
Pse= (5 ) rspL=taq,
d Free Space Path Loss model _ ((4mdf\? P,

C

P 4rd 4r fd
b 1015 5] 200s(7] e

L 5, =20 log(f)+20log(d)-147,55dB

2.4GHz FSPLindB  =##=865MHz FSPL in dB
140.0000000

120.0000000

100.0000000

80.0000000 -

Loss in dB

60.0000000 -

40.0000000

20.0000000

0.0000000

Distance in meters

13




LINK BUDGET EXAMPLE

O Received Power (dBm) = Transmitted Power (dBm) + Gains

(dB) — Losses (dB) [mainly FSL]
d Example
d Transmitted power is +14dBm (25mw)

dBm — power referred to 1 mW,

P45, =10l0g(P/1mW)

O Losses is 120dB
O Then Receiver Power (dBm) is -106dBm

O If you have a receiver sensitivity of -137dBm you can
handle FSPL up to 151dB!

O Rewriting the equation
Q Losses (dB) = Transmitted Power (dBm) - Received Power (dBm)
O Losses = link budget & Received Power = max receiver sensifivity
O Link budget = Transmitted Power - max receiver sensitivity

O 151dB=14dBm - (-137dBm)

14



LINK BUDGET EXAMPLE

O Received Power (dBm) = Transmitted Power (dBm) + Gains

(dB) — Losses (dB) [mainly FSL]
d Example

dBm — power referred to 1 mW,

P45, =10l0g(P/1mW)

d Transmitted power is +14dBm (25mw)

O Losses (FSPL) is 1R

ENSNOSNSIINE KEY PRODUCT FEATURES

Q If you have arecqd® Lora™ Modem
handle FSPL up tg® [157 dB maximum link budget

Q Rewriting the equ|*® |+20 dBm at 100 mW constant|RF output vs. V supply
O Losses (dB) = Trany® +14 dBm high efficiency PA
O Losses = link budg{e
Q Link budget = Tran
ad 151dB=14dBm - (-

Programmable bit rate up to 300 kbps
¢ High sensitivity: down to -137 dBm

15



REVOLUTION

Power
Consumption

Range

Penetration

Geographical
Coverage,

Bandwidth

Transmission
Latency

Radio Chipset
Costs

Radio
Subscription Costs

Number of
Base Stations

From Peter R. Egli, INDIGOO.COM
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THE LONG-RANGE
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INCREASING RANGE?

d Generally, robustness and sensitivity can be
increased when transmitting (much) slower

d A[Sigfox message is sent relatively slowly in a
very narrow band of spectrum (hence ultro-
narrow-band) using Gaussian Frequency-Shift
Keying modulation]. Max throughput=~100bps

d LoRa also increases time-on-air when maximum
range is needed. But LoRa uses spread spectrum
instead of UNB.

""‘H‘.‘"”’\I\IH‘I‘HU”“ c.nl.n:n'mj,a/ VA \
T

LI
I ‘ HH ‘ it “\ ‘ ‘

1 2 3 ! L — J / A A 17

0 \ “ - = | \
FAT ‘Hw“w [/l I \‘“\“ ™~ ' \ Spread
1 AR RARR AR o a c"'"""“"‘/ ————— S
Spread » melentd 2= / = \ pectrum
) 5



VERSATILE LPWAN!

ok
BI095909SNISSSTSSINIRTIISIISTY (2

FRibRRRRLE Mk

e O

Viewpoint of 'Alfocea’
41.724698, -0.952482 |;

A conservative 1 mile radius allows for somef+=
Z1in-building penetration even at the edges.
» | e ;

p% S oetCEE
;| Viewpoint of ‘La Plana de Cadrete
:| 41.530331,-0.954516
EARER TREITERe

Rural areas

Lower
n}mnauano

Smart Lighting Systems

Wireless DALI Security and Intruder Alarms,

. Access Control Systems

Energy Management:
Thermostats, Smart Meters
Signal Conditioning in

Airflow, 602 and CO

Sensors

Underground



UK HAB (High Altitude Ballooning) trials gave 2 way LoRa™ coverage at up to
240 km. Lowering the data rate from 1000bps to 100bps should allow coverage
all the way to the radio horizon, which is perhaps 600 km at the typical
6000-8000m soaring altitude of these balloons. Balloon tracking can be made

19




SOME SIGFOX RADIO
MODULES

Ad@&ms
SigFox module from o
Design CookingHack (Libelium) Adeunis SI868 SIGT002 from CG-Wireless
AXSEM SigFox module

ARM-Nano N8 SigFox

SigBee module from module from ATIM
ATIM

W
....
-t

SigFox module from
Shoc

‘Nemeus MM002-LS- RC1682-SIG from
EU LoRa/SigFox RadioCraft 20
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INTERNET:®
w4 %, P~OF @ 514

SIGFOX’S MODEL FOR M2M: THE
PERATOR » (ALL-IN-ONE) APPROACH

I
90959095 NISSSTSSIENINTIUSIIST (2

FRibiE

caidit 50, - » opisseldorf” Deuts
Ger

Plymouth
Y°“

N (@)

SIGFOX i
Base Station Client

Ethernet, 3G or Custom IP Links

[ HTTP Callback > ..

Valladolid 5 . g ' 7
O
l . \ SIGFOX Backend Servers 3" Party App Server

SIGFOX

a" Base Station

loT Devices equipped
with radio modems

Client

Le 1er opératg

dédié
au M2M et a l'internet des objets !

cessmrshttpr//www.scoop.it/t/toulouse-networks/?tag=SigF ox

- 21




w#  LORA MODULES FROM
WS EMTECH'S SX127X CHIPS

o Kine
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Libelium LoRa is based on
Semtech SX1272 LoRa
863-870 MHz for Europe

~ L L BN p % d A e ﬁ
LoRa® Transceivers

Part Frequency Range Link Budget Rx Current FSK max DR LoRa DR Max Sensitivity Tx Power
Number (MHz) (dB) (mA) (kbps) (kbps) {dBm) {dBm) a
SX1272 860 - 1020 158 10 300 0.3 - 375 -137 +20
SX1273 860 - 1020 150 10 300 1.7 - 37.5 -130 +20 i:‘
SX1276 137 - 1020 168 9.9 300 0.018 - 37.5 -148 +20
Hg
RF SX1277 137 - 1020 158 9.9 300 1.7 - 37.5 -139 +20
S€] sxi27s 137 - 525 168 9.9 300 0.018 - 37.5 -148 +20 flode
w Adeunis ARF8030AA- L0868 - Microship RN2483
habSupplies
AMIHO AMO093

Multi-Tech

ARM-Nano N8 LoRa  SODAQ LoRaBee
MultiConnect mDot SODAQ LoRaBee

module from ATIM Embit RN2483 o)

3
AM293-0

aoie




Add LoRa radio module to your
preferred dev platform

Install a LoRa gateway and start
collectir

10-15kms

No subscription

LO Ra Deploy own network

Low energy consumption

LoRa LH
Privatg
Network

\WV'—‘.

= =
- (o
v <

Cotiular M24 Catiutar MM

Lol nodo Lofta rode Lo oo @ Q
05909 ©

Figure from Semtech 23



AIN LORA PARAMETERS

d Main parameters
d Bandwidth: 62.5kHz, 125kHz, 250kHz, 500kHz
A Spreading factor: 6 to 12

J-/= U Data rate (DR)
ESK

O] 7 2’:7’4

loralmodulation

Range

12 11 10 Spreading factor (SF)

125 Bandwidth (BW)(bpS)

Bitrate (BR)(bps)

Receive sensitivity (dBm)

Time-on-air and consumption

24



RELATION TO RANGE

125kHz, SF6 500kHz, SF12 125kHz, SF12

10-15kms

Bandwidth i i Nominal Rb Sensitivity
(kHz2) Spreading Factor Coding rate (bps) (dBm)

25



THE PRICE TO PAY!

| asssssssvssssusssnsannssnanse (50
IR R

Very low throughput
Transmission time can be several seconds

[ time on air in second for payload size of

Zé)x LoRa 105 155 205 255 max thr. for
i< mode BW CR SF 5 bytes | 55 bytes | bytes Bytes Bytes Bytes 255B in bps

1 125 4/5 12 | 0.95846 | 2.59686 | 4.23526 | 5.87366 | 7.51206 | 9.15046 223

2 250 4/5 12 | 0.47923 | 1.21651 | 1.87187 | 2.52723 | 3.26451 | 3.91987 520

3 125 4/5 10 | 0.28058 | 0.69018 | 1.09978 | 1.50938 | 1.91898 | 2.32858 876

4 500 4/5 12 | 0.23962 | 0.60826 | 0.93594 | 1.26362 | 1.63226 | 1.95994 1041

5 250 4/5 10 | 0.14029 | 0.34509 | 0.54989 | 0.75469 | 0.95949 | 1.16429 1752

6 500 4/5 11 |1 0.11981 | 0.30413 | 0.50893 | 0.69325 | 0.87757 | 1.06189 1921

7 250 4/5 9 |0.07014 | 0.18278 | 0.29542 | 0.40806 | 0.5207 | 0.63334 3221

8 500 4/5 9 |0.03507 | 0.09139 | 0.14771 | 0.20403 | 0.26035 | 0.31667 6442

9 500 4/5 8 |0.01754 | 0.05082 | 0.08154 | 0.11482 | 0.14554 | 0.17882 11408

500 4/5 7 | 0.00877 | 0.02797 | 0.04589 | 0.06381 | 0.08301 | 0.10093 20212

mduﬁr@ul
[E=Y
o

26



ENERGY CONSUMPTION
COMPARAISON

| | s

Range N/A O: 300m O: 90m ame as

c (I=Indoor, O=0utdoor) I: 30m I: 30m E‘G:"EA G
&)
O]
= Cg:sz‘:;ﬁ?;n 200-500mA  500-1000mA  100-300mA [ 18mA 18mA-40mA }
O]
UE) Standby current 2.3mA 3.5mA NC 0.003mA 0.001mA
S )
¢ = Energy harvesting No No No Possible Possible
" (solar, other)
Q
o) Battery 4-8 2-4 50 60hours 120
|c_G 2000mAh hours(com) hours(com) hours(com) (com) nours(com)

(LRG battery) 36 days(idle) X hours(idle) X hours(idle) 10 year(idle)

TX power: 30mA. Mean consumption: (8x30+3592x0.2)/3600=0.266mA

2500/0.266=9398h = 391 days = 13 months

27
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Ha®  TYPICAL SCENARIOS

(f Gateways —\

Gateway —rural environment

((<000»)

"""/ Gateway —urbanenvironment

(@)  Repeater (e.g. femto gateway)

Py

Figure from Siradel

End points

' @ Smart meter \

'H' Smart clothing

\ Smart bike (e.g. track@

LN
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EAL-WORLD DEPLOYMENT

S
} LR P T P “S
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 Provides 2-hop LoRa to solve some connectivity
issues in real-world deployment scenario

e 5 . A\l
b o b "
7 Nyl A A\
/ /)
, ‘ AN/
\* \ h
2 \ 4 :
\
| ) \
\ \ \
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g2 2-HOP LORA APPROACH

 Objective is to have a smart, transparent relay

node that can be inserted at anytime between
end-devices and gateway

End-device

30



SMART RELAY DEVICE
LEARNING ON-THE-FLY

d On-the-fly learning of incoming fraffic from end-
devices: the observation phase

[ Update device ] t Record device }

[ Send back downlink J

31



M ROBUST CHANNEL ACCESS
MECHANISMS

DOOOTHA ¢

4 With densier LoRa networks and more
heterogeneous traffic (tradifional+image
sensors) it is necessary to provide a more robust
channel access mechanism

 Objectives are to reduce packet collisions, thus
reducing delivery latency, and reduce power
consumption due to unsuccesstull fransmissions

C. Pham, "Investigating and Experimenting CSMA Channel Access
Mechanisms for LoRa loT Networks", IEEE WCNC'2018.

C. Pham, "Robust CSMA for Long-Range LoRa Transmissions with Image
Sensing Devices", IEEE WD'2018.

32



NATEEF

deERNET@
%% CSMA-BASED DERIVED

S
| | 3993 0ssussssTSsIRRISTIRTOSY (20

FROM 802.11

ARSI,

H Time slot

H Successful CAD I Unsuccessful CAD

b

0..(W-1)

DIFS

LoRa mainly runs in gateway-
centric mode where a gateway
is the central point of the
network

D. DIFS || >

@ Jmm

00000

0TI

DATA

Stop counting if
channel becomes
busy

v

33
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LONGER MSG

SMA-BASED ADAPTED TO

c
o
2
S}
Q
g
9]
(=)
>
£
2
=]
1S}
<
©
c
c
(1]
<
o

(CAD)

1.2

1
0.8
0.6
0.4
0.2

0
430000

e ek
« L

v

beoe od 15s b o |

244 bytes
ToA=8.82s
CAD every 1000ms

440000 450000 460000 470000 480000

Time in milli-seconds

H Successful CAD I Unsuccessful CAD

490000

500000 510000

DIFS(ToA )

DATA

DIFS(ToA,,,)

TTTHETIIE o

oo JITULTTNTE

v
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Lt CSMA ALTERNATIVES &
COMPARISON

==

' Stop counting if channel
' becomes busy >

DATA

o ]ﬂﬂﬂﬂﬂuuﬁ e B

@J [ orsmoney | >
T s )




QUALITY OF SERVICE

d Regulations stipulate that radio activity duty-cycle should
be enforced at devices.

d LoRaWAN specification from LoRa Alliance is a first
attempt to standardize LoRa networks but no issues on
quality of service.

d Proposition of a Long-range Activity Sharing (LAS)
mechanism when running under duty-cycle regulations

L Allow a device 1o be able to send critical data without
having to wait for the next cycle

C. Pham, "Deploying a Pool of Long-Range Wireless Image Sensor with Shared Activity
Time". Proceedings of the 11th IEEE WiMob'2015, October 19-21, 2015, Abu Dhabi, UAE.

C. Pham, "Towards Quality of Service for Long-range loT in Unlicensed Radio Spectrum".
IEEE Wireless Days (WD'2016), Toulouse, France, March 2016.

C. Pham, "QoS for Long-Range Wireless Sensors under Duty-Cycle Regulations with
Shared Activity Time Usage". ACM Transactions on Sensor Networks, Vol. 12(4), 2016.
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LONG-RANGE ACTIVITY
SHARING (LAS)

n Di
l
GAT = EZRATO __,,@ ___________ 6',+=360000
i=1 0" remote = 32?:0-6-0_"
(a)| local | i
l_;AT = l‘IZQATO
lyar = Tary =0 6i,7=360000
||| 0 | | |
L (b) Ioc?lr| i
\ D10/ lpyr = ), TOAS,) | Ly
' el 0y .. 6,7=360000
R7 Q "rar — Y | Vary = lTIAT = lparo Vv
@ D9 lastRAT (€)| 1local | eeet !
@ Di Ji =36000 | 36000 | |
S i IfATO

k
. : Ly = Y TOA(S,,
m=1

A device can transmit more if needed, provided that other devices

will decrease their radio activity time accordingly.




| ERETCTTITTRTR R TR arPPsPEATe A

4 g G*4,7=360000
Varu = TAT — “RATO \ 2

4
device | RAT lastRAT lRAT = O

D4 36000 36000
000, 100
INIT: 10, 360 proadcast | - D4

local

remote J/

local | i
“'z;ﬂ 36000 R device | RAT lastRAT
Ly =Tagy =0 :4 é D4 l4 =-3196 36099;"
N RATO ,i -3126

— AT* = -3196 -36000 = —39196

240 240 240 240 40
I
:'Sg:;: I:I:Izsz I:I:Izsz I:I:Izsz I:I:Izsz I:I:Isz UPDT w/RATU 39196 | 4 nd=2 3196 | 5| 6
DATA header 3B

W G5,,=360000 — 39196+3196=324000 WV

01 ; T ;

ToA(255)=9150ms W D5 | local e :

%: - = 36000— 1598~ 34402ms

DATA w/RaTi) 300 G6,,=360000 — 39196+3196=324000 W
ToA(55)=2596ms \ AT .

T — — j
B0 |t =31be . [AT* = -3196-36000 = 39196 De| local B |
T devi RAT lastRAT !
local " P tpom e I3, = 36000 — 1598 = 34402ms
— D4 31 .
—< A 5106 G, =360000 — 39196=320804 W
lyyr = ETOA(Sm) 196,2,5:6 T v

;391961 4’3 D : oo :
~39196 VUXM ji#4| local oee !
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WAIZIUP Open loT and Big data
platform for Africans, by Africans
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%4 WAZIUP PROVIDES SW/HW

OO000I! &

SUILDING BLOCKS INTEGRATION

ok
1939953039 ssssTsSIIRISRIRSSY (2
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D@ ;- ARDUINO UNO

ARDUINO MICRO

LoRa

LoRa radios that
our library already
supports

< e a5

ARDUINO MEGA 2560 ' ARDUIN
= { , v %

L
o
N

((( NiceRF

BrEH

HopeRF . LoR:.|1276
Libelium LoRa Modtronix NiceRF
RFMI2ZWI9SW inAir9/9B LoRa1276

Long-Range communication library

0

EE.TTEEs

L}

EEEE
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Moisture/
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storage areas

Physical
sensor

Physical Physical
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D‘vgi' o

f;NER"ET“_ GENERIC SENSING |OT DEVICE
vl VS
HIGHLY SPECIALIZED

4 Build low-cost, low-power, long-range enabled
generic platform

d Methodology for low-cost platform design

d Technology transfers to user communities,
economic actors, stakeholders,.

: \Em'?l -
Physical e, N WITTIN Activity
: & T, B
sensor @) x duty-cycle,
mgmt R low power
OO X =

-VERY- '|
IMPORTANT _
B Logical

Long-range
9 9 sensor

transmission

mgmt




ENERIC SENSING IOT DEVICE

d Build low-cost, low-power, Long-range enabled
generic pla’rform

d Mef Mlnlmum Viable Product WAZIUP PROJECT
: & - WP1
D TeC SR‘A“—'.E, ‘[Tlc Farmer (C:‘;) WP2
Waziup : . = Wp3
eCc Advisory CZ:’:;::; ISpoce  africa InnoTece ‘ e WP4
& | m me & s
eI = ey | WP6

Physical ;
sensor | \/

MVP 2

MVP 4

Cattle
Rustling

Logistic
Transport

createngt 3;0 . INNOTECE | _ g<<
afrca &)

Credit: P. Cousin, EGM
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CONCLUSIONS

d Low-power, long-range (LR) transmission is a
break-through technology for loT and large-
scale deployment of wireless (sensor) devices

d With a large variety of applications, products &
actors the low-power WAN (LPWAN) eco-system

Is becoming mature

d New technologies will certainly emerge but the
LPWAN « philosophy » is now settled firmly: out-of-
the-box connectivity is now the standard and
multi-hop scenarios based on short-range
technologies is questionable.
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