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P ™ Sense, Monitor, Optimize & Contr )

<] F|rebase k/ Fl
ic;‘ri e®
p :
I@T -
[ )

' - MONITORING

APPLICATION DOMAINS



NAZIVTY

P ™ Typical loT device NAZINUDY

@ |oT device can be viewed as a simple Embedded System
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" How to collect data? WNAZHENUDY
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"™ Wireless (radio) transmission basicgazi

|
Q: Can we have Gbps in wireless?,
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| caiiliac:o LOW—pOWEI‘ & Iong—range radios «NazH

Energy-Range dilemma Energy

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

///Z/ SIGEOX 2G/3G/4G

LoRa

S

- WIiFi 802.11n: 450 000 000 bps (450Mbps)

- WIiFi 802.11g: 54 000 000 bps (54Mbps)

ZigBee - Bluetooth3&4: 25 000 000 bps (25Mbps)

2B R TeRy] - Bluetooth BLE: 2 000 000 bps (2Mbps)
CIVREN - 3G/4G : 20Mbps-200Mbps

- LoRa : 200bps-37500bps (0.0002-0.0375Mbps)

- 3G/LoRa ratio: 20,000,000bps/200bps=100000!

= oo

0.01 0.1 . —
(Very) Low throughput: bps pata Rate (Mbps)

Transmitting: TC/22.5/HUM/67 .7 ; about 20 bytes with packet header
Time on air can be 1.44s with LoRa 7
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B "™ Energy consumption comparaison gz oy

Energy-Range dilemma

Energy

A
Long-range
- Lo Power
g '_ O: 300m O: 90m Same as
3 ; I: 30m I 30m 2GI3G
802.15.4 Biyetooth
802.15.1
2 3mA 3.5mA NC 0.003mA 0.001TmA

0.01 0.1 1 10 100 1000
(Very) Low throughput Data Rate (Mbps)

TX power: 500mA. Mean consumption: (8sx500+3592sx0.005)/3600=1.11mA

Eg In most cellular networks, the device
E 2500/1.11=2252h = 93 days =3 months ® is still maintaining communication
2500mA with BS even if it is inactive

TX power: 40mA. Mean consumption: (2sx40+3598sx0.005)/3600=0.027mA

2500/0.027=92592h = 3858 days =10 y. © LPWAN does not need to maintain

connection if not in used
8



LPWAN Expected range?

CNAZIUTY
CNAZENU DY
Scalability o— Sigfox
Latency A R—
Performance’;
Payload Length

\ ~—&—NB-loT

\

10km (urban)
g 40km (rural)
QoS .
S5km (urban)
AN 20km (rural)
Battery Life
1km (urban)

10km (rural)



P " Attenuation in general

©® Depends mainly on distance

@© with :
= P_=transmitted power
= P,.=received power
= d =distance between antennas
= afrom2to4d

10
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B " Attenuation In practice WAZH

® For an ideal antenna (theoretic)

P, (@nd} (Anfd)

P, N C

P, = transmitted power
P.=received power

d = distance between antennas

¢ = light speed in space 3.108 m/s
A= wave length of the signal=c/f

11 11
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Attenuation in image @NAZINUDY

H 5GHz EIRP = 14dBm

Amplitude
(dBm)

>

® Free Space Path Loss model

P, (@ndf (4nfd)

P, N C

@ Decibel: using log operator can simply equation
P 4rd 4ifd
Ligs) =10 log| =& | = 20 log| —| =20 lo
010105 2| 201 5% - 2010 25
Jodsm L) = 20 log(f )+ 20 log(d )- 147,56 dB

14 - 47 = -33dBm

-45dBm

-51dBm
. -57dBm

I 6B 6B | -6dB : -6dB

1 1
¢ Podt e P:C
! ! ! Il

0 m 2m 4m 8m 16m Distance (m)

Additional advantage of log scale: very large and
very small values can be plotted on the same graph 12



Link budget in wireless system

Ppx =Prx+ Grx — Ltx —Lps — Ly + Gpx — Lgx

Adapted from Peter R. Egli, INDIGOO.COM
+dB
A

EAZIUTY)

«NAZH D)

Pgy = Received power (d Bm)

Pry = Sender output power (dBm)

Gry = Sender antenna gain (dBi)

Lyy = Sender losses (connectors etc. ) (dB)
Lgg = Free space loss (dB)

Ly = Misc. losses (multipathetc.)(dB)

Gpy = Receiver antenna gain (dBi)

Lyy = Receiver losses (connectors etc. )(dB)

7S Spx = Receiver sensitivity (d Bm)
\
\
\
I |
| L= 1 Transmission
- | Lol N p Path
| RX
1 [dBm]
\ I
\ / L
} e i ol
d Sl

-dB

Receiver sensitivity is a measure
of how well the receiver
performs and is defined as the

Ligg) = 20 log(f )+ 20 log(d )- 147,56 dB

power of the weakest signal the
receiver can detect

13



P ™8 How can we increase range?

= T

@ Increase TX power and/or improve RX sensitivity
® Generally, RX sensitivity (~robustness) can be increased

NAZI
«NAZH

I'mnot fluent in idiot
could you please speak
> W65

when transmitting (much) slower (like speaking slower!) 5SS
@® LoRa uses spread spectrum approach to increase RX sensitivity

@® Spreading Factor defines how many chips will be used to code a symbol.
More chip/symbol=longer transmission time " more robustness

® The price to pay for LPWAN

® LoRa has very low throughput: 200bps-37500bps (0.2-37.5kbps)

o4+

t\'.'!

Range

12 11 10 9987 A -

Spreading factor (SF)

129 125
125 125 125 -850

10/93%

5,468

3,125
976,757 2 ~120

50K

-108

Bitrate

i Bandwidth (BW)(bps)

(BR)(bps)

ive sensitivity (dBm)

I— Recei

| = Time-on-air

and consumption

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!

1T
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Spreading factor in image NAZINU DY

H QRN 0 2 0

@® Higher spreading factor means lower data rate but increased
receiver sensitivity -> speaking slower!

Comparasion of LoRa Spreading Factors: 5F 7 to 5F 12
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Figure from "All About LoRa and LoRaWAN", https://www.sghoslya.com 15
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P " Advantage of Spread Spectrum  «iazit o

® Spread Spectrum techniques are usually more robust to noise

POWER
SPECTRAL
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@®@ LoRa signals can be decoded below noise floor
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Line-of-Sight & Fresnel zone NAZENUDY

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

y

Zone 1

Zone 2
Zone 3

Fresnel Zones

RF Essentials from Digi 17



Clearing the Fresnel zone?

Raise antennas!

R 900 MHz Modems 2.4 GHz Modems
nanse Required Fresnel Zone Required Fresnel Zone
Distance . R
Diameter Diameter
1000 ft. (300 m) 16 ft. (5 m) 111t. (3.4 m)
1 Mile (1.6 km) 32ft. (10 m) 21 ft. (6.4 m)
5 Miles (8 km) 68 ft. (21 m) 43 ft. (13 m)
10 Miles (16 km) 95 ft. (29 m) 59 ft. (18 m)

RF Essentials from Digi

EAZIUTY)

«NAZH

18
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p=my Cl€aring the Fresnel zone? GNAZIUC)
| Let's use satellite! WAZt

® Low-orbit, low-cost; compact satellite for global coverage




P " | oRa modules with Semtech’s SX1§Z$§%'»,»

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

inAir9 based
on SX1276

ggy Factory LoRa
module (Arduino)

mLABS Semtech SX1272 LoRa
LinkLabs 863-870 MHz for Europe | -
HopeRF HM- Symphony module i ]
TRLR-D : _ -
‘w Embit LoRa
A —_ LoRa™ Lov;g—ar:ta;gRest:g-gHz Module
Adeunis ARF8030AA- L0868 Microship RN2483
habSupplies : ' e |

AMIHO AM093

MultiConnect mDot SODAQ LoRaBee

module from ATIM Embit RN2483 20
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Do-lt-Yourself loT “RZINUBY
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Flash

ADC Memory
. Radio
I0 \ Controller
| Power unit |

: voeo 'vrufw
Physical e IR Activity
sensor g i duty-cycle,

i) low power

-VERY -
IMPORTANT

Logical
sensor
mgmt

Long-range
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P ™8 A simple temperature sensor examplée:

Arduino Pro Mini @3.3V
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\

Wakes-up every 10min, take
a measure (temp) and send
to gateway

Field 2 Chart ©sx

Temp for sensor 10

3
8

]
2
o 225
5
g
§ 20
08:00 12:00 16:00
Date
ThingSpeak. <

E
s

v Y3400

SUA in deep sleep
mode, about 40mA
when active and
sending

More than 1 year with 1
measure/10min

Can run several years
with 1 measure/1h

22
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LPWAN = star topology NAZHINUDY

/— Gateways T End points

_—
Gateway —rural environment / \
(Cc000)

Smart meter

Smart car

Smart home

((®)) Repeater (e.g. femto gatewa
\ , p _( g g D

Smart clothing

Smart bike (e.g. tracking)

B ®
\ |
(¢ U‘ﬁ‘:‘?‘I Gateway — urban environment \ N / ﬁ
~ fA
T
¢® 7

Figure from Siradel

23
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P " General LPWAN loT architecture . iowit o

© LPWAN architecture is gateway-centric
@ loT gateways are connected to Internet

® They forward data from loT device to Internet Servers
)

./()

N 7

"
N
L. ~
Smart Metering / $\

End devices Gateways Network Servers Application Servers
——— TCP/IP Links
------ LoRa RF Links 24




P ™ | o0RaWAN specifications

@NAZIUTY)
«NAZH

©® LoRaWAN protocols run on top of LoRa physical networks. It is

defined and managed by the LoRa Alliance

@® It specifies protocols to run large-scale, public LoRa networks

LoRaWAN pkt format

_—-rr-=--F/ETm===== APPLICATION APPLICATION
| SERVER

|END DEVICES GA1|.=IWAYs LoRaWAN specs
| A () I

C NETWORK

|
: / | ETHERNET, 4G, . A Bl | erHerner . ST AT
ﬁ
| e (i ) C— [:= T—» T
I A /
(209)

| €9 | |
l ! l ]
| (1Y) I a
& — !
— o o toraPHY .l o o e e e 5

END DEVICES | GATEWAYS
A | ()
@9 L —
LoRaWAN Il Low-level gateway
pktformat I concentrator

I_1
% Packet forwarder

NETWORK

LoRaWAN specs 25
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P ™ | oRaWAN gateway NAZINUD)

@ A full LoRaWAN gateway should be able to listen on multiple
channels (x8) and spreading factors (SF7-SF12)

EU863-870

1.868.1- SF7BW125 to SF12BW125
2.868.3-SF7BW125 to SF12BW125 |
3.868.5- SF7BW125 to SF12BW125

2
P
o © ©
w o »n
m m T

2

-d
NN NN
@ ® @ ® @
2 33z
e e
NN RNRNRN
N NNKN
@ ® @ ® @
FE
e
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@® They are mostly based on the Semtech SX1301 radio
concentrator

S$X1301

ia T :
T— T™*/RX | o .i DDR - LoRa I | -
(G)FSK I|

i (GPS) :Li_mesta_rnﬂ. —I (G)FSK/LoRa H ::::fetr ]

26
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Open, DIY, versatile loT gateway CNAZIUTY

Large customization features! “«NAZ+ )

https://github.com/CongducPham/LowCostLoRaGw

»
: ‘ TN (NAZIUD) abe

THE THINGS

. ‘@)HWHRE NETWORK

Raspberry Pl: lots of libraries, lotsof & 8 N o (e . Drmeens
software, lots of hardware, lots of (r) mosauitto
shields,...
Couw ]
S (. - [ oo T ] oo JRE ’
Gateway configuration : Cloud
Gatows v At Pques pos tom
= - ThingSpe: - o W MQTT  Clouc Nod
o : = =
- . e -
e e ot oy o ot s ] oganzaton ramo ora
.
auth token this_is_my_authorization_token
—-— = 27




(NAZIUTY)

= .
"™ Conclusions Az
I_ _____ G;EWAYS
IEND DEVICES
® Internet-of-Things provides the | & R
unique feature to make things "talk" I /'
to US | | ETHERNET, 46, ...
| S, (l@)) —>
. . . -
O, Trad|t|onal.ra.d|o technologies ' = gt
(3G/4G, WiFi, Bluetooth, ...) are | / |
either too energy consuming or | (0
cannot deal with long distance | o e _l&
® Long-range radio technologies such < | - [ -
as LoRa enable simple and efficient - R
deployment of loT devices E
® LoRaWAN loT ecosystem is growing o
very fast... -
© But there is room for DIY [oT! _
| 28
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