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d Developing countries/rural areas are still far from
being ready to enjoy the smallest benefit of |oT
A lack of infrastructure
d high cost of hardware
d complexity in deployment
d lack of technological eco-system and background

 to deploy loT in developing countries, it is
necessary to target three major issues
[ reduce cost of infrastructures, hardware and services

A limit dependancy to proprietary infrastructures and
provide local interaction models

A target technology appropriation, push for local
business models
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LARGE ECOSYSTEM, %
STILL GROWING... ARDUINO

http://blog.atmel.com/2015/12/16/rewind-
50-of-the-best-boards-from-2015/

http://blog.atmel.com/2015/04/09/25-dev-
boards-to-help-you-get-started-on-your-
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WAZIUP PROVIDES SW/HW
ILDING BLOCKS INTEGRATIC

PNl 020

LoRa

LoRa radios that
our library already
supports
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((( NiceRF

BrEH

HopeRF Moditronix NiceRF
RFM92W/95W inAir9/9B LoRa1276
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Long-Range communication library
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LOW-POWER FOR LONGER
LIFETIME!

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

Field 2 Chart Ofx

Temp for sensor 10

Can run more than 1 year

with 1 measure/10min \/./-w/\ur

, Can run several years with
2500mAh 1 measure/1h

0 (window)
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ThingSpeak.com

SMA in deep sleep

\E _.,_;;f' ﬁ. N mode, about
Z 40mA when active
and sending!
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1-click order

C***rum

UCA reverse with LoRa and
Arduino

2 Layers PCB 34x80mm FR-4, 0.8mm, 1
oz Cu, HASL with lead, Blue Solder
Mask, White silkscreen
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&, Download 0
B Documentation
) Source Code
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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,.
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GENERIC SENSING IOT DEVICE
VS
HIGHLY SPECIALIZED

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

- Mel' Mlnlmum Viable Product WAZIUP PROJECT
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o WAZIUP Dashboard x \ +

6 @ watersense.waziup.io/sensors/WS_FARM1_Sensor2 c Q, Rechercher

(3] Les plus visités ~ @ Débuter avec Firef... Alaune -

Historical Data

Period View

MONTH WEEK

-o- SM1 (20cm)

Over Irrigation Zone -o- SM2 (40cm)

oo

e

Optimal Moisture Zone

Over Dry Zone

G T T T T T T T T T T T
June June June June June July July July July July July July

WATer)Sense Code licensed under Apache 2 ©® 2016 Waziup.io
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In Africa, the practice of animal husbandry

o : > has always been and still remain farmers’
\ - i"t_“ =) . . .
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Their main problem in this activity remain
the cattle rustling and some families are
put in dramatic situation after a theft

(reported 2 billions CFA losses) 19



EASY INTEGRATION AND
CUSTOMIZATION

Search your device .
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2 6 16 17 18 19 254 124 10

Dedicated tutorial on low-cost loT collar w/GPS
| . B |

https://github.com/CongducPham/tutorials/bli)b/master/Low-cost-LoRa-CoIIar.pdf 20
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it RASPBERRY-BASED LOW-
g COST LORA GATEWAY
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We can use all model of Raspberry. The most important usefulll
feature is the Ethernet interface for easy Internet connection.
Then WiFi and Bluetooth can be added with USB dongles.
RPI3 provides built-in Ethernet, WiFi and Bluetooth!

U Get the ready-to-use SD card image

8cB MY

w E=EI

http://cpham.perso.univ-pau.fr/LORA/WAZIUP/raspberrypi-jessie-WAZIUP-demo.dmg.zip
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Periodic task

Incoming data
parsing block

Monitor
gateway
temperature

Handle data
from other
radio interfaces




]

o K
| Ba3ssassaessSTSSIRIRTISIASY (2
ARRMRRRRRERERRRIRLARRLRIR RNl

10:12

£ Dashboard vewncwmymesT Ase

S
a8

a freeboard.io

L)

------------

A
@)

Node 10
[maci—— ——

And much more: HTTP, FTP, MQTT, Node-Red...
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Access to the data from MongoDB

export data to csv

2016-12-15 15:47:58
2016-12-15 15:41:29
2016-12-15 15:36:24
2016-12-15 15:28:32
2016-12-15 15:24:50
2016-12-15 15:13:26 Dec0d
2016-12-15 15:03:38
2016-12-15 15:01:52 Display data: ®RSSI TC DEF
2016-12-15 14:56:37

016-12.18 14:51; Display sources: node_3 @ node_6 @ node_10

Dec 08

Zoomto:  Whole period Last month Current month Last seven days
Current day

Orange F 10:34 Orange F@ Orange F &
I Bluetooth_raspi ] Bluetooth_raspi I Bluetooth_raspi
DATE: 2016-05-09 08:04:59.807000 DATA: {"lw": NODES PREFERENCES Creating .csv file with the data received...
= 22.6, "hu": 50.7} File 17-05-2016_10h39m36s.csv created and saved in the
DATE: 2016-05-09 08:28:52.993000 DATA: {"lw": folder /storage/emulated/0/Raspberry_local_data
*th: 22.89, "hu’: 50.29) 1 it
: 1 DATE: 2016-05-09 08:53:04.317000 DATA: {"lw": check to retrieve its data

3.29, "th": 23.2, "hu": 50.79}
DATE: 2016-05-09 09:05:00.997000 DATA: {"Iw":

+23.29, "hu': 51.29} 8 0
DATE: 2016-05-09 09:17:24.482000 DATA: {'lw": check to retrieve its data
+23.39, "hu’: 51.7)

NODE: 1 DATE: 2016-05-09 09:41:27.437000 DATA: {'lw": DATES PREFERENCES

3.29, "th': 23.6, "hu’: 52.0)

NODE: 1 DATE: 2016-05-09 10:05:39.032000 DATA: {'lw": ) )

3.29, th": 23.79, "hu’; 51.5) Pick a begin date

NODE: 1 DATE: 2016-05-09 10:17:45.186000 DATA: {'lw": Retrieve data since 09-05-2016

3.29, "th": 23.79, *hu”: 50.79}
011375‘.;’22‘1“?%%70799)1 0:29:24.285000 DATA: {"lw Pick an end date
DATE: 2016-05-09 10:53:09.347000 DATA: {"lw": Retrieve data until 17-05-2016
:23.79, "hu™: 51.9}
NODE: 1 DATE: 2016-05-09 11:17:02.953000 DATA: {"lw":
3.29, "th": 23.5, "hu': 50.79}
NODE: 1 DATE: 2016-05-09 11:52:53.334000 DATA: {"lw":
3.29,"th": 23.29, *hu’: 50.7}
NODE: 1 DATE: 2016-05-09 12:04:32.437000 DATA: {"Iw"
3.29,"th": 23.5, "hu’"; 50.29}
NODE: 1 DATE: 2016-05-09 12:16:56.116000 DATA: {"lw":
)

290 "h" 22 & "h 201

Retrieve data in a Retrieve datain a

Display data g Display data csv file

25



d The flexible gateway architecture
offers high versatility by
customization

[ There are 3 options for
customization

d The geek way
d Modify/extend post-processing script

O The "'smarter” way

a eriodic tas
Incoming data I
parsing block

Cloud definition user/app=specifi

- Add clovd seripls | g w— - ——e

- - - 1
=0

1

Ioc!ata asel

¢ On pOCkeT recepfion S I e B e O RRC TR FECEEDY

O Add periodic tasks
* Independant from packet reception

26



NODE-RED ENABLED
= GATEWAY

| asssassaasssssssnsannassansy (510

d Messages received on the gateway can be
injected into a Node-Red flow, allowing complex
data processing to be defined

L1 ThingSpeak

@ ready
HIVEMQ
N7 ENTERPRISE MQTT BROKER

' broker.mqttdashboard.com ‘
cccccc ted

(((wﬁ) mosavitto

test.mosquitto.org

CCCCCC

Gauge

21.65




RESEARCH ACTIVITIES
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2-HOP LORA
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 Provides 2-hop LoRa to solve some connectivity
issues in real-world deployment scenario

) ‘ \ /)
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2 2-HOP LORA APPROACH

 Objective is to have a smart, transparent relay
node that can be inserted at anytime between
end-devices and gateway

e
- ~ P
= 0= > Al
~ ! I LoRa
LgRa | Iq_ ..... - — tﬁ@
1 | r%
) . Relay-device __ .- -» Gateway =¥
S vl =
- -
<~
End-device

30



SMART RELAY DEVICE
LEARNING ON-THE-FLY

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

31



L ROBUST CHANNEL ACCESS _
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MECHANISMS

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



CSMA-BASED DERIVED
FROM 802.11
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H Time slot . i
LoRa mainly runs in gateway-

centric mode where a gateway
is the central point of the
network

H Successful CAD I Unsuccessful CAD

0..(W-1)

g - WM EEE e
NIRRT

busy

D, DIFS |/ >

@ s ]HHHHHHH[ DATA  |eeeeeen.

v
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O> __ 06 244 bytes
"E <D( 0.4 ToA=8.82s
E = 0.2 CAD every 1000ms
T 0
E 430000 440000 450000 460000 470000 480000 490000 500000 510000
(@]
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H Successful CAD I Unsuccessful CAD
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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. 35



LONG-RANGE ACTIVITY
SHARING (LAS)

n Di
l
GAT = EZRATO __,,@ ____________ 6',+=360000
=l 0" remote = 32?:0-6-0_"
(a)| local | i
l_ll?AT = l‘IliATO
lyar = Tary =0 6i,7=360000
': o
L (b) Ioc?lr| i
\ D10/ lpyr = ), TOAS,) | Ly
' ! 0y ;i 6,7=360000
R7 0 ‘rar =Y | Fary = lTIAT - Lraro | 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.
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s g G*4,1=360000
Fary = TAT — "RATO v

4
device | RAT lastRAT lRAT = O

D4 36000 36000
000, 100
INIT: 10, 360 broadcast D4

local

remote J/

local | i
“'z;ﬂ 36000 R device | RAT lastRAT
Lpr =Tary =0 :4 é D4 l4 =-3196 36099;"
== RATO ¥ -3196

— 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 .

AT* =-3196 —36000 = -39196 Vo ;
[£,=0 |rt =316 v | —————— | Dg | local s .
local o e I8,; = 36000 — 1598 = 34402/ms
; | t e GI,r=360000 — 39196=320804 W
Ly = ), ToA(S,) - 7

(%) T

3196,2,5 D i |

U'.39196' 4 i#4 ! eee !

39196 | uPDT W/RAT Broadcast % local : :
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