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/ but not adapted for rural
developing countries
context & environment

Too expensive
Too integrated
Highly specialized -
Difficult to customize

Difficult to upgrade ’
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Internet connectivity is
weak and expensive!
Nearly impossible in
remote/rural areas
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Moisture/ P 10-15Kkms /$
Temperature of | B =& e

Pay subscription :
storage areas B
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High energy consumption

Range O: 300m
(I=Indoor, O=0utdoor) 2l — I 30m
Tx current

Standby current 2.3mA 3.5mA NC
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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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LOW-COST HARDWARE
INITIATIVE

WHAT IS ARDUINO?

Arduino is an open-source electronics
platform based on easy-to-use hardware
and software. It's intended for anyone

making interactive projects.

ARDUINO

ARDUINO BOARD

Arduino senses the environment by
receiving inputs from many sensors, and
affects its surroundings by controlling

lights, motors, and other actuators.

void setup () {

}

void loop () {
1

ARDUINO SOFTWARE

You can tell your Arduino what to do by
writing code in the Arduino programming
language and using the Arduino

development environment.
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P A id goun

ARDUINO NANO



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-
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... STIMULATING "DO-IT-
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d DIY usually means

d More open-source software from larger community
d More flexibility

E Projets DIY sl o —

Impression3De ArduinoePieloT

Arduino

VOVES - . ReE
ARDUIND
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PROJECTS i7,7

Domotique | loT ¥ Arduino | ESP8266 | ESP32 v Raspberry Pi| Orange Pi ¥ Impression3D  Projets BonsPlans v Forums v
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@
s plans et codes promo
Banggood de Novembre 2017.
EleksMaker, Doogee, Xiaomi,

—y

B et codes promo

earbest de Novembre 2017.
QnePlus 5, Xiaomi, Chuwi,
Creality3D et bien d’autres

Solar Powered
WiFi Weather Station

Solar Powered WiFi Weather

~_ Electronic 2. L\al TN CONNELT




ey
LR e
FRARERRRRLRLRRARRLARRLRIR TR R ¢

WAZIUP PROVIDES SW/HW
ILDING BLOCKS INTEGRATIC

PNl 020

LoRa

LoRa radios that
our library already
supports

RDUIN
] . ERR R

((( NiceRF

BrEH

HopeRF Moditronix NiceRF
RFM92W/95W inAir9/9B LoRa1276

_______________________________________________________________________________________

~

Long-Range communication library
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Ol Arduino_LoRa_temp | Arduino 1.6.6

© Watch 50 % Star 161 YFork 95

L] CongducPham / LowCostLoRaGw

. —
* ot rature 18 8 to test the LoR itew .

o TeTperAtirS Serser on Gneleg B o fext The fot sataey <> Code () Issues 62 i1 Pull requests 2 |l Projects 0 4~ Pulse 1 Graphs

*  Copyright (C) 2015 Congduc Pham, University of Pau, France

* This program is free software: you can redistribute it and/or modify

* it under the terms of the GNU General Public License as published by . .

¢ the Free Softuare Foundation, either version 3 of the License, or Low-cost LoRa loT & gateway with SX1272/76‘ Raspberry and Arduino

(at your option) any later version.

* This program is distributedsimsha beve. dhas i1 b e nfid -

*  but WITHOUT ANY WARRANTY; Arduino 1.6.6 Teensyduino 1.27

*  MERCHANTABILITY FITNES . .

+ G General Public Licens D 122 commits ¥ 1branch © Oreleases 22 2 contributors

? You shaild bove recetved | SR e — e

: along with the program. Genuino

+ ARDUINO Branch: master v New pull request Find file Clone or download ~
// Include the $X1272

#include "SX1272.h"

o—— i e v Congduc Pham bug fix in lora_gateway.cpp Latest commit aedaasa a day ago
SILLLLILLELLLLSLLLLLLLIL 11T THE ARDUINO COMMUNITY WORLDWIDE

// please uncomment only 1 ch

Vs LEARN MORE ABOUT THE CONTRIBUTORS H H

77 i seems that both Hopere o on arduino clcredits 8 Arduino update SMS scripts 15 days ago
// boards we set the initial 1

1/ ..

7/ uncoment. £ your radio is B gw_full_latest bug fix in lora_gateway.cpp a day ago
#define RADIO_RFM92_95

// uncomment if your radio is

//#define RADIO_INAIRZB 1 H

SILLILILLELLELILLLLILLLLSLLELSLLELLLLLLLLL ST LS ILLLL LS LS LS IS LS ELLLLILL LSS LS IELEL AL AL LI L IF PP I 7T ri tUtorIaIs update SMS Scnpts 15 days ago
- 5 [ .gitignore .DS_Store banished 10 months ago

11 days ago

[E) README.md update README

, Serial, 72 MHz optimize

LowCostLoRaGw github has latest general distribution:
https://github.com/CongducPham/LowCostLoRaGw

ZIUP-specific configuration can be found on
https://github.com/Waziup/waziup-gateway
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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)

om

= |
c
3
m
F

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

61 ®1®0

&, Download 0
B Documentation
) Source Code

‘% 10% commission for the author

Less than
10€/device
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686555

<
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[ CongducPham / LowCostLoRaGw @Unwatch~ 49 Y Unstar 216  YFork 120
<> Code Issues 96 Pull requests 2 Projects 0 Wiki Insights Settings
Branch: masterv  LowCostLoRaGw / Arduino / Create new file =~ Upload files  Find file  History

Congduc Pham update README files, fix MD5 digest computation of gw id, always use ... Latest commit aba3ed2 2 days ago

8 Arduino_LoRa_GPS update README 19 days ago

8 Arduino_LoRa_Gateway update gateway related files and some sketch 4 months ago

B8 Arduino_LoRa_Gateway_1_4 improve management of transmission power, add channels in 863-865 a year ago
B8 Arduino_LoRa_Generic_Sensor update Arduino examples a month ago
Bm Arduino_LoRa_InteractiveDevice update Arduino examples a month ago
8 Arduino_LoRa_Ping_Pong update Arduino examples a month ago
B Arduino_LoRa_Simple_BeaconCol... update Arduino example 23 days ago
B Arduino_LoRa_Simple_SoilHum update Arduino examples a month ago
i Arduino_LoRa_Simple_temp update Arduino examples a month ago
8 Arduino_LoRa_SoilHum update Arduino examples a month ago
B8 Arduino_LoRa_temp update Arduino examples a month ago

i Arduino_LoRa_ucamll update image support 3 months ago

i libraries

[E) README.md

update README files, fix MD5 digest computation of gw id, always use ...

update README

2 days ago

19 days ago

19
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Congduc Pham, http://cpham.perso.univ-pau.fr

Uz ARZIUT)

http://www.waziup.eu

LOwW-COST LORA IOT DEVICE: .
A STEP-BY-STEP TUTORIAL The generic hardware platform
The Arduino Pro Mini

The Arduino Pro Mini is a compact form factor Arduino board based on the ATmega328P microcontroller
Use the 3.3v and 8MHz version of the Arduino Pro Mini for lower power consumption

UNAZIUTY

PROF. CONGDUC PHAM
HTTP://WWW.UNIV-PAU.FR/~CPHAM

| r‘IVERSITE You can get the original board designed by Sparkfun or get one of Depending on how many sensors you want
UNIVERSITE DE PAU, FRANCE

OE PAU ET DEs the various clones available mainly from Chinese manufacturer. The to connect, the number of ground (GND)

last solution is very cost-effective as the Pro Mini board can be pins may be limited. You can extend a GND

purchased for a bit more than 1€ a piece. pin with a header pin where all pins are
soldered together.

The LoRa radio module

There are various LoRa radio modules that are all based on the Semtech SX1272/1276 chips family

@
—

LoRa
=

Fully tested LoRa LoRat276

radio modules HopeRF RFM92W/95W Libelium LoRa Modtronix inAir4/9/98 NiceRF LoRa1276

Most of SPI-based LoRa radio modules are supported. We recommend the
Modtronix inAir model if you don't have delicate soldering experience as this
module can come with header pins ready to be connected with Dupont wires.

T
o The RFM95W can be found assembled (Adafruit) or an adapter can be
e e v purchased (from Ideetron for instance)
~ o d o
" Connect the corresponding SPI pins of the radio
—_—

module to the SPI pins on the Pro Mini board. MOSI
(blue) is pin 11, MISO (green) is pin 12, CS (white) is
pin 10 and CLK (orange) is pin 13 (right picture).
Then connect also the VCC (red) and the GND (black)
of the radio module to the VCC and the GND of the
board (right picture). The VCC of the Pro Mini board
gets 3.3v from the on-board voltage regulator.

Ny
S
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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,.
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mgmt R low power
OO X =
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B Logical
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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
: & - WP1
D TeC SR[ATE_-N{Y’ ‘[Tlc m Farmer (Q;";) WP2
Waziup : . = Wp3
eCc Advisory CZ:’:;:;:; ISpoce  africa InnoTece ‘ e WP4
& | m me & s
eI = ey | WP6

= Physical
sensor

-V ];]‘{T.‘l MVP 2

IMPORTANT

_ Cattle
encryption i i Rustling

v

MVP 4

Logistic
Transport

RICAINI

Credit: P. Cousin, EGM
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pH

N Kuma Farm

Farmerline Comp'ex

7 Minimum =6.770
6.500
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20
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WaterTemperature
35
= i
14 26.000
©) =
20.000
== 0
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Cred

Physical
sensor
reading

Physical g, SRR Activity duty-
sensor &y cycle, low
management M= e power

Security Long-range Logical sensor

transmission management
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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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COLLAR FOR CATTLE
RUSTLING MV|=>

*;f
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In Africa, the practice of animal husbandry

o : > has always been and still remain farmers’
\ - i"t_“ =) . . .

e & CoaR s livelihood and incomes

I ‘14’ s Za

T e e S - el

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) )8



EASY INTEGRATION AND
CUSTOMIZATION

Search your device .
. 2 = o1 som ¥ |
: @ ‘»,u% gy, "
4 228km £ Bcwy S5 ST Hismesu 0817
llSI &‘M
"
1 ! s
; P " v’
h D ~ D317

aaaaaaa

Tl

~

.

. ) 9
T~ Leaflet | Map data © Opens-i'eeiMap contributors.

»

f

B le)s

List of devices

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

7~
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it RASPBERRY-BASED LOW-
g COST LORA GATEWAY

90959095 NISSSTSSIENINTIUSIIST (2

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



Python scripts
available

( £ ; .
> @ | : & Firebase
Dropbox '

Step-by-step tutorial Egrm =

: and source code E_

Step-by-step tutorial available ===
and source code G
available D SensorCloud”

https://github.com/CongducPham/LowCostLoRaGw



RPI ZeroW

WiFi
LoRa+2G/3G shield

Handle data Monitor
II_?PI;:; from other gateway
® WiE radio interfaces temperature

| PoE
.| 2G/3G dongle

Data post-processing stage

stdout

stdout

post
processing

AES
encryption
decryption

Handle
downlink
data

Periodic task

Incoming data
parsing block

DHT22 in-case sensor
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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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THE WAZIUP CLOUD
PLATFORM
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d dashboard.waziup.io

«)-> C ® dev.waziup.io:3000/sensors e @ W || Q Rechercher N @O =

£} Les plus visités @ Débuter avec Firefox 33\ A la une - WAZIUP

Domain waziup-UPPA-TESTS2

7
(1

Location

Node (UPPA_Sensor3) . -

+ < Rennes £t Wiirttember
- 4Nantes " Schweiz/

Suisse/Svizzera

Node UPPA Sensor 6

~
’

\GE=T

‘g

(1

¢ France ey
(A ~
Q A Milano
.\’4
Bordeaux Tolino
Genc
Oviedo / RO
Uviéu { decianie » jt
Vitoria-Gasteiz M‘"‘selne
o .
Andorra
. lavella
Node (UPPA_Sensor10)
Espafa
Portugal Castila  Valioel Palma
°
G Lisbda
| Murcia

=

Q = AMélaca Leaflet | © OpenStreetMap contributors
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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

36



SCRIPT

 Use our templates to write your own cloud script
d A cloud script is called with 5 arguments

» |data: the received data

» e.g. #4#TC/21.5 as 1st argument (sys.argv[1] in python)
» pdata: packet information

» e.g.“1,16,3,0,10,8,-45" as 2nd argument (sys.argv[2] in python)

» interpreted as dst,ptype,src,seq,len,SNR,RSSI for the last received packet
» rdata: the LoRa radio information

» e.g. “500,5,12” as 3rd argument (sys.argv[3] in python)

» interpreted as bw,cr,sf for the last received packet
» tdata: the timestamp information

» e.g. “2016-10-04T02:03:28.783385" as 4th argument (sys.argv[4] in python)
» gwid: the gateway id

» e.g. 00000027EBBEDA21 as 5th argument (sys.argv[5] in python)

These parameters are passed to the script. It is up to the cloud script to use these parameters or not.




ADDING Nope-Rep |

Node-RED

d Node-RED is a programming tool for wiring
together hardware devices, APls and online
services, e.g. clouds of various types

 provides a browser-based flow editor to wire
together flows with a wide range of nodes

httpgot

38



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
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Access to the data from MongoDB

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
2016-12-15 15:03:38
2016-12-15 15:01:52
2016-12-15 14:56:37
016-12-15 14:51:

export data to csv

Dec 04

Dec 08

Display data: ©RSSI TC DEF
Display sources: node_3 @ node_6 @ node_10

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

Orange F

1 Bluetooth_raspi

:22.6, "hu": 50.7}
:22.89, "hu": 50.29}
3.29, "th": 23.2, "hu": 50.79}
:23.29, "hu™: 51.29}

:23.39, "hu”: 51.7}

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

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}

NODE: 1 DATE: 2016-05-09 10:17:45.186000 DATA: {"lw":

3.29, "th": 23.79, *hu™: 50.79}
NODE:

3.79, "hu™: 50.79}

3.29, “th'; 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:
3.29, "th": 23.29, "hu™: 50.7}

NODE: 1 DATE: 2016-05-09 12:04:32.437000 DATA: {"lw":

3.29, "th": 23.5, "hu": 50.29}

NODE: 1 DATE: 2016-05-09 12:16:56.116000 DATA: {"lw":
&n

290 "h" 22 & "h

201

Retrieve data in a

Display data T

DATE: 2016-05-09 08:04:59.807000 DATA: {"Iw":
= DATE: 2016-05-09 08:28:52.993000 DATA: {"lw":
: 1 DATE: 2016-05-09 08:53:04.317000 DATA: {"lw":
DATE: 2016-05-09 09:05:00.997000 DATA: {"Iw":

DATE: 2016-05-09 09:17:24.482000 DATA: {"Iw":

DATE: 2016-05-09 10:29:24.285000 DATA: {"Iw":
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