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What is the ICTP

The Abdus Salam International
Centre for Theoretical Physics was
founded in 1964, by the late Nobel

Laureate Abdus Salam

ICTP is administered by UNESCO
and the International Atomic Energy
Agency (IAEA)

The Centre is located in Trieste, Italy




What is the ICTP

ICTP is an institution that is run by
scientists for scientists to support the
best science possible, with special
attention to the needs of scientists

from Developing Countries

"Scientific thought is the common
heritage of mankind"

Mdua  dolam




Visiting scientists

More than 120'000 visits from 188 countries, 20% of
visitors are women
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1995 vs 2010

Wireless LAN

150Mbps
Throughput
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Activities In Trieste




Activities In Trieste




Activity In Senegal




Activity In Micronesia




WNDW.net

A free book on “Wireless
Networking in the Developing
World”

In this expanded third edition, you will learn how to:

WIRELESS NETWORKING
IN THE DEVELOPING WORLD

Written by wireless geeks In
less than 3 months

More than 3M downloads! e ‘,:
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Available also in Spanish,
French, Arabic, Portuguese,
Indonesian

http://www.wndw.net
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FM tower



















Activities In Malawi







Senegal
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State of the Art and 100% Collaborative

ITwo new topics: TV White

Spaces and Internet of Things

Publications
In last 3 years we published
: : 2013
+20 papers with African co-
P — TV White Spaces, | presume?

aUt h O rS (SO Ut h Afﬂ Ca, ; z i— ' M. Zennaro, E.Pietrosemoli, A Arcia-Moret, C.Mikeka, J.Pinifolo, CWang and S.Song T

presume?, in proceedings of the Sixth International Conference on Information and

Uganda, Tanzania, MalaWi, 2 Technologies and Development (ICTD2013)
Kenya, Zimbabwe, Nigeria,
etc)

v Mitigation of Rain-Induced Ka-Band Attenuation anc
of Communications Resiliency in Sub-Saharan Africa

S.Sala, M.Zennaro, L.Sokol, A.Miao, R.Spousta and S.Chan Mitigation of Rain-Inducec

Recognized as members of T e e T S R T
the ICT4D academic
community




Spectrum allocation

UNITED

STATES it
B B

ALLOCATIONS WL | L
THE RADIO SPECTRUM M- 1 AL — — '” _

RADD SERVICES COLOR LIGIAD

il e R s

VO .
el Pl ' . i " ﬂ!’ IEB'I ” W _‘;gﬂ : 4 :A‘""l o]
o M R s
B o Il e
e === B -ce :I

;- =) - - i . , a0 ~ nn
- e [l USSR L 4904 | l'|:] H 7

ACTITY COOR
-v-»..,u - TtV WMV
-

ALLOCATION USAGE DESIONATION

...... »ow > S ,: ~ e Gy

-+ g ———— i ¢ b " § oy S—— b

VS DEPAATMENT OF COWMMIACK

DR o Lomaw o W s Tent
Ccvee Fey




Propagation advantage

Coveraae with 5 GHz Coverage with 470 MHz




TVWS propagation

16MB/s

_ower free space loss
Better diffraction efficiency
_ower building attenuation




Figure 3: Heatmap for 546 MHz in Malawi.
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Mauritius Wireless

Simulation of the link between Bigara tower and
MMS at Vacoas




Mauritius Wireless

Simulation of the link between Bigara and Mare Aux Vacoas



Take aways

The Marconi Lab of ICTP can help you solve
connectivity problems, using low-cost equipment

We carry out collaborative research
Capacrity buillding 1s very important

TVWS can be used in some cases



Marco Zennaro, PhD

T/ICT4D Laboratory
The Abdus Salam International Centre for

Theoretical Physics




Vision for loT

log (people per computer)
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[Culler:2004]



Google Trends for loT

Interesse nel tempo

v’ Intestazioni notizie

<D



Twitter #loT

#iot 24-Hour Trend Graph Upgrade Analytics
Estimated Tweets Per Hour (Based on 1% Sample)
2,100
1,800
11
600

B #iot
Timezone: America/Chicago (UTC/GMT offset: -5)



Connected Devices

In 2014 nearly 2 billion
connected devices will be shipped

This number will grow to nearly
8 billion devices for the year 2020

Home (Consumer)
3,745.71

Transport (Mobility)
392.72

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

Body (Health)
360.03 o

Buildings (Infrastructure)
1,726.59 -,

Cities (Industry)
1,524.70

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv



What is loT

- The loT Is more than connecting things to the internet, it's
about bridging the physical and digital worlds to create
value for people

New value for people:

Capabilities

Services
Experiences

Business models




What is loT 7

Internet + Things + Data



Things

These nodes are highly constrained in terms of
Physical size

CPU power

Memory (few tens of kilobytes)
Bandwidth (Maximum of 250 KB/s, lower rates the norm)

Power consumption is critical, if battery powered then energy
efficiency is paramount
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What is loT 7

Internet + Things + Data



LTE Advanced

Cellular 4G 7 LTE

3G - GPS 7/ GPRS

2G / GSM / EDGE, COMA, EVDO
WEIGHTLESS

WIMAX
UCENSE-FREE SPECTRUM

DASH 7

BLUETOOTH
UWwe
Z-WAVE
JGBEE
6LOWPAN
NFC
ANT
WAN
Wide Area Network - 802.20

POWERLINE
ETHERNET
PRINTED

MAN
Metropolitan Area Network -802.16

802.11
PAN Local Area Network - 8

Pl PG UDP DTLS BPL Teinet MOQTT DOS CoAP XWFP HTTP SOCKETS REST AR o ]
Personal Area Network - 802.15



What is loT 7

Internet + Things + Data
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These[4lly are starting to talk to each
other and develop their own intelligence.
Imagine a scenario where

...yourwas
pushed back 45 minutes.

] -..your(=igknows it will

Thisis communicated i .

8 need gas to makeit to the
3o Ndalarm clock, train station. Fillups
which allows you Sextra ¥ usually take 5 minutes.
minutes of sleep. i
) S AN .there was an accident on
----- your[s gV Elcausing

a 15 minute detour.

“..'..'.....'..

Mo = ..yourfigglis running 20
""" =4 minutes behind schedule.

And signals your [Slito And signals your
start in 5 minutes to melt to turn on
the ice accumulated in minutes late as well.

overnight snow storms.



What does that mean in size?

Not gigabytes

Most likely not a few

terabytes Brontobyte Geopbyte

. , 1058 Yottabyte
Possibly not 10’s of Zettabyte >

gounn [Vl Exabyte
terabytes Petabyte [ 10%™ Internet=y1 EB/day
Glgabyt 10° )1 If@go%?m
Probably 100’s of

terabytes

Definitely petabytes






loT - Trieste

E 45% Environment 28% Transport 24

cxXpernn 1t

«® Insights




loT4D - weather

In Africa, one WMO weather station covers an area of

27,347 kmz,
Altogether, there are 1,108 WMO weather stations

on the continent.

In Germany, the covered area per WMO weather station
s 1,244 km?2,

There are 287 WMO weather stations operated in
Germany.



loT4D

Local conditions drive loT4D applications:

- Unreliable power supply = low power systems

- Slow internet connectivity - local storage
- |lliterate final users = voice, fm solutions

- No Internet connection - gsm-based loT



Training in loT

Workshops in Africa: South
Africa, Kenya, Ghana, Benin,
Rwanda

Workshop in Trieste

Workshops in Latin America:
Panama, Nicaragua, Costa
Rica

Workshops in Asia: Thailand,
India, Japan, Indonesia



loT4D — Weather stations in Kenya




loT4D — Radiation sensors in Indonesia




loT4

D — Alr quality sensors In

Senin



loT4

D— Air quality sensors in

Senin




l0T4D — loT Living Lab in Thailand




l0T4D — loT Living Lab in Thailan




Economic Impact

BIG DATA

IBM Scores Weather Data Deal and Starts Internet of
Things Unit

By STEVELOHR MARCH 31, 2015 12:01 AM % 10 Comments

Email Analyzing weather data and
energy consumption can
K share keep the lights on. Energy V.
and utility companies say
weather causes - mh //,

W Tweet

0/, of /
of power
Save 70 /O outages.* ‘

“Souce Owrase Cormman ADt W Xtd, Gums Yom 20032002

A More ibm.com/ibmandweather

IBM announced a partnership with the Weather Company, whose data powers weather
apps for Apple, Google, Microsoft and others.

ME anvo EARL

AND THE DYING

GIRL

Data partnerships are a key ingredient in IBM’s long-term strategy,
and the company is announcing a big one on Tuesday with the

Weather Company.

For IBM, the deal represents another close link with a leading data
supplier for special access and joint development. Last fall, it forged
a similar arrangement with Twitter, the social network, whose

tweets of 140 characters or fewer are a global wellspring of



Economic Impact

A developed Internet of Things in Kenya
will enable a 25 percent economic growth

K
ER
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SSSSSS 6 days ago

Posted: April 30,
2015 at 8:50 pm



lal Impact

SOC




Take aways

loT is here to stay!

The ICTP Marconi Lab has been working on loT since
2004

We want to collaborate in lo 1 deployments

Weather Is the most interesting application



» 100mW = cellular @1W

» Battery Friendly

Net " » Small Size
- Somr » Market Priced

Cellular M2M (((9))) LoRa LPWAN
Network - g,
Celhutar MZM LoRa Gateway

\-.-—;-‘-;-v--’ “w.-'-:—w)
LoRa LP
Private .
Network ~

How LoRa Works

Semtech’s LoRa chips transmit in the sub-gigahertz spectrum (109MHz, 433MHz, 866MHz, 915MHz), which is an unlicensed band that has less interference than
others (like the 2.4 GHz range used by Wi-Fi, Bluetooth, and other protocols). At those frequencies, signals penetrate obstacles and travel long distances while
drawing relatively little power -- ideal for many loT devices, which are often constrained by battery life.



Small rain and precipitation sensor

Rain-O-Matic Small rain and precipitation sensor with our patented self-emptying tipping bucket
IS a reliable low cost high quality rain gauge ideal for small weather stations, irrigation and
consumer purposes.

For 30 years we have supplied more than 210.000 rain gauges to 41 countries on 5 continents
and we deliver our products to OEM customers only and we are not competing with you for the
end user. Download datasheet here.



Power Button

* Report to app: click once
* On/Off: hold three seconds
* RESET to Bluetooth Smart mode:

hold power button +
user button 10 seconds

Sensors Interface

« Plastic material perforated for humidity
sensor and microphone

* Optional Velcro strap mounting

* Clear plastic material for infrared
temperature and ambient light sensors

11 Sensorlag

Keychain Mounting g

User Button

« Toggle (Bluetooth Smart/6LoWPAN/ZigBee):

hold three seconds
* Beacon mode: hold six seconds

* RESET to Bluetooth Smart mode:
hold power button + user button
10 seconds

Green LED / Red LED

« Service discovery: Green blinking rapidly
* Advertising: Green blinking slowly
« Sensing: Red blinking quickly

« Connect/Disconnect: Short beep



Tl Sensorlag

TEXAS

INSTRUMENTS
Eé)\[l)E I.1: %C 2650 SensorTag

IR Thermopile Temperature Sensor
TMP007

Texas Instruments

PCB antenna

High-performance Inverted-F
PCB Antenna

uSMA RF connector

9-axis Motion Sensor
MPU-9250

Invensense

Altimeter/Pressure Sensor
BMP280

Bosch Sensortec

Multi-Standard Wireless MCU
CC2650

Texas Instruments

Ambient Light Sensor
OPT3001

Texas Instruments

Digital Humidity Sensor
HDC1000

Texas Instruments




Tl Sensorlag

CR2032 Battery Clip

Buzzer

4M Serial Flash

Required for:

« Offline Data Storage
* Multi-Protocol Support

* Over-the-air (OTA) upgrade of full
software stacks

DevPack
Expansion Connector

TIT1T11111Y

JTAG Debug/Programming
Interface

Digital Micophone
SPHO641LU

Knowles

Solder point for AAA battery pack




Thank you

Marco Zennaro, PhD
Telecommunication/ICT4D Lab
The Abdus Salam International Centre

for Theoretical Physics

mzennaro@ictp.it
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