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Meet the speaker...

e Michele Di Capua, PhD
e Course loT & Lab (DIST Parthenope - Master degree)
e Teacher at Apple Foundation Program (Parthenope)

e Contacts: micheledicapua@gmail.com
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Agenda

 Internet of Things (basic concepts)

e Technologies and problems inside loT
« Sample applications in the loT area

e The Smart City model

e Lunch break (13:00 - 14:00)

e Applications for Smart Cities

« How to design an application for a Smart City
 Lab activity (CBL + demo projects)

e Conclusions and feedbacks
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Internet of Things (basic concepts)
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loT definition

e There is no formal and shared definition of loT.
In 2014 |IEEE published a special report where it defines loT as
“a network of items—each embedded with sensors—which are
connected to the Internet.”

e The Internet of Things (loT), in Italian «Internet delle cose", arises
from the convergence between sensors, data processing and
network communication of specialized digital devices, designed to be
used wherever it is necessary to collect and process data, automate or
integrate the operation of different devices.

e The loT develops the concepts of network communication at the
highest level (not only on IP) to allow interaction between “things”.
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General loT architecture (3-tiers)

e The Internet of Things
makes it possible to
computerize and I
network "things",
just like personal

Applications

Networking and Data

Communications
computers, tablets and I

smartphones have done
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The next big thing...

Internet
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Credits: Morgan Stanley Research, 2022






The birth of the loT

e The first concepts underlying the loT were sketched in 1982, when
some researchers from Carnegie Mellon University applied sensors
and a network connection to a university drinks dispenser to find
out its operating status.

e In 1991 these concepts are taken up again in a popular article by
Mark Weiser, Chief Scientist of Xerox PARC, "The computer of the
21st Century" published in Scientific American and, more rigorously,
by Reza Raji in 1994 in the IEEE technical journal.
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“The Computer for the Twenty-First Century”, Mark Weiser, Scientific American, pp. 94-10, September 1991



The Computer
for the 21st Century

Specialized elements of hardware and software,
connected by wires, radio waves and infrared, will be
so ubiguitous that no one will notice their presence

by Mark Weiser

he most profound techociogies B approachabie ooy throsgh Complex e Kea of legratug Computens
are nxm that dissppear. They Repon thx kas met hing o:!a with the  seamlessly (a0 the werld ot large rurs

weave thermebees into the | bnr nl fexr m p-pl 19 e l’v co_u- uxrumbudp«rscmdn
A NE 1 W

SC|ent|f|c American Vol. 265, No. 3, SPECIAL ISSUE:
Communications, Computers and Networks (1991)

“The most profound technologies are those that disappear.
They weave themselves into the fabric of everyday life
until they are indistinguishable from it.”

MEIM - The Smart City model
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Mark Weiser “vision” (1/2)

e In 1988, Mark Weiser coined the term "ubiquitous computing"
while teaching as Chief Technologist at Xerox's Palo Alto Research

Center (PARC), California.

e Weiser's theoretical approach outline a technological scenario in
which the need to use the traditional personal computer is
overcomer.
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Mark Weiser “vision” (2/2)
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Weiser's vision gradually becomes a reality over time, with the lowering of
the costs of hardware devices, with the miniaturization of the same and
with the development of wireless connections.




Ubiquitous computing

e The radical discontinuity that this vision introduces lies both in
wanting to modify the conditions of the presence, in people's lives,
of the tools that process information, as well as in the intent to assign
to these tools tasks and functions that are made less intrusive.
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ubiquo agg. [tratto da ubiquita]. — Che si trova, o riesce a trovarsi, in piu luoghi
contemporaneamente o dappertutto; (Treccani).
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Ubiquitous computing (enabler factors)

e The advances in microelectronics and telecommunications allow us
to conceive a world in which the individual no longer has to bear the
burden of direct and continuous management of calculation.

 In fact, in addition to being able to communicate with the user,
devices are now immersed in an interconnected environment that

makes them communicate with each other.
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Ubiquitous computing (life impacts)

e The traditional machine-computer, with its frequent requests for
intervention addressed to the user, leaves its location - material and
symbolic - to multiply and become invisible.

e The ability to process information becomes omnipresent,
as it hides extensively in the everyday environment.
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Inversion of paradigm

e The best tools are the invisible Y

ones (that is, the focus is on the "w '

task at hand and not on the Mobile Info-Structure

tool. \ lfg\
o For example, writing is a N

"ubiquitous" technology, which m
does not require attention, and X :.J‘
is ready for use at first sight. @ é B <

Moblle Devices
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Ubiquitous Computing (resume)

Processing is everywhere, integrated and hidden in the
environment (objects) around us.

Computers no longer isolate us from tasks or the environment,
and are no longer the object of attention.

Social impact (similar to writing): found everywhere, from
clothing labels to billboards.

Similar to electricity: it pours, invisibly, through the walls of
every house, in the office, in cars, etc.
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From vision to reality

e The earliest forms of ubiquitous information and
communication networks are evident in ...
the exponential use of cell phones

S
o
« They have become an integral and intimate part of the daily s
SIE) O
life of many millions of people 5
Proximity N, Temperature 2
Ambslzszo r / \; ::s;:'re 'T
Light Sensor sensor s
CMOS Imager I e Fingerprin [T
sensorsg ﬁsgeu%r t =
GPS sensor /C.\—' Magnetometer
Accelerometer o A\{/' —* Gyroscope

Humidity sensor @ Micrcphene et Touch sensor



From vision to reality (cont.)

But the phenomenon is constantly evolving thanks to the developments in
technology:
« Integration of small short-range transceivers into a multitude of objects of
everyday life
« New forms of communication between people and things and between
things themselves
« A new dimension has been added to the world of information and

communication technology: from connectivity at any time, in any place, we
will have connectivity for anything (any thing), see next figure...
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Any TIME connection

» On the move
* Duldoors and indoors

* Night « On the move
*Daytime * Qutdoars
* Indoors (away from the PC)

+ At the PC
>4 Any PLACE connection

+ Between PCs
« Human to Human (H2H), not usinga PC
* Human to Thing (H2T), using generic equipmenl
* Thing to Thing (T2T)
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Similar definitions (same vision)

“Mobility"
» Pervasive Computing everywhereness | _ “Adaptabilityto
. Sentient Computing T Sl
« Ambient Intelligence Y e _ ;j
 Wearable Computing sl (. 5
o Context Awareness E
|
: =
=

“Internet
connectivity”

Manwaring, et al. ”Surfing the Third Wave of Computing: A Framework for Research into eObjects” (August 28, 2015).



What Ubiquitous Computing is not

 Itis not science fiction,
although we often rely on it to tell it.

It is not an impossible goal,
but it is already real.

It has nothing to do with virtual reality (VR),
in fact it is the exact opposite.

It is not strictly related to the use of mobile devices,
such as a smartphone.
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Technologies and problems inside loT
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Sensors and related aspects

e Sensors are the devices that allow you to collect data that will then
be analyzed and processed in order to produce the knowledge
necessary to react and make decisions, (whether they are then
performed by the objects themselves as well as by automatic or

manual processes).
« The main aspects to consider in relation to sensors are:

e Energy consumption
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1. Energy consumption

 Itis essential that the power supply of the sensors is always active to
allow the acquisition of the data.

« While this is not a problem for the home refrigerator, it may not be
as simple for the sensor in the Libyan desert or for a wearable device.

e The energy design of the device therefore becomes important in order
to optimize its functionality, its duration and the need for
maintenance.
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2. Processing and memory

« How much intelligence does the device have to provide?
How much data must be aggregated or processed and how many
data should be sent raw to the central system?

 Itis necessary to seek a compromise between the communication
capacity, the power of the sensor microprocessors, the energy
balance of the device, and finally the cost of the device.
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3. Communication

« The communication functions are essential for transporting
information from the place where it is collected to the central systems
where it will be processed, stored and presented to the user.

« The communication technologies available are different and are
typically related to the functionality of the sensor, the availability of
electricity and the communication architecture above.

e A new class of networks has therefore appeared in recent years:
the Wireless Sensor Network (WSN).
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WSN (Wireless Sensor Network)

The term Wireless Sensor Network (or WSN) indicates a specific type of computer
network which, characterized by a distributed architecture, is made up of a set of
autonomous electronic devices capable of taking data from the surrounding environment

and communicating with each other.
Wireless Sensor Network
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Cloud computing & loT

« One of the technological factors
that more than others has allowed
the definition and spread of the
loT paradigm is Cloud Computing.

 In fact, it becomes the front-end
and back-end for the loT E) ED
paradigm, performing the function = =
of aggregator, custodian and
processor, and view of the data é
generated by intelligent products
and processes.
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Cloud computing & loT

e The cloud allows you to manage a large number of connections
with devices and provides the user with an interface that is always
reachable.

e The cloud also offers the flexibility to quickly scale resources
according to the number of devices or their activity, being able to
manage a rapid growth of the installed architecture but also
reducing resources (and therefore costs) in periods when activity

decreases.
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loT challenges

In order for the IoT to spread in a capillary way so as to fully unfold
its potential, it is necessary to address some problems and
criticalities that make the full development of loT systems difficult
(and sometimes impossible):

Management of the SW / HW architecture
Adherence to standards (communication, data exchange, etc.)
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loT architetture management

e In an loT system it is possible to have thousands (or even millions) of
devices distributed throughout the territory and which have
extremely different characteristics.

How does such a complex system develop and manage?

e The design phase of an |oT system takes on complex implications as
the scale and diversity of the elements that constitute it can increase
exponentially.

 Critical elements are related to development and testing, reliability,
resilience, consumption, management, maintenance and updating.
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Adherence to standards

 In the absence of open and internationally recognized standards,
the development of complex loT systems will be impossible or in any
case limited to more or less restricted and circumscribed cases.

e There may be different types of standards: some already exist, but
others will have to be introduced above all to ensure interoperability
in the various application domains in which the loT is usable.
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Standards scenario in loT

Manufacturing/ Vehicular/ Farming/
Home/Building Industry Automation Transportation Healtheare Energy Cities Wearables Agrifood
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Privacy concerns

e The existence of thousands of widespread and "always on" digital
devices, capable of collecting a variety of different information,
makes the issue of privacy particularly delicate and critical.

« What data is it acceptable to collect? According to what modalities?
What kind of information and authorizations must be given and
negotiated with users? Who can use the data and for how long?
Who keeps them and how?

e There are probably different answers depending on the application
context and the type of actor involved (public or private).
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SMILE-YOU'RE Ln

HACKED CAMERR!

_ﬁ@”

1S5)

YOUR SECURITY
1§ COOKED!

,@k

" Pay My RANSOM
L  OR YOUR DATA

MEIM - The Smart City model
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Sample applications in the loT area
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Scenarios

e The Internet of Things is a paradigm without any, potentially,
application boundaries: from the car that communicates with the
road infrastructure to prevent accidents, to household appliances
that coordinate to optimize the use of power; from the production
plants that exchange data with the products for the management of
their life cycle; from medical devices that are located in an
emergency room, to skis that send information on the state of the

snow, or on the severity of a fall.
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loT video introduction

O) osservatori
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Internet of Things

l'innovazione parte da qui!




Smart Car

Processing data inside the cars to
communicate information in real time to
the consumer; connection between
vehicles or between them and the
surrounding infrastructure for accident
prevention and detection.
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Smart Car features

There are numerous factors that are favoring the spread of intelligent
cars, but 3 in particular:

e diversification of services offered thanks to connectivity in cars;

e integration of driver assistance systems
(Advanced Driver Assistance Systems or ADAS);

e integration of smart speakers in cars (Alexa, Google Home, etc.);
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ECall

e The factor that is primarily intended to contribute to the growth of
the connected car market is the European eCall legislation.

e After the entry into force, in March 2018, of the European
regulatory obligation linked to eCall - according to which new
models of cars and light vans must be able to alert the emergency
services in case of accidents - the number of natively connected

cars.
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V2V - Vonicle-to-vehnicie,

AT
)
Alerls orie vabicts lo e prasence o anolbern, Cars “lak” 2018

Jirg DERC techmclogy - &
2017

V2D Vehice lo Device.
Veodecks crvrevnmicarle: wilb eopedisls” VIR ddevice: coeld
Ace Jara.

V2P - Vohiclo-te-Fodosnion.
Caar exarnernricalizerwill pessidesileicars wilby appacoacding
dorts and ACo vora.

2018

V2ZH - Vabkiclae-lo-Home,
Vehides will ool as supslernen| power wopples lo The barra,

V2G Voehick: le Gnd.
Srvarl grid conlrols vehicle chargirg ard el
achicily o [ha grid.
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Smart parking in V2V (sample)

A road route of length L is populated by intelligent and connected vehicles,
as well as by smart parking infrastructures. Each vehicle is able to detect
parking spaces (D) and classify them as free or occupied. Traffic conditions

are read from a cloud database. By establishing communication with %
external information sources (other vehicles, parking lots), each vehicle can ;
“learn” the map of parking availability along the entire road route. %
£
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Smart Home

Solutions for the automatic and / or
remote management of the systems and
connected objects of the home, with the
aim of reducing energy consumption and
improving the comfort, safety of the home
and of the people inside.
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Main ready solutions for the “smart home”

« Air conditioning / heating (air conditioners, thermostats or boilers adjustable
remotely or via App);

« Household appliances (remote on / off, via App or with your voice, of
dishwashers, washing machines, microwave ovens);

« Lighting (switching on / off, adjusting the color or intensity via the App or
with your own voice);

« Security (video surveillance and video intercom systems with the possibility
of accessing images remotely and / or from Smart TV, intelligent locks that
send alarms in the event of an intrusion);

« Smart home speakers (devices that can be controlled via voice that allow you
to receive information - e.g. on the weather, traffic - and to issue commands -
e.g. adjust the lights or the temperature).
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Smart Doorlock

The Genie Smart Leck - A deor
loek Lhat allows vou o lock and
unlock your home using you:
smart phane, kluetoath keyring or

COMpUtar

T S

» ¢ 1
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&nart Weather Static

The Netarmo Weather Station
allows you to use indoor
enperature, relative huandity
and CO2 readings ta live in a
aealthier home
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Smart A

Aros learns [rem vour budget,
location, schedule, and usage
to autematically maintain

the perfect temperature anc

1ngs “or your hame.

maximiz

MEIM - The Smart City model
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Cantral yaur bulbs one at a time
or alzogather. Find juet the right
shade ol white, Pick that perfect
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Smart Buildings

ﬁ A smart building uses its intelligence to collect

Q actionable data from user devices, sensors,
o systems, and services on the premises.
Applying that data using artificial intelligence and
machine learning (Al/ML) makes the building both
programmable and responsive to the needs of the
users and the building manager.
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Smart Buildings

7l [eTel [eTa1 MaTel Tafsl GoTal el MoTal

o of urban emissions could
be cut by 2050 by making
o buildings more efficient.
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Smart Metering

N

Connected meters (Smart Meters) for
measuring consumption

(electricity, gas, water, heat),

correct billing and remote management.
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Smart Metering (impacts)

e Smart Metering has more to do with everyday life than we think.
In fact, among the priorities of a consumer, in the first places there is
that of having bills based on real consumed facts. However, to have
such a result, each user must really know how much he has

consumed.

e Through Smart Metering, therefore, we communicate in two ways,
both to the consumer and to the network that distributes energy and
gas, providing useful data to both.
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Smart Agriculture

N Monitoring of micro-climatic parameters
,-* to support agriculture to improve the
M qguality of products, reduce the resources

used and the environmental impact.
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Smart Agriculture sub areas

« What all the denominations relating to the agricultural system
(smart farming, precision agriculture, etc.) have in common is that
the management of activities along the entire supply chain takes
place on the basis of different types of data (position, climate,
phytosanitary status and / or business-economic, etc.) collected in
various ways (sensors, drones, satellites, etc.).

e The data is thus analyzed and used to carry out more accurate and
timely decision-making processes, through constant monitoring and
specific analyzes of the so-called big data (also with the use of

machine learning).
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SENSORS EQUIPMENT
CONTROIL
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Smart Health

_/\,.

Thanks to sensors and devices connected to
patients, such as technologically advanced
bracelets and watches, it is possible to
collect data on the state of health of people
and treat them, even remotely, anticipating
critical situations long before they occur.
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Smart Cardio

W7 b e
eCardibis ﬁnf&@xﬁ})omn:,
d';al-;iéalit}r'remor a &#‘ iac

uwzﬂo;‘ 3

arcdicnecnny

MEIM - The Smart City model
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HAPIfork

The HAPI{crk is an elecironic
torle that helps you monizer

and tracx your eating habits.

It also alerts you with the hep
of indicator lights and ge=tle
vibrations when you are cating
too fast.

atte:Sfhwvrankapi com/products hapitork.asp

MEIM - The Smart City model
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Glucose Monitoring

A celular-powered glucose
meter transmats each test result
tS A SeDUre SerVver ans —I'L_lVil_if"S
inatent teedback and coaching
to patiente. This equips doctors,
nuises, diacees educators with

Nators Dreakiast
l'aal-tlme C]ll'.lCi\] d:«ta. Avg s §7 mgiel
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Simply slip on the cull, turn on
the Wirzless Bload Pressure

Monitor and the Health Maze app
wil automatica ly launch.

attp/wvraawitaings.confus/sleod pressureimeoniter html

= 120

we

L

80

MEIM - The Smart City model
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Visvalize vaur sleep zyeles,
inderstard what wakes you

up, and compeare nigata. From
the palm of your hand you can
sentiol vour cersonalized wake-
up, anc ‘all-asleep programs.

24

S
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MEIM - The Smart City model
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Tae Beam: Brush is a ¢annectes
toothbrush that engaces users

with their deily hygiene routine.
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The Four Industrial Revolutions
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Industria 4.0

e The Industrial 10T also represents one of the six technologies
underlying the so-called Industry 4.0
(also known as Smart Manufacturing).

e According to this principle, which finds its place within a broader
fourth industrial revolution, digital technologies - |oT devices, but
also sensors, cloud, machine learning, collaborative robotics, 3D
printing - will be able to increase efficiency and value of production
by stimulating interconnection and cooperation between all
resources, external and within the company.
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Industria 4.0

e With Industry 4.0, operators are facilitated in their tasks thanks to
collaborative robots and new human-machine interfaces, which
enhance both their executive and decision-making skills.

 Finally, the entire factory will be connected to the rest of the
logistics-production system and to customers via cloud platforms; the
data relating to the use of the products will be used to facilitate after-
sales assistance, the development of new products and services, and
to natively enable new business models.
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Industria 4.0

e In the vision of the future of Industry 4.0, the plants, workers, input
materials and finished products will be equipped with sensors that
will identify them and constantly detect their position, status and

activity. E
e Sensors that will allow the collection of data which, g
once analyzed, can improve : £
- production capacity, 2
- efficiency é
- safety 2

- operational continuity.
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Industrial 1oT (11OT)

e |t represents an evolutionary path of the
Internet through which every physical object
(in the factory) acquires its counterpart in

U\ the digital world;

e At the base of the lloT there are intelligent
objects (that is, capable of identification,
localization, status diagnosis, data acquisition,
processing, implementation and
communication) and intelligent networks
(open, standard and multifunctional).
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Areas of use of the lIOT

« Smart Factory: production progress control, workplace safety, maintenance,
material handling, quality control, waste management;

« Smart Logistics: traceability / monitoring of the supply chain through RFID
(Radio-Frequency IDentification) tags and sensors, monitoring of the cold
chain, safety management in complex logistics centers, fleet management

(eg via GPS / GPRS);
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« Smart Lifecycle: improvement of the new product development process
(e.g. through data from previous versions of connected products), end of life
management, supplier management in the new product development phase.
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The Smart City model
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Definition of Smart City

It is not possible to give a single definition of Smart City.

The "smartness" of a city derives from its ability to collect and process
information.

Smart cities are based on the principle of managing and exchanging
data between different areas of the city.

A possible definition sees the smart city as an "organism",
in continuous evolution that benefits from the integration and use of

the best technologies available.
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Possible definitions

« A smart city is an urban area in which, thanks to the use of digital
technologies and more generally of technological innovation, it is possible to
optimize and improve the infrastructures and services to citizens, making
them more efficient.

o The smart city (in urban planning and architecture) is a set of urban planning
strategies aimed at optimizing and innovating public services so as to relate
the material infrastructures of cities "with the human, intellectual and social
capital of those who lives " thanks to the widespread use of new technologies
of communication, mobility, environment and energy efficiency, in order to
improve the quality of life and meet the needs of citizens, businesses and

institutions. (Wikipedia)
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Current trends

e According to experts, between 60 and 70% of the world's population
will live in urban areas by 2050, doubling current numbers.

e Such rapid and large-scale urbanization must be managed in order to
ensure efficiency, sustainability and a good quality of life.

« We need to rethink the concept of cities, identify a whole series of
dynamics and factors useful for their development, "re-design" and
"re-organize" them with a view to optimizing resources.
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ICT and Smart Cities

« The heart of the city will be technological and will influence the following
macro areas: economy, liveability, mobility, environment, governance and
people.

o ICT (information & communication technology) has been central to our lives
for some time, but what changes compared to the past is its purpose:
from a tool to improve products and processes,
it becomes a tool to improve people's well-being.
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The concept of "city" as a complex system

e The city can be seen as a place where people live and work together.
e A more accurate view divides the city into more specific subsystems that interact
with each other.

City as an City as a

economic :
social system
system

Cityasa City as a
political technological
system system

Smart Cities - Management of Smart Urban infrastructures. Prof Matthias Finger (Ecole Polytechnic de Lausanne)
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The infrastructure of the city

e There are fundamental interactions between people and the
infrastructure of a city, which influence each other.

i.e. “Do we have funds
to provide a better
metro service?”

Infrastructures gre affected by the

economic, social, political and cultura
workings of a city

Urban infrastructures
An enabler of collective living
and working”

MEIM - The Smart City model

i.e. “It’s easy to
reach the center
of the city?”
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Infrastructure (feedback loops)

e The social dimensions interact with the technical dimensions.
e The technical dimensions interact with the economic dimensions and
all this creates feedback loops between the sub-systems of the city.

]

e The complexity of the "city" increases considerably... ‘é
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Digitalization as a new layer

« What are the advantages of digitalization as a tool for the governance

of a smart city?

DIGITALIZATION
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The pillars of digitalization

« Data generation and storage

« Communications and networking
 Internet of Things (loT)

e Analitycs
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Data generation and storage

e Data production potentially comes from an ever-increasing number
of resources including:

e Sensors -
. ©

e Video cameras e
>

« RFIDs S
e GPS S
(7]

e Smartphone 2
... .
. . . Ll

and also at lower cost, with ever smaller devices, and with ever lower =

storage costs (but with increasing capacities).




Sensing a “city”?

Real Time Rome project

A night on the 9th July of the 2006...

Prof. Carlo Ratti
SENSEable City Lab at MIT

http://senseable.mit.edu/realtimerome/
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Communications and networking

e |tis possible to identify 3 macro layers of the communication and
networking aspects of a smart city.

Identification and exchange (e.g., www)
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Telecommunications Infrastructure
(Wired - Wireless)




Data + Networking

e This stack is characterized by
having an increasing storage
capacity, an increasing
transmission speed, less and
less energy demand, costs that
are progressively reducing,
dimensions that are now
tending to be negligible.

Data generation and storage

Identification and exchange

(Tele-) communications

infrastructure

]
©
o
€
>
=
o
=
©
£
wv
()
i
-
|
=
wl
=



The loT scenario

Growing capacity, increasing speed, reduced
power needs, lower cost, miniaturization

P = -

Data generation and storage

Identification and exchange

(Tele-) communications
infrastructure
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The role of analytics (big data)

‘

Data generation
and storage

Identification and

exchange p—

)

Intemet
of Things
(loT)

Telecommunicati
ons infrastructure

—_———/

Rapid development of the
capacity to analyze and

visualize data (artificial
intelligence, e.g., machine
learning)

Effects of the digitalization process
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The “Trash|Track” project

Why do we know so much about the supply chain and little about the removal chain?

Prof. Carlo Ratti
SENSEable City Lab at MIT

https://senseable.mit.edu/trashtrack
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Tech hint: what is RFID?

Computer Database
Data i1s transmitied into the RHD database
where L can be stored and evaluated.

RFID Tag
Il RFID Reader Attached to assets to

c At thaant transmit stored data
onnected to the antenna to the antenna.

wirelessly and recaives data
from the RFID tag.

Antenna

Recaives the stored data from the tag and
transmirs tnat darta ro an RFID reader,
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Impacts of digitalization (industry)

Customer

Services and business models on the
[ basis of these data (value-added) ] E E

Mirroring of the physical value chain in a
data layer

Physical vle chaiI
) }“ = Customer

Customer

l.e. buy a book on Amazon
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Impacts on some industrial sectors

[ Services and business models on t

basis of these data (value-added| ELEL CURY
traditional

industries:
information-
intensive, non-  stomer
scalable,
fragmented, info

Mirroring of the physical value chain
data layer

asymmetric
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The Uber model

St 1:R fi f Stepn 5: Hatin
D e O Step 3: Details of the e

° o .
a s 3
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b : : Z
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] i E s 3
] —— : o : [
B g - o ; ! I
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Step 2: Notifying Step 4: Process
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Uber :THUEES For customers, the greatest is

Map A Providan

Cost Structuse

Toswoy Mot

[:HE THE BUSINESS
MODEL ANALYST

» the convenience of not having to look for a taxi
| — the car comes to you. Cars are available

24/7 and their route can be tracked. In
addition, fares are generally lower than those
charged by taxi drivers, and the rider can

w estimate how much the ride will cost before

calling the driver. For drivers, it is a source of
income (main or additional), a job that doesn’t

require experience, with flexible working
schedules and easy access to passengers. Plus,
let’s not forget that the passenger informs the
destination on the app, which avoids

| misunderstandings when we are talking about
people who do not speak the same language,
which is a positive point for both sides.

sogmonts =
Pospls s tead of

Treragoriabon

(aazirqens)

LSS W

Wanalys com




Digitalization impacts on infrastructures

—— M Citizen/Customer

A new layer
Data/digital between services
and infrastructures
Infrastructures
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Digitalization impacts on infrastructures

Services Ass=icusiomer

Smart (new)
services Smart City 2.0

Data/digital

Smart infrastructure Smart City 1.x

management
Infrastructures
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Infrastructures and socio-technical interactions

How quality is

Citizens perceived by citizens
Businesses and companies

Governance and management
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Performance (efficiency, Quality of life & - TNRSNGGYSJRHY
sustainability, resilience) competitiveness

Possible metrics of evaluation




Infrastructure: challenges and digitalization
challenqes
cllenges t @
challenges ;u;,

Melropolitan

Political
challenges

challenges
Citizens
Businesses
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The dimensions of a smart city

Political
dimension

Economic

dimension

r
I

|

I

I

I

|

I

|

|

I

I

|

I

E Social lechnological
| dimension dimension
I

|

|

|

I

|

I

I
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Smart City and "citizens"

S e R i
L ) overnance/ |
| [Dlglal(urban) S goveinan ; i
' econom , N e-participation | 3
E A Economic Political i 2
Vo dimension dimension ! g
: (urban) sharing ! =
i e el Social Technological i g
! dimension dimension ! 2
' =
: Online | '
i communities ! =
[ . | =
| I
I 1
e ———— -

Smart City




Smart City (big picture)

/f : b 4 B 4 R R
Si’mwzcee: st Commercial Services by Services

osodators || O || T | ey :
NGOs, etc. 3
- & A P :
:&'
(urban) Data/digital layer s
- ~ ;
Infrastructures S
s

Urban infrastructure layer

[\ J J | | | J Jurisdictijons




Implications on the management of the Smart City

/7 @
‘ Services by _ ' Mana'g ng/ W
. Commercial Services by : governing the
Eigcik services b vernment :
associations, frms y goven o new services
B, NGOs, efc. ey layer

Managing /
(urban) Data/digital layer governing the

data layer

=

Infrastructures Managing /
governing the

—_—e— e e e e — —————
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Urban infrastructure layer

B

infrastructures

: layer 4
socio-technical system e ——————

juswadeue|A A1D 1ewS

Governing the urban




Smart Urban Energy Systems (drivers)

f { Evolution of urban infrastructures’ J\

technologies (energy, transport, housing,

district heating, etc.)

Smart Urban
Energy Systems

[ Climate change J Digitalization
Resources efficiency /
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Smart Urban Transportation Systems (drivers)

// " Urbanization } \

- Inefficiencies
- Poor user experience

Smart Urban
Transportation Systems

\ [ Climate change ] \ /
N\

Resources efficiency
S~ .
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Evolution of urban transport systems

Efficiency of urban transportation The increase of cars in the cities
systems

L : t =
L s : S
Pre-car | Car based | Digital 2
{1 transportation z
E/A\. {1 systemera S
v 4 N\ / i =
// \\\\ UE)
E i 5 o
// \\ |-EI
L x ‘\\ ).‘ > E
| v ! p L
\\ - 4 =

Urbanization




Change of paradigm

Efficiency of urban transportation

systems
A - : g
Precar | Car based Paradigms shufts; . S
e From ownership to usership >
[ e From transportation to mobility e
// \\ H -
] N\ £
@& N 7
// i \\ ! <
/ ! \ ! =
< ——’( \\ )-( 7> |
i \\ l ’ < E
\\\ : -~ g E

~
\\§~‘ We are here

Urbanization




Enabling technologies in modern mobility services

Video cameras

Specific cameras (speed cameras)

Integrated sensors (in road, in cars, etc.)

Data processing and communications (wi-fi, 5G, etc)
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Integration of mobility services

/

/

—_— —~—

"
e

/

~
N

\

Integrated Ticketing Systems \
Integrated Mobility Platforms *

Mobility-as-a-Service (MaaS)

Mobility services layer

Data layer

Users only use one single ticketing system to
access and pay for different mobility solutions.

With integrated mobility platforms, users have
access within one smartphone app to information
from various transportation providers about the trip
they are planning to do.

Maas is a mobility distribution model where you
pay a fee (i.e monthly) and have access to mobility
solutions and mobility services depending on the
package you have selected and paid for (i.e.as a
Netflix for transportation.

]
©
o
€
>
=
o
=
©
£
wv
()
i
-
|
=
wl
=




Implications of the new mobility models

7 4l N

/o Integrated Tickating Systems \
Integrated Mobility Platiorms —
oy . ()
Mobility-as-a-Service (MaaS) -é
. >
f ) | 3 New b.usu.less merl-s _ 5
Mobility services layer # Coardination of existing services £
\ / £
. =3 wv
2 2 Data interoperability and exchange @
Data layer =) |Data quality, accuracy 7
\ / Data security, privacy =
=

\ //




Recap:
Dimensions of a
Smart City

" Culture and

Infrastructure

ntebhnalbai wellbeing
Efficient Health
‘transport
Multimodal Safety
mebiy'  Smart
Erterpri d s Sustainable
nincl;:\?:t‘l’o‘nn C ' ty building
It
= u“. Resource
Productivity management
Local and
global Open Data 8::::2:::[0

ool Infrastructure

Administration
Onlinz scrvices
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Smart Cities drawbacks

1. Limited privacy: Since the authorities or the government will have access to security cameras
and intelligent systems connected through many different spaces, the citizens will have
difficulty in maintaining their anonymity.

2. Social control: The people who can track and centralize the data they gather will have greater
power. It can be a government, a private agency, or other authorities.

3. Excess network trust: Since the citizen of these smart cities will rely almost entirely on
electronics and networks, they will lose autonomy in their decision-making and could become
incompetent.

4. Difficulty in social relationships: Models like the “15 minutes” one, can create social isolation,
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or more specifically urban discrimination, segregations, etc.
5. Pre-training is required: If the people of the city don't know about technology, then they will
not be able to use it. Without training, they will find it irrelevant to their daily lives and will find it

difficult to utilize it.




Smart Cities sample applications
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Paris: “the 15 minutes” model

Concept:

The 15-Minute City is a model for urban develop-
ment and urban mobility developed by Professor
Carlos Moreno at the Sorbonne in Paris and
promoted by Paris mayor Anne Hidalgo. The
15-Minute City is a city in which all residents can
reach daily necessities within a short walk or bike
ride from their homes. In their article from 2021,
Moreno et al. introduce the concept of the 15-Mi-
nute City, which aims to ensure that city residents
can perform six essential functions (living, work,
commerce, health, education, and entertainment)
within a 15-minute walk or bike ride from their
homes. The 15-Minute City framework of this
model has four components: density, proximity,
diversity, and digitization.
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Paris: “the 15 minutes” model

Goal: Main features:

The goal of the 15-Minute City is a more envi- 1. Thecity should follow the thythm
ronmentally friendly and socially inclusive urban of people, not cars.
(sub)development, which should make urban life 2. Every square meter should serve

more qualitative, agile, healthy and flexible. multiple uses.

3. Urban quarters should be designed
in away, that people do not need
to commute.
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Paris: “the 15 minutes” model

Urban
¥ Servces

Criticism:

In contrast to the concept’s endorsements and
opportunities, it is 2lso subject to significant cri-
ticism. Spatial distances between living, working,
(loczl) supplies, services, leisure, and educational
facilities should be kept short so that the need
for transport is reduced and traffic is avoided.
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Paris: “the 15 minutes” model

Conditions:

The concept does not serve as a fixed blueprint
but presents a frameawork of ideas and principles
and must be applied to the hyperlocal and socio- GITH AN LED,

political context of different urban forms. =
4 3
All urban residents - living in the center or sub- o L:: S_
urbs - must have access to essential services in LEFE by = /, i 5
close proximity. To achieve this, it requires: b e @T AW G *g
91 E
* amassive spatial decentralization; v =3 o
« atransformation of existing - K I'EI
infrastructure; *\T;‘\ (W s
* the development of new services Vo W
for each neighborhood; o '/ =

« thetransformation of streets into S5 B

bike lanes and pedestrian areas;
|
> QY _I1 "IN

* new economic models that attract
local businesses. 5T ErMABER



Paris: “the 15 minutes” model

Main advantages:

1. Reduction of emissions
With essential services at your fingertips, harmful emissions are significantly
reduced by increasing the quality of the air.

2.Harmonious urban development
With this approach, cities can grow more harmoniously, balancing the presence
of all essential services.
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3.Life quality
Better quality of life for citizens: cleaner air, less busy roads, more accessible
services, greater sense of community.




Home Plus e-commerce (South Korea)

Progctnome
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How to design an application for a Smart City
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There is no recipe... (possible steps)

1. Discover: Identify the problem, opportunity or needs to be addressed
through design;

2. Define: analyze the outputs of the discover phase and set a clear brief
for sign off by all stakeholders (citizens, tech companies, governments,
academics, researchers, etc);

3. Develop: Envolve the citizens to dig in the previously identified
problems, opportunities or needs and design service components in detail and
as part of a holistic experience while iteratively test concepts with end users;
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4. Deliver: launch the service or present your findings and share lessons
from development process back into the organization(s);
Learn through feedback and iterate again.
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La b ACt|V|t|eS Design a smart service for a Smart City
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Methodology: Challenge Based Learning

T eayl coendia
)k m oy Lk

o e comws Torim

-
aligaliaboas e

-~ Lona el P . . ~

iyl Lvatnc baio: Kukn) o SIS (23 he Challenge Learning Framework 1€ divided intc three nterzonnectec

< devedogred e e i il ceanoe .

\d ol e wd v v and 2
the reeuts o anod, 1 r.g e Q
L. Selutior ; mthlcumm-n
e Implemsdztion ' incd

Y CHALLENGE

based learning

phases: Engage, Invaestigata and Act. Each phasa includes actiities that

preparc youd tc move to the nox: phasze. Within cach of the phases thare arc

= opaoriunities for mini-investigation cycles and if recessary & return to an
z
.‘

earl er phase, Suppcrting tha entire process is an ongoing precess of

- .;"' docuamentation, reflaction and sharing.
) &
D)
g ¥

?J
©
o
S
>
=
O
=)
S
©
£
(V5]
()
i
[
|
=
wl
=




CBL phases
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Smart City and big ideas

Smart City

Livability Environment
Mobility .
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_ Challenge Based
CHALLENGE Learning
x (Short Smart City Version)




Team Building.
Each team share (more or less) the same big idea



Big Idea

A Big |dea is a broad concept that can
be explored in multiple ways.




[ samRLt ! What is Your Big Idea?

Hint: What is your group passionate about?

QEF LECT » SHARE .

D0,

Environment




Essential Question (EQ)

The Essential Question personally connects the

group with the Big Idea making it meaningful to
the specific context.

,eeLECT » SHARE
‘r{_k,.(V LE \RE . D(“’] ~,




What is your group’s EQ?

ne - Hint: Why do you care (as a team) about the Big Idea?

How can we save
the Amazon
forest?




Challenge

The Challenge turns the essential question into a call to action by
charging participants to learn deeply about the subject and
create a solution.

A challenge is immediate, actionable and builds excitement.

Q‘{‘_.((L \L{ (_:T - K: },d/,{ };(3[

1




e What is your Challenge?

\ RN
Hint: Make the EQ Actionable!

\ Py .

|}
LY

QEFLECT = SHARE

Do Reduce the
'C¢ waste of paper!




Creating Essential Questions

» Develop a personal set of Essential
Questions about the big idea.

e Create at least 4/5 questions

(in 10 minutes).

. e One question per sticky note.



Choose one EQ per each table (also refining/adding questions)
and define your challenge!!!

(20 mins)




Big ldea Essential Question Challenge

How can we save
Reduce the

the Amazon
forest? waste of paper!




vt ] Investigate

ed Learning

Develop and implement
contextualized learning
experiences and conduct rigorous,
content- and concept-based
research to create a foundation for
actionable and sustainable
Solutions.




gmé@é - Phases

Based Learning

1. General

Curiosity driven research about the Big Idea and
Challenge.

2.Domain

Specific research related to the refined (more
specific) challenge.

3. Applied

Research connected to building the
actual solution.




Steps

1. Guiding Questions

Guiding Questions provide a map for the learning
process and represent all of the knowledge needed
to successfully develop a solution.




Creating Guiding Questions

. .  Develop a personal set of Guiding

. - Questions about the Challenge.
?
» All types of questions are
?

encouraged: What, When, Why,
What if, Why, etc.

 Create as many questions as you
can.

. e One question per sticky note.

(10 minutes)



Combine all of the questions and read them - add more if they come to mind.
(20 minutes)




Peers or outsiders are invited to review the questions.

Add missing questions and ...



Peers or outsiders are invited to review the questions.

VOTE (sticky notes)

_\ (10 minutes aCt|V|ty)



Combine like questions, and develop categories
(subjects, themes, etc.) and assign a priority to each question



e The Guiding Questions are
prioritized based on the connection
with the Big Idea.

» Highest ranked questions must be
researched and answered.

(20 minutes activity)

Need to Know

Nice to Know




Steps

2. Activities/Resources

The Guiding Activities and Resources include any
and all methods and tools available to the learners
to answer the Guiding Questions.




Guiding
Questions

Guiding Activities/Resources

lessons, independent learning, etc.

Web Research

Survey Creation/Distribution
Interviewing/Focus Groups
Survey Results Analysis

Observing and ldentifying
Patterns



Guiding Guiding Activities/Resources Findings
Questions lessons, independent learning, etc. What we learned

The findings are
recorded after each
guiding activity to
keep a running
research journal.
You may “divide and
conquer” and
collaborate with
other groups during
the investigation.
Once all the findings
are collected they
will be synthesized.




3. Synthesis

The synthesis threads together the
research findings and makes a case for
proposed solutions.




Guiding Guiding Activities/Resources Findings Synthesis
Questions lessons, independent learning, etc. What we learned Our Informed Opinion

After Investigating the
challenge we learned:




Depending on the
Challenge and the
Investigation some
groups may need to
refine the challenge
and complete another
round of domain
focused investigation.




Findings Synthesis
What we learned Our Informed Opinion
Revised Challenge Revised Synthesis

What we really meant was this: Now we think this:

After Investigating the challenge
we learned:

Domain Research

Now what do we need to learn?




Synthesis
Our Informed Opinion
Revised Challenge Revised Synthesis

What we really meant was this: Now we think this:

fter Investigating the challenge
e learned:

Domain Research

Solution Concept

Now what do we need to learn?
Since we learned this we should do this:




Revised Challenge Revised Synthesis

What we really meant was this: Now we think this:

Domain Research

Solution Concept Solution Description

And because of this the app should:

Now what do we need to learn?
Since we learned this we should do this:



Synthesis

what we learned

Solution Concepts Statement Prototyping
Since we learned this we should do this: And because of this the app should: What does it look like and do?
?
’ —>




Phases

3. Applied

Investigation connected to
building the actual solution.




AcCt

In the Act phase the solutionis
implemented by presenting it to
stakeholders and evaluating the
success. Using this feedback the
solution can be refined.




INCEPTUALIZATION & BUSINESS MODELING

DEFINITIONS

WHAT IS IDEATION?

Ideation is the process of
brainstorming and generating
ideas for opportunity areas

identified in a problem space.

Adepied o Harmsone Design e

WHAT IS A CONCEPT?

A detailed visual/verbal description
of a design solution. It outlines how
the solution provides value to the
people who use the service, to the
people who deliver the service and
to the business.




Smart City Challenge: Efficient Waste Management

Challenge Description:

The city is facing a waste management problem due to inefficient collection and
disposal methods.

Garbage bins are often overflowing, resulting in environmental pollution and health
hazards.

The challenge is to develop a smart solution that optimizes waste collection and
promotes recycling to create a cleaner and healthier city environment.



Solution Sample: Smart Waste Management System

Solution Overview: The proposed solution is a smart waste management system that utilizes
loT (Internet of Things) technology and data analytics to optimize waste collection and
recycling processes in the city.

1. Smart Garbage Bins: Install smart garbage bins equipped with sensors in strategic
locations throughout the city. These bins can detect the fill level of waste in real-time. When
the bin reaches a predefined threshold, it sends a signal to the waste management system
indicating the need for collection.

2. Route Optimization: Leverage data analytics and machine learning algorithms to optimize
waste collection routes. The system analyzes the real-time fill level data from the smart bins
and identifies the most efficient collection routes. This helps reduce fuel consumption,
minimize collection time, and optimize the workload of waste management personnel.



3. Mobile Application: Develop a mobile application for citizens to report
overflowing bins or request special waste collection services (e.g., hazardous waste,
large items). The app should include a map displaying nearby garbage bins and their
fill levels. Users can also receive notifications about recycling initiatives, waste
management guidelines, and upcoming collection schedules.

4.Recycling Incentives: Encourage recycling by implementing a reward system.
The waste management system can track and analyze recycling participation data
from the smart bins. Citizens who actively recycle can earn points or rewards that can
be redeemed at local businesses or utility providers. This incentivizes recycling
behavior and increases community engagement.



5. Data Analytics and Monitoring: Utilize data analytics to generate insights and
make informed decisions. The system can analyze historical data on waste generation
patterns, identify peak periods, and allocate resources accordingly. Real-time
monitoring of the waste management system allows for proactive maintenance and
immediate response to any issues.



Benefits:

« Efficient waste collection reduces overflow, prevents littering, and improves the cleanliness of
the city.

e Optimized routes reduce fuel consumption, leading to cost savings and reduced carbon
emissions.

e The mobile application enhances citizen engagement, provides real-time information, and
encourages recycling.

e The reward system incentivizes recycling behavior and promotes a sustainable and eco-
friendly environment.

» Data analytics enables better resource allocation, operational efficiency, and proactive
maintenance.

Note: The solution sample provided above is a high-level overview. The actual implementation
may involve more technical details, integration with existing waste management infrastructure,
and collaboration with local authorities and stakeholders.



Present your
Smart City
service

Big Idea:

Essential Question:

Challenge:

Solution Concept:

- General description

- Target

- Data needs

- Technical requirements
- Business model

- Limitations




From design to lab testing
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Cup Carbon

A Multi-Agent and Discrete Event Wireless Sensor Network
Design and Simulation Tool

]
©
o
S
>
e
O
ofd
S
@
£
v
(]
i =
-
[
=
Ll
=




Cup Carbon introduction

e CupCarbon is a Smart City and Internet of Things Wireless Sensor
Network (SCI-WSN) simulator.

e Its objective is to design, visualize, debug and validate distributed
algorithms for monitoring, environmental data collection, etc.,
and to create environmental scenarios such as fires, gas, mobiles,
and generally within educational and scientific projects.

e Not only it can help to visually explain the basic concepts of sensor
networks and how they work; it may also support scientists to test
their wireless topologies, protocols, etc.
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Simulations environments

CupCarbon offers two simulation environments:

e The first simulation environment enables the design of mobility
scenarios and the generation of natural events such as fires and gas
as well as the simulation of mobiles such as vehicles and flying
objects (e.g. UAVs, insects, etc.).

e The second simulation environment represents a discrete event

simulation of wireless sensor networks which takes into account the
scenario designed on the basis of the first environment.
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Networks

e Networks can be designed and prototyped by an ergonomic and easy
to use interface using the OpenStreetMap (OSM) framework to
deploy sensors directly on the map.

 Itincludes a script language called SenScript, which allows to
program and to configure each sensor node individually.

e From this script, it is also possible to generate codes for hardware
platforms such as Arduino/XBee.

e This part is not fully implemented in CupCarbon, it allows to generate
codes for simple networks and algorithms.
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Nodes and protocols

e CupCarbon simulation is based on the
application layer of the nodes (scripting).

e This makes it a real complement to existing simulators.

It does not simulate all protocol layers due to the complex nature of
urban networks which need to incorporate other complex and
resource consuming information such as buildings, roads, mobility,
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Scenarios

o CupCarbon offers the possibility to simulate algorithms and scenarios
in several steps. For example, there could be a step for determining
the nodes of interest, followed by a step related to the nature of the
communication between these nodes to perform a given task such as
the detection of an event, and finally, a step describing the nature of
the routing to the base station in case that an event is detected.

o CupCarbon allows to configure the nodes dynamically in order to be
able to split nodes into separate networks or to join different
networks, a task which is based on the network addresses and the

channel.

(]
=
(]
-
©
-
o
o)
(1}
-

MEIM -




Energy and protocols

e The energy consumption can be calculated and displayed as a
function of the simulated time.

e This allows to clarify the structure, feasibility and realistic
implementation of a network before its real deployment.

e The propagation visibility and the interference models are integrated
and includes the ZigBee, LoRa and WiFi protocols.
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Energy consumption (batteries)
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Credits

CupCarbon represents the main kernel of the ANR project PERSEPTEUR
that aims to develop algorithms for an accurate simulation of the
propagation and interference of signals in a 3D urban environment.
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Software requirements

e CupCarbon U-One 5.1 (2021)
e Based on Oracle Java 1.8 (Java FX jar embedded)

e Arunnable JAR provided
o SET environment variables PATH, JAVA_HOME, as needed.
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 IDE Eclipse (2021 edition)
« needed to recompile source




Cup Carbon workbench
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Add Menu

e The Add menu allows to
add objects on the map.

Display  Selection Solvel
0 Add Sensor Node

® Add Directional Sensor Node
W’ Aaa Base Station (Sing)
'é Add Gas (Analog event)
@ /o Mobile

o Adac Marker
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Sensor node

« A sensor node is an object that can
detect any digital event (motion event
like mobiles), send and receive data.

« It can be also mobile. The visible
parameters of a sensor node are: the
radio range, the radio of the sensor unit
and the name.

« A sensor node has many parameters; it

can contain many radio modaules, a
battery and a sensing unit.
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Add multiple sensor nodes

 It’s possible to add many sensor nodes that can directly communicate
between each other, if added in the covered range distance.
An arrow shows the communication and direction link.
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Directional Sensor Node

 The Directional Sensor Node is the same as the classical sensor node with
another type of sensing unit, which is directional.

o This last is not circular, it has a form of a cone that can be modified with the
SenScript and manually.
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Base station (sink)

The base station is exactly the

same object of the sensor node

with the exception that it has an

infinite battery. SINK_3(0)
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Gas (analog event)

o Used to generate analog events in
order to simulate environment
parameters like the temperature,
the humidity, gasses, etc.

o This object requires the use of the i Ad
Natural Event Generator window in 2
order to generate files with the 10 o) &

desired values.

e Mainly, the generated values are
based on the Gaussian distribution.
However, it is possible to add an
existing, real or not, data file.
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Mobiles

o« Used to simulate mobile nodes.

e Markers are also used to create
routes followed by mobiles.

e« Each mobile must have its own
route.

e They are used also to
generate digital events (on/off)
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Markers

e Used mainly to generate routes
for mobiles
(or mobile sensors).

e They are used also to generate
random sensor nodes, create
new buildings, and to indicate
the area of generating buildings
or random sensor nodes.
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Weather

A Meteo (weather) node is used to add
a variating temperature related to the
environment.

This is useful for the battery consumption
models that are dependent to the
weather.

To generate temperatures during a
day, many days or many hours one
use the Natural Event Generator.

It is possible to add only one weather
node in the project.
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Randomly add sensor nodes

« It allows to add randomly a certain
number of sensor nodes in a selected
area.

e To use this option, first, two markers

must be added. The first marker must

be in the bottom left of the map and

the second one in the top left of the

map. ,
 The red rectangle on the figure "

shows the area where the sensor

nodes will be added randomly.
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Randomly add sensor nodes

e Once the two markers
are added, click on the
number of sensor nodes
to add.

e In the figure, an example
of adding randomly 100
sensor nodes is shown.
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SenScript ver. 5 ;

e SenScript is the script used to program sensor nodes of the
CupCarbon simulator.

e It is a script where variables are not declared and without types,
but they can be initialized (set command).

e For string variables use the quotes, i.e. “hello”

(]
=
(]
-
©
-
o
o)
(1}
-

e Avariable is used by its name.

e It is possible to use the instruction function to add complex and
additional functions programmed in Java
(in a source code mode only).
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SenScript ver. 5 (samples)

SenScript: set x “abcd” Java: String x = "abcd";
SenScript: sety x Java: String y = x;
SenScript: printiny

a, ., n

SenScript: printin “y
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send

« send “hello” 2
— Sends string “hello” to the sensor having an id=2

e sendp2
— Sends the value of p to the sensor having an id=2

« sendp
— Sends the value of p in a broadcast mode

« sendp*
— Sends the value of p in a broadcast mode (the same as send p)
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« sendp *3
— Sends the value of p in broadcast except the sensor having an id=3




receive

receive x
— Wait until receiving data in the buffer and assign it to x.

This is a blocking function,
if there is not data in the buffer then it remains blocked on this instruction.
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loop / delay

e loop - start the loop section of commands

e delay t - waits t millisec before executing the next instruction

Sample code (prints «hello» every second)

loop
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print hello
delay 1000
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Simple test (variables)

Some simple calculations on board. Add a node, create the script below
and assign it to the node, then simulate.

loop
set a 7
set b 8
set x a+b -
print a "+" b "=" x
stop

eddition
$42(0)

1+8=150
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The simulation result will display 7 + 8 = 15.




Simple test (game of lights)

1. Add some sensor nodes on the map.
2. Write a simple script that marks a sensor (or not) on a random basis and load the

script for each sensor.

A marker node represents in the reality a sensor node with a switched on led. It helps to do a visible action rather than
displaying messages. Marking a node is done by the SenScript command mark 1. Unmarking sensor node is done by the

command mark 0.

loop

rand x

if(x<0.5) | 7= N e

mark 1 ‘ :
“a

else 2 N

mark 0 g '

end

led script
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delay 1000




Hello Sink (cupcarbon)

o Create a WSN with two sensor
nodes and one sink.
The first sensor node 1 will send a
message to the sink with 1, and
the second node 2 will send a _A
message to the sink with 0. -

« The sink node will print/log the
received message and will be
marked (led on) if it receives 1 and
unmarked
(led off) if it receives 0.
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Hello sink (scripts)

loop loop loop

read d send 1 send 0

if dm="1" delay 2000 delay 3000
mark 1

else .
aazk O Node 1 script

end

Node 2 script

delay 1000

Sink script
Note IF ELSE END instruction..
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Thanks.

micheledicapua@gmail.com
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