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1 — Introduction

We present a proposed architeeture of a scaled physical world that is richly and invisi-
bly mmterwoven with a variety of heterogencous sensors, acluators, displays, and com
putational elements, embedded seamlessly in the everyvday objects of lives, and con-
necled through a unigue ulPv6 wireless network.,

The use of Intermet Protocol (IP) stack im Wireless Sensor Networks realizations s
a key prerequisite for the Internet of Things (Iol) paradigm. The ability to connect
thousands of smart objects scallered across physical environment direetly 1o Internel
opens exciling scenanos for a varely of application areas, such as e-health, smart me
tering, smart home, logistics, home automation, ambient assisted living, etc. Iurther-
more, il allows 1o achieve the much desired interoperability requirement between the
previous systems that to date use heterogencous protocols and need of G20y communi
cations.

The paper describes the proposed system’s major building blocks, its lunctionali-
tics, the implementation approach, the realized services and the proposed ones. Finally
we present the use case of a retirement village named ““I'riskel Resort™ that is rising up
in the Marche countryside, in Poggio San Marcello (AN}, and whose project inlegrales
the proposed system as realization of our smarl environment vision. This structure is
designed to offer holiday periods or a permanent residence for self-sufficient people
over 65,
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2 — The Proposed Architecture

COur won challenge is the project and the realization of a scll-installing and sell-
configuring ulPv6 wireless sensor network based on very low cost and ulira low
power devices. The microprocessor is of the STM32L series while the transceiver is
the low power sub-1GITe Spiritl, Figure 1 depicts the core of the prololype sensor
node.

S

Figure 1. The ulPv6 sensor node.

As shown in Figure 2 the Physical and Data Link Layers of the proposed solution
are based on the TEEE 802,154 standard stating transmission in the sub Giga Ierlz
range. The communication model used in this work 15 based on UDP trallic type over
ulPv6. The adaptation laver 6LowPAN realizes the header compression, the fragmen-
tatiom and reassembly mechanism, and the address mapping (rom 1Pv6 1o IPv4. The
rouling protocol is the recently proposed RPL (Routing Protocol for Low power and
Lossy Networks). 1t has been designed to fulfill the rypical requirements of wireless
sensor nelworks., RPL ensures a very last network set-up and high degree of network
lifetume also in the case of mobility and dead of nodes. Thus the network allows the
development of advanced monitoring applications also in critical conditions. At the
upper layer the Constrained Application Protocol (CoATP) is implemented. Tt is a web
transfer protocol which provides several Hypertext Transler Protocol (HITT) (une
tionalities, re-designed for constrained embedded devices. CoAP allows WSN applica-
tioms 1o be built on top of Representational State Transfer (REST) architcetures. This
significantly cases the IolT application development and the imtegration ol constrained
devices with the Web.
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Figure 2, The communication model.

Our system is constimited of hundreds of sensor nodes and is able of acquiring a va-
ricly of sensing dala so monitoring the reality being capable of understand essential
fleatures lor providing dilferentiated services o the user.

3 — The Smart Environment Scenario

Our contribution is linalized to a real integration and interoperability of solutions [or
supporting active and independent living of elders in their homes. Particularly, this
work presents how to employ the 1ol capabilities to built a prototype of an exportable
Smart Environment for personalized assistance and  heath care in the user’s
environment (1.¢. home, hospital, retirement home, holiday resort, ete.).

The adoption of e-health and others 1CT solutions in AAL environments creates
new opportunitics in more sophisticated care solutions, new methods of medical
treatments, but this implics some challenges into the building of an eflicient, secure
and reliable nerwork platform. Actually these monitoring systems are moving towards
the Intermnet of Things, which offers a global end-to-end connectivity with technologics
such as the proposed ones. Specilically the proposed system is able of monitoring re-
mote and continuous vital signs, is functional for mobile and static health applications,
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for chronic disease management, but not only. In fact, the Lol realization enables new
interaction methods depending on the involved environment and made possible 1o
connect and identily all the people, devices, and things that are sumrounding us.

This proposed integrated monitoring environment is based on the previously intro-
duced ulPvo wireless sensor netwaork. The system provides a multitude of nodes in the
indoor and outdoor environment, wearable nodes, ete. that realize the adaptive and sell
reconfiguring mesh network infrastructure supporting multiple services besides of ac-
quiring the variables of interest Tor a varely of applications. Figure 3 presents the sce-
nario deployved under our work.
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Figure 3. The proposed Smart Environment scenario.

The scenario is composed of [four parts. The lirst component is the ulPv6 network
that offers the capabilities to reach global addressing and connectivity in order o in
teract with and identify every device belonging to the network. As previously empha-
sized, cach IPv6 node can be a wearable node or an environmental one supporting a
series of measurements and actions (e.g. clinical sensor such as wearable electrocard:
ogram rather than a fall detection system or a flooding detector, a thermostatic valve, a
light controller, ele.).

The second element of the system is a border rouler incorporating the required
functionalities for the connection of the local ulPv6 wireless network to the global
IPv4 Interncl.

A local Server lor the lemporary storage of the data and their periodic upload o
wards the remote data base is the third element.

Finally there is a centralized Web Server lor logging the monitored information
(i.c. patients’ health status recording and monitoring, anomalies detection and alarms
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generation, communication services with specialists, caregivers and users in general,
environmental data monitoring and control, lighting management, energy melering,
ele). The Web platform integrates a REST/ CoAP WSN with a REST Web application
and allows a user to visualize the WSN measurements and to interact with the nodes
by means the Web browser.

4 — Use Case

‘Iriskel resort is a place where the vltimate application of ambient assisted living,
home aolomation, c-health, smart  energy, smarl  lighting, new  construclion
technologies, lfood science converge o give the best answers o the needs of the
elderly.

The project complics with ltaca protocol on the energy and environmental sustaina-
hility of the buildings. It uses less natural resources, produces less impact on the envi
ronment and guarantees a greater home comfort than conventional construction. The
cerlification is nol only limited o energy consumption bul tends 1o counter the hous-
ing dispersion rewarding those buildings located within urban arcas denser and more
ceniral. Other sensible parameters are the proximity to public transportation, public
services or business or the ability o move on fool or by bicyele. Additional eriteria re-
late 1o the quality of indoor comlort through the examination o lemperature, ventila
tion and lighting.

Sensorized environments, transparcnt 1o the user and easily customizable, integral-
ed into evervday objects (lighting, heatingair conditioning, water treatment, ele.) are
added to wearable sensors for monitoring the safety and health of the guests. As an ex-
ample of the last solutions, a wearable IMUT (Tnertial Measurement Tnit) platform was
developed o provide a lall prevention and detection device and 1o analyvee the activily
level of each guests. Additionally, a small sensor node capable of 24h monitoring the
body temperature may be wom. Others wearable biomedical sensors can be used lor
tele-home-care purposes adding new possibilities Tor monitoring of vital paramelers
and giving the patient the freedom o be mobile and still be under continnously moni-
toring and thereby 1o better gquality of paticntl care. As a last example, a wearable clee-
trocardiogram (ECG) sensor 15 intended for detecting occurmences of cardiac arrhyth
mias and to follow up critical patients while they are carrving out daily activities.

Furthermore, cach wearable sensor node can also play the role of a targel node
within a localization service. The infrastructure constituted of anchor nodes sull s re
alized through fixed sensors supporting the other rypes of services and have thus the

Munctionality of creation of the mesh network oo, So through a wearahle node we are
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able to provide the user's location within the Triskel resort and pay immediate aid in
case of lalls, alarms of any kind, and every time there is the need (o localize an host.

Finally, the mtegration with the communily of residents, made possible by the
overall organization of Triskel, promotes coexistence between the different genera-
tioms, children, young and old.

The achievement of all the previous objectives 15 made possible by the imtegration
of all aspects of design involved through a single network infrastructure of wireless
cooperaling sensors whose architecture 1s previously described.

Figure 4 depicts the map of the resort across which the wireless sensor network is
under test.

Figure 4. The Triskel resort map.

5 = Conclusion

‘The present work proposes an innovative approach to the project of AAL systems and
nol limited to this, The realized infrastructure allows 1o integrate inlo a single solution
svstems up o now nol directly interoperable with cach other except through the use of
specific gateways. Sectors such as AAL, home automation, smart city, efc. may well
lind a unigue implementation thatl increases the capabilities and potential of cach of
them.
In fact, the rense opportunity of the presented architecture are theoretically unlim-

iled. Furthermore the proposed technology is natively Nnalized o integrate a varety of
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different solutions for supporting active and independent living of elders even in their

homes or in other different environments.,
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