An e-organization fole-Tools.

U. Cortes C. Barri&, S. Willmott*, R. Annicchiaricd J. Vazquez-Salced& Carlo Caltagironé?
November 18, 2004

Abstract sié. In other words, each and every one of these features
can be combined differently and with different severity in
This paper outlines the existing relationships betweennalividual patients; impairing their self-dependency and
set of e-Tools developed to support senior citizens and worsening their quality of life. The growing attention
persons with disabilities and that are situated in a givimgiven to these citizens creates a need for deploying new
organization, as a Hospital, and the set of laws, norms apges of services to sustain independence and preserve
protocols that actually rule that organization. We preseguality of life. Among others the Nursebot project [8] and
a virtual version of this organization and will consider ththe Bremen Autonomous Wheelchair [6] represent land-
e-Tools, the patients, the healthcare providers as actotarks in the field cognitive robotics. Many other of those
that interplay ruled by the actual mechanisms. services need to have access to personal data, for exam-
ple a patient’s clinical data or the continuous tracking of
that person in a given environment for example, inside a
1 Introduction hospital or a house. Those services should not only be
efficient but also comply with the actual laws, norms that
There is a global trend of increasing longevity in our sapply in a country or a region and with the protocols that
cieties; more people live longer and, thanks to the pnate in a hospital.
gresses of medicine, many more persons survive acutén [3] we introduced an architecture to desigifools
diseases resulting affected by chronic conditions afflsupport the activities of daily life of the target popu-
some disabilities. The resulting demographic shift is pagtion in well-known environments. This architecture in-
alleled by an epidemiologic transition, raising the praiudes mobile robotic platforms for well-known environ-
file of frailty and disability within world's population ments (see fig 1), assistants for the caregivers caring for
[4]. Subjects affected by chronic diseases or outcomesigé patient in such settings, and other intelligent agesits a
acute events, such as Parkinson disease, dementia, stigikgng the target population. In this work we extend our
accidents, etc. represent a heterogeneous category ohifalysis of this architecture by studying the kind of in-
dividuals: each patient may be affected by at least onetéfactions that exist in this environment and the laws that
these symptoms: ambulatory impairment, memory losgle rational interactions between the actors. To do this we
staggering gait, ataxtavisuo-spatial dysfunction, aphawill use the HARMONIA methodology, introduced in [10],
- - — ) o to model the organization. Basically, our aim is to show
osogfzh;fggg:vsegitx. g_ﬁi}ﬁ;g@ ] rtggﬁi_ﬁlsgfs' Giroa& 3. that by modelling those interactions _it be_comes easier to
fIRCCS Fondazione Santa Lucia. Via Ardeatina 306. 00179 RonfR0del the whole system and that this will help to better
Italy. E-mail: r.annicchiarico@hsantalucia.it understand the complexity of the problem. For example,
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ments, but forbid modifying others as medicine-taking or
entering into forbidden or dangerous areas. Our goal in
this paper is to provide a picture of the overall system,
and to give a sense of our vision of how agent technology
can be used to help the senior citizens and persons with
disabilities.

The rest of this paper is organized as follows§2we
give some details about treeTools architecture and re-
cent developments. I# we illustrate the agent-mediated
interactions between theTools, the patients, the health-
care givers and the institution.

In §5 we give our conclusions and talk about the future
work.

2 Thee-Tools Project

Many people facing some disability of all ages base their Figure 1: Thee-Tools platform
mobility in the use of a wheelchair. Some times this
wheelchair is electric-powered, usually driven with the
help of a mouse or joystick that allows the wheelchair tgpical environment we thought of is an hospital for the
navigate. However, some disabled people experience coadro-motor rehabilitation, referring to a real instituti
siderable difficulties when driving a power wheelchairepresented by IRCCS S. Lucia Foundation, located in
common manoeuvres (e.g. exiting a room through a n®eme. Rehabilitation hospitals are in some way different
row door) are not easy; steering commands might not foem primary care hospitals; in this case the goal is repre-
sufficiently accurate (due to spasticity, paresis or tremggnted by the patients recovering enough self-dependency
in the upper limbs) and collisions can result; and someorder to independently perform - at as a high level as
users are unable to use their hands at all. possible - his basic activities of daily living. As a mat-
As previously introduced, our target population iter of fact, during their recovering, patients are trained t
characterized by different profiles of functional disalili make progress in the necessary skill to make their dis-
That means that an electric-powered wheelchair shoglthrge to home possible. Therefore the platform has to
be flexible to the needs of different patients; at the sarsigow complete autonomy in tasks such as path planning
time, the wheelchair has to be flexible to the needs of thed location in the environment, and at the same time pay
same patient in different times: patients go a pathway attention to the user’s needs and requests.
changing (dys)functionality - possibly improving - during In our approach to the problem the wheelchairs will be
their illness. For this sector of population, a solutiodriven by the robotic platform. Although we are thinking
is to provide them with &Robotic Platformintegrating of a controlled situation in a quite well-known environ-
some reasoning capabilities that allow the wheelchairrntent, structural elements like corridors, rooms, or halls
navigate in areas such as the patient's home, an assisteg differ. Corridors and rooms in the same building
living facility or a hospital. Most of the time, navigationmay for example have a various width, length and illumi-
could be done autonomously under the guidance of thation sources, as well as different distribution and uses.
reasoning module. Therefore some of the main problems to solve are: (a) the
interface with the user, and (b) the navigation problem.
The robotic platform we propose can be used to sup-In order to provide proper healthcare management (em-
port the mobility of senior citizens or persons facing ledded monitoring and diagnosis functionalities) and to
disability that have a normal wheelchair, see figure 1. Tkhase the relation of patients with other people and the en-



vironment we propose to build an integrated system ir
which the environment (a home, a hospital) and the peopl

inside it (patients, carers) are connected. This approac MAs#wh

Ichair3& MAS #Room-A% MAS #Corridor-C#  MAS #Room)-B#
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integrates Ambient Intelligence (sensors, automatic di
allers, automatic cooling and heating system) with so

@

lutions related to multiagent systems, machine learnini
and other Al techniques, affective computing, wireless de
vices and robotics.

Our proposal is to install, on top of the hardware of the

robotic platform, a Multi-Agent SystemVAS) that con-
trols the behavior of the chair, monitors the state of the

patient and interacts with him/her through a flexible inter- L

face that provides more or less assistance in navigation,
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depending on the patient’s individual capabilities. Navrigure 2: Thee-Tools proposed multi-level architecture.

igation should be autonomously controlled by k&S
most of the times, to relieve the user from tedious low-
level decision-making tasks. To make this possible, the
platform will be wirelessly connected to the environment,
where an agent-based coordination layer will provide ex-
tra information to the robotic platform MAS. To support
the agent-based coordination layer and to connect it with
the robotic platform MAS, active landmarks will be in-
stalled. This active landmarks are small wireless ma-
chines installed in some strategic places of an area to
transmit local information to the mobile entity. Similar
initiatives and ideas can be found in the design of intel-
ligent buildings for disabled and elderly people (see for
example [2]) and in the last generation of road traffic sup-
port systems. In order to filter all the information received
from the sensors and send only relevant information to a
given platform, each room must be monitored and con-
trolled by aMAS. This agent-based controller can proac-
tively make decisions about room conditioning, or process
sensor signals in order to extract meaningful information
(e.g. to track a given person in the room).

Figure 2 depicts an example of this architecture as it
was introduced in [3]. It consists of the following levels:

e The lowest levelcontains all the physical devices
that are connected to the environment. This level in-
cludes the cameras and sensors attached to the walls,
patient monitoring systems, PDA's or other portable
devices and intelligent wheelchairs.

e Thesecond levetomprises the hardware controllers
that operate the physical devices and send informa-
tion to the next level. In the case of complex devices

such as wheelchairs or cameras, this level should
also perform tasks that might need immediate actions
to be taken: for example, in the case of the camera, a
behavior to follow a person that is being tracked; or
in the case of the robotic platform, effective obsta-
cle detection and avoidanceeéctive navigationto
ensure a high level of occupant safety [9].

The third level is composed of agent-based con-
trollers that receive information from the hardware
controllers and combine it with the knowledge they
have about the state of the system, to infdrat
information they need to improve their knowledge,
whereto obtain it, anchowto obtain it. Thesd/AS

can also reason about thelevanceof the informa-
tion they receive, and distribute it to other agents or
controllers that may need it. In order to integrate
the information from the different agents in the envi-
ronment and to coordinate activities and actors (pa-
tients, doctors, caregivers), the total population of
agents composes the agent-based coordination layer
(see§3). As part of this coordination, agents have to
reason about the laws, norms and protocols that rule
the environment where they interact.

e A wireless networkprovides connections among
the previous layers. Since not only the patient’s
wheelchairs but also the environment and other peo-
ple’'s portable devices have agent-based controllers
connected to the network, interaction and coordina-



tion issues can be solved by the software agents. add new activities (e.g. add a new session at the gym),
(b) the user or a caregiver may modify or delete activities
already in the schedule, (c) the user performs one of the
3 The eTools agent_based coordi- scheduled activities; or (d) as time goes the schedule is
. automatically up-dated (e.g. changes in priorities).
nation Iayer We also consider the need of having an agent that un-
dertakes responsibility for the network of sensors. Its ba-
The use oVAS in the healthcare domain is rapidly growsic target is to distribute the information from all avail-
ing. These medical systems are designed to perform cqipte sensors to all the agents that maybe interested. The
plex tasks and to gracefully adapt to unexpected eveni of actual sensors for this space include: movement,
Still, issues like privacy, security, safeness and trust 3andmarks, cameras, presence, etc.
very sensitive as agents should have access to patientat |ast, we have a/ain Agent(M AA) that represents
medical records and maybe interchange that informatigie hospital entity. Among its objectives are to keep up-
with other agents to autonomously perform their assigngélted the monitorisation of all patients, to manage their
tasks. (ADL9) and to provide them all with the mobility plans
Our MAS has the following basic agents. First, we hawdat may need to achieve them. Also, it should keep the
a Patient Agent(pa), for each client, that could be intecoherence of all clients’ scheduled! AA is responsible
grated into the platform or connected to it, for examplér the protection of all the clients’ personal data, thistfa
using a PDA. This agent should provide all the availabie expressed as an Obligation, for example in equation 3.
and permitted services to the patient and it should take
care qf his/hers p.ersonall secu.rlty. E@olprowdes aper 34 Relesand agents
sonalized way of interaction with the patient and therefore
patients could use it to ask for help or to ask the platforFoliowing with the preliminary description of the agents
to drive her/him to a given place into the permitted spadgat we made above, we will detail inhere some of the
or to ask the system to show a possible path to the degdiles that each of the agents can assume. Entering in the
nation. It should ensure that the user is aware of the @etailed analysis of each agent, we start withthehat
tivities he (the user) is expected to perform, tlaeshould we see portrayed in figure 3, where it interprets roles in-
augment the likelihood that he will perform at least th@olved in aHelp Request Managdo ask for help, with
compulsory activities (such as taking medicines). An inglirect interaction or not of the patient. The roleRiain
portant task is to avoid the user to be overly reliant dRequest Manageto communicate with someone that it
the system. Also, thpa takes under its responsibility thecan provide him a route in the environment for travelling
audit of the patient’s biometric signals and it acts in cobetween two points. The role dflonitoring Manager
sequence. keeps control of the patients vital constants and assures
The Medical Agents(ma) will be situated in the PCsthat they have acceptable readings. Finally, we have the
belonging to the medical and sanitary personnel as wislvigator/Plan Executionghat is in charge of managing
as in their individual PDA. Thena will be in charge of the journey marked by a route in the environment. The
managing all the patients’ request messages and will ale executes roles dfielp Attendthat allows him to pay
low to dispatch them all. Also, it will notify any anomalyattention to those requests of help that tachave pro-
in the patient’s biometric signals and it will generate a reessed and on the other hand develops the roftatiis
quest for help, if needed. A range of emergency situatioRequesthat allows him to make a follow-up of the de-
can be avoided with the systematic data collection (etgiled information regarding the patients, biometricabda
catastrophic reactions). A special task to be performedtist indicates the state of the patient as well as personal
to initialize the daily activities for each user, as well asr geographical data, that lets the: to have located the
any constraints on, or preferences regarding, the timepatient at all times.
manner of their performance. This schedule may then berhe Sensor Network Agent develops rolesvignitor-
modified in several ways: (a) the user or a caregiver miag, since it picks up all the sensory information of our en-



vironment and it can control the changes that are produged .
on it, the locations of the patients and the staff, doors that “9¢" >> PetientAgent
open up and close up, ...Using this information carriegole: Help Request

<< service >> Monitoring

out the task ofGuard controlling that all these reading$ 6. pian Request
are correct and are not anomalies that can be consideéred o

. . Role: Monitoring
risks or emergencies.

The M AA develops roles of coordination and contrg|Role: Navigation/Plan Executign
of the system. For example, it controls the actionsioh-
itoring andGuardin order to survey the patient’s data a
to control that they are correct, as well it keeps track of
any reported incidence. It also carries out #lanner
role, since it receives requests from fheand calculates
the bestroute in the environment. Finally, it will have the
role of Scheduleor agenda, so it is in charge of carrying
out the control of the activities that patients have to carry
out along the day and of warning them when the time of
their attending has arrived.

The agents that act in our architecture share an ontol-

Organisatione-Tools

Description

Periodically checks biometrical
information. Every defined period
(longer that the one for informatio
information. Every defined period
checking) sends the data to the
Main Agent. If irregular data is
detected through the checks, the
information is sent before.

Type:
Guard

Protocol:
Inform-Biodata

Agent Communication Language:
FIPA ACL

Ontology:
eToolsOntology

Content Language:
FIPA-SLO

ogy that allow them to exchange information for carrying
out their activities. This ontology contains the descrip—,:igure 3: Example of Agent and Service Specification
tion of the elements of the physical environment as well

as those of the conceptual world that the agents need to

know. Also, it contains the actions and propositions thﬁtequeslservice allows the patient to ask for help when-

give support to the communicative acts that put them ér\]/er s/he needs it, propagating a notification to albt

contact. . .
so the caregivers can choose to answer to this help re-

_ guest using thélelp Attendservice or leave the request
3.2 Services in a queue. Also, this help request can be produced auto-

Now, we have already seen the agents that take IOar{‘?atlcally, through the monitoring service that keeps con-

I S .
our MAS platform, even though not all them have beel?cg] of the patient’s vital constants in thg, that when

implemented at this stage. Yet we have not developg : o
. Fonomously warns thewa about these irregularities.
those agents who have more dependence from physical re- . o )
sources, like the agents of the robotic platforms, in charge-ollowing the monitoring line we also find themer-
of the low level navigation, not even the agent of the seg€ncyservice, that is provided by the agent of the sensors
sor network. In [9] you find more details about the behapetwork. This services works taking continuous care of
ior of those agents . some sensors, controlling that situations of risk or emer-
The description of services can also be done using §NCy may not arise. Among the signals to be controlled
AUML syntax. An example of this specification is show#€ are considering electrical, fire, smoke, etc. If the de-
in figure 3. In there a service can be seen as a class af@@fed situation, a combination of abnormal signals, is
ciated with the agent class which provides it, specifyingt@nsidered an emergency, the system would proceed to
series of parameters that describe the composition of fe@utomatic evacuation of the patients, bringing them to
service. the closest safe location from their current positions.
Once we have defined the agents of our system and hema agents have the possibility to use tRequest
their roles, we are able to see their participation in ti&tatusservice to update all the patient’s information. The
services thaetools-V1 offers. One of these services idata that is susceptible to change with time is the biomet-
related with the patient's needs for attention. THhelp rical data and the one related with the location. Thanks to

é)elieves that these data readings are abnormal, it au-



the biometrical data the sanitary staff can consult throughts in touch with the\f AA and requests him a route
their ma the status of their patient’s vital constants ant go from the actual position to the chosen destination.
follow their evolution. Also when a request of help is prowhen theM A A receives the request, it calculates the ap-
duced by abnormal readings in these vital constants, firepriate route in the way that we will portray later. Once
sanitary staff can consutpriori which are these readingst haves the resulting route sends it like a list of points to
and if it is necessary, they can collect the medical materatain within a message back to thethat had made the
that they may need before visit the patient. Also, makimgquest. When thg; receives the route, it starts to exe-
use of the location information that this service providesute it automatically, showing it to the patient through the
the system can know at anytime where the patients daterface. The patient will be able to actively interacttwit
be found, if they are still or in movement and in the lashe controls of the chair, and if he prefers so, he can be the
case, the system knows where they are heading to, sione who follows the points marked by the route manually.
probably it has planned the route. To create plans (séd.1), in first place thé/ A A needs
TheSchedulingservice is meant to palliate, in a certaig map of the environment to be able to design them. In
degree, the afore mentioned patient’s cognitive problenasir case we are using the real map of a floor of the IRCS
Often patients suffering this impairment do forget whicBanta Lucia, we divided it into sections or stretches to
are theirADLs as for example that they have to go teonvert it into a topological map (see fig 4). The topo-
the dinner room to lunch, or to go to the gymnasium tggical map observes the geometric relations between the
make their exercises, etc. That is weyools-V1 offers detected characteristics in the map with respect to an ar-
them an agenda service thatowsall their ADLs When, bitrary axis of reference. This is represented as a graph
in a given moment, thé/ AA detects that a patient hasvhere the nodes are the observed characteristics (rooms,
an activity programmed in a given room, it warns pjs room sections, etc) and the edges are the relations be-
that will be empowered to warn his owner and will offefween them. These maps can be constructed without a
him the possibility to drive him to the place where thgeference to the actual position of the platform. There-
appointment has to be produced. If the appointmentféige the errors of representation are independent of the

not compulsory and the patient refuses to attend in thaisitioning errors of the platform. In our particular case
moment, hig; will remember him later that he still has a

pending appointment.

Finally, we present the mobility service. The number of
ADLsrequiring navigation is large. Many persons in the
target population move at extremely slow speeds or are
affected from different degrees of ataxia. These condi-
tions have different impact on self-dependency: in terms
of timing (a very slow gait is useless to reach in time a toi-
lette), distance (weakness can make too far even the near-
est room), safety (such patients are at increased risk of
falling). The task of helping people moving around could
then become one of the most labor-intensive in assisted
facilities. Using thePlanningservice the patient can ask
to the system to drive him to a concrete zone of the hospi- ~ Figure 4: Path planning for the Patient Agent
tal or can just ask to be reminded of how to reach to des-
tination, in the case he has forgotten it. The patient caue have divided the map into a grid and have drawn a
choose, through the interface that hisoffers, to which graph that connects the stretches that can be safe or use-
room he wants to travel. We must say that thevill be ful for the patients to travel. The edges will indicate the
only offering him as options, those rooms to which he cassociated cost to the transition from a stretch to the next.
have access, and will avoid stairs, private rooms, officédso, the nodes have an associated cost related to cross-
etc. Once the patient has selected his destinatiomdising the stretch associated. Places like corridors, narrow




zones or doors suppose an added cost. Edges only adent’s family members and on the kind of terminal they
nect stretches that are physically connected and that laage: PC, PAD, Cell Telephonetc The prototype’s in-
transitable. Assigning a cost to nodes is also useful ferface is primarily graphical, and it is currently on the
the system when it has manage closed doors or bloclsedeen of a computer. It is designed as a Web service that
accesses, since it assigns a exaggerated cost to themyibadapt itself to the client’s terminal.

they wont be chosen as part of a route by el A. The e-Tools client interface is still under development

As afirst safety measure, we must say that the map dbes in its definition there are some major concerns: a) It
not consider dangerous nor restricted areas as transitableuld give access at anytime to any available (and per-
zones. If these restricted zones are not included in ouitted service) b) It should allow the client to select a
topological map, they will not be included to any routalestination from a list and to change mind; c) It should
All these stretches have been identified and evaluateck@ep the client informed about his actual position and di-
guestion of difficulty of crossing. The obtained resultection; and d) It should help to avoid confusion modes.
have been coded XM, creating awritten map that the  Confusion modes could appear when the control is
MAA agents can easily read every time that they wasttared by the user and the deliberative control. Also,
to calculate a route. Once we have the topological maien the reactive mode takes control it should resume its
, from the start node and the destination node, we haugion and try to avoid panic situations in the user.
to calculate the best route. To make it have the knownin order to accommodate older adults with reduced eye-
algorithm of A, that gives us back the optimum route iBight other means as voice interfaces should be available.
cost an efficient time. We have also considered that maybe
this method would be insufficient because there can be ) .
several robotic platforms moving around at the same tirde VI rtual H ospltal
and that with a certain traffic, they can produce circulation
problems. Even though this has to be solved at a lowsrour plan to deploye-Tools in a real environment we
level with navigation based in potential fields and othavill use the HARMONIA approach, introduced in [10], to
methods, with the high level route calculation we can hefigfine aVirtual Hospital that accomplishes with actual
to avoid these situations. definition of the IRCCS Sta Lucia. The model of this or-

The system will modify the topological map that wganization should include references to different nationa
have loaded in memory. When it calculates a route al@vs and regulations as well as the medical protocols and
assigns it to @;, immediately, it will mark all sections of internal regulations created by the IRCCS Sta Lucia.
the map that he will use, increasing its cost, so that if anyThe basic document for this task is its Regolamento Or-
otherp; asks for a route, the system will try to search fayanico [1] that provides a high level description of the IR-
an alternative path, in order to not use sections already @S Sta Lucia’s Values, Objectives and Context. This
signed tagp;. Oncep; reaches her destination, the sectiorocument, for example, links the organization with Ital-
will modified again and leave them with their initial costdan Healthcare system and, therefore with the Italian legal
This strategy is meant to diminish possible jams in tisystem and from it it inherits obligations, compromises,
case that twga ask for similar routes that could traversgalues, objectives and it defines also its context.
coincident zones. To manage situations of heavy traffic,In figure 5 we show a simplified model of IRCCS
it should be developed an arbitration system that decidéis Lucia’s actual organization and explain some of the
who can circulate in a crossing, similar to semaphores awenes that occurs in a hospital to showRMONIA's
settle down channels of circulation like the ones usedpower to model the agent-mediated interaction inean
common highways. organization.

Patient’s are derived into the IRCCS Sta Lucia either
by their doctor or from a Hospital to be rehabilitated — to
rehabilitate patients from neurological accidents is dne o
The e-Tools project will deliver different kinds of usersthe Sta Lucia’s main objectives — there a diagnosticated
interfaces depending on their category: doctors, nursasd either sent to a floor or rejected. Once in a floor, each

3.3 User Interface
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In a hospital or an assisted living facility there are
places to which access is forbidden for several reasons to
different users. One special case are stairs and lifts. The
Admission system should assure thafpif, is not allowed to change

: floor she will not use the chairs nor the lifts. Also, in the
case of a platform they cannot be used to try to reach the
stairs.

Diagnosis ADL
“

Rejection I

MedW‘%ﬁpﬂal

4.2 Requesting Status

Figure 5: IRCCS Sta Lucia organizational simplified o ] o i
model A normal action in the daily activity of a healthcare giver

is to collect information about a patient. In our context

this can be achieved using tleeTools facilities. For ex-
accepted patient is provided with a personal agenthat ample, a caregiver could use hidedical Agent(ma)
allows her to use all the available and authorized aget$-ask for: Tell me Patients (corporal) Temperaturer
based services. Eaglu; is personalized to its owner soGive me the Patiefis (actual) Statusor Tell me where
its identity is binded to her and makes it unique. Patient’s is? again, before to receive that information the

In the following, we will describe typical scenessystem has the obligation to verify if the requesting;,

wherepa; interacts with other agents to accomplish sontes the appropriate permissions and it will write down the
generic tasks. transaction in an special audit file, if finally it decides to

deliver the data. This is expressed in expression 3.

4.1 Requesting a Plan

Here we will illustrate the treatment given to the creation Os (registe(sl, log,
of a plan for a given agenia; willing to go from her personaldatarequeststatusmay, a;))) (3)
actual position to a new on&. In our scenario there are
two different ways to start this process. Either a patigntthis is because the system should respect the Law on Per-
requests the system for a plan to gaXfo-using hepa;— sonal Data Protection [5].
or the agent itself initiates the request. We assume that ifAn exception occurs in the case of an emergency. If
the pa; or a; wants to go toX has the goal to go therethe system acknowledge thatza; is involved in an
G.,90(a;, z). This goal is state in expression 1. emergency and this patientdinical history (HC) is re-
guested by a caregiver’s agents;, the system will de-
liver the information without creating an entrance to the
Gq,90(ai,x) = D, g0(a;,x) A —Bg,in(a;,z)  audit files but it will create an obligation imay such
A B, achievéin(a;,z)) (1) thatafterthe end of the emergency it should create an en-
trance to the audit files as expressed in equation 5. Then,

Once the request arrives into the system we find tHEtContext = Emergency the,, is created, see expres-
the system (/) has the obligation to find out ifa; has Sion4...
the necessary permissions to obefore it creates and
delivers a plan. Expression 2 depicts all this process. Og; (inform(sl, accesénay, HC(p;)))) 4)



use of both human and financial resources. Clearly, a bet-
ter quality of life is achieved by reducing the rate of insti-
Oma, ( declareaccesgnax, HC(p;)) tutionalization however, an improvement in the autonomy
> Emergency=NIL (5) ofthe patients during hospitalization could also be of help
in improving the patient’s overall condition: the recovery
of independence would have a positive influence on the
4.3 Help Request Manager patients psychological wellbeing, positively affectirngt

When aget hel p request arrives into the System a neWhOIe process of rehabilitation. Moreover, the Scalabmt
situation arises. The system starts to play as Help Requiighe intervention of the tool - related to the user's actual
Manager. This request could be originated from two difapacities - allows the latter to autonomously perform a
ferent sources: In the first the decides that her owner isSeries of activities usually supported by human resources
in problematicsituation and it decides to send a requedgvoted to routine tasks of care. These resources could

for help (see equation 6). In the second case is the patilgﬁ@ce be devoted to alternative tasks, resulting in a signif
himself who calls for help (see equation 7). icant improvement in the quality of services offered. Both

in home care settings and in neuro-motor rehabilitation,

where the main objective is to improve the autonomy of
G, 0etheldp;, cg;) = D,,gethelgp;, cg;) the patients, the use of tleeTools offers significant ad-
vantages: in this case the technology is able to help the

A—B,. helpattendcg;, p; . ) L
a:NEP ;. p) patients to re-establish some or all of their independence.

NBq,neednelfp;) ©6) Institutions are abstract patterns that are valid for all
the environment?, while organizations are concrete in-
stances of an institution defined inside a certain context

G,.getheldp;,cg;) = D, getheldp;, cg;) Ca-

Norms are necessary in situations where the organiza-
tions are unable to totally control the actions of the agents
AB,,;needhelfp; ) (7) that are acting in any given moment. In our case, for ex-

_ample, to try to rule the traffic in each floor of the Hospital
When the systensl gets a request as the ones depictefads of a norm like:

in equations 6 and 7 it should notify it to all the available
ma; and verify that thig; has not pending requests. This

A-B,,; helpattengcg;, p;)

behaviour is defined by equation 8 Hasnorm,; (you_oughtto_drive_on the-right) (9)
] that derives directly from the continental driving conven-
Oq ( check— waitatteng,)) tions. One of the main roles of institutions is to inspire
< notify(sl, may, requesy, ) trust into the parties that perform the transactions.
A wait attend, ) (8) The completion and implementation @fTools —under

this new approach— will be a step ahead in the improve-
ment of the quality of life of senior citizens with the help
5 Conclusions of the new technologies. We must consider that there are
37 million citizens with disabilities of different types in
As above discussed the disabled population is a heterogerope, therefore the beneficiary users of the system are
neous kind of population and it is in continuous increas@any, and not only them, but also their families and the
One of the main efforts of scientific research in this aréastitutions.
is to guarantee their autonomy in the best possible way, iriThe tools envisaged here are applicable to support a
order to obtain two important results: firstly, an improvewide range of disability levels and needs, and can be used
ment in their quality of life and secondly an appropriatey a wide range of users — intact healthy people and those



with mild cognitive limitations, elders with moderate imto show the versatility and robustness of agent systems

pairment and disability, caregivergic These agent- on a large scale, reducing the fragility of the conventional

based systems are devised to support the execution ofsdtware bringing an infrastructure constructed with tol-

tivities of daily life and of healthcare maintenance taskserance to the uncertainty, the inconsistency and different

including standardized behavioral assessments usefupaints of view.

medical monitoring. In addition, they connect patients Technology will never alleviate all problems that aged

to the outside world, including entertainment and infopopulation and persons with disabilities face, in special

mation, and facilitate communication with families anthose that require a human interplay. Beyond supplying

with the environment. Physical environments that are agay important aid to the disable patient in order to improve

friendly can make the difference between independeritequality of life,e-Tools alleviate caregivers from routine

and dependence for some senior people, as senior citizasks and could improve also their quality of life dimin-

who can safely go outside anthvigateto a neighbor’s ishing their degree of distress.

house or to the park are less likely to suffer from isolation In fact, if caregivers stretch themselves too far in the

and depressione-Tools provides a research scenario teare giving roles and ignore their own needs, both mental

test out a range of ideas for assisting senior citizens amtl physical distress may result. A mental status called

persons with some disabilities. Burnout would emerge if caregivers could not manage
To date, we have developed the mobile platform (steeir stress properly.

figure 1), along with the software to enable to install the At the end, it is important to emphasize as the inter-

agent layer but still we have to develop the second laysstion between technology and medicine in the a broader

and to integrate the whole architecture at the IRCCS Sasémse - pharmacotherapy, neuro-motor rehabilitation, cog

Lucia in Rome. nitive rehabilitation - could guarantee positive fall-aurt
Among the most important obstacles that new tectie society.

nologies —such as software agents— find in real applica-

tions in medical informatics we can mention: user ex-

pectations and acceptance, security and trust issues, IAd&KNowledgements

of standards, and integration with pre-existing healtte ca

systems. It can be expected that acceptance of such $sCortes would like to acknowledge support from the

tems will increase in the future, as senior citizens will BSPIC project (IST-FP6-002307). C. Baéruwould

more and more used to interacting with and relying dife to acknowledge support from the ASPIC project

advanced technological devices. To overcome the othgsA/2002/049-055. The views expressed in this paper

problems, we propose here a real integration of heterogée not necessarily those of ASPIC or the TECHNET con-

neous technologies to serve to disabled and senior citi&8gtium.

in a non-intrusive way and securing the personal infor-

mation of the users, working towards an integral soluti

beyond existing efforts that try to solve subsets of pro(ReferenCes

lems. Thee-Tools philosophy puts a lot attention in create

tools to help useres to recover their autonomy in as muc[l%] I;egi)lal_rnerltozog)drfganlco delllRCCS  Fondazione
as possible. In this sense, our tools are meant not to over- anta Lucia, .
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