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Abstract. Assistive technologies represent a recent application area of a
wide variety of Artiﬁcial Intelligence methods and tools to support people
in their activities of daily living. But most approaches do only center in
the direct interaction between the user and the assistive tool, without
taking into consideration the important role that other actors (caregivers,
relatives) may have in the user activities, nor they explicitly reﬂect the
norms and regulations that apply in such scenarios. In this paper we
present an approach to the development of assistive technologies which
uses organisational and normative elements to ease the design of both the
social network arround the user and their expected behavioural patterns.
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1

Introduction

Assistive technologies are an application area where Artiﬁcial Intelligence methods and tools have been applied to support people in their daily life. Most approaches tend to center in the user-assistive tool interaction, though. But next
generations of assistive technologies should provide ways to connect users with
caregivers and relatives, and provide ways to monitor unwanted behaviour.
In this paper we present an approach to the development of distributed assistive technologies using organisational and normative elements to include all
relevant actors related to a given patient and their role in the patient’s activities.
We will use as example an scenario where the technology should facilitate some
necessary and periodic tasks which would require an impeded patient to leave
his/her house. The scenario focuses on those tasks that allow a patient to be
periodically controlled by a doctor and to obtain his/her medication, according
to the treatment assigned. The scenario is inspired in the assistive technology
developed in the SHARE-it [6] project (§2).
This scenario presents several tasks that must be coordinated by a range of
actors in a in a highly regulated environment where the roles for some of the
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actors and the way they may interact with patients (e.g. who can change the
patient medication) are clearly stated. This complex scenario can beneﬁt from
the combination of norm-aware, organisational-aware multiagent techniques and
Semantic Web Services to enable dynamic and regulated service composition.
What’s more, technologies involving organizational and coordination theories
applied to Web Services are also key in order to eﬀectively maintain a system operating in such a constrained and dynamic environment. We will use the
ALIVE framework and its tools to model and develop this scenario, as it has
been already successfully applied to other dynamic and complex scenarios [5].
The rest of this paper is structured as follows: the paper summarizes an use
case inspired on the SHARE-it project in §3. Later, the ALIVE framework is
brieﬂy explained in §4. The paper goes on by describing the application of the
ALIVE framework to the use case. Finally authors state their conclusions and
lines of future work.

2

SHARE-it

The main goal of SHARE-it (Supported Human Autonomy for Recovery and
Enhancement of cognitive and motor abilities using information technologies)
project was to contribute to the development of the next generation of intelligent and semi-autonomous assistive devices for older persons and people with
disabilities (both cognitive and/or motor). The focus of SHARE-it was to develop a scalable, adaptive system of add-ons composed of sensor and assistive
technologies so that they can be modularly integrated into an intelligent home
environment to enhance the individual’s autonomy.
The basic assumption in this research eﬀort is that the target population
by using these supporting devices could be self-dependent enough as to autonomously live in their community, staying at home as long as possible with
a maximum safety and comfort; this possibility would increase their Quality of
Life, and, at the same time, delay their institutionalization. At least in part, how
well these elders live and their abilities to maintain independent life styles will
depend on their health and the degree to which they have remained totally able
or frail or disabled. This in turn, will depend to at least some extent on how well
the artiﬁcial and built environments in which they live conform to their needs
and their age-related losses in abilities and somatic integrity.
Mobility is a key aspect of the SHARE-it project. As a result, four diﬀerent assistive platforms (i-Walker [2], Spherik, CARMEN and Rolland [4]) were
developed and deployed in real environments, whose objective is to be able to
provide mobility assistance for wide range of users, paying particular attention
to the needs of elderly and impaired people. These platforms were tested in a
special Ambient Intelligent environment, the Casa Agevole, a house specially
designed for people with disabilities and equipped with a wide array of domotic
capabilities and sensors.
In order to combine and manage the information from the ambient intelligence, the robotic platforms actuators and functionalities and oﬀer a set of
cognitive services to the users, a multi-agent system was developed as control
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middleware. The SHARE-it agent layer architecture focuses on delivering three
main kind of services: monitoring, navigation support and cognitive support.

3

Use Case

The use case we present in this paper, called Alberto takes his drugs, extends
the one originally presented in [1]. In it we model a scenario with a physically
disabled person (Alberto), whose disability makes it very diﬃcult for him to leave
his house. The problem we try to solve is supplying Alberto with his required
medications without him leaving his house, as well as facilitating the interaction
with his doctor. The main stakeholders of the use case are: 1) Alberto, as the
patient. 2) Doctor, as the responsible person for his medical treatment. 3) Health
Insurance Company, as the entity organizing and controlling the interactions. 4)
Pharmaceutic, as the medication retailer. 5) Logistics, as the person/company
responsible for home delivery. 6) Domotic House, the house Alberto lives in,
which can identify and grant entrance to authorized people. 7) Medical Dispenser, a device which automatically provides medications doses (i.e. pills). 8)
Medical Monitor, a device controlling the Medical Dispenser embedding it with
intelligent behavior.
The scenario starts with a visit of Alberto to his doctor, who assigns a periodical treatment. The Doctor sends the treatment to the Medical Monitor
which communicates with the Logistics (the monitor should be able to choose
the most suitable Logistics person taking into account delivery routes, proximity
and workload), requesting the supply of the medication to Alberto. The Medical
Monitor communicates with the Pharmaceutic as well (again, choosing the most
suitable one, taking into account pharmacy locations and medication stocks), requesting the handover of the medication to the Logistics. The Medical Monitor
also grants permissions to both of them to do their task (i.e. electronic medical
recipes). Once the Logistics has fetched the medication from the Pharmaceutic, goes to Alberto’s house and is identiﬁed and granted access by the Domotic
House. Once inside Alberto’s house, Logistics ﬁlls the Medical Dispenser with the
requested medication. The Medical Monitor detects the update of the medication
stock quantity, and keeps monitoring it to avoid stock breaks.
Once the Medical Monitor detects an incoming lack of medication (given the
current stock in the Medical Dispenser and the daily medication dose speciﬁed
by the Doctor) it communicates with the doctor, requiring it to approve an
extension of Alberto’s treatment. The Doctor may approve the renewal or change
to a new one, in which case orders and permissions are automatically sent to the
Logistics and the Pharmaceutic by the Medical Monitor, or arrange a meeting
with Alberto if required.
The Health Insurance Company imposes some rules and restrictions on the
process. For example, it requires that the Doctor, the Logistics and the Pharmaceutic fulﬁll their obligations within a established time gap. In case some
of those actors take too long to perform their tasks and violate their deadline,
a sanction is issued and measures are taken to make sure Alberto takes his drugs.
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Fig. 1. ALIVE architecture [3] (S stands for Service)

On the other hand, it requires some basic safety rules are accomplished, such as
checking medication’s best before date before reﬁlling the Medical Dispenser.

4

The ALIVE Framework

The ALIVE framework presents a multi-level structure that combines modeldriven design techniques and agent-based system engineering providing support
for live, open, and ﬂexible service-oriented systems. ALIVE’s organisational and
normative structures make it suitable for highly regulated scenarios like the
one presented in this paper. The ALIVE framework applies substantive norms
that deﬁne commitments agreed upon actors and are expected to be enforced
by authoritative agents, imposing repair actions and sanctions if invalid states
are reached. Substantive norms allow the system to be ﬂexible, by giving actors
(human or computer-controlled) the choice to cause a violation if this decision
is beneﬁcial from an individual or collective perspective.
4.1

Organisation Level

The organizational level represents the organizational structure of the system via
the organizational model. The organizational model is formalized following the
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Opera methodology [7], including the following concepts: 1) Objectives: States
of the world pursued by actors. Derived from organisation’s goals. 2) Roles:
Groups of activity types played by actors (either agents or human users). The
set of roles and the relations between them constitutes the Social Structure. 3)
Landmarks: Represent important states of the world regarding the achievement
of goals. They are identiﬁed by the set of propositions that are true on the state
of the world represented by the landmark.
The organisation level supports the deﬁnition of norms, adding a normative
structure to the social and interaction structures. The normative structure is useful for imposing patterns of behavior. The elements on the normative structure
contain the following main components, expressed using Partial State Descriptions of the world: a) Activation Condition: when the world reaches the state
speciﬁed in this condition, the norm starts to be checked. b) Expiration Condition: when the world reaches the state speciﬁed in this condition, the norm
stops to be checked, and has not been violated. c) Maintenance Condition: when
the world reaches the negation of the state speciﬁed in this condition, the norm
stops to be checked, and has been violated.
4.2

Coordination Level

The coordination level provides the patterns of interaction among actors, transforming the organisational model into coordination plans, or work-ﬂows. Workﬂows bring the system from the state represented by a landmark to the next
one (as deﬁned on the interaction structure) and are formed by chains of tasks.
Tasks, as deﬁned on the task model, contain both pre and post-conditions, that
deﬁne the state of the world before and after the task is performed. Tasks contain as well semantic information that binds them to abstract services on the
service level.
A set of intelligent agents, deployed on the AgentScape platform1 enacts the
work-ﬂows in a distributed and coordinated fashion. Agents analyse and monitor
work-ﬂow execution and react to unexpected events, either by enacting alternative work-ﬂows or by communicating the incident to other levels.
4.3

Service Level

Appropriate services are selected for each abstract task composing the workﬂows by matching the semantic information contained on the service description
and on the task description. These descriptions are deﬁned in terms of OWLS2 service proﬁles. OWL-S proﬁles facilitate the process of composing services
(eﬀectively matching a chain of services to a given task) and ﬁnding alternative ones (eﬀectively matching a set of alternative services to a given task, and
reassigning on the ﬂy services to tasks if a given service is not available).

1
2

http://www.iids.org/research/aos
http://www.w3.org/Submission/OWL-S/
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The Monitor Tool

The monitor tool is the back-bone of the ALIVE framework, connecting all
the three levels allowing the exchange of events among them, from a service
invocation that fails to an update on the Organisational design (e.g. a new role or
objective is introduced) that aﬀects the agents in the coordination level. Agents
enact their roles by interacting either via direct communication (coordinating
among themselves) or via service invocation. The monitor tool observes these
interactions and matches them with the normative and organisational states (e.g.
Obligations, Permissions, Roles) eﬀectively allowing agents to reason about the
eﬀects (in a normative sense) of their actions.

5

Use Case Model

This section models the use case introduced in §3 using the ALIVE framework.
It introduces the model from the Organisation, Coordination and Service level
perspectives. Elements from the domain ontology are referenced when required.
5.1

Organisation Level Model

In the organisation level we identify the existing set of stakeholders, the goals
of each of them, landmarks and scenes related to those goals and the normative structure of the system. The stakeholders are extracted from the use case
explanation, and the roles are derived from them.
For each role, its goals within the use case have been identiﬁed. Also a hierarchical relation representing dependencies between roles has been deﬁned. For
instance, to fullﬁl the goal Prepare deliver, pick-up and deliver permissions must
be assigned to both Logistic and Pharmacy roles. Thus, the role fulﬁlling Prepare deliver depends on the role assigning permissions. Each goal is assigned
a state description, representing the state of the world when the objective has
been fulﬁlled. For example, the goal Reach pharmacy has been fulﬁlled when the
logistics person A (who has been given the order to go to a given pharmacy P )
is in the same geographical coordinates as P .
Landmarks deﬁne important states on the achievement of the goals. A set of
ordered landmarks deﬁne a scene. The execution of each scene entails the achievement of one or more goals. For instance, when the landmark Check treatment is
reached, the goal Aprove treatment is fulﬁlled. Role Doctor participates on the
landmark because it has the objective Aprove treatment assigned.
The last element to be deﬁned on the organisation level are the norms, which
must be speciﬁed by an expert on the domain together with the supervising
entity, if there is one (in this case it would be the Health Insurance Company).
5.2

Coordination Level Model

The elements on organisation level are derived into the coordination level. This
level contain three main elements, actions, plans and agents. A single agent is
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created for each role on the organisation level. Actions are derived from objectives on the organisation level. Objectives without sub-objectives are derived
as atomic actions, whereas objectives that have sub-objectives are derived as
composite actions. Composite actions contain sets of atomic actions inside an
structure called Construct Bag. Construct bags allow the deﬁnition of restrictions among the set of atomic actions that form the composite action (e.g. precedences between the actions or actions that can be enacted in parallel). Atomic
actions contain both pre and post-conditions representing the state of the world
before and after the task is enacted. Thus, the post-condition of a given task
matches the state description of the objective the task is derived from. Atomic
actions contain as well Inputs and Outputs, representing the parameters the
action is taking and returning respectively. These parameters are mapped to
concepts deﬁned on the Domain Ontology. For instance, the action Visit Doctor
has timestamp, doctor and client as inputs, and treatment as output.
Plans represent chains of actions. One plan has been modeled for each transition between landmarks or scenes deﬁned on the organisation model. In the case
of the transition between the scenes P repare request medication →
Request medication and P ick up medication → Hand medication over one
additional plan is provided for each transition. In this case, the agents have
two options available in order to bring the world from the state represented by
the ﬁrst scene to the state represented by the second one. The norms deﬁned
on the organisation model provide means for pondering both plans (analyzing
which plan will cause less norm violations) and choosing the most appropriate
one on each situation.
5.3

Service Level Model

This model consists in a set of OWL-S annotations applied to the web services available in the system. These annotations, modeled in the form of InputsOutputs-Preconditions-Eﬀects allow the matchmaker component to ﬁnd suitable
services for the tasks the agents try to enact. This intermediate component allow
a dynamic mapping between the tasks and the services, choosing the most appropriate service on the ﬂy. This means diﬀerent services (with equivalent descriptions) can be chosen for the same task depending on service’s availability and
performance. For instance, the task identify delivery person can be performed
by enacting the services id card reader or domotic door iris reader.

6

Conclusions and Related Work

ALIVE provides ﬂexibility to the case. Due to the connection among levels, a
change in the organisational level can trigger changes both in the coordination
level (via plan and agent generators) and in the service level (new plans will result in the execution of new tasks and, possibly, the invocation of new services).
Thanks to this approach, new roles, objectives and norms can be introduced
in the organisational level, without the designer having to perform any modiﬁcation to coordination and service levels, as this changes are automatically
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I. Gómez-Sebastià et al.

performed. Intelligent agents at the coordination level provide organisationalnormative awareness capabilities to the system. Allowing the agents to reason
about the workﬂows before performing them, and discarding the ones that do
not comply with organisational norms, adds organisational awareness to the execution of the workﬂows. Normative agents come in handy on the presented
case, as they can perform reasoning about what actions to perform taking into
account both the actions available and the norms deﬁned.
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