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Abstract This article presents three successful case studies oriented to disabled
and dependent people. These three case studies are the results of the following cor-
responding projects: Autonomous aGent for monitoring ALZheimer’s patients
(AGALZ),which facilitates themonitoring and tracking of patientswithAlzheimer’s;
AZTECA, which is formed by a set of tools that facilitate the work of disabled people
in their work environment; and MOVI-MAS, which simulates a 3D work environ-
ment enabling the detection of dangerous situations. These tools were developed
using an agent platform called PANGEA, which is a platform to develop open multi-
agent systems, specifically those including organizational aspects such as virtual
agent organizations.
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1 Introduction

Due to the advance of technologies and communications, intelligent systems have
become an integral part of many people’s lives. Available products and services
have become more varied and capable, and users expect to be able to personalize a
product or service to meet their individual needs, no longer accepting a “one size
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fits all” solution. Personalization can range from simple cosmetic factors, such as
custom ring tones, to the complex tailoring of the presentation of a shopping Web
site, to a user’s personal interests and their previous purchasing behavior [1–3].
These innovative techniques are expected to expand to a wide range of fields. One
of the segments of the population expected to benefit from the advance of
personalized systems, which will contribute to improve their quality of life [4], is
people with disabilities [5, 6]. It is important to study the different procedures that
facilitate the adaption of these systems to the disability of each user, allowing them
to experience improvement in their quality of life and in their work production.

There are currently a number of barriers that make it difficult for people with
disabilities to be incorporated into the workforce and, consequently, for businesses
to include them among their personnel. The greatest challenges for incorporating
these individuals into the workforce are personal autonomy (mobility), information
processing (language, knowledge of numbers, learning tasks, spatial orientation),
attitude toward work (responsibility, attention, rhythm, organization, work rela-
tionships, security, interest…), emotional control, interpersonal relationships, and
self-determination. It becomes necessary, therefore, to provide new tools that can
eliminate these barriers and facilitate the integration of this group of individuals into
the workforce. The solutions that can make it possible to reach these goals should
consider the type and degree of disability, since the objectives for the integration of
these individuals are conditioned by the special needs of each type of disability.

In the near future, public and private companies will be provided with intelligent
systems specifically designed to facilitate interaction with human users. These
intelligent systems will be able to personalize the services offered to the users
according to their specific profile. It is necessary to improve the services provided,
as well as the way they are offered [7]. Technologies such as multi-agent systems
(MAS) [8] and Ambient Intelligence (AmI) [9, 10], which are based on mobile
devices, have been recently explored as systems of interaction with dependent
people [11]. These systems can provide support in the daily lives of dependent
people [12].

The main purpose of AmI systems when they first appeared was to improve
human–environment interaction by means of computerized pervasive environments.
The research community rapidly became aware of the potential of such systems to
provide individual users with specialized solutions, particularly elderly people and
people with disabilities, who can undoubtedly benefit from many innovative services
related to health care, location, work environments, security, etc.

AmI-based systems aim to improve the quality of life, offering more efficient and
user-friendly services and communication tools to interact with other people, sys-
tems, and environments. It seems reasonable to assume that elderly and dependent
people are the segments of the population that would benefit the most from the
development of these systems [5].

At present, there is an increasing need to supply constant care and support to
sectors of the society such as the elderly and dependent disabled people [13].
Consequently, the drive to find more effective ways to provide such care has
become a major challenge for the scientific community.
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In Europe, the Eurostat Agency has established that 78 % of the severely dis-
abled aged people 16–64 do not work and only 16 % of those who face work
restrictions are provided with some assistance at work [14]. In Spain, the INE
Institute obtained the following results: Of the 1,171,900 people with certified
disabilities in 2010, aged from 16 to 64 years, only 423,700 had an active job [15].
The Office for Disability Issues in the UK found that the 46.3 % of disabled people
are employed compared to 76.2 % of non-disabled people [16].

The creation of secure, unobtrusive, and adaptable environments for monitoring
and optimizing health care will become vital. Some authors [13] consider that
tomorrow’s healthcare institutions will be equipped with intelligent systems capable
of interacting with humans.

This article presents two projects specially oriented toward disabled people in
the workplace and the PANGEA multi-agent platform, which enables the integra-
tion of these projects.

The remainder of the paper is structured as follows: The next section introduces
the chosen approach related to multi-agent systems. Sections 3–5 present the cor-
responding projects AZTECA, Autonomous aGent for monitoring ALZheimer’s
patients (AGALZ), and MOVI-MAS. Finally, in the last section, some conclusions
are drawn.

2 The Multi-agent Architecture Approach

The BISITE research group of the University of Salamanca has carried out several
projects and research related to healthcare environments and workplace integration
[17–19]. MAS and other architectures based on intelligent devices have recently been
explored as supervision systems for medical care for dependent people [20–23].
These intelligent systems aim to support dependent persons in all aspects of daily
life, predicting potentially dangerous situations and delivering physical and cognitive
support.

At present, there is a clear tendency within the new generation of software
applications to favor autonomy, robustness, flexibility, and adaptability of the
developed systems. The multi-agent approach [24] has become increasingly rele-
vant for developing distributed and dynamic intelligent environments and therefore
fulfills the requirements and goals of AmI and Ambient Assisted Living. In this
sense, it is important to integrate intelligent and dynamic mechanisms to learn from
past experiences and therefore provide users with better tools for supplying health
care.

Three of the most difficult aspects when dealing with AmI systems are as fol-
lows: (i) heterogeneity of hardware and, therefore, of the agents responsible for
system control (ii) scalability, since new devices or services should be able to be
easily added as the system grows, and (iii) high dynamicity, since the agents that
control and process the information enter and exit the system continually.
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These features and the high interaction between agents have led to the evolution
from multi-agent systems to virtual organizations of agents (VOs). VOs [25–27] are
a means of understanding system models from a sociological perspective. A VO is
an open system formed by the grouping and collaboration of heterogeneous entities
and includes a separation between form and function that requires defining how a
behavior will take place. Furthermore, VO encompasses the following concepts:

• Roles: These enable the representation of agent functionalities and a separation
from the rest of its cognitive abilities.

• Norms: These are vital when managing information and interaction between
agents. They enable defining and imitating agent behaviors with high precision.

• Organizational topology: This allows the development of software modules that
are independent while still able to work together. According to the requirements
of each system, agents move in and out of the various VOs that compose the
system.

The main problem of implementing a VO is the lack of platforms that support
such systems. The main function of an agent platform is to provide a runtime
environment for the agents. Given the nature of the presented projects and case
studies, in our examination of the literature, no platform was found on which the
three systems can be developed; therefore, a generic platform called PANGEA was
created in order to allow the easy development and subsequent integration of the
three systems.

2.1 PANGEA Platform

The main novelty of this platform lies in its design, which is oriented toward
providing the services required to create agents that offer services that can be
integrated to achieve a global system. The detailed operation of the platform can be
found at [28, 29].

One of the greatest advantages of this platform is the communication platform
which, using the IRC standard, offers a robust and widely tested communication
system that can handle a large number of connections and ensure scalability and
reliability. Another reason that justifies the scalability of the platform is the way it
models the services, that is, as services inside the agents or as SOA architecture
compliant services using Web services. The platform offers an IDE, which facili-
tates the implementation process. It automatically offers the skeleton of an agent,
and the communication between agents can be implemented with few lines of code.
Finally, the platform admits mobile agents and agents in any programming lan-
guage; it is not necessary to learn a new language in order to use it.

In general, this is an innovative platform. No other platform containing these
characteristics, such as the ability to integrate different services with high hetero-
geneity or different functional natures, is known to exist. The main platform agents
are shown in Fig. 1.
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As discussed below, this platform has enabled the development of an integral
multi-agent architecture, creating a novel system to provide services aimed at
integrating people with visual, hearing, and motor skill impairments.

3 The AZTECA Project

3.1 Motivation

An important trend in contemporary societies is the rapid development of ICT,
which has influenced the lives of people in every way; another is the sensitivity that
exists in governments, companies, and associations toward enabling people with
disabilities or at risk of exclusion to lead an independent life, which includes a very
relevant ability to acquire gainful employment. While the effective integration of
people with disabilities in the work place is a huge challenge for societies, it also
presents an opportunity to make use of ICT.

Currently, there are numerous barriers that keep people with disabilities from
joining the labor market and companies from incorporating them into the workplace.

Fig. 1 Overview of the systems
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Challenges of including people with disabilities in the labor market are personal
autonomy (mobility), information processing (language, numeracy, learning tasks,
or spatial orientation), attitude to work (responsibility, attention, rhythm, organi-
zation, labor relations, safety, or interest), emotional control, interpersonal rela-
tionships, and other factors. It is therefore essential to provide new tools to overcome
these barriers and to facilitate the integration of persons with disabilities into the
workforce. The solutions to meet these challenges must take into account the type
and degree of disability, as labor integration objectives depend on the special needs
of each group of people with disabilities.

In the field of technology, there have been several recent advances that have
significantly facilitated the task of daily living and employment for people with
disabilities. However, the full integration of these people in society, and in the labor
market in particular, continues to be a challenge. One of the main limitations of the
existing proposals is that they focus on very specific problems and, in general, are
oriented toward a single type of disability.

The scope of the AZTECA project (Intelligent Environments with Accessible
Technology for Work) is to research and develop new technologies that contribute
to the employment of groups of people with visual, hearing, and motor skills
impairments in office work environments through a service architecture oriented to
interaction, communication, mobility, and self-employment. The project has revo-
lutionized the interoperability, accessibility, and usability of services for the
employment of people with hearing, visual, and motor skills impairments.

More specifically, AZTECA specifically aims to use CIT and other key tech-
nologies to create an intelligent work environment that provides integral support for
the needs of persons with disabilities for their integration into the workforce.
AZTECA promotes the entrance of people with disabilities into the labor market
and their development of an independent life. In addition, the proposed set of tools
can be used by businesses to facilitate integration into the workforce, helping
companies to comply with the Spanish Organic Law 13/1982, of April 7, Social
Integration of Disabled (LISMI), which establishes the obligation of public and
private companies employing more than 50 workers to hire no fewer than 2 % of
their workforce as persons with disabilities.

For these reasons, we propose the development of an innovative architecture that
integrates both location and identification services, as well as communication and
training tools as interactive services that provide adaptive and personalized access.

3.2 System Overview

AZTECA is composed of a series of tools that comprise a global system. These
tools include registration services, rapid writing services, adaptation to alternative
peripheral devices, adaptive interfaces, virtual interpretation of sign language,
active learning services with TV, and location services. Three of these tools are
presented below.
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3.2.1 Proximity Activation System

The entry port to the system includes a proximity activation system that detects the
user and configures the work environment. The proximity activation system is
based on the detection of presence using the ZigBee technology [30, 31]. Every
computer in the room must have a ZigBee router assigned, and the system has to
know the exact position of the user at every moment. Furthermore, all users have
to carry a ZigBee tag, which is responsible for identifying each individual. Once the
ZigBee tag carried by the person has been detected and identified, its location is
delimited within the proximity of the sensor that identified it (Fig. 2).

This system is able to personalize the workspace to improve the adaptation to the
company workflow. Whatever disability the person may have, this type of indi-
vidual adaptation allows the workplace to be adapted automatically, facilitating
work productivity and removing the existing barriers, such as an inability to turn on
the computer with the proximity detection system.

The system is designed as a VO where several agents are involved. Every
disabled user in the proposed system carries a ZigBee tag, which is detected by a
ZigBee Reader Agent located in each system terminal and is in continuous com-
munication with the Client Computer Agent. Thus, when a user tag is sufficiently
close to a specific terminal (within a range defined according to the strength of the
signal), the ZigBee Reader Agent can detect the user tag and immediately send a
message to the Client Computer Agent, which is coordinated by the ZigBee
Coordinator Agent. The system uses a local area network (LAN) infrastructure with
a wake-on-LAN protocol for the remote switching on and off of the equipment.

This tool works together with the customization tool, also displayed as a sub-
organization within the PANGEA platform. The detection and identification of a
user make it possible to detect any special needs and for the computer to be
automatically adapted for individual use. This allows the system to define and

Fig. 2 User carrying a tag and tag located on the table to detect the RSSI signal
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manage the different profiles of people with disabilities, facilitating their job
assimilation by automatically switching on or off the computer upon detecting the
user’s presence or initiating a procedure that automatically adapts the computer to
the personal needs of the user.

Because the system uses a LAN infrastructure, the wake-on-LAN protocol is
used for switching on the computers. Wake-on-LAN/WAN protocol is a technology
that allows a computer to be turned on remotely by a software call. It can be
implemented in both LAN and wide area networks (WANs) [32]. It has many uses,
including turning on a Web/FTP server, remotely accessing files stored on a
machine, telecommuting, and in this case, turning on a computer even when the
user’s computer is turned off [33].

3.2.2 Translation Tool

The translation tool emerged as a result of the difficulty encountered by employers
in communicating with hearing-impaired employees. Given the ineffectiveness of
avatar translators, the solution chosen was to study the most important communi-
cation needs and to provide some recorded videos with commands and explanations
specifically related to the performance of a particular job. These videos are pre-
recorded by a sign language interpreter and stored on a Web server where they can
be accessed anytime through the request of an issuing agent. The issuing agents,
deployed on both smartphones (android or iPhone) and computers, will be
responsible for playing the video required at that moment. Receptor agents, also
available for smartphones and computers, will be responsible for capturing, either
by text or by voice, the information or instruction that the employer wishes to
transmit to the disabled employee.

The translator agent, which is called Video Translator Agent, is deployed in the
platform. It is responsible for receiving the instruction and mapping the specific
video used by the emitter agent who is requesting the transfer.

The translator agent is deployed within the sub-organization Translator Orga-
nization. Within this organization, a translation tool designed for people with visual
disabilities is also displayed. The tool consists of a vibrating bracelet that receives
impulses to transmit messages in Morse code. As with the previous system, the
employer sends a text through a mobile agent or an agent deployed on his/her
computer. The text is received by a second translator agent, Morse Translator
Agent, which interprets the message by translating it into Morse code and then uses
Bluetooth to send the message content to the bracelet. The bracelet transmits
vibrations to the disabled worker, who is the receiver of the message. These
interactions are shown in Fig. 3.
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3.2.3 Learning and Monitoring TV

This tool was also developed with the intention of facilitating the learning skills of
disabled people and to develop their work. Learning is done through the use of the
TV at home. The TV and remote control were chosen as communication tools
primarily due to the great familiarity that users have with these devices and their
management. TV is any easy device to use even for those who do not hold any
particular technical knowledge.

The current version is based on a Web platform, designed for use in low-
resource hardware support devices (such as set-top box or Raspberry Pi). Moreover,
it seeks to create an ecosystem that allows knowing the state of the home and its
inhabitants. In order to accomplish this, we will use the information provided by
various sensors located in the home.

The display of the TV is achieved by embedding a viewer plugin in the browser,
which provides access to a Freeview tuner, either integrated or external (usually
connected via USB). Thus, no bandwidth Internet connection is necessary, nor is an
expensive Internet connection required to use the system.

In order to transmit the information from the disabled user to the control center,
the system may use the user’s Internet connection; however, these connections are
usually expensive and slow in rural environments. In order to reduce cost and to
allow transmitting the information, the system may be integrated with a WIFI
network with a low cost.

Through this system, users can check the tasks to be performed, notices to be
sent to work and even receive notifications or reminders and schedules. This system
is interconnected to the translator tool so the user can receive notifications in
different ways (Fig. 4).

Fig. 3 Mobile phone, chip, and vibrator used for the translator tool and avatar shown on the
computer
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4 The AGALZ Project

4.1 Motivation

The number of elderly people in the European Union is increasing. It is estimated
that in 15 years, this group will comprise one-third of the population of the EU and
creating systems that facilitate monitoring and tracking of dependent persons seems
beneficial [34]. This situation is not unique to the EU as it can also be seen in other
industrialized countries. For example, it is estimated that by 2020, one-sixth of the
US population will be 65 years or older [35]. Dependent persons often need care
and tracking which in the early stages of dependency can be carried out with correct
patient monitoring. The situation tends to worsen for 20 % of seniors 85 years or
older who require constant monitoring, care and, in some cases, specialized medical
attention or hospitalization.

This situation has led us to propose the creation of a monitoring and tracking
system which is both unobtrusive and able to adapt to changes in the environment.
Additionally, tracking patients must allow attending personnel to care for patients’
medical needs. In other words, medical personnel, who are monitoring patients,
must know the state of the patients’ treatment and care. Sensors and readers can be
used to track patients and determine their location, as in the case of those with
specific disabilities such as Alzheimer’s. These patients are easily disoriented,
which makes it necessary to locate them and to activate an alert in the case of an
emergency to avoid situations such as the patient exiting the building.

The idea to create the AGALZ project in combination with ALZheimer’s Multi-
Agent System (ALZMAS) evolved from a desire to solve this type of problem and
to facilitate the process of monitoring and tracking patients in care homes for the
elderly.

Fig. 4 Screenshots of the TV
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4.2 System Overview

The ALZMAS project integrates a set of agents, such as the AGALZ agent, that
manage the daily tasks of personnel working in a senior care facility. Figure 5
shows the system agents and how they communicate with each other.

The system is composed of the following agents:

• Patient: This agent is in charge of managing the information for the users in the
facility. Each patient is associated with an agent responsible for monitoring the
user information and for ensuring that everything is in order. The monitored
information includes the patient’s location, his/her treatment, and daily tasks that
should be carried out. The agent is also responsible for knowing the location of
all patients and sending an alarm upon detecting that a patient is located in an
area where they should not be. The agent stores the patients’ movements
throughout the day for future analysis.

• Manager: This agent is in charge of managing the alarms that are activated by
the system and managing the tasks that must be carried out by medical personnel
in the hospital. It manages the treatments that must be administered by the
doctors and the list of tasks required to attend to the patients. Tasks are assigned
to patients through the AGALZ agent; this is done dynamically and in execution
time, taking into account the profile, abilities, previous time required to com-
plete tasks, and the total and temporary workload for each patient. The system
takes into account the time frame and time constraints of each task in order
to correctly assign tasks and to avoid delay. This system is also capable of
rescheduling tasks according to the state of completion fulfilled by personnel. If
the system determines that a nurse is unable to complete a task for a patient, the
task is reassigned to another care provider. The system also allows the care
providers to alert the system of a possible delay, thus allowing the reassignment
of tasks to others. This agent works with the manager agent to monitor tasks.

• Doctor: There is a doctor agent for each doctor. This agent is executed on the
doctor’s mobile device and is in charge of managing the tasks performed by the

Fig. 5 Agents involved

An Integrated System for Helping Disabled and Dependent People … 13



doctor. The agent communicates with the manager agent to update the task list
and with the AGALZ agent to analyze patient progress.

• AGALZ Schedule: This agent is executed on the nurse’s mobile device. The
agent recovers the task list for a specific nurse and is responsible for ensuring
monitoring the state of the tasks. If the system determines that it is impossible to
complete treatment, it alerts the manager agent to reassign the task. There are
various reasons for being unable to carry out a task, from an emergency situation
to equipment failure. The agent ensures that the nurse’s tasks are rescheduled
according to the indicated time frame and constraints. In order to reassign tasks,
the agent uses the profile information of each nurse, previous time required to
complete tasks, and the necessary resources (Fig. 6).

The system includes some hardware components that monitor the state of the
patients. The facility has installed sensors to determine the location of the patients
[36]. A passive RFID [37, 38] at 125 KHZ is used to facilitate this task. When a
patient is detected outside of a secure area, the agent manager is alerted so that it
may in turn alert one of the nurses currently online. The main hardware components
are as follows:

• Bracelet: The bracelets contain the tag which identifies the patients and the
doctors. The tag worn by the users is shown in Fig. 7.

• Reader: The readers are located in the doors of the facility and in other common
walkways. The readers have a range of 2 m. They are connected to computers,

Fig. 6 Screen of the
application
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which send the information through the network when they detect a specific tag.
The reader can be seen in Fig. 8.

A schematic diagram of the system operation is shown in Fig. 9. Each of the
nurses and doctors has a mobile device which receives the information of the tasks
they can perform. The devices are connected to the central computer, which is
where the manager agent and a patient agent for each patient are executed. The
manager agent is in charge of managing the system information. The RFID reader is
connected to the central computer and sends patient location information to the
computer where the patient agent is executed. This agent is then responsible for
informing the manager agent if needed.

Fig. 7 RFID tag in bracelet

Fig. 8 RFID reader

An Integrated System for Helping Disabled and Dependent People … 15



5 The MOVI-MAS Project

5.1 Motivation

At present, there are a number of technologies, such as multi-agent systems, that are
used for the analysis and simulation of work in a business organization. By gath-
ering information and through continuous observation, these technologies can
identify the key elements of employment, the procedures of the company, the
services available in the workplace, and their physical configuration.

The contribution of agent-based computing to the field of computer simulation
mediated by agent-based simulation (ABS) provides benefits such as methods for
the evaluation and visualization of multi-agent systems or training future users of
the system [39]. Many new technical systems are distributed systems that involve
complex interactions between humans and machines, which notably reduces their
usability. The properties of ABS make it especially suitable for simulating this kind
of system. The idea is to model the behavior of human users in terms of software
agents. However, it is necessary to define new middleware solutions that allow the
connection of ABS simulation and visualization software.

The goal of the MOVI-MAS project has been to design and develop a tool that
allows to give a three-dimensional view of all the information gathered from a

Fig. 9 Overview of the
system
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workplace, in order to analyze its efficiency, make decisions on improving pro-
cesses, and display the simulated environment of the organization.

The developed system simulates the required information and indicates how it
will produce the work development process. It is also possible to analyze and
predict the behavior and evolution of the work environment for people with dis-
abilities who need an environment suited to their abilities.

The basis of this project is the integration of 3D simulation techniques and
intelligent agents. The combination of both techniques allows the simulation and
visualization of activities in a working environment (Fig. 10).

5.2 System Overview

In order to test the system, a Multi-agent System (MOVIMAS) was developed to
simulate an office environment and study the problems of accessibility experienced
by people with disabilities in performing different jobs. The MAS is designed as a
VO [40] modeled after reality. All workers, jobs, and interaction elements, such as
architectural barriers, are modeled as agents; these are then grouped into depart-
ments according to their availability and their occupation (Human Resources
Department, Quality Department, Production Department with the Costumer
Service, and Mail sub-departments).

Fig. 10 MAS and 3D
simulation techniques
integration
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As can be seen in the following diagram, the application from the user’s point of
view is composed of

• User. As in most applications, the user is one of the most important elements.
The user is the main actor of the application and will be in continuous inter-
action with the 3D visualization tool through its interface.

• 3D visualization tool. It is responsible for communication with the agent plat-
form providing the necessary data.

• Agent platform. It communicates with the 3D visualization tool to send required
data (Fig. 11).

The agent platform and the visualization tool are connected by a middleware
called Middleware Infrastructure to Simulate Intelligent Agents (MISIAs) [41],
created specifically for this purpose. MISIA connects with the visualization tool
developed with the Unity 3D engine [40] that simulates office activities in 3D. It
also includes other features such as the ability to create and delete agents or to
configure different architectural barriers from the 3D simulation application.

Figure 12 illustrates an example of using the system and shows the interaction of
agents in REPAST and 3D application. MISIA allows the simulation, visualization,
and analysis of agent behavior. MISIA makes use of technologies for the devel-
opment of well-known and widely used MAS and combines them so that it is

Fig. 11 Elements of the MOVIMAS system
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possible to use their capabilities to build highly complex and dynamic systems.
Moreover, MISIA presents a reformulation of the FIPA [42] protocol and holds
several advantages such as independence between the model and the visualization
components, improvement of the visualization components, which makes it pos-
sible to use the concept of “time” essential for the simulation and the analysis of the
behavior of agents, and improvements to user capabilities, including the addition of
several tools such as message visualization, 2D (and 3D agents), behavioral anal-
ysis, and statistics [25].

The main purpose of MOVIMAS is to search for the optimal working conditions
of the employees in the office, thus allowing greater efficiency. For this purpose,
several simulations of the tasks that workers have to perform and a 3D simulation
application will represent and determine the degree of success of employees in their
work. There may frequently occur unusual cases in the simulations, such as a
person who needs a wheelchair and cannot access the top floor of the office because
the elevator is broken and no ramps are enabled, or a worker who takes a long time
to perform certain tasks because the floor contains a step and accessing the desti-
nation may require a longer detour. For added versatility in the simulations, and
because the application was not dependent on the plan and the disposition of the
office, the system uses algorithm A* [43] to search for the shortest path. Thus,
represented agents are able to find the optimal path for the tasks that have to
perform.

The case study was modeled as a MAS, making it possible to study, at a low-
level, all the interactions that agents have with their environment and then to
analyze and visualize the results in Repast in order to predict results after many
simulations. Thus, given an initial configuration for the VO agents, it is possible to
predict what the optimal disposition for the work environment is. The three-
dimensional simulation of the office environment here is a great incentive to make
the visualization more versatile and accurate and to provide a much more interactive
interface for users of the simulation application.

Figure 13 represents the structure of the VO. DA, DC, and DT agents are the
heads of department and sub-departments (Customer Service, Quality Control, and

Fig. 12 MOVI-MAS editor and the agents involved on the right
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Production, respectively). The Mail Department belongs directly to the Production
Department. Communication is carried out directly between the agents of the
Human Resource and Quality Department and the workers, and this is done directly
between them without going through the department heads. The purpose of this
diagram is to represent the system like a VO with a federation topology [44], where
agents relinquish some of their autonomy and only communicate with their supe-
rior, which is precisely what occurs in reality.

One of the most important features of social simulations is that they make it
possible to easily observe emergent behavior. Realistic simulations with a signifi-
cant level of detail, although complex, are best suited to represent processes that
study or want to obtain an explanation of the processes or predict outcomes
(Fig. 14). MOVIMAS encourages the use of complex simulations for study and
enables the analysis, simulation, and visualization of both system interactions and
the results obtained in a multi-agent behavior. Furthermore, the interactions
between agents are well defined with the use of FIPA protocols and supported VO.

Fig. 13 Diagram of the virtual organization MOVI-MAS
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