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Abstract. In this paper, we present the design and implementation of a novel 
agent-based platform with 3D representations for labor integration. In order to 
evaluate and validate the proposed platform, a case study in a real workplace 
environment is modeled, with the purpose of identifying architectural barriers 
that hinder the accessibility and the processes of the workplace environment, al-
lowing us to improve the accessibility of the environment to disabled people. 
Thereby, through the incorporation of novel simulation technics and mecha-
nisms, it is possible to find areas that may be improved. 
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1 Introduction 

According to studies carried out by the United Nations (UN) [26], around 15% of the 
world population suffers some kind of disability, either physical or psychological, 
which hinders or impede them to carry out their regular daily routines in all the scopes 
(work, education, personal, etc.). Inasmuch as this collective faces clear disadvantages 
in their dairy routines to a greater or lesser extent, it is necessary to undertake all pos-
sible efforts to minimize these difficulties. 

The integration of disabled people among the working environment is one of the 
mayor challenges in this regard, since it does not just allow the self-sufficiency of 
disabled people, but it also facilitates their social integration, and their self-esteem 
improvement. However, this is a large challenge. Speaking in quantitative terms, the 
International Labour Organization (ILO) points that there are around 386 million 
working-age people who suffer some kind of disability. This rate reaches values 
around the 80% in some countries [17]. 

There is no doubt that the current society is concerned about this challenge. In ad-
dition, there is a growing preoccupation from the different governments, public organ-
izations and private entities. In this regard, since the declaration of the Standard Rules 
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on the Equalization of Opportunities for Persons with Disabilities by the UN [25], 
different national, regional and local governmental organizations have developed 
specific regulatory frameworks that have improved the everyday lives of people with 
disabilities, where we can highlight, at European level, the Charter of Fundamental 
Rights of the European Union [4], the Treaty on the Functioning of the European 
Union [7], the Council Directive 2000/78/EC [14] and the European Disability Strat-
egy 2010-2020 [6]. These initiatives go in hand with a growing academic attention, 
which has allowed the development of systems, techniques, models and methodolo-
gies oriented to improve the accessibility [18]. So, as example, we can highlight the 
work proposed by [9] that presents a software user-friendly man machine interface for 
accessing AT software in cloud computing or [20], where an obstacle avoidance sys-
tem and a Fuzzy Logic Controller (FLC) adapted to a wheelchair is presented. 

Beyond the development of these artifacts, one of the most promising study fields 
is social simulation, which in general terms, is applied to obtain a higher knowledge 
of a certain phenomenon which is being studied [5]. In the framework of the disabled 
people occupational integration, simulations can allow discovering in advance the 
problems which workers with disabilities will find before this problems occur. Within 
the scope of this research work, a new multi-agent system (MAS) based simulation 
platform is proposed. This platform makes use of 3D models of the workplace in or-
der to perform accurate simulations, allowing at the same time to collect relevant and 
high quality data. Through the use of the proposed platform, it is possible to investi-
gate in new mechanisms oriented to the decision making regarding the workflows 
present in the environment, the architectonical barriers detection, etc. This will allow 
the improvement of the workplace environment accessibility. 

The rest of this paper is organized as follows: section 2 provides a brief introduc-
tion to the Agent-Based Social Simulation (ABSS) theory, Section 3 defines the pro-
posed system, Section 4 evaluates the proposed system through a case of study and 
we conclude and introduce future research topics in Section 5. 

2 Agent Based Social Simulation 

ABSS is one of the most representative techniques which are used to complex inquir-
ies where a large number of active and heterogeneous objects are present. These ob-
jects can be humans [21], business units [16], functional or nonfunctional objects 
[27], animals [23], etc. The phenomenon to be simulated is a set of sequences or 
events in a system (natural or artificial), which can exist (or not) in the real (or artifi-
cial) world and can be configured in the simulation model. These tasks are interrelat-
ed, since they finally are time or order dependent within the events which take place 
in the system. In this way, the simulation model allows the implementation of differ-
ent and specific functionalities for each kind of target, applying different degrees of 
freedom. The complexity lies in the fact that this kind of models allow the simulation 
of complex and changing events, so the use of intelligent agent based techniques is 
appropriate, arising in this direction the ABSS concept [10]. This technique is focused 
on the social phenomenon simulation, using MAS models. Therefore ABSS is a com-
bination of social sciences, agent-based computation and computational simulation. 
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The use of this techniques is specially indicated when it is necessary to capture differ-
ent tasks, elements, objects, persons in dynamic complex environments, as long as 
they can be implemented without having a deep knowledge about the global interde-
pendencies. Moreover, it also allows facilities on changing models, since it is not 
necessary to make local changes, but global [2]. Besides, the benefits of agent based 
computing for computer simulation include various methods for evaluating MAS or 
for training future users of the system [11]. 

The use of this models and tools in ABSS allows modeling a great variety of tasks 
and environments. In fact, it has been applied in previous works, obtaining good re-
sults [13], [3]. However, it has been observed that there are certain difficulties when 
modeling the physical environment which we intend to simulate [19]. This feature is 
especially relevant when modeling simulations oriented to the disabled people work-
place integration, since a high problem percentage of the problems to be solved are 
related with the structure of buildings, or accessibility barriers (steps, ramps, lifters, 
doors, corridors, etc.). 

3 Agent-Based Platform for Simulating Working Environments 

In this section the proposed platform is presented. One of the main aims to be 
achieved with its design and development has been the capability of modeling differ-
ent environments in a flexible and dynamic way. For that reason, a novel combination 
of virtual organization (OV) based MAS has been used [15], allowing to model the 
human organization and a 3D environment representation where simulations can be 
carried out. A representation of the proposed simulation architecture is illustrated in 
Fig. 1. 

 

Fig. 1. Agent-based simulation platform 
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Fig. 2. Agent structure overview 
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On the other hand, the 3D environment consists of an editor and a visualizer, 
both implemented using the Unity 3D engine –http://unity3d.com/–. Firstly, the 3D 
edition environment allows to model virtual tridimensional environments of urban 
areas (buildings, flats, apartments, gardens, parks, etc.) with a high level of quality 
and realism. All the maps and 3D models are stored remotely in a Cloud Computing 
(CC) platform. Secondly, the 3D visualizer makes possible the representation and 
rendering of both the environment and the characteristics that we have defined previ-
ously on the 3D editor, which we will get from the CC platform. It will also be  
responsible for displaying the agents which are part of the system, enabling the visu-
alization of how each agent performs different tasks. 

One of the main problems that we can find on the development of 3D scenes can 
be found when a model needs to move from one point to another one. In such cases, it 
is necessary to use an algorithm responsible for the path finding. On this occasion we 
make use of CritterAI [8], a navigation tool for use with Unity. It includes navigation 
mesh generation, pathfinding and local steering features, including implementations 
of both A* and Dijsktra search algorithms. 

3.2 Communication between the Agents Platform and the Visualization Tool 

As we have highlighted previously, one of the main tasks in the platform is to estab-
lish communication between JADE and the 3D environment. On this way, we can 
offer a real corresponding between the events that take place at the platform of agents 
and the visualization, which occurs at the 3D platform. Inside the platform of agents, 
there will be an agent who is responsible of managing the communications from 
JADE. 

With this purpose, communication between the platform of agents and the 3D envi-
ronment will be done through TCP sockets, so with that purpose, it has been devel-
oped an Unity’s module that manages the requests from the platform of agents and 
vice versa. On the side of JADE, an agent called Communication agent will be re-
sponsible of attending all the requests that will arrive from Unity and doing then the 
related tasks, attending to the exchanged frame. 

Creation, elimination and interaction tasks between agents that are executed at the 
platform, must be updated at the 3D environment, and the creation, elimination and 
interaction tasks between agents that are requested from the 3D interface, must be 
carried out firstly at the platform of agents to be subsequently updated at Unity. The 
communication will be divided in two blocks: 

• Sockets to simulate the JADE tasks and its corresponding update at Unity, with this 
purpose three elements are used: one socket to send the tasks, another one for con-
firming the tasks which have been carried out and one table for keeping a record. 

• Sockets in charge of performing the tasks which are initialized from the Unity 
interface, which must be previously done in JADE to be later updated in Unity. 
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4 Case of Study 

The proposed simulation platform has been evaluated through a case of study, which 
is oriented to validate the proposed system. The scope of this case of study is the 
analysis of the accessibility level of different workstations in a real company, called 
Indra Software Labs, located in Salamanca, Spain. Through the performance of sever-
al simulations, we will be able to extract knowledge about how disabled workers can 
find different accessibility problems in the company during their usual activities. 

In order to perform the simulations, it will be necessary to define the characteristics 
of the VO of agents, allowing to model de different processes which take place in the 
company as faithful to reality as possible. To that end, we will define all the different 
roles which agents can acquire, the necessary services for the correct performance of 
the organization, the norms which will govern the society and the messages and inter-
actions between agents. In addition, we have to model the environment where a simu-
lation takes place, in this case the building of the company under consideration.  
Subsequently, we will carry out a set of simulations in order to show how the organi-
zation behaves in different conditions, to finally effect a validation of the proposed 
model. 

First, we define the interaction model, analyzing the needs of the system users, as 
well as the way in which the information exchange is carried out. De roles we define 
are as follows: 

• Direction: this agent is responsible of planning the tasks which the whole organi-
zation will carry out. It generates the tasks which represent the objectives to be ac-
complished by the organization, delegating its distribution to the different agents in 
charge of the company areas, according to the nature of the task. 

• Area/department responsible: an agent in charge of planning the distribution of 
the tasks which have been assigned to the department which it manages, attending 
to the availability and capabilities of the agents. 

• Worker: agents that represent each one of the workers participating during the 
simulation. This kind of agent will have a stack where to store all the tasks that 
they have to carry out, and have been previously assigned through the ar-
ea/department responsible. This agents will emit information about the degree of 
success which they have done each one of the tasks. All this agents share certain 
elements, which define a set of shared behaviors and cognitive capabilities be-
tween them. Beside of this shared characteristics, the agents will have their own 
characteristics, which are defined according its role in the organization, as well as 
its disabilities. The assigned roles will determine the tasks which an agent could 
do, as well as the specific behaviors for each one of them, enabling the possibility 
of modeling different executions of the same task, attending to the kind of disabil-
ity that a worker might present. 

• Environmental agents: represent those elements of the building which an agent 
can interact with in a direct way. We can find examples of environmental agents in 
elements such as telephones, lifters or photocopiers. 
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Among the processes which take place in the company that we are studying, we 
have identified three kinds of departments, according to the tasks that workers per-
form: reception, administration and maintenance. The worker-kind agents will have 
associated a set of tasks that they can carry out, attending to the department which 
they belong to. Once the building model and the interaction model are defined, we 
will be able to perform the simulation. To that end, we shall deploy the visualization 
tool, which will need to perform certain operations before starting the simulation: (i) 
loading the building model, (ii) generating the navigation mesh, (iii) synchronization 
with the platform of agents. In Fig. 3 it is shown a visualization tool screenshot. 

 

Fig. 3. 3D representation of the Social simulation 

First there has been planned a 15 minutes simulation, with a total of 8 worker 
agents: 1 receptionist, 2 maintenance and 5 administration workers. Three of them 
present reduced mobility problems, three of them are visually impaired and one of 
them is deaf. 

After the simulation, the tool generates a report which details all the accessibility 
problems which avatars have found, and have hampered the correct consecution of the 
tasks which were assigned to them. 118 tasks have been carried out correctly and 79 
have failed (Fig. 4 (A)). Some of the limitations found by the system were: (i) lack of 
adapted bathrooms for disabled people in common areas, (ii) the workstations are not 
adapted to deaf or visually impaired people, making impossible to carry out tasks 
such as answering the phone, or being aware that the fire alarm is active, (iii) lack of 
access ramps to higher floors as an alternative to the lifter, which, in case of a break-
down will impede the access and exit to the building, (iv) limited access to certain 
workstations –spaces are not wide enough for a wheelchair– or (v) not accessible 
furniture elements –filing cabinet, photocopiers-. 

Once this accessibility problems have been detected, a redistribution of the furni-
ture elements whose accessibility may be improved, as well as the relocation of cer-
tain workstations of people using wheelchairs, or the adapting of certain workstations 
of people with visual or hearing impairment is proposed. 

After this steps, we come to execute a new 15 minutes simulation, obtaining as re-
sult a total of 163 successful tasks and 28 failed tasks (Fig. 4 (B)), passing from a 
reduction of the 40,1% of the failed tasks in the initial simulation, to a 14,7% in the 
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second simulation. Obviously, there are still some elements of the environment which 
will keep limiting its own accessibility, as the lack of access ramps or adapted bath-
rooms, but it has been proved that there is a possibility to improve the accessibility of 
the environment through the restructuration of the furniture or the workstations in the 
critical points which have been detected through the simulation. 

 

 

Fig. 4. A: First simulation results; B: Second simulation results 

5 Conclusions 

Once the simulation platform has been presented and evaluated, we can affirm that it 
allows performing simulations that are oriented to the integration of disabled people 
into the workplace, allowing the analysis of both the tasks which are done in the 
workplace and the environment physical characteristics where this tasks are per-
formed. In this regard, a previous analysis about the state of art on related systems and 
models, as well as current legislation on this issue has been done. 

Moreover, we have model a real organization through the use of a VO of agents, 
with self-adaptive capabilities. This system has been implemented using JADE, but 
adapting this platform to our special needs. In the same way, we have created a 3D 
environment, which is able to model and carry out simulations in the working envi-
ronment. Additionally, we have developed a system which allows the communication 
between both platforms, enabling to share relevant information regarding the commu-
nications. In conclusion, this implementation as a whole allows simulating the  
processes which take place in a company, with the purpose of establishing which 
accessibility problems can occur among the working environment where the repre-
sented workers perform their work, as it has been shown on the case of study. 
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