
 
 
 
 

Supervisory system design of automation in renewable electric hybrid 
microsystems 

 
I. Benitez-Pina1, P. Lloret-Gallego2, P. Olivella-Rosell2,  

A. Sudrià-Andreu3 and L. Vazquez-Seisdedos1 

 

1 Department of Automatic Control. CA-FIE-UO, University of Oriente 
Ave. Las Américas s/n – Rpto. Sueño, 90400 Santiago de Cuba (Cuba) 

Phone/Fax number:+0053 22 646198, e-mail:  ibenitez@fie.uo.edu.cu,  lvazquez@fie.uo.edu.cu 
 

2 Centre d'Innovació Tecnològica en Convertidors Estàtics i Accionaments (CITCEA-UPC), Departament d'Enginyeria 
Elèctrica, UPC-BarcelonaTech. EU d'Enginyeria Tècnica Industrial de Barcelona, Comte d'Urgell, 187. 08036 Barcelona, 

Spain Tel: +34 934137432, e-mail: lloret@citcea.upc.edu, pol.olivella@citcea.upc.edu 
 

3 Centre d'Innovació Tecnològica en Convertidors Estàtics i Accionaments (CITCEA-UPC), Departament d'Enginyeria 
Elèctrica, UPC-BarcelonaTech. ETS d'Enginyeria Industrial de Barcelona, Av. Diagonal, 647, Pl. 2. 08028 Barcelona, Spain 

Tel: +34 934016727, Fax: +34 934017433, e-mail: sudria@citcea.upc.edu 
 

 
Abstract. The continuous and autonomous operation of 
electric power hybrid micro-system depends on a complete 
automation system to achieve a truly efficient execution. 
Modern automation technologies include intelligent supervisory 
automation. It enables an efficient decision making in random 
changes of operating conditions. Formal design of supervisory 
system is presented for a typical installation. This micro-system 
is decomposed into three levels to face an automation project. 
Energy level, which is the intermediate, plays a key role in 
solving the stochastic nature of energy supply sources. It 
introduces two key variables: Active Energy Availability and 
Energy Demand, simplifying the model obtained for efficient 
automation. For solution, it is promoted a multi-agent system 
based on MaSE methodology and Petri Nets modelling. It 
guarantees the required level of distributed intelligence for 
efficient decision-making in the setting of these two main 
variables and the interaction with the other two levels. The 
automated design highlights several features: preserves the 
correction models, provides clear traceability between analysis 
and design, simplifies verification and validation, and avoid 
inconsistencies or errors. 
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1. Introduction 
 
The hybrid Microsystems for electricity production are a 
current alternative of distributed generation, sustainable, 
with socio-economic and community impact. It is 
because of while solving 24-hour service, improves life 
quality and economic activity, also reduce the use of 
fossil fuels and protect the environment. They are widely 
used in developing countries to generate electricity in 
rural and as small power system remote and standalone. 
It requires low maintenance and operating costs. 

These systems are designed to overcome the limitations 
of single source systems powered by solar energy (PV), 
wind or other. In them, the capacity of PV or wind 
system is complemented by a back up generator, such as, 
micro-hydraulic, diesel generator, etc. Hybrid systems 
improve the single source systems because it can provide 
better electricity service at lower costs in standalone 
operation condition. In fact, efficient operation optimizes 
operational costs with the investment costs associated 
with the system. As disadvantages, they are more 
complicated to be properly integrated and its operation 
demands sophisticated control systems. Most hybrid 
systems installed worldwide can be considered in the 
development stage and are being studied to improve the 
designs. [1, 2, 17, 18] 
This paper presents a proposal for automated system 
design of a typical hybrid micro-system using intelligent 
multi-agents [3, 8, 14] based on MaSE methodology [12] 
and Petri Nets (PN) modelling [10].  It guarantees the 
required distributed intelligence level for efficient 
decision-making in the energy balance and interaction 
between its subsystems.  
In the computer world, agent technology has increased its 
popularity [3]. This new technology offers greater 
facilities for programmers trying to solve, at the same 
time, communication and application problems. In recent 
decades, international papers agent theory is being aimed 
for supervisory systems. [3, 5, 6, 9, 10, 11, 12, 13, 14]. 
Many classical supervisory systems of medium and high 
complexity reveal low performance for advising 
functions. The design of supervisory systems, including 
the modelling of intelligent agents can provide effective 
solutions to situations of the daily tasks [11]. It requires 
object oriented programming with the Unified Modelling 
Language (UML) [4] and the concepts of Belief-Desire-
Intention (BDI) architecture [7]. However, there are 
many details to implement a professional monitoring 



system. It can be provided from the design stage to 
reduce deficiencies in performance. 
In the particular case of a hybrid micro-system of electric 
generation, random variations of energy balance exist. 
They affect the quality of its performance. It can be 
evaluated from design stage to create procedures to 
attenuate its effects. 
In the next section we present a typical micro-system and 
the basic components of its automation system to make 
sure an efficient energy balance. 
In the second part, the formal design of an automation 
system based on distributed intelligent agents is 
explained. It is supported  by MaSE methodology [12], 
BDI architecture [7] and UML-PN modelling (UML-
Petri Nets) [5, 11, 13]. 
At the end, the simulated results of the proposal are 
evaluated by means of UML structural design facilities 
and dynamic validation in PN. 
 
2.  Automation of power generation hybrid 

microsystem 
 
The structure of autonomous hybrid micro-system 
includes, usually, generators based on renewable energy 
(e.g. photovoltaic and wind) storages (e.g. hydraulic 
storage and battery pack) and diesel backup generator 
(see Figure 1). 
Once an autonomous hybrid micro-system of power 
generation is sized, its robustness and autonomic 
efficiency depend of design and implementation itself, 
but also is supported by the added intelligence in 
automation technology [1, 2, 14, 15, 16, 17, 18]. 
To project and to size a micro-system, including 
instrumentation and automation technologies is currently 
supported by various software packages (e.g. HOMER 
[24]). Economic calculations of cost-benefit are regarded. 
However the structural design of control systems for 
them and their justification in terms of the automation 
principles is diffuse. 
In the energy storage subsystem are two basic control 
tasks: (i) regulating the volume of energy from renewable 
source (and also, in case of emergency, by turning on the 
backup generator) to the storage subsystem and (ii) 
regulation of power by power electronics technology 
from the storage to customers. The time scale of the first 
task is the order of seconds, whereas the second one, is 
solved by electronics conversion, is the order of tenths of 
seconds. 
Figure 1 sets up a technological configuration. It shows 
that a measure of the total energy stored in each sampling 
of time is a key variable in autonomy control.  It is 
carried out in the highest hierarchy level, called 
supervision and control of discrete event 
(“management”). Its time scale is the order of hours to 
days. Lowers levels are responsible for regulating the 
continuous dynamic storage (“A”) and customer 
consumption (“C”) as to the amount of energy to the 
storage device and the power (voltage and frequency to 
within the ranges accepted quality of service). The 
control system is a hybrid because higher level 
reconfigures the whole system and changes its 
parameters. The complexity of the parameters takes into 

account in the monitoring of power control systems 
shows in [2]. Due to the great complexity and interaction 
as it is shown in Figure 1, this issue requires analysis and 
formal methods for designing to get an efficient 
automation system. 
 

 
 

Fig. 1.  Hybrid electricity production micro-system and 
its hybrid control system  

 
For the efficient operation of the installation, the energy 
level is essential. This is a middle level interacting with 
the others one. Its operation depends on the capacity, 
technology and state of the generators, storages and 
power backup (Power level) and also, of the analysis of 
demanded energy by customers of hybrid power micro-
system (Supervisory level). In the abstract modelling this 
intermediate level, it can be considered two main 
variables for energy balance calculation, such as: Active 
Energy Availability and Energy Demand. 
This paper gives in qualitative contribution, using 
distributed intelligence, which does not increase 
technological costs, and ensures a more rational use of 
programmable automation system. 
It is reviewed the general concepts of intelligent 
supervisory design based on agents. They are applied to 
the efficient management of the three basic levels of 
analyzed system, which is summarized as follow. 
 
3. Formal design of automation in hybrid 

micro-system of electric generation 
 
A software Agent is a program with a set of features or 
qualities making it as capable for interacting with its 
environment, other agents of software and/or human, and 
to learn of itself, taking its own decisions supported on 
the accumulated knowledge [6].   
For the coordination of the agent activities in industrial 
applications, this negotiation process uses four federative 
architectures [19]: 
• Facilitator Agent: when specialized agents groups are 

set up and one of them is the interface with the group 
and the external agents. This is called as facilitator;    

• Brokers agents: theses  are agents facilitators which 
they are able to communicate with the others one, 
including agents of other groups;    



Mediator Agent: they are brokers agents that assume role 
as system coordinators.  It makes cooperation and 
learning promotion among intelligent agents;    
Autonomous agents: Theses kind of agents is not 
controlled by any other agent or human. They can 
communicate with any other agent into the system and 
outside of it. They have knowledge on other agents and 
also about its environment, and its own objectives and a 
group associated of motivations 
This last architecture is the most advanced one, but it is 
applicable for complex distributed systems with few 
agents. The Mediator Agent architecture is the more used 
in planning and organization of MAS (Multi-agents 
Systems) [19]. Here, Facilitator Agent is the most used 
because its required a more simplicity solution allowing 
the efficient energy management. A facilitator agent 
(Supervisor Agent) and two specialized agents (Agent of 
Energy and Agent of Power) will be used to set up the 
group.  See Figure 2.   
The agents of Energy and Power complete the two basic 
tasks of control (regulation of energy volumes and 
regulation of power respectively). 
On the other hand, it should be defined to the agents the 
way about how they must solve their tasks. To do it, a 
sequence includes from belief up to the planning of their 
intentions. For that reason it is necessary to design them 
with theories including these aptitudes 
 

 
 

Fig. 2.  Agents in Automation of hybrid Micro-system of 
power generation [modified of 9] 

  
The BDI architecture [7] is today the more used form to 
program intelligent agents. This architecture is 
characterized to describe the behaviour of its agents 
through three mental aptitudes (Beliefs - Desires - 
Intentions). 
That is, the agent will determine that will make in terms 
of these aptitudes. Therefore to program an agent 
implies:    
• To determine that beliefs will have in a moment of its 

execution.    
• That desires were generated starting from those beliefs.   
• Of those desires which will be finally the intentions 

that it will want to execute.   

• It will plan actions to carry out to reach these 
intentions.   

Beliefs:   
• Represent the state of the agent's information, i.e., its 

knowledge on the environment (on itself and other 
agents).    

• The agent's beliefs change in the time according to their 
perceptions.    

• As the term beliefs indicate, these cannot necessarily be 
true, but rather they reflect those beliefs that agent 
currently considers as worth according to its perception.    

• It is an informational aptitude for the agent, and it used 
them to make their decisions.   

For the particular purpose of this work, their beliefs are 
aimed to the knowledge of the power generator hybrid 
micro-system behaviour and also which adjustments 
would be the most suitable for each possible operation 
conditions in the system. In the energy level is the 
representation form of the accumulated knowledge to 
maintain an efficient energy balance. 
Desires:   
• Represent the state of agent's motivation, this is, the 

objectives or situations that the agent wants to achieve 
or to reach.   

• These can be inconsistent and not necessarily feasible.   
• To be generated depends of certain beliefs. They 

represent an emotional aptitude.   
The desires of this group’s agents are related with the 
estimations which are want to be achieved in the main 
indicators of wanted performance of the hybrid micro-
system of electric generation. Specifically in the energy 
level are defined the indicators that allow to evaluate the 
efficiency of energy balance. 
Intentions:   
• Represent the agent's deliberative state, this is, what the 

agent has committed to make.   
• The intentions are usually a subset (consistent) of 

desires that the agent committed to reach.    
• For this project the agent has at the least an intention in 

each moment.   
• An essential characteristic of the intentions is that they 

are persistent.    
For an efficient behaviour to face the changes in the 
demand and the possibilities of electric generation in 
each moment, the intention of our agents group is to 
readjust the energy balance of the hybrid micro-system of 
electric generation. In Energy, it consists of establishing 
the possible values of the efficiency indicators according 
to the system possibilities. 
Plans:   
• The plans are sequences of actions that an agent can 

carry out to reach its intentions.    
• The plans can include other plans.   
• That is, the plans are initially conceived in a partial 

way, going into detail while their execution goes in 
advance.   

The plans of our group of agents will be related with the 
methods used to achieve an efficient readjustment of the 
energy balance of the hybrid micro-system of electric 
generation. These methods should be closely bound to 
the quality of the given power. This fact explains  the 



strong existing interaction among the agents of Energy 
and Power which  it is solved in the Supervisor Agent. 
Having defined the required structure of agents, you can 
design the MAS to carry out these tasks.   
For the automated system of the hybrid micro-system of 
electric generation, the User case diagram which is 
shown in the Figure 3, gives us a general idea of the 
MAS operation. The Supervisor agent is the facilitator 
agent of the system.  It values the environment (energy 
behaviour of the micro-system) and take the decision for 
energy balance readjusting in the hybrid micro-system of 
electric generation. The agents of Energy and of Power 
contribute to this central function. 
 
 

 
 

Fig. 3.  User Case Diagram of automation of hybrid 
micro-system of electric generation [modify of 9] 

 
The agent of Energy is in charge of applying the methods 
of energy balance among the components of the micro-
system according to the two defined basic variables: 
Active Energy Availability and Energy Demand. The 
unbalance between demand and availability is solved by 
commuting the energy sources and energy storage 
according to the possibilities and installed capacity.   
The agent of Power is in charge of maintaining the 
quality from the energy supply to the consumers, starting 
from the activated availability by the Agent of Energy.   
With these initial ideas and the functional requirements 
of the automated system was carried out a study of the 
different design methodologies of multi-agents systems 
(MAS). It permitted to define the MaSE as the most 
effective for this case. Their advantages can be found out 
in [12]   
The main focus of the MaSE methodology is to help the 
designer to take the initial specifications of the system 
based on agents, and then, to build the code of this 
system. According to [12], this methodology considers a 
MAS as an extension of object oriented systems. It 
permits to use the graphic models derived of the UML 
standard. It is a specialization of the traditional 
methodologies of software engineering. 
This methodology has its developing tool denominated 
AgentTool designed and developed by a research group 
of the Air Force Institute of Technology (AFIT) in its 
base of Ohio in the United States of America. This 
developing tool of MaSE also serves us as validation 
platform and tests of the Multi-agent System in 
developing stage.  The AgentTool, for the analysis and 
design phases supports each one of them. In the analysis 
phase is looked for to define the system (through its 
requirements) and diagrams as user cases and sequences 

are used. In the design phase is defined the internal 
architecture of the agents (rolls, classes and 
conversations).   
 
The following items summarize the main stages of 
development of this methodology.   
 
A. Definition of goals or rolls starting from functional 
requirements of the micro-system 
 
In this methodology, a goal is always defined as an 
objective at system level and the constructions of the 
inferior level can inherit or to be responsible for the 
goals. Each action inside the system can be supported in 
particular goal.    
The main goals defined for this system are related with 
the general user case expressed in the Figure 3. The MAS 
whole should carry out an efficient energy balance, for 
that reason is defined that the system should do:   
- Monitoring the energy demand and the power quality 
delivered to the users.   
- Monitoring the delivered energy availability and the 
state of each one of the components of the micro-system 
of electric generation.   
- To obtain the deficit or surplus among the demand and 
delivered availability to take the required decisions for a 
good balance and given power quality.   
Starting from these main goals the hierarchical diagram 
of goals was built presented in the following Figure 4. 
 

 
 

Fig. 4.  Hierarchical Diagram of Goals in hybrid micro-
system of power generation. 

 
For each case of goal takes into account the standard 
declaration “if, then”, determining that if an A event 
occurs, then, the system should carry out the B action.   
This allowed refining the hierarchical diagram of goals 
inserting new elements.  To be able to extract particular 
information and to supervise their independent operation, 
they are in charge of the control of each subsystems of 
energy generation or accumulation.   



Analyzing each one of the actions in the cases of goal, 
they are grouped according to their relationships. Theses 
constitute the initial rolls of the future agents of the 
system and define the events that are exchanged between 
rolls. They are denominated as messages, and by this 
way, the diagram of sequences can be built. 
 
B. Creation of the sequences diagram starting from the 
communication among rolls   
   
Each case of goal generates a sequence diagram with the 
help of AgentTool.  Based on the interaction analysis on 
each case of goal, it is built the sequence diagram.  
In the case of this micro-system, eight initial sequence 
diagrams were obtained. As example, is presented in the 
Figure 5 the sequence diagram of the roll of Delivered 
Energy Availability in the case of goal 1.2.1 of 
Evaluating Energy of Micro-system. 
 

 
 
Fig. 5.  Sequence Diagram in Energy Availability roll of 

hybrid Micro-system of power generation. 
 

As you can appreciate, the current energy availability is 
requested by the Supervision Agent to the Energy agent. 
This last one, also requests to each one of the controls of 
each subsystem (generators and accumulators) about the 
its current state information, and also delivered power 
and inactive availability. The Energy Agent processes all 
the received information determining the whole micro-
system stage. As result, it sends it to the Supervisory. 
This last one requests to the knowledge base the 
prediction of the behaviour of the demand.  It takes into 
account the particularities of the geographical position of 
the location, hour of the day and the current climatic 
season according to the particular affectations to each 
subsystem of electric generation. Using all of these 
informations, the Supervisor defines the required state of 
each subsystem for the new energy availability of the 
complete micro-system. This information is sent directly 
to the controls of each subsystem. With it, is determined 
the actions that guarantee the readjustments in each one 
achieving the best variant in operation of the micro-
system in those operation conditions. 
    
C. Redefinitions of rolls   
   

The following step of the methodology is its analysis 
phase. It transforms the goals structured hierarchically in 
a more useful form for building the MAS, there are the 
rolls.    
Using the hierarchical diagram of goals and the sequence 
diagrams for each goal are refined the rolls and the tasks 
of each one. For it, is conformed the sequence of 
activities for the execution of these objectives.   
The rolls are the basis for the design in MaSE. 
Specifically, they are used to build the classes of agents. 
Further on, the rolls contain a series of goals defined in 
the analysis phase. In other words, the rolls form a bridge 
among what the system wants to achieve and what will 
make to achieve it 
In the example presented in the diagram of sequence of 
the Figure 5, it should be noted that for the case of goal 
of supervising the delivered energy availability is 
required communication between the rolls of the control 
of each generation and storage subsystem and the Agents 
of Supervision and Energy. It was also possible to define 
that inside Supervision there are two types of rolls. 
Theses two types are in charge of supervising the 
following two different factors: Availability and Quality 
of the delivered energy. Inside each one, there are three 
basic tasks: measurement, evaluation and taking of 
qualitative decisions of its state. The measurement 
involves to the rolls of the subsystem controller and 
Energy. In each subsystem is evaluated it in the own 
subsystem, but in Energy is evaluated the same 
considering the whole micro-system. In Supervisor it is 
evaluated and takes the decision of the qualitative state. 
This result is sent to the controls of each subsystem for 
the readjustment of the whole micro-system in the last 
case of general goal (comparison Demand-Availability 
and taking of decisions for good balance). This goes 
increasing the level of complexity of the sequence 
diagrams for cases of goals, but the AgentTool allows to 
create, if it is necessary, more than a sequence diagram 
for goals. For this reason, it is decided to subdivide them 
in several sequence diagrams for getting a more clear 
detail level in diagrams of Availability and Quality. It 
conditioned to redefine the hierarchical diagram. 
 
D. Creation of state diagrams   
   
After refined the rolls, the designer has already an idea 
about the possible types of future agents and they are 
defined the goals associated to each roll. It provides an 
idea of the possible methods to execute in each class or 
agent's type. Then, the following step is to determine the 
concurrent tasks that it should execute each roll to be able 
to complete the goals. It allows to define the internal 
behaviour of the agents and its interactions with other 
agents. These tasks contain a single thread driver, i.e., a 
beginning and an end, that it is represented in UML 
through the state diagrams.   
In the Figure 6 the state diagram of the task of qualitative 
evaluation of the state of the Hydraulic Accumulator is 
shown. 
In AgentTool these diagrams generate finite automates 
that with the JSpin verification and validation tool [21] 
can be improved. Nevertheless our scientific group has 
more experience and find more advantages in the 



verification and validation tools in Petri Nets [22]. For 
this reason was carried out the translation each generated 
state diagrams into of Petri Nets edition tool called as 
GHENeSys [10]. 
 

 
 

Fig. 6.  State Diagram of Energy Availability of the 
Hydraulic Accumulator 

 
In the Figure 7 is shown the same sequence of the task of 
qualitative evaluation of the state of the Hydraulic 
Accumulator;  but now, it is developed in GHENeSys 
Petri Nets [10].  By this diagram is carried out the 
verification of the net by means of the calculation of 
place invariants [20] (smaller window to the left).It 
demonstrates that the net is well formed, limited and it is 
free of deadlocks because all the places are marked with 
at the least a token, being the equation as follow: 
 
M(b1) +M(b2)+M(b3)+M(b4)+M(b5)+M(b6)=1 
 

 
Fig. 7.  GHENeSys PN Diagram of Energy Availability 

of the Hydraulic Accumulator 
 
The functional interpretation of this result is that the 
controller of the Hydraulic Accumulator is not executing 
concurrent tasks; it only executes one activity in each 
moment in a sequential way for one of the two possible 
ways.   
Of this same way, is carried out the functional 
verification and validation of all the tasks on the system.   
  E. Creation of agents' classes   
   

In this design phase the agents types of the system are 
already elaborated. Each roll generates generally an 
agent; but an agent can carry out several rolls or  a roll 
can be executed in several agents.   
In our system of automation of the hybrid micro-system 
of electric generation, the diagram of agents' classes is 
obtained (Figure 8). The three central agents conceived 
from the first analysis phase (Fig. 3) are maintained, but 
their attributes, methods and conversations were newly 
elaborated. The analysis and design determined the 
addition of new agents for each subsystem.    
The Supervisor (Agente1 in Fig. 8) executes the goals 1, 
1.1 and 1.2 (Fig. 4) interacting with the energy and power 
agents. Only in the goal 1.3 (Fig. 4) sends the actions 
directly to the subsystem agents (goals 1.3.1 at 1.3.5 of 
Fig. 4). The agent of Energy (Agente2 in Fig. 8) executes 
the goal 1.2.1 (Fig. 4) interacting with the subsystems 
agents (goals 1.2.1.1 at 1.2.1.5). In the same way the 
agent of Power (Agente3 in Fig. 8) works with the goal 
1.1.1 (Fig. 4) and the goals 1.1.1.1 at 1.1.1.5. 
 

 
Fig. 8.  Class Diagram of agents 

 
De esta forma queda demostrado el completamiento de 
los requerimientos funcionales previstos dentro del MAS 
diseñado. 
 
By this way, it has been demonstrated the compliment of 
the whole functional requirements which they were 
foreseen inside the designed MAS.   
   
F. Assembling agents' classes   
   
In this phase of MaSE, the internal structure of the agents 
is created. In [12] five different architectures are 
proposed for the agents: BDI, reactivates, planning, based 
on knowledge and special. In our case the BDI was used 
for the most part.  Its advantages are explained in 
previous papers [23]. Nevertheless the variant knowledge 
based was used in the Supervisor agent.  It permits to the 
supervisor its interaction with the knowledge base and by 
this way it takes of advantage the accumulated 
experience on the behaviour of the demand according to 
the particularities of the geographical position of the 
micro-sytem, hour of the day and the current climatic 
season and other factors. This is carried out by means of 
fuzzy logic with good results in the simulation. 
 
G. Transformation or refinement of the design   



   
The transformation system is an automatic process from 
the analysis to the design with help of the AgentTool. It 
requires only some special decisions coming from the 
designer. The advantages of having this automated 
process is to allow the following features:  to preserve the 
correction starting from a model to the following one, it 
provides a clear traceability between the analysis and the 
design, it simplifies the verification and validation 
process by means of finite automates or Petri Nets, and 
also allows to have more trust in that any inconsistency 
or error happens during the process of the design. 
 
H. Implementation of the system   
   
The AgentTool allows an automatic implementation on 
PCs, but our system will be implemented partially in the 
supervision PC and the other on into the programmable 
logical controllers (PLCs) of local control of the micro-
system and its components. For that reason, it requires a 
non automated execution.     
This last phase is in development in these moments with 
the help of the facilities of the Research Center in 
Renewable Energy (GERA) of the Mechanical 
Engineering Faculty of the University of Oriente.   
In the near future, we will work to supplement the 
AgentTool with a tool of automatic translation from the 
agents to programs in PCs a PLCs as the designer of the 
system indicates. 
 
3.  Conclusion 
  
With this work the advantages of the use of a multi-agent 
system, its methodology MaSE and the AgentTool are 
demonstrated to face the design of the automation of a 
typical hybrid micro-system of electric generation. With 
it, also the designer is guide from the design requirements 
until the implementation phase. The automated design 
allows preserving the correction among models, it 
provides clear traceability between analysis and design, it 
simplifies verification and validation, and it avoids 
inconsistencies or errors.   
The AgentTool has a limitation. It is not able to represent 
the sequence diagrams following the standard UML 2.0 
or superior, because it doesn't allow representing the 
internal behaviour of the rolls (Agents). For this reason a 
future work will be aimed to enlarge it to the UML 2.0, 
as well as the use of the Petri Nets in the dynamic 
verification and validation.   
The resulting system doesn't have high levels of 
complexity neither it requires bigger technological costs, 
for that reason, it can be used in isolated rural 
communities inside the developing countries.   
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