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A structure of graphical tool for hybrid fuel cell modelling, simulation and optimization is presented in the paper. The
model of the tool combines Simulink modelling and simulation, statistical approaches, optimizing procedures of hybrid
systems for different types of vehicles – cars, buses or boats. Modelling of the hybrid fuel cell is based on parameters of
the used vehicle. Simulation visualize different characteristics of the hybrid system parameters. Optimization of different
parameters and energy management system will be based on fuzzy logic and genetic algorithms. The tool is based on
different modules and could be upgrade with other additional functions. A software graphical tool is developed in a form
of Graphical user interface, based on the presented model, using MATLAB@7.1 GUIDE template editor and systems
functions.
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Fuel cells are a transient technology for producing electricity from hydrogen or other high efficiency and low emission
fuels [1], [2]. They are suitable for stationary, transport and portable applications [3]. However, they are still more
expensive than existing technologies and there are technical challenges that must be overcome for their
commercialization. Therefore, accurate and efficient methodologies for the design of fuel cell systems are becoming
increasingly necessary and significant. Modeling and optimization [4], [5] present great potential in the design of fuel cell
systems, which often results in design time and cost savings, as well as better design and operation.
Fuel cell systems are being developed for a wide variety of applications in energy production. They are mainly used
for transport applications in cars, buses, utility vehicles, scooters and bicycles; to produce energy for buildings, in which
case they are used for both energy and heat generated by fuel cells; for portable applications, either as standby power
generators or as battery replacements in various electronic devices and gadgets.
However, fuel cells are still more expensive than existing technologies. There are also many technical and nontechnical challenges that need to be overcome. Major technical problems include the following [6]:
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- reducing costs in all aspects of the production of fuel cells, materials, systems and applications, as well as other
components;
- demonstration of the durability, reliability and availability of fuel cells;
- fuel choice and price;
- improving productivity.
Non-technical problems are:
- estimation of external costs (emissions, environmental, safety and health, etc.);
- the socio-economic consequences of the introduction of new fuel cell technologies;
- identifying problems with the development of commercial fuel cells;
- availability of investment and venture capital to provide new combustion infrastructure and production facilities.
These are just some of the reasons why research and development of fuel cell systems has been needed in recent years.
Approaches for modelling and simulation of hybrid fuel cells are presented in the paper.
New software tool for automation of processing, analysis and identification of hybrid systems battery/fuel cell was
developed in MATLAB.
MATLAB [7] allows the creation of a Windows - based window applications, which use different means of handling
2D and 3D objects. MATLAB offers a large set of components used in the design of graphical user interfaces. It has high
computing power and is suitable for operations with matrices. The possibility to create standalone applications, which
launching does not require MATLAB is advantage of the programming environment.
The purpose of this article is to develop and describe the structure of a graphical tool for modelling and simulation of
hybrid fuel cell systems. The future research will be focus on test and assessment of this system.
2. Modelling of fuel cell systems
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Modelling of a fuel cell system [8] is based on and includes mathematical models of its basic elements - fuel cell,
battery, bidirectional DC/DC converter, electric motor with its corresponding control, transmission and the main mass
and geometric parameters of the vehicle [10].
For example, when modelling a car with hybrid electric drive, it is necessary to have a clear diagram of the connection
of the energy sources - fuel cell and battery.
The next major step is to determine the operating modes of the drive system. The fuel cell operating area is also
defined as the criterion for determining the load area in which the fuel cell is to operate is the operation with the highest
efficiency.
The following input data are required to perform the calculations for the resistance forces and moments when the
vehicle is traveling: maximum travel speed; frontal area of the vehicle; coefficient of drag of the vehicle; number of
passengers; payload mass; vehicle own weight not including fuel cell mass, hydrogen tanks, battery weight.
The fuel cell model describes it as a fuel cell using pure hydrogen and oxygen from ambient air. It is assumed that the
operating temperature and pressure of hydrogen and air are optimal for the operation of the system. The voltage-current
characteristic of a hydrogen fuel cell, described by equation, consists of three zones. In the first zone, losses from
activation polarization have the greatest influence. The width of the zone depends on the operating temperature and
pressure, the type of electrodes and catalysts used. The second zone is characterized by losses of internal electrical
resistance in the fuel cells. In the third zone, the losses from concentration polarization have a major influence.
In the mathematical model of the system, the battery is modelled by its voltage-ampere characteristic and its degree
of charge. The required power is determined and the motor is selected. Hydrogen consumption is also calculated, based
on specific energy and energy density.
The system is moved to the software environment to perform the simulation analysis when the necessary parameters
for the calculations are known.
The model of these systems [11] is mainly used to study the relationship between fuel consumption and electricity
produced, to compare different operational strategies for micro-cogeneration and to study the interaction between
operating modes and the power grid. With the right wording [12], models would be useful tools in the design of fuel cell
systems, because they would provide information about the behavior of the system, based on which to take informed
decisions, apply different design alternatives, and develop the most effective solution for the particular case.
3. Structure of the graphical tool for hybrid systems
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A software graphical tool for hybrid systems, which includes five main modules (Fig. 1), is presented. The structure
of the developed instrument is hierarchical.
System functions and tools of the editor GUIDE templates are used for modules programming implementation.
The graphical tool consists of four modules: modelling, simulation, optimization and storage of results. The
“Modelling” module allows the user to enter the vehicle type car, bus or boat, presented in Figure 2. After selecting the
vehicle, a new user window will be loaded, in which the user will enter the necessary data for the modelling, simulation
and optimization of the hybrid systems [13]. This data will be entered into the fields that will be entered with a boundary,
so that no errors are made in the information input and then in the calculations.
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Fig. 1. Structure of the graphical tool for hybrid systems
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The "Simulation" module will allow to simulate the model of a hybrid system introduced by the user or to load from
a file a previously developed and stored model of such system. The “Optimization” module will allow you to optimize
the system for various parameters that the user will be able to set from the drop-down menu [14],[15],[16]. The “Save
Results” module will allow the results to be stored, and the user can optionally specify the name of the file and the
location. Modelling of the hybrid fuel cell is based on parameters of the used vehicle. Simulation visualize different
characteristics of the hybrid system parameters. Optimization of different parameters and energy management system
will be based on fuzzy logic and genetic algorithms.
The main module of the graphical user tool is presented on fig. 2.
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a)
b)
Fig. 2. Main module and module “Modelling” of the graphical user tool for hybrid systems
a) Main module; b) module “Modelling”
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The MATLAB environment was chosen for the development of the graphical tool because it allows to modularly
create models of the basic elements of hybrid systems, as well as to integrate into the tool functions that were developed
in the MATLAB environment. The example of using the fuel cell MATLAB/Simulink model is presented on fig. 3 [17].
In the simulation, the results will be displayed graphically, as well as the necessary values from the calculations. Example
of the visualized results which presents basic characteristics of the systems is shown on fig. 4.
The developed graphical tool will be helpful tool of the researchers in the field of hybrid systems for modelling,
simulation, optimization and analyze the obtained results.
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Fig. 3 Fuel cell stack model in MATLAB/Simulink

Fig. 4. Basic characteristics of the systems

4. Conclusion
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The structure of a graphical tool for modelling and simulation of hybrid fuel cell systems is developed and presented
in the paper. The model of the tool combines modelling and simulation, statistical approaches, optimizing procedures of
hybrid systems for different types of vehicles: cars, buses and boats. The tool is based on different four modules and could
be upgrade with other additional functions. A software graphical tool is developed in a form of Graphical user interface,
based on the presented model, using MATLAB@7.1 GUIDE template editor and systems functions. It allows adjustments
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at program level and addition of supplementary functions if necessary. The developed graphical tool will be helpful tool
of the researchers in the field of hybrid systems for modelling, simulation, optimization and analyze the obtained results.
The future research will be focus on test and assessment of this system.
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