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Abstract—Hybrid electric vehicles powered by fuel cells
and batteries have attracted significant attention as they have
the potential to eliminate emissions from the transport sector.
However, fuel cells and batteries have several operational
challenges, which require a power and energy management
system (PEMS) to achieve optimal performance. Most of the
existing PEMS methods are based on either predefined rules or
prediction that are not adaptive to real-time driving conditions
and may give solutions that are far from the actual optimal
solution for a new drive cycle. Therefore, in this paper, an
intelligent PEMS using reinforcement learning is presented,
that can autonomously learn the optimal policy in real time
through interaction with the onboard hybrid power system.
This PEMS is implemented and tested on the simulation model
of the onboard hybrid power system. The propulsion load is
represented by the new European drive cycle. The results
indicate that the PEMS algorithm is able to improve the
lifetime of batteries and efficiency of the power system through
minimizing the variation of the state of charge of battery.

Keywords—Fuel cell, Hybrid electric vehicle, Power and
energy management system, Reinforcement learning, Intelligent
systems, Onboard DC power systems

L INTRODUCTION

Transportation of passengers and goods accounts for
about a quarter of world’s energy consumption and
contributes to more than 20% of global emissions according
to the study of the intergovernmental panel on climate
change (AR5°2014, IPCC). The transport sector is the fastest
growing contributor to the world’s energy consumption and
global emissions. The main drivers of this growth are land-
based transport, mainly light-duty vehicles such as passenger
cars and freight transport. Currently, conventional diesel
engines are used in most of the transport applications, which
produces a significant amount of emissions. This emissions
lead to air pollution that causes several diseases and reduces
the quality of life for residents in urban areas. Therefore, it is
necessary to investigate the advanced technologies that
enable optimal usage of onboard emission-free energy
systems for transport applications.

In the present market, the potential options for light-duty
vehicles are hybrid electric vehicles (HEVs), plugin hybrid
electric vehicles (PHEVs) and electric vehicles powered by
batteries (BEVs). HEVs and PHEVs powered by
conventional diesel engines and batteries merely reduce the
emissions, but cannot eliminate completely. Moreover,
BEVs have limitations such as long charging times, limited
driving distance per charge. FCHEVs powered by fuel cells
and batteries offer emission-free operation while overcoming
the limitations on driving distance per charge and long

charging times. Therefore, FCHEVs have gained significant
attention in recent years.

Fuel cells and batteries have several operational
challenges, which directly impacts their lifetime and
reliability. Therefore, for onboard hybrid power system
powered by fuel cells and batteries, a power and energy
management system (PEMS) is required to achieve the
optimal performance. The existing research studied and
developed several types of PEMS for transport applications.
Sulaiman et al. [1] present a critical review of different
energy management strategies for FCHEVs. Li et al. [2]
present a review of EMS objectives and strategies for
FCHEVs. There are several types of energy management
strategies exist such as the state-based EMS [3] [4] [5], rule-
based fuzzy logic strategy [6], charge depleting and charge
sustaining (CDCS) strategy [7], wavelet transform based
strategy [8], variable frequency control techniques [9],
classical PI and PID strategies [17], equivalent consumption
minimization strategy (ECMS) [10] [11] [12] [13],
Potryagin’s minimum principle (PMP) [14] [15], model
predictive control (MPC) [16] [17], stochastic dynamic
programming [ 18], and adaptive optimal control [19].

Most of the existing PEMS methods are based on either
predefined rules or known drive cycle or predicted driving
conditions. These methods are not adaptive to real-time
system conditions and give solutions far away from the
actual optimal solution for a new driving condition.
Therefore, it is necessary to implement a PEMS that can
learn in real time. For this reason, learning-based PEMS
methods are gaining interest among researchers. Within
machine learning, reinforcement learning (RL) has attracted
a lot of attention in recent years by beating world champion
human players in Chess and Go games. Some advantages of
RL over classical optimal control techniques are; it is model-
free, autonomously learns the optimal policy in real time,
digital twins can be used to train the algorithm. Q learning is
a powerful reinforcement learning approach and particularly
suitable for applications where the system model is unknown
or not accurate or continuously changing. For example, the
onboard battery pack represents such a system [20]. The
characteristics of battery systems keep changing as batteries
go through numerous charging/discharging iterations. Q-
learning can continuously learn from the observed
experiences and automatically adjust to the evolving
dynamics. Hsu et al. [21] applied Q-learning on the fuel cell
hybrid electric vehicles to minimize fuel cell consumption.
Li et al. [22] implemented multi-agent reinforcement
learning for optimal control of microgrid in grid-connected



mode. Some more implementations of reinforcement
learning for energy management could be found in [23],
[24], [25], [26], [27], [28].

This paper presents a PEMS based on classical Q
learning for FCHEVs. This research work includes 1)
Building the simulation model of the onboard hybrid power
system in MATLAB/Simulink, 2) Developing a classical Q
learning based PEMS, which can autonomously learn the
optimal policy in real time through interaction with
simulation model of the onboard hybrid power system, 3)
Training the Q learning algorithm. The simulation results
indicate that the learning process is capable of converging to
the optimal control behavior. Furthermore, the Q learning
based PEMS is able to improve the lifetime of batteries and
minimize the power losses through minimizing the variation
of the state of charge of battery.

The rest of the paper is organized as; Section-I presents
the introduction, motivation, literature review, contribution,
and structure of the paper. Section-II presents a description
of the onboard hybrid power system. Section-III presents the
objectives considered for this work. Section-IV presents the
implementation of Q learning based PEMS including
discretized state space, discretized action space, reward
function, and controller, etc., Section-V presents the
simulation results and section-VI presents the conclusion.

II. ONBOARD HYBRID POWER SYSTEM

The schematic of the onboard hybrid power system is
shown in Fig. 1. It is a DC power system powered by fuel
cell and battery as power sources. Fuel cell system is
connected to a DC bus through unidirectional DC/DC boost
converter. The battery pack is connected to DC bus through a
bidirectional DC/DC converter. The electric motor load is
connected to the DC bus through load converter. The
propulsion load is represented by the New European Drive
Cycle (NEDC). A simple model for all the components is
used for this work, as the focus is on verifying the
effectiveness of Q learning based PEMS.
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Fig. 1. Schematic of onboard hybrid power system

In this work, Proton Exchange Membrane Fuel Cell
(PEMFC) is used, as it is the most suitable fuel cell type for
transport applications. High price and low lifetime are the
main challenges that are hindering the widespread
commercialization of fuel cells. The main cause of aging
and degradation in fuel cells is fuel starvation. During fast
load changes, the risk of fuel starvation is high due to the
inertia of actuators and valves in the fuel delivery system.
Thus, fuel starvation limits the dynamics of fuel cell stack.
Therefore, batteries are usually combined with fuel cells to

compensate for the slow dynamics of the fuel cell. PEMS
decides the power to be produced by fuel cell, which sets the
operating conditions for the components of fuel cell, thus
affecting the aging and degradation of components [29] [30]
[31].

For this work, a simple model of the fuel cell shown in
Fig. 2 is used. Rate limiter represents the slow dynamics by
limiting the rate of change in power and saturation sets the
limits for minimum and maximum power.
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Fig. 2. Fuel cell model
The coulomb counting or current integration method is
used to represent the lithium-ion battery model,

SOC=80C,;,, + L j I Battery dt

rated

(M

Where SOC is state of charge, Crned is rated capacity,
IBattery 18 battery current.

All the three power electronic converters are represented
as ideal and lossless i.e. 100% efficient with respect to
power. DC bus is represented using the following equation,

P _Load =P FC+P_Battery 2)
I1I. LEARNING BASED POWER AND ENERGY
MANAGEMENT SYSTEM

There are two alternative ways to supply load power as
shown in Fig. 3. One way is to supply load power directly
from fuel cell. The other is to supply through discharging the
battery. When battery is discharged to supply the load power,
it has to be charged by fuel cell. In the second case, as shown
in Fig. 3, there are more components involved compared to
first option, which implies more component power losses.
Therefore, the component power losses can be minimized by
reducing the charging/discharging cycles of the battery. This
could be achieved through minimum variation of SOC.
Furthermore, the lifetime of batteries is improved through
minimum variation of SOC. In Q learning based PEMS, the
reward function is formulated to achieve maximum reward
for minimum variation of SOC.
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Fig. 3. Alternative ways of supplying the load power
The Q learning based PEMS algorithm is coded as a
MATLAB script, autonomously learns online through



interaction with the onboard hybrid power system modeled
in Simulink. The control framework for the onboard hybrid
power system is shown in Fig. 4. Where, Prc is power
delivered by fuel cell, Pgawer is the power delivered or
absorbed by battery, SOCgaser is state of charge of battery,
Vrc is fuel cell voltage, Vaaer is battery voltage, Vpc is DC
bus voltage, irc is fuel cell current, igaer, is battery current,
Prc.ror s fuel cell power reference, Pgagery-rer 1 battery power
reference, ircrr is fuel cell current reference, igarery-res 1S
battery current reference, urc is control reference to DC/DC
unidirectional converter, Upatery 1S control reference to
DC/DC bidirectional converter, ¢ is the current time step, 7+/
is the next time step, ¢ is the greedy policy, a is learning rate,

v is discount factor.
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Fig. 4. The control framework for FCHEV

The Q learning based PEMS is the highest level of
control, provides the power reference to main power source
and energy storage, in this case, fuel cells and battery
respectively. Fuel cell as the main source of power
responsible for supplying the load power and charging the
battery. The battery power is used during fast load changes to
compensate for the slow dynamics of fuel cell. Generally, the
source converter with faster dynamics is used for the DC bus
voltage regulation; in this case, it is battery converter. Then,
the fuel cell converter is used for maintaining the state of
charge in the battery. As a result, there are two controlled
variables namely DC bus voltage Vpc, battery state of charge
SOC3atery o1 battery voltage Viauer,. These are controlled by

N

control variables namely battery current reference ipasery-res

and fuel cell current reference irc..r respectively. Hereafter,
this work focuses on the highest level control i.e., Q learning
based PEMS.

The key elements of Q learning based PEMS including
discretized state space, discretized action space, reward
function, and controller are presented below.

A. Discretized state space

In Q learning, the control action is determined directly by
the state of onboard power system. For this work, the power
delivered by fuel cell (Prc), the power delivered or absorbed
by battery (Pparer) and state of charge of the battery
(SOCBaery) are selected to form the three-dimensional state
space. All the values in this work are in per unit for the
reusability of the algorithm. To apply classical Q learning,
the parameters representing the onboard hybrid power
system state need to be discretized into a finite number of
levels. Prc is discretized as [0.7 0.9]. Pgaser is discretized as
[-1 -0.8 -0.55 -0.25 0.25 0.55 0.8 1]. The negative sign
indicates that the battery is charging and the positive sign
indicates that the battery is discharging. SOCguuer, is
discretized as [0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85
0.90.951].

Table 1: Discretized state space

SyStem P FC P Battery SOCBattery
states
1 0.7 -1 0.4
104 0.9 1 1

B. Discretized action space

The main task of Q learning based PEMS is to distribute
the load power required among fuel cells and batteries while
maximizing the reward. Therefore, in this work, the change
in fuel cell power (APrc) is selected to form the one-
dimensional action space. In classical Q learning, similar to
state space, action space also needs to be discretized. APrc is
discretized as [0, +0.15, -0.15], where O represents remains
same, +0.15 represents increase by 0.15 per unit and -0.15
represents decrease by 0.15 per unit. However, the final
control signals given by Q learning based PEMS are fuel cell
power reference (Prc.y) and battery power reference (Ppatiery-
ref). They are calculated as,

PFC-"L_’/ = PFC(Q +APFC and PBattery—r(.{f': PLaad - PFC-"L_’/

C. Reward function

For this work, the main objective is minimizing the
variation of SOCpguue, to improve battery lifetime and
minimize component power losses. SOCgaxer, Varies from 0.4
per unit to 1 per unit. Therefore, in this work, the reward is
maximized when SOCgaser s closer to the mean value of 0.7
per unit. The reward function is,

SOC(t+1)-0.7
0.3

}

Where SOC (t+1) is state of charge of the battery during
next time step, m is a multiplier that depends on the SOC
(t+1) value and the control action a;,

1 m
Reward (t)=r =—+—10.5—
O=r=—+1

-1 <Reward (t) <1




If10.65 < SOC(t+1) < 0.75] or
[SOC(t+1) < 0.55 & AP_FC < 0] or
[SOC(t+1) > 0.85 & AP_FC > 0]

m=2
else m=1 end

The value of reward belongs to [-1 1] to comply with per
unit system, a positive value indicates good reward and a
negative value indicates bad reward. When SOC (t+1)
belongs to [0.65 0.75], the value of m is 2 to maximize the
positive reward, as SOC (t+1) is very close to the desired
value of 0.7 per unit. When SOC (t+1) is lower than 0.55 and
fuel cell power decreases, which is not a desirable scenario,
the value of m is 2 to maximize the negative reward.
Similarly, when SOC (t+1) is higher than 0.85 and fuel cell
power increases, the value of m is 2 to maximize the
negative reward. In all other cases, the value of mis 1.

D. Controller

In Q learning, the controller is essentially Q table, which
has Q values for the given state of system and control action
represented as Q(s,a:). Q(s,a:) is the expected cumulative
discounted reward when the action a; is performed by the
controller on onboard hybrid power system in state s;.

There are two ways to select the control action;
exploitation and exploration, which depends on greedy
policy € € [0 1]. During exploitation, for the given state, the
control action with maximum Q value is chosen. Whereas,
during exploration, a random control action is chosen. The
probability of exploitation is 1-¢ and the probability of
exploration is €. It is desirable to do more exploration during
the initial stages of training and more exploitation once the
training is sufficient. Therefore, the value of ¢ is kept high in
the beginning and decayed as the controller gains experience.

The controller performs an action a; on onboard hybrid
power system in state s.. As a result of action a;, the onboard
hybrid power system transitions from current state s; to next
state si+1. Based on the SOC (t+1), the controller receives a
reward (T;), as explained in the previous section. Then, the Q
value is updated complying with Bellman’s equation,

0" (s,.a,) = (1= @)Q(s,.a,) + efr, + ymaxQ(s...a )}

Where, Q""(s,a,) is the new value of Q, Q(s,a) is old value
of Q, o is learning rate, y is discount factor, r; is reward,
maxQ(sw+1,a) is the estimate of optimal future value. Since Q-
learning is an iterative algorithm, it requires an initial
condition. All the Q values are initialized to zeros in order to
predict systems behavior better compared to the arbitrary
initial condition [32].

Table 2: Initial Q table

1V. SIMULATION RESULTS

The simulations in this work are focused on tuning
different parameters of Q learning algorithm to achieve the
convergence towards the objective of minimizing the
variation of SOCgaer. For this purpose, the training of
algorithm is divided into 1000 episodes, where each training
episode has a duration of 2000 seconds. Furthermore, each
episode is divided into 500 iterations, where each iteration
has a time step of 4 seconds. The simulation parameters used
in the Q learning based PEMS algorithm are tabulated in
Table 3. Simulation results obtained during the beginning of
training and towards the end of training are presented below.
The results presented are for three different initial values of
SOC3atery including a minimum value of 0.3 per unit, the
desired value of 0.7 per unit and the maximum possible
value of 1 per unit. The simulation results presented for each
episode are divided into three parts namely (a), (b), and (c)
that show different parameters of the onboard hybrid power
system and the controller. Part (a) of the episodic parameters
shows NEDC load profile, the power delivered by fuel cell
(Prc) and power delivered or absorbed by battery (Pzarery)-
Part (b) of the episodic parameters shows the state of charge
of battery (SOC) and whether the nature of controller action
is exploitation or exploration. The presence of orange bar
indicates that the nature of controller action is exploitation
and the absence of orange bar shows that the nature of
controller action is exploration. In addition, part (b) also
shows two lines corresponding to the SOC value of 0.6 per
unit and 0.8 per unit, which are closer to the desired value of
0.7 per unit. These lines are included in the plot to enhance
the visibility of convergence. Part (c) shows the per unit
value of reward obtained after each iteration of the episode.

Table 3: Parameters used in the Q learning algorithm

Q Table Control actions (APrc)
Unchanged | Increase | Decrease
1 0 0 0
System
states

104 0 0 0

Parameters Value
Epsilon (g) 1
Epsilon decay (Ag) 0.99999
Discount factor (y) 0.9
Learning rate (o) 1
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Fig. 5. Simulation parameters during episode-1 for SOCipiia = 0.3 per unit
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Fig. 9. Simulation parameters during episode-3 for SOCiyisa = 1 per unit
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Fig. 10. Simulation parameters during episode-1000 for SOCiyisa = 1 per
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From the simulation results, it can be observed that,
during the beginning of training, the controller actions are
dominated by exploration and randomly selected. Therefore,
the SOCgasner, and reward are not converging towards the
objective of algorithm. Whereas, towards the end of the
training, the controller actions are dominated by exploitation
and selected to maximize the reward. Therefore, the
SOCBauery and reward are converging towards the objective
of algorithm. These observations are made irrespective of
the initial value of SOCguu, for episode. However, the
value of SOCpusery is mostly above the desired value of 0.7
per unit. This is due to the fact that the charging of the
battery can be controlled by the algorithm, whereas the
discharging of battery is based on the load profile.

V. CONCLUSION

In this paper, an intelligent PEMS based on classical
reinforcement learning (Q-learning) has been developed for
FCHEV powered by fuel cells and batteries. The Q learning
based PEMS algorithm is coded as a MATLAB script and




tested on the simulation model of the onboard hybrid power
system. The main objective of the developed PEMS is to
minimize the variation of SOCgaser, in order to improve the
lifetime of battery and reduce the component power losses.
The Q learning algorithm is able to autonomously learn in
real time through interaction with the simulation model of
the onboard hybrid power system. Simulation results indicate
that the algorithm can converge towards the main objective
of minimizing the variation of SOCgayer, around 0.7 per unit.
Therefore, the algorithm can be further modified to achieve
different objectives such as minimizing fuel consumption
and improving the lifetime of components.

(1]

[10]

(11]

[12]

[13]

REFERENCES

N. Sulaiman, M. A. Hannan, A. Mohamed, P. J. Ker, E. H. Majlan,
and W. R. Wan Daud, “Optimization of energy management system
for fuel-cell hybrid electric vehicles: Issues and recommendations,”
Appl. Energy, vol. 228, pp. 2061-2079, Oct. 2018.

H. Li, A. Ravey, A. N’Diaye, and A. Djerdir, “A Review of Energy
Management Strategy for Fuel Cell Hybrid Electric Vehicle,” in 2017
IEEE Vehicle Power and Propulsion Conference (VPPC), 2017, pp.
1-6.

J. Han, J.-F. Charpentier, and T. Tang, “An Energy Management
System of a Fuel Cell/Battery Hybrid Boat,” Energies, vol. 7, no. 5,
pp. 27992820, May 2014.

M. K. Zadeh, L. Saublet, R. Gavagsaz-Ghoachani, B. Nahid-
Mobarakeh, S. Pierfederici, and M. Molinas, “Energy management
and stabilization of a hybrid DC microgrid for transportation
applications,” in 2016 IEEE Applied Power Electronics Conference
and Exposition (APEC), 2016, pp. 3397-3402.

M. K. Zadeh, Stability Analysis Methods and Tools for Power
Electronics- Based DC Distribution Systems, Applicable to On-Board
Electric Power Systems and Smart Microgrids. NTNU, 2016.

S. N. Motapon, L. Dessaint, and K. Al-Haddad, “A Comparative
Study of Energy Management Schemes for a Fuel-Cell Hybrid
Emergency Power System of More-Electric Aircraft,” IEEE Trans.
Ind. Electron., vol. 61, no. 3, pp. 13201334, Mar. 2014.

S. J. Moura, D. S. Callaway, H. K. Fathy, and J. L. Stein, “Tradeoffs
between battery energy capacity and stochastic optimal power
management in plug-in hybrid electric vehicles,” J. Power Sources,
vol. 195, no. 9, pp. 2979-2988, May 2010.

X. Zhang, C. C. Mi, A. Masrur, and D. Daniszewski, “Wavelet-
transform-based power management of hybrid vehicles with multiple
on-board energy sources including fuel cell, battery and
ultracapacitor,” J. Power Sources, vol. 185, no. 2, pp. 1533-1543,
Dec. 2008.

F. Segura and J. M. Andtjar, “Power management based on sliding
control applied to fuel cell systems: A further step towards the hybrid
control concept,” Appl. Energy, vol. 99, pp. 213-225, Nov. 2012.

G. Paganelli, S. Delprat, T. M. Guerra, J. Rimaux, and J. J. Santin,
“Equivalent consumption minimization strategy for parallel hybrid
powertrains,” in Vehicular Technology Conference. IEEE 55th
Vehicular Technology Conference. VIC Spring 2002 (Cat.
No.02CH37367), 2002, vol. 4, pp. 20762081 vol.4.

J. Han, Y. Park, and Y. Park, “A novel updating method of equivalent
factor in ECMS for prolonging the lifetime of battery in fuel cell
hybrid electric vehicle,” IFAC Proc. Vol., vol. 45, no. 30, pp. 227—
232, Jan. 2012.

J. Han, Y. Park, and D. Kum, “Optimal adaptation of equivalent
factor of equivalent consumption minimization strategy for fuel cell
hybrid electric vehicles under active state inequality constraints,” J.
Power Sources, vol. 267, pp. 491-502, Dec. 2014.

P. Garcia, J. P. Torreglosa, L. M. Fernandez, and F. Jurado,
“Viability study of a FC-battery-SC tramway controlled by
equivalent consumption minimization strategy,” Int. J. Hydrog.
Energy, vol. 37, no. 11, pp. 9368-9382, Jun. 2012.

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

C. Zheng, S. W. Cha, Y. Park, W. S. Lim, and G. Xu, “PMP-based
power management strategy of fuel cell hybrid vehicles considering
multi-objective optimization,” Int. J. Precis. Eng. Manuf-, vol. 14, no.
5, pp- 845-853, May 2013.

C. H. Zheng, G. Q. Xu, Y. L. Park, W. S. Lim, and S. W. Cha,
“Prolonging fuel cell stack lifetime based on Pontryagin’s Minimum
Principle in fuel cell hybrid vehicles and its economic influence
evaluation,” J. Power Sources, vol. 248, pp. 533-544, Feb. 2014.

T. Li, H. Liu, and D. Ding, “Predictive energy management of fuel
cell supercapacitor hybrid construction equipment,” Energy, vol. 149,
pp. 718-729, Apr. 2018.

J. P. Torreglosa, P. Garcia, L. M. Fernandez, and F. Jurado,
“Predictive Control for the Energy Management of a Fuel-Cell-
Battery—Supercapacitor Tramway,” [EEE Trans. Ind. Inform., vol.
10, no. 1, pp. 276-285, Feb. 2014.

M.-J. Kim and H. Peng, “Power management and design
optimization of fuel cell/battery hybrid vehicles,” J. Power Sources,
vol. 165, no. 2, pp. 819-832, Mar. 2007.

W.-S. Lin and C.-H. Zheng, “Energy management of a fuel
cell/ultracapacitor hybrid power system using an adaptive optimal-
control method,” J. Power Sources, vol. 196, no. 6, pp. 3280-3289,
Mar. 2011.

S. Mohan, Y. Kim, and A. G. Stefanopoulou, “Estimating the Power
Capability of Li-ion Batteries Using Informationally Partitioned
Estimators,” IEEE Trans. Control Syst. Technol., vol. 24, no. 5, pp.
1643—-1654, Sep. 2016.

R. C. Hsu, S. Chen, W. Chen, and C. Liu, “A Reinforcement
Learning Based Dynamic Power Management for Fuel Cell Hybrid
Electric Vehicle,” in 2016 Joint 8th International Conference on Soft
Computing and Intelligent Systems (SCIS) and 17th International
Symposium on Advanced Intelligent Systems (ISIS), 2016, pp. 460—
464.

F.-D. Li, M. Wu, Y. He, and X. Chen, “Optimal control in microgrid
using multi-agent reinforcement learning,” ISA Trans., vol. 51, no. 6,
pp. 743-751, Nov. 2012.

P. Kofinas, S. Doltsinis, A. I. Dounis, and G. A. Vouros, “A
reinforcement learning approach for MPPT control method of
photovoltaic sources,” Renew. Energy, vol. 108, pp. 461-473, Aug.
2017.

R. Liessner, C. Schroer, A. Dietermann, and B. Béker, “Deep
Reinforcement Learning for Advanced Energy Management of
Hybrid Electric Vehicles,” presented at the International Conference
on Agents and Artificial Intelligence, 2018, vol. 2, pp. 61-72.

M. Prauzek, N. R. A. Mourcet, J. Hlavica, and P. Musilek, “Q-
Learning Algorithm for Energy Management in Solar Powered
Embedded Monitoring Systems,” in 2018 IEEE Congress on
Evolutionary Computation (CEC), 2018, pp. 1-7.

S. Kim and H. Lim, “Reinforcement Learning Based Energy
Management Algorithm for Smart Energy Buildings,” Energies, vol.
11, no. 8, p. 2010, Aug. 2018.

S. Etemad and N. Mozayani, “Using reinforcement learning to make
smart energy storage sources in microgrid,” in 2015 30th
International Power System Conference (PSC), 2015, pp. 345-350.
C. Liu, “Optimal Power Management Based on Q-Learning and
Neuro-Dynamic Programming for Plug-in Hybrid Electric Vehicles,”
PhD Dissertation, University of Michigan, Dearborn, Michigan,
USA, 2018.

P. Thounthong and P. Sethakul, “Analysis of a Fuel Starvation
Phenomenon of a PEM Fuel Cell,” in 2007 Power Conversion
Conference - Nagoya, 2007, pp. 731-738.

M. A. Danzer, S. J. Wittmann, and E. P. Hofer, “Prevention of fuel
cell starvation by model predictive control of pressure, excess ratio,
and current,” J. Power Sources, vol. 190, no. 1, pp. 86-91, May
2009.

F. A. de Bruijn, V. a. T. Dam, and G. J. M. Janssen, “Review:
Durability and Degradation Issues of PEM Fuel Cell Components,”
Fuel Cells, vol. 8, no. 1, pp. 3-22, Feb. 2008.

H. Shteingart, T. Neiman, and Y. Loewenstein, “The role of first
impression in operant learning,” J. Exp. Psychol. Gen., vol. 142, no.
2, pp. 476-488, May 2013.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


