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Abstract—This paper presents a grid-tied reconfigurable
battery storage system, which consists of a single-phase two-stage
bidirectional PWM converter and a reconfigurable battery pack
(RBP). The two-stage PWM converter provides an interface
between the AC power grid and the RBP and operates in two
different modes: (1) grid to battery (G2B) mode, in which the
RBP is charged from the AC power grid; and (2) battery to grid
(B2G) mode, in which the RBP delivers the stored energy to the
grid. In the RBP, fault tolerance and state of charge (SOC)
equalization among battery cells can be realized by dynamically
configuring the connections of battery cells, no additional SOC
equalization circuit is required. A laboratory prototype of the
proposed battery system was designed and fabricated.
Experimental results on the prototype are provided to validate
the features of the proposed battery system.

Keywords—Fault tolerance; grid-tied converter; reconfigurable
battery system; state of charge (SOC) equalization.

[.  INTRODUCTION

Rechargeable battery systems have been widely applied in
electric vehicles, microgrids, renewable energy storage, home
appliances, etc. [1]-[14] Multiple battery cells are connected in
series and/or parallel to comprise the battery systems used in
these applications to satisfy the voltage, current, and capacity
requirements. However, the mismatch of battery cells inside
the battery packs, such as different impedances, capacities,
aging processes, self-discharging rates, etc., will lead to state
of charge (SOC) imbalance among individual battery cells
during the repeated charging/discharging operations. To
mitigate the impact of SOC imbalance, equalization circuits
are commonly used for the battery systems with battery cells
connected in series to balance their SOCs [17], [18]. However,
the use of an additional equalization circuit increases the cost,
complexity, and energy loss of the battery system.

Distributed battery systems consisting of multiple battery
units connected in parallel and/or series to form a DC bus are
presented in [19]-[23]. Each unit is composed of a battery cell
and a bidirectional DC/DC converter, which controls the
battery cell independently. Thus, overcharge or overdischarge
could be avoided. However, a huge number of DC/DC
converters are required as the number of the battery cells
increases, which increases the cost, volume, and power loss of
the battery system. References [24]-[27] introduce another
kind of battery system based on multilevel converters, which
generate staircase output waveforms with lower total harmonic
distortions (THDs), device stress, and instantaneous rate of
voltage change dv/dsz. For those battery systems using
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multilevel converters, each H-bridge or half-bridge submodule
was used to control a battery cell separately to realize SOC
balance in both charge and discharge operations.

This paper proposes a grid-tied reconfigurable battery
storage system, which consists of a single-phase two-stage
bidirectional PWM converter and a reconfigurable battery
pack (RBP). The two-stage converter consists of a full-bridge
converter and a buck-boost bidirectional DC-DC converter.
The full-bridge converter works as a power factor correction
(PFC) boost converter in the grid to battery (G2B) mode to
achieve an AC-DC power conversion and as a buck inverter in
the battery to grid (B2G) mode to achieve a DC-AC power
conversion. The bidirectional DC-DC converter is used to
regulate the charging voltage and current of the RBP in the
G2B mode and to provide the desired DC-link voltage in the
B2G mode. The reconfigurable design of the RBP has the
inherent features of high reliability and fault-tolerant
capability. In case one or multiple cells fail, the faulty cell(s)
can be quickly disconnected from the battery system by a
proper control action without interrupting the operation of the
system. In the proposed system, the SOCs of different battery
cells can be balanced by properly controlling each individual
cell in the G2B and B2G modes. A laboratory prototype of the
proposed battery storage system is constructed. Experimental
studies are carried out on the prototype to validate the
proposed battery storage system.

II. SYSTEM CONFIGURATION AND OPERATION PRINCIPLE

The proposed grid-tied reconfigurable battery storage
system is shown in Fig. 1, in which the first stage AC-DC full-
bridge converter and the second stage buck-boost DC-DC
converter form a two-stage bidirectional PWM converter. The
battery system has two operation modes: the G2B mode and
the B2G mode. The operation of the system in each mode is
explained in the following subsections.

A. G2B Mode

In this operation mode, the full-bridge converter operates
as a PFC boost rectifier to realize a high power-factor and a
low THD as well as to provide the required DC-link voltage.
The DC-DC converter operates as a buck converter to provide
the required charging current and voltage for the battery pack.

1) Full-Bridge Converter

In the G2B mode, the full-bridge converter works as a PFC
boost rectifier for AC-DC power conversion. There are two
switching patterns during the positive half cycle of the AC
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Fig. 1. Proposed grid-tied reconfigurable battery storage system.

grid voltage. In the first switching pattern, the inductor L, the
device S2, and the diode D4 form a boost converter. Only one
device S is switched on/off with at a high frequency to shape
the input AC current into a sinusoidal waveform that is in
phase with the grid voltage. When the device S is turned on, it
conducts current with the diode Ds. When the device S; is
turned off, the current freewheels through the diodes D; and
Dj4. In the second switching pattern, the inductor L, the device
S3, and the diode D; form another boost converter. Only one
device S3 is switched at a high frequency. When the device S3
is turned on, it conducts current with the diode D;. When the
device S3 is turned off, the current freewheels through the
diodes D; and Ds. Since the two switching patterns are
equivalent to generate the same terminal voltage up, one of
the two patterns could be selected to implement in a PWM
period. Similarly, there are two similar switching patterns
during the negative half cycle of the AC grid voltage. In each
switching pattern, only one of the four devices operates in a
switching frequency, leading to a reduced switching loss
compared to the unipolar modulation with two devices and the
bipolar modulation with four devices operating in a switching
period for the full-bridge converter [29], [29].

2) DC-DC Converter

In the G2B mode, the DC-link voltage ugc is higher than
that of the battery pack; and the DC-DC converter operates as
a buck converter in which only one device Ss is switched
on/off at a high frequency while the device Ss is always off.
Usually, a battery pack is charged with a constant current (CC)
constant voltage (CV) method. In the CCCV method, the
battery pack is first charged with a CC until it reaches the
recommended maximum voltage and then charged with a CV;
and the DC-DC converter is necessary to regulate the battery
charging current and voltage because the voltage of the battery
pack varies when it is in charge or some battery cells fail.

3) RBP

The RBP uses a modular switching circuit with m x (n +1)
controllable switches to manage m x n battery cells [30]. Each
battery cell uses only one controllable switch, e.g., the switch
Qj; for the battery cell B; (i=1, ---, m and j = 1, ---, n), which
turns on/off alternately to connect/cut off the battery cell from
the RBP. Each switch and the corresponding battery cell form
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a building block for the RBP, as shown in Fig. 1, which can be
easily plugged in/out for maintenance. In the RBP, n building
blocks are connected in parallel to form a battery bank to
provide a desired current; m battery banks are connected in
series to provide a desired voltage at the terminals of the RBP;
and an additional controllable switch Q; (i =1, ---, m) is placed
in parallel with each battery bank. When a certain number of
building blocks in the ith bank fail such that the bank cannot
be charged with the required current, the bank will be
bypassed by turning on the switch Q;, which will provide a
path of current flow for the battery cells By, =+, Bariyn, =+,
B, -, Bmn in the lower banks. Otherwise, even if some of
the building blocks in the ith bank fail but the remaining
building blocks can still be charged with the required current,
the switch Q; will turn off.

In the G2B mode, the battery management system (BMS)
monitors the voltage, current, temperature, and SOC of each
cell. If any battery cell has an abnormal condition, such as
overvoltage, overcurrent, overtemperature, overcharge,
overdischarge, etc., it will be disconnected from the system
immediately. The remaining cells can still be charged to store
energy. The SOC of a battery bank is the average SOC of all
the cells in the bank. If a cell is cut off, then its SOC is zero.
The SOCs of the available banks are calculated. All of the
available banks are charged at first. When the SOC of a bank
reaches the maximum value allowed, the bank will be
bypassed by turning off all the switches within the bank and
turning on the corresponding switch in parallel with the bank.
Finally, all of the available banks will be charged and their
SOCs will be balanced. Although the RBP is illustrated for
cell-level implementation, it is also applicable to module-level
implementation by replacing each battery cell in Fig. 1 with a
battery module that consists of multiple cells connected in
series and/or parallel.

B. B2G Mode

In the B2G mode, the two-stage PWM converter sends the
energy stored in the RBP back to the AC power grid. The full-
bridge converter operates as a buck inverter for DC-AC power
conversion and the DC-DC converter operates as a boost
converter to provide the required DC-link voltage for the full-
bridge converter.

1) Full-Bridge Converter

In the B2G mode, the full-bridge converter works as a
buck inverter for DC-AC power conversion. There are two
switching patterns during the positive half cycle of the AC
grid voltage. In the first switching pattern, the inductor L, the
devices S; and Ss, and the diode D, form a buck converter.
Only one device S is switched on/off at a high frequency to
shape the input AC current into a sinusoidal waveform that is
out of phase with the grid voltage. When the device §; is
turned on, it conducts current with the device Sis. When the
device S; is turned off, the current freewheels through the
device S4 and diode D,. In the second switching pattern, the
inductor L, the devices S) and Si, and the diode Ds form
another buck converter. Only one device S4 is switched on/off
at a high frequency. When the device S4 is turned on, it
conducts current with the device Si;. When the device Ss is
turned off, the current freewheels through the device S and



diode D;. Since the two switching patterns are equivalent to
generate the same terminal voltage u.p, one of the two patterns
could be selected to implement in a PWM period. Similarly,
there are two similar switching patterns during the negative
half cycle of the AC grid voltage. In each switching pattern,
only one of the four devices is switched on/off at a high
frequency, leading to a reduced switching loss compared to the
unipolar modulation with two devices and the bipolar
modulation with four devices operating with a high switching
frequency for the full-bridge converter.

2) DC-DC Converter

In the B2G mode, the DC-link voltage uqgc is higher than
that of the battery pack; and the DC-DC converter operates as
a boost converter in which only one device Ss is switched
on/off at a high frequency while the device Ss is always off
with the antiparallel diode Ds of the device Ssto provide the
conducting path. The battery pack is discharged. The DC-DC
converter is necessary to regulate the DC-link voltage by
controlling the battery discharging current and voltage because
the voltage of the battery pack varies when it is in discharge or
some of the battery cells fail.

3) RBP

All of the available banks are discharged at first. When the
SOC of a bank reaches the allowed minimum value, it will be
bypassed by turning off all the switches within the bank and
turning on the corresponding switch in parallel with the bank.
Finally, all of the available banks will be discharged and their
SOCs will be balanced.

[II. CONTROL SSHEMES FOR THE BATTERY SYSTEM

Since the control schemes of the proposed grid-tied
reconfigurable battery system operated in the G2B mode and
the B2G mode are different, they are introduced separately in
this section.

A. G2B Mode
1) Control of Full-Bridge Converter

In the G2B mode, a dual-closed-loop control scheme is
designed for the bidirectional full-bridge converter. The outer
control loop is utilized to regulate the DC-link voltage while
the inner control loop is used to shape the input current, as

shown in Fig. 2, where u;, is the DC-link voltage command,
ugc 1s the measured DC-link voltage, l; is the AC grid current

command, and i, is the measured grid current. The difference
of the DC-link voltage command and the measured value is
fed to a proportional-integral (PI) controller to generate the
magnitude [, of the grid current command, which is multiplied
by the unit sinusoidal function with the phase 8 of the grid

voltage u, to produce the current command ZE . The digital

phase-lock-loop (PLL) is used to obtain the phase information
[31]. In the inner loop, the difference between the current
reference and measured current is provided as the input of
another PI controller. The output of the PI controller is
compared with the triangle carrier waveform to generate the
gate signals for the full-bridge converter.

A feedforward compensator is added to the output of the
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Fig. 2. Control scheme for the AC-DC converter in the G2B mode.
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Fig. 3. Control scheme for the DC-DC converter in the G2B mode.
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Fig. 4. Operation flowchart of the RBP in the G2B mode.

current controller to improve the external disturbance rejection
capability and system dynamic performance. The duty ratio
Dy of the feedforward compensator can be written as
u
u (1)
udc

During a heavy load condition, the DC-link voltage may
contain a large voltage ripple with a frequency that is twice the
fundamental frequency. This will distort the current reference
generated by the outer-loop DC-link voltage controller.
Therefore, a low-pass filter (LPF) is needed to attenuate the
ripple of the measured DC-link voltage in the outer voltage
control loop.

2) Control of DC-DC Converter

Usually the DC-link voltage ugc is higher than that of the
battery pack, and the bidirectional DC-DC converter is used as
a buck converter. In this paper, the RBP is charged with the
CC method, since the battery cells can be charged in a
relatively short time with the CC method. A PI controller is
used to regulate the duty cycle of the device S5 to make the
charging current to be constant, as shown in Fig. 3. A
feedforward compensator is applied to the current control loop.



The duty ratio Dp.cr of the compensator can be expressed as
u
Dbuck = 4 (2)
dc
where uy, is the terminal voltage of the RBP, as shown in Fig.
1.

3) Control of RBP

Fig. 6 shows the operation flowchart of the RBP in the
G2B mode. Based on the voltage and current of the battery,
the SOC balance can be achieved by properly connecting the
battery cells and banks using the switching circuit inside the
RBP. The SOC of a battery cell can be estimated with the
coulomb counting method [30]

SOC(t) = SOC(t,)——— j i(r)dt 3)

36000, *n
where SOC(#) is the initial SOC of the battery cell, i(7) is the
instantaneous charging current flowing through the battery cell,
and Qp is the rated capacity of the battery cell. Due to the
current sensing noise, battery self-discharging effect, battery
internal temperature variation, etc., the initial SOC at time # is
updated to improve the SOC estimation accuracy by
measuring the open circuit voltage (OCV) of the battery cell
when the battery cell is under rest for a period of time.

At first, all available battery banks are connected in the
circuit to store the energy from the power grid. If the SOC or
charging current of a bank reaches or exceeds the maximum
limit, respectively, the corresponding bank is cut off from the
circuit. The process continues until all of the battery banks are
charged. Finally, the SOC equalization is completed.

B. B2G Mode
1) Control of Full-Bridge Converter

In the B2G mode, the full-bridge converter works as a
buck inverter for DC-AC power conversion. A single closed
current control loop is designed to shape the AC grid current.
The grid current reference is determined by the desired power
injected into the grid, grid voltage uy, and phase 6 of the grid
voltage [32].

A feedforward compensator with the duty ratio Dy
described as follows is added to the current control loop
u
Dinv = g (4)

udL'
2) Control of DC-DC Converter

In the B2G mode, the DC-link voltage uqc is provided by
the battery pack, and the DC-DC converter is operated as a
boost converter. A dual-closed-loop control strategy is
designed for the DC-DC converter, where the outer loop
controls the DC-link voltage and the inner loop controls the
current through the RBP using PI controllers. A feedforward
compensator with the duty ratio Dpe.s expressed as follows is
used in the outer control loop.

u,
Dbnust = 1 T (5)

udc
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3) Control of RBP

At the beginning of the B2G mode, all available battery
banks are connected in the circuit to deliver energy to the
power grid. If the SOC or discharging current of a bank
reaches or exceeds the limit, respectively, the bank will be
disconnected from the circuit. The procedure continues until
all of the battery banks are discharged. Eventually, the SOC
balance is achieved. Due to the limited voltage boost
capability of the buck-boost DC-DC converter, there is a
requirement for the minimum number of battery banks to be
connected in the circuit to generate the desired DC-link
voltage. To reduce this requirement, some DC-DC converters
[33] with voltage gains higher than that of the buck-boost
converter should be considered.

IV. EXPERIMENTAL RESULTS

A laboratory prototype, as shown in Fig. 5, is constructed
to verify the proposed battery system. The key parameters of
the prototype are given in Table I. The grid-connected single-
phase two-stage bidirectional PWM converter is implemented
using three insulated-gate bipolar transistor (IGBT) modules
(MG1275S-BA1IMM). These modules are driven by the gate
driver HCPL-316J. The battery pack consists of 3x2 (i.e., m =
3 and n = 2) lithium-ion battery modules (e.g., Bi1in Fig. 1)
with the nominal voltage of 25.9 V, the capacity of 12.6 Ah,
and the power rating 326 Wh. The switches in the RBP are
implemented using power MOSFETs (IRFP4668PBF) with
the on-resistance of 9.7 mQ, which are driven by the gate
driver ADUM3221ARZ. The switching frequency of the two-
stage PWM converter is f; = 20 kHz. A programmable AC
source (Chroma 61512) is used to simulate a power grid. The
voltages in the system are sensed by voltage transducers
LV20-P. The currents are measured by current transducers
CKSR 6-NP. The control schemes are implemented in a Texas
Instruments (TI) floating-point DSP TMS320F28335 with a
clock frequency of 150 MHz. A 14-bit analog to digital (A/D)
converter AD7657BSTZ-ND is used to sample the analog
signals. All the analog signals are sampled at the peak of the
triangular carriers. The sampling frequency is the same as the
switching frequency.

A. G2B Mode

Fig. 6 shows the grid voltage and the phase of the grid
voltage estimated using a digital PLL. The zero-crossing

Capacitor ('t

Fig. 5. Laboratory prototype of the proposed grid-tied reconfigurable battery
storage system with the test setup.



points of the voltage waveform coincide with the zero points
of the estimated phase. Therefore, the PLL tracks the phase of
the grid voltage very well in the range between zero and 2n
and there is no difference between the estimated phase and the
actual phase.

Fig. 7 shows the grid voltage, gate signals of the devices S»
and Ss4, and AC terminal voltage wua, of the AC-DC boost
converter in the G2B mode. The amplitude of the emulated
grid voltage is 100 V with the line frequency f; = 50 Hz. The
device S» is modulated with a switching frequency f; = 20 kHz
while the device S4 is always off during a positive half-cycle of
the grid voltage. The device S4 is modulated with the same
switching frequency while the device S, is always off during a
negative half-cycle of the grid voltage. It can be seen that the
AC terminal voltage ua, has three levels of wug., 0, and —ugc
with the DC-link voltage ugq. = 150 V.

Fig. 8 shows the grid voltage and current as well as the
charging voltage and current of the battery pack supplied by

TABLE I
PARAMETERS OF LABORATORY PROTOTYPE.
Parameter Value Parameter Value
uy (amplitude) 100 V L 1.2 mH
Uge 150 v C 2200 uF
fu 50 Hz L 1.5 mH
fs 20 kHz G 10 uF
iyp (recommend) 5.6 A B; 12.6 Ah, 259V

- [54div]

4
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Time: [20ms/div]
Fig. 6. Grid voltage and estimated phase of the grid voltage.
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Fig. 7. Grid voltage, gate signals, and AC terminal voltage of the full-bridge
converter in the G2B mode.
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the two-stage PWM converter in the G2B mode in a steady
state. Three, two, and one battery banks are connected in the
battery pack for the results shown in Fig. 8(a), (b), and (c),
respectively. The THDs of the grid current i, in Fig. 8(a), (b),
and (c) are 2.5%, 3.0%, and 4.2%, respectively, which meet
the power quality standard of IEEE 519 that the THD should
be less than 5%. The grid current is in phase with the grid
voltage, and the PWM converter has the unity power factor.
The charging current i, of the RBP is maintained to be
constant at 5.6 A to meet the 2.8 A charging current for each
battery module recommended by the manufacturer.

Fig. 9 shows the grid voltage and current as well as the
charging voltage and current of the RBP supplied by the two-
stage PWM converter in the G2B mode in a dynamic state.
The charging process starts with three banks connected in the
RBP, as shown in Fig. 9(a). Then, the SOC of one battery
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©
Fig. 8. Grid voltage and current as well as charging voltage and current of
the battery system with: (a) three banks, (b) two banks, and (c) one bank
connected in the battery pack.



bank reaches the allowed maximum value. Therefore, the
battery bank is bypassed, as shown in Fig. 9(b). Finally, the
SOC of another battery bank reaches the maximum value.
Therefore, that battery bank is also bypassed, as shown in Fig.
9(c). When one or two banks are bypassed, the remaining
bank(s) are still charged to store energy. Eventually, the SOCs
of the battery modules are balanced in the G2B mode. At the
moment when a battery bank is bypassed, the grid current
changes quickly and smoothly; and the charging current of the
RBP is controlled to be constant. Therefore, if a battery bank
fails, it can be bypassed by the switching circuit quickly
without interrupting the operation of the battery system,
showing a fault tolerance capability of the battery system.

Fig. 10 shows the SOCs of the three banks in the charging
mode. The results clearly show that the battery banks in the
charging process are balanced well with the proposed balance
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Fig. 9. Grid voltage and current as well as charging voltage and current of the

battery system with: (a) three banks, (b) three banks changing to two banks,
and (c) two banks changing to one bank in the battery pack.
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control algorithm when the initial SOCs of the three banks are
different. A charging limit is set in the G2B mode to avoid
overcharge. When the SOC of a battery bank reaches the
upper limit, it is bypassed by the switching circuit.

B. B2G Mode

In the experiment of the B2G operation, a 2.5-kW resistive
load with a 5-Q resistance is connected in parallel with the AC
source. The resistive load is necessary in this test because the
programmable AC power source cannot absorb the active
power generated by the PWM converter.

Fig. 11 shows the grid voltage and current as well as the
discharging voltage and current of the battery pack in the B2G
mode in a steady state. There are three, two, and one battery
banks connected in the pack for the results shown in Fig. 11(a),
(b), and (c), respectively. The THDs of the grid current i, in
Fig. 11(a), (b), and (c) have the same value of 2.7%. The grid
current is 180° phase shifted from the grid voltage and is
maintained to be constant, which is determined by the desired
power delivered to the grid. The battery discharging current iy,
is changed to satisfy the grid power demand when the terminal
voltage of the battery pack varies.

Fig. 12 shows the grid voltage and current as well as the
discharging voltage and current of the RBP in the B2G mode
in a dynamic state. Before discharge, the battery banks are
connected one by one to charge the DC-link capacitor. Then,
the discharging process starts with three banks connected in
the RBP, as shown in Fig. 12(a). Then, the SOC of one battery
bank reaches the allowed minimum value so the bank is
bypassed, as shown in Fig. 12(b). Finally, the SOC of another
battery bank reaches the allowed minimum value so the bank
is also bypassed, as shown in Fig. 12(c). When one or two
banks are bypassed, the remaining bank(s) are still discharged
to deliver energy. Eventually, the SOCs of the battery modules
are balanced in the B2G mode. At the moment when the
battery bank is bypassed, the discharging current of the battery
pack changes quickly to control the grid current to meet the
grid power demand.

Fig. 13 shows the SOCs of the three banks in the
discharging mode. The results clearly show that the battery
banks are balanced well at the end of the discharging process
with the proposed balance control algorithm when SOC
imbalance among the three banks occurs. An SOC limit is set

G2B Mode
100 T T T T

1 1 | | 1 1

1000

0 2000 3000 4000 5000

Time [s]

Fig. 10. SOCs of the battery banks in the G2B mode.

6000 7000 8000 9000



[TOA/ dl\]
Fspr [10A/iv]
iy [SOV/div]
o/ Time: [20ms/div] )
(a)
f\(\f\ ~ ~
v’ /|
e [Ill~\ fdiv]
[iop: [LDA/div]
| ip: [S0V/div]
o Time: [20ms/div]
(®)
4N Y T ™~ / / )(\
5 W, X, ‘/: W, b / \/ \/ V/‘
ig: [10A/diy]
e [10A/IN]
e [SOVAdiv]
o Time: [20ms/div]

©

Fig. 11. Grid voltage and current as well as discharging voltage and current of
the RBP with: (a) three banks, (b) two banks, and (c) one bank connected in the

battery pack.

for the B2G mode of operation to extend battery life cycles
and avoid overdischarge, because the depth-of-discharge has
an impact on the battery lifespan. When the SOC of a battery
bank gets to the lower limit, it is bypassed.

V. CONCLUSION

This paper has presented a grid-tied reconfigurable battery
storage system, which consists of a single-phase two-stage
bidirectional PWM converter, a RBP, and a central digital
control unit that controls the operation mode of the battery
system. The circuit configuration, operation principle, and
system control schemes were described. Because of the novel
switching patterns, the switching loss of the full-bridge
converter is reduced compared to the unipolar or bipolar
modulation of the converter, and the shoot-through issue of the
two semiconductor devices in the same leg is eliminated. With
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Fig. 12. Grid voltage and current as well as discharging voltage and current of
the RBP with: (a) three banks, (b) three banks changing to two banks, and (c)
two banks changing to one bank in the battery pack.
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Fig. 13. SOCs of the battery banks in the B2G mode.
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the reconfigurable feature of the RBP, the SOC balance can be
achieved in both the G2B and B2G modes; no extra SOC
equalization circuit is required. Moreover, if one or more
battery cells or modules failed, they can be disconnected from

the

battery pack by the switching circuit quickly without

interrupting the system operation, which enabled the fault-
tolerance capability and improved the system reliability. With
the proposed closed-loop control schemes, the AC grid current

has

a low THD and unity power factor. A prototype with

lithium-ion battery modules was constructed. Experimental
results on the prototype validated the aforementioned features
of the proposed battery storage system.

(1

(2]

[3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

REFERENCES

S. M. Lukic, J. Cao, R. C. Bansal, F. Rodriguez, and A. Emadi, “Energy
storage systems for automotive applications,” [EEE Trans. Ind.
Electron., vol. 55, no. 6, pp. 2258-2267, Jun. 2008.

A. Emadi, Y. J. Lee, and K. Rajashekara, “Power electronics and motor
drives in electric, hybrid electric, and plug-in hybrid electric vehicles,”
IEEE Trans. Ind. Electron., vol. 55, no. 6, pp. 2237-2245, Jun. 2008.

S. Vazquez, S. M. Lukic, E. Galvan, L. G. Franquelo, and J. M.
Carrasco, “Energy storage systems for transport and grid applications,”
IEEE Trans. Ind. Electron., vol. 57, no. 12, pp. 3881-3895, Dec. 2010.
M. Bragard, N. Soltau, S. Thomas, and R. W. De Doncker, “The balance
of renewable sources and user demands in grids: Power electronics for
modular battery energy storage systems,” IEEE Trans. Power Electron.,
vol. 25, no. 12, pp. 3049-3056, Dec. 2010.

A. Khaligh and Z. Li, “Battery, ultracapacitor, fuel cell, and hybrid
energy storage systems for electric, hybrid electric, fuel cell, and plug in
hybrid electric vehicles: State of the art,” [EEE Trans. Vehicular
Technology, vol. 59, no. 6, pp. 2806-2814, Jul. 2010.

H. Zhou, T. Bhattacharya, D. Tran, T. S. T. Siew, and A. M.
Khambadkone, “Composite energy storage system involving battery and
ultracapacitor with dynamic energy management in microgrid
applications,” IEEE Trans. Power Electron., vol. 26, no. 3, pp. 923-930,
Mar. 2011.

H. Qian, J. Zhang, J.-S. Lai, and W. Yu, “A high-efficiency grid-tie
battery energy storage system,” [EEE Trans. Power Electron., vol. 26,
no. 3, pp. 886-896, Mar. 2011.

B. Zhao, X. Zhang, and J. Chen, “Integrated microgrid laboratory
system,” IEEE Trans. Power Syst., vol. 27, no. 4, pp. 2175-2185, Nov.
2012.

M. Yilmaz and P. T. Krein, “Review of battery charger topologies,
charging power levels, and infrastructure for plug-in electric and hybrid
vehicles,” IEEE Trans. Power Electron., vol. 28, no. 5, pp. 2151-2169,
May 2013.

D. Boroyevich, 1. Cvetkovic, R. Burgos, and D. Dong, “Intergrid: A
future electronic energy network?,” IEEE J. Emerging Sel. Topics Power
Electron., vol. 1, no. 3, pp. 127-138, Sept. 2013.

S. Bai and S. M. Lukic, “Unified active filter and energy storage system
for an MW electric vehicle charging station,” IEEE Trans. Power
Electron., vol. 28, no. 12, pp. 5793-5803, Dec. 2013.

T. Dragicevic, X. Lu, J. Vasquez, and J. Guerrero, “DC microgrids—Part
II: A review of power architectures, applications and standardization
issues,” I[EEE Trans. Power Electron., vol. 31, no. 5, pp. 3528-3549,
May 2016.

N. Tashakor, E. Farjah, and T. Ghanbari, “A bidirectional battery
charger with modular integrated charge equalization circuit,” IEEE
Trans. Power Electronics, vol. 32, no. 3, pp. 2133-2145, Mar. 2017.

E. Chatzinikolaou and D. J. Rogers, “A comparison of grid-connected
battery energy storage system designs,” I[EEE Trans. Power Electron.,
vol. 32, no. 9, pp. 6913-6923, Sep. 2017.

F. Chen, W. Qiao, and L. Qu, “A modular and reconfigurable battery
system,” in Proc. IEEE Appl. Power Electron. Conf. Expo., Mar. 2017,
pp. 2131-2135.

652

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

F. Chen, W. Qiao, and L. Qu, “A scalable and reconfigurable battery
system,” in Proc. Int. Symposium on Power Electron. for Distrib. Gen.
Syst., Apr. 2017, pp. 1-6.

D. Costinett, K. Hathaway, M. U. Rehman, M. Evzelman, R. Zane, Y.
Levron, and D. Maksimovic, “Active balancing system for electric
vehicles with incorporated low voltage bus,” in Proc. IEEE Appl. Power
Electron. Conf., Mar. 2014, pp. 3230-3236.

Y. Ye, K. W. E. Cheng, Y. C. Fong, X. Xue, and J. Lin, “Topology,
modeling and design of switched-capacitor-based cell balancing systems
and their balancing exploration,” IEEE Trans. Power Electron., vol. 25,
no. 12, pp. 44444454, Jun. 2017.

N. Mukherjee and D. Strickland, “Control of second-life hybrid battery
energy storage system based on modular boost-multilevel buck
converter,” IEEE Trans. Ind. Electron., vol. 62, no. 2, pp. 1034-1046,
Feb. 2015.

W. Huang and J. A. A. Qahouq, “Energy sharing control scheme for
state-of-charge balancing of distributed battery energy storage system,”
IEEE Trans. Ind. Electron., vol. 62, no. 5, pp. 2764-2776, May. 2015.

Z. Zhang, Y. Cai, Y. Zhang, D. Gu, and Y. Liu, “A distributed
architecture based on micro-tank modules with self-reconfiguration
control to improve the energy efficiency in the battery energy storage
system,” IEEE Trans. Power Electron., vol. 31, no. 1, pp. 304-316, Jan.
2016.

Y. Li and Y. Han, “A module-integrated distributed battery energy
storage and management system,” [EEE Trans. Power Electron., vol. 31,
no. 12, pp. 82608270, Dec. 2016.

K. Lo, Y. Chen, and Y. Chang, “Bidirectional single-stage grid-
connected inverter for a battery Energy storage system,” [EEE Trans.
Ind. Electron., vol. 64, no. 6, pp. 4581-4590, Jun. 2017.

M. Tolbert, P. F. Zheng, T. Cunnyngham, and J. N. Chiasson, “Charge
balance control schemes for cascade multilevel converter in hybrid
electric vehicles,” IEEE Trans. Ind. Electron., vol. 49, no. 5, pp. 1058—
1064, Oct. 2002.

1. Trintis, S. M. Nielsen, and R. Teodorescu, “A new modular multilevel
converter with integrated energy storage,” in Proc. 37th Ann. Conf.
IEEE Ind. Electron., Nov. 2011, pp. 1075-1080.

M. Vasiladiotis and A. Rufer, “Analysis and control of modular
multilevel converters with integrated battery energy storage,” IEEE
Trans. Power Electron., vol. 30, no. 1, pp. 163-175, Jan. 2015.

J. L Y. Ota, T. Sato, and H. Akagi, “Enhancement of performance,
availability, and flexibility of a battery energy storage system based on a
modular multilevel cascaded converter (MMCC-SSBC),” IEEE Trans.
Power Electron., vol. 31, no. 4, pp. 2791-2799, Apr. 2016.

D. Dong, I. Cvetkovic, D. Boroyevich, W. Zhang, R. Wang, and P.
Mattavelli, “Grid-interface bi-directional converter for residential dc
distribution systems—~Part one: High-density two-stage topology,” IEEE
Trans. Power Electron., vol. 28, no. 4, pp. 1655-1666, Apr. 2013.

L. Y. Hung, “A novel reduced switching loss bidirectional AC/DC
converter PWM strategy with feedforward control for grid-tied
microgrid systems,” IEEE Trans. Power Electron., vol. 29, no. 3, pp.
1500-1513, Mar. 2014.

T. Kim, W. Qiao, and L. Qu, “Power electronics-enabled self-X
multicell batteries: A design toward smart batteries,” [EEE Trans. Power
Electron., vol. 27, no. 11, pp. 47234733, Nov. 2012.

K. J. Lee, J. P. Lee, D. Shin, D. W. Yoo, and H. J. Kim, “A novel grid
synchronization PLL method based on adaptive low-pass notch filter for
grid connected PCS,” [EEE Trans. Ind. Electron., vol. 61, no. 1, pp.
292-301, Jan. 2014.

M. Pahlevani, S. Eren, J. M. Guerrero, and P. Jain, “A hybrid estimator
for active/reactive power control of single-phase distributed generation
systems with energy storage,” IEEE Trans. Power Electron., vol. 31, no.
4, pp. 2919-2936, Apr. 2016.

M. Forouzesh, Y. P. Siwakoti, S. A. Gorji, F. Blaabjerg, and B. Lehman,
“Step-up DC-DC converters: A comprehensive review of voltage
boosting techniques, topologies, and applications,” IEEE Trans. Power
Electron., vol. 32, no. 12, pp. 9143-9178, Dec. 2017.



	MAIN MENU
	Help
	Search
	Print
	Author Index
	Technical Papers


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.500 x 11.000 inches / 215.9 x 279.4 mm
     Shift: move up by 12.60 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20170126085122
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     675
     322
     Fixed
     Up
     12.6000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     8
     7
     8
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move up by 5.40 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     322
     Fixed
     Up
     5.4000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

      
       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     8
     0
     1
      

   1
  

 HistoryList_V1
 qi2base




<<
  /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


