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Abstract—Droop control as a well known approach is used
as the basis of the power sharing among different paralleled
voltage sources and battery energy storage systems (BESS). In
order to extend the lifetime of BESS and avoid the overuse of a
certain battery, the State of the Charge (SoC) of BESS should be
balanced. This paper reviews and compares three different droop
control methods in an islanded DC microgrid that are based
on balancing the SoC of different BESS. All of the presented
methods are compared together and the best one is selected. The
feasibility of the selected method is verified through computer
simulations in MATLAB/Simulink for a DC microgrid consisting
of three BESS, PV (Photovoltaic) arrays and DC load.

Index Terms—DC microgrid, Droop Control, Battery Energy
Storage System, State of Charge Balancing

I. INTRODUCTION

Microgrid is described as a grid that contains generation

part and consumption part. The generation part is comprised of

grid-tied converter, distributed generations, and battery energy

storage systems (BESS). According to the type of sources in

generation part, microgrids are defined as AC microgrids or

DC microgrids. As the generation sources contain more and

more modern DC components, such as photovoltaic panels and

batteries and the loads are changing from AC type to DC type,

DC microgrid is gaining more and more interests [1] - [2].

Renewable resources like PV (Phtovoltaic) cells generate DC

power. On the other hand, a large number of loads use DC

voltage [3]. There is a possibility to remove the expensive

power converters and connect DC loads to the DC sources.

There are different methods for controlling DC sources such

as fuel cell power units [4]. These converters are connected

to the DC bus via DC/DC converters. There are also some

configuration for such DC/DC converters for photovoltaic

arrays connected to a DC microgrid [5]. Moreover, DC loads

such as motors can be connected to DC microgrid through

AC/DC converter. The control algorithm for motors in grid-

tied systems has been addressed in [6].

The BESS consisting of the battery and its controllers is

an unavoidable part of a DC microgrid. The first reason

is that for obtaining a redundant system, there is need for

two or more batteries to operate as the back up sources.

Thus, they should be controlled to operate autonomously in

the system [7]. Second, the nature of renewable resources

which are used in DC microgrids is stochastic and there

is uncertainty in the system. These uncertainties should be

taken into consideration in distributed generation placement

for optimizing their generations and total costs of system [8].

To analyze the performance of the system with uncertainties,

[9] uses reachability analysis for the grid-tied inverter which

can be performed on the state space model of the system.

One of the challenges in DC microgrids is to utilize a

control algorithm that ensures stable power balance between

generation sources and consumption part. The challenge that

comes in paralleling the resources, is the amount of power

each of them should produce or absorb. To address this issue,

different droop control method has been proposed [10].

Droop control method is a well-known method in microgrids,

where the voltages of sources are defined from a voltage

reference and droop coefficient. In a microgrid with parallel

sources, the power each source produces would be propor-

tional to its droop coefficient. There are different droop control

methods proposed for controlling DC microgrids [11]. Most

of them do not take SoC of BESS into consideration. For

instance, in [11], the objective is power balancing among

parallel sources in the DC microgrid.

However, when more than one energy storage unit is connected

to a DC microgrid, some of them might be exposed to deep-

discharging or overcharging if there is no control over SoC of

BESS to be balanced [7].

It is desirable that, in the discharging operation mode, the

BESS with higher SoC provides more power and accordingly,

in the charging operation mode, the BESS with lower SoC

absorbs more current than the others. Therefore, some of

the recent works change the droop coefficient in the droop

controller according to the SoC of batteries [3] - [12].

In [3], a new droop control method is proposed that can be

added to the control algorithm to balance the SoC of BESS.

In this approach, the SoC of a BESS is divided by the average

of SoCs of other batteries and affects droop coefficient. Thus,

there is need for communication between batteries in order to

obtain the average of the SoCs.

There is another method for the SoC of each BESS to be

balanced and the injected/output power to be equalized. In

[13], the droop coefficient is considered to be the original

droop coefficient multiplied by the nth order of the SoC.

In this reference, it has been shown that in the charging

process, the BESS with higher SoC absorbs less power, while

the one with lower SoC absorbs more power. Hence, SoC

balancing can be gradually obtained. This method does not

depend on other batteries information and there is no need for

communications or central controller.

Another droop control based SoC balancing method has been

proposed in [14] to achieve SoC balancing of BESS with

different capacities. The advantageous of this method is that
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Fig. 1: Schematic diagram of a simple DC microgrid.

the batteries can be considered having different capacities and

their injected/output powers are being equalized.

The contribution of this paper is that it compares three different

methods of SoC balancing and selects one of them as the basis

for performing simulation analysis. The paper is organized as

follows. In Section II, the principle of autonomous operation

of DC microgrids is presented. Then, different droop-based

control strategies are described in Section III. In Section IV,

one of the presented methods is selected and the theory behind

it, is completely described. Then in Section V, the model is

simulated in MATLAB/Simulink and the results are shown.

Finally, in Section VI an extension for the presented method

is proposed to take the capacities of BESS into consideration.

Section VII concludes the overall paper.

II. OPERATION PRINCIPLE OF DC MICROGRIDS WITH

PARALLELED VOLTAGE SOURCES

Fig. 1 shows the schematic of a typical DC microgrid

consisting of BESS and PV panels as the voltage sources of the

system and DC loads. As it can be seen from this schematic,

all of the voltage sources are considered to be DC type parallel

on the DC bus and shall contain droop and voltage controllers

to achieve stability.

By considering different droop coefficients for paralleled volt-

age sources, the power can be shared among them according

to their droop coefficients and the BESS produce or absorb

power based on their droop coefficients.

During the operation of microgrid, it is necessary to balance

the SoC of each BESS in order to avoid over use of a certain

battery. Hence, the over charging and deep discharging of a

battery can be avoided and the lifetime of the energy storage

system is prolonged.

In particular, in the charging process, the BESS with lower

SoC shall absorb more power and have lower droop coef-

ficient. However, in the discharging process, this procedure

should be changed and the BESS with higher SoC shall have

lower droop coefficient.

Beside droop controller, there shall be inner voltage and cur-

rent control layers to ensure stability. More control algorithms

have been addressed by authors of [15] for battery use in the

DC power distribution system. By changing droop coefficient,

the amount of current the converter produces or absorbs will

change. Therefore by modifying this slope, we can make

batteries charge/discharge more or less.

For all of batteries, SoC shows what percentage of the capacity

of battery is used. This coefficient can be defined as follows:

SoCi = SoCi(0)− 1

Cei

∫
Ii(t)dt (1)

In this equation, SoCi(0) is the initial SoC of ith battery, Cei

is the capacity of ith battery in As and Ii(t) is the output

current of the battery.

Hence, the droop coefficients for paralleled BESS shall be

modified according to their SoCs. The control objective of this

modification is to keep the SoC of all BESS at the same level.

By obtaining this objective, the SoC of BESS will converge.

As mentioned in the previous section, different researches have

been done in this area. In the following section, three of these

different methods are discussed and compared together and the

best one is selected as the basis for the simulation analysis.

III. DIFFERENT DROOP CONTROL METHODS

In order to balance the SoC of batteries in a DC microgrid,

the BESS with more SoC should discharge faster than the oth-

ers. This idea shall be also applied for the charging operation

mode of BESS with different initial SoCs. Different methods

for the modification of droop coefficients based on the SoC of

BESS are discussed as following.

Case 1: In this method, [3], the droop coefficient is modified

as following for the discharging and charging operation modes,

respectively.

Rnew
di

=
Rdi

βi
(2)

Rnew
di

= Rdi
∗ βi (3)

where, Rnew
di

is the modified droop coefficient, Rdi
is the

initial droop coefficient and βi is defined as

βi =
SoCi

1
n

∑
k=1 SoCk

(4)

where, SoCi corresponds to the SoC of ith BESS.

It can be seen from the equation that if the SoC of a battery is

greater than the average of the SoCs, β would be greater than

1 and if the SoC is less than the average of SoCs, it would

be less than 1. Thus, in the discharging process, the BESS

with higher SoC would have smaller droop coefficient which

results in higher discharging current.

Case 2: According to Eq. 1, the SoC balancing of different

BESS will be affected by SoCi(0), Ii(t) and Cei [14]. In order

to achieve SoC balancing of BESS with different capacities,

a droop-based SoC balancing method has been proposed as

following

Rnew
d =

Rd

ce
(1−KSoCSoCi) (5)



In this equation, KSoC is a factor that can be selected to

change the amount of modification. From the above equation,

it can be seen that the more the SoC, the less new droop

coefficient becomes and then, the more discharging current

would be.

This method is different from other methods in the case that

it takes the capacities of BESS into consideration. It can be

noticed that the droop modification is operating correctly for

BESS with different capacities. If a BESS has more capacity

than the other BESS, then it should discharge more than the

others and this fact can be derived from the above equation.

The more the capacity is, the less the droop coefficient will

be and thus, the battery produces more current.

The droop control method proposed in this reference is just

for the discharging operation mode. However, the droop mod-

ification can be obtained for the charging operation mode by

some minor changes in the formula.

Case 3: In [13], a new droop control method of SoC balancing

has been proposed. In this method, for the charging operation

mode, the droop coefficient is set to

mi = mc ∗ SoCn
i (6)

And in the discharging operation mode, the droop coefficient

is set to

mi =
md

SoCn
i

(7)

where, mc and md are the droop coefficients for the charging

and discharging operation mode, respectively. n is the expo-

nent of SoC, which is utilized to regulate the speed of SoC

balancing.

All of these methods have a reasonable results for SoC

balancing of BESS. However, the method proposed in [13]

has some advantageous over the other two methods and thus,

this method is selected to be discussed more in the rest of this

paper.

The reasons for selecting this method are summarized as

following:

• No need for communication between BESS and easy to

be implemented.

• Higher speed of convergence.

• Well presented in [13], both in theory and in computer

simulations.

• More focused on SoC balancing of BESS rather than the

control algorithms of DC microgrid that are the focus of

other references.

• Considering droop coefficients for both charging and

discharging operation modes.

• Considering DC microgrids for simulation.

IV. PRINCIPLE OF SOC-BASED DROOP CONTROL METHOD

In order to have SoCs of BESS become balanced in dis-

charging and charging operation modes, we can make use

of droop coefficient in the droop controller. The part of the

droop controller curve in the first quadrant corresponds to the

discharging process, and the second quadrant corresponds to

the charging process.

First step in checking the feasibility of the method in the

convergence of powers and SoCs of BESS is to write the droop

control equation as the relation between Vi and Poi:

Vi = Vref −mi ∗ Poi (8)

where, Vref is the set point voltage and Vi is the output DC

voltage. Considering that the ideal PI voltage controller is

used, the DC output voltage of different voltage sources are

equal to each other.

Thus, the above equation for all of the BESS in the DC

microgrid can be combined together and rewritten as

m1 ∗ Po1 = m2 ∗ Po2 = · · · = mk ∗ Pok (9)

where, k is the total number of paralleled BESS in the DC

microgrid.

By considering the modified droop coefficients from Eq. 6

and 7, and replace them in the above equation, we can find

the relation between Pok and SoCk as following.

For the charging operation mode:

Po1 ∼ 1

SoCn
1

. . . Pok ∼ 1

SoCn
k

(10)

For the discharging operation mode:

Po1 ∼ SoCn
1 . . . Pok ∼ SoCn

k (11)

It is concluded from above equation that in the charging

operation mode, if SoCi is greater than SoCj , then absolute

value of the absorbed power Poi is lower than Poj . It means

that the SoCi increases with lower speed than SoCj . Hence,

SoCi and SoCj are gradually balanced. This analysis is also

applicable for the discharging operation mode.

In order to show this relation, Poi should be just written based

on the SoCs of BESS. For this purpose, the net required power

which is distributed among BESS according to their droop

coefficients is defined as

Preq = Pload − Psource =

n∑
k=1

Pok (12)

where, Psource is the total power supplied by the sources and

Pload is the total power required by the loads.

By combining Eq. 12 with Eq. ?? and the fact that Poi are

related to the SoC of BESS according to Eq. 11, it yields that

for the charging operation mode

SoCi = SoCi0 − Preq

CeiVoi

∫ 1
SoCn

i∑k
i=1

1
SoCn

i

dt (13)

And for the discharging operation mode

SoCi = SoCi0 − Preq

CeiVoi

∫
SoCn

i∑k
i=1 SoC

n
i

dt (14)

In order to show the convergence of SoC of BESS, a simple

DC microgrid consisting of three BESS is considered as an

example. The system parameters are shown in Table I. In this

table, the first value for the initial SoC of BESS is for the

charging process and the second value is for the discharging



TABLE I: System parameters.

Item Symbol Value

Initial SoC of First BESS SoC01 0.6/0.9
Initial SoC of Second BESS SoC02 0.5/0.8
Initial SoC of Third BESS SoC03 0.4/0.7

DC Voltage Vo 600V
Total input/output power Preq -3/3 kW

Max power rating of converter Pmax 2.5 kW

(a) Charging operation mode.

(b) Discharging operation mode.

Fig. 2: Numeric solution of the Eq. 13 and 14.

process.

The exponent n is selected as 6. The selection of this coeffi-

cient will be discussed in following sections. By numerically

solving the equation for SoC in the charging operation mode

and discharging operation mode, Fig. 2 is obtained. From this

figure, it is seen that the SoCs of BESS become gradually

equal.

A. Stability analysis

The stability analysis can be obtained by observing the

eigenvalues of the characteristic equation. There are some

other methods for other stability analysis such as transient

stability analysis. The algorithm for transient study has been

discussed in [16]. The focus of this paper is on the stability

analysis of the system. In order to find the linearized charac-

teristic equation, we should utilize small signal analysis, since

the original equation is a non-linear one.

The first equation that should be linearized is the droop control

equation. The small signal model of this equation is found by

perturbing:

V̂i = −mcSoC
n
i P̂i −mc.n.SoC

n−1
i Pi

ˆSoCi (15)

Second equation to be perturbed is the formula for SoC:

ˆSoCi = − P̂i

sCeiVoi
(16)

In the above equation we suppose that Pi is the output of the

low pass filter. Thus, the parameters for the low pass filter is

no longer needed to be considered in the equation.

Now, the two small signal equations shall be combined to-

gether to remove the perturbed item of SoC.

P̂i = − sCeiVoi

mcSoC
n−1
i (nPi − sCeiVoiSoCi)

V̂i (17)

For the characteristic equation, all of the coefficients should

be based on V̂i. Thus, we should remove P̂i and write it based

on V̂i. For this purpose, we can use the load side kirchoff’s

law.

Pload =
V 2
i

Rload
→ ˆPload =

2ViV̂i

Rload
(18)

Taking into account the fact that the total amount of power

delivered to the load is equal to the power BESS produce,

the characteristic equation can be obtained by removing V̂i on

both sides.

Now by considering the system with three BESS as an

example, the following form of equation is obtained:

Acs
3 +Bcs

2 + Ccs+Dc = 0 (19)

The coefficients in the above equation can be simply found

from small signal equations. Also, the same procedure can be

applied for the discharging operation mode and the coefficients

can be found.

As the eigenvalues of the system are the poles of the char-

acteristic equation, we can analyze the stability of the system

by observing the characteristic equations of the charging and

discharging operation modes.

In order to show the stability of the system from the derived

characteristic equation, two BESS is considered with SoC1 to

be constant while SoC2 varies. For the variation of SoC2, the

dominant poles of the system are demonstrated in Fig. 3. It is

found that all dominant poles of the system locates in the left

half of the s domain as SoC2 varies, which indicates that the

system is stable for all SoC2 variations both for the charging

process and discharging process.
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Fig. 3: Dominant pole of the small signal model for the

variation of SoC2.

B. Speed test for the choice of n

As mentioned earlier, n is a parameter which can be tuned

to achieve the required speed regulation of SoC balancing and

convergence of the output/input power.

In order to observe the speed of convergence, the following

variable is defined as follows:

eSoC = max{SoCi} −min{SoCi} (20)

for i = 1, 2, ..., k.

Thus, in order to find the error between SoCs which is

directly related to the speed of convergence, we consider a

DC microgrid with three BESS. For different amounts of n,

the error between SoCs for the discharging operation mode is

demonstrated in Fig. 4.

It can be said that if the larger exponent n is selected, the final

error between SoCs can be lower. Then, we can see that the

speed of SoC balancing increases.

V. SIMULATION RESULTS

A DC microgrid consisting of three BESS and a constant

current source/sink is simulated in MATLAB/Simulink to

evaluate the feasibility of the presented method. Different

cases are simulated and the results are shown in the following

subsections.

A. Case 1: Switching the status of operation from charging to
discharging mode.

In this section, the transferring between charging and dis-

charging operation mode is discussed and simulated.

In Fig. 5a, the BESS first operate in discharging operation

Fig. 4: Difference between SoCs for different exponent n.

(a) Wave forms of SoCs.

(b) Wave forms of injected/output powers.

Fig. 5: Mode transferring from discharging to charging oper-

ation.

mode. Then, their operation is changed to charging mode. The

distribution of power among these BESS is also shown in Fig.

5b. As it can be seen, the powers converge totally after the

end of simulation time.

The same results can be obtained for the case that BESS first

operate in the charging mode, and then switch to discharging

operation mode.



(a) Wave forms of SoCs.

(b) Wave forms of absorbed powers.

Fig. 6: Charging process with disconnection of BESS1 and

BESS2.

TABLE II: Comparison Between Different Methods

Method Case1 Case2 Case3

Easy to be implemented Hard Easy Easy

Need for communication Yes No No

Speed of convergence 180s 160s 150s

Capacity included No Yes No

B. Case 2: Disconnection of BESS.

In this case, one of the BESS is disconnected. We want to

see the dynamic response of the other BESS in the network.

At first, as shown in Fig. 6, all of the BESS operate in the

charging mode and the SoCs are gradually converged. At

t = 15s , first battery is being disconnected, while other

BESS continue absorbing power. Then, at t = 30s, second

battery is begin disconnected and only third battery remains

working and continues absorbing power. It can be seen that

the system keeps stable and the SoCs become almost balanced

before the disconnection. The summary of mentioned methods

of SoC balancing is written in Table II. four different criteria

are considered for the comparison. Based on this table, It can

be seen that third case which has been selected among two

others has highest speed of convergence and has no need for

communication between sources in the system. Therefore, its

implementation is much easier that others.

VI. CONCLUSION

In this paper, a method of SoC balancing is discussed

and simulated. The presented method is selected among three

different SoC balancing droop control methods, because it is

completely studied for different operation modes and has high

speed of convergence.

It has been shown that with the selected method, the SoC

balancing is achieved for different case studies. The presented

method is simulated in MATLAB/Simulink and the results

show its effectiveness in SoC balancing and power equaliza-

tion.

REFERENCES

[1] Dragicevic,T., Guerrero, J.M., Vasquez, J.C., and Skrlec, D., ”Supervi-
sory Control of an Adaptive-Droop Regulated DC Microgrid With Bat-
tery Management Capability”, IEEE Transactions on power Electronics,
vol.29, no.2, pp.695-706, Feb. 2014.

[2] J. M. Guerrero, P. C. Loh, T. L. Lee, and M. Chandorkar, ”Advanced
control architectures for intelligent microgrids - Part II: Power quality,
energy storage, and ac/dc microgrids”, IEEE Transaction on Industrial
Electronics, vol. 60, no. 4, pp. 1263-1270, Apr. 2013.

[3] M. Mobarrez, S. Bhattacharya, and D. Fregosi, ”Implementation of
Distributed Power Balancing Strategy with a Layer of Supervision in
a Low-Voltage DC Microgrid”, Applied Power Electronics Conference
and Exposition (APEC), FL USA, March 2017.

[4] A. Zabetian-Hosseini, Y. Sangsefidi, and A. M. Sani, ”Model Predictive
Control of a Fuel Cell-Based Power Unit”,43rd Annual conference of
the IEEE Industrial Electronics Society (IECON), China, Nov. 2017.

[5] S. Mousavi, et al, ”A Generalized Step-Down Switched-Capacitor Con-
verter Under ZCS for Photovoltaic Applications”, IEEE Transactions on
Energy Conversion, pp. 1-9, Mar. 2018.

[6] S. Geraee, M. Shafiei, A. R. Sahami and S. Alavi, ”Position Sensor-
less and Adaptive Speed Design for Controlling Brushless DC Motor
Drives”, North American Power Symposium(NAPS), pp. 1-6, Sep. 2017.

[7] C. Li, T. Dragicevic, N. L. Diaz, J. C. Vasquez, and J. M. Guerrero,
”Voltage Scheduling Droop Control for State-of-Charge Balance of
Distributed Energy Storage in DC Microgrids”, IEEE International
Energy Conference (ENERGYCON), Cavtat Croatia, May 2014.

[8] N. Ghanbari, H. Mokhtari and S. Bhattacharya, ”Optimizing Operation
Indices Considering Different Types of Distributed Generation in Mi-
crogrid Applications”, Energies, vol. 11, Issue 4, pp. 894, April 2018.

[9] P. M. Shabestari, S. Ziaeinejad and A. Mehrizi-Sani, ”Reachability
analysis for a grid-connected voltage-sourced converter (VSC),” IEEE
Applied Power Electronics Conference and Exposition (APEC), San
Antonio, TX, pp. 2349-2354, Mar. 2018.

[10] B.T. Irving, and M.M. Jovanovic, ”Analysis, design, and performance
evaluation of droop current-sharing method”, Applied Power Electronics
Conference and Exposition (APEC), Los Angeles USA, Feb. 2000.

[11] N. Ghanbari, M. Mobarrez and S. Bhattacharya, ”Modeling and Stability
Analysis of a DC Microgrid Employing Distributed Control Algorithm”,
IEEE 9th International Symposium on Power Electronics for Distributed
Generation Systems (PEDG), Charlotte, NC, USA, June 2018.

[12] Q. Wu, R. Guan, X. Sun, Y. Wang, and X. Li, ”SoC Balancing Strategy
for Multiple Energy Storage Units with Different Capacities in Islanded
Microgrids Based on Droop Control”, IEEE Journal of Emerging and
Selected Topics in Power Electronics, vol. PP, no. 99, pp. 1-1, Jan. 2018.

[13] X. Lu, K. Sun, J. M. Guerrero, J. C. Vasquez, and L. Huang, ”Double-
Quadrant State-of-Charge-Based Droop Control Method for Distributed
Energy Storage Systems in Autonomous DC Microgrids”, IEEE Trans-
action on Smart Grid, vol. 6, no. 1, pp. 147-157, Jan. 2015.

[14] A. J. Jones, and W. W. Weaver, ”Optimal Droop Surface Control of Dc
Microgrids Based on Battery”, ECCE, WA USA, Sep. 2016.

[15] T. Roinila, H. Abdollahi, S. Arrua, and E. Santi, ”Adaptive Control of
DC Power Distribution Systems: Applying Pseudo-Random Sequences
and Fourier Techniques”, International Power Electronics Conference,
IPEC-Niigata - ECCE Asia, Niigata, Japan, May 2018.

[16] R. Yousefian, A. Sahami, S. Kamalasadan, ”Hybrid Transient Energy
Function-Based Real-Time Optimal Wide-Area Damping Controller”,
IEEE Transactions on Industry Applications, Vol. 53, Issue 2, pp. 1506-
1516, Mar. 2017.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Warning
  /CompatibilityLevel 1.4
  /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 false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


