
  
Abstract— This paper proposes a distributed control strategy 

for voltage and reactive power regulation in ac Microgrids. First, 
the control module introduces a voltage regulator that maintains 
the average voltage of the system on the rated value, keeping all 
bus voltages within an acceptable range. Dynamic consensus 
protocol is used to estimate the average voltage across the 
Microgrid. This estimation is further utilized by the voltage 
regulator to elevate/lower the voltage-reactive power (Q-E) droop 
characteristic, compensating the drop caused by the droop 
mechanism. The second module, the reactive power regulator, 
dynamically fine-tunes the Q-E coefficients to handle the 
proportional reactive power sharing. Accordingly, locally 
supplied reactive power of any source is compared with neighbor 
sources and the local droop coefficient is adjusted to mitigate and, 
ultimately, eliminate the load mismatch. The proposed controllers 
are fully distributed; i.e., each source requires information 
exchange with only a few other sources, those in direct contact 
through the communication infrastructure. A Microgrid test 
bench is used to verify the proposed control methodology, where 
different test scenarios such as load change, link failure, and 
inverter outage are carried out.   

 
Index Terms— AC Microgrid, cooperative control, distributed 

control, droop control, load sharing, voltage control. 

I. INTRODUCTION 
As the integration of Distributed Generators (DGs) with 

power electronic interfaces continues to increase, the concept 
of Microgrid is becoming more popular [1]–[5].  These local 
grids are conventionally equipped with a hierarchical control 
structure to address different control requirements such as 
frequency and voltage regulation, load sharing, etc. [4], [5]. 
Primary control is a decentralized approach that provides 
frequency and voltage regulation. Droop control is widely 
adopted for the primary control level, which handles 
(active/reactive) power sharing among sources in proportion to 
their power ratings [6]–[8].   

As sources respond to more power demand, onboard droop 
controllers reduce their frequency/voltage to handle load 
sharing and prevent overload/overstress. Identical voltage and 
frequency measurements are essential to the effectiveness of 
the droop mechanisms. Unlike frequency which is a global 
variable, the voltage varies across the Microgrid due to the 
distribution line impedances. This voltage mismatch 
 
 

incapacitates the droop mechanisms and results in a poor 
voltage regulation and load sharing.  

Centralized secondary controls are conventionally 
practiced in the literature, e.g., [4]–[5] and [9], to restore the 
system frequency and voltage. The centralized approach 
requires point-to-point communication, which adds to system 
complexity and compromises its reliability. Alternatively, 
distributed protocols have recently drawn attention for 
Microgrid control [10]–[13]. Secondary control, in particular, 
has been the subject of studies in [14]–[16]. The line 
impedance effect, however, is not taken into account and is 
still open to research.     

This paper introduces a distributed control framework for 
voltage regulation and reactive power sharing in ac 
Microgrids. Salient features of the proposed control 
methodology are outlined: 
• Each source carries an embedded secondary control which 

includes two separate control modules; a voltage regulator 
and a reactive power regulator.  

• The voltage regulator maintains the average voltage 
amplitude of the Microgrid at the rated value. Dynamic 
consensus protocol is used in the voltage regulator to 
estimate the average voltage across the Microgrid.    

• The reactive power regulator compares local generation 
with the neighbors’ and, accordingly, adjusts the local 
droop coefficient to mitigate the mismatch.  

• A sparse communication network links the sources 
(controllers) to exchange control variables. This network 
must form a connected graph. Additionally, the network 
shall satisfy a minimum redundancy; the graph remains 
connected in case of any single link failure. As long as the 
communication network remains connected, impairments 
such as delay or packet loss, may not compromise the 
system performance. 

• The control methodology is scalable, for that prior 
knowledge of the system is not required, as a new 
component enters the Microgrid.   
The reminder of the paper is organized as follows: Section 

II provides an overview of the distributed control on graphs. 
The proposed cooperative control framework is introduced in 
Section III. Section IV discusses the dynamic consensus 
protocol for average voltage estimation. Section V studies 
performance of the proposed controller for an ac Microgrid. 
Section VI concludes the paper. 
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II. COOPERATION ON GRAPHS 
A distributed network of communication links can connect 

sources of a Microgrid. Such a cyber network can be 
represented by a graph, as shown in Fig. 1, where sources and 
communication links are represented by nodes and edges, 
respectively. This cyber network facilitates cooperation among 
agents (sources), where any agent is in contact with only a few 
other agents as its neighbors, and not with all other agents. 
This cooperative interaction of the neighbors on the cyber 
layer sets the ground for the cooperative control, which offers 
convergence of the control variables (on all nodes) to a global 
consensus, if the communication graph is properly designed.  

The communication graph is a directed graph (digraph) 
between multiple agents, which is usually represented as a set 
of nodes g g g

1 2
, ,...,

N
v v vGV  connected with a set of edges 

G G GE V V  and an associated adjacency matrix 
N N

ij
aGA , where N  is the number of nodes 

(sources). The Adjacency matrix 
GA  carries the 

communication weights, where 0
ij
a   if g g( , )

j i
v v GE  and 

0
ij
a   otherwise. The communication gains, 

ij
a s, can be 

assumed as data transfer gains. This paper assumes a time-
invariant adjacency matrix. g g| ( , )

i j i
N j v v GE  denotes 

the set of all neighbors of the Node i . Equivalently, if 
i

j N , 
then g

i
v  receives information from g

j
v . However, the links are 

not necessarily reciprocal, i.e., g
j
v  may not receive information 

from g
i
v . The in-degree matrix in indiag

i
dGD  is a diagonal 

matrix with in

i
i ijj N
d a . Similarly, the out-degree matrix 

is out outdiag{ }
i
dGD , where out

j
i jii N
d a . The Laplacian 

matrix is defined as in
G GL D A , whose eigenvalues 

determine global dynamics of the system. The Laplacian 
matrix is balanced if the in-degree of each node matches its 
out-degree, i.e., in out

G GD D . A direct path from g
i
v  to g

j
v  is a 

sequence of edges that connects the two nodes. A digraph is 
said to have a spanning tree if it contains a root node, from 
which there exists at least a direct path to every other node. 

III. COOPERATIVE CONTROL FRAMEWORK  
Each source in a Microgrid has a controller. These 

controllers are linked through a cyber network. Figure 2 shows 
the proposed control methodology for a single source, e.g., 
Source i , which includes two separate modules; voltage 
regulator and reactive power regulator. The voltage regulator 
maintains the average voltage of the Microgrid at the rated 
value, while the reactive power regulator monitors the reactive 
power sharing and adjusts the droop coefficients to provide 
proportional load sharing. It should be noted that in a practice, 
where the line impedances are not negligible, all bus voltages 
cannot be regulated at identical values, for that it hinders the 
reactive power management. Typically, the bus voltages are 
regulated within 95% to 105% of the rated voltage. 
Accordingly, the proposed method aims to regulate the 
average voltage of the whole system, rather than individual 
buses.   

 
Fig. 1. Layout of an ac Microgrid augmented with a communication network.  

The communication network, spanned across the 
Microgrid, facilitates data exchange among controllers. Each 
controller, e.g., the controller at Node i , relays an information 
vector, 

i
, to its neighbors on graph. The information vector 

is formatted as 
T

max
,

i i i i
E Q Q , where 

i
E , 

i
Q , and 

maxi
Q  are the estimate of the average of the voltage amplitudes 
across the Microgrid, supplied reactive power, and rated 
reactive power at Node i , respectively. The term 

maxi
Q Q , 

which is referred to here as the loading index, represents 
reactive loading percentage of the Source i . Each controller 
receives data from its neighbors on graph and, through 
processing local and neighbors’ information, it updates its 
control variables. 

A. Distributed Voltage Control 
The voltage regulator provides a voltage correction term, 
i
E , to boost the voltage amplitude at node i . Each controller 

has an estimator, highlighted in Fig. 2, that estimates the 
average of the voltage amplitudes across the Microgrid, 

i
E . 

Functionality of the estimator is explained in details in the 
subsequent section. The difference between this estimation and 
the reference voltage amplitude, refE , is then fed to a PI 
controller to calculate the voltage correction term, 

i
E . The 

reference voltage, refE , is typically the rated voltage of the 
Microgrid and, thus, sources share identical reference values. 
Cooperation among all the voltage regulators guarantees to 
have the averaged voltage amplitude across the Microgrid 
regulated at the rated value.  
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Fig. 2. Cooperative adaptive droop control for the i -th source of an ac Microgrid.  

 

B. Distributed Adaptive Droop Control 
The reactive power regulator at Node i , receives the 

loading indices of all its neighbors, i.e., the terms 
maxj j

Q Q  
from all nodes j , 

i
j N . Then, it compares its loading index, 

j
Q , with a weighted average of its neighbors’ to calculate the 
loading mismatch, 

i
q ,  
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(1) 

The loading mismatch indicates how far is the reactive 
power sharing from an ideal sharing scenario, where the whole 
reactive power is shared among the sources in proportion to 
their rated power. Accordingly, this term is further used to fine 
adjust distribution of the reactive powers. As seen in Fig. 2, the 
loading mismatch, 

i
q , is fed to a PI controller to generate the 

droop correction term, 
i
n . This correction term is used to 

update the droop coefficient, 

    
0

( ) ( ).
i i i
n t n n t (2) 

where 
0i
n  is the initial droop assignment. This adjustment 

helps to lower the loading mismatch among neighbors’ sources 
and, ultimately, in the whole Microgrid. Equivalently, the 
loading indices converge to a global consensus, shall the 
communication graph carry a spanning tree with a balanced 
Laplacian matrix. Consensus in loading indices satisfies 
proportional reactive power sharing among sources. It should 
be noted that the droop correction term, 

i
n , must be limited, 

as large values might affect system stability.  

IV. DYNAMIC CONSENSUS PROTOCOL 
The estimator module at Node i  (see Fig. 2) provides the 

average voltage amplitude across the Microgrid.  

 
Fig. 3. Dynamic consensus protocol at Node i  to averaging the voltage 
amplitude. 

Figure 3 elaborates the so-called dynamic consensus protocol 
which is a distributed decision making approach for estimating 
the average voltage. Accordingly, the estimator at Node i , 
updates its estimate based on 

    
0

( ) ( ) ( ) d ( ),
i

t

i ij j i i
j N

E t a E E E t
 

(3) 

where 
i
E  is the voltage amplitude at Node i  and 

j
E  is the 

estimate of the average voltage amplitude provided by the 
estimator at Node j . As seen in (3), the updating protocol uses 
the local voltage, 

i
E , while no other neighbors measurement 

is directly fed into the estimation process. Indeed, any voltage 
variation at any node, e.g., Node i , would immediately affect 
the estimation at that node, 

i
E . Given a connected 

communication graph, the variation in 
i
E  would propagate 

across the network and affect all other estimations. It is shown 
in [17] that if the communication graph carries a spanning tree 
and features a balanced Laplacian matrix, all estimations, i.e., 
i
E s, converge to a global consensus, which is the true average 
of the voltage amplitudes across the grid. In other words, for 
each node, the estimated averaged voltage is 
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Fig. 4. A 4-bus Microgrid test bench facilitated with cyber network. 
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V.  CASE STUDY  
An ac Microgrid test bench, shown in Fig. 4, is considered 

to study performance of the control methodology. The 
underlying Microgrid includes four DGs with various rated 
powers supplying local and distant loads. Rated power of the 
first two DGs are twice those for the last two. Rated voltage of 
the system is 230 V with the frequency of 50 Hz. Distribution 
line impedances are modeled with series RL branches. A 
communication network, highlighted in green in Fig. 4, 
facilitates cooperation of the DGs. The links are all 
bidirectional to feature a balanced Laplacian matrix. It should 
be noted that alternative cyber structures with less links could 
also meet the operational requirements. However, a single 
spare link is considered to 1) improve the system dynamics 
and 2) maintain graphical connectivity in case of a link/ 
inverter failure. 

The proposed control strategy is simulated in Matlab 
Simulink®. Associated adjacency matrix of the cyber network, 
GA , and the coupling gain between voltage and power 

regulators, b , are 
0 2 0 2

2 0 2 0
,    0.03.

0 2 0 2

2 0 2 0

bGA    
 

(5) 

Other electrical and control parameters of the underlying 
system are tabulated in details in Table I. Performance of the 
cooperative controller is evaluated through subsequent studies: 

A. Fixed Droop versus Cooperative Adaptive Droop 
Microgrid performance with the proposed control 

algorithm is compared with the conventional droop control, 
which uses fixed droop coefficients. 

TABLE I 
MICROGRID TEST BENCH ELECTRICAL AND CONTROL PARAMETERS 

 Parameters Value Symbol Quantity 

El
ec

tri
ca

l T
es

t S
ys

te
m

 

Vdc DC voltage 650 V
Eref MG voltage amplitude 325 V

f MG frequency 50 Hz
C LCL filter capacitance 25 F
L LCL filter inductance 1.8 mH

oL LCL filter impedance 1.8 mH
Z1  , Z2 Load 1, Load 2 300 314j+
Z3  , Z4 Load 3, Load 4 150 157j+

Z12 Line impedance 1, 2 12 1.2R = , 12 5.4L = mH
Z23 Line impedance 2, 3 23 0.4R = , 23 1.8L = mH
Z34 Line impedance 3, 4 34 0.4R = , 34 3.2L = mH

 

C
on

tro
l P

ar
am

et
er

s 

Symbol Quantity DGs 1 & 2 DGs 3 & 4
Pmax Rated active power  2200 W 1100 W
Qmax Rated active power 2200 VAr 1100 VAr

m P ω− droop coefficient  0.0008 0.0004
n Q E− droop coefficient  0.01 0.02

kpQ Q sharing P term 0.01 0.01
kiQ Q sharing I term 0.1 0.1
kpv Voltage control P term 0.01 0.01
kiv Voltage control I term 1.8 1.8

 
 
The coefficients are chosen in inverse proportion to the 
inverters’ rated power. Figure 5 shows the results, where for 

15 st  the fixed droop controller is effective. Voltage 
deviation from the rated value can be observed in all voltage 
amplitudes (see Fig. 5(a)). Moreover, the bus voltages differ 
because of the line impedance effect, which has clearly 
affected the efficacy of the reactive power sharing, as seen in 
Fig. 5(b). 

Activation of the proposed controller (see Fig. 5(a)) at 
15 st , boosts all voltages across the Microgrid such that to 

regulate the average voltage at the rated value, i.e., 
ref

1

N

ii
E N E . The voltage correction terms, 

i
E s, are 

presented in Fig. 5(e). Although the bus voltages are different 
than the rated voltage, voltage deviations are kept within an 
acceptable range. This voltage difference is essential to 
manage the reactive power flow. As it can be seen in Fig. 5(b), 
fine adjustment of the droop coefficient, using the adaptive 
droop mechanism, results in accurate reactive power sharing, 
where the first two sources provide twice as reactive power as 
the other two do. Droop coefficient adjustment is demonstrated 
in Fig. 5(c) 

Voltage estimator performance is studied in Fig. 5(d). 
Estimations of the average voltages are plotted in this figure 
for all controllers. Estimations are compared with the true 
average voltage amplitude which is the average of the four 
voltages. An excellent agreement is reported in Fig. 5(d) 
between the estimations, 

i
E s, and the true average, E . 

B. Transient Response to Load Change 
Figure 6 depicts the Microgrid variables during step load 

changes. The local load at the second bus is unplugged at 
15 st  and plugged back in at 20 st . As seen in Figs. 

6(a) and 6(b), global voltage regulation and proportional 
reactive power sharing are perfectly carried out.  
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Fig. 5. Performance of proposed controller versus conventional droop control: 
(a) Bus voltages, (b) Reactive powers, (c) Droop coefficients, (d) Average 
voltage estimates, (e) Voltage correction terms. 
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Fig. 6. Performance of the proposed controller in case of a load change: (a) 
Bus voltages, (b) Reactive powers, (c) Droop coefficients, (d) Averaged 
voltage estimates, (e) Voltage correction terms. 
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Fig. 7. Communication link failure: (a) Communication graph, (b) Bus 
voltages, (c) Supplied reactive powers.  

 
Excellent voltage estimation is reported in Fig. 6(d), where the 
estimations tightly follow true the average voltage, even 
during transients. Controller response to load change is 
elaborated in Figs. 6(c) and 6(e), where the droop coefficients, 
i
n s, and voltage correction terms, 

i
E s, are shown to vary to 

maintain voltage regulation and proportional load sharing.  

C. Link-Failure Resiliency 
Efficacy of the controller is practiced during a load change 

with a failed link. The communication link 3-4 (between 
inverters 3 and 4) is intentionally disabled at 15 st . As 
seen in this figure, the link failure does not impact voltage 
regulation or load sharing in the Microgrid, for that no single 
link failure does not hinder the graphical connectivity. This 
concept is illustrated in Fig. 7(a), where it is shown that the 
graph remains connected when the link 3-4 is disabled. 
However, any loss of connection affects the Laplacian matrix 
and, thus, the system dynamic. Generally, less communication 
links slows down the transient response of the system. Load 
change is then practiced with the failed link at moments 

18 st  and 25 st . It can be observed in Figs. 7(b) and 
7(c) that the voltage regulation and load sharing are 
successfully handled.  
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Fig. 8. Inverter failure: (a) Communication graph, (b) Bus voltages, (c) 
Supplied reactive powers. 

 
However, comparing Fig. 6(b) and 7(c) implies that the system 
dynamic has slowed down in Fig. 7(c) due to the loss of a 
communication link. 
 
D. Loss of a DG 

Loss of a source (DG) is a common contingency in the 
Microgrids and, thus, controller performance for such a 
scenario is subjected to study. Accordingly, the third inverter 
is intentionally turned off to mimic loss of the third source.  It 
should be noted that, in practice, loss of a source also means 
the loss of all communication links attached to that particular 
source. Figure 8(a) illustrates the reconfiguration of the 
communication network after loss of the third source. It can be 
see that the network remains connected and, thus, the 
controller is expected to remain operational. Microgrid 
voltages and supplied reactive powers are shown in Figs. 8(b) 
and 8(c) for after the loss of the third inverter, where the global 
voltage regulation is preserved and the excess reactive power 
is shared among the remaining sources. It also can be seen that 
the reactive power supplied to the third bus does not suddenly 
drop to zero. The slow drop of the reactive power is because of 
the LCL filter placed between the inverter and the bus.  



 

VI. CONCLUSION 
A cooperative control framework is introduced that handles 

voltage regulation and reactive power sharing in an ac 
Microgrid. The Microgrid is augmented with a cyber network 
for data exchange. Each controller broadcasts an information 
vector to neighbor controllers, to whom it is directly linked in 
the cyber domain. Each controller processes local and 
neighbors’ information through two separate modules; the 
voltage regulator and the reactive power regulator. The voltage 
regulator features an estimator that estimates the average 
voltage across the Microgrid. The power regulator dynamically 
adjusts the local droop coefficient through comparison of the 
local and neighbors’ supplied reactive powers. Comparative 
studies show that the proposed controller successfully carries 
out the global voltage regulation and proportional reactive 
power sharing.   

ACKNOWLEDGEMENT 

This work was supported in part by the National Science 
Foundation under grants ECCS-1137354 and ECCS-1405173 
and by the US Office of Naval Research under grant N00014-
14-1-0718.   

REFERENCES 

[1] F. Katiraei, R. Iravani, N. Hatziargyriou, and A. Dimeas, “Microgrids 
management”, IEEE Power Energy Mag., vol. 6, no. 3, pp. 54–65, 2008. 

[2] J. A. P. Lopes, C. L. Moreira, and A. G. Madureira, “Defining control 
strategies for Microgrids islanded operation,” IEEE Trans. Power Syst., 
vol. 21, pp. 916–924, May 2006.  

[3] F. Katiraei, M. R. Iravani, and P. W. Lehn, “Microgrid autonomous 
operation during and subsequent to islanding process,” IEEE Trans. 
Power Del., vol. 20, pp. 248–257, Jan. 2005. 

[4] J. M. Guerrero, J. C. Vásquez, J. Matas, M. Castilla, L. G. D. Vicuña, 
and M. Castilla, “Hierarchical control of droop-controlled ac and dc 
Microgrids—A general approach toward standardization,” IEEE Trans. 
Ind. Electron., vol. 58, no. 1, pp. 158–172, Jan. 2011.  

[5] A. Bidram and A. Davoudi, “Hierarchical structure of Microgird control 
system,” IEEE Trans. Smart Grid, vol. 3, no. 4, pp. 1963–1976, Dec. 
2012.  

[6] A. Mohd, E. Ortjohann, D. Morton, and O. Omari, “Review of control 
techniques for inverters parallel operation,” Elec. Power Syst. Research, 
vol. 80, no. 12, pp. 1477–1487, 2010. 

[7] Q. C. Zhong, “Robust droop controller for accurate proportional load 
sharing among inverters operated in parallel,” IEEE Trans. Ind. 

Electron., vol. 60, no. 4, pp. 1281–1290, April 2013.  
[8] J. M. Guerrero, J. C. Vasquez, J. Matas, M. Castilla, and L. G. de 

Vicuna, “Control strategy for flexible Microgrid based on parallel line-
interactive UPS systems,” IEEE Trans. Ind. Electron., vol. 56, no. 3, pp. 
726–736, 2009. 

[9] A. Mehrizi-Sani and R. Iravani, “Potential-function based control of a 
Microgrid in islanded and grid-connected models,” IEEE Trans. Power 
Syst., vol. 25, pp. 1883–1891, Nov. 2010. 

[10] J. W. Simpson-Porco, F. Dorfler, and F. Bullo, “Synchronization and 
power sharing for droop-controlled inverters in islanded Microgrids,” 
Automatica, vol. 49, no. 9, pp. 2603–2611, Sept. 2013. 

[11] V. Nasirian, A. Davoudi, F. L. Lewis, and J. M. Guerrero, “Distributed 
adaptive droop control for dc distribution systems,” to be published in 
IEEE Trans.  Energy Convers., doi: 10.1109/TEC.2014.2350458. 

[12] V. Nasirian, A. Davoudi, and F. L. Lewis, “Distributed adaptive droop 
control for dc Microgrids,” in Proc. 29th IEEE Appl. Power Electron.  
Conf. Expo. (APEC), 2014, pp.1147–1152. 

[13] S. Moayedi, V. Nasirian, F. L. Lewis, and A. Davoudi, “Team-oriented 
load sharing in parallel dc-dc converters,” to be published in IEEE Trans. 
 Ind. Appl., doi: 10.1109/TIA.2014.2336982. 

[14] A. Micallef, M. Apap, C. Spiteri-Staines, and J. Guerrero, “Secondary 
control for reactive power sharing in droop-controlled islanded 
Microgrids,” in Proc. Int. Symp. Ind. Electron. (ISIE), 2012, pp. 1627–
1633. 

[15] Q. Shafiee, J. M. Guerrero, J. Vasquez, “Distributed secondary control 
for islanded MicroGrids – a novel approach,” IEEE Trans. Power 
Electron., vol. 29, no. 2, pp.1018–1031, Feb. 2014. 

[16] A. Bidram, A. Davoudi, F. L. Lewis, and J. M. Guerrero, “Distributed 
cooperative secondary control of Microgrids using feedback 
linearization,” IEEE Trans. Power Syst. vol. 28, no. 3, pp. 3462–3470, 
Aug. 2013. 

[17] V. Nasirian, S. Moayedi, A. Davoudi, and F. L. Lewis, “Distributed 
cooperative control of dc Microgrids,” to be published in IEEE Trans. 
 Power Electron., doi: 10.1109/TPEL.2014.2324579. 



<<
  /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


