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The paper examines the impact of the line impedance of n parallel-connected inverters on the power flow, current distribution 
and circulating current among the units. Meanwhile, the previous research investigates either the case of inductive or resistive 
aspect for no more than three inverters connected in parallel. We figure out, for any number n of parallel inverters, the power 
flow with respect to the coupling impedance that meets the required inverter mode of operation: coupling impedance conditions 
are established. Furthermore, different line impedance from one inverter to the common point of connection contributes to a 
non-uniform output current distribution, which might exceed the ratings of the units. In addition, impedance difference from 
one phase to another of a given inverter induces a circulating current. To avoid such problems, new sinusoidal pulse width 
modulation (SPWM) strategy where parameters are found analytically is developed. First, a uniform current distribution 
independently of their number n and their line impedance is achieved. Second, an optimal circulating current with respect to the 
line impedance of each single unit is attained. Simulation is performed to validate analytical results. 

1. INTRODUCTION 
One of the world’s biggest concerns is the need of 

sufficient energy that fits with the growth of the global 
population. With this increasing demand of power, more 
flexible, reliable, scalable and efficient systems are 
necessary [1]. Paralleling inverters happens to be the most 
suitable solution to convert renewable energy at a consumer 
level [2, 3]. This configuration gives the ability to convert 
much higher energy than single inverter [4]. 

For an effective paralleling, the inverters must share the 
total output power so that we can maintain as high as 
possible the system’s performances. As the number of 
modules increases, it is possible to connect low power 
units. This leads to the use of common and mature 
components. Moreover, these converters can operate at 
relatively high frequencies with acceptable efficiency [5]. 

The proposed circuit (Fig. 1) consists of n-three phase 
inverters connected in parallel where the dc input voltage 
Vg is applied to the n units through an input inductance Lin 
[6]. The terminal of this inductance is then connected to the 
n-parallel inverters by means of an input capacitor C where 
iin denotes the dc input current. The kth three-phase inverter 
is in general connected to the common point of connection 
by a three-phase line impedance (Rak + jωLak, Rbk + jωLbk 
and Rck + jωLck). The load consists of a three phase infinite 
bus (represented respectively by a balanced three phase 
sinusoidal voltage ea, eb and ec) connected to the common 
point of connection in series with a three phase grid 
impedance (Ra + jωLa, Rb + jωLb and Rc + jωLc) [7, 8]. 
Hence, the three-phase current flowing respectively in the 
kth inverter and the grid are denoted by “iak , ibk , ick” and “ia , 
ib , ic”.   

Stability analysis and performance evaluation of the 
overall circuit require modeling. In this study, the well-
known average phase-leg technique is used [9]. The 
analysis of the average model has made possible the finding 
of the analytical solution. The objective of the analytical 
solution is to examine between system parameters and 
establish the power flow equation, as the line and grid 
impedance vary, from the n inverters and the grid.  

 

 
In [6], the analysis shows that the common point of 

connection of the n parallel inverters should be as close as 
possible to the grid. This will guarantee the main advantage 
of paralleling inverters. Furthermore, the variation of the 
coupling impedance may completely alter the mode of 
operation of the system. 

In this paper, both the resistance and the reactance of the 
line and grid are taken into consideration to not 
compromise the inverter mode of operation. Then, the 
effects of the line impedance on the current distribution and 
the circulating current are analyzed.  

In the last two decades, since renewable energy and 
micro-grid have gained a considerable interest, 
interconnection with different line parameters is subject to 
studies. The research concentrates on the effects of the grid 
and line impedance, on the active and reactive power, at 
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Fig. 1 – Circuit configuration for the grid tied  parallel inverters with  

line and grid impedances  
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both the inverter and grid terminals. In most studies, line 
and grid resistances are neglected, and only the line and 
grid reactance effects are taken into account. In the present 
work, to not alter the inverter operation mode, both line and 
grid resistance and reactance are taken into consideration. 
Then, the effects of the line impedance on the current 
distribution and the circulating current are analyzed. 

The general circuit, used to analyze the parallel 
connection of n inverters to the grid, is presented in Section 
2. In Section 3, the power flow between the dc and ac grid 
with respect to either the line or the grid impedance is 
analyzed for any number of inverters. In Section 4, the load 
current distribution along the inverters is investigated. 
Finally, in Section 5, the circulating current is analyzed for 
the case where the line impedance of a given phase is 
different from that of the other phases. 

2. ANALYSIS OF THE N PARALLEL CONNECTED 
INVERTERS TO THE GRID 

In [6, 7], we have shown the impact of the line and grid 
impedance, the number n of parallel inverters etc. on the 
operating mode and performance of the circuit. The main 
advantage of paralleling inverters is guaranteed if the ratio 
of grid impedance to line impedance is small. Furthermore, 
an appropriate selection of various parameters ensures that 
the system’s inverter operation mode is not compromised. 
Analysis of different transfer functions highlighted the 
impact of circuit parameters on system performances. 
Increasing the number of inverters allows the reduction of 
the overshoot and the time input voltage response. Taking 
into account the grid impedance (Zg ≠ 0), the input current 
increase is no longer proportional to the number of inverters 
connected in parallel. 

If all the phases have equal impedance value, those of the 
kth inverter and the grid are as follows: 
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Using the phase-leg technique to the circuit described 
previously, one can obtain the following equations:  
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where V is the voltage across the input capacitance and VN

’
N  

is the common mode voltage. d3k-2, d3k-1 and d3k are the 

phase-leg duty cycles of a sinusoidal pulse width 
modulation (SPWM)  for the kth inverter in synchronism 
with the grid [8] such that: 
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where dmk and φk are, respectively, the modulation index 
and the phase shift of duty cycles as referred to the grid. 

Applying the Park transform to the above system of 
equations, we obtain the following expressions:  
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where edl , eql and ezl are respectively the direct, indirect and 
zero sequence components of the line to line grid voltages; 
idk , iqk and izk are those of the line to line currents of the kth 

inverter while ddk , dqk and dzk are those of the phase leg duty 
cycles. 

From equations (4), one can derive the average circuit 
model of the n parallel-connected inverters to the grid in the 
dq coordinate. With some assumptions, a simplified model 
is obtained by either reflecting all the variables to the dc or 
ac side. For instance, if we are interested in the dc input 
current to check whether uniform current distribution is 
attained along the n inverters, we should solve the circuit 
reflected to the dc side.  This study cannot tell if the desired 
operation mode is reached or not: power flow analysis has 
to be conducted.    

3. POWER FLOW ANALYSIS OF THE N PARALLEL 
CONNECTED INVERTERS 

One of the main issues of grid tied inverter is the control 
of the injected active and reactive power to the three-phase 
grid [10–13]. For the parallel case, both the lines and grid 
impedances play an important role in the average active and 
reactive power transfer. In this section, we determine the 
analytical expressions for the average power with respect to 
the circuit parameters and give a particular emphasis to the 
nature of impedance. The analysis of the system is 
conducted by assuming that all the inverters are controlled 
by similar SPWM and all the line impedances are identical, 
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such that:  
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The expression of the average active and reactive power 

is obtained by first solving the analytical expressions of the 
state variable of the circuit represented in Figure 1. This 
will lead to the following expressions in the frequency 
domain: 
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- XT, Xg and XL are respectively the coupling, grid and line 

reactances.  
- RT, Rg and RL are respectively the coupling, grid and line 

resistances.  
- dm and φ are respectively the modulation index of duty 

cycle and its phase shift with respect to grid voltage. 
From equations (6), one obtains the steady state output 

phase current as follows: 
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where ZT and θ are the coupling impedance and its 
argument. Vm  is the maximum line to neutral grid voltage.  

Equation (8) describes similar behavior to that of the 
synchronous machine, having a terminal voltage equal to 
(dmVg )/2 feeding an infinite bus Vm through a coupling 
impedance ZT , which is in fact a combination of the grid 
and a fraction of the line impedances. The infinite bus is 
taken as a reference. 

Special care is required to ensure that changes in circuit 
parameter’s settings do not undermine the operation mode 
of the structure. This condition places a restriction on a 
possible variation of the structure components such that the 
overall circuit would not shift from the authorized operation 
mode. This makes the power flow a major concern of the 

following analysis. 
The average reactive and active power can flow in either 

direction depending on circuit parameters. The active 
power should flow in a way such that it does not 
compromise the inverter mode of the overall circuit. Basic 
equations in power flow system, which relate the active and 
the reactive power delivered respectively by the parallel 
inverter (P1 and Q1) and the grid terminals (P2 and Q2) are 
as follow: 
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The analysis shows the variation of the average active 

and reactive power with respect to either the coupling 
resistance or inductance. In this particular case, one notices 
that even though, for some line and grid resistance, the n-
parallel inverters operate in the inverter mode, the system is 
not able to deliver active power to the grid. For this reason, 
we cannot tell if the overall structure is or is not delivering 
active power to the grid just by analyzing the dc input 
current. One should examine how the power is flowing in 
both terminals of the circuit. To overcome this situation and 
let the parallel inverters convert energy from the dc side to 
the utility, one has to adjust the SPWM parameters and 
choose an appropriate dc input voltage. 

In the case of a photovoltaic structure, a proper output 
voltage of the dc converter (which is in fact the input 
voltage to the n parallel inverters) can overcome this 
particular situation. As depicted in Figs. 2, 3, 4 and 5, the 
structure parameters (given in Table 1) can supply a 
positive or a negative active power to the grid.  

Table 1 
Circuit parameters 

Input voltage Vg = 700 V 

Input filter Lin = 80 mH, C = 6 mF 

Inverter parameters φ = - 0.1 rad, dm = 0.8, n = 3 

Line parameters Ll = 0.6 mH, Rl = 20 mΩ 

 
Three phase grid Vm = 220 2  V, Rg  = 10 mΩ, 

Lg = 0.3 mH 
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From these graphs, we figure out the maximum values, 

of either the line or the grid impedances, to comply with the 
intended operation mode of the structure. For a grid 
resistance equal to 10 mΩ, a positive active power flow to 
the grid (Fig. 4) requires a line resistance smaller than 
0.376 Ω. Whereas, for a line resistance of 20 mΩ,  positive 
active power flow to the grid imposes a grid resistance less 
than and 0.129 Ω.  

For an acceptable efficiency (i.e. greater than 97 %), a 
coupling resistance smaller than 16.6 mΩ is required: this 
corresponds to a grid resistance of 10 mΩ and a line 
resistance of 20 mΩ for three-parallel inverters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

4. UNBALANCE IN LINE IMPEDANCE EFFECT ON 
THE OUTPUT CURRENT DISTRIBUTION 

In the previous analysis, we have considered the case 
where all the identical inverters are connected to the 
common connection point by equal line impedance. This 
configuration ensures uniform distribution of the active and 
reactive power along the n parallel inverters [14] and 
exhibits a non-zero circulating current [15].   

• What happens if one of the line-phase impedance 
of a given inverter is different from those of the 
line-phases?  

• What is the effect of a different line impedance of 
a given inverter on the load current distribution 
among the n inverters? 
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Fig. 3 – Variation of the active and reactive power supplied by 
 three parallel inverters with respect to the line and grid inductance. 
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Fig. 4 – Variation of the active and reactive power at the grid 
             terminal with respect to the line and grid resistance. 
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Fig. 2 – Variation of the active and reactive power supplied by 
three parallel inverters with respect to the line and grid resistance. 
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If all the coupling impedances are equal and an identical 

SPWM is applied to all the units, then each phase will carry 
the same current. If not, the phase with different coupling 
impedance has to be powered by a different phase voltage 
such that this will make its phase current take a value equal 
to that of the other phases. In the open loop case, such an 
adjustment should be done by an appropriate choice of the 
modulation index and phase to minimize the circulating 
current. A simulation performed under Matlab/Simulink 
environment is conducted to prove whether the adjusted 
SPWM analytical parameters are in good agreement or not 
with these results.  

Figure 6 shows the current distribution for the case of 
three inverters connected in parallel in which the line 
impedances of the first inverter are three times those of the 
second inverter. The first, second and the third unit must 
withstand respectively 18 %, 55 % and 27 % of the load 
current (which is equal to 275 A). The current of the second 
inverter exceeds the desired 33 % of the load current ratings 
by more than 166 %. This particular situation compromises 
the uniform current-distribution principle. Furthermore, this 
might lead to a decrease in the overall efficiency. A 
sinusoidal PWM technique is developed to select the 
modulation parameters, which enable a fair distribution of 
the load current between the n parallel-connected inverters 
and do not compromise the system mode of operation. For a 
change in the coupling impedance from ZT to ZT

’, what 
should be the new SPWM parameters which ensure an 
identical phase line current in every inverter? From 
equation (8) and keeping an equal phase current, we obtain 
the appropriate phase and modulation index of the SPWM 
as follows: 
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   (11)  

With a different line impedance, the application of this 
strategy leads to a uniform current distribution between the 
n parallel-connected inverters. Figure 7 illustrates the case 
where the line impedances of the first and the third inverter 
are respectively equal to three and two times the line 
impedances of the second one. For the steady state 
response, an appropriate choice of the SPWM parameters 
(dm

’ = 0.7358 instead of 0.8 and φ’ = – 0.1966 rad instead of 
- 0.1 rad for the first inverter and dm

’ = 0.767 instead of 0.8 
and φ’ = – 0.1463 rad instead of – 0.1 rad for the third one) 
guarantees an equal sharing of the load current between the 
three units. 

5. CIRCULATING CURRENT MINIMIZATION 
UNDER UNBALANCE IN LINE IMPEDANCE 

The case of n-identical inverters connected in parallel to 
a grid with equal line impedances, led to a non-circulating 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
 
current between the n inverters. This is because the 
inverters produce an equal line to neutral voltage that 
powers the same line to neutral grid voltage. Then, we 
obtain an equal current sharing of current flowing into the 
grid along the n inverters. 

The circulating current Icr,1 [16–18] flowing in the first 
inverter for n parallel-connected inverters is defined as: 
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Equation (12) shows clearly that for an ideal structure, all 
the phase currents are equal in amplitude and, hence, the 
circulating current is null. So if all the phases having the 
same coupling impedance ZT are controlled by an equal set 
of dm and φ, and the ones having ZT

’ controlled by the new 
SPWM parameters dm

’ and φ’ , the circulating current 
reaches its optimal status. 

A system of three-parallel inverters with the second one 
having a different phase line impedance (i.e. phase “a”) gives 
a steady state circulating current amplitude equal to 33 A 
(Fig. 8 a). From Equation (11) we calculate the new 
modulation parameters (φ’ =  –0.1966 rad and dm

’ = 0.7358) 
to be applied to the phase-leg which presents a different line 
impedance. Figure 8 shows maximum amplitude of 3 A (Fig. 
8 b): the circulating current is reduced by a factor of 90 %. 
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Fig. 7 –  Current distribution for three parallel-connected inverters with a 

line impedance ZL1 = 3ZL2 and ZL3 = 2ZL2 and adjusted  
SPWM parameters 
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6. CONCLUSIONS 
The power flow between the common connection point 

and the grid shows the active or reactive power flow to the ac 
grid. The application of the average-leg technique makes 
possible the use of an average model to obtain the analytical 
solution of the parallel inverter for any number of inverters. 
We can establish the required limits of this coupling 
impedance to ensure a proper mode of operation of the n 
parallel-connected inverters.  This will not compromise the 
main objective of the overall circuit, which is the power 
transfer from the dc to ac bus.                                                                         

We highlighted the importance of the line impedance 
effect of every single inverter on the load current distribution. 
Different line impedance connected to the common 
connection point causes non-uniform load current 
distribution. This can lead to a situation where it would 
exceed the rating limits of this inverter. Therefore, we have 
established analytical SPWM parameters with respect to the 
coupling impedance to restore the load current sharing 
principle. This will guarantee that all the inverters operate 
under equal power load that does not exceed their intended 
rated power. 

Different phase line impedances of an inverter induce 
circulating current. The established analytical solutions with 
judicious choice of the SPWM parameters enable minimizing 
the circulating currents. This will contribute to eliminate the 
low frequency component of the circulating currents.  A 
considerable reduction of the circulating current and an 
increase in the overall circuit efficiency are obtained. 
Simulation is performed to validate analytical results. 

Received on May 19, 2017 

REFERENCES 
1. I. Felea, V. Moldovan, D. Albut,  Specifities  in analysis  of energy  
              availability generated by photovoltaic sources, Rev. Roum. Sci. 

Techn. – Électrotechn. et Énerg., 61, 1, pp. 42–47 (2016). 
2. L. Zhang, K. Sun, Y. Xing, J. Zhao, Parallel operation of modular 

single-phase transformerless grid-tied PV inverters with common 
DC bus and AC bus, IEEE Journal of Emerging and Selected 
Topics in Power Electronics, 99, pp. 1–7 (2015). 

3. O. Ellabban, H. Abu-Rub, F. Blaabjerg, Renewable energy resources: 
Current status, future prospects and their enabling technology, 
Renew Sust. Energ. Rev., 39, pp. 748–764 (2014). 

4. H.K. Krishnamurthy, R. Ayyanar, Building block converter module for      
universal (AC-DC, DC-AC, DC-DC) fully modular power 
conversion architecture, IEEE 2007 Power Electronics Specialists 
Conference, Orlando, USA, (2007). 

5. J.W. Kolar, Krismer F, Lobsiger Y, Muhlethaler J, Nussbaumer T, 
Minibok J. Extreme efficiency power electronics, 7th International 
Conference on Integrated Power Electronics Systems, 
Nuremberg, Germany, (2012). 

 6. T. Zebbadji, S .Hadji, R. Ibtiouen. Line and grid impedance impact on 
the performances of parallel modular inverter system, 
International Journal of Power Electronics and Drive systems, 6, 
pp. 100–108 (2015).  

7. T. Zebbadji, S. Hadji, R. Ibtiouen, A simple average model and analysis 
of an n parallel-connected inverters, 15th IEEE Workshop on 
Control and Modeling of Power Electronics, Santander, Spain, pp. 
1–8 (2014). 

8. T. Zebbadji, R. Ibtiouen, S. Hadji, Optimum SPWM parameters for 
unbalanced grid voltage of n parallel-connected inverters, 19th 
IEEE International Power Electronics and Motion Control, Varna, 
Bulgaria, pp. 180–185 (2016). 

9. R. Li, D. Xu, Parallel operation of full power converters in permanent-
magnet direct-drive wind power generation system, IEEE Trans. 
Ind. Electron., 60, pp. 1619–1629 (2013). 

10. I. V. Nemoianu, R. M. Ciuceanu, Aspect of active and reactive powers 
conservation in three-phase circuits with zero impedance neutral 
and two nonlinear unbalanced loads, Rev. Roum. Sci. Techn. – 
Électrotechn. et Énerg., 61, 4, pp. 349–354, (2016). 

11. M.N. Amrani, A. Dib, Direct power control for a photovoltaic 
conversion chain connected to a grid, Rev. Roum. Sci. Techn. – 
Électrotechn. et Énerg., 61, 4, pp. 378–382, (2016). 

12. N. Mohsenifar, A. Kargar, N. R. Abjadi, Improved cascade sliding 
mode for power control in a microgrid, Rev. Roum. Sci. Techn. – 
Électrotechn. et Énerg., 61, 4, pp. 430–435, (2016). 

13. Y. Chen, J. M. Guerrero, Z. Shuai, Z. Chen; L. Zhou; A. Luo, Fast 
reactive power sharing, circulating current and resonance 
suppression for parallel inverters using resistive-capacitive Output 
impedance, IEEE Transactions on Power Electronics, 31, 8, pp. 
5524–5537, (2016). 

14. A. M. Roslan, K. H. Ahmed, S. J. Finney; B. W. Williams, Improved 
instantaneous average current-sharing control scheme for 
parallel-connected inverter considering line impedance impact in 
microgrid networks, IEEE Transactions on Power Electronics, 26, 
3, pp. 702–716, (2011). 

15. K. Duwadi, N. Gyawali, R. Karki, Design, modelling and simulation of 
improved power sharing scheme for parallel operation of VSI, 12th 
IEEE International Conference on Control and Automation 
(ICCA), Kathmandu, Nepal , pp. 359–364 (2016). 

16. X. Yan, Y. Zhang, W. Zhang, J. Tang, Circulating-current analysis 
and power sharing control of parallel inverters with different 
capacities, International Conference on Renewable Power 
Generation, Beijing, China, pp. 1–6 (2015).  

17. T.P. Chen, Zero-sequence circulating current reduction method for 
parallel HEPWM inverters between AC bus and DC bus, IEEE 
Trans. Ind. Electron., 59, pp. 290–300 (2012). 

18. M. Zhang, Z. Du, X. Lin; J. Chen, Control Strategy Design and 
Parameter Selection for Suppressing Circulating Current Among 
SSTs in Parallel, IEEE Transactions on Smart Grid, 6, 4,  pp. 
1602–1609 (2015).

 

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
-200

-150

-100

-50

0

50

100

150

200

250

Time (s)

C
irc

ul
at

in
g 

cu
rre

nt
 (A

)

 

 

ba

Fig. 8 – Circulating current for three parallel-connected 
inverters with ZLa =  3ZLb = 3ZLc : a) φ = – 0.1 rad and dm  = 0.8, 

b) φ’ = – 0.1966  rad and dm’ = 0.7358. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


