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Sliding Mode Controller for Four Leg Shunt
Active Power Filter to Eliminating Zero
Sequence Current, Compensating Harmonics and
Reactive Power with Fixed Switching Frequency
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Mohamed-Fouad Benkhorisz, Abdelhalim Kessal®

Abstract: In this paper, the four leg inverter controlled by the three dimensional
space vector modulation (3D SVM) is used as the shunt active power filter
(SAPF) for compensating the three phase four wire electrical network, by using
the four leg inverter with 3D SVM advantages to eliminated zero sequence
current, fixed switching frequency of inverter switches, and reduced switching
losses. This four leg inverter is employed as shunt active power filter to
minimizing harmonic currents, reducing magnitude of neutral wire current,
eliminating zero sequence current caused by nonlinear single phase loads and
compensating reactive power, and a nonlinear sliding mode control technique
(SMC) is proposed for harmonic currents and DC bus voltage control to improve
the performances of the three phase four wire four leg shunt active power filter
based on Synchronous Reference Frame (SRF) theory in the dq0 axes, and to
decoupling the four leg SAPF mathematical model.

Keywords: Shunt active power filter, Space vector modulation, Sliding mode
control, Synchronous reference frame.

1 Introduction

The increasing development of the industry has led research in the field of
semiconductors and in particular power electronics. The results of these
researches are very important in the industrial and improved significantly the
process performances, which explains the high use of static converters in the
industry, these great benefits are not without disadvantages, the main
disadvantage is the static converters are nonlinear loads absorb reactive power
and non sinusoidal current, which is very bad for the network, as a degradation
of the current and voltage waveform quality [1 —3]. Today, many active
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compensators, or also called active filters are proposed and studied, they differs
in how they connect to the network (series or shunt), by their functionality
(current or voltage compensating) and the electrical structure of the power
circuit (voltage or current inverter) [3 — 5]. These active filters have, as main
objective, to inject harmonic currents or voltages in the electrical network, equal
to that absorbed by the non-linear load and in phase opposite, consequently it
improve the powers quality and power factor [6 — §].

The three leg shunt active power filters for three phase three wire and four
wire distribution systems have already been presented [9 — 10]. These three leg
shunt active power filters can compensate the harmonic current generated by
nonlinear three phase loads; however they are not preferable to compensate the
harmonic current due to nonlinear single phase loads connected to the four wire
distribution systems and the amplitude of the zero sequence current is not
reduced. To remedy these problems it will be necessary to provide a four leg
shunt active power filter [11-14].

The four leg shunt active power filter topology, Fig.1, can reduce zero
sequence current and the harmonic currents cussed by nonlinear single phase
loads in three phase four wire electrical network. This topology based on four
leg inverter, which is the most common one because of its good efficiency. Its
performance depends on the adoptive control approaches, for this, there are four
major parts of an active power filter controller. The first is the reference signal
generate techniques, the second is the switching signals generate techniques, the
third is the harmonic currents and DC bus voltage control, and the fourth is the
four leg inverter.

In this paper, the synchronous reference frame theory in the dq0 axes for
the reference signals generate is applying, and we use the 3D SVM technique
for generating the switching signals, [13 — 19], and also the nonlinear sliding
mode control (SMC) is used to harmonic currents and DC bus voltage of four
leg SAPF controller, because the advantages of robustness and stability under
unbalanced or large loads variations, decoupling the nonlinearity of these four
leg SAPF mathematical model, eliminated the DC bus voltage overshoot,
minimizing the harmonic currents, simple to obtain, and has been widely
applied to electrical power systems and electrical machine drives [20 — 27].

2 Structure and Modeling of the Three Phase
Four Wire Four Leg SAPF

The three phases four wire four leg shunt active power filter topology
presented in this paper is shown in Fig. 1 [3, 12 — 13]. The main circuit contains
a three phase power source with three series impedance Ls — Rs and a three
single phase nonlinear loads composed of three filters characterized as
L; — R, with three single phase rectifier supplying a three R.,— L., loads, this

206



Sliding Mode Controller for Four Leg Shunt Active Power Filter to Eliminating Zero...

SAPF is shunt connected to a three phase four wire electrical network in a point
called the Point of Common Coupling (PCC) on the loads side through a filter
featured as Ly — Ry This is necessary for eliminating current ripples due to
switching [3].

Fig. 1 — Four leg shunt active power filter connected in
Parallel to a three phase four wire electrical network.

The four leg inverter is composed by four legs, each leg of the inverter is
composed of two switches, and each switch is constituted by a transistor with
anti-parallel diode, and DC side capacitor is used to store the necessary reactive
energy Fig. 1.

The neutral current i;, and zero sequence current i, are given by

i

1 1
=i, ==, +i, +i,), )]
\/g \/g 1 2 3

where i,i,,i; are source currents.

Equation (2) expresses the inverter output voltages. These output voltages
are expressed as a function of the voltage (V,.), and of the switching functions
S;[12, 15, 18]

vfl = (SI - Sn)Vdc
Vi, =8, =8 W, > 2)
vf} = (S3 - Sn)Vdc
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where v; are phase-to-neutral voltages (i =1, 2, 3, n), S; is switching state and
V4 1s DC bus voltage.

The input current i, of the four leg inverter is calculated as (3).
Iy =8+ 8,0, + 85,5 —8,1,

A3)

The vector tension of the four leg inverter is represented by:
Vo=V itV j+vek, 4)

where v, v, Vv, are the projections of vector v, in the af0 axes. That gives
[15]:
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Fig. 2 — Space vector diagram showing switching states of four leg inverter.

The space vector diagram of a four leg inverter is showed in Fig. 2. They

are 16 possible switching vectors: fourteen active vectors and two null vectors
of four leg inverter.

The four leg SAPF mathematical model in the dq0 axes is given by [13].
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di R 1 1
1 7 -
=———i, +oi, +—Vv, ——V,,
ds L, % r
di R 1 1
Jfa S . .
STy Oy TV T Vs
dt I, L "L ©
de L, L, " L "”
% 7 7
v, 1.
= z_ldc'
ds C

3 The Three Dimensional Space Vector Modulation (3D SVM)

In three dimensional space vector modulation (3D SVM), there are 16
possible switching vectors: fourteen active non zero vectors and two null
vectors [7 — 8].

Six prisms in the 3D space vector diagram can be identified and numbered
as Prisms I through VI, each of these six prisms is decomposed into four
tetrahedrons are labeled T,—T4. Within the selected prism, there are six none
zero switching state vectors and two zero switching state vectors [13]. This
method is represented and studied in detail as [15 — 19].

4 Sliding Mode Control

The three phase load currents, iy, iy,, i, based on Clark transformation, are
used to obtain synchronous reference frame load currents, i, i, i,, according

to the following equation.
cos()  sin (6 - Z?Rj cos [6 + Z?Rj

Iy 2 2 n
Iy |=4/=| —sin() —sin (6 - ?n] —sin (9 + ?ch I |- ™
I 1 1 1 i
NN NG

Based on the SRF theory [28, 29], the currents i, and i, can be expressed

as the sum of two components, one direct and the other is alternative, such as:
i[d l_ld + ;ld
C =l s @®)
i, i, +1,
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with , and j_ are the direct components, the i, and i, are alternative

components of i, and i, respectively.

To obtain the direct and alternative current components of the reference
state variable vector x*, the i, current is extracted based on the SRF theory [28,
29] by the low pass filter (LPF) to calculated the reference component
i,, (alternative components). Thei, and zero sequence currents i, are used as

reference components i, and i, [14, 22].

The model (6) is a multi-input multi-output nonlinear system [21 — 24], in
the three phase four wire four leg shunt active filter with sliding mode control,

the outputs filter i,,i,.i,, and V,. are the d—axis, g—axis and the zero sequence

ax1s SAPF currents and the DC bus voltage respectively, the control variables
Via» Vi » Vo are the reference voltages. This model can be written into the
following state space general form: [14, 22]

X=AX +Bu+D, 9)
where:
X, Ly . X, q Iy u, vzd
X=|x,|=|lg |, X=|% :El’fq,u:uq:v:q,
X, Irg X, Iro u, Vio
__iv _
&, L
ae o | B=|:—Li:l, D= —Liv,q,
—w —L ’r ’
b _Livlo
L 7
k, 00 k, 00
K=0 k 0| K=0 £k, 0]
0 0 kK 0 0 k,
Equation (10) represents the three sliding surface of the filter currents i,
i,and i,:
S(N) =KX =X)+K,[(X" - X)dt, (10)
where:
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* o ~
X L Ly =g
* * JE .
X =\x, =i, |=| i, . an
* K .
X3 ) N

The current i, at the output of DC bus voltage controller used to
compensated the losses power of four leg inverters and to conserved the
necessary reactive energy stored in the DC side capacitor is calculated as follow

[11]:
u, =1, =X,y +Cy X5, , (12)
where y; and y, are switching functions
x,=e(V,)= Vo=V Xs =Xy, X, =Ix4dt ,

Lx,S >0

w=i ()>0 (13)

- ,x4S(x4 ) <0

Lx.S >0
V= lxs (x)>0 (14)

- ,xSS(x4 ) <0

The sliding surface S(x4) of the DC bus voltage is given by (15) [23]
S(x4) = S(Vd*c - Vdc) =c,x, + X, +c.x,

(15)

S(x4)=cke(Vdc)+%e(Vdc)+ci fe(r,)ar

and ¢, ¢; are positive constants.

The three sliding surface of the three filter currents i, i, ,i,, are
S (i) =g (1 =i )+l [ (i3 =1, ),
S(i_/.q)qu(i_’;.q _i_/a)+kiq,[(i;q _i/q)dt’ (16)
${i) =5 -10) ko510 )
During the sliding mode, we have
S(ifd ) - S(iﬁz ) - S(ifo) =0,
S(ifd ) - S(iﬁz) S(ifo) 0

The control variables are given by:

(17
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u= qu = udis + ueq . (18)
Vio
Solving (9) gives the expression of the equivalent command as follows:

Uega
w88 T () k(- -pf] |

uer

If the trajectories are different from the state of the sliding surface, the
discontinuous control ensures decrease the distance between the state trajectory
and the sliding surface [22, 26]. This command is selected to ensure the
convergence of the path to its reference [14]. In our case, we chose the
discontinuous control function as:

udisd Ud max
gy = Uy | =580 (S (X)) Vo> Unax =| Uynn (20)
udisO UOmax

5 Simulation Results

The SimPower Systems and S-Function of MATLAB are used for
implemented the three phase four wire four leg shunt active power filter
controlled by nonlinear sliding mode technique Fig. 3.

The components, parameters, and conditions considered for simulation are
listed in Table 1 and 2.

Table 1
System parameters for simulation and load specifications.
Capacitance of the capacitor 5 mF
Coupling impedance Ry, Ly 0.2 mQ, 0.15 mH
The source voltage and frequency 220V, 50Hz
Source impedance Ry, L 1 mQ, 1 mH
Line impedance R, L, 1 mQ, 1 mH
Load impedance Ry, L, 5Q, 10 mH
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Fig. 3 — Schematic block diagram of shunt active
power filter with Sliding Mode control technique.

Table 2
The conditions considered for simulation.
PI Sliding Mode
The switching frequency: f; 14 kHz 14 kHz
The reference voltage: Ve er 800V 800V
_ _ _ 5
The currents regulators ki =hiy = kg =53¢
frequency: f; 10 kHz ky =k, =ky=2¢"
k’ ki’ umax:COHStant udmax :uqmax :u0max =800
¢, =¢; =950
The voltage regulator frequency: fy 41y ¢ =043
¢k, Ciy C1, Cy=Constant. p
c, =5¢”
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5.1 Simulation with PI control
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Fig. 4 — Performance of the three phases four wire four leg SAPF using
Synchronous Reference Frame theory (SRF) based 3D SVM
control strategy using PI control in the dq0 axes.
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Fig. 5 — Magnitude Spectrum of Source Currents for the PI control:
(a) before unbalanced load, (b) after unbalanced Load.
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5.2 Simulation with Sliding Mode Control
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Fig. 6 — Performance of the three phase four wire four leg SAPF using
Synchronous Reference Frame theory (SRF) based 3D SVM
control strategy using SMC in the dq0 axes.
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Fig. 7 — Magnitude Spectrum of Source Currents for the SMC:
(a) before unbalanced load, (b) after unbalanced Load.
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Fig. 4 and 6 illustrates the three phase four wire four leg SAPF perfor-
mance with the two controller (PI and SMC) under unbalanced loads, the source
currents waveform is sinusoidal and in phase with the corresponding voltage
(the power factor is unitary). The amplitude of the neutral wire current is in the
range of +6A with PI controller and the range of £3A with Sliding Mode
controller, the DC bus voltage control presents good dynamic and static
characteristics without overshoot. When the unbalanced loads, the voltage
converges to the given value with a short time adjustment.

Figs. 5 and 7 Illustrates the Harmonic spectrum of source current for the
two theories, before unbalanced loads, total harmonic distortion (THD) is
1.19% with PI control and 0.87% with SMC, when after a 1.91% with PI
control and 1.77% with SMC.

Table 3 gives the THD and amplitude of neutral wire current comparison
between the two control techniques PI and SMC using Matlab/ Simulink.

Table 3
Comparison of the different techniques.

Before unbalanced loads After unbalanced loads

PI control SM control | PI control SM control
1.19% 0.87% 1.91% 1.77%

Source current THD
%
The amplitude of the
neutral current (A)

+6A +3A

6 Conclusion

In this work we studied and verified with the simulation of a nonlinear
sliding mode control technique for reference harmonic currents and DC bus
voltage regulation based on Synchronous Reference Frame (SRF) theory and
three dimensional space vector modulation (3D SVM), to generate reference
harmonic currents and switching signals respectively, for a four leg shunt active
power filter, have shown high performance of four leg shunt active power filter
to eliminated zero sequence current, fixed switching frequency, reduced
magnitude of neutral current, and power factor correction in the three phase four
wire network.

The obtained simulation results of these SAPF with sliding mode control
shows the four leg shunt active power filter under unbalanced loads is capable
to compensate harmonic currents, reactive power, eliminated zero sequence
current, and also shows better dynamic performance over conventional PI
controller.

216



Sliding Mode Controller for Four Leg Shunt Active Power Filter to Eliminating Zero...

[10]

(1]

References

A. Chaoui, J. P. Gaubert, F. Krim, G. Champenois: PI Controlled Three Phase Shunt Active
Power Filter for Power Quality Improvement, Electric Power Components and Systems,
Vol. 35, No. 12, Dec. 2007, pp 1331 — 1344.

A. Chebabhi, M.K. Fellah, N. Rouabah, DJ. Khodja: Control of a Shunt Active Filter by the
Direct Power Control Technique based on Virtual Flux, 7th Conference on Electrical
Engineering, Bordj El Bahri, Algeria, 12-13 April 2011. (In French).

A. Chebabhi, M.K Fellah, M.F Benkhoris: Application of PQR Theory for Control of a 3-
phase 4-wire 4-legs Shunt Active Power Filter in the afo-axes using 3d-SVM Technique,
Leonardo Journal of Sciences, Vol. 14, No. 26, Jan/June 2015, pp. 17 — 28,.

M. Odavic, V. Biagini, P. Zanchetta, M. Sumner, M. Degano: One-sample-period-ahead
Predictive Current Control for High-performance Active Shunt Power Filters, IET Power
Electronics Electronics, Vol. 4, No. 4, April 2011, pp. 414 —423.

A. Bhattacharya, C. Chandan: A Shunt Active Power Filter with Enhanced Performance
using ANN-based Predictive and Adaptive Controllers, IEEE Transactions on Industrial
Electronics, Vol. 58, No. 2, Feb. 2011, pp. 421 —428.

H. Kouara, A. Chaghi: Three Phase Four Wire Shunt Active Power Filter based Fuzzy Logic
DC-Bus Voltage Control, Acta Technica Corviniensis, Bulletin of Engineering, Vol. 5, No.
4, Oct/Dec. 2012, pp. 25 — 31.

F. Zhuo, Y. Wang, H. Li, Z.A. Wang: Study on Active Power Filter used for Three-Phase
Four-Wire System, International Power Electronics and Motion Control Conference, Vol. 3,
15-18 Aug. 2000, pp. 1037 — 1040.

F. Zhuo, Y. Wang, Z.A. Wang: The Configuration of Main Circuit and Control Strategy for
Active Power Filter in Three-phase Four-wire System, Power Electronics Specialists
Conference, Vancouver, Canada, 17-21 June 2001, Vol. 3, pp. 1615 — 1618.

M. Aredes, E.H. Watanabe: New Control Algorithms for Series and Shunt Three-phase
Four-Wire Active Power Filters, IEEE Transactions on Power Delivery, Vol. 10, No. 3, July
1995, pp. 1649 — 1656.

P. Cheng, Y. Huang, C. Hou: Design of a Neutral Harmonic Mitigator for Three-phase
Four-wire Distribution System, Industry Applications Conference, Chicago, IL, USA, 30
Sept. — 04 Oct. 2001, Vol. 1, pp. 164 — 171.

S.H. Hosseini, T. Nouri, M. Sabahi: Power Quality Enhancement using a New Hybrid
Active Power Filter under Non-ideal Source and Load Conditions, IEEE Power & Energy
Society General Meeting, Calgary, Canada, 26-30 July 2009.

L. Bin, T. Minyong: Control Method of the Three-phase Four-leg Shunt Active Power
Filter, Energy Procedia, Vol. 14, 2012, pp. 1825 — 1830.

A. Chebabhi, M.K Fellah, M.F Benkhoris: Control of the Three Phase Four-wire Four-leg
SAPF using 3D-SVM based on the Two Methods of Reference Signals Generating CV and
SRF in the dqo-axes, Journal of Electrical Engineering; Vol.15, No. 1, 2015, pp. 32 — 39.

N. Mendalek, K. Al-Haddad, H.Y. Kanaan, G. Hassoun: Sliding Mode Control of Three-
phase Four-leg Shunt Active Power Filter, IEEE Conference on Electrical and Computer
Engineering, Canadian, Rhodes, Greece, 15-19 June 2008, pp. 4362 —4367.

L. Xiangsheng, Z. Deng, Z. Chen, Q. Fei: Analysis and Simplification of Three-dimensional

Space Vector PWM for Three-phase Four-leg Inverters, IEEE Transactions on Industrial
Electronics, Vol. 58, No. 2, Feb. 2011, pp. 450 — 464.

217



A. Chebabhi, M.K. Fellah, M.F. Benkhoris, A. Kessal

[16]

(22]

(23]

[24]

[25]

[26]

J. Zhou, X.Wu, Y. Geng, P. Dai: Simulation Research on a SVPWM Control Algorithm for
a Four-leg Active Power Filter, Journal of China University of Mining and Technology, Vol.
17, No. 4, Dec. 2007, pp. 590 — 594.

P. Kanjiya, V. Khadkikar, H.H. Zeineldin: A Noniterative Optimized Algorithm for Shunt
Active Power Filter under Distorted and Unbalanced Supply Voltages, IEEE Transaction on
Power Electronics, Vol. 60, No. 12, Dec. 2013, pp. 5376 — 5390.

A.S.A. Hasim, M.H.N. Talib, Z. Ibrahim: Comparative Study of Different PWM Control
Scheme for Three-phase Three-wire Shunt Active Power Filter, IEEE International
Conference on Power Engineering and Optimization, Melaka, Malaysia, 06-07 June 2012,
pp. 119 —123.

C.S. Lam, X.X. Cui, M.C. Wong, Y.D. Han: Minimum DC-link Voltage Design of Three-
phase Four-wire Active Power Filters, 13th Workshop on Control and Modeling for Power
Electronics, Kyoto, Japan, 10-13 June 2012, pp. 1 - 5.

C. Ravikiran, G.I. Kishore, T.A. Rao, M. Rambabu: Effective Elimination of Harmonics by
means of a Hybrid Series Active Filter (HSAF), International Journal of Engineering
Research and Applications, Vol. 2, No. 5, Sept/Oct. 2012, pp. 96 — 101.

L. Wei, L. Chunwen, X. Changbo: Sliding Mode Control of a Shunt Hybrid Active Power
Filter based on the Inverse System Method, International Journal of Electrical Power and
Energy Systems, Vol. 57, May 2014, pp. 39 —48.

F. Hamoudi, A. Chaghi, M. Adli, H. Amimeur: A Sliding Mode Control for Four-wire Shunt
Active Filter, Journal of Electrical Engineering, Vol. 62, No. 5, 2011, pp. 267 — 273.

J. Fei, T. Li, S. Zhang: Indirect Current Control of Active Power Filter using Novel Sliding
Mode Controller, 13th Workshop on Control and Modeling for Power Electronics, Kyoto,
Japan, 10-13 June 2012, pp. 1 — 6.

E.J. Acordi, L.B.G. Campanhol, S.A.O. Silva, C.B. Nascimento, A. Goedtel: A Study of
Shunt Active Power Filters Applied to Three-phase Four-wire Systems, International
Conference on Renewable Energies and Power Quality, Santiago de Compostela, Spain, 28-
30 March 2012.

A. Chebabhi, A. Meroufel, N. Rouabah, A. Telli: Nonlinear Sliding Mode Control of an
Asynchronous Machine, International Conference on Electrical Engineering, Oran, Algeria,
2010. (In French).

A. Nasri, A. Hazzab, 1. Bousserhane, S. Hadjeri, P. Sicard: Two Wheel Speed Robust
Sliding Mode Control for Electric Vehicle Drive, Serbian Journal of Electrical Engineering
(SJEE), Vol. 5, No. 2, Nov. 2008, pp. 199 — 216.

K. Negadi, A. Mansouri, B. Khtemi: Real Time Implementation of Adaptive Sliding Mode
Observer Based Speed Sensorless Vector Control of Induction Motor, Serbian Journal of
Electrical Engineering, Vol. 7, No. 2, Nov. 2010, pp. 167 — 184.

K. Bhattacharjee: Design and Simulation of Synchronous Reference Frame based Shunt
Active Power Filter using Simulink, National Conference on Challenges in Research and
Technology in the Coming Decades, Ujire, India, 27-28 Sept 2013, pp: 1-7.

K. Bhattacharjee: Harmonic Mitigation by SRF Theory based Active Power Filter using
Adaptive Hysteresis Control, Conference Power and Energy Systems: Towards Sustainable
Energy, Bangalore, India, 13-15 March 2014, pp. 1 — 6.

218




<<
  /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 false
  /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


