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INPUT-OUTPUT BASED QUASI-SLIDING MODE CONTROL OF
DC-DC CONVERTER"

Darko Miti¢, Dragan Anti¢, Marko Milojkovi¢, Sasa Nikolié,
Stanisa Peri¢

University of Nis, Faculty of Electronic Engineering, Department of Control Systems, Serbia

Abstract. The paper presents the design of discrete-time quasi-sliding mode voltage
controller for DC-DC buck converter. The control algorithm is realized by measuring
only sensed output voltage. No current measurements and time derivatives of output
voltage are necessary. The proposed quasi-sliding mode controller provides stable output
voltage, exhibiting robustness to parameter and load variations.
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1. INTRODUCTION

Sliding mode control represents a class of particular interest in variable structure con-
trol systems [1], since it provides robust system motion along a predefined sliding surface.
The most distinguished feature of the sliding mode control system is its insensitivity to
parameter uncertainty and external disturbances under certain conditions [2], making this
control strategy very suitable for power converting systems under load variation [3].
Theoretically, a sliding mode controller operates at infinitive, practically, at high and
varying switching frequency, challenging its implementation in DC-DC converters due to
switching, inductor and transformer core losses, as well as electromagnetic interference
noise issues. These first sliding mode controllers for power converters were hysteresis-
modulation based. In order to make sliding mode controller more applicable to DC-DC
converters, its switching frequency should be limited, so it operates as an approximation
of ideal sliding mode controller. This results in reduction of system robustness. The limi-
tation is done by changing the modulation method from hysteresis-modulation to pulse
width modulation (PWM), known as duty cycle control as well [4]. A unified approach to
design of PWM based sliding mode voltage control of DC-DC buck, boost and buck-
boost converters are presented in [5]. A nonlinear sliding mode controller design of DC-
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DC converter based on extended linearization technique is discussed in [6]. Fuzzy sliding
mode control is proposed and also implemented in the design of DC-DC buck converter
[7]. The control of two DC-DC buck converters connected in parallel, by using integral
sliding mode control algorithms, is considered in [8].

The fixed switching frequency can also be achieved by using discrete-time sliding
mode controllers. Discretization process of sliding mode control induces an undesirable
chattering phenomenon in the vicinity of a sliding surface, causing the quasi-sliding mo-
tion [9] in that way. This means that the system trajectory is within some quasi-sliding
area S comprising the sliding surface. The domain S possesses such invariant property
which ensures that every system motion, which has arrived into S at some time instant
to = Ky T, remains in the domain for every k > Ky, k, Ky € N.

One approach to design of digital sliding mode like control of DC-DC buck converter
is presented in [10]. In this paper, the combination of well-known minimum variance and
discrete-time sliding mode control [11] and its implementation in the voltage control of
DC-DC buck converter is considered. The result of such combination is the quasi-sliding
mode control algorithm, based only on output voltage measurement, rejecting the need for
the use of additional current sensors for control realization. Conventional current sensing
methods, using a resistor as a sensor element, suffer from significant power losses, espe-
cially when the current is high. That is why the loss-less current sensing methods are used
[12], whereas input-output control laws are more than preferable. The proposed quasi-
sliding mode control approach also enables better system accuracy in steady state and
provides chattering alleviation. This approach has already shown good results in control
of AC voltage stabilizer [13].

The paper is organized as follows. In the second section, the continuous- and discrete-
time models of DC-DC buck converter are given. The design procedure of discrete-time
quasi-sliding mode controller is presented in the third section. The proposed quasi-sliding
mode voltage-controlled converter is validated by digital simulation and the results are
shown in the fourth section. The last section contains some concluding remarks.

2. QUASI-SLIDING MODE VOLTAGE CONTROLLED DC-DC BUCK CONVERTER

The schematic diagram of DC-DC buck converter with quasi-sliding mode controller
is shown in Fig. 1. The proposed structure only measures sensed output voltage and it is
different from most existing solutions based on measurements of voltage error and either
its time-derivative or capacitor current [4].

Quasi-sliding mode control signal is compared with variable ramp signal providing a
PWM signal u, which drives power switch PS. It is shown in [14] that the average dy-
namics of system with sliding mode control is equivalent to the average dynamics of
PWM controlled system, implying that the control signal of equivalent control approach
in sliding mode u,, [2] is equivalent to the duty cycle control signal d of PWM controller.

The state space continuous-time model of DC-DC buck converter in the controllable
canonical form, with the state variables x; =BV, and * =% =(Bi)/C can be easily
obtained from Fig. 1 in the following form:
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(1) = Ax(1) +bu(t),
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where: L, C, R, V;, and [ are the inductance, capacitance, load resistance, input voltage
and sensor gain, respectively. V,.; V, and BV, are the reference, output and sensed output
voltage, respectively, and u(¢) is 0 or 1, representing the switching state of power switch.
As u(?) is equal to PWM output, which corresponds to equivalent control in sliding mode
control theory, we will assume that u(?) is the quasi-sliding mode controller output.

I Quasi - BV,
Sliding
Mode - F.
Controller )

Variable
remp

Fig. 1. Schematic diagram of quasi-sliding voltage controlled DC-DC buck converter

The main parameter perturbations are caused by variations of load resistance and
input voltage and there are no external disturbances in this model. The values of the state
variables x; and x, may be determined by measuring sensed output and the capacitor
current i.. To avoid the current acquisition, we suggest implementation of discrete-time
sliding mode control algorithm based only on the input/output measurements. Starting
from (1), the transfer function of DC-DC buck converter can be written as:

BV
_Y(s) LC
Wbc(s)—U(s)—S2+ s+L’ )
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where Y(s) = Xi(s) = BV,(s). Under the assumption that control signal is constant during
the sampling period 7, u(f) = u(kT), kT <t<(k+ 1)T, the input-output model of the
system in z-domain is obtained from (2) in the next form:

z'B(z™")
k)=——"—u(k), 3
y(k) G (k) A3)
where o(k)=e(kT) and:
Az ") = a, + alz’1 + azz’2 , 4)
a, =1, a,=-2¢" cose,T, a,=e>", 6)
B(z)=b,+hz", (6)
by =— k —(1-¢ " cosw,T), (7)
a +o,
b — k ( —2al _ —aT T
 =—— (e e coswyT), (®)
a +o

0

BV, 1 1 1
= s —— = = 9)
LC 2R,C LC 4RC
1

z ' is the unit delay i.e. z' =e™?’, where p denotes a complex variable. The control
objective is to maintain the sensed output voltage y(k) = BV, (k) stable, constant and equal
to some constant reference voltage V,(k) = V., despite the variations of load resistance
R; and input voltage.

3. CONTROL DESIGN PROCEDURE

The algorithm, implemented in voltage control of DC-DC buck converter, is the
combination of the discrete time sliding mode control and the well-known minimum
variance control technique [11, 15]. The result is the quasi-sliding mode based minimum
variance control, based only on input-output signal measurements, which gives better
system steady state accuracy and chattering alleviation.

The design goal is to find a control u(k) that will force switching function:

s(k)=C(z (k) =V, (k). (10)

to its minimum value (zero value in the ideal case), i.e. that will keep system motion in
the vicinity of sliding surface s(k) =0, determined by the quasi-sliding domain S.
Cz")=cy+ 1z + ¢,z is a polynomial with all zeros inside the unit disc. The system
output in steady state is defined by:

5(0)
cay

V(o) =V, + (11)
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Therefore, the system accuracy depends on the accuracy of switching function s(k), so
that the smaller s(k) is, the better precision is achieved. To achieve the design task, we use
the control law in the form of:

F( )y =€,k + )+ 5 sgn(s(h)
u(k)=— 1=z , (12)
E(z7)B,(z7)
where E(z"") and F(z ") are polynomials obtained as the solutions of Diophantine equation:
E(zDYA4,(z)+z'F(z)=C(z™), (13)
E(z_l):eozco/a;, F(z Y= f+fz", (14)
fo :Cl_eoafs Ji :Cz_eoa;Z . (15)

A, (z™") and B, (z™") are polynomials with nominal converter parameters i.e.:
Az =4,z +A4(z), (16)
B(z")=B,(z")+AB(z™"), (17)

with A4(z"") and AB(z") denoting polynomials with perturbed converter parameters.
Notice that the relay component of the control sgn(s(k)) is filtered through the discrete-
time integrator. It is proved in [16] that the sum of all positive and negative values of
sgn(s(k)) is equal to zero when the system is in the quasi-sliding mode. Consequently, the
control signal should be smooth and equal to some average value proportional to the time-
interval of reaching phase. This should result in chattering reduction. Theoretically,
chattering free control law can be obtained if 7 — 0.
The implementation of (12) in (3) yields:

E(z")B,(z7)4,(z)y(k) = —E(z")B,(z7)A4(z")y(k) +

18
AT san(s(k))). (19

+2 Bz )=F (z)y(k)+ C(z W, (k+1) -

1-z

By adding E(z7')4,(z")AB(z"")y(k) to both sides of (18), one yields:

Bz HC(E Yk +D =V, (k+1) =-B(z")

al
—_rsen(s(h)+ 19)

+E(z7)(A4,(z )AB(z) = B,(z Az )y (k +1).

Polynomial B(z™") has its root always inside the unit disc in z-domain as, according to
(7) and (8), by < by. Therefore, (19) can be rewritten as:

s(k+1)=s(k)—aTsgn(s(k))+ %_j;(y(k +1) - y(k)), (20)
4
where:
Oz =E(z')(4,(z)AB(z™) =B, (z7)AA(z)). (21)
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Equation (20) describes the dynamics of switching function. According to (10), the
system is stable if quasi-sliding mode exists in the vicinity of s(k)=0, i.e. if s(k)
converges to and stays in bounded quasi-sliding manifold. We will now show that
difference y(k + 1) — y(k) is always limited by the appropriate choice of polynomial aizh.

Theorem 1: If polynomial:
P(z)=B(z)C(z ) +E(z)B,(z)Ad(z") - 4,(z7)AB(z ™)), (22)

has all its roots inside the unit disc for a priori known and bounded system parameter
variations AA(z™") and AB(z™"), then there exists a positive real number Y € R satisfying:

|y +D)—y(h)| < Y, (23)
for every k.

Proof: Having in mind that V,(k+ 1) =V, (k) = V,,, difference y (k+ 1) — y(k) can be defined
directly from (19) as:

Y+ — (k) =~ 2 o 7 sen(s(hy) (24)
P

It is obvious from (24) that y(k +1)— y(k) is upper bounded (23), if P(z™") is Jury's
polynomial. In the case of limited system parameter perturbations, the stability of P(z™")

can be ensured by the adequate selection of stable polynomial C(z™").
If (23) is satisfied then there exist a positive real number A € R so that:

")
B(z™")
since B(z'") is stable polynomial. To provide stable switching function dynamics, i.e. to

ensure the existence of quasi-sliding mode, the parameter o should be chosen according
to the following Theorem 2.

max

(k+D=y(k)| <A, (25)

Theorem 2: If parameter o satisfies the following inequality [15]:
ol >A, (26)

where A is determined by (25), then there is an integer number Ky,= Ky(s(0)) so that
system trajectory enters quasi-sliding manifold S, determined by:

S={s(k):|s(k)|<aT+A}, 27
and stays in it for every k> K.

Proof: First, we will prove that s(k) enters the domain § in finite time, and, then, show that
s(k) remains in that area. Suppose that (s(k)), defined by (20), is a positive sequence. The
proof is similar when (s(k)) is a negative sequence. Then:

stk +1)—s(k) = —ocT+%(y(k+l)—y(k)) <-aT+A<0, (28)

-1
z
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is valid if (26) is satisfied, i.e. s(k+1)<s(k) and:

0<%:q(1¢)<1. (29)

There exists a positive number J satisfying the following inequality:

JsCk+1)=s()] = s((»[H q(i)](q(k)—l) <o, (30)

k-1

as H q(i) <1 and g(k) <1. Therefore, based on Cauchy's theorem of sequence convergence,
i=0

we conclude that sequence (s(k)) is convergent. The convergence domain of sequence

(s(k)) is:

S ={s(k):|s(k)|> aT +A}. (31)
Namely, (29) implies:
0< (angn(s(k)) - ig; (k+1) —y(k))] /s(k) <1, (32)
zZ

directly giving (31) for both positive and negative sequence (s(k)) .

Let us show that system trajectory enters domain S in finite time. Sequence (s(k))
converges in the domain S, so it is limited, i.c.: %im s(k) = s(0) . Assume that s(0) > a7+ A
is satisfied. According to (20):

= -1
o(z7)

s(k)=1s(0)- ol -
(k) =5(0) Zol[ )

(y(k+1)—y(k))]- (33)

Suppose that s(k) never enters the domain S. When k£ — oo, we can obtain the following
inequality straightforward from (33):

i[aT— izli(y(kﬂ)— y(k))]<s(0)—ocT—A, (34)

implying that the series Z(OLT — (@ Y(k+1)=y(k)))/B(z")) is convergent, and its

i=0

general element a7 —(Q(z ™" )(y(k +1)— y(k)))/ B(z™") converges to zero as i — o, i.e.:

ar - ;gg[ BT 0D y(,-))J : (39)

which is opposite to the condition (26) of Theorem 2. Therefore, the assumption that s(k)
never enters the domain S is false. The proof is similar for s(0) < —a7 — A. Moreover, s(k)
enters the domain S at k = K, determined by:
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=int((| s(0) | —aT — A)(aT - A))+1. (36)

We will now show that for every k> K,, s(k) remains in the domain S. Let s(K,) € S*
= {s(k): 0 <s(k) <aT+ A}. Then, according to (20), we have:

—aT—A(2<6)s(KO)—aT+§E i(y(K +D=y(K,) =s(K, +1) £ 2A < aT +A,(37)

and s(k) do not leave domain S. This is also true when s(Ky) € S ™= {s(k): —oT — A} <s(k) <0}
since:

(")
B(z")

—aT—A(;)—ZA(;)s(KO +)=s(K,)+ol + (K, +D)-y(K, )) < ol +A .(38)

The case when s(Ky+ 1) <0 and s(K,+ 1) ¢ S for 5(0), s(Ko) > ol + A is not possible
as:

s(K, +1) = s(K,) - aT+§E 1;(y(K +1)- »(K,)) >

; (39)
o AL0Eh

B(z")

The case when s(Ky+ 1) >0 and s(Ky+ 1) ¢ S for 5(0), s(Ky) <—aT — A cannot happen
as well, since:

(K +D=(K) >0

0@z
K,+1)=s(K, T
sS(K,+D)=s(K,)+a +B( )

— 0 (K, +D=¥(K;)) <0

(W(Ky +1) = y(Ky)) <
(40)
L9 D)
B( )
Therefore, we have proven that s(Ky+ 1) € Sand, by using the mathematical induction

method, we can generalize it to:
s(K,+p)es, 41

for every positive integer number p. Having demonstrated that (41) is satisfied if (26) is
valid, the proof ends.

The overall system stability is ensured if and only if the conditions of the next Theorem 3
are fulfilled.

Theorem 3: The system described by (3), (10) and (12) is stable if and only if:
1) inequality (26) is satisfied for every k, i.e., quasi-sliding mode exists in the
system, and
2) polynomial C(z") has its roots inside the unit disk in z-plane.

Proof: If the parameter a is chosen to satisfy inequality (12), then, according to
Theorem 2, the quasi-sliding mode exists in the domain S. Now, we can see from (10) that
(k) will converge to the constant reference voltage V. if and only if the polynomial
C(z™") is stable.
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4. SIMULATION RESULTS

The digital simulation has been performed to verify the proposed quasi-sliding mode
voltage controller for buck converter. The parameter values are given in Table 1.

The controller parameters have been set as: the sampling period 7= 50 ps, cizh=
1-1.067z" +0.28462_2, Vie=2.5V, the switching and sensor gains o =200 and
B =0.2083, respectively.

Figure 2 shows the sensed output voltage (BV,) waveform for the "nominal" load
taken into account during the design process. With the maximum load, when the load
resistance is equal to R, the proposed quasi-sliding mode voltage controller provides
robust buck converter output voltage response, depicted in Fig. 3. Finally, Fig. 4 presents
the output voltage signal in the most relax situation when the load resistance is R x.

Table 1. Buck Converter Parameter Values

Description Parameter Nominal value
Input voltage V; 24V
Capacitance C 1500 pF
Inductance L 1000 pH
PWM switching frequency fs 200 kHz
Minimum load resistance Ri(min) 3Q
Maximum load resistance R (max) 24 Q
Average load resistance R; 13.5Q
Desired output voltage V,d 12V
3
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§ 251 B
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Fig. 2. Waveform of sensed output voltage for R, = (R, i, + R;pux )/ 2
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Fig. 4. Waveform of sensed output voltage for R
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5. CONCLUSION

The main objective of the paper is to briefly present one approach to control of DC-
DC buck converter using discrete-time quasi-sliding mode controller in combination with
minimum variance control. The adopted control strategy is very appropriate for the digi-
tally controlled power converter and for the system requirement accomplishments. The
proposed quasi-sliding mode controller ensures high output voltage accuracy in the pres-
ence of parameter perturbations, which is verified by digital simulation results. Further-
more, filtering the switching control component through the discrete-time integrator re-
duces chattering. The control algorithm is based only on measuring the output voltage
signal, rejecting the use of expensive additional current sensors in that way. It is reason-
able to expect certain performance degradation in practical implementation of the pro-
posed quasi-sliding mode voltage controlled buck converter, due to PWM nonlinearities,
finite measuring precision, noise and other imperfections.

REFERENCES

[11 V. L Utkin, "Variable Structure Systems with Sliding Modes", I[EEE Transactions on Automatic
Control, vol. 22, no. 2, pp. 212-221, 1977.

[2] B. Drazenovi¢, "The Invariance Conditions in Variable Structure Systems", Automatica, vol. 5, pp. 287-
295, 1969.

[31 R. H. C. Takahashi, P.L.D. Peres and L.L.S. Barbosa, "A Sliding Mode Controlled Sinusoidal Voltage
Source with Ellipsoidal Switching Surface", IEEE Transactions on Circuits and Systems-1, vol. 46, no.
6, pp.714-721, 1999.

[4] S.-C. Tan, Y. M. Lai, Chi K. Tse and M. K. H. Cheung, "A Fixed-frequency Pulse-width Modulation
Based Quasi-sliding-mode Controller for Buck Converters", /EEE Transactions on Power Electronics,
vol. 20, no. 6, pp. 1379-1392, 2005.

[51 S.-C. Tan, Y. M. Lai and Chi K. Tse, "A Unified Approach to the Design of PWM-based Sliding-mode
Voltage Controllers for Basic DC-DC Converters in Continuous Conduction Mode", I[EEE Transactions
on Circuits and Systems-1: Regular Papers, vol. 53, no. 8, pp. 1816-1827, 2006.

[6] H. Sira-Ramirez and M. Rios-Bolivar, "Sliding Mode Control of DC-to-DC Power Converters via
Extended Linearization", IEEE Transactions on Circuits and Systems—I: Fundamental Theory and
Applications, vol. 41, no. 10, pp. 652-661, 1994.

[71 P.-Z. Lin, C.-M. Lin, C.-F. Hsu and T.-T. Lee, "Type-2 Fuzzy Controller Design Using a Sliding-mode
Approach for Application to DC-DC Converters", IEE Proceedings-Electric Power Applications, vol.
152, no. 6, pp. 1482-1488, 2005.

[8] S. K. Mazumder, A. H. Nayfeh and D. Borojevi¢, "Robust Control of Parallel DC-DC Buck Converters
by Combining Integral-variable-structure and Multiple-sliding-surface Control Schemes", IEEE
Transactions on Power Electronics, vol. 17, no. 3, pp. 428-437, 2002.

[9] C. Milosavljevi¢, "General Conditions of the Existence of a Quasi-sliding mode on the Switching
Hyperplane in Discrete Variable Structure Systems", Automatic Remote Control, vol. 46, pp. 307-314, 1985.

[10] A. G. Perry, G. Feng, Y.-F. Liu and P.C. Sen, "A New Sliding Mode like Control Method for Buck
Converter", In Proceedings of 35th Annual IEEE Power Electronics Specialists Conference, 2004, pp.
3688-3693.

[11] D. Miti¢ and C. Milosavljevié: "Sliding Mode Based Minimum Variance and Generalized Minimum
Variance Controls with O(T°) and O(T°) Accuracy", Journal of Electrical Engineering (Archiv fur
Elektrotechnik), vol. 86, pp 229-237, 2004.

[12] H. P. Forghani-zadeh and G. A. Rincén-Mora, "Current-sensing Techniques for DC-DC Converters", In
Proccedings of 45" Midwest Symposium on Circuits and Systems, 2002, vol. 2, pp. 1I-577 - II-580.

[13] D. Miti¢, B. Veseli¢ and C. Milosavljevi¢, "Sliding Mode Based Minimum Variance Control of AC
Voltage Stabilizer", In Proceedings of VI International Conti Conference, 2004, pp. 93-98.

[14] H.J. Sira-Ramirez and M. Ilic, "A Geometric Approach to the Feedback Control of Switch Mode DC-to-
DC Power Supplies", IEEE Transactions on Circuit and Systems, vol. 35, no. 10, pp. 1291-1298, 1988.



80 D. MITIC, D. ANTIC, M. MILOJKOVIC, S. NIKOLIC, S. PERIC

[15] D. Miti¢, Digital Variable Structure Systems Based On Input-Output Model, Ph. D. Disertation,
University of Nis, Faculty of Electronic Engineering, 2006.

[16] X. Yu and G. Chen, "Discretization Analysis of a Class of Second Order SMC Systems", In Proceedings
of the 7th International Workshop on Variable Structure Systems, Sarajevo, Bosnia and Herzegovina,
2002, pp. 77-86.




<<
  /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


