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In this study, a three-phase asynchronous motor driven by a broad-based system is described. So, mathematical model of converter, sinus pulse width
modulation for the three phase inverter, and mathematical model of three-phase asynchronous motor have to be utilized in order to establish the system.
After creating such a system, Fuzzy Logic and PID controllers are focused in order to get satisfactory results which are short settling time of rotor speed,
low harmonic and short settling time of high phase current. Created mathematical models are run at the MATLAB Simulink. Direct voltage is applied to
converter input. This voltage is represented by a renewable energy source that could be obtained from solar energy source. The direct voltage is lower than
the peak of the alternating voltage. The alternating voltage is obtained from output of the inverter to drive the induction motor. Firstly, resistive (R) and
inductive (L) loads are driven. Secondly, three-phase asynchronous motor (ASM) is driven with the low direct voltage. After that, simulation results are
given in order to demonstrate performance and effectiveness of the proposed system.

Keywords: Fuzzy Logic; inverter; microcontroller; PID (proportional—integral—derivative); pulse-width modulation

PID i neizrazito upravljanje trofaznim asinhronim motorom pomocu trofaznog izmjenjivaca slabe istosmjerne struje

Izvorni znanstveni ¢lanak
U ovom se radu opisuje trofazni asinhroni motor pogonjen §iroko usmjerenim sustavom. Tako je za postavljanje sustava potrebno primijeniti matematicki
model pretvaraca (konvertera), modulaciju Sirine sinusnog impulsa za trofazni izmjenjiva¢ i matematicki model trofaznog asinhronog motora. Nakon
postavljanja takvog sustava, fokusiraju se PID i regulatori neizrazite logike kako bi se dobili zadovoljavajuci rezultati, a to su kratko vrijeme smirivanja
brzine rotora, malo harmonijsko i kratko vrijeme smirivanja visefazne struje. Kreirani matemati¢ki modeli primijenjeni su na MATLAB Simulinku.
Napon istosmjerne struje primijenjen je na ulazu pretvaraca. Taj napon je predstavljen obnovljivim izvorom energije koji moze biti solarna energija.
Napon istosmjerne struje je nizi od vr$ne izmjeni¢ne struje. Napon izmjeni¢ne struje postize se iz izlaza izmjenjivaca za pogon indukcijskog motora.
Najprije se pogone rezistivni (R) i induktivni (L) potrosaci. Zatim se pogoni trofazni asinhroni motor (ASM) s istosmjernom strujom niskog napona.
Nakon toga, daju se simulacijski rezultati kako bi se pokazao rad i u¢inkovitost predlozenog sustava.

Kljucéne rijeci: izmjenivac (inverter); mikroregulator; modulacija Sirine impulsa; neizrazita (fuzzy) logika; PID (proporcionalan—integralan—deriviran)

1 Introduction The inverter drives three phase machine after low

Today, agricultural and industrial activities are done
in a wide range area. So, agricultural work in remote areas
of the settlements can be performed. Although those areas
are distant from energy, three-phase motors have to be
used for irrigation operations. Therefore, energy is
needed.

There are damages such as gas emissions and harmful
waste when traditional electricity generation methods are
used in order to provide the energy needs [1]. Solar
energy can be utilized to overcome these damages and get
rid of problems such as lack of power lines.

Low direct voltage is increased after the voltage is
obtained from the solar panel. Then, the direct voltage
must be converted into alternating voltage. Usages of
power electronics circuits to overcome this situation
would be a good choice. For example, inverters are
equipment for motor drivers, in computer systems.
Therefore, the inverters are widely used for asynchronous
machines as power electronic circuits (see [1+3]). Three-
phase inverter controlled by using pulse width modulation
technique is a common practice in [4] and [5]. However,
parameters of asynchronous machines depend on the
frequency and operation conditions while asynchronous
machines are running. Therefore, these parameters show
changes on time. It is difficult to achieve a good working
performance on fixed source. To overcome such causes,
proposed PWM signals are produced by comparing
signals of three sinus and two triangles which have
different sizes. Then, PID and fuzzy controllers are
applied to the PWM signals in [6] and [7].

direct voltage is increased to high direct voltage with
boost converter. So, system presented in the paper is
different from previous studies (see [8, 9]).

The direct voltage is converted to alternating voltage
with inverter. Then, three phases of alternating voltage
obtained by the inverter are applied to asynchronous
machine, resistive (R) and inductive (L) loads at the
MATLAB Simulink. There are some articles focusing on
PID control and fuzzy logic control systems for inverter
circuit [10+15]. Fuzzy controller is a non-linear controller
that cannot require mathematical model for design
although mathematical model of PID controller must be
formed for design. Therefore, it provides convenience for
the control of complex systems. Because of this reason,
fuzzy logic controller is used for the described system in
the study. While the system is performed, uncontrolled
system is compared to fuzzy logic controlling system and
PID controlling system at the MATLAB Simulink.
Obtained results of the fuzzy logic controlling system and
PID controlling system are more satisfactory than results
of uncontrolled system. When fuzzy controlling system is
compared to PID controlling and uncontrolled systems, it
gives optimal results.

2 Fuzzy-controlling three-phase inverter fed by DC
converter circuit

The block diagram of system used in this work is
given in Fig. 1. DC-DC boost converter is used for three
phase inverter input. So, the study is different from other
studies (see [16+18]).
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Figure 1 Fuzzy controlling three-phase inverter is running induction motor at the MATLAB Simulink

2.1 Boost converter circuit design

The boost converter is used so that 100 V can be
increased to 380 V as in Fig. 2 (see [16, 17]). Firstly, the
converter circuit mathematical model is demonstrated for
the relationship between equations of input and output
voltages. In the equations, V, is input voltage, Vy is
inductance voltage, and 7 is inductance current, R is
resistive load, C is capacitor for converter output voltage
and D is duty time for switches.

T

S10k M
Diode
. =
—— Tde S c - R E

Figure 2 Boost converter circuit model

General equations of the converter are calculated as
given below.

T A 7
dip _Tee )
dr L
V-

]min_]max: I (l_D)T’ (8)
v, -V 14

£ °(LJ»T=—7§01 9)
v Ve (10)
¢ 1-D

The equations of inductance current and output
voltage have to be formed as x = Ax + Bu for state space.

For S =ON

Vg = VL’
iy,
dr

V.
iL :Tg,
y=lz,

C

)
(12)
(13)

(14

Variables obtained in the above equations are shown

Ve =V1, (1 in matrix form as Eq. (15).
di
! i]_[o o)1, | 1A 15)

dip Ve 3) v]7lo o]ty 2l

dr L’ DAgn C

7, DBop

Imax_lmin :TDT’ (4) For S =OFF

V,=V, +V,_, 5

L=Vt ®) V=1, 4V, (16)
L=y, -V, (6) di

dr & ¢ 7#L=@—m, (17)
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dL:M (18)
de L’
Ve, V
=5 ¢ 19
=7 (19)
V 1
v=lr1-Zq1, ]2, 20
(1%t} (0)
ZL_LJFI_Z Q1)
C RC C

The equations obtained according to open switch are
expressed in matrix form as Eq. (22).

[é} (1) _% {éHg gnﬂ (22)

C RC (1-D) Bofy

(1-D) Aoff

A and B are created to form a common state space
equation which has variables for converter circuit as given
in Eq. (23) and Eq. (24).

A=DA,, +(1-D)A, (23)
B=DB,, +(1-D)B. 24)

Finally matrix form is given as Eq. (25).

1 D
[ J— = 0

A=(D-1) L p=|L Ol 25)
—_—— o — 0 p—
C RC C

2.2 Three phase inverter circuit

The study has described the converter which
increases low direct voltage. Asynchronous machine and
R, L loads are run with direct voltage obtained from
output of converter. Therefore, the direct voltage has to be
converted into alternating voltage. The results of the
works done show that the use of switching function
content inverter model has provided understanding of
mode of operation system and improving system
running in [4] and [5]. Therefore, the three-phase inverter
is used for converting alternating voltage in the study.
Three-phase inverter circuit has six MOSFET.

l ! |

st\szh s3|8 S5/

sz@ S4 s@ s6| &
1 1 1

Figure 3 Three phase inverter

These MOSFETs are operated in different groups six
times in succession. Therefore, sinus waves are created
with 60° operating angles of MOSFETs. Then,
mathematical model of inverter is designed for R, L loads.
The three-phase voltage inverter system is showed in Fig.
3. The internal resistance of the system is seen as R,, R},
and R.. L,, L, and L, are the inductances. Every phase of
the inverter has R and L. i, #, and i, are the phase currents
of the inverter loads. Phase voltages and line voltages are
created after three phase inverter is run for 360°.

The switching position of three-phase voltage source
inverter system is showed in Tab. 1

Tablel Switching position

Degree S--ON S--OFF
0+60 S1, S3, S6 S2, 54, S5
60+120 S2, S3, S6 S1, S4, S5
120+180 S2, 83,85 S1, S4, S6
180+240 S2, 84, S5 S1, S3, S6
240+300 S1, S4, S5 S2, S3, S6
300+360 S1, S4, S6 S2, 83, S5

Three phase sinus waves are compared to two
different triangle signals for PWM s which operate switch
group with difference of degree on phase. Comparison of
triangular signal and sinus signals for PWM are showed
in Fig. 4.

2
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'
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Figure 4 Comparison of triangular signal and sinus signals for PWM

After comparison of signals, PWMs are produced as
given in Fig. 5.

If mathematical equations are formed for 0+60 degree
switching time, S1-S3-S6 are ON and S2-S4-S5 are OFF.
When mathematical equations are formed for 0-120
degree switching time, S2-S3-S6 are ON and S1-S4-S5
are OFF. Differential equation is created by the current
and voltage equations as Eq. (26).

i |14
(Z; L, +i,R, =V, =V, = %(ﬁ} (26)

If mathematical equations are formed for 60-120
degree switching time, S2-S3-S6 are ON and S1-S4-S5
are OFF. If mathematical equations are formed for 120-
180 degree switching time, S2-S3-S5 are ON and S1-S4-
S6 are OFF. Differential equation is obtained by using the
current and voltage equations as given in Eq. (27).
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Figure 5 (a) PWM for S1, (b) PWM for S2, (c) S3 for PWM, (b) PWM
for S4, (e) PWM for S5, (f) PWM for S6

If mathematical equations are formed for 120-180
degree switching time, S1-S4-S5 are ON and S2-S3-S6
are OFF. If mathematical equations are formed for 180-
240 degree switching time, S1-S4-S6 are ON and S2-S3-
S5 are OFF. Differential equation is created by using the
current and voltage equations as given Eq. (28)

”
(ZCL+R V—E[ g}

3\1-D
(28)

Matrix form is created by Eq. (26), Eq. (27), and Eq.
(28) as Eq. (29).
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Figure 6 Phase to phase voltages of DC converter connected three phase
inverter

After running system at the MATLAB Simulink,
alternating voltages of loads are obtained as shown in Fig.
6. Alternating currents of loads are obtained as shown in
Fig. 7.
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Figure 7 Three phase R, L load currents

2.3 Induction motor

In section 2, steady state equations of the inverter
with R, L loads have been established for star connected
and balanced loads. In addition, MATLAB Simulink
using mathematical model of induction motor is
established. So, these mathematical models are
constructed with considering alpha axis and beta axis
representing the equivalent circuits. Alpha axis
representing the equivalent circuit is given as in Fig. 8.
Beta axis representing the equivalent circuit is given as
Fig. 9.

Ry Ly R, w ¥ L,
+ L W +@‘“ s
. i
iy ra
u
4 % Iy U

Figure 8 Alpha-axis equivalent circuit of induction motor
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Figure 9 Beta-axis equivalent circuit of induction motor

R is stator resistance, Ly, is magnetizing inductance,
L, is stator inductance, R, is rotor resistance, L, is rotor
inductance, J is load inertia coefficient, 7, is
electromagnetic torque, 7; is mechanical shaft torque, W,
is angular velocity of the rotor, W; is electrical angular
velocity, B is load viscous friction coefficient, p is the
number of pole pairs. ¥, is stator alpha flux, ¥, is stator
beta flux, ¥, is rotor alpha flux, ¥y, is rotor beta flux, ug,
is alpha axis stator voltage, ug, is beta axis stator voltage,
u, is alpha axis rotor voltage, uy is beta axis rotor
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voltage, iy, is stator beta current, i, is stator alpha current,
irp is rotor beta current and i, is rotor alpha current.

When equations of the stator flux and the rotor flux
are generated for the alpha and beta axes, the following
equations are obtained.

Vo =L + Lyl (30)
Yo =Ly +Loi, (31)
Va = Lo, + Loig,, 32)
Yo =Ly + Lyig, (33)

When equations of the stator voltage and the rotor
voltage are generated for the alpha axis and the beta axis,
the following equations are obtained.

) d

U = Rslsa +E¥/sa9 (34)
. d

sb — Rsls Eyjsb’ (35)
) d

U, =R +55"ra +w¥, (36)
. d

Uy = errb +E¥/rb -w yIra' (37)

The equation of the stator alpha-axis current is
formed as Eq. (41).

u., =R i i +dLm‘l’ra_densa (38)

sa Ss"sa d s¥sa d[ Lr dt Lr >
o, d. L) d Ly

usa = Rslsa d ( L J dt n}/ o 9 (39)
LL —I2 LY

ug, =R, + d S Tmogp +iM, (40)

dr LL, dt L
ug, —iavm L — R, L iisa. (41)
Tode L, O'L dt

The equation of the beta-axis stator current is formed
as Eq. (45).

d gjrb B Lmisb

ood
ug, = Ryig, +Elesb +E m L—’ (42)
2.
gy = Riiyy +- i+ Lnro 4 Ll 43)
Tatt Ty L a1
LL I’ L
Rsl d ST m LS d __m~ 1o rb , (44)
d L.L, dt L.
d L, 1 d
ugy — S g | — = 45
(Sb dt L SSbJo—Ls dr *® 43)
_ 72
Lot (46)
L,

Torque equations are given as follows:

3 .. ..
Tc = EPLm (lsblra _lsalrb)n (47)
dw
=1.-T, —Bw,, 48
dl L m ( )
E . (49)
p

PID control is done in order to get a better result from
the system. Differential expression of the PID controller
equation is Eq. (50). Laplace expression of the PID
controller equation is Eq. (51). Where: K, is proportional
gain, K; is integral gain and K is derivation gain.

u(t) = K et + K, j e()dt + K, %, (50)
, K. s*+K s+K,

Kp+£+de:#. (51)
S S

After the system of PID control, applications of fuzzy
logic controlling circuits have been reported for several
researchers as in [12] and [13]. So, fuzzy controller is
designed to get better results in the study. Some logical
condition must be understood to design a fuzzy logic
controller. du is generated from input values of the control
error (e) and change of control error (de).

The error (e) is obtained from reference signal r(k)
and output signal y(k). The equation of error is given in
Eq. (52). Change of error is the difference between two
errors in succession. The error of change is as in Eq. (53).
Three or five triangles can be used if the fuzzy logic
membership will be created. N is Negative, Z is zero, P is
positive can be defined from the membership of three
triangles. NB is negative big, NS is negative small, Z:
zero, PS: positive small, PB: positive big can be defined
for the membership of five triangles. Interaction results in
the formation of the membership create the output values
of (du) which are shown in Tab. 2 and in Tab. 3.

e(k) =r(k) = y(k), (52)
de(k) = e(k) —e(k -1). (53)
Table 2 Three section fuzzy rule decision table

(de)
N Z P
N N N N
(e) Z N Z P
P P P P
(du)

Table 3 Five section fuzzy rule decision table
(de)
NB NS 77 PS PB
PB 77 PS PS PB PB
PS NS 77 PS PS PB
(e)| 2Z NS NS 77 PS PS
NS NB NS NS 77 PS
NB NB NB NS NS 77
(du)

If the error (k—1) value as seen in Fig. 12 is larger
than error value k, error is a positive value. Therefore, the
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change of error (de) moves to reduce in negative Interactions of rules are given on three section fuzzy
direction. If error is (k+a) as given in Fig. 12, the error is rule decision values as given in Tab. 2. Interactions of
negative for reference value. The error increases in rules are given on five section fuzzy rule decision values
negative direction as maximum. as given in Tab. 3.

Rulel

Ruls2
Fule3
max COA
Defuzzification
Rulef
Eule3 4\
% H ()

du

EEEEEEE:

Rulet

Eule?

Fule8

NE Cutd

NS Outz

double

In1 DataConw

Qutz

Cutd

Quts

double

DataConw

In1

Figure 11 Values of de and e intersection for du at the MATLAB Simulink
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Defuzzification operation is performed as in the
following Eq. (54).

) 8921:314ﬂRi (dug)(R)) 54
dup (k) =222 . 5
) Z?:l Hi(uVy)

Fuzzy control unit of system has position of triangle
membership for output (du) at the MATLAB Simulink as
in Fig. 10. Interaction of rules between (de) and (e) for du
are shown as in Fig. 11. Finally, fuzzy controlling three-
phase inverter fed by dc converter circuit is run induction
motor at the MATLAB Simulink as shown in Fig. 1.
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Figure 12 Error and change of error at the signal

2.4 Experimental results for induction motor

Rotor speed of PID controlling system is 1720 rpm
for 0,5 s while rotor speed of uncontrolled system is 1720
rpm at 0,6 s. Rotor speed of fuzzy logic controlling
system is 1720 rpm for 0,3 s. Therefore, accelerating time
and rotor speed settling time of fuzzy controlling machine
are shorter than settling time of PID controlling machine
and settling time of uncontrolled machine. Rotor speed
settling time of PID controlling system is shorter than
rotor speed settling time of uncontrolled system. These
results are shown as in Fig. 13.
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Figure 13 Rotor speeds of three phase asynchronous machine (ASM)

Torque settling of fuzzy controlling machine is
shorter than torque settling of PID controlling machine
and torque settling of uncontrolled machine on time.
Fuzzy controlling machine has lower distortion than PID
controlling machine and uncontrolled machine for torques
which are shown as in Fig. 14.
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Figure 14 Rotor torque of three phase asynchronous machine (ASM)
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Figure 15 Rotor currents of three phases ASM
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Figure 16 Stator currents of three phase asynchronous machine

Settling time of rotor current is 0,3 s. for fuzzy logic
controlling machine while rotor current settling time of

PID controlling machine is 0,4 s. Rotor current settling
time of Fuzzy controlling machine is shorter than current
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settling times of PID controlling and uncontrolled
machines. These currents are shown as in Fig.15.

Stator current settling time of Fuzzy controlling
machine is shorter than current settling time of PID
controlling and current settling time of uncontrolled
machines. These currents are shown as in Fig. 16.

According to experimental results, harmonic
distortion of stator current is 1,1 % as shown in Fig. 17.

Fundamental (50Hz), THD=1.1%

Mag{%of Fundamental)

= =

0 5 10 15 a0

Hartnonic order
Figure 17 Stator currents harmonic distortion

3 Conclusion

In this study, a three phase asynchronous machine
driven by a broad-based system is described. Direct
voltage is applied to input of converter. The direct
voltage is lower than the peak of the alternating voltage.
The voltage obtained from output of the inverter runs the
induction motor by using fuzzy controller and PID
controller. Results of fuzzy logic controlling machine are
compared to results of the uncontrolled system and PID
system. Then more satisfactory results are observed from
fuzzy logic controlling machine. Accelerating time and
rotor speed settling time of fuzzy controlling machine are
shorter than settling time of PID controlling machine and
settling time of uncontrolled machine. PID control settling
time is shorter than uncontrolled settling time.

Fuzzy logic controlling system has a low harmonic
distortion which is given in Fig. 16. According to
observed results, system has been successfully
implemented. So, satisfactory results are obtained in the
study.

4 References

[1] Jung, J.; Nam, K. A dynamic decoupling control scheme for
high-speed operation of induction motors. // IEEE
Transactions on Industrial Electronics. 46, 1(1999), pp.
100-110. DOI: 10.1109/41.744397

[2] Larsson T.; Edris, A.; Kidd, D.; Aboytes, F. Eagle Pass
Back-to-Back Tie: A Dual Purpose Application of Voltage
Source Converter Technology. / EEE Power Engineering
Society Summer Meeting. 3, (July 2001), pp. 1686-1691.
DOI: 10.1109/PESS.2001.970329

[3] Rashid, M. H. Power electronics: circuits, devices and
applications. // (Prentice Hall, Englewood Cliffs, NJ, USA,
1993, 2™ ed.).

[4] Cheng, C.-H. Design of output filter for inverters using
fuzzy logic. // Expert Systems with  Applications. 38,
7(2011), pp. 8639-8647. DOI: 10.1016/j.eswa.2011.01.069

[5] Carrasco, J. M.; Franquelo, L. C.; Bialasiewicz, J. T.;
Galvan, E.; Guisado, R. C. P.; Prats, M. A. M.; Ledn, J. L;

Moreno-Alfonzo, N. Power-electronic system for the grid
integration of renewable energy sources: A survey. / IEEE
Trans. Ind.  Electron. 53, 4(2006), pp. 1002-1016. DOI:
10.1109/TIE.2006.878356

[6] Su, G. J. Pulse-Width-Modulation Schemes for an
Integrated Traction and Compressor Drive System. // 21st
Applied Power Electronics Conference and Exposition
(APEC'06), vol. 2, (March 19-23, 2006), pp. 640-645. DOI:
10.1109/apec.2006.1620606

[7]1 Salazar, L.; Joos, G. PSPICE simulation of three-phase
inverters by means of switching functions. / IEEE Trans
Power Electron. 9, (Jan. 1994), pp. 35-42. DOl
10.1109/63.285491

[8] Elmas, C.; Deperlioglu, O.; Sayan, H. H. Adaptive fuzzy
logic controller for DC-DC converters. // Expert Systems
with Applications. 36, (2009), pp. 1540-1548. DOI:
10.1016/j.eswa.2007.11.029

[91] Runghimmawan, T. Design and Implementation Multilevel
Inverter for 3 phase Induction Motor Speed Control with
RBM Chopper Technique embedded on FPGA. // Power
System Technology, PowerCon 2006.

[10] Sarhan H.; Issa, R. Improving Mechanical Characteristics
of Inverter-induction Motor Drive System. // Proceedings
of American Journal of Applied Sciences. 3, 8(2006), pp.
1961-1966. DOI: 10.3844/ajassp.2006.1961.1966

[11] Enjeti, P. N.; Ziogas, P. D. Analysis of a static power
converter under unbalance: A novel approach. // IEEE
Trans. Ind. Electron. Vol. 37, (Feb. 1990), pp. 91-93. DOI:
10.1109/41.45849

[12] He, Y.; Luo, F. L. Study of sliding mode control for DC-
DC converters. // PowerCon 2004, vol. 2, 2004, pp. 1969-
1974.

[13] Lin, B.-R. Analysis of Fuzzy Inverter Control. // European
Trans. Electrical Power. 5, 4(1995), pp. 235-246. DOI:
10.1002/etep.4450050403

[14] Duan, S.-X.; Kang, Y.; Chen, J. An Algorithm for the
Output Waveform Compensation of SPWM Based on
Fuzzy-Repetitive Control. // Journal Electrical Eng. 55,
(2005), pp. 64-70.

[15] Bay, O. F.; Elmas, C. Modeling of the Inductance Variation
and Control of the Switched Reluctance Motor Based on
Fuzzy Logic. // Intelligent Automation & Soft Computing.
10, 3(2004), pp- 233-246. DOl
10.1080/10798587.2004.10642880

[16] Husodo, B. Y.; Ayob, S. M. Simulation of Modified Simple
Boost Control for Z-Source Inverter. // International Journal
of Automation and Power Engineering. 2, 4(2013), pp. 57-
64.

[17] Oshaba, A. S.; Ali, E. S. Swarming Speed Control for DC
Permanent Magnet Motor Drive via Pulse width
Modulation Technique and DC-DC Converter. // Research
Journal of Applied Sciences, Engineering and Technology.
5, 18(2013), pp. 4576-4583.

[18] Dubey, S.; Srivastava, S. K. Speed Control of DC Motor
Using Fuzzy Logic Controller. // IJBSTR. 1, 7(2013), pp.
34-38.

Authors' addresses

Dr. Erol Can

Erzincan University, Vocational High School,
Electronic and Automation Department,
Erzincan, Turkey

E-mail: can_e@hotmail.com

H. Hiiseyin Sayan

Gazi University, Faculty of Technology,

Department of Electrical and Electronics Engineering,
Ankara, Turkey

E-mail: hsayan@gazi.edu.tr

760

Technical Gazette 23, 3(2016), 753-760



	1 Introduction


<<

  /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 [595.276 841.890]

>> setpagedevice



