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Abstract

This paper deals with control input blending
problem for vehicle system with tail-fin control
surface and reaction jet. Two blending methods
previously studied, Daisy-Chain Method and
Pseudo-Inverse Method, have pros and cons
contradicting with those of each other. With
Daisy-Chain Method, reaction jet thrust is not
required at steady-state, but its magnitude is
immoderately large at transient state. In
Pseudo-Inverse Method case, reaction jet thrust
command is able to be designed small, but
reaction jet thrust is non-zero at steady-state,
resulting in permanent fuel consumption.
Control Effectiveness Shaping Method is the
blending logic proposed in this paper to solve
the problems of those two methods. This method
is designed from Pseudo-Inverse Method for
small magnitude of reaction jet thrust at
transient state, and modified by shaping the
control effectiveness not to use this control input
at steady-state. Simulations are conducted to
verify the performance and the characteristics
of proposed Control Effectiveness Shaping
Method.

1 Introduction

For tail-fin controlled vehicle, as angle-of-
attack gets higher, larger normal force on the
vehicle is induced. Thus, when high
maneuverability is needed for vehicle, it is
required to make desired high angle-of-attack in
a short time. This is accomplished with huge
tail-fin deflection angle command and large
slew rate to follow that command rapidly. In the

case of vehicle at high altitude, since the control
effectiveness of tail-fin deflection angle is small
due to low air density, more immoderate control
input command is demanded. However, tail-fin
deflection angle has actuator limits, like
deflection angle limit and slew rate limit, it
cannot match the excessive input command
derived by the autopilot system.

In order to compensate this degeneration of
tail-fin deflection angle, reaction jet is
introduced[1-4]. When reaction jet is equipped
at the distant point from the center of mass, it
exerts moment on the vehicle, reducing
unacceptable burden on tail-fin. But, reaction jet
thrust also has actuator limits, and it consumes
much larger amount of fuel, which is finite, than
tail-fin actuator. Thus, it is necessary to blend
those two control inputs properly.

There are two ways of blending control
inputs. One is designing autopilot system to
define control input commands for both
actuators, meaning that blending principle is
integrated with autopilot system. In Di Zhou’s
method[5], two control inputs at steady state are
defined to cancel the effect of them on the
normal acceleration of vehicle. From this
definition, the dynamics of the desired body
angle rate is determined as the function of the
normal acceleration and its derivative. The
autopilot is designed by applying feedback
linearization method to track this body angle
rate command. Two control input commands are
derived automatically by the autopilot system,
but the reaction jet thrust is required at steady
state, resulting in the fuel consumption over the
total capacity.
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The other way 1is designing autopilot
system for one control input first, and dividing
the control input command generated by the
autopilot into control input commands of two
actuators[6][7]. In this case, blending logics are
separated from autopilot system, so it is able to
apply any control law producing tail-fin
deflection angle command. One blending logic
is called Daisy-Chain Method, using the tail-fin
deflection angle as the prior control input and
the reaction jet input is activated only when the
tail-fin actuator is saturated. This method has a
merit in fuel saving because reaction jet thrust is
not needed at steady-state, but its magnitude is
overly large at transient state. Another one,
Pseudo-Inverse Method, allocates the control
input commands to minimize the cost function,

which involves the priority of each control input.

With this method, reaction jet thrust is small at
transient state, but it is required at steady-state.

Control Effectiveness Shaping Method is
suggested in this paper to solve the problems of
Daisy-Chain Method and Pseudo-Inverse
Method. The basic structure of this method is
similar to that of Pseudo-Inverse Method. This
enables to design the reaction jet input
command at transient state to be small. To
immoderate fuel consumption problem, the
control effectiveness of reaction jet input is
modified to converge to zero at steady-state by
introducing shaping function. This modified
control effectiveness is utilized for the control
input allocation, and the resultant reaction jet
thrust also goes to zero, showing the advantage
in fuel consumption.

The contents of this paper are as follows.
Section 2 deals with the vehicle angle-of-attack
autopilot design. Three blending logics, Daisy-
Chain Method, Pseudo-Inverse Method, and
Control Effectiveness Shaping Method, are
explained in Section 3. Numerical simulations
are performed in Section 4. Section 5 addresses
the overall conclusion.

2 Vehicle Autopilot Design

The blending logics dealt with in this paper
are separated from the autopilot. They divide
the tail-fin deflection angle command into
proper tail-fin deflection angle command and

reaction jet command. Thus, the autopilot is
designed from the dynamic system only with
tail-fin deflection angle and integrated with the
blending logic in order to be applied to the
vehicle system with tail-fin and reaction jet. The
autopilot system is designed by applying
backstepping control law. The longitudinal
dynamic equations of vehicle with tail-fins and
reaction jets are given as,

. OS : 1 .
a _W(CZ“’ cosa+C, sma)—W]; sina +q
+@CZ_ cosa5+LcosaTz
my % mV
q':Q_SY Cm +Cm L q +Q_S1Cm~5_l_TTz
[ZZ ‘ ! 2V IZZ ()q IZZ

(1

where the meanings of state variables and
parameters in Eq.(1) are defined as below.

: angle-of-attack

: pitch angle rate

: dynamic pressure

: reference area

: reference length

: mass

: velocity

: moment of inertia in z-axis

WY NS T LR R

N

~

~

. distance between center of mass and
reaction jet

: thrust in axial direction

: tail-fin deflection angle

: reaction jet thrust

aNw N

: aerodynamic coefficient

Since the tail-fin is considered as the only
control input for autopilot design, the effects of
the reaction jets are neglected as follows.
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Eq.(2) is expressed in simpler form by
redefining variables.
X =f+x,+hu

3)

X, =f,+hu
where

X, =a X,=q u=0

0S

. 1 .
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4
In Eq.(3), since the effect of the term related to

the control input on the angle-of-attack is much
smaller than that of the pitch angle rate,

meaning that |hu|<< |x2 , hu can be ignored.

Thus, the longitudinal dynamic equations of
vehicle can be expressed in a strictly feedback
form.

X, =f +x,
X, =f,+hu

©)

New state variables are defined to apply
backstepping control law.

zZ,E2x—x
1= M M4
(6)
2y =Xy Xy
where x,, and x,, are the desired values of x,
and x,. In order to obtain x,,, which makes z,

converge to zero in finite time, a Lyapunov
candidate function of z, is defined.

1
4 25212 (7

By taking a time derivative of Eq.(7), a
Lyapunov stability condition is constructed.

Vi=z(f,+x,-%,)<0 (8)

From Eq.(8), x,, 1s derived as follows.

X, =—fi+x,—Kz Sfor K, >0 (9)

The Lyapunov candidate function of z, and z,
is defined in order to get proper u .

1 1
V225212+5222 (10)
A Lyapunov stability condition is derived from
the time derivative of Eq.(10).

v, =z,(z,-K\z)+z,(fs +hu—%,,) <0
(11)

Thus, the tail-fin deflection angle command u
is defined from Eq.(11) as below.

u:hi(—f2+)'c2d—zl—Kzz2) for K, >0

2

(12)

3 Blending Logic

Since the autopilot control input command

0,, defined in Section 2 is tail-fin deflection

angle only, it is required to apply a blending
logic which divide this control input into two
control inputs, tail-fin deflection angle and
reaction jet thrust, properly. But, those two
control inputs has different dimensions, where
one is angle and the other is force, so it is
difficult to apply blending logic to a tail-fin
control input signal derived from the autopilot.
To overcome this problem, the autopilot control
input command is normalized using control
effectiveness first, and then blending logic is
applied to this normalized input command with
the consideration on control effectivenesses of
two control inputs. In Section 2, the autopilot
control input command is designed for tracking
desired pitch angle rate, generated to follow the
angle-of-attack command. Thus, the control
effectiveness of control inputs are defined from
the pitch angle rate dynamics in Eq.(1).

oSl l
B§:1_zz m, Bg=—i (13)

where B; and B, are control effectiveness of
tail-fin deflection angle and reaction jet thrust.
3
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From Eq.(13), a normalized input command is
defined as

V=84, (14)

Control input vector is defined from two control

inputs.
u= 0 15
T (15)

z

The relationship between the normalized input
command and the control input vector is set up
from Eq.(14) and Eq.(15) as

(B, B, Ju=v (16)

Thus, the control input blending problem is
defined as finding the proper control input
commands which satisfies Eq.(16).

Each control input has its own actuator
limits, and those actuator limits should be
considered when defining the control input
command to avoid actuator saturations and get
better performance. The actuator limits of the
vehicle system, deflection angle limits and slew
rate limits of tail-fin and thrust limits of reaction
jet, are described as follows.

5min < 5 < 5max
S <6<d (17)
l,min < T; < ]’z,max
3.1 Daisy-Chain Method
In Daisy-Chain Method, the tail-fin

deflection angle is used as primary control input.

However, when tail-fin actuator is saturated by
the actuator limits defined in Eq.(17), the actual
tail-fin deflection angle cannot track the
autopilot control input command. Thus, the tail-
fin deflection angle command should be
designed with considering the actuator limits.
The actual limit of the tail-fin deflection angle
which can be accomplished during the sampling
time A¢ is determined not only by the tail-fin
deflection angle limit but also by the slew rate
limit. So, new tail-fin deflection angle limits
considering the slew rate limits are defined as

5max =min (5max s

5+A6,,, )

— (18)
0., =max (5

min ?

S+AL6,, )

From Eq.(18), in Daisy-Chain Method case, tail-
fin deflection angle command o, is bounded as

below.
5, <6<3 . (19)

The difference between the autopilot control
input command J,, and the tail-fin deflection

angle command o, is calculated as follows.
A6 =0,,-0, (20)

This control input command loss AJ is
compensated by the reaction jet thrust in this
method. From Eq.(15), Eq.(16) and Eq.(20), the
reaction jet thrust command is defined as

T, - [B—] A @)
k) BTZ

The overall Daisy-Chain Method is expressed as
the block diagram in Fig. 1.

A

1)

tot - > -

Limiter
+ -
DM (B_T] T

Fig. 1. Daisy-Chain Method

3.2 Pseudo-Inverse Method

In Pseudo-Inverse Method, a cost function
considered for the blending logic is defined as
follows.

woo0][s
minJ =[5 Tz]{o W}[T} (22)

z

Two weighting functions, W, and W, , are

chosen to define the priority of each control
input. Also, in order to consider the actuator
limits, which show the capability of each

4
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control input, the pseudo-control effectivenesses
are defined.

éé‘ :Bﬁé‘max éTz :B];]—;,max (23)
To reconstruct a control input blending problem
using the pseudo-control effectivenesses in
Eq.(23), the pseudo-control input variable
vector u is defined as follows.

T (24)

T

z,max

With Eq.(23) and Eq.(24), Eq.(16) is rewritten
as

[é{s B, ]ﬁ —v (25)

Thus, in this method, the control input blending
problem is redefined as finding the pseudo-
control input command u, which satisfies

Eq.(25) and minimizes Eq.(22). The solution of
this problem is given as below.

i =W'B’ (ﬁw*fzf )v (26)
where
W, 0 .
W= B=| 3
0

Once u, is obtained as Eq.(26), the actual
control input commands are given from Eq.(24).

0,
[; Hdm T Ji. (28)

z,c

B, | 1)

3.3 Control Effectiveness Shaping Method

In Daisy-Chain Method, the reaction jet
thrust command is designed to compensate the
lack of tail-fin control effect due to its actuator
limits. Thus, the reaction jet thrust is almost not
required during steady-state, when the tail-fin
deflection angle and slew rates are small.
However, since large fin deflection angle and
slew rate are needed during transient state, the
reaction jet thrust command can be excessively

huge level. On the other hand, in Pseudo-
Inverse Method, since the control input
commands are designed based on a cost
function, deriving immoderately large reaction
jet command during transient state is avoided by
defining proper weighting functions in Eq.(22).
But, as shown in Eq.(26), both control inputs are
used simultaneously whenever the autopilot
control input command is non-zero. Since non-
zero autopilot control input command is
required to track the desired angle-of-attack
value during steady-state, the reaction jet thrust
should be used in this stage. This means the
reaction jet thrust, which consumes limited fuel,
should operate all the time in this method.
Control Effectiveness Shaping Method is
designed to overcome weaknesses and have
strengths of previous explained two methods. In
other words, reaction jet thrust command is
designed not to have a large value during
transient state and not to be used during steady-
state.

In Control Effectiveness Shaping Method,
control input commands are determined by
taking account of the cost function given in
Eq.(22) to avoid the excessively large reaction
jet thrust command. Moreover, in order not to
use reaction jet thrust in steady-state, pseudo-
control effectiveness of the reaction jet, given in
Eq.(23), is modified as below.

ETZ (y)zérf/’(y) (29)

The independent variable y in Eq.(29) is the

state variable which is controlled by the
autopilot system and it is angle-of-attack for the
autopilot designed in Section 2. The shaping

function y () is defined to have a value of one
at the initial state and converges to zero as y
reaches to its desired value, y, . In the case that
the initial value of y is zero, functions in
Eq.(30) can be defined as shaping function

v(y).
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Y
vi(y) m
V()= (e =) G0)

oroml]

The graphs of shaping functions in Eq.(30) are
shown in Fig.2.

1
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Fig. 2. Shaping Functions

The next step is redefining the control input
blending problem shown in Eq.(25) by
exchanging the pseudo-control effectiveness of

the reaction jet I§T with the modified pseudo-

control effectiveness EE defined in Eq.(29) as

below.
[195 ETZ]ﬁ=V 31)

The modified pseudo-control input variable
vector u is defined from Eq.(16), Eq.(23) and
Eq.(29) as

u=| ™ (32)

Tz,maxl// (y)

The control input blending problem is defined to
obtain the modified pseudo-control input
command u, that satisfies Eq.(31) and

minimizes cost function given as Eq.(22). The
solution of this blending problem is given as
follows.

u =W 'B (BW'B')v (33)

where

W:FZ ng ﬁ:[é(S ET;](34)

In Eq.(29), due to the property of w(y),
B, (v) is equal to Z§T at the initial state and it

goes to zero as y approaches to y,. This means,

from Eq.(33) and Eq.(34), that the portion of the
reaction jet thrust reduces gradually as y

approaches to y,, and it converges to zero

when the autopilot system is in steady-state.
Thus, the reaction jet thrust is not needed for
angle-of-attack control during steady-state.
Since the modified pseudo-control input
command is obtained as Eq.(33), the control
input commands are determined from Eq.(32) as
below.

0,
{TC }[a;m Ly (v)]0. (39

4 Simulations

Numerical simulations are performed in
this Section to analyze performances and
characteristics of Control Effectiveness Shaping
Method and compare this algorithm with other
methods, Daisy-Chain Method and Pseudo-
Inverse Method. The motion of vehicle is
simulated with six degree-of-freedom dynamic
model. The autopilot gains are designed to be

K, =20 K,=20  (36)

The actuator limits are defined as follows.

o, =30 S, =30
5. =-450"/sec O,  =450/sec (37)
7Tz,min = _2OkN 7-'z,malx = 20kN
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The sampling time is set to be A =0.0002sec.
The weighting function matrix in cost function

fa]?

i

Effectiveness Shaping Method are chosen for
this simulation. 00|

-200 -

for Pseudo-Inverse Method and Control z:z i - |
Effectiveness Shaping Method is - !‘n |
W w, 0] [50 (8) ,azooill ]
= 0 sz = 0 1 % 1ooi ;k |
§ Oi }u ----- r—

Two  shaping  functions for  Control 2 »100—;_ 1

§

i

y -400 - B
Wl (y) =1l-— -500 | | | | | | | | |
yd 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
1 (39) Time (sec)
— —y/¥q -1 il-
v, (y) = —4(6 g ) c¢) Tail-fin Slew Rate
I-e
Simulation results for the angle of attack 5
command ¢, , =10" are presented below. A
[}
oL
TS
1 \'s
12 Iy N e -
~ ; -
10F é | E
N ii
8L i L} Ig 1
)
= il | '155; 7
E | il
— Tail-Fin Only v
) ===-Daisy-Chain ] 207 02 03 04 05 08 07 08 08 1
=-=-=Pseudo-Inverse Time (sec)
------- Control Effective Shaping #1 d ;
0 ] Reaction Jet Thrust
----- Control Effective Shaping #2 )
_20 0‘.1 0.‘2 0.‘3 014 015 0.‘6 017 018 0‘.9 1
Time (sec) 4000
a) Angle-of-attack as00| o
> 3000} )l ' i
> R
° chlj 2500} ."z" 1
B -7
0 -f | g 2000 ‘,‘/ —
Dl QO "™imimimi s e e = ’f‘ B
:l % 1500 - //,
5k i'l 3 X 1000+ 7 1
> I -
v \lI ,4"
o m 500 - '...ﬁnl.fuu ——————————————————————————— 3
10 N [
0O 011 0‘.2 0.‘3 014 015 0‘.6 O.‘7 018 019 1
5l | Time (sec)
e) Reaction Jet Thrust Energy
N Fig. 3. Simulation Results

20 I I I I I I
0 0.1 02 03 04 05 06 07 08 09 1

Time (sec)

b) Tail-fin Deflection Angle



MIN-GUK SEO, CHANG-HUN LEE, MIN-JEA TAHK, JIN-IK LEE, BYOUNG-EUL JUN

Reaction jet thrust energy means the total
amount of reaction jet thrust used and it is
calculated by integrating the absolute value of
reaction jet thrust through the simulation time as
described below.
t
J

From Fig. 3. - a), it is shown that the angle-
of-attack converges to the desired value in finite
time only with tail-fin deflection angle.
However, due to the slew rate limit, the tail-fin
actuator is saturated as observed in Fig. 3 - ¢),
meaning that the slew rate of the tail-fin
actuator is smaller than that required to follow
the control input command. This results in the
degeneration of the autopilot system, and
reaction jet is introduced to solve this problem.

In Daisy-Chain Method case, the tail-fin
slew rate is not saturated as shown in Fig. 3 - c).
Also, from Fig. 3 - d) and e), it is noticed that
the reaction jet thrust is zero and the reaction jet
thrust energy does not grow larger at the steady-
state. But, among all the blending methods used,
the largest magnitude of reaction jet thrust is
required at the transient state, and its maximum
value is 19.29kN as appeared in Fig. 3 - d).

The tail-fin actuator saturation is relieved
by Pseudo-Inverse Method, as shown in Fig. 3 -
¢). From Fig. 3 - d), the maximum magnitude of
the reaction jet thrust is 14.98kN , meaning that
smaller magnitude of thrust is required at the
transient state than Daisy-Chain Method case.
However, as shown in Fig. 3 - d) and e), the
reaction jet thrust is not zero at steady-state,
resulting in the gradual increase of the reaction
jet thrust energy.

In this simulation, two blending logics
based on Control Effectiveness Shaping Method
are used, and they are differed by their own

shaping function, y,(y) and w,(y) given in

Eq.(39). Both blending logics relieved the tail-
fin actuator saturation as observed in Fig. 3 - ¢).
Also, from Fig. 3 - d) and e), Control
Effectiveness Shaping Method is considered to
have the strengths of both blending logics,
Daisy-Chain Method and Pseudo-Inverse
Method. The largest magnitude of the reaction

jet thrust for the blending logic with y,(y) is

T.(7)dr (40)

14.96kN and that for the blending logic with
w, () is 14.95kN , which are almost the same

with that of Pseudo-Inverse Method. This shows
that, compared with Daisy-Chain Method case,
reaction jet thrust with smaller magnitude is
used at the transient state. At the steady-state,
the reaction jet thrust converges to zero and the
reaction jet thrust energy almost does not grow
in both blending logic cases. Moreover, since
the time histories of the reaction jet thrust and
the final values are differed by the shaping
functions used, it is able to shaping the reaction
jet thrust command by designing a proper
shaping function.

5 Conclusion

Control input blending problem for vehicle
system with two control inputs, tail-fin
deflection angle and reaction jet thrust, is
handled in this paper. The autopilot is designed
by applying backstepping control law to the
vehicle dynamics only with tail-fin, and it
generates the tail-fin deflection angle command
to track the desired angle-of-attack value.
Blending logic is designed to divide this
autopilot control input command into two
control input commands properly. Two
previously studied blending logics, Daisy-Chain
Method and Pseudo-Inverse Method, are
introduced. In Daisy-Chain Method, the tail-fin
deflection angle is the prior control input and
the reaction jet input is used when the tail-fin
deflection angle command exceeds the actuator
limit. This method makes the reaction jet thrust
converge to zero at steady-state, but it utilizes
large magnitude of reaction jet thrust at transient
state. Pseudo-Inverse Method defines the
control input commands that minimize the cost
function, whose weighting function matrix
shows the priority of each control input. In this
method, smaller reaction jet thrust is required at
transient state. However, the weakness of this
method is that the reaction jet thrust has non-
zero value at steady-state, resulting in the
continuous  energy consumption. Control
Effectiveness Shaping Method is designed to
have the contrasting strengths of those two
blending logics. This method is modified
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Pseudo-Inverse Method with pseudo-control
effectiveness shaped to converge to zero at
steady-state. As a result, with Control
Effectiveness Shaping Method, the reaction jet
thrust used at transient state is small and it is not
required at steady-state. Numerical simulation
results implies those features of Control
Effectiveness Shaping Method, and the
capability of shaping reaction jet thrust history
with proper shaping function is also shown.

6 Contact Author Email Address
mailto:mjtahk@fdcl kaist.ac.kr

Acknowledgements

This research was supported by Agency for
Defense Development under the contract
UDI110031CD.

References

[1T Choi Y S, Lee H C, and Choi J W. Autopilot Design
for Agile Vehicle with Aerodyanmic Fin and Side
Thruster. SICE 2003 Annual Conference, Fukui,
Japan, Vol. 2, pp. 1476-1481, 2003.

[2] Hirokawa R, Sato K, and Manabe S. Autopilot
Design for a Vehicle with Reaction-Jet Using
Coefficient Diagram Method. AIAA Guidance,
Navigation, and Control Conference, AIAA, Montreal,
Canada, pp. 739-746, 2001.

[3] Wise K A, and Broy D J. Agile Vehicle Dynamics
and Control. AIAA Guidance, Navigation, and
Control Conference, AIAA, San Diego, CA, pp. 441-
449, 1996.

[4] Menon P K, and Iragavarapu V R. Adaptive
Techniques for Multiple Actuator Blending. 4144
Guidance, Navigation, and Control Conference and
Exhibit, AIAA, Boston, MA, 1998.

[5] Zhou D, and Shao C. Dynamics and autopilot design
for endoatmospheric interceptors with dual control
systems. Aerospace Science and Technology, Vol. 13,
No. 6, pp. 291-300, 2009.

[6] Oppenheimer M W, Doman D B, and Bolender M A.
Control Allocation for Over-actuated Systems. /4th
Mediterranean  Conference on  Control and
Automation, Ancona, Italy, 2006.

[71 Lee H C, Choi J] W, Song T L, and Song C H. Agile
Vehicle Autopilot Design via Time-Varying
Eigenvalue  Assignment. 2004 8th  Control,
Automation, Robotics and Vision Conference,
Kunming, China, Vol. 3, pp. 1832-1837, 2004.

Copyright Statement

The authors confirm that they, and/or their company or
organization, hold copyright on all of the original material
included in this paper. The authors also confirm that they
have obtained permission, from the copyright holder of
any third party material included in this paper, to publish
it as part of their paper. The authors confirm that they
give permission, or have obtained permission from the
copyright holder of this paper, for the publication and
distribution of this paper as part of the ICAS 2014
proceedings or as individual off-prints from the
proceedings.




<<
  /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


