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Abstract

Target tracking of an Unmanned Aerial Vehicle
(UAV) is a challenging problem when the UAV
uses only a single vision sensor because the
vision sensor cannot measure range between the
target and the UAV. The problem becomes more
difficult when the target flies in airspace. To
deal with this problem, a measurement model of
the vision sensor based on a specific image
processing technique is proposed. By applying
the proposed model, the unknown range
problem of the vision sensor can be transformed
into the unknown parameter problem which is
related to the size of the target. Nonlinear
adaptive observer is adopted to estimate the
unknown parameter and the states of the target.
Guidance scheme for the target tracking using
the estimation vresult is also proposed.
Numerical simulations are performed to
demonstrate the effectiveness of the proposed
method.

1 Introduction

There have been an amount of studies on UAVs
because UAVs can effectively substitute for the
manned aircraft due to their high potential and
low risk [1]. Surveillance and reconnaissance
are the conventional missions of UAVs, and to
perform these missions successfully, guidance
and control of UAVs are required especially for
autonomous flight. Target tracking is a
representative application among various UAV
applications  for the surveillance and
reconnaissance.

For the target tracking, UAVs should have
sensor system which can provide information of
the target. Recently, vision sensors are widely

used for the sensor system due to their passive
and non-cooperative characteristics [1, 2].
However, a single vision sensor has an
observability problem; it projects a 3-
dimensional object onto a 2-dimensional image
plane, and thus it cannot provide the range
information of the object. In general, this
problem can be solved by adopting an additional
sensor which can measure the range. If a single
vision sensor system solves the observability
problem, then it can reduce overall cost of
UAVs and exploit the characteristics of the
vision sensor.

There are several relevant studies on state
estimation problem using the measurements of
the single vision sensor [3-11]. For a bearing
measurement sensor, the maximization of
determinant or trace of Fisher information
matrix has been studied in the viewpoint of the
optimal trajectory generation [3-5]. However,
these approaches do not include the stability
analysis and are hard to implement because of
high computational load. For a stationary target,
the observability problem can be solved by
moving the position of the sensor [6]. Tracking
a target moving on the ground can be solved by
utilizing the altitude of the UAV [7]. On the
other hand, for the aerial target tracking
problem, the altitude information cannot be
utilized to estimate the states of the target. Thus,
several studies adopted a specific image
processing technique of the vision sensor, and
transformed the unknown range problem into
the unknown parameter problem [8-11] using a
joint state and parameter estimator. Vela et al.
proposed a specific image processing technique
by introducing a subtended angle for range
regulation [8]. Based on the image processing
technique, the aerial target tracking problem can
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be treated using a robust adaptive observer and
the intelligent excitation concept [9-11].
However, the robust adaptive observer is only
applied to the systems whose relative degree is
1, and therefore it cannot be implemented to the
higher relative degree systems [9-10].

Note that the estimation of the target’s
states and parameter using the measurements of
the vision sensor is related to the problem of the
higher relative degree systems. In this study, a
nonlinear adaptive observer is adopted [12-14].
A guidance scheme is proposed for a simplified
nonholonomic UAV model [15, 16]. The
guidance scheme is based on the “perfect
velocity  tracking”  concept [16] and
backstepping approach.

The contributions of this study are
summarized as follows:

1) A state and parameter estimation
problem for a 3-dimensional aerial target
tracking of a UAV is formulated by using a
measurement model of a single vision sensor.

2) A nonlinear adaptive observer is
implemented for the estimation problem.

3) A 3-dimensional guidance scheme is
proposed for a nonholonomic UAV model.

This paper is organized as follows: Section
2 describes the aerial target tracking problem of
a single-vision-based UAV. Section 3 deals with
the unknown parameter estimation problem of
the vision sensor. Section 4 proposes a guidance
scheme for the target tracking. Numerical
simulations are performed in Section 5 to
demonstrate the effectiveness of the proposed
method, and conclusions are made in Section 6.

2 Problem Statements

For the aerial target tracking of a UAV, the
UAYV should estimate the states which include
the position and velocity vectors of the target.
The estimation is usually combined with the
sensor system of the UAV. Using the estimated
states of the target, the UAV can be guided to
track the target.

2.1 Single Vision Sensor and Parameter
Estimation
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Vision sensors are widely used for a UAV
system because of their passive and non-
cooperative characteristics. Vision sensors
project a 3-dimensional object onto a 2-
dimensional image plane, and thus a single
vision sensor cannot measure the distance
between the target and the UAV. Thus,
estimation problem should be solved to obtain
the states of the target.

Let us consider a measurement model of
the single vision sensor as shown in Fig. 1 [15].
In Fig. 1, o, x., and «y, are the measurements

of the sensor, where « is a half of the
subtended angle obtained from image
processing [8], x. and ~, are azimuth and
elevation angles of the target, respectively. Note
that the range / is unknown, which should be
estimated using the measurements.

-
-
-

== «@
P> Target
~ e | N g
\{ XC
~

Fig. 1. Measurement model of a single vision
sensor.

The range / can be expressed as a function
of @ and R as:

R
sin «v

= (1)

where R € R' is also an unknown constant and
positive parameter, which is related to the size
of the target.

The relative position of the target with

respect to the UAV can be obtained in the NED
(North-East-Down) coordinate as follows

s
r=r,—r

r(2)

R . .
=——[cos "y, cos, cos,sinx, —sin~,]
sin

where r, is the position of the target, and r is
the position of the UAV. The relative velocity
2



and acceleration can be
differentiating Eq. (2) as:

obtained by

VAV, -V=RT[a ¥, 7] (3)

ata,—a=R(v+T[d %, 7.]) 4)
where V, and a, are the wvelocity and

acceleration of the target, respectively, V and
a are the velocity and acceleration of the UAV,
respectively, and

€OS7,COSX, COS7Yy,siny, sin<y, cosy,
sin o tan o« sin sin o
T —|_S08 7 siny, €087y, COsX, sinysiny, (5)
sin o tan «v sin « sin «
sin-y, 0 c0s7,
sina tan o sin o
€OS 7y, COS X, 1 1 2 a2 o
- Tt =X
sin o tan"a sIn” «
2 |sinvy_ cosy. .. . . ..
; 28 Xe i, + sin v, sin v, X7,
sin o tan «
COs 7y, siny, 1 I ), .o .o
; +— @ =X, — e
s o {[ tan’a  sin’ oz] } (6)
V= sinvy,siny, .. cosvy,cosx, ..
2 ay, — ax.
+— tan o tan
sina . ..
—sin+y, cos X, X, 7.
sin~y. 1 1 . .
—= Ve {[ +— &2 %2}
sina |{tan"«a  sin” «
2cosy. ..
+.—%04 p
sinatan

For the given R , the relative states can be
constructed, and the corresponding states such
as position and velocity of the target can be
obtained.

Let us define the measurements vector

y=[a x, %]T , the state  vector
x2[a x, 7. @ X, "yc]T , and the parameter
vector Bé%e. Then, the kinematic model in
Egs. (1)-(6) can be represented as follows.
{X = Ax +f(x)+y(x,2)0

v Cx (7

where
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0,, I
A: 3x3 3x3 _ I
l03><3 03><3]’ C [ ¥ 03X3]’
T T
f(x)=07, —(T'v) |,
T T
w(x,a)=|0}, (T 'a) }

To obtain the position and velocity of the target,
x and 0O should be estimated. Now, the
estimation problem can be solved by designing
an appropriate estimator for the system in Eq.

7).

2.2 UAYV Guidance

If the target states are given, UAV can be
guided to track the target. Let us consider the
following velocity equation in the NED
coordinate.

V cos~ycosx
r=V =|Vcosvysiny (8)
—Vsin~y

where V' is the speed, x is the heading angle,
and ~ is the flight path angle of the UAV. Let

us consider following nonholonomic point-mass
UAYV model [15].

V=g(u —siny) 9)
. g

X Veoss (10)
f'yz%(%—cosv) (11)

where g is the gravitational acceleration, and

the control input w2 [u, u, u,| is defined as

the non-dimensional acceleration terms.

In this study, it is assumed that an ideal
autopilot is designed, and therefore the
acceleration terms can be generated. Finally, the
UAV guidance problem is defined as an input
generation problem which can make UAV track
the target.

3 Parameter Estimation



The parameter estimation can be performed by
designing a nonlinear adaptive observer. In this
section, the nonlinear adaptive observer design
and convergence analysis are dealt with.

3.1 Nonlinear Adaptive Observer

Usually, commercial aircraft or military
transport aircraft cruise for most of the flight,
which are considered as the targets of this study.
Hence, the acceleration of the target can be
considered as a disturbance of the system in Eq.

(7). Or, it can be assumed that a, =0 for

simplicity. Then, Eq. (7) can be simplified as:

{X:Ax—l—f(x)—i—\p(x,a)ﬂ (12)
y =Cx

Let us define the estimated state vector as X and

the estimated parameter as 0 . Then, the
following nonlinear adaptive observer can be
designed.

%= AR (%) + w(k,2)0
—[%/\IS‘ +yPyT]CT (Cx—y)
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—Py'C" (Cx—y) (13)

7= [A —%)\IS‘ICTC]V +y(Xx,a)

P=)\P—-2Py'C"CyP

where y and P are time-varying vector and
matrix related to the system of higher order
relative degree, and ) and )\, are positive
constants. f(X) and y(X,a) are function and
matrix using the estimated state vector X . Initial
values of vy and P are set as y(0)=0,, and
P(0)=0

The proposed nonlinear adaptive observer
requires the following assumptions [14].
Assumption 1. The state x, the control a, and
the unknown parameter 0 are bounded.
Assumption 2. The matrix wy(x,a) is
continuous with respect to x and a.
Assumption 3. Functions f(x) and wy(x,a) are
Lipschitz with respect to x.

respectively.

Ix1
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Assumption 4. (Persistent Excitation) The
nonlinear adaptive observer in Eq. (13) satisfies
the following relation for the satisfactory
parameter estimation.

t+T
ol < [ A (MCCr(nar <pl,,

where p, >p, >0 , T is an arbitrary positive

value, and time ¢ is an arbitrary non-negative
value.

Because  a€(0,m/2)  when  the

measurements of the vision sensor are available
and the accelerations of the target and the UAV
are bounded, Assumption 1 is permissible.
Assumptions 2 and 3 are also permissible if a is

bounded because det(T)=cos~, / (sin3 atan a)

= (0 and corresponding partial derivatives are
also bounded. Assumption 4 is a necessary
condition for the estimation of the unknown
parameter 0 . If Assumption 4 is true, then x
and 0 in Eq. (12) are observable.

3.2 Convergence Analysis

Let us define relative state vectors
$2%-x , 020-0 , f2fR)—-f(x) ,
¥ 2 y(X,a)—y(x,a), and a parameter-filtered

state vector N2 X—vy0 [12-14]. . Consider the
following Lyapunov candidate functions.

E £7q'Sy (14)
E,20'P'0 (15)

where S is a symmetric positive definite matrix
that satisfies the following equation.

ATS+SA—\C'C=-)\S (16)

Note from Eq. (16) that A—%)\ISICTC is

Hurwitz. Since y is bounded for a bounded
y(X,a), the following inequality satisfies.

<1< nl-+ o] (17)

Then, the following relations are obtained by
using Eq. (17) and Assumption 3,



[£] < a ] < a, ] +a o] (18)
[90] < a %] < a [ln] + a, 6] (19)

where a,, a,, a,, and a, are positive constants.

The matrix P is also bounded under
Assumption 4 [14]. Therefore, the following
inequality can be obtained by differentiating Eq.
(14) with respect to time and substituting Egs.
(12)-(13) into the resulting equation.

E =q'Sn+n'Sh
:(i—?ﬁ—yé)r sn+nfs(§—76—v§)
= —An"Sn+2n"Sf +2n"Sy0
< =An'Sn+2[lS]|f] + 2 mlIs]lwo] 20)
<=An'Sn+2(¢, +a) ] S]]
+2(a; +a) ] s]]o]

< _)‘1E1 + blEl + bz \/El\/E_z

Similar to Eq. (20), the following inequality can
be obtained.

E,=-)\0"P'0—21/C"Cy0
< _)‘zEz + b3 \/E\/ET

Now, let us consider another Lyapunov
candidate function consisting of Eqs. (14) and

(15).
E,£E +E, (22)

21)

The time derivative of Eq. (22) can be obtained
as:

E, =E+E,
S—ME +E +¢ \/fl\/ E, = \E, (23)

<— (2L =) &, VEVE,

By selecting the gains ) and )\, such that
A>¢ and 2\ (N —¢)>c, , it can be

concluded that the errors on n and 0 converge

to zeros according to Lyapunov stability
theorem [17].
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4 Guidance for Aerial Target Tracking

Using the results of the nonlinear adaptive
observer proposed in Section 3, ¥, and VT can

be obtained for Egs. (2)-(3). In this section, the
UAYV guidance law is designed.

4.1 Guidance Command Generation

To track the aerial target, the UAV is required
to maintain a certain distance with respect to the
target. Let us consider a reference position of
the UAV located from the target by a constant
offset A£[p 4, A3]T .

position of the UAV can be represented as:

Then, the reference

rl‘ é[xr yr ZV]T

(24)
=17 +C(_XT=3)C<_7T>2>A

where x, and <, are the components of V,,
and C(-,-) are the following Euler’s rotation

matrices.

cosy 0 —sinvy
C(v.2)=| 0 1 0 (25)
siny 0 cosvy

cosy siny O
C(x,3)=|-sinx cosx O (26)
0 0 1

By tracking the reference trajectory, the UAV
can track the aerial target without collision.

Note that the reference trajectory of the
UAV is a time-varying vector. The error vector
using r, and Yy, is defined as:

e X, —Xx
e|2C(x.3)|y, — 27)
e, z, —z

where X, i1s a component of V_ obtained by
differentiating r. . The configuration of Eq. (27)
is shown in Fig. 2.



Local frame of
reference states

X =™

local~"
-

X ( N) d Refere:lce states
of UAV (xr’yr )

Reference trajectory

Y (E) of UAV
Z(D)
Fig. 2. Geometry of reference states tracking

By differentiating Eq. (27), the following
equation can be obtained.

& [0 % Oa] [V cosy,
él=|—x, 0 Ole,|+ 0
é, 0 0 Olle| |-V, sin,

(28)
V cosycos(x, —X)

—|—=V cos~ysin(x, —x)
—V'sin~y

Consider a situation that Eq. (28) satisfies the
following desired dynamics.

é —k X 0 |le
==X, —k 0 |l (29)
é 0 0 —klle

where k,, k,, and k; are positive constants.

Then, the errors converge to zeros due to the
desired dynamics. Let us define a command set

(V.,X,.7.) satisfying the desired dynamics, and

substitute (V,x,7) to (¥,,x,,7.) . Then, the
following equation is obtained.
Vcosy, | [V.cosy,cos(x, —x)| [k
0 —| =V, cosy, sin(x, — x.)| = —|k,e,
—V, sinvy, —V.siny, kye,
(30)

Each component of the command set can be
calculated as:
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- (Vr cosy, +ke )2 + (kzez )2 31)
“ +(_Vr siny, + kse, )2

ke
=x+tan | —22 32
Xe =X V cosy, +he (32)
. V.sinvy, —k
7y, =sin' | L—1r 33 Sm?/’ 3% (33)

where V, is the speed command, x, is the
heading angle command, and v, is the flight

path angle command of the command set. Note
that these commands include forms of the
position error terms.

4.2 Command Tracking Control

For the given speed, heading angle, and flight
path angle commands, the control input in Egs.
(9)-(11) can be designed as:

sierVc—kV(V—Vc)
g
Veosy(x.—k (x—x.
. Y%~k (x—x)) G
g
V(3. —k (1 =7)
cosy+
g

where £, , kx , and kh(, are positive constants.
The input in Eq. (34) is a PD (Proportional-
Derivative) type control input, and therefore the
stability of the closed-loop system can be
proven by considering the following Lyapunov
candidate function.

1 1
E,==(V-V)+-(x—x.)
2 2 35)

1 2
+—(y—
2(7 )

By differentiating Eq. (35) with respect to time,
and using the UAV model in Egs. (9)-(11) and
the control input in Eq. (34), the following
equation can be obtained.



E, =—k,(V=V.) —k (x—x.)
—k (v—.)

Then, E, >0 and E, <0 except for the case of

(36)

V=V, x=x.,and y=~,. Thus, (V,x,7)

Voxeon.)

Consequently, the position errors in Eq. (27)
also converge to zeros due to the dynamics in
Eq. (29).

converge to asymptotically.

4.3 Excitation Signals for Estimation

The UAV can track the target by using the
proposed guidance law when the state
information of the target is given. For this, the
estimation process in Section 3 has to satisfy the
persistent excitation condition, which is related
to the observability of the unknown parameter.
According to Assumption 4 in Section 3.1, the
persistent excitation condition is satisfied if
y(x,a) is persistently exciting. Then, the
following condition is obtained.

a=0 37
3x1

The meaning of the above equation is that the
UAV is required to accelerate to estimate the
unknown parameter. Therefore, in this study,
the following sinusoidal signals are added to the
guidance commands to satisfy the persistent
excitation condition.

n£:n+4g%%ﬂ (38)

vV

Xer =Xe T AX sin

27t
T] (39)

X

Yer =7t Aw sin

!

2mt
T] (40)

where 4, is the amplitude, and T, is the

period of the excitation signals, respectively.

5 Numerical Simulations
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To demonstrate the effectiveness of the
proposed nonlinear adaptive observer and
guidance scheme of the aerial target tracking,
numerical simulations are performed. It is
assumed that the target velocity is constant and
its speed is 25m/sec. The target size is set as
R=2m (0=0.5). Initial speed of the UAV is

set as 25m/sec. Table 1 summarizes the
parameters related to the estimation and
guidance of the UAV.

Table 1. Parameters used in simulations

Observer (Sec. 3.1) A\ =3, \,=0.2

Guidance (Sec. 4.1)  k,=k,=k,=0.1

Guidance (Sec. 4.2) k,=k =k =10

Excitation signals 4,70, A =A =7/24

(Sec. 4.3) T =T =2sec

Offset (Sec. 4.1) A, =-20m, A, =10m,
A, =0m

Figure 3 shows the result of the unknown
parameter estimation. Initially, the UAV
assumes that the target size is R=1m (0=1).

As shown in Fig. 3, the estimated size of the
target converges to the true value due to the
nonlinear adaptive observer.

The observer estimates the unknown
parameter of the target using measurement
states, and therefore the information of the
target position and velocity can be provided.
Using the estimated information of the target,
the UAV can be guided to track the target.
Figure 4 shows the trajectories of the two
vehicles. Figure 5 shows tracking errors
between the UAV and the target. Because the
UAV is supposed to track the target with a
constant offset, the tracking errors converge to
the offset values. The oscillatory motion of the
UAV is due to the excitation signals, which is
required to estimate the parameter of the target.
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Fig. 5. Tracking errors between the UAV and
the target

6 Conclusions

The aerial target tracking problem of a
vision-based UAV was considered. A single
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vision sensor was used for the sensor of the
UAYV, which has problem of observability. By
adopting a measurement model of the vision
sensor based on a specific image processing
technique, the unknown parameter estimation
problem was constructed. Then, nonlinear
adaptive observer was adopted to estimate the
unknown parameter and states of the target. The
nonlinear adaptive observer can be implemented
to higher relative degree systems and its
stability is guaranteed under the boundedness,
Lipschitz, and persistent excitation conditions.
Finally, UAV guidance scheme was proposed to
track the target by using the result of the
nonlinear adaptive observer. The performance
of the proposed method was verified through
numerical simulations. The proposed vision-
based target tracking algorithm can be extended
to autonomous and decentralized formation
flight or collision avoidance problems of vision-
based UAVs. The adaptive nonlinear observer
can be implemented to various observation
problems related to unknown parameters such
as sensor bias, target’s uncertain properties, or
environmental disturbances. The proposed
guidance scheme can be also extended to
various vehicle systems including UGVs
(Unmanned Ground Vehicles) and AUVs
(Autonomous Underwater Vehicles).

Acknowledgments

This work was supported by “KARI-University
Partnership Program (Grant No. 2009-09-
sunggwa-7)” from the Korea Aerospace
Research Institute (KARI).

References

[1] Cambone S A, Krieg K J, Pace P and Wells II L.
Unmanned Aircraft Systems (UAS) Roadmap 2005-
2030, Office of the Secretary of Defense, 2005.

[2] Zeitlin A D. Sense & Avoid Capability Development
Challenges, IEEE Aerospace and Electronic Systems
Magazine, Vol. 25, No. 10, pp. 27-32, 2010.

[3] Hammel S E, Liu P T, Hilliard E J and Gong K F.
Optimal Observer Motion for Localization with
Bearing Measurements, Computers & Mathematics
with Applications, Vol. 18, No. 1-3, pp. 171-180,
1989.



[4] Passerieus J M and Cappel D V. Optimal Observer
Maneuver for Bearings-Only Tracking, [EEE
Transactions on Aerospace and Electronic Systems,
Vol. 34, No. 3, pp. 777-788, 1998.

[5] Watanabe Y, Johnson E N and Calise A J. Optimal 3-
D Guidance from a 2-D Vision Sensor, AIAA
Guidance, Navigation, and Control Conference,
Providence, RI, Aug. 2004.

[6] Jankovic M and Ghosh B K. Visually Guided
Ranging from Observations of Points, Lines, and
Curves via Identifier based Nonlinear Observer,
Systems and Control Letter, Vol. 25, No. 1, pp. 63-73,
1995.

[7] Dobrokhodov V N, Kaminer I I, Jones K D and
Ghabcheloo R. Vision-Based Tracking and Motion
Estimation for Moving Targets using Small UAVs,
American Control Conference, Minneapolise, MN,
June 2006.

[8] Vela P, Bester A, Malcolm J and Tannenbaum A.
Vision-Based Range Regulation of a Leader-
Follower Formation, IEEE Transactions on Control
Systems Technology, Vol. 17, No. 2, pp. 442-448,
2009.

[9] Cao C and Hovakimyan N. Vision-Based Aerial
Tracking using Intelligent Excitation, American
Control Conference, Portland, OR, June 2005.

[10]Stepanyan V and Hovakimyan N. A Guidance Law
for Visual Tracking of a Maneuvering Target,
American Control Conference, Minneapolis, MN,
June 2006.

[11]Stepanyan V and Hovakimyan N. Adaptive
Disturbance Rejection Controller for Visual Tracking
of a Maneuvering Target, Journal of Guidance,
Control, and Dynamics, Vol. 30, No. 4, pp. 1090-
1106, 2007.

[12]Zhang Q and Clavel A. Adaptive Observer with
Exponential Forgetting Factor for Linear Time
Varying Systems, IEEE Conference on Decision and
Control, Orlando, FL, Dec. 2001

[13]Zhang Q. Adaptive Observer for Multiple-Input-
Multiple-Output (MIMO) Linear Time-Varying
Systems, IEEE Transactions on Automatic Control,
Vol. 47, No. 3, pp. 525-529, 2002.

[14]Farza M, M’Saad M, Maatoug T and Kamoun M.
Adaptive Observers for Nonlinearly Parameterized
Class of Nonlinear Systems, Automatica, Vol. 25, No.
10, pp. 2292-2299, 2009.

[15] Choi H, Kim Y and Hwang 1. Vision-Based Reactive
Collision Avoidance Algorithm for Unmanned Aerial
Vehicle, AIAA Guidance, Navigation, and Control
Conference, Portland, OR, Aug. 2011.

[16]Kanayama Y, Kimura Y, Miyazaki F and Noguchi T.
A Stable Tracking Control Method for a Non-
Holonomic Mobile Robot, IEEE/RSJ International
Workshop on Intelligent Robots and Systems, Osaka,
Japan, Nov. 1991.

[17]Slotine J-J E and Li W. Applied Nonlinear Control,
Prentice Hall, Eaglewood Cliffs, NJ, 1991.

VISION-BASED UAV GUIDANCE AND ESTIMATION

FOR AERIAL TARGET TRACKING

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 ICAS2012
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


