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Abstract— This paper proposes a method for quantification of sensor faults in a flexible beam control system on the basis of the
ratio of root-mean-square (RMS) values of two measured variables (angular displacement and deflection angle). A theoretical in-
vestigation of the closed-loop dynamic relationships reveals that the RMS ratio is more closely related to the fault magnitude if
the signals are band-limited prior to the analysis. For this purpose, a wavelet filter bank is employed as a convenient form of
splitting the measured signals into different frequency bands. The proposed method is validated with actual experimental data of
a flexible beam system. By choosing an appropriate decomposition level in the filter bank, a good correlation between alterations
in the sensor gain and the ratio of RMS values was obtained (R* = 0.9997), yielding a substantial improvement with respect to the
analysis in the time domain (R? = 0.8587).
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Resumo— Este artigo propde um método para quantificagdo de falhas de sensor em um sistema de controle de haste flexivel,
com base na razdo de valores RMS (root-mean-square) de duas variaveis medidas (deslocamento angular e angulo de deflexdo).
Por meio de uma investigag@o tedrica das relagcdes de malha fechada, mostra-se que a razdo de valores RMS ¢ mais bem
relacionada com a magnitude da falha se os sinais forem previamente limitados a uma faixa de frequéncias. Para esse proposito,
um banco de filtros wavelet ¢ empregado como forma conveniente de dividir os sinais medidos em diferentes faixas de
frequéncia. O método proposto ¢ validado com dados experimentais de um sistema de haste flexivel. Escolhendo-se um nivel de
decomposi¢do adequado no banco de filtros, obtém-se uma boa correlagdo entre as alteragdes no ganho do sensor e a razdo de

valores RMS (R? = 0.9997), com substancial melhoria em comparagdo com a analise no dominio do tempo (R = 0.8587).

Palavras-chave— Falhas de sensor; Quantificagdo de falhas; Sistema de controle de haste flexivel; Transformada wavelet.

1 Introduction

The mechanical design of robotic manipulators
usually employs heavy, stiff structures in order to
achieve accurate positioning with minimal vibration.
However, many applications require the use of
lightweight, slender manipulators to facilitate
transportation, obtain higher speed and reduce
energy consumption, as well as to operate in working
environments with restricted space (Shaheed &
Tokhi, 2013). Examples include robotic arms used in
space vehicles (Xie, Kalaycioglu & Patel, 1997),
hard disk drive head-positioning systems (Yan et al.,
2013), and manipulators for intervention tasks in
nuclear applications (Chalfoun et al., 2007). In this
case, passive or active methods may need to be
employed to attenuate vibrations due to the structural
flexibility of the system.

Passive methods involve the introduction of me-
chanical dampers in the flexible structure, whereas
active methods rely on the use of vibration measure-
ments in a feedback control scheme (Gervini, He-
merly & Gomes, 2013; Shaheed & Tokhi, 2013;
Wang, Gu & Song, 2014). Sensors employed for this
purpose include, for example, strain-gages (Gervini,
Hemerly & Gomes, 2013), accelerometers (Scattolini
& Cattane, 1999), micro-mechanical gyros (Ortel,
Wagner & Saupe, 2013), and PZT (lead zirconate
titanate) elements (Wang, Gu & Song, 2014). An
important issue that arises in this context is the han-
dling of sensor faults. Indeed, a reliable detection
and quantification of the fault may be crucial to al-
low the reconfiguration of the control system, in or-
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der to restore system performance and avoid the
propagation of the fault (Scattolini & Cattane, 1999).
Moreover, by tracking the evolution of a fault over
time, it may be possible to predict the remaining use-
ful life of the sensor by using prognosis techniques,
in order to schedule a maintenance intervention
within a suitable time frame (Vachtsevanos et al.,
2006).

The present paper is concerned with the
quantification of a sensor fault in a flexible beam
control system. Devices of this type have been
employed in many studies involving the
identification and control of flexible structures
(Shaheed & Tokhi, 2013; Gervini, Hemerly &
Gomes, 2013) as a laboratory-scale representation of
more complex systems such as micro-cantilever
sensors used in atomic force microscopy, robotic
manipulators and civil engineering structures
(Pereira et al., 2011).

It is assumed that the system operates under
closed-loop control for regulation in the presence of
external disturbances. The fault under consideration
consists of a change in the gain of the sensor
employed to measure the deflections of the beam.
Even if this change does not lead to closed-loop
instability or significant loss of regulation
performance, the quantification of the fault may be
of value as an early indicator of a complete sensor
failure.

The proposed technique employs a ratio of RMS
(root-mean-square) values of two measured quanti-
ties, which are shown to be related to the sensor gain.
A detailed analysis of the fault effect in the closed-
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loop system dynamics is presented to indicate that
such a ratio of RMS values is more closely related to
the fault magnitude if a band pass filter is applied to
the measurements. For this purpose, a wavelet filter
bank is employed as a convenient form of splitting
the measured signals into different frequency bands.

The remainder of this paper is organized as
follows. Section 2 describes the flexible beam system
and the sensor fault under consideration. Section 3
provides a detailed analysis of the fault effect in the
closed-loop dynamics. Section 4 presents the
proposed method for fault quantification. A brief
description of signal decompositions using a wavelet
filter bank is provided in Section 5. The experimental
results are presented in Section 6 and concluding
remarks are given in Section 7.

2 System description

2.1 Flexible beam system

Fig. 1 depicts the system employed in this work. The
control task consists of rotating a thin stainless steel
beam in the horizontal plane, with suppression of the
beam vibrations, which have a fundamental natural
frequency of 3 Hz. The beam is clamped to a hub
connected to a DC motor through a set of gears.
Deflections at the base of the beam are sensed by a
strain gage, as shown in the inset.

Figure 1. Flexible beam system (Quanser Consulting), with
expanded view of the strain gage at the base of the beam.

Fig. 2 presents a schematic diagram of the
system, as viewed from the top. The angular
displacement of the hub and the deflection of the
beam are denoted by fand ¢, respectively.

 Flexible
‘| beam

a

Reference axis
Figure 2. Schematic diagram of the flexible beam system.
control  was

In this work, closed-loop

implemented in the form

u=—k0-kya—k,0—-k,a+d (1)
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where u is the voltage applied to the motor, d is a
disturbance signal and ki, k,, k3, k4 are feedback
gains designed for asymptotically stable operation.
The angular displacement € and the corresponding

rate @ are measured by an encoder (1024-line, 4X
quadrature) and a tachometer, respectively. The
deflection angle « is obtained from the strain-gage
readings with suitable calibration. The rate « is
estimated from a by using a first-order derivative
filter. The control law is implemented in a digital
computer fitted with a signal acquisition module.

2.2 Sensor fault

The fault under consideration consists of a change in
the gain of the strain-gage, which is accomplished by
multiplying the actual sensor readings by a
coefficient k. As a result, the control is calculated as

u=-k0-ka, —ko0-ka, +d 2)

with a, =k o . It is implicitly assumed that &, is

such that the closed-loop system remains
asymptotically stable. The problem then consists of
estimating k; from the measured signals fand o.

3 Mathematical analysis of the sensor fault

According to the documentation provided by the
manufacturer, the dynamics of the flexible beam
driven by the DC motor can be described by a state-
space model of the form:

ol [o o 1 ofe] [o
, 0 0 0 l|la 0
“\= TS I )
2] 0 ay, ay; 06| |b
a 0 a, a, Ofa b,
where
K -K,(J,, +J,)
a3 = Jx > Ay :#b 4
eq eq” b
n.n.KK,K:+B,R,
43 33 Jequ ( )
K K
b3 — _b4 — 77m77g g (6)
Jequ

For the sake of clarity, the physical meaning of
the model parameters is presented in Table 1.
However, in what follows, only the general form of
the model (3) will be required, along with the
relations a43 = — a3; and by = — b, expressed in (5)
and (6).

Since az; + as3 = 0 and b; + b, = 0, it follows
from (3) that

0+ = (a, +a,)a (7)
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Table 1. Model parameters.

Parameter Meaning
K Stiffness constant of the flexible beam
Jeq Equivalent moment of inertia of the motor system
as seen at the load
Jy Moment of inertia of the beam
M Motor efficiency
g Gearbox efficiency
K, Motor torque constant
K, Motor back electromotive force constant
K, Gear ratio
B, Equivalent damping coefficient as seen at the load
R Motor armature resistance

m

It is worth noting that the dynamic relation (7)
between the angular displacement € and the beam
deflection « does not involve the input voltage u. In
view of (7), a transfer function G, (s) can be written
as

2 2
Gga(s):A(S):— : s S s
O(s) §s*—(ay, +ay) sT+K,/J,
(®)
where O(s) and A(s) correspond to the Laplace trans-
forms of € () and « (¢), respectively.
Under the state feedback law (1), the transfer
function from the disturbance d to the angular dis-
placement @ is given by

O(s) _ bys® +b,a,, —b,a,
D(s) A(s)

Gup(s)= )

where D(s) denotes the Laplace transform of d(#) and
A(s) =s* +(kyb, —ay)s’ +(=a,, —aypk,b, + kb +
kybydyy)s® +(@yay, = Aydy)s —kibyay, +kb,ay,
with ay, =ay, —kby, ay=ay—kby, a, =ay,
—kyby , a3 =a,; —kib, .

The relationship between D(s), ©(s) and A(s) is
depicted in block diagram form in Fig. 3a.

. Angular displacement Beam
Disturbance of the hub deflection
D(s) O(s) A(s)
— G,(5) > G, (s) >

(a)

. Angular displacement Beam Faulty sensor
Disturbance of the hub deflection  measurement
D(s) . O(s) A(s) A(s)
0 Gl e Gt e A

(b)

Figure 3. Block diagram of the relationship between disturbance,
hub displacement and beam deflection under (a) nominal condi-
tions and (b) sensor fault.

It is worth noting that the closed-loop relations
have already been taken into account in the deriva-
tion of Gyy(s), which depends on the feedback gains
ki, ky, ks, k4. The transfer function Gyus) does not
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depend on these gains, as the dynamic relation (7)
between fand « does not involve the input u.

In the presence of the sensor fault under consid-
eration, the closed-loop dynamics must be derived
under the control law (2), with &, =k a represent-
ing the faulty sensor measurement employed in the
feedback path. Equation (2) can then be rewritten as

u=—k0—kia—kb-kla+d (10)

where k] =k,k, and k] =kk, . The new transfer

function from D(s) to O(s) is obtained by replacing

k, and k4 with k2f and k4f , respectively, which leads

to

bys® +b,al, —bal,
A (s)

G/ (s)= (11)
where A/ (s) = s* + (k] b, —ay,)s’ +(—a}, —ak]b,
+kyby + k{ by )s® +(a5ay, —ahag)s —kbyay, +

kb,al,, with @, =a,, — kb, and @), =a,, —k{b,.
The transfer function from O(s) to A(s) remains un-
altered, as it does not involve the feedback gains.
The relationship between D(s), O(s), A(s) and A((s)

is depicted in Fig. 3b. Again, one should bear in
mind that the closed-loop relations are embedded in

G}, (s), which depends on the fault gain k.

4 Proposed fault detection method

If the closed-loop system was driven by a sinusoidal
disturbance d(¢) of frequency ay rad/s, the angular
displacement &f) in sinusoidal steady-state would be
of the form 6(¢) = 4,sin(w,t), with phase assumed
to be zero without loss of generality. In view of the
block diagram in Fig. 3b, the faulty sensor measure-
ments would be given by

a, (1) =4, sin(wyt+2G,,(jay)) (12)
with
Auy =k 1Go (Goy) | 4, (13)

a

Therefore, the fault gain &, could be simply ob-
tained as

1 4,
ky=————
TG (o) | 4,

(14)

If the disturbance is not sinusoidal, a more
elaborate analysis needs to be carried out. More spe-
cifically, we will consider the case in which d is a
stationary stochastic process with power spectrum
density S;/®). In view of Fig. 3b, the power spec-
trum density of & can be written as (Papoulis, 1991):

Spp(@) =S, ()| Gcﬁg(a’) ‘2 (15)

and thus, the variance of @ can be calculated as
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Lo .
o ===[ 1Gl(j@) ! Su(@do  (16)
27 d-=
Similarly, the variance of ¢y is given by
ol === [ k2 1G () Sy(@)do
o ogde/ “

k2 oo
= E[1GL o) PG (o) | S,u(@)deo

7
From (16) and (17), it follows that

o [ 16GlG@) P Su(@)do

0!/'

o0 .[:l Glo(j@) |G (jo) [ Sy (@)
(18)

At this point, an inconvenience lies in the de-

kf:

pendence of GJ,(jw) on k; which hampers the use
of (18) for direct calculation of k. An alternative
consists of the use of a band-pass filter to restrict the
analysis to a range of frequencies [w;, @] were
|Gy, (jo)| can be approximated by a constant C. In

this case, kywould be approximately given by

[ -
- 2L: |Gy (j@) 2 Sy (@)dew

k ag.bp
f = (0]
7ot | 2[ Gy (j0) | Gy () Spa(@)de
1
w, f . 2
ouiy | 2, 1GHGO Su@do o,

Tty zj:\ct{;, jo)P C*Sy(@do  C Toom

(19

where o and o,,, are the standard deviations

ay.bp
of ayand @ after the band-filtering operation.

In the present work, the band-pass filtering is
carried out by using a wavelet filter bank. Experi-
mental data are employed to fit a linear relation be-

tween the ratio of standard deviations o, , / oy
7:bp bp

and the fault gain &; as in (19). For this purpose,
root-mean-square (RMS) values of the acquired data
are used to estimate the standard deviations o, ~and

o, . It is worth noting that the implementation of the

proposed technique is carried out in the discrete-time
domain, but the main ideas described above remain
unaltered.

5 Wavelet filter banks

Fig. 4 presents the basic structure of a wavelet filter
bank (Strang & Nguyen, 1996), which is an efficient
way of decomposing a signal in different frequency
bands. In this figure, y indicates the discrete-time
signal of interest, and 4, D, denote the correspond-
ing approximation and detail at resolution level /.
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The transfer functions H(z) and G(z) represent low-
pass and highpass wavelet filters, expressed as

2N-1 2N-1

H(z)= ) hz", G(z) = Z gz (20)

i=0

where z™' is the unit-delay operator and 2N is the
length of the filter coefficient sequences. The symbol
4 2 represents the downsampling operation, which
consists of removing every other sample of the sig-
nal.

ﬁ‘H(z) ‘in 4 -

foal i 2

D,

Figure 4. Wavelet filter bank.

The approximation 4; and the detail D, roughly
correspond to the frequency intervals [0, 2""f;] and
[27Vf 27'f], respectively, where f; denotes the
sampling frequency (Strang & Nguyen, 1996). The
degree of spectral overlapping between the approxi-
mations and details at different levels depends on the
selectivity of the wavelet filters. The present work
adopts the length-8 filters proposed in (Paiva &
Galvao, 2012), which were designed with the aim of
obtaining improved frequency resolution.

6 Results and discussion

6.1 Experimental settings

The data acquisition and control tasks were carried
out by using the Matlab®/Simulink® software envi-
ronment (The Mathworks) with QUARC® real-time
control software (Quanser Consulting). The feedback
gains were obtained by using a linear-quadratic regu-
lator design (Franklin, Powell & Emami-Naeini,
2006) with factory settings for the state and control
weights. The resulting values were k; = 20.0, k, =
—93.8, k3 = 3.38, k; = 0.89. The continuous-time con-
trol law was emulated in discrete time by using a
sampling period of 1 ms.

A derivative filter with transfer function
30s/(s + 30) was used to estimate the rate ¢ from
the measurements of «. The disturbance d was gen-
erated as the output of a low-pass filter with transfer
function 25/(s + 25), driven by Gaussian white noise
with zero mean and standard deviation of 40. This
filter was emulated in discrete time by using the 4th-
order Runge-Kutta method with step size equal to the
sampling period.

Experimental data were acquired with &, ranging
from 0.5 to 1.5, with 0.1 increments (the nominal
condition corresponds to kr= 1). The data for each &,
value were acquired during 120 s. The data were
stored at a sampling rate f; = 50 Hz.
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6.2 Data analysis

Fig. 5 presents the random disturbance d and the
measured values of angular displacement € and de-
flection angle « 5 for each fault gain k; employed in
the experiments. The signals are displayed over a
4-second time frame for better visualization.
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Figure 5. Experimental data (initial 4 seconds).

The standard deviations of o, and & were evalu-
ated in the time domain, as well as within different
approximation and detail levels of the wavelet de-
composition. In order to choose the most appropriate
decomposition level for the purpose of fault quantifi-
cation, linear regression was used to obtain a relation
between the fault gain & and the ratio o, ,, / Copp -

The results were compared in terms of the R’ coeffi-
cient (Draper & Smith, 1998), which is a metric usu-
ally employed to evaluate the goodness-of-fit, with
values close to one indicating a well adjusted model.
As shown in Table 3, the best fittings were obtained
at the detail levels D; (R® = 0.9927) and D, (R° =
0.9997).

Table 3. Linear regression results (R?).

Decomposition level Frequency range (Hz) R’
Time domain [0, 25] 0.8587
A, [0, 12.5] 0.8368
D, [12.5,25] 0.9927
A> [0, 6.25] 0.7763
D, [6.25,12.5] 0.9997
A3 [0, 3.13] 0.7459
D; [3.13,6.25] 0.9917
Ay [0, 1.56] 0.9583
D, [1.56,3.13] 0.9477
As [0, 0.78] 0.9535
Ds [0.78, 1.56] 0.9475
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These findings can be interpreted as follows. As
discussed in Section 4, the relation between k; and
Oy iy /%,bp , as expressed by (19), approaches line-

arity if the analysis is restricted to a range of fre-
quencies where |G,,(jw)| is approximately con-

stant. In view of (8), | G,, (j®) | can be written as
|Gaa(j0) |= @[ -0" + | 1)

where @, =+/K,/J, corresponds to the fundamen-

tal natural frequency of the beam (3 Hz). A theoreti-
cal plot of |G,,(j®)| as a function of frequency, as

given by (21), is shown in Fig. 6.

L L L

0 3 6 9 12 15
Frequency (Hz)

o

Figure 6. Frequency domain profile of the relation between the
magnitudes of angular displacement & and deflection angle «.

As can be seen in Fig. 6, | G,,(jo) | tends to one

as the frequency increases past 3 Hz, and the curve
becomes approximately flat for frequencies larger
than 6 Hz. This is the reason why good linearity was
obtained at the detail levels D; and D,, which are
associated to frequency ranges from 6.25 Hz up to 25
Hz as shown in Table 3. It could be argued that the
best result should be obtained at D,, since the ap-
proximation of |G,,(jw) | by a constant value is best

at the highest frequencies. However, the largest R’
value (0.9997) was actually obtained at D,, possibly
because the corresponding signal-to-noise ratio at
this intermediate frequency range (6.25 - 12.5 Hz) is
larger compared to the frequency range associated to
D, (12.5 - 25 Hz).

For illustration, Fig. 7a and Fig. 7b present the
relations between o, / o, and kyat the time domain

and between o, ,, / Oy, and kr at the detail level

D,. As can be seen, the goodness-of-fit of the linear
regression model is substantially improved by using
the wavelet decomposition, thus allowing for a much
better quantification of the fault if the model was
employed to estimate k& from the ratio o, ,, / Cop -
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(b)

© R?=0.9997

05 . . . . . .
05 06 07 08 09 1 11 12 13 14 15

Figure 7. Ratio of standard deviations of the measured variables as
a function of & at (a) time domain and (b) level-2 detail. The circle
markers indicate the experimental points, whereas the straight lines
represent the linear regression results.

7 Conclusion

This paper presented a method for quantification of
sensor faults in a flexible beam control system on the
basis of the ratio of RMS values of two measured
variables (angular displacement and deflection an-
gle). These variables can be measured during closed-
loop operation, without the need to interrupt the
control task. A detailed analysis of the fault effect
revealed that such a ratio of RMS values is more
closely related to the fault gain if a band pass filter is
applied to the measurements. A wavelet filter bank
was employed as a convenient form of splitting the
measured signals into different frequency bands.

By choosing a convenient decomposition level
in the wavelet filter bank, a good correlation between
alterations in the sensor gain and the ratio of RMS
values was obtained (R* = 0.9997), yielding a sub-
stantial improvement with respect to the analysis in
the time domain (R* = 0.8587). This result was also
supported by a theoretical analysis of the system
dynamics within the frequency bands associated to
the wavelet decomposition levels.

Future investigations could be concerned with
possible extensions of the proposed technique for
real-time detection of faults.

Acknowledgements

The authors acknowledge the support of FAPESP
(grant 2011/17610-0), CAPES (Pré-Engenharias
MSc scholarship), CNPq (post-doctoral grant
150213/2012-3, doctoral scholarship 140585/2014-1
and research fellowships 303714/2014-0, 300285/
2012-4) and FINEP (Captaer and Captaer II grants).

ISSN 2525-8311

References

Chalfoun, J., Bidard, C., Keller, D., Perrot, Y. and
Piolain, G. (2007). Design and flexible modeling
of a long reach articulated carrier for inspection,
In Proc. IEEE/RSJ Int. Conf. Intelligent Robots
and Systems, San Diego, USA, pp. 4013-4019.

Draper, N. R. and Smith, H. (1998). Applied Regres-
sion Analysis, John Wiley, New York.

Franklin, G.F., Powell, J.D. and Emami-Naeini, A.
(2006). Feedback Control of Dynamic Systems,
Prentice Hall, Upper Saddle River.

Gervini, V.I., Hemerly, E.M. and Gomes, S.C.P.
(2013). Active control of flexible one-link ma-
nipulators using wavelet networks. Robotica
31(8): 1275-1283.

Ortel, T., Wagner, J. F. and Saupe, F. (2013). Inte-
grated motion measurement illustrated by a can-
tilever beam. Mechanical Systems and Signal
Processing 34(1-2): 131-145.

Paiva, H. M. and Galvao, R. K. H. (2012). Opti-
mized orthonormal wavelet filters with improved
frequency separation. Digital Signal Processing
22(4): 622-627.

Papoulis, A. (1991). Probability, Random Variables,
and Stochastic Processes. McGraw-Hill, New
York.

Pereira, E., Trapero, J. R., Diaz, I. M. and Feliu, V.
(2011). Algebraic identification of the first two
natural frequencies of flexible-beam-like struc-
tures. Mechanical Systems and Signal Process-
ing 25(7): 2324-2335.

Scattolini, R. and Cattane, N. (1999). Detection of
sensor faults in a large flexible structure. /EE
Proceedings - Control Theory and Applications
146(5): 383-388.

Shaheed, M.H. and Tokhi, O. (2013). Adaptive
closed-loop control of a single-link flexible ma-
nipulator. Journal of Vibration and Control
19(13): 2068-2080.

Strang, G. and Nguyen, T. (1996). Wavelets and Fil-
ter Banks. Wellesley-Cambridge, Wellesley.
Vachtsevanos, G., Lewis, F.L., Roemer, M. and
Hess, A. (2006). Intelligent Fault Diagnosis and
Prognosis for Engineering Systems. John Wiley,

New York.

Wang, R. L., Gu, H. and Song, G. (2014). Adaptive
robust sliding mode vibration control of a flexi-
ble beam using piezoceramic sensor and actua-
tor: An experimental study. Mathem. Problems
in Engineering 2014, Article 606817.

Xie, H.P., Kalaycioglu, S. and Patel, R.V. (1997).
Control of residual vibrations in the Space Shut-
tle remote manipulator system. In Proc. IEEE
Int. Conf. Robotics and Automation, Albuquer-
que, NM, vol. 4, pp. 2759-2764.

Yan, T. H., He, B., Chen, X. D. and Xu, X. S.
(2013). The discrete-time sliding mode control
with computation time delay for repeatable run-
out compensation of hard disk drives. Mathem.
Problems in Engineering 2013, Article 505846.

M




<<
  /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




