Estimation of Driver’s Fatigue Based on Steering Wheel
Angle

Qichang He, Wei Li, and Xiumin Fan

Shanghai Key Lab of Advanced Manufacturing Environment, School of Mechanical
Engineering, Shanghai Jiaotong University, Shanghai, China, 200030

Abstract. Driver’s fatigue has been verified as a major factor in many traffic
accidents. The estimation of driver’s vigilance by steering wheel angle is good
way because it is a non-invasive method compared with EEG. An adaptive
vigilance estimation methodology based on steering wheel angle information is
proposed. The sample data classification index is built from EEG and PVT
information of ten driver’s virtual driving experiment on driving simulator.
According to the geometry information of road centerline and the location of
the automobile center, a new algorithm is proposed to compute the lane
deviation. The correlation coefficient between steering wheel angle and lane
deviation are computed, and the results show that their correlation level is 0.05.
Based on the steering wheel angle, the driver fatigue evaluation model is
established by the Bayesian Network (BN). The structure and parameters for
BN model are determined after adaptive training. The experiment results
verified that this model is effective to identify driver’s fatigue level.

Keywords: Driver fatigue; Steering wheel angle; Lane deviation; Bayesian
Network model.

1 Introduction

Driver fatigue is a major factor attribute to traffic accident, and the statistics show that
traffic accidents caused by driver drowsy accounts for about 20% of the total number
of accidents, and more than 40% of serious traffic accident [1]. It has great safety
significance to detect driver fatigue level quickly and efficiently.

Many research results have been achieved in detecting driver fatigue, such as
physiological signal [2-4], driver’s face expression [5-9] and so on. However, these
methods have obvious shortcomings: the acquisition of physiological signal requires
putting sensor on the driver’s body which increases the cost and makes the driver
uncomfortable especially in long-time driving; The detection of driver facial
expression is influenced by the illumination, especially when the driver wear glasses;
Also the information of eyelid movement (Perclos[5]) is hard to obtain in the high
bright condition.

At present, driver’s manipulation signal attracts more attention in the field of driver
fatigue detection. Skipper, etc. [10] found the maximum and MSE (Mean Square
Error) of lane deviation in drowsy state is larger than alert state. Siegmund et al [11]
constructed three weight functions based on steering wheel angle in time domain,
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frequency domain and amplitude domain respectively, and then established the index
function called SED (Subjective Evaluation of Drowsiness) to evaluate the fatigue
level. The experiment results show that SED is larger in drowsy state. Based on the
analysis of steering wheel angle in time domain, Eskandarian et al [12] found that if
the steering wheel angle is changed large firstly, and then changed little in a certain
period time which means the driver is mostly in drowsy state.

From the results of above research, the lane deviation and steering wheel angle can
be used to evaluate the driver fatigue level. The advantages of these methods are that
it is little affected by the illumination and convenient for the driver because of its non-
intrusive detection. However, the accuracy of these non-intrusive methods is lower. In
order to improve its accuracy, the Bayesian Network (BN) method is used to build the
fatigue level evaluation model in this paper.

The structure of this paper is organized as follows: firstly, the data acquisition
process is introduced; secondly, a general algorithm is present to compute the lane
deviation and eliminate the road curvature; then, the methods to separate the sample
data into alert and drowsy state are provided; after that, the model to evaluate the
driver fatigue level is established with the help of the BN method.

2 Method

2.1 Apparatus

A self-developed driving simulator (Fig.1) was used to detect driver fatigue. The
hardware of driving simulator includes the Logitech steering wheel called MOMO
force feedback racing wheel, Logitech camera and so on. The software of driving
simulator is composed of the scene rendering system, the audio rendering system, the
automobile dynamics model and the video capture system and so on. The Logitech
camera is installed on the dashboard to collect driver’s facial expression during
driving. The driver’s EEG signal is collected by NicoletOne Ambulatory EEG (Fig.2).

Wl
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Fig. 1. The driving simulator and virtual driving  Fig, 2. NicoletOne Ambulatory EEG
scene
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2.2 Subjects

Ten healthy male drivers ranging from 22 to 35 old (Age: 28.1+3.6) were enrolled in
this experiment. They all had a legal driver license and normal sleep-wake habits.
Also they must have good sleep quality and no physical barrier before the experiment.

2.3 Experiment Arrangement

The experiment is divided into three periods: dawn (00:30-06:00), morning (8:00-
11:30), noon (12:30-15:30). Drivers are instructed to drive at 80 km/h for straight line
section and 40km/h for curve section. The virtual driving scene is monotonous that
make the driver tend to become drowsy. The road is 100 km long composed of 4 lanes
with 3.5 meters wide. Drivers are required to complete all the tasks and make proper
manipulation to ensure safe driving. Before the experiment, all the drivers have a
chance to be familiar with the experiment procedure.

3 Data Analysis

3.1 Lane Deviation

In this virtual driving scene, there are two kinds of road centerlines (curve and straight
line), so the lane deviation is computed separately. Fig.3 shows a part of road
centerline. AB, CD, EF, GH is the straight line sections, and BC, DE, FG belong to
the curve sections.

(a) straight line (b) curve section

Fig. 4. The identified algorithm
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Fig.4 (a) shows the identified algorithm for straight line. A, B is the two endpoints
of one straight line section. L, L, is the boundary line of AB section. If the point P, P,
located between line L, and line L,, the point belongs to AB section. Taking the point
P for example, the angle of PAB and PBA are no more than 90 degree, so the cosine
of PAB and PBA are no less than zeros.

PAxBA = |PA| o|BA| s cos(PAB)

As/ = T (D
PB exAB = | PB|e|AB| » cos(PBA)
Then Sstraight = (PAeXxBA)x(PBexAB) >0

If Sqraighe is no less than zero, the point P belongs to the AB section; otherwise it
doesn’t belong to AB.

Fig.4 (b) shows the identified algorithm for curve line. O, is the center of arc AB.
A, B is the endpoints of arc; P is the automobile position. O;M; is the perpendicular
bisector of AO;B. AO,, BO, is the boundary line. If the point located between these
two lines, it belongs to AB curve section. Take the point P for example, it can be seen
from Fig.4 (b) that the angle of PO;M, is no larger than AO;M,, so the cosine of
PO,;M, is no smaller than that of AO,M,.

{M101 *XPO| = |M101 ®[PO;|®cos(M |0 P) -
M101 0><A01 = |M101| . |A01| . cos(M101A) (2)
|
Seurve = M(0] ®XPO; — M 0] ®XAO; Xx7—— 20
|ao|

If the value of S, is no less than zero, the point belongs to current AB curve
section.

Considering the two kinds of road centerline, the lane deviation can be computed
as Eq. (3).

D, = straight_line

2
\/(Xl 'xz) + (}'1 ',,"2) (3)

2 2 2 2
Do = A(x, - xo) +(y, - yo) - 4f(x- xo) +(y- yo) curve

Where: D; and D¢ is the lane deviation in the straight line section and curve
section respectively; x;, y;, X, ¥y, is the coordinate value of two endpoints in the
straight section; x, y is the current coordinate location value of automobile
center; xp. Yo is the coordinate value of curve center; x,, y, is the coordinate value of
one endpoints of curve.

In the virtual driving scene, all the road centerlines is constructed to form a closed
loop, so the point can be located in the inner or outer of the closed loop. For the
straight line section in Fig.4 (a), P is the inner point and P, is the outer point, so the
lane deviation of P is positive and P, is negative. For the curve section in Fig.4 (b), P
and P, are in the outer section, P, and P; are in the inner section. However the lane
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deviation for P /P; is positive and P,/P, is negative which is different with straight
line. In order to ensure the sign of the lane deviation can be acted as the judgment
parameter to distinguish the inner section and outer section, Cg,, is introduced to
ensure the sign of lane deviation for P/P, be negative and P,/P; be positive (Eq.(4)).

Csign = %0, (VB =Ya) Yo (x4 =*B) = XAYB +¥BYa “4)

So the lane deviation can be computed as Eq. (5)

x()fz -9 )+ y(xl - xz)- XYy X0
L= )

2
\/(xl s1y) + (0 -yy) 5)

D

straight_line

2 2 2 2
DC = ( (Xa"YO) +(}'a'}‘0) - (""X0) +<y'y0) )xcsign curve

3.2 The Road Curvature Elimination

In the straight line section, the steering wheel angle only reflects the driver’s steering
adjustments, which would be affected by the road curvature in the curve section. It
must be eliminated in the curve section to ensure the steering wheel angle only reflect
the steering adjustments.

The curve section is divided into three parts: the enter part, the middle part and the
exit part. The data of steering wheel angles are divided into groups (5 data for one
group). The algorithm of road curvature elimination is described as follows:

1. The enter part

When the automobile is from straight line section to curve section, the steering
wheel angle is from small to large until it waves around a special value. The
identification of this procedure is as follow:

std(Ag ;) > A

i=1,2,r (6)
std(Ag 111) < Ay

Where: std is the function to compute the standard error of data; A, is the provided

angle which used to distinguish the steering wheel angle belongs to the transition part
(the enter or exit part of curve section) or not.

Then the steering wheel angles in the group between first and r™ belong to the
enter part of curve section. The curvature in this part can be eliminated as Eq. (7)

13
(As,i, iTs X Agij)
- J=1 C
AS,i,j_ 1 5 1—1,2,---,r (7)
5 2 Ay, j
J=1

2. The middle part
While the automobile is located in the middle part of curve section, the steering
wheel angle changes at a small range. The identification algorithm of this part is as
follow:
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i=r+Lr+2,--,s ®)
std(Ag ;) > A

{ sid(Ag ;) < Ay
It can be seen from above that the driving steering wheel angle between (r+1)" and
s™ group belong to the middle part of curve section.
The curve curvature in this part can be eliminated by the method as Eq. (9).

i=r+lr+2,-,s ©)]

3. The exit part
While the automobile is driving from curve to straight line section, the steering
wheel angle is from large to small until it waves around a special value. The curvature
elimination in these groups can be eliminated as Eq. (10).

13
(As,i, iTs _ZlAs,i, i)
As,i,j: 3 = i=s+1,s+2,-,n (10)
52 Asij
Jj=1

Fig. 5 shows the steering wheel angle before and after the road curvature. It can be
seen that the steering wheel angle after curvature elimination only reflects the steering
adjustments.

ML ™ A b e WY it

Fig. 5. The road curvature elimination

3.3 The Sample Data Classification

In this study, the sample data is classified into two fatigue level (alert & drowsy) with
reference to the EEG, PVT and driving video.

EEG. As the EEG signal is regarded as the gold index to evaluate the driver fatigue
level, it is introduced to be an index to classify the sample data. The driver’s EEG
signal is collected by NicoletOne Ambulatory with the sampling frequency of 200 Hz.
The EEG signals are transformed to frequency domain by FFT method. It can be

separated into 4 wave bands: o (0.3-3.5 Hz),
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6 (4-8Hz), « (8-13Hz), [ (14-20Hz). A significant increase of @and « activity,
and a slight decrease of f activity has been indicate the drowsy state. [2,13]. Based
on this results, the power spectrum ratio of @ and « relate to S called R(g o)/ B is
considered as the index to evaluate the driver fatigue level.

A9 +A 3

R ==
(6+a)l 8
Ag

1)

Where: Ay, A,, Agis the power spectrum of &, and 3 respectively.

The EEG signal is grouped according to a given time interval (240 seconds). Then
the mean power spectrum of each band is computed. The index for detect driver
fatigue is computed as Eq. (12).

R,,, = min(—( X mean(—- )+
o8 Aceg AP Ap.i
. (12)
.+ .
Azpzxszd(u)),l) i=12n
A,

Where: min is the function to compute the minimum value ; mean is the function to

. . A,. .
compute the mean value; std is the function to compute the MSE; " “# is the

. R ) ) o
normalized results of ~ @+®/B8 . P1 P2 ig the factor with reference to the individual
differences; ﬂl , ﬂz is the weight coefficient.

PVT. PVT test is proved to be an efficient method to evaluate the driver fatigue level.
The score of driver’s PVT test is composed of two parts: the response time and the
accuracy of judgment. The score of PVT test for driver fatigue level is calculated by
Eq. (13).

t
R,y =min(we (w, e L +w, eq,.),1) (13)
SR

Where: Rpyr is the score of PVT test for driver fatigue level; #; is the response
time; tSR is the mean response time when the driver in alert state; aPVT is the
accuracy of judgment; w is a weight coefficient to indicate individual differences; w1,
w2 is the weight coefficient.

Besides the EEG signal and PVT test, the driving video is as an additional index to
evaluate the fatigue level. The score of driving video for fatigue level can be
computed refer to the Perclos [5]. The final index of driver fatigue level is calculated
by Eq. (14).

Rf = PpXRpyr +Pe X Roeg + Py XR, (14)
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Where: Ry is the final scores of driver fatigue level; Ry is the score of video
assessment; PpPePy is the weight coefficient. In this paper, p,=0.5, pe=0.35,

pv=0.15.

3.4 The Correlation of Steering Wheel Angle and Lane Deviation

The lane deviation and steering wheel angle collected in driving experiment are
classified into alert and fatigue level. The correlation coefficient between lane
deviation and steering wheel angle is computed under these two fatigue levels. These
two types of data are processed to eliminate the noise and road curvature before the
computation. Tab.1 shows that the steering wheel angle has high correlation with lane
deviation. As the steering wheel angel is collected easily, it is chose to be the index to
evaluate the driver fatigue level in this paper.

Table 1. The correlation coefficient

Fatigue level alert drowsy
Correlation Coefficient | 0.3568 | 0.3198

4 Results

4.1 Data Processing

In order to meet the demand of BN model and reflect the distribution of steering
wheel angle in a certain time interval, the steering wheel angle is discrete and
normalized.

Discretization. The steering wheel angle is discrete by Eq. (15), Eq. (16).

Initialization : 0,;=0,i=1-n (15)

a—dy

Qe =1, e=max(min( floor(

)

)+=+1,m).1) (16)
a 2

Where: Q, is the vector after the data is discrete; a is the steering wheel angle; a,, is
the mean steering wheel angle; floor is a function to choose the integer round towards
minus infinity; L, is the length of every interval. Choosing different value for L,, Q,
can be calibrated for different driving behavior. Large values of L, are used for driver
with large steering wheel adjustment behavior while they are drowsy.

Normalization. After the data being discrete, all data in one time interval should be
summed up, and then the data have to be normalized by Eq. (17).

20

/El Cai

Qa,i = 20

max( 3 Og i)

Ji=lon (17)

Where : Q,; is the normalized result of steering wheel angle in the ™ time
interval.
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4.2 BN Model

BN model is a probabilistic graphical model that represents a set of random variables
and their conditional dependences via a directed acyclic graph (DAG). BN has several
advantages for data analysis: handle situation where some data are missing; gain
understanding about a problem domain and predict the consequences of intervention;
provide an ideal representation for combining prior knowledge and data; offer an
efficient and principled way for avoiding the over fitting of data [14].

It can be seen from Fig.6 that the steering wheel angle is almost the normal
distribution. Considering steering wheel angle being the normal distribution, a new
BN model is proposed to detect driver fatigue level based upon Gaussian mixture
models (GMM) which was usually used as classification tool [16].

The model is a two-class, two component mixture model: class 1 for alert state and
class 2 for drowsy state. Its structure is described in Fig.7.

In this paper, the output (Node 3, the dimensional feature) and the class (Node 1,
alert and drowsy) are observed. The type of Conditional probability Distribution
(CPD) of driver fatigue level and the steering wheel angle is tabular and Gaussian
respectively.

Node 1

3

H

3

Node 2

Expected Cum Prob

&

P4

0 o2 o 5 s 0
Observed Gum Prob

8

Node 3

Fig. 6. The P-P plot of steering wheel angle Fig. 7. The graph structure of BN

The jtree_inf_engine[p] is chose as the inference engine. The node size of driver fatigue
level and steering wheel angle is 2 and 12 respectively. 500 samples are utilized to train
the BN model. The iteration number of EM algorithm is set to 10 and the stopping
criterion is 0.01. After training, the parameters of BN are determined. Based on the BN
model, the driver fatigue level can be evaluated. Fig.8 shows the training procedure.

likelihood

I'he number of EM iteration

Fig. 8. The training of GMM
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Table 2. The evaluation result

- Test Result
Original data/Group alert drowsy Correct ratio/%
50(alert) 41 9 82
50(drowsy) 12 38 76

5 Discussion and Conclusion

After the BN model is established, another 50 experiment data from alert and drowsy
state are chose to evaluate the accuracy. Tab.2 shows the evaluation result. The model
identified 41 out of a total of 50 alert samples and 38 out of a total 50 drowsy
samples. So the accuracy of the model is about 79%. In this paper, the steering wheel
angle is chose as the index to evaluate the driver fatigue level based on BN method.
The experiment results show that the model is efficient and practical for fatigue level
evaluation. However, the manipulation of steering wheel is greatly influenced by the
individual habits, so the model that only considering this source data is not precise
enough. The model incorporated multi-sources will be studied in the future.

References

(1]
(2]
(3]
(4]
(5]
(6]

(7]

(8]
(9]

[10]

[11]

Mao, Z., Chu, X.-m., Yan, X.-p., et al.: Advances of fatigue detecting technology for
drivers. China Safety Science Journal 15(3), 108-112 (2005)

Jap, B.: Using EEG spectral components to assess algorithms for detecting fatigue. Expert
Systems with Applications 36(2), 2352-2359 (2009)

Lal, S.K., Craig, A.: A critical review of the psychophysiology of driver fatigue.
Biological Psychology 55(3), 173-194 (2001)

Eoh, H.J., Chung, M.K., et al.: Electroencephalographic study of drowsiness in simulated
driving with sleep deprivation. Int. J. Of Industrial Ergonomics 35(4), 307-320 (2005)
Luis, M.B., Miguel, A.S.: Real-time system for monitoring driver vigilance. IEEE
Transactions on Intelligent Transportation Systems 7(1), 63-77 (2006)

Rongben, W., et al.: Monitoring mouth movement for driver fatigue or distraction with
one camera, Washington, DC, United states, pp. 314-319 (2004)

Morad, Y., Barkana, Y., Zadok, D., et al.: Ocular parameters as an objective tool for the
assessment of trunk drivers fatigue. Accident analysis and prevention 41(4), 856-860
(2009)

Mohanty, M., Mishra, A., Routray, A.: A non-rigid motion estimation algorithm for yawn
detection in human drivers. Int. J. of Computational Vision and Robotics, 89-109 (2009)
Gu, H.,, Ji, Q., Zhu, Z.W.: Active facial tracking for fatigue detection. In: Proceedings of
the Sixth IEEE Workshop on Applications of Computer Vision, Orlando, pp. 137-142
(2002)

Skipper, J., Wierwille, W., Hardee, L.: An investigation of low-level stimulus-induced
measures of driver drowsiness. Virginia Polytechnic Institute & State University,
Amsterdam (1985)

Siegmund, K., King, G., Mumford, D.: Correlation of steering behavior with heavy truck
driver fatigue. SAE transactions 105(6), 1547-1568 (1996)



[12]

[13]
[14]
[15]
[16]

[17]

Estimation of Driver’s Fatigue Based on Steering Wheel Angle 155

Eskandarian, A., Mortazavi, A.: Evaluation of a smart algorithm for commercial vehicle
driver drowsiness detection[C]//Intelligent Vehicles Symposium, pp. 553-559. IEEE
Press, Istanbul (2007)

Hong, J.E., Min, K.C., Seong-Han, K.: Electroencephalographic study of drowsiness in
simulated driving with sleep deprivation. Int. J. of Industrial Ergonomics 35, 307-320
Heckerman, D.: A tutorial on learning with Bayesian networks. In: Jordan, M. (ed.)
Learning in Graphical Models, MIT Press, Cambridge (1998)
http://en.wikipedia.org/wiki/Bayesian_network

Bilmes, J.A.: A Gentle Tutorial of the EM Algorithm and its Application to Parameter
Estimation for Gaussian Mixture and Hidden Markov Models. Technical Report,
University of Berkeley, ICSI-TR-97-021 (1997)

Moon, T.K.: The expectation-maximation algorithm. IEEE Signal Processing Magazine,
47-70 (November 1996)



	Estimation of Driver’s Fatigue Based on Steering Wheel Angle
	Introduction
	Method
	Apparatus
	Subjects
	Experiment Arrangement

	Data Analysis
	Lane Deviation
	The Road Curvature Elimination
	The Sample Data Classification
	The Correlation of Steering Wheel Angle and Lane Deviation

	Results
	Data Processing
	BN Model

	Discussion and Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




