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Abstract. A new simulation study method based on general regression neural network (GRNN)
is proposed for identifying the pavement roughness in the time domain. First, a seven
degree-of-freedoms vehicle vibration model is estbalished for the vehicle’s riding comfort
analysis. The vertical acceleration and pitching angular acceleration of vehicle body centroid are
calculated by simulation. The nonlinear mapping relations between the two above accelerations
and pavement roughness in time domain are built by GRNN, and then the pavement roughness is
identified by training the networks. Finally, the vertical acceleration and pitching angular
acceleration of the vehicle body centriod are acquired by ADAMS/View virtual experiment
simulation and the result are used to identify pavement roughness. In the end, the availability for
identifying the pavement roughness by GRNN is confirmed.

Keywords: load identification, time domain, pavement roughness, GRNN.
1. Introduction

Pavement roughness has been defined as the variation in surface elevation that induces
vibrations in traversing vehicles. Earlier studies [1] (Gillespie and Sayers 1983) have shown that
rough roads lead to user discomfort, increased travel time due to speed reductions and higher
vehicle cost [1, 2]. Besides, early roughness deterioration induces high dynamic vehicle axle
loading, which might create unexpected road damage and distress deterioration. Pavement
roughness provides a good, overall measure of pavement condition [3, 4]. In the process of
researching vehicle’s riding comfort and handling stability, whether pavement roughness can
reflects the true situation of the road plays a key role in the accuracy of vehicle performance
analysis. In that case, when studying vehicle ride comfort and handling stability, how to get a
reasonable pavement roughness is one of the most important issue to be solved.

When driving, pavement roughness is the main incentive. It is the key point to get accurate
road information to analyze and evaluate vehicle’s riding comfort. But, early pavement research
method is experimentation [5-9]. This method has advantages of visual interpretation and
effectiveness, but it takes a lot of hard work and time and is diseconomy. Loading identification
technology to research the pavement roughness is tried to be used in this paper. Pavement
roughness is the basic input of vehicle’s vibration. Whether pavement roughness is accurate has a
big impact on the study of vehicle’s ride performance and handling stability. So how to get
accurate pavement roughness is need to be solved. There are two ways to identify load
information: frequency domain and time domain methods. Comparing with the frequency domain
method, the time domain method has many advantages. First, the time domain method is easy to
analyze nonlinear feature. Second, the time domain method is able to get respondent value directly
such as the maximum of velocity, force and acceleration. Third, the amplitude domain and
frequency domain can be achieved according to the information of time domain. So in this paper
time domain recognition method is adopted.

Back propagation (BP) neural network has disadvantages of slowly convergence speed and
local minimum value. However, radial basis function (RBF) neural network is a kind of feed
forward neural network with high performance. It has little calculation, better learning speed than
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BP neural network. It also has a stronger ability of parameter approximation and classification
than BP neural network. GRNN is a special form of radial basis function neural network [10-11].
Its abilities of approximate function and learning are very strong. So this special radial basis
function neural network is used in this paper to recognize pavement roughness.

2. Establishment of vehicle vibration model with 7 DOFs

When vehicles are running on an uneven road, the heights of the left and right wheel ruts are
different, the longitudinal mass distribution of the left and right wheels are approximately
symmetrical. In that case, it will lead to a roll movement of vehicle body. Vehicle vibration model
with 7 DOFs is introduced in order to take account of the vehicle’s roll movement when studying
vehicle’s riding comfort. The vertical movement, roll and pitching movement of vehicle are also
considered in this 7 DOFs vehicle model.

The following assumptions are made when establishing vehicle’s dynamical model with
7 DOFs:

1) Regarding vehicle body as a rigid body with lumped mass, only vehicle body’s vertical
vibration, roll movement and pitching movement are considered. The effects of twisting vibration
of vehicle body on vehicle’s riding comfort is ignored.

2) Assuming the vehicle body to do micro-vibration in the vicinity of the equilibrium position
and suspension stiffness and damping are treated as constants, the vehicle body is treated as a
linear system to handle.

3) Vehicle is symmetrical about the vertical centerline and does uniform rectilinear motion.

4) Pavement is a steady ergodic normal random process with isotropic.

5) Other vibration sources are ignored except pavement roughness.

According to the above assumptions, the vehicle can be simplified as a spatial 7 DOFs dynamic
model, as shown in Fig. 1.

Fig. 1. Vehicle vibration model with 7 DOF

According to Lagrange’s equation, vehicle’s vibration equation can be acquired as follow:
MZ + CZ +KZ =K,Q + C.Q, (1

where M — the mass matrix of vehicle, C — the damping matrix of vehicle, K — the rigidity matrix
of vehicle, Z — the displacement vector of each dof of vehicle, Q — the vector of pavement input,
K, — the rigidity matrix of tires, C; — the damping matrix of tires.

The above formula and the meaning of each of the parameters in Fig. 1 are explained in
Appendix.
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3. Pavement input function of four-wheel vehicle

It is proved by practice that the right wheels and the left wheels have spatial correlations.

Assuming wheel rut x has a white noise input W, and the other wheel rut y has a white noise
input W,,, the relationship between the two wheel ruts are established. Then the incentive elevation
input of each front and back point of y traces is calculated. According to the random vibration
theory of linear system, when the process of input is smooth, so will be the output process. In this
case, the problem can be simplified as follows: input of a wheel rut, then determine the output of
other wheel rut and establish the relationship between input and output with the coherence
function coh,,, (f). In other words, the relationship of transmission between right and left wheel
ruts is established and a wheel rut’s random process can be deduced from the other wheel rut’s.
Using front wheel as a reference point, assuming transfer function of road surface white noise
input between right and left wheels W,,, W, is:

Wy (s) apta;s+-tagst

Gyy = = : 2
W We(s)  bg+bys+ 4 byst )
The following equation is obtained by using second order approximate solution:
ap + a;s + a,s?
Gyy = 0 1 2 3)

by + bys + bys?’

The coefficients in the function are got by fitting and converting coherence functions which
measured from different pavements.
With the intermediate variable M (s), the above equation turns into:

. - W, (s)  (aps™®+as™ +a)M(s)

T WL(s) (oS24 bysT+ by)M(s) )

Further, the Egs. (5), (6) was obained by converting numerator and denominator of Eq. (4):

M(s) =lWx(S) —ES‘ZM(S) —ﬁs‘lM(S). %)
b, b, b,
W, (s) = a;M(s) + aps2M(s) + a;s ' M(s). (6)

Seting state variables x; = L™1(sIM(s)), x, = L™1(s72M(s)).

Because L[x,] = sL[x,] = ss™2M(s) = s *M(s) = L[x], then x, = x;.

By using inverse Laplace transform and combining the result with x, = x;, the correlation
state equation is obtained from Eq. (5):

o1 [ ol
[552] = b b, [xz] +
1 0

Similarly, the output W, equation is obtained by using the inverse Laplace transform
of Eq. (6):

w,. (7

1
b,
0

Vl/y = ale + AgXyp + aXxq. (8)

The x; determined by the equation from Eq. (7) is substituted into Eq. (8), W, is calculated as
follows:
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W, = al—azz—z azbz][ [ ] ©

When W, generates one wheel rut, the white noise input W, is obtained from Eq. (8) by the
intermediate state variable x; and x, from Eq. (7). Then the space-related time-domain model
between the second wheel rut and the first wheel rut is obtained as:

4:(¢) = —aug, (t) + W(t). (10)

Assuming the average phase difference of incentives between two wheel cuts is zero. Using
the coherence function method and according to module of frequency response function and the
formula of coherence function H(w) = coh(w), the coefficients of Eq. (3) is got: ay = 3.1815,
a; = 0.2063, a, = 0.0108, by = 3.223, b; = 0.59, b, = 0.0327. The roughness incentives of
four-wheel vehicle on C-level road are shown in Fig. 2 and Fig. 3 by programming and simulating
with Matlab.
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Fig. 2. Pavement roughness of left front Fig. 3. Pavement roughness of right front
and rear wheels and rear wheels

4. Generalized regression neural network structure

Generalized regression neural network (GRNN) is a special form of the radial basis neural
network. GRNN has a good performance in function approximation and learning ability. So it is
used in this paper. Its topological structure has been shown in Fig. 4.

input radial basis layer specific linear layer

Fig. 4. GRNN structure figure

The neurons of first layer in GRNN has the same functions with the fundamental radial basis
neurons. The difference between them is the special linear layer. The output of radial basis layer
is computed with weight matrices LW, ; by using nprod calculation method. Then the result is
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sent to linear transfer function. The above processes could be accomplished with neural network
toolbox in Matlab.

The number of radial basis and special linear neurons in GRNN is the same as the input sample
vector. The weight matrix LW, ; is set as the output vector T. So, if the input of real network is 1,
the objective output is much closer to the network output vector T. Therefore, the ability of
function approximation of GRNN is better than basic radial basis neural network in general
problems.

Because of the application of vehicle vibration isolate system, the response of vehicle to
displacement and acceleration of certain time domain pavement incentives is small. The effect of
these frequency components can be ignored. Assuming the upper limit and floor limit of needed

pavement time frequency components are f;, and f; respectively [12]. Then the following equation
can be obtained:

u
G one® 730 fi < f < fu an
0, other.

Gq(f) =

In this paper, the vertical acceleration and the pitching angle acceleration of the vehicle mass
center are used as the ideal input sample, the corresponding pavement roughness is used as the
ideal network output sample. After network training is finished, the nonlinear mapping
relationship among the vertical acceleration, the pitching angle acceleration and the pavement
roughness is built. The model of pavement roughness recognition has been built.

5. The simulation example

The data of a certain micro-car’s are used to do simulation calculation according to the 7 DOFs
vehicle model as shown in Fig. 1. The basic data are: m = 920 kg, I, =948 kg'm? I, = 239 kg'n?’,
a= 1109m, m=my,=mg=m,= 25kg, L= 122m, u= 80km/h, b= 1.09m,
€1 =C3 =C5 =c; =40 N-s/m, Ce = Cg = 3340 N-s/m, k, =k, = 16.7 kN/m,
ke = kg =21.1 kN/m, ¢, = ¢, =2845 N-s/m, k; = k3 = kg = k; = 147 kN/m.

The pavement roughness of c-level road is simulated with Matlab. The simulation result of
vehicle body centroid vertical acceleration and pitching angular acceleration on c-level road are
shown in Fig. 5 and Fig. 6. Take the results into trained network to calculate.
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Pitching angular acceleration/ (rad-s-2)
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Fig. 5. Vertical acceleration curve Fig. 6. Pitching angular acceleration curve

Fig. 7(a) shows the left front wheel receive the results of pavement excitation which is GRNN
network recognition value in the c-level pavement by the front left wheel road excitation. Fig. 7(b)
shows the relative error between recognition value and fitted value. As shown in the figure, the
simulation value and recognition value agree well. It shows that the 7 DOFs model has a high
precision and can describe vehicle’s actual motion well. Fig. 7(c) and Fig. 7(d) are the simulation
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results with noise. It shows that GRNN has a strong ability of resisting noises and high accuracy
of recognition.
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Fig. 7. Road simulation results
6. Building whole vehicle model by ADAMS/View

The whole vehicle model includes: vehicle body model, double arm front independent
suspension model, steering mechanism model, slanting cantilever back suspension model, tire
model and pavement model [13, 14]. In this paper, how to build pavement model is introduced.

In ADAMS, the pavement is a 3D surface composed by a series of triangle elements. Triangle
element is composed by a series of node and the X, Y-coordinates of those nodes need to meet
certain rules. The Z-coordinate represents only the width of the road. Firstly, those nodes are
combined to form pavement elements according to certain rules. The static frictional coefficient
and dynamic frictional coefficient are set in the pavement unit. Then ADAMS can simulate a real
pavement. Random pavement generation principle is shown in Fig. 8.

Fig. 8. Random pavement generation principle figure
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According to the harmony superposition method of pavement roughness, the process of
pavement model is worked out by using VB. The process is shown in Fig. 9.

According to the corresponding constraint condition, the whole vehicle model is built by
combining vehicle body model, double arm front independent suspension model, steering
mechanism model, slanting cantilever back suspension model, tire model and pavement model
together. The vehicle model is shown in Fig. 10.
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pavement dynamic generate
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Fig. 9. Random pavement generation process figure

Fig. 10. Vehicle model

The random pavement model is established in the vehicle model by selecting pavement
generation software. Simulation time and steps are set in ADAMS software. Let the vehicle drive
at 60 km/h constant speed. When the car simulation period were c-level random on the road, the
measured vibration corresponding body vertical acceleration and pitch angular acceleration are
used as the neural network training samples. Another group vehicle body centroid vertical
acceleration and pitching angular acceleration in the c-class pavement is substituted into the
already trained network and calculated by using ADAMS. As shown in Fig. 11 and Fig. 12.

The recognition value and virtual experimental value are shown in Fig. 13. The relative error
of recognition value is shown in Fig. 14. It is obvious that the recognition value and virtual
experimental value has a small difference. So the validity and correctness of pavement roughness
recognition of GRNN is verified.
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7. Conclusions

On the basis of 7 DOFs vehicle model the mapping model among the vehicle body centroid
vertical acceleration, pitching angular acceleration, pavement roughness is established by using
GRNN. Then, another group vehicle body vertical acceleration and pitching angular acceleration
is substituted into the already trained network to recognize pavement roughness. Finally, vehicle
body centroid vertical acceleration and pitching angular acceleration are obtained from ADAMS
virtual experiment to recognize pavement roughness. The main conclusions are as follows:

1) GRNN has a high accuracy of recognizing pavement roughness and a strong anti-noise
ability. The recognized pavement roughness with noise agrees with fitted pavement roughness
well.

2) The relative error between the pavement roughness recognition value and virtual
experimental value is small. The correctness of using GRNN to recognize pavement roughness is
validated.

3) The recognized pavement roughness provides a good foundation for the further research on
vehicle’s riding comfort and handling stability.
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Appendix

my, m, — The mass of two front wheels (kg)

ms, m, — The mass of two back wheels (kg)

m — The mass of vehicle body (kg)

I, — The moment of inertia of the vehicle body around the centroid longitudinal axis (kg-m?)
I,, — The moment of inertia of the vehicle body around the centroid lateral axis (kg'm?)

k,, k, — Rigidity of two front suspensions (N/m)

ke, kg — Rigidity of two back suspensions (N/m)

C,, ¢4 — Equivalent damping coefficients of two front suspensions (N-s/m)

Ce, Cg — Equivalent damping coefficients of two back suspensions (N-s/m)

kq, k3 — Rigidity of two front tires (N/m)

ks, k; — Rigidity of two back tires (N/m)

¢1, c3 — Equivalent damping coefficients of two front tires (N-s/m)

cs, €7 — Equivalent damping coefficients of two back tires (N-s/m)

Zo1> Zo2»> Z03, Zoa — EXcitation of road surface to front left tire, front right tire, back left tire and

back right tire in the vertical direction (m)

Z4, Z4, Z3, Z4 — Displacement of front left tire, front right tire, back left tire and back right tire

in the vertical direction (m)

zg — displacement of vehicle body centroid in the vertical direction (m)
z¢ —roll angle displacement of vehicle body (rad)
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z, — pitching angle displacement of vehicle body (rad)
a — distance between front axis and centroid (m)
b — distance between back axis and centroid (m)
L — distance between left tire and right tire (m)

L
3 (—ac, + ac4>
+bcg — beg)

az(Cz + ¢4)
+b?(cg + cg)

ak,
ak,
—bkg

—bkg

L
(5 (—ak, + ak4)

+bkg — bkg)

(az(kz + k)
+b? (kg + kg)

ac,
acy

—bcg

—bcg

—AaCy; — ACy
+bC6 + ng)

)

M = diag[my, m, mz; my, m I, I],
Z=[21 Z» Z3 Z4 Zs Z¢ Z7|T,
Q =[%01 Zo2 Zo3 Zo4]”,
k; 0 0 07 c; 0 0 07
0 k3 0 O 0 ¢ 0 O
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+ke — kg) +ke + kg)
—ak, — ak L k k
ak, ak, —bks —bk (+bk2 . bk4> (E (—ak; + ak,
6 87 \+bkg — bkg)
i L
¢+, 0 0 0 —Cy _ECZ
L
0 3+ ¢y 0 0 —Cy 564
L
0 0 Cs + Ce 0 —Cq _ECG
L
0 0 0 ¢y +cg —Cg 56‘8
Cc= c, +c L (
— _ _ _ 2T Cy =(c; — ¢y
@ e e e (@) (397
+cg — Cg)
L L L ’
—5¢ 30 5% 50 (i(cz_c‘*) 7 (et
+C6 - Cg) +C6 + Cg)
L
Tac; —acy\ [=(—ac; +acy
ac, ac, —bcg  —bcg (Lpc +p (2 ) <
(e + ) +beg — beg)
3874

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. NOV 2015, VOLUME 17, ISSUE 7. ISSN 1392-8716

(12)
(13)
(14)

(15)

, (16)

a7



1803. PAVEMENT ROUGHNESS IDENTIFICATION RESEARCH IN TIME DOMAIN BASED ON NEURAL NETWORK.
WANG WEL BEI SHAOYI, ZHANG LANCHUN, WANG YONGZHI, Y ANG HUl

Wang Wei is a lecturer at School of Automobile and Traffic Engineering, JiangSu
University of Technology (JSUT) in China. He was born in 1984. Received Doctor degree
in vehicle engineering from Nanjing University of Aeronautics and Astronautics (NUAA),
China in 2014. He is engaged in the scientific research and the teaching work. His current
research interests include vehicle dynamics and vehicle state estimation.

Bei Shaoyi is a Professor at School of Automobile and Traffic Engineering, JiangSu
University of Technology (JSUT) in China. He was born in 1968. He received Doctor
degree in Vehicle engineering from Jiangsu University. His current research interests
include vehicle dynamics and vehicle motorized chassis.

Zhang Lanchun is an Associate Professor at School of Automobile and Traffic
Engineering, Jiangsu University of Technology (JSUT) in China. He was born in 1980.
Received Doctor degree in vehicle engineering from Nanjing University of Science and
Technology (NUST), China in 2009. His current research interests include vehicle
dynamics and vehicle motorized chassis.

Wang Yongzhi is a Lecturer at School of Automobile and Traffic Engineering, Jiangsu
University of Technology (JSUT) in China. He was born in 1971. Received Master degree
in vehicle engineering from Jiangsu University. His current research interests include
vehicle dynamics and vehicle state estimation.

Yang Hui is a Lecturer at JiangSu University of Technology (JSUT) in China. She was
born in 1992. She received Bachelor degree in vehicle engineering from Nanjing
University of Aeronautics and Astronautics (NUAA), China in 2014. She is engaged in the
scientific research and the teaching work. Her current research interests include vehicle
dynamics and vehicle state estimation.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. NOV 2015, VOLUME 17, ISSUE 7. ISSN 1392-8716 3875




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <>
    /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 [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


