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Abstract— If not properly diagnosed and corrected, tem-
perature and position varying characteristics of friction ob-
served in production automotive electronic throttle body (ETB)
systems can lead to performance degradation, increasing
warranty cost for automotive manufacturers. Consequently,
friction diagnostics for ETBs has become an important issue
for OEMs and ETB manufacturers. However, relatively little
attention has been given to the issues of friction diagnostics
for such systems. In this research, preliminary studies are
presented for this problem via a mathematical formulation,
thereby mitigating measurement and computation limitations
in production hardware. A friction estimation scheme based on
the principle of sliding modes is demonstrated in simulation for
a typical production ETB. The contributions of this work lie in
the friction modeling methodologies (incorporating experience
in ETB operation) as applied to production ETB systems,
and the novel control-theoretic approach for attaining useful
diagnostic information.

I. INTRODUCTION

Electronic throttle actuation has been widely recognized

as an effective solution for the air loop control problems

of automotive engines due to its numerous advantages over

conventional mechanical linked throttle actuation systems

[1]. Several engine control targets can be achieved simulta-

neously with a single Electronic Throttle Body (ETB) unit

[1] [2] [9].

A typical configuration of an ETB is shown in Figure 1.

Despite its simplicity in mechanical configuration, the actual

system becomes complicated during production due to cost,

safety, and packaging constraints. The nonlinearities, such

as torque discontinuity from returning springs at the “limp

home” position [12], backlash from gear driven mechanical

linkage [9] and stick-slip friction [8] from brushed DC

motor and position sensor, cause complicated open loop

responses of ETBs. The signature of such complications is

a hysteretic effect due to the interaction among those nonlin-

earities [8]. Among them, stick-slip friction is the dominant

effect that usually affects ETB operation. In addition to

the complex behavior of stick-slip friction, it is prone to

vary with respect to temperatures and throttle positions. It

is assumed here that the friction variation due to temperature

changes may be one of the triggering events for the hunting

issue in production ETBs. Some local oscillation phenom-

ena are also observed due to the position varying nature

of friction. Engine vibration, road surface condition and

humidity effects all have potential contributions to friction

variation. The friction variation becomes one of the most

serious and costly quality problems for OEMs and ETBs

manufacturers. In most cases, the stick-slip friction affects
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ETB operation at relatively low angular velocities and small

angle manipulations when the throttle is operating below

“limp home” position. Without a good handle on friction

compensation, poor position tracking performances at such

engine operating modes can lead to rough engine idle, bad

driving perception, and inferior drive comfort. In the worst

case, poor friction estimation, as well as corresponding

compensation, can trigger the On Board Diagnosis (OBD)

system to light up the ”Check Engine” light. Such control

and detection problems definitely increase the warranty

cost to automotive manufacturers. It is of great interest for

OEMs and ETBs manufactures to obtain enough friction

information for product quality management purposes.
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Fig. 1. Electronic Throttle Body Schematic

The topic of friction diagnostics is relatively new. How-

ever, friction estimation and compensation are not new

problems. Several papers have addressed dynamic friction

compensation of ETBs from different aspects [8] [10] [11]

[12] [14]. Several types of dynamic friction models have

been used in control design [17], including adaptation

approaches [3] [5] [6] [18] [19]. However, little attention

has been paid to the friction diagnosis problem [4] [13],

especially for dynamic friction diagnostics. Among existing

friction estimation and compensation schemes, adaptive ap-

proaches appear promising for friction diagnosis, especially

because a strong tie exists between adaptive approaches

[18] [19] and critical parameters of dynamic friction models

which might give insight for friction in ETBs. However, the

issue of parameter convergence is still an open question.

Relatively speaking, dynamics due to friction are of

higher bandwidth than the throttle itself, and are a complex

function of the velocity of the throttle shaft. However, the

throttle shaft velocity is not directly measured on produc-

tion ETBs. In this paper, we mitigate the measurement

limitations on production ETBs and assume that a velocity

measurement with sufficient accuracy is available in order

to investigate possible solutions to the friction diagnostics

problem. In addition, in order to capture the fast dynamics

of friction, we lessen the restriction of production computa-
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tion power and assume we have adequate embedded compu-

tation power for this problem. The mathematical solution is

emphasized here rather than a possible commercial solution.

Because excessive wear or contamination can result in a

higher peak stiction torque, the diagnostic task will mostly

focus on the detection of faulty conditions of the peak

stiction torque. The varying nature of the friction torque

with respect to temperature and position are also considered

in the diagnostic strategy.

This paper is organized as follows: the system model

is developed in Section II; the friction estimator is de-

veloped in Section III. Simulation results are presented in

Section IV, whereby conclusions and suggestions for future

work appear in Section V.

II. MODEL

The generic ETB model as reported in [10] and [11] can

be described by Equation 1; for simplicity, gear backlash

nonlinearity is neglected:

dia
dt

= −Ra

L
ia − KeGr

L
ω +

u
L

ω̇ =
KtGr

J
ia − Tf

J
− Tsp

J
− Ta

J
(1)

θ̇ = ω

Here, ia is the rotor armature current, J is the total inertia

measured at the throttle shaft, ω is the throttle shaft an-

gular velocity and θ is the throttle angle. Tf , Tsp and Ta
are friction torque, spring torque, and aerodynamic torque

respectively. In following three subsections, more detailed

model information about these three torques is provided.

A. Stick-Slip Friction Torque

A comprehensive stick-slip friction model, the Lugre

model [6][17], is adopted in this research. Even though the

distinct characteristics of friction observed in ETBs by [8]

and [16] requires some modifications of the Lugre model to

match open loop ramp responses of production ETBs, we

believe that the Lugre model is adequate to describe stick,

preslide, and slide, the three stages of friction torque which

have been observed on ETBs. The Lugre model is given as

ż = ω − δ0|ω|
g(ω)

z

Tf = σ0z+σ1ż+σ2ω (2)

where g(ω) = α0 + α1e−( ω
ωs )2

= Tc +(Tst −Tc)e
−( ω

ωs )2
. z is

the asperity deflection of the bearing contact, Tc is the

Coulomb friction torque, Tst is the break away stiction

torque, ωs is the critical velocity, δ0 is the stiffness coeffi-

cient, δ1 is the damping coefficient and δ2 is the viscosity

coefficient.

Under abnormal conditions such as extra wear or con-

tamination, difference between Tst and Tc are increased. Be-

cause of this increased difference, stick-slip effects can be

even stronger at lower angular velocity. The approximated

behaviors of the Lugre model under two different settings of

stiction and slip friction torques are shown in Figure 2. As

stated previously, friction torque varies with many factors

such as temperature, position, vibration and time of usage,

together with some degree of uncertainty.

F
ri

c
ti
o

n
 T

o
rq

u
e

 [
N

M
]

Angular Velocity [rad/s]

Stick

Slip

Faulty Condition

Normal Condition

Tf

|ω|

Fig. 2. Friction Torque under a Specific Control Input

B. Nonlinear Spring Torque

Production ETB systems are usually equipped with two

springs. One spring is applied when the throttle angle is

greater than the “limp-home” position, whereas the other

is applied when the throttle angle is less than the “limp-

home” position. The two springs may have different spring

stiffness. Because of this configuration, a discontinuity of

torque with a small dead zone is created at the “limp-home”

position. Such a discontinuity creates some difficulties in

control design if the control reference target position is

near the “limp-home” position. Duer [12] has addressed this

problem from a different aspect; as an illustration, consider

an ideal realization of nonlinear spring torque, depicted in

Figure 3. It was found that the spring stiffness (slop) is

small in production ETBs. It is convenient to simplify the

spring returning torques, Topen and Tclose, as two constants.
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Fig. 3. Nonlinear Spring Torque
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C. Aerodynamic Torque

When airflow passes the throttle plate (such as the

butterfly valve), the aerodynamic torque is translated to

the throttle shaft. A polynomial function was suggested

by Sun [8] to approximate the aerodynamic torque, with

a good degree of accuracy. Therefore, the aerodynamic

torque is not considered here; for detailed information about

aerodynamic torque, the interested reader is referred to [7]

and [8].

D. Model Parameters

The range of parameter values which are commonly

found in production ETBs are listed in Table I.

TABLE I

TABLE OF PARAMETER VALUES

Name Definition Range of Value Unit

Ra Rotor Resistance 1-5 Ohm

L Rotor Inductance ≤ 3×10−3 H

Jm Rotor Inertia ≥ 2×10−6 Kgm/s2

Jth Throttle Inertia ≤ 50×10−6 Kgm/s2

Ke Back emf 0.01-0.08 V sec/rad

Kt Motor Torque Constant 0.01-0.05 Nm/A

Gr Gear Ratio 15-22 Unitless

Topen Torque at opening 0.25-0.45 Nm

Tclose Torque at closing 0.3-0.4 Nm

Tstick Stiction Torque 0.005-0.03 Nm

Tslip Slip Friction Torque 0.0025-0.005 Nm

B Viscosity coefficient ≥ 0.001 Nmsec/rad

III. FRICTION ESTIMATION

The Lugre model requires six parameters to characterize

the nonlinear stick-slip friction. The parameters, Tst and Tc,

are believed crucial for friction diagnosis. They are assumed

unknown and are subject to estimation in this research. The

remaining parameters are assumed to be invariable and can

be identified off-line. From knowledge of the system, the

model equation, and simulation studies, three properties

of the Lugre model have surfaced which are useful for

constructing estimation schemes for Tst and Tc.

Property 1:
The internal state, z, is bounded such that max(δ0|z|)≤ Tst .

When friction is in a steady state, that is ż = 0 (or z = zss),

the friction torque is Tf ss = α0 +α1e−( ω
ωs )2

+δ2ω .

Property 2:
Given any initial condition z0, there exists a set of input

trajectories such that the state, z, can reach zero, while the

friction torque passes peak stiction torque Tst , and stays at

Tc.

Property 3:
Assuming initial conditions of z are positive, a velocity

trajectory starting from a negative value and smoothly and

monotonically increasing until |ω| � ωs and |ω̇|< | f (ωs)|,

can guarantee that the friction torque passes from Tst and

reaches Tc, where f (ωs) is a smooth function of ωs.
Given above three basis properties, a class of trajectories

of input or the throttle shaft velocity can be constructed

specifically for the purposes of friction diagnosis.

A. Friction Estimation using Current Measurement

Modern DC motor drives, such as the H-bridge drives

which are widely used in typical ETB control modules,

are already embedded with current sensing circuitry to

supply motor current information. Together with an angular

velocity measurement of the throttle shaft or the motor

shaft, the angular velocity dynamics can be used to estimate

friction. Again, the throttle shaft velocity dynamics are

ω̇ =
KtGr

J
ia − Tf

J
− Tsp

J
− Ta

J
(3)

Creating a sliding mode observer based on the above

equation without considering the term
Tf
J yields

˙̂ω =
KtGr

J
ia − Tsp

J
− Ta

J
− M

J
sgn(ω̂ −ω) (4)

where sgn(·) is the signum function and M is a positive

number. Letting ω̃ = ω̂ −ω , the error equation becomes

˙̃ω =
Tf

J
+d(·)− M

J
sgn(ω̃) (5)

where d(·) represents the unmodeled dynamics and distur-

bance. If M � 0 and control can be switched sufficiently

fast, the sliding mode can be reached in finite time and

ω̃ → 0 (ω̂ → ω̄). When a sliding mode appears,

Msgn(ω̃) ≡ Tf +d(·) (6)

Using the equivalent control concept and denoting Teq
as Msgn(ω̃), the equivalent control Teq is equivalent to

Tf (θ ,ω) + d(·), although it is in a form which can be

difficult to interpret.

B. Obtaining Equivalent Control

In order to obtain the equivalent control, a low pass Filter

(LPF) can be used to attenuate low frequency components

of Tf (θ ,ω) + d(·). The goal of creating a sliding mode

observer is not to observe a variable which has already

been measured; rather, it is to create a scheme to estimate

friction torque. Usually it is assumed that the term d(·) is

zero mean with a certain variance. Thus, the first moment

statistics about Teq are sufficient to estimate Tst and Tc.

Because the sliding mode observer is implemented inside

the controller, there is no limitation on the value of M. The

only limitation in implementing the observer is switching

frequency. If the control updating rate can be selected as

fast as possible (some popular DSP chips can run floating

point algorithms at 20 kHz effectively), estimation errors

due to finite switching frequency are tolerable.
Using a LPF, the filtered information (estimated friction

function) will have additional phase lag. However, because

it is not used in either feedback or feedforward control in

this research, the quality of the estimated friction torque

will not affect the overall control response.
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C. Diagnostic Strategy

Based on the properties of the stick-slip friction, the

friction diagnostic strategy about Tst and Tc can be readily

implemented under two situations:

1) When |ω| < |ωs|, the friction torque is bounded by

Tst . It is convenient to define a threshold to distin-

guish normal or abnormal stiction torque. Once the

estimated stiction torque is beyond the threshold, the

corresponding temperature and position information

can be recorded and stored for offline analysis.

2) When |ω| >> |ωs|, the friction torque is bounded by

Tc. An approach similar to that for the stiction torque

can be applied for slip torque diagnosis.

Based on the above diagnostic strategy, the position and

temperature varying nature of the friction can be captured.

IV. SIMULATION RESULTS

A proportional–derivative (PD) control, together with a

simple static feedforward control term (capturing effects of

static Coulomb friction and viscous friction), is adopted

to investigate the potential of sliding mode concepts for

friction estimation. The use of a simple PD control scheme

may not be the most suitable choice, but is typically used

in current production ETBs. Because this work is not

intended to demonstrate, nor investigate the efficiency of

(PD) control for ETBs, little effort was spent in tuning the

PD parameters. With this in mind, the simulation setup is

given in the following:

1) The friction estimator is updated at 20 kHz.

2) The PD controller is updated at 1 kHz.

3) Under normal operating conditions, Tst = 0.0095N.m
and Tc = 0.008N.m.

4) Under faulty conditions, Tst = 0.00315 N.m and the

slip friction torque Tc is not changed.

5) The critical speed of the motor shaft, ωs , is set at

140 rad/sec.

6) Two reference input signals are used to evaluate

the performance of the friction estimator. The first

reference input is a sinusoidal function with angular

velocity at 30 rad/sec. The second reference input is

a step input.

Simulation results under normal conditions are shown in

Figure 4 and Figure 5; the simulation results under faulty

conditions are shown in Figure 6 and Figure 7.

Under both sinusoidal and step reference inputs, the

friction estimator in general can capture the trend of the

friction torque with reasonably small errors. Under normal

conditions, the differences between the estimated Tst and

the estimated Tc are small. In contrast, under faulty condi-

tions, the friction estimator clearly detects the difference

between Tst and Tc, although it underestimates Tst . This

minor discrepancy could be remedied by increasing the LPF

attenuation frequencies.
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Fig. 4. Estimated friction torque under normal conditions with a sinusoidal
input.
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Fig. 5. Estimated friction torque under normal conditions with a step
input.
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V. CONCLUSIONS AND FUTURE WORK

This research demonstrates a friction diagnostic algo-

rithm based on the sliding mode concept in simulation.

The sliding mode technique was used due to the nonlinear

coupling in the velocity terms due to the friction term.

The angular velocity dynamics of the throttle shaft are

used to construct the friction estimator using the concept of

sliding modes. The sliding mode friction estimator achieves

reasonably small estimation errors and can be used for

abnormal stick-slip friction torque diagnosis. The detected

faulty conditions of the friction torque can be utilized to

analyze the position and temperature varying nature of the

friction torque observed in production ETBs. The Lugre

friction model is utilized to construct the friction estimator.

The approach can be extended to cover the variation of

ωs as well. In addition, it can be used to diagnose more

complex friction behavior or used for purposes of friction

identification.

This research demonstrates friction diagnosis only under

PD control. Other forms of feedback control have yet to

be tested. Moreover, the angular velocity measurement is

assumed to be available in this research; current ETBs in

production do not have this capability. In order to implement

algorithms of the sort proposed herein, some modification

will be needed. In experiment, the addition of a high resolu-

tion optical encoder on the motor shaft would be needed to

validate the algorithm. It is also important to point out the

limitation of the diagnostic theory as applied to this practical

problem. Some design and manufacturing defects, such as

the aluminum housing and the throttle shaft deflections due

to uneven temperature distribution and partial engine load,

can seize the throttle shaft movement. These phenomena

are believed to be out of scope for this study, and beyond

the capability of model-based diagnostics. Higher order

dynamics excited by PWM control and aging effects from

the worn geartrain also introduce nonlinear behavior. These

issues will be addressed in an upcoming publication.

VI. ACKNOWLEDGMENTS

The authors would like to thank Hai Yu and Siddharth

D’Silva for thoughtful discussions on sliding mode and

adaptive control theories. The authors also would like to

thank Shawn Midlam-Mohler for fruitful discussions on this

work.

REFERENCES

[1] D. McKay, G. Nichols and B. Scheurs, “Delphi Electronic Throttle
Control Systems for Model Year 2000; Driver Features, System
Security, and OEM Benefits. ETC for the Mass Market,” Presented
at the 2000 SAE Congr. Paper NO. 2000-01-0556.

[2] L. Eriksson and L. Nielsen, “Non-Linear Model-Based Throttle
Control,” Presented at the 2000 SAE Congr. Paper NO. 2000-01-
0261.

[3] J. T. Huang, “An Adapitive Compensator for a Servosystem with
Coulomb and Viscous Friction,” in Proc. IEEE Int. Conf. Ctrl. Appl.
2001.

[4] L. R. Ray and J. S. Remine, “Machine Friction Estimation For
Modeling, Diagnostics, and Control,” in Proc. 1998 Amer. Contr.
Conf.

[5] K. M. Misovec, A. M. Annaswamy, “Friction Compensation Using
Adaptive Nonlinear Control with Persistant Excitation,” in Proc. 1998
Amer. Contr. Conf.

[6] R. H. A.Henson, M. J. G. van de Molengraft and, M. Steinbuch,
“Friction induced hunting limit cycles: A comparison between the
Lugre and switch Friction model,” Automatica Vol. 39 (2003) Page:
2131-2137.

[7] J.L. Chen and G. Chen, “Throttle Body at Engine Idle-Tolerance
Effect on Flow Rate,” Presented in the 1995 SAE Conf. Paper NO.
951057.

[8] C. C. de Witt, I. Kolmanovsky and J. Sun, “Adaptive pulse control
of electronic throttle,” in Proc. 2001 Amer. Contr. Conf.

[9] U. Ozguner, S. Hong and Y. Pan, “Discrete-time sliding mode control
of electronic throttle valve,” in Proc. 40th IEEE Conf. Decis. Contr.,
2001.

[10] Y. Pan, O. Dagci, U. Ozguner, “Variable Structure Control of
Electronic Throttle Valve,” Presented at Veh. Electr. Conf., 2001.
in Proc. IEEE Intrl., 25-28 Sept. 2001

[11] O. Dagci, Y. Pan and U. Ozguner, “Sliding Mode Control of
Electronic Throttle Valve,” in Proc. Amer. Contr. Conf. Anchorage,
AK May 8-10, 2002

[12] J. Duer, D. Pavkovic, N. Peric and M. Jansz, “An Electronic Throttle
Strategy Including Compensation of Friction and Limp-Home Ef-
fects,” Presented at Ele. Mach. Drv. Conf., 2003. IEMDC’03. in IEEE
International , Volume: 1 , 1-4 June 2003

[13] M. Sif, “Fault Diagnosis based on Equivalent Contorl Concept,”
Presented at World Automation Congr., 2002. in Proc. the 5th
Biannual, Volume: 14 , 9-13 June 2002. Pages:423 - 428

[14] M. Yokoyama, K. Shimizu and N. Okamoto, “Application of sliding-
mode servo controllers to electronic throttle control,” in Proc. the 37th
IEEE Conf. Decis. Contr., 1998.

[15] D. Pavkovic, J. Dent, M. Jansz and N. Peric, “Self-tuning control of
an electronic throttle,” in Proc. 2003 IEEE Conf. Contr. Appl., 2003.

[16] C. Rossi, A. Tilli and A. Tonielli, “Robust control of a throttle
body for drive by wire operation of automotive engines,” IEEE
Trans.Contr. Syst. Technol., Nov. 2000

[17] C. C. de Wit, H. Olsson, K. J. Astrom and P. Lischinsky, “A New
Model for Control of Systems with Friction,” IEEE Trans. Automat.
Contr., VOL 40, NO. 3, MARCH 1995

[18] A. Ramasubramanian and L. R. Ray, “Adaptive Friction Compen-
sation Using Extended Kalman-Bucy Filter Friction Estimation: A
Comparative Study,” in proc. Amer. Contr. Conf., Chicago, Illinos
June 2000.

[19] C. C. de Wit and P. Lischinsky, “Adaptive friction compensation with
partially known dynamic friction model,” Int. Jrnl. Adaptive Control
and Signal Processing. Volume: 11, Issue: 1, February 1997 P. pp.
65 - 80.

5045


	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ArialNarrow-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Oblique
    /Times-Roman
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


