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A sliding-mode variable-structure controller based on exact

feedback linearization for automatic navigation system
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Abstract: In order to improve the path tracking accuracy and robustness of the agricultural machinery navigation system, a
sliding-mode variable-structure controller based on exact feedback linearization was presented. Firstly, based on the
differential geometry theory and the affine nonlinear kinematics model, the corresponding nonlinear coordinate change matrix
and nonlinear state variable feedback equations were deduced, and an exact feedback linearization model was then established.
Secondly, based on the exact feedback linearization model, a sliding-mode variable-structure controller was designed by
selecting suitable linear switching function and exponential reaching law. Finally, the comparative experiments were carried
The

maximum lateral error of the straight line tracking was less than 0.06 m, and maximum lateral error of the curve path tracking

out. And the experimental results indicated that the proposed method had a high tracking accuracy and robustness.

was less than 0.09 m. Experimental results show that the transplanter based on this automatic navigation system can

Vol. 9 No.5

effectively track the predefined path.
Keywords: agricultural machine,
variable-structure controller

DOI: 10.3965/j.ijabe.20160905.1830

affine nonlinear kinematics

model, exact feedback linearization, sliding-mode

Citation: Bai X P, Hu J T, Gao L, Zhang T. A sliding-mode variable-structure controller based on exact feedback

linearization for automatic navigation system.

1 Introduction

In recent years, agricultural machinery navigation
control has been paid many attentions by scholars!'™.
Generally, there are mainly two types of control methods
for an agricultural machinery navigation system, i.e.
model-based methods and model-free methods.

The model-based methods can be further divided into
two types: the kinematics model-based method and the

dynamics model-based method. Zhang et al.”), Huang
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and Wang'® studied the control method based on the pure
pursuit model, respectively.  They selected proper
look-ahead to determine the control value based on the
simplified two wheel kinematics model. Li et al.l”
proposed a path tracking method based on fuzzy adaptive
pure pursuit model. Fuzzy adaptive control was used to
find out the look-ahead distance online and adaptively,
and improve the path tracking precision. Backman et
al.l® proposed a path tracking method based on nonlinear
model predictive control and the experimental results
showed that the proposed method was a feasible method
for accurate path tracking. In order to solve the high
nonlinear of the lateral kinematics model, some scholars
tried to find out proper linearization method to obtain
equivalent linear model, which makes linear control
techniques be used to solve the path control problems[g'lz].
Lii et al.”’ and Chen et al."'”? | aiming at the straight line
path tracking problems, used a small angle approximated

method to linearize the two wheel kinematics model, and
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adopted the optimized control approach to design the
controller. In addition, Chen and Torisu[”], adopted the
method of segment linearization to obtain the linear
kinematics model, and adopted the optimized control
method for the design of the controller to study the curve
path tracking problems. Li et al.l'” proposed an
agricultural machine tracking method based on exact
feedback linearization. This method was robust to
changes in travel speeds of agricultural machines. The
experimental results showed that the precision of straight
line tracking and curve path tracking was 4 cm and 7 cm,
respectively. Since the kinematics model-based method
did not consider the effect of the dynamics, some scholars
also tried to build the dynamics model to solve the path
tracking method. Zhang and Qiu'"* presented a dynamic
algorithm for an intelligent navigator which was used to
guide an autonomous agricultural tractor for tracking the
desired path and making turns at the end of the field.
They used posture sensors to determine the current
position of tractor and a dynamics model to estimate the

Derrick et al.l'*!

future tractor position. 81 proposed a
model reference adaptive method. A yaw compensate
model was built to compensate yaw rate variations and it
made the lateral position response of the farm tractor
remain consistent with respect to different implement
configurations.

As for the model-free method, some scholars tried to
use some intelligent methods to design the path tracking
controller. Chen et al.'”! applied the neural network
control method to the control of autonomous farm
enabled the
Guo and Chen[lg], Zhou et al.'”!

applied the fuzzy control method to design controller and

vehicles, and controller had sound

self-learning function.

used the navigation angle and navigation distance to
design the membership functions. Liuet al.”” proposed
a self-adapted fuzzy control algorithm. This method
adopted GA (Genetic Algorithm) to optimize the fuzzy
rules and proportion factor of fuzzy output online. It
retained the advantages of conventional fuzzy control,
and meanwhile, it improved the performance of
autonomous navigation control system.

According to the above analysis, many control

methods have been proposed to solve the path tracking

problems of agricultural machinery. However there still
exist some strict application constraints in these methods.
For example, model-free method design needs experience
knowledge and complex training process; the
model-based method depends on the exact mathematical
model, and is sensitive to system parameters.
Sliding-mode control is widely considered as a high

21-24]

robust control* For the class of systems to which it

applies, sliding-mode controller design provides a
systematic approach to the problem of maintaining
stability and consistent performance in the face of

Jiang et al.?’!

modeling imprecision. proposed an
adaptive controller by combining the finite-time controller
and the integral sliding-mode control. The adaptive
controller could not only track the desired straight line
effectively, but also achieve good control performance
Yet, this

method did not solve the curve tracking control problem.

under kinds of environmental perturbations.

In order to improve robustness of navigation system,
we presented a sliding-mode variable-structure controller
for automatic navigation system based on exact feedback
linearization in this paper. The controller design can be
divided into two parts. In the first part, a nonlinear
kinematics model of agricultural machinery was obtained.
Since the model was high nonlinear and strong coupling,
it is hard to design an applicable controller by using the
model directly. In order to solve this problem, the
feedback linearization theory was used to convert the
nonlinear model into an equivalent linear model. In the
second part, an applicable controller should be designed.
But because the uncertainties of navigation system and
external disturbances were not considered in the
kinematics model, the designed controller should be
robust to these disturbances. For that reason, an

exponential reaching law was applied to design

sliding-mode controller, and it could ensure all
trajectories reaching the sliding surface in finite time and

having low chattering in the sliding motion.

2 Feedback linearization model of the

agricultural machinery

2.1 Affine nonlinear Kkinematics model of the

agricultural machine
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From a practical point of view, the kinematics model
of the agricultural machinery can be considered as a
two-wheel model according to the following two
assumptions: pure rolling and non slipping assumptions,
the agricultural machinery is a unique rigid body, see

Figure 1.

Kinematic model

Figure 1

The agricultural machinery is assumed to move on a
horizontal ground, curve C is the path to be followed.
The A, B respectively represent the front axle center and
the rear axle center. Then the agricultural machine
configuration can be described by a three-dimensional
vector X(x, y, 0), where, x is the curvilinear abscissa along
curve C; y is the lateral deviation of the agricultural
machinery with respect to curve C; 0 is the angular
deviation of the agricultural machinery with respect to
curve C at point M. A two-dimensional control vector
U(d, v) is available, where, J is wheel angle at the point O;
v is linear velocity at the point O.

Then the kinematics model agricultural machinery
can be derived according to following assumption: the
path curvature is small enough that the MM’ and MN
approximately equal in length. Under above assumption,

the kinematics model of agricultural machinery can be

described by following simultaneous differential
equations:
dx _ vcosd
dt 1-c(x)y
dy .
—=vsind 1
py )
de _ y tand  c(x)cosd
dr / 1—c(x)y

where, c(x) denotes the curvature of path C. It can be

noticed that the model (1) becomes singular when

1 . .
y=ﬁ, and the point O is located at the center of
c(x

curvature of the reference path. This problem has not

been encountered in practical situations: on one hand, the

path curvature is small; on the other hand, the agricultural
remains close to C.  Above two reasons implies:

I—c(x)y=0 2)

According to model (1), the relationship between y or

6 and x can be obtained:
dy
—=tand(1-
] (I-c(x)y)

de _ (I1-c(x)y
dx lcos@

€)

u—c(x)

Choosing control variable u=tand and state vector as
X=[x; xz]T=[y G]T , the model (3) can be expressed as:

X = £(X)+ g(Xu @
¥ =h(X) =3,

With the two vector fields fand g defined as:

%) = tanx, (1-c(x)x,)
—c(x)
0
g(X)=| 1-c(x)x,
| [cosx,

The model (4) is called the standard affine nonlinear
kinematics model of the agricultural machinery.
2.2 State feedback precise linearization of the affine
nonlinear kinematics model

According to the above transform, a standard affine
nonlinear kinematics of the agricultural machinery is
obtained. In order to solve the non-linearity of
kinematics model, we presented an exact feedback
linearization method. The central idea of the approach
is to algebraically transform a nonlinear kinematics
model of the agricultural machinery into a linear one, so
that linear control techniques can be applied. This
differs entirely from conventional linearization in which
feedback

transformations and feedback, rather than by linear

linearization is achieved by exact state
approximations of the dynamics.
Firstly, whether the controllability and involutivity

condition is satisfying should be checked. The
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controllability matrix is obtained by simple computation:

F = [g adfg]
. _[-c@x T
B [ cos” x, ©)
- c(x)x,  —2I(1—c(x)x,)c(x)sin x,
lcos x, [cos” x,

In practical situations, it is easy to know that @ is
smaller than 7/2. This implies:
cosx, #0 (6)
Combined with formula (5), it is easy to prove that
the affine nonlinear kinematics model of agricultural
machinery satisfies the controllability and involutivity
conditions. Therefore, the affine nonlinear kinematics
model of agricultural machinery is feedback linearizable.
That is, there exists a state transformation Z=z(X) and the
input transformation u'=a(x)+f(x) so that the affine
nonlinear kinematics model of agricultural machinery can
be transformed into an equivalent linear one.
Secondly, the corresponding nonlinear coordinate
change matrix and nonlinear state variable feedback
equations are deduced according to the feedback

linearizable theories, the state transformation is obtained

7- Z | h(X) B X, ;
Tz | LAX)| | tanx,(1-ex) @

The input transformation is obtained as:

w'=LLh(X)u+ L2h(X) ®)

as:

With Li,h(X) =—c(l-cx)(1+2tan’ x,) and

(1 —&x )2

L L.h(X)=
LX) [cos’ x,

, the equivalent linear

time-invariant model can be written as:

. Jo 17 o7, o
Z—OOZ+1u ()

3 Sliding mode variable structure controller

design

According to the feedback linearization coordinate
transform, original affine nonlinear kinematics model is
transformed into an equivalent controllable linear model.
The control problem is to get the state variable z; and z,

to track a desired trajectory. Therefore, the control

problem of the original system can be further converted
to a stabilization problem at the origin (0, 0) by

introducing a deviation vector:

e z
E:[ }:[ } (10)
) Z

Substituting Equation (10) into Equation (9), a new

state equation with deviation variable as state variable is

I R O 16
“lo o 1| (16)

Based on the theory of sliding-mode control, the

obtained:

sliding switching surface is designed as:
S(E)=e, +ce =0(c, >0) 17)
Thus,
é =—ce (18)
That is, if ¢;>0, sliding-mode is asymptotic stable at
the origin (0, 0). The linear sliding function makes it
easier to improve system dynamic quality by adjusting
parameter c;.
Applying converse coordinate transform, sliding
surface s(X) of the original system can be obtained:
s(X)=tanx,(1—cx,)+¢cx, (19)
The control input is applied to drive the state onto the
switching mode surface, and once on the surface, the
system is constrained to remain on the line. In order to
solve the inherent chattering problem of the sliding-mode
control, the following exponential approach law, which
satisfies the reachability condition ss <0, is applied to
design the control law:
s=—gsgns—ks, &£>0,k>0 (20)
where, sgn s is defined as follows:

1 if s>0
sgns =
-1 if s<0

Using Equation (17), sliding control law can be
obtained as:
e, +ce =—ssgns—ks, &£>0,k>0
Combining Equations (16) and (17), an equivalent
control variable u’ can be obtained as:
u'=—ce, —esgns —ks (21
Applying converse coordinate transform, control

quantity u of the original system can be obtained as
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LX)+
© LLh(X)
Icos’ x,(2ctan’ x, — ¢, tanx,+c) [cos’ x,(£sgns +ks)

- (1-cx) - (1-cx)

_ Icos’ @(2ctan® 6 — ¢, tanG+c)  [cos’ O(ssgn s + ks)

B (1-cy) (1-cy)’

(22)

It can be noticed that controller (22) becomes singular
when 1—cy=0. But, from Equation (2), 1-cy=0 is not
encountered in practical situations. Thus,

o =arctan(u) (23)

Since the actual control value is limited, the
reachability condition is satisfied in the domain

XeR[s(X)=0,u,, < U, <u (24)

max }

In reality, because of the hardware constraints, the

discontinuous control will generate the chattering

phenomenon on the sliding surface. So, a smooth
saturated function was proposed to replace the sign

function for designing the exponential approach law.

sgn(s) if |s| >¢&
std(s) = —iz(s—s)2 +1 if 0<s<0 (25)
£

iz(s+e)2+1 if —£<s<0
&

4 Experimental verification

4.1 Experimental platform
The proposed method was verified by a series of
experiments on a YAMMAR VP6 rice transplanter as
shown in Figure 2, which was modified and equipped
with distributed navigation control system based on CAN

bus (Figure 3).
s Dt ._"!il

Figure 2 Rice transplanter equipped with automatic navigation

system

Open Access at http://www.ijabe.org Vol. 9 No.5
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Position Course test Steering Angle
detecting unit unit detection unit

Figure 3 Distributed navigation control system based on
CAN bus

In the navigation system, the GPS receiver is selected
as the position sensor and its accuracy of location
measurement is 1 cm +1 ppm (circular error probability).
MTI is selected as the heading indicator and its accuracy
of heading angle measurement is 0.1°.

4.2 Path tracking experiments

In order to compare the presented method in this
paper with the classical model-based method, straight line
tracking experiments and curve path tracking experiments
based on the above two methods (model-based control
method/sliding-mode variable-structure control method)
were carried out under the same condition.

The straight line tracking experiments and curve path
tracking experiments were both carried out on the same
cement road surface, and experimental data were
recorded by data gathering system. We conduct three
experiments based on the above two mentioned methods
at the speed of 1.0 m/s respectively, and the desired
tracking lines are shown in Figure 4 and Figure 5.

(1) Straight line tracking

The straight line tracking experiment results based on
the classical model-based method is shown in Table 1.

The straight line tracking experiment results based on
the algorithm presented in this research is shown in
Table 2.

_]{] L L L 'l 1 1 ]
0
X/m

Figure 4 Predefined straight line route



September, 2016

Bai X P,etal. A sliding-mode variable-structure controller for automatic navigation system

Vol.9No.5 163

60 -
| -

40t

30F

¥im

20F

X/m

Figure 5 Predefined curve route

Table 1 Statistical result of lateral tracking error for

model-based control method

Maximum deviation Mean deviation  Standard deviation

Serial No. /m m m
1 0.0598 0.0240 0.0262
2 0.1398 0.0382 0.0454
3 0.0697 0.0232 0.0273
4 0.0985 0.0493 0.0428
5 0.0685 0.0361 0.0338
Average 0.0873 0.0342 0.0351

Table 2 Statistical result of lateral tracking error for

sliding-mode variable-structure control method

Maximum deviation Mean deviation Standard deviation

Serial No. m m m
1 0.0518 0.0284 0.0200
2 0.0644 0.0377 0.0122
3 0.0566 0.0398 0.0404
4 0.0563 0.0307 0.0191
5 0.0501 0.0276 0.0160
Average 0.0558 0.0328 0.0215

(2) Curve path tracking

During the process of three curve path tracking
experiments based on classical model-based method, the
rice transplanter can not be able to track the predefined
path which is shown in Figure 6.

60

50k

AL —— Tracking path

------- Predefined path

30F

Yim

20+

10

10 15 20 25 30 35 40 45
Xim

Figure 6 Curve path tracking effect diagram for model-based

control method

During the process of three curve path tracking based
on the algorithm presented in this paper, the rice
transplanter can be able to track the predefined path, and
the experiment results are shown as Table 3.

Table 3 Lateral tracking error statistical result for

sliding-mode variable-structure control

Maximum deviation Mean deviation Standard deviation

Serial No.

/m /m /m
1 0.0945 0.0521 0.0374
2 0.0867 0.0493 0.0282
3 0.0874 0.0498 0.0329
Average 0.0895 0.0504 0.0328

4.3 Analysis of comparative experiment results

Through analyzing the above experimental results,
two conclusions can be drawn. Firstly, the experiment
results based on classical model-based method show that
this method is applicable to the straight line tracking,
however, it is not applicable to curve path tracking
especially when curvature is larger. Secondly, the
presented method in this paper not only keeps the
advantages of the model-based method for tracking the
straight line, but also enhances the robustness of curve
path tracking.  Finally, comparing the straight line
tracking results of the model-based method with the
proposed method, the reposition errors based on the
model-based method is 0.030 m, which is larger than
0.005 m based on the proposed method.

There are also several theoretical bases to support
above two conclusions. Firstly, the classical
model-based method is built based on the kinematics
model in section 2, and the control performance of system
is influenced to a great extent by the model precision.
However, the model precision declines with the increase
of curvature by analyzing in section 2. So, the classical
model-based method is applicable to straight line tracking,
however, it is not applicable to curve path tracking
especially when the curvature of the tracking curve is
larger. Secondly, the sliding mode variable structure
control method is adaptive to disturbance and parameter
variations, and is more robust to kinematics model. So,
it can be used to track the curve line even when the
kinematics model is not accurate. Finally, compared
with the model-based method, the sliding-mode controller

is more robust to the disturbances. So, the reposition
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error of the proposed method will be much smaller.
5 Conclusions and future work

In this research, a sliding-mode variable-structure
control of agricultural machinery based on exact feedback
linearization was presented. Firstly, a standard affine
nonlinear kinematics model of the agricultural machinery
is obtained via a series of state transform. Secondly, an
equivalent linear time-invariant model was obtained via
feedback linearization transform. Then, in order to
solve the problem of reliance of feedback linearization
method on the model, a sliding-mode variable-structure
control method was applied to enhance the robustness of
the system. Finally, a series of comparative experiments
were carried out. The experiment results showed that
the proposed method keeps the advantages of the exact
feedback linearization method. @ And meanwhile, it
enhances the robustness of the system.

Some improvements can be expected in the future.
For example, a better reaching law should be studied to

completely avoid the chattering phenomenon.

Acknowledgement

This study was supported by Key Technologies R &
D Program of Liaoning Province (Y5L7160701) and
National High-tech R&D Program of China (“863”
Program) (2013AA040403).

thank Liu Xiaoguang and Li Taochang for their assistance

The authors would like to

in the experiment.

[References]

[11 Li M, Imou K, Wakabayashi K, Yokoyama S. Review of
research on agricultural vehicle automonous guidance.
International Journal of Agricultural
Engineering, 2009; 2(3): 1-16.

[2] JiCY,Zhoul.
for agricultural machinery. Transactions of the CSAM,
2014, 45(9): 44-54. (in Chinese with English abstract)

[3] Wang H, Hu J T, Gao L.
measurement error of wheel turning angle in agricultural

Transactions of the CSAM, 2014, 45(8): 33-37.

(in Chinese with English abstract)

[4] Guo N, Hu J T, Wang H.

and Biological

Current situation of navigation technologies

Compensation model for

guidance.

Intelligent operation control

system for rice transplanter based on GPS navigation.
Transactions of the CSAM, 2014; 44(1): 200-204. (in

[5]

[10]

[12]

[13]

[14]

[15]

[16]

[17]

Chinese with English abstract)

Zhang Z G, Luo X W, Zhao Z X, Huang P C. Trajectory
tracking control method based on Kalman filter and pure
pursuit model for agricultural vehicle. Transactions of the
CSAM, 2009; 40(z1): 95-97. (in Chinese with English
abstract)

Huang P C, Wang Z H. Pure pursuit curve tracking model
research for wvehicle automatic guidance.  Automation
Application, 2011; (4): 23-27. (in Chinese with English
abstract)

LiTC HulJ T, Gao L, Liu X G, Bai X P. Agricultural
machine path tracking method based on fuzzy adaptive pure
pursuit model. Transaction of the CSAM, 2013; 44(1):
205-210. (in Chinese with English abstract)

Backman J, Oksanen T, Visala A. Navigation system for
agricultural machines: Nonlinear model predictive path
tracking. Computers and Electronics in Agriculture, 2012;
(82): 32-43.

Li AT, Song Z H, Mao E R. Optimized control method for
tractor automatic steering. Transactions of the CSAE, 2006;
22(8): 116-119. (in Chinese with English abstract)

Chen J, Torisu R, Zhu Z X, Chen J, Torisu R, Zhu Z X.
Study on automatic guidance for tractor on grassland.
Transaction of the CSAM, 2005; 36(7): 104-107. (in Chinese
with English abstract)

Chen J, Torisu R. Automatic control of lane change for
Transactions of the CSAE, 2005;
21(1): 83-86. (in Chinese with English abstract)

LiTC HulJT, Gao L, Liu X G, Bai X P. Agricultural
machine path tracking method irrelevant to travel speeds.
Transactions of the CSAM, 2014; 45(2): 778-785. (in
Chinese with English abstract)

autonomous tractors.

Zhang Q, Qiu H C. A dynamic path search algorithm for
tractor automatic navigation. Transactions of the ASAE,
2004; 47(2): 639-646.

Derrick J B, Bevly D M.  Adaptive control of a farm tractor
with varying yaw dynamics accounting for actuator dynamics
of the 17" IEEE
International Conference on Control Applications. 2008;
547-552.

Derrick J B, Bevly D M, Rekow K A. Model-reference

adaptive steering control of a farm tractor with varying hitch

and saturations.  In: Proceedings

forces. In: Proceedings of American Control Conference,
2008; 3677-3682.

Derrick J B, Bevly D M. Adaptive steering control of a

farm tractor with varying yaw rate properties. Journal of
Field Robotics, 2009; 26(6-7): 519-536.
Chen J, Zhu Z X, Torisu R, Taketa J I. Automatic

on-tracking control of farm vehicle based on neural network.

Transactions of the CSAE, 2007; 38(5): 131-133. (in Chinese



September, 2016

Bai X P, et al.

A sliding-mode variable-structure controller for automatic navigation system

Vol.9No.5 165

(18]

(20]

(21]

(22]

with English abstract)
Guo W B, Chen Y.
navigation for a weeding robot.
204-209.

Zhou J J, Zhang M, Wang M H, Liu G, Ji C F, Zhang Z G, et
al. Path tracking for agricultural vehicle based on fuzzy
Transaction of the CSAM, 2009; 40(4): 151-156.
(in Chinese with English abstract)

Liu Z X, Liu G, Ji Y, Zhang M, Meng Z J, Fu W Q.
Autonomous navigation system for agricultural tractor based
on self-adapted fuzzy control. Transaction of the CSAM,
2010; 41(11): 148-152. (in Chinese with English abstract)
Chiang T S, Chiu C S. Non-singular terminal sliding-mode

Fuzzy control based autonomous
Robot, 2010; 32(2):

control.

control of DC-DC buck converters.

Practice, 2013; 21(3): 321-332.
Munoz-Aguilar RS, Rodriguez P, Doria-Cerezo A, Candela I,

Control Engineering

[25]

Luna A. A sensor-less sliding mode control scheme for a
stand-alone wound rotor synchronous generator under
unbalanced load conditions.  International Journal of
Electrical Power & Energy Systems, 2014; 60(11): 275-282.

Fu T, Wang D Z, Gong Q Z, Qi L. Robot trajectory
tracking control of improved neural network adaptive sliding
mode control. Journal of Dalian University of Technology,
2014; (5): 523-530. (in Chinese with English abstract)

Xu X D, Huang P F, Meng Z J. Coordinated stability
control of tethered space robot for capturing the target.
Robot, 2014; 36(1): 100-110. (in Chinese with English
abstract)

Jiang Y X, Ding S H, Zhao D A. Straight-line tracking
control of an agricultural vehicle with finite-time control
Asian Journal 2015; 17(6):

technique. of Control,

2218-2228.




<<
  /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
  /CreateJDFFile false
  /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 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /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 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

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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


