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Abstract—This paper presents the preliminary design results
and control strategy of a two-wheeled inverted pendulum
(TWIP) robetic walker for assisting mobility-impaired users with
balance and stability. A conceptual model of the vehicle is
developed and used to illustrate the purpose of this study. Motor
dynamics is considered and the linearized equations of motion
for the system are derived using Newtonian mechanics. In order
to eliminate the effects of loop interaction and impose the desired
dynamics on the system, a decoupling control scheme was
implemented. Upright stabilization of the robotic walker is
achieved using linear quadratic regulator (LQR) control.
Improved disturbance rejection is achieved through the
implementation of a pitch controller. Simulation results
demonstrate that a robustly tuned pitch controller can mitigate
effect of disturbance on the linear displacement of the vehicle by
as much as 74%.

Keywords—Wheeled inverted pendulum system, Newtonian
mechanics, dynamic modeling, motor dynamics, LOR control, pitch
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L INTRODUCTION

ETIREMENT has reached a critical point in the United

States with approximately 10,000 baby boomers reaching
retirement age every day. In time, many of these elders will
start to experience age-associated functional and cognitive
impairments that may lead to dependence on mobility aids and
personal care assistants in order accomplish basic and
instrumental activities of daily living (ADLs). However, with
the rising cost of health care and shortages of trained
professionals, many industries are turning to intelligent robots
in pursuit of an effective solution to some of these challenges.

The overall goal of this research is aimed at the prototype
construction and control algorithm development of an
intelligent robotic vehicle capable of assisting the elderly as
well as mobility-impaired users with balance and stability. To
accomplish this goal, the proposed intermediate conceptual
model, as shown in Fig. 1, combines the superior
maneuverability of a two-wheeled mobile platform with the
structural robustness of a four-wheeled system. Accordingly,
two modes of operation are possible: two-wheeled and four-
wheeled. The ability of the vehicle to transition between these
two modes is accomplished by the addition of two
symmetrically operated arms. With the integration of two arms,
the robotic walker can be used to accommodate a wider range
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of users with variable assistance needs and help users transfer
between sitting and standing positions. A few additional
functionalities that become accessible for a two-wheeled
inverted pendulum (TWIP) system with two arms include
wheelchair mode, advanced fall prevention capabilities, and a
four-point base support for added stability while walking.

The actively powered arms are an essential component to
making the TWIP robotic walker succeed as a superior
substitute for a standard passive walker. However, the primary
focus and contribution of this paper is the preliminary
development of a control strategy for dictating the behavior of
a beneficial self-balancing robotic walker that is suitable for
the elderly and mobility-impaired users.

The vehicle drives in reaction to user input forces observed
by force sensors placed at the handlebar and utilizes an active
impedance scheme to regulate gait and speed based on a set of
safety parameters. The active impedance control scheme is
shared in both modes of operation but the two-wheeled mode
consists of three additional controllers: two LQR controllers
and a pitch controller. One of the LQR controllers is dedicated
to upright stabilization of the vehicle while the other controls
yaw rotation. Meanwhile, the pitch controller adjusts the pitch
angle of the robotic walker towards the user based on measured

Fig. 1. Intermediate conceptual model of the TWIP robotic walker.



force applied at the handlebars. This leaning action creates a
supporting moment against the user which can serve to
increase the stability of the device and mitigate external
disturbance forces.

Considering the large scale of this research, this paper will
only be focusing on the mathematical representation of system
dynamics in two-wheeled mode and the development of two
controllers: LQR and pitch control. The following section will
cover some of the works related to this research.

II. RELATED WORK

A. Personal Mobility Aids and Smart Walkers

Personal mobility aids come in all forms from simple
walking canes to fully motorized scooters. For immobile users,
the solution is usually a wheelchair. However, if the user has
residual mobility capacities, then the solution may be found
within mobility devices that provide either wearable
augmentation—orthoses and prostheses—or external assistance
from canes, crutches, or walkers.

Among the external augmentative mobility devices, there
have been various studies conducted on smart walkers that can
promote cognitive and physical functioning through sensorial
assistance [1-3], active physical support [4, 5], and fall
prevention [6]. However, most of these studies were performed
on either a three-wheeled or four-wheeled walker with very
little research on two-wheeled walking support systems.
Recently, Murata Manufacturing has demonstrated a research
prototype called the KeePace™. The self-balancing inverted
pendulum is intended to be used as a walker. The main
challenges in designing a two-wheeled walker that can surpass
conventional ones are device safety and load capacity. Our
research proposes a potential solution to these challenges and
dedicates itself to devising and developing such mobility aid;
but first, a proper mathematical description and control scheme
for the two-wheeled system is required.

B. Two-Wheeled Inverted Pendulum

Over the past few decades, research on the TWIP system
has gained extensive momentum and become increasingly
popular with researchers around the world. As a result, a
substantial amount of literature on the TWIP is readily
available along with a variety of modeling approaches and
control methodologies. Some of the approaches that researches
have taken to derive the mathematical description of the TWIP
model include Newtonian mechanics [7-12], Lagrangian
formulation [13-16], and Kane’s method [17-19].

The solution to stabilizing an inherently unstable system
such as the TWIP can be very complex and diverse. As there is
no single control scheme that will perform efficiently for every
scenario, there have been distributed efforts in controlling the
TWIP system using zero-moment point (ZMP) [7], pole
placement [8, 19], LQR [11-14, 17], proportional-integral-
derivative (PID) [9, 15, 20], and fuzzy LQR [16]. Although the
aforementioned control methodologies were all applied to
linearized systems, there has also been a wide range of research
dedicated to controlling nonlinear TWIP systems. In Lin ef
al.’s work, the authors developed an effective adaptation of the

widely adopted nonlinear control methodology, sliding mode
control (SMC) [10]. Another control scheme that can
efficiently manage nonlinear systems and perform extremely
well under disturbance forces is He> robust control [21].

In this paper, two decoupled state-space controllers are
developed and evaluated using LQR control. The mathematical
description of the system coupled with motor dynamics is
derived in Section III. Section IV will address the development
of LQR and pitch control. In Section V, simulation results for
the LQR and pitch controllers will be analyzed and discussed.
Lastly, Section VI will conclude this paper and discuss future
work.

III.  SYSTEM MODELING

Prior to developing a controller for the system, a
mathematical description must be created to facilitate the
process. In this section, vehicle dynamics and motor dynamics
will be described in detail. Refer to Table I for a list of the
model parameters that will be utilized through the remainder of
this section.

Since the research is not yet at the stage of utilizing the two
robotic arms, arm dynamics will be ignored in this paper. The
physical representation of system dynamics has been simplified
to a TWIP with a handlebar and disturbance forces acting at an
angle (6;;, ) on the handlebars (F;, F;z) and horizontally
at the wheels (f);, f;z) as shown in Fig. 2. Linear displacement
of the vehicle is denoted as x, angular rotation about the y-axis
(pitch) as 8p, and angular rotation about the z-axis (yaw) as .
The vehicle is actuated by two DC motors which supply
torques 7} and Tyy to the left and right wheels, respectively.

Using Newtonian mechanics, the equations of motion for
the left wheel, which are completely analogous to the right
wheel, that will be used to derive the state space representation

TABLE L ROBOTIC WALKER PARAMETERS AND DESCRIPTION
Variable | Description Value Unit
Combined mass of the pendulum
np and chassis 6 kg
myy Mass of the wheel 2.3 kg
D Distance between left 'and right 0.3464 m
wheels along the y-axis
D, Distance between 1;ft and right grip 035 m
bars along the y-axis
/ Distance from point O to the center 0.40
8l of mass, CoM, of the pendulum : mn
b Length of the pendulum 0.85 m
I Distance fyom pendulum to grip bar 015 m
contact point
r Radius of the wheel 0.1143 m
g Gravitational acceleration 9.81 m/ 52
J Combined moment of inertia of the 2
B pend. and chassis about the y-axis 0.4339 kg -m
Combined moment of inertia of the
J . . m?
£ pend. and chassis about the z-axis 0.1832 kg -m
Moment of inertia of the wheel 2
Jw about the y-axis 0.0144 kg -m
K; Motor’s torque constant 0.457 N-m/ A
Ky Motor’s back EMF constant 0.457 Virad/s
R, Motor’s armature resistance 3.473 Q
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Fig. 2. Diagram of forces and moments acting on the chassis and wheels of
the robotic walker.

of the system are as follows:
My Xy = fap —Hpy +H gy (1)
JWéLW :TLW_H_/LW’” 2

As for the chassis, which includes the pendulum and base of
the vehicle, the equations used are:

mpi = Hy, —mpl,6p cos Op +mply, 65 sin6p + F;  (3)

mpXcos@p = Hy, cos@p + V), sinbp —mpgsin G,

.. 4
—mply Op +F; cosbp —F; sinbp @
Jp Op = —Hyly c0s Op Vil sin 6p = (Tyyp + Ty )
+F, (1 —lg)cosOp — F,; 17, sinGp 5)
—de 1, cos&p —de (1 —1yy)sinGp
. D
JPZl//=_1(HLW —Hyy)
2
D (6)
+72(FdL cos &, — Fyp cos Oy
where
Hy =Hpy +Hpy (N
Ve =Viw +Vaw (®)

F, =Fy cos@ +F;cosbpy ©)]

Ey =Fy Sin@,y + Fp sin Gy, (10)
=k~ sin by (11
1, =1, cos Oy (12)

and Hy, Hypy o H gy, H gy, Vi, and Ve correspond to the

reaction forces acting between the chassis, wheels, and ground.
To clarify the indices in each subscript, the letters L, R, W, P,
g, f, and d stands for left, right, wheel, pendulum, gravity,
friction, and disturbance, respectively.

Motor dynamics is derived by first making two
assumptions for simplification. Assuming the properties of an
ideal DC motor, viscous friction can be neglected. Armature
inductance can also be neglected since the electrical time
constant (L,/R,=1ms) is much smaller than the mechanical
dynamics. By applying these assumptions and combining the
governing equations of motion for a DC motor, the torque
applied at each wheel (7, T, ) can be expressed by the
following equation:

7y =tey Kk g
m R a R m

a a

(13)

where 7, is the motor torque, X, is the torque constant, R, is
the armature resistance, V, is the applied voltage to the
armature, K, is the back EMF constant, and §,, is the rotor’s
angular velocity. Assuming rigid shaft coupling between the
motor and wheels, 6’m can be replaced by wheel angular
velocities 8, ;, and By

For this paper, several additional assumptions that do not
significantly compromise the accuracy of simulated results
were made. First, it is assumed that wheels are always in
contact with the ground and do not slip. Additionally, a
linearized version of the nonlinear system can be utilized as
long as the simulated pitch angle of the pendulum remains
within £20 degrees of the operating point [22]. Lastly, since the
system will be linearized by small angle approximation of &,
the moment of inertia of the chassis about the z-axis J P which
varies as the pendulum swings back and forth, is assumed to be
constant.

By combining equations (1) through (13) and linearizing
the resulting nonlinear system of equations at the upright
equilibrium point using small angle approximation
(6p = m+ ¢p), the linearized equations are obtained as

2K,K, (mpl, r—J mgl?
co 2 »( Pzgl a)).H PElgl
Riro
N K,(Jg—mplyr) (Jg 086,y +mply11; )
R,ro “ o
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J
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V,=V,+V (17)
Ja =T+ far (18)
D} J
Jy =71(mW +r—V2VJ+JPZ (19)
Jo =Jp, +mply, (20)
2J,
B =2my +=+mp 1)
r
a=JyB-mpl3, (22)

N, =—n,c086, +1,sin6;, + (11, cos b, +1, 5106, )@p (23)

Mg = =1, €0S Opyy +17, 5iN Opyy + (17, €OS Oppy + 17, SN Opyy )Pp (24)

In order to eliminate the effects of loop interaction and
impose the desired dynamics on the system, a decoupling
controller developed in [8] was implemented. The result is two
decoupled state-space equations representing the rotational
dynamics of the system about the y-axis (pitch angle) and
rotational dynamics of the system about the z-axis (heading
angle), respectively,
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where Ay, Ay3, Ay, s3> Ases Bas Bas> Bass Bys, Bags By By,
By, Bus, By, Bg, Bgy, By, Bgs, and Bgg are time invariant
functions of the vehicle’s parameters.

IV. CONTROL STRATEGY

The use of a TWIP platform configuration creates delicate
control problems that must be carefully addressed. Unlike
three-wheeled or four-wheeled walkers, a two-wheeled walker
is an inherently unstable system with highly nonlinear
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Fig. 3. Control block diagram of robotic walker.

dynamics that must be actively balanced to remain upright. In
addition to developing a controller to stabilize the system, it is
also imperative that the device behaves in a predictable and
controllable manner that can promote user stability without
inducing risks or creating harm.

The control scheme developed to balance the robotic
walker and implement pitch control is illustrated in Fig. 3. The
plant model is represented by the coupled state-space equations
which can be obtained from equations (14) through (16). The
vehicle will drive along the x-axis at a speed ofv,,, when a
horizontal force is measured at the handlebar sensors and turn
about the z-axis at a rate ofy,,,, when there is a difference
between measured forces in the left and right grip bars.

The following subsections will be discussing the LQR
controller developed along with one of the controllers that are
necessary to shape the behavior of a safe and beneficial robotic
walker.

A. LOR Controller

The task of the LQR controller is to calculate the optimal
state feedback gain matrix K that will drive the steady-state
error to zero based on a set of constraints defined by the
quadratic cost function

J =2 [ [¥ OQx@ +u” (Ru@ Jar 27)

where Q and R are symmetric positive-definite matrices that
are used to set the relative weights of state deviation and input
usage, respectively. Once the relative importance of the control
effort (i.e. applied motor voltages V,; and V) and steady-state
error are specified, the value of this cost function is minimized
using the following feedback control law

u=-Kx (28)

Since the disturbance forces acting on the system are
uncertainties that cannot be controlled or predicted by the LQR
method, all disturbance forces must be omitted from the state-



space equations before calculating the gain matrix. To
minimize the cost function and drive the state variables to zero
as time goes to infinity, the values for the state Q and R
weighting matrices were tuned by trial and error. While tuning
the weighting matrices, the primary objective was to minimize
overshoot, settling time, and steady-state error for x and x.
Therefore, the gains for x and x were kept relatively high in
comparison to the other state variables. For simplicity, only the
diagonal entries of the weighting matrices were tuned since the
performance of the controller is affected the most when the
state and input variables of the system are penalized
individually.

B. Pitch Controller

The LQR controller was designed to robustly stabilize the
system at its equilibrium point but LQR control by itself is
insufficient to achieve the desired behavior from the vehicle.
Another step towards achieving the desired system behavior is
the implementation of a pitch controller. The purpose of this
controller is to mitigate the effect of external disturbance forces
acting on the handlebars of the system. Disturbance mitigation
is accomplished by adjusting the pitch of the pendulum in
order to offset the vehicle’s center of mass and generate a
counter torque. A secondary purpose for adjusting the pitch of
the vehicle is to create a larger distance between the user’s feet
and the base of the device, allowing the user to take larger
steps without hitting the device.

Pitch control is comprised of a simple PID controller that
has been designed for disturbance rejection. This controller
works by collecting information about the current position of
the vehicle along the x-axis and calculating a pitch command
@.,.a that will drive the difference between current position and
desired position to zero. Furthermore, since the pitch controller
was strictly designed and tuned to mitigate external disturbance
acting on the handlebars, allowing it to operate under different
conditions may interfere with the overall performance of the
system. Therefore, pitch control has been set to activate only
when there is a positive disturbance force acting on the grip
bars in the direction aligned with the x-axis.
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Fig. 5. System response to a 5 N ramp disturbance input acting at the
handlebars (a) without and (b) with pitch control.

V. SIMULATION RESULTS

The model parameters used to simulate the response of the
system are listed in Table 1. Additionally, the angle of the
handlebar from the axis perpendicular to the pendulum 6, has
been set to 0 degrees while the disturbance force angles (6,
6ry) have been set to 30 degrees.

In order to evaluate the performance of the tuned LQR
controller, the response of the system to both a position ramp
input and velocity ramp input was investigated as depicted in
Fig. 4. The results in Figs. 4a and 4b indicate the LQR
controller is very capable of following reference trajectories
with minimal overshoot, fast settling time, and nearly zero
steady-state error. A minor point of note is the small gap
between the specified reference position and simulated position
shown in Fig. 4a. This gap is a natural behavior caused by the
time required for the vehicle to adjust its pitch before traveling
forward or backward. Furthermore, since the LQR controller
does not have the ability to read or predict future reference
input data, this gap will not be able to converge to the reference
position over time. Instead, the gap will remain roughly
constant.

The performance of the LQR and pitch controllers while
the system is being externally disturbed can be observed in Fig.
5. The external disturbance is a ramp input applied at the
handlebars which begins rising at 0.5 seconds into the
simulation, saturates at 5 N after 2 s, and begins a 2 s recession
back to 0 N at 7 s into the simulation. Fig. 5a shows that using
LQR singularly without pitch control causes the vehicle to
displace nearly 0.6 m. However, when pitch control is utilized,
the maximum displacement of the vehicle is reduced to below
0.2 m, a two-thirds reduction to the maximum vehicle
displacement without pitch control. The value of the pitch
controller is further reinforced by the fact that it is relatively
inexpensive in terms of demanded control effort from the
motors as shown in Fig. 6.

However, even with an LQR controller designed for
robustness and a pitch controller to augment the ability of the
LQR controller to reject external disturbances, the response
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Fig. 6. Motor response to the 5 N ramp disturbance input acting at the handle
bars.

observed in the system is still not ideal. In Fig. Sb, there are
two ‘bumps’ along the x line, one at the beginning and another
at the ending. The vehicle cannot immediately start moving
forward or backward from upright position. The time delay
necessary to adjust the pitch of the vehicle for moving
forward/backward is what causes these ‘bumps.’ In a robotic
walker designed for the mobility-impaired, these ‘bumps’
could potentially induce user discomfort and debilitating
effects on the user’s walking stability. However, neither the
LQR nor the pitch controller possess the ability estimate or
predict future disturbance values. To compensate for this
problem, it is recommended to seek a control algorithm that is
effective at mitigating immeasurable disturbances.

VI. CONCLUSION AND FUTURE WORK

In this paper, we introduced a robotic walker design and
developed a robust LQR controller for upright stabilization and
disturbance rejection. It was also demonstrated that further
disturbance rejection can be accomplished through the
implementation of a pitch controller. Simulation results
revealed that the pitch controller is capable of reducing the
effect of disturbance on the linear displacement of the vehicle
by as much as 74%. This estimate is obtained by comparing the
peak linear displacements of the vehicle that were simulated in
Figs. 5a and 5b.

Although the simulated results are favorable, the combined
efforts of the LQR and pitch controllers are still insufficient.
Better controller performance is required in order for the
vehicle to achieve a behavior that is appropriate for a mobility-
impaired user. As a means to improving the overall
performance of the system, an effective control scheme for
achieving disturbance rejection will be investigated. Along
with constructing a prototype to evaluate the performance of
the proposed LQR controllers, future work will also focus on
controller components that are necessary to create an effective
fall prevention system.

REFERENCES

[1] D. Rodriguez-Losada, F. Matia, A. Jimenez, and R. Galan,
“Implementing map based navigation in Guido, the robotic
SmartWalker,” Proceedings of the 2005 IEEE Inter. Conf. on Robotics
and Automation, pp. 3401-3406, 2005.

[2] G. Lee, T. Ohnuma, and N. Y. Chong, “Design and control of JAIST
active robotic walker,” J. of Intel. Service Robo., 3(3): 125-135, 2010.

(3]

(4]

(3]

(6]

(7]

(8]

9]

[10]

(1]

(12]

[13]

[14]

[15]

[1e]

[17]

(18]

[19]

[20]

[21]

[22]

C. Barrué, R. Annicchiarico, U. Cortés, A. Martinez-Velasco, E.X.
Martin, F. Campana, and C. Caltagirone, “The i-Walker: an intelligent
pedestrian mobility aid,” European Conf. on Artificial Intelligence, pp.
708-712, 2008.

H.-G. Jun, Y.-Y. Chang, B.-J. Dan, B.-R. Jo, B.-H. Min, H. Yang, W.-K.
Song, and J. Kim, “Walking and sit-to-stand support system for elderly
and disabled,” 2011 IEEE Inter. Conf. on Rehab. Robo., pp. 1-5, 2011.

A. F. Neto, R. Ceres, E. Rocon, and J. L. Pons, “Empowering and
assisting natural human mobility: the Simbiosis walker,” Inter. J. of
Adv. Robotic Sys., Vol. 8, No. 3, pp. 34-50, 2011.

Y. Hirata, S. Komatsuda, and K. Kosuge, “Fall prevention control of
passive intelligent walker based on human model,” 2008 IEEE/RSJ Int.
Conf. on Intelligent Robots and Systems, pp. 1222-1228, 2008.

D. Choi, M. Kim, and J.-H. Oh, “Development of a rapid mobile robot
with a multi-degree-of-freedom inverted pendulum using the model-
based zero-moment point stabilization method,” Advanced Robotics,
vol. 26, pp. 515-535, 2012.

F. Grasser, A. D’Arrigo, S. Colombi, and A. C. Rufer, “JOE: A mobile,
inverted pendulum,” IEEE Trans. on Industrial Electronics, vol. 49, pp.
107-114, 2002.

J. Li, X. Gao, Q. Huang, Q. Du, and X. Duan, “Mechanical design and
dynamic modeling of a two-wheeled inverted pendulum mobile robot,”
2007 IEEE Inter. Conf. on Auto. and Logistics, pp. 1614-1619, 2007.

S.-C. Lin, C.-C. Tsai, and H.-C. Huang, “Nonlinear adaptive sliding-
mode control design for two-wheeled human transportation vehicle,”
Proc. of the 2009 IEEE Int. Conf. on Systems, Man, and Cybernetics,
pp. 1965-1970, 20009.

D. R. Jones and K. A. Stol, “Modelling and stability control of two-
wheeled robots in low-traction environments,” Australasian Conf. on
Robotics and Automation, 2010.

S. Kalra, D. Patel, and K. Stol, “Design and hybrid control of a two
wheeled robotic platform,” In Proc. 2007 Australasian Conf. on
Robotics and Automation, 2007.

S. H. Jeong and T. Takahashi, “Wheeled inverted pendulum type
assistant robot: inverted mobile, standing, and sitting motions,” Proc. of
the 2007 IEEE/RSJ Int. Conf. on Intelligent Robots and Systems, pp.
1932-1937, 2007.

C. Xu, M. Li, and F. Pan, “The system design and LQR control of a two-
wheels self-balancing mobile robot,” Int. Conf. on Electrical and Control
Engineering, pp. 2786-2789, 2011.

K. M. Goher and M. O. Tokhi, “Development, modeling and control of
a novel design of two-wheeled machines,” Journal of Selected Areas in
Robotics and Control, pp. 6-16, 2010.

R. Kahani and B. Moaveni, “Control of two-wheels inverted pendulum
using parallel distributed compensation and fuzzy linear quadratic
regulator,” 2011 3™ Int. Conf. on Computer Modeling and Simulation,
vol. 2, pp. 312-317,2011.

Y. Kim, S. H. Kim, and Y. K. Kwak, “Dynamic analysis of a
nonholonomic two-wheeled inverted pendulum robot,” Journal of
Intelligent and Robotic Systems, vol. 44, pp. 25-46, 2005.

M. Muhammad, S. Buyamin, M. N. Ahmad, and S. W. Nawawi,
“Dynamic modeling and analysis of a two-wheeled inverted pendulum
robot,” 2011 Third Int. Conf. on Computational Intelligence, Modelling
& Simulation, pp. 159-164, 2011.

S. W. Nawawi, M. N. Ahmad, and J. H. S. Osman, “Development of a
two-wheeled inverted pendulum mobile robot,” The 5" Student Conf. on
Research and Development, 2007.

S. J. Lee, Y. G. Bae, and S. Jung, “Object handling control between a
balancing robot and a human operator,” 2012 IEEE Int. Symposium on
Industrial Electronics, pp. 931-936, 2012.

X. Ruan and J. Chen, “Heo robust control of self-balancing two-wheeled
robot,” Proc. of the 8" World Congress on Intelligent Control and
Automation, pp. 6524-6527, 2010.

D. Choi and J.-H. Oh, “Human-friendly motion control of a wheeled
inverted pendulum by reduced-order disturbance observer,” 2008 IEEE
Int. Conf. on Robotics and Automation, pp. 2521-2526, 2008.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




