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Abstract— This paper introduces a new quadrotor manipulation
system that consists of a 2-link manipulator attached to the
bottom of a quadrotor. This new system presents a solution for
the drawbacks found in the current quadrotor manipulation
system which uses a gripper fixed to a quadrotor. Unlike the
current system, the proposed system enables the end-effector to
achieve any arbitrary orientation and thus increases its degrees
of freedom from 4 to 6. Also, it provides enough distance
between the quadrotor and the object to be manipulated. This is
useful in some applications such as demining applications.
System kinematics and dynamics are derived which are highly
nonlinear. Controller is designed based on feedback
linearization to track desired trajectories. Controlling the
movements in the horizontal directions is simplified by utilizing
the derived nonholonmic constraints. Finally, the proposed
system is simulated using MATLAB/SIMULINK program. The
simulation results show the effectiveness of the proposed
controller.
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L INTRODUCTION

In recent years, extensive research works on unmanned
aerial vehicles (UAVs) has been done [2, 3, 4, 6, 7]. UAVs
offer possibilities of speed and access to regions that are
otherwise inaccessible to ground robotic vehicles. Quadrotor
vehicles possess certain essential characteristics, which
highlight their potential for use in search and rescue
applications. Characteristics that provide a clear advantage
over other flying UAVs include their Vertical Take Off and
Landing (VTOL) and hovering capability, as well as their
ability to make slow precise movements. There are also clear
advantages to have a four rotor based propulsion system,
such as a higher payload capacity, and impressive
maneuverability, particularly in traversing through an
environment with many obstacles, or landing in small areas.

The design and control for aerial grasping was presented
in [1]. By allowing UAVs, specifically quadrotors, to interact
with the environment, one can get an entire new set of
applications. First, allowing robots to fly and perch on rods or
beams allow them to increase the endurance of their missions
(e.g. For its battery charging). Second, the ability to grasp and

manipulate objects allows robots to access payloads that are
unavailable to ground robots. Also, there are fewer workspace
constraints for aerial robots. With this quadrotor system, we
produce a 4-DOF manipulator.

In this paper, a new quadrotor manipulation system is
introduced. Two-link manipulator with two revolute joints is
attached to the bottom of a quadrotor. The two axes of the
revolute joints are perpendicular to each other. With this new
system, the capability of manipulating objects with arbitrary
location and orientation is enhanced because the degrees of
freedom are increased from 4 to 6. On the other hand, the
manipulator provides sufficient distance between the
quadrotor and the object location. After modeling this new
quadrotor manipulation system, a controller is designed based
on feedback linearization technique in order to stabilize the
system and provide satisfactory trajectory tracking.

The proposed system has a lot of potential applications
such as:

*  Demining applications/Improvised Explosive Device
(IED) Disposal.

*  Accessing payloads that are inaccessible to ground
robots.

*  Performing maintenance for a bridge or building.

*  Hazardous material handling and removal.

* Removing obstacles that are blocking the view of a
target or perch to conserve power.

This paper is organized as follows. The modeling of
the proposed system is described in section II while section II1
introduces the controller design based on feedback
linearization technique. The simulation results using
MATLAB/SIMULINK are presented in section IV. Finally,
main contributions are concluded in section V.

II.  MODELING OF THE PROPOSED SYSTEM

In this section the equations of motion for quadrotor,
manipulator and quadrotor-manipulator are discussed.

The structure of the proposed system is shown in Fig.1.
The system consists of a two-link manipulator attached to the
bottom of a quadrotor. The manipulator has two revolute



joints. The axis of joint 1 (z, in Fig.2) is parallel to one in-
plane axis of the quadrotor (x in Fig.2) and perpendicular to
the axis of joint 2. Also, the axis of joint 2 (z; in Fig.2) is
parallel to the other in-plane axis of the quadrotor (y in Fig.2)
at home (extended) configuration. Therefore the end effector
can perform any arbitrary position and orientation. So, a 6—
DOF aerial manipulator is obtained.

Joint 2 can be offset from joint 1 either along z,— direction
or along x, —direction or along both directions. In Fig. 2, joint
2 is offset from joint 1 along z, — direction which may give
more freedom to position the end effector while the quadrotor
is away from possible lateral obstacles.

The equations of motion of the quadrotor were driven in
[2, 4, and 6].

A. System Kinematics

Fig. 2 presents a sketch of the quadrotor-manipulator
system with the relevant frames. The orientation of the
quadrotor is represented through Euler Angles.

A rigid body is completely described by its position and
orientation with respect to a reference frame{E}, O;-X YZ
that it is supposed to be earth-fixed and inertial. Let us define

C)C®) S(Y)C(B) =5(8)
RP = [=SW)C(P) + CAUNSO) S(d)  CWIC(D) + SWIS(B) S(¢)  C(B)S(d)
S(WS(PICWISOIC(P)  —C(W) S(P) + SWISOIC(d)  C(BIC(P)

(D
as the rotation matrix expressing the transformation from the
inertial frame to the body-fixed frame{B}, Oy -xy z, where
&, 0, and Y are the body Euler-angle coordinates in an earth-
fixed reference frame. These angles are commonly named
roll, pitch and yaw angles and corresponds to the elementary
rotation around X, Y and Z in fixed frame. The corresponding
time derivatives of those angles are related to the body-fixed
angular velocity components by a proper Jacobian matrix
which can be expressed in terms of Euler angles as:

1 0 —S(0)
J= 10 C(d) CO)S(P) )
0 —S(8) C(6)C(d)
where c(o) and s(a) are short notations for cos(a) and sin(ca).
The rotation R matrix is needed to transform the linear
velocities.

In Fig. 2 the frames are assumed to satisfy the Denavit-
Hartenberg convention [9]. Table I presents DH parameters
for the 2-Link Manipulator. The position and orientation of
the end-effector relative to the body-fixed frame is easily
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Figure 1. 3D model of the proposed system
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Figure 2. Sketch of a quadrotor-manipulator system with relevant frames

TABLE I. DH PARAMETERS FOR THE MANIPULATOR

obtained by multiplying the following homogeneous
transformation matrices:
[0 0 1 0
B 1 0 O 0
4o 0 1 0 -—L, &)
0 0 0 1
[C(6) 0 -5, 0
A9 S(6,) 0 C(61) 0 4)
0 -1 0 -L
0 0 0 1

where 6, and 8, are the manipulator joints’ angles.

Link d; a; a; i
0 —L, 0 pi pi
1 Ly 0 -pi 1
2 0 L, 0 2
CB2) —S(62) 0 L,C(6)
A% — 5(92) C(02) 0 Lzs(ez) (5)
0 1
0 0 0 1

Also, the position and orientation of the end effector relative
to the inertial frame can be obtained by transforming its
position and orientation from body frame to inertial
frame by using R} and the position vector expressed in
the inertial frame.

B. System Dynamics

In Fig. 3, a block diagram that shows the effects of adding
a manipulator to a quadrotor is presented.

For the manipulator dynamics, Recursive Newton Euler
method [10] is used to derive the equations of motion. Since
the quadrotor is considered to be the base of the manipulator,



the initial linear and angular velocities and accelerations,
used in Newton Euler algorithm, are that of the quadrotor
expressed in body frame. Applying the Newton Euler
algorithm to the manipulator considering that the link
(with length L) that is fixed to the quadrotor is the base link;
equations (6) to (36) can be obtained. Let us define for each
link 7, the following Variables wl', angular velocity of frame i
expressed in frame i, wl, angular acceleration of frame i, V
linear velocity of the origin of frame i, V), linear acceleration
of the center of mass of link i, Vii, linear acceleration of the
origin of frame i, rii , the vector from the origin of frame (i —
1) to the center of mass of link i, , r}; , the vector from the
origin of frame (i — ) to the center of mass of link i, g', the
vector of gravity expressed in inertial frame 7, ZL 1, is a unit
vector pointing along the i™ joint axis and expressed in the (i-
1)™ link coordinate system, Ri™?, rotation matrix from frame
i to frame i -1, lii, the inertia matrix of link i about its center
of mass coordinate frame. fii,i—l/ nﬁyi_l are the resulting
force/moment exerted on link i by link i -1 at point 0;_,, and
i=1,2.

wl = RO v, ©)

where v, is the body-fixed angular velocity.

wg = R}V, (7N
=[0—L,0]" (3)

Vo = Rpvy + wgxry, ©)

where v, is the body fixed linear velocity.
VO = R, + 0lx 10 + @l x (Wl x 10) (10)

For links 1 and 2 (i = 1, 2) we calculate the following
Variables

wf = Ri_; ({21 +6;z{-] 11
o'= R, (@71 + 2716, + wiZix b, z17) ) (12)
Vi=R_, Vit + wlxrf (13)
Vi = Ri_ VT + o} x rf + wix (wf x 1) (14)
Vi=Vi+tolxri +olx (wixrh) (15)

The inertial forces and moments acting on link i are given
by:

Fl =-mV} (16)
nt =—I! o! -w! x I} o (17)

The total forces and moments acting on link i are given
by:

fifi—1 :fil:f-l,i -m; gi.'Fii _ ' _ _ ' _(18)
nfl 1 =Niyr M '+ O+ 1) X filisa T X fiva -ni (19)
ll 1 Rl 1fll 1 (20)
LL 1 _RL 1 lL 1 (21)
where,
0 _ T
zg =[001]", (22)
=[0-L, 0], (23)

7'c11 = [0-Ly/2 O]T (24)
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Figure 3. Effects of adding a manipulator to the quadrotor

zl=1[001]7, (25)
ri = [L, 0 0], (26)
1 =[-L/2 00]". (27)
The gravity vector expressed in frame 1 and 2 are:

g =[00 —g]" (28)
g°> =Rt g’ (29)
g' =Rig', (30)
where,

. (®)

R} =R; Rg R} (31)
R} =R} R} (32)

Let links 1 and 2 be square beams of relatively small
cross-sectional area, then

S L[00 0
=T [0 1 ol (33)

t 12
0 0 1
Where m; and L; are the mass and length of link i.

The external forces and moments acting on the end
effector of the manipulator are assumed to be zeroes
because in this paper, only position control of the system
is considered:

f32_2 =[000]T and n%yz =[000]7, (34)
The torques acting on joints 1 and 2 are finally given by:

Tm1 = (09 )7 28 + b6, (35)
Tmz = (031)7 21 + b, 6, (36)

where, b;and b, are friction coefficients.

The interaction forces and moments of the manipulator
acting on the quadrotor expressed in body frame, Fg,q
and M2 g are given as follows:

PBOB [00 —Lo]" . . (37)
F RS 0 f
B (= EYRE RP |00 (38)
Mmq skeW(PBO) Rs Rg |[|nio

Where, skew (.) is skew symmetric matrix [9] of

P5,which is the position vector of the origin 0 relative to
frame B.

The interaction forces expressed in inertial frame are:
Fing=Rs Fmg (39)



The equations of motion of the manipulator are:

My 8; =Ty + Ny(mz,v2, V2, V1, 81, 6,61,6,) (40)
My 0, =Tz + Nao(m2, V2, V3, U1, 81, 6,64, 6), (41)
Where, M;, M,, N,, and N,are nonlinear terms.

The equations of motion of the quadrotor after adding the
forces/moments applied by the manipulator are:

m =T (CQP) S(0) C(HI+S(P) S(B)) + Fhrg. (42)
m¥ =T (S() S(8) C()- C(W) S(§)) + Fhog, (43)
mZ =-mg + T (C($) C(8)) + Fhg_ (“44)
Le§ =00, -1)- 160+ Ta, + Mg (45)
Iy 8= pi(l, - L)+ 1 G Q +Tay + MBq (46)
I, =6(,-I)) + Tag + Mr%,qw (47)

The last three equations are derived, assuming that there
are small variations in the three angles ¢, 6 and s such
that the corresponding time derivatives of Euler angles are
equivalent to the body-fixed angular velocities.

The variables in equations (42-47) are defined as follows:
T is the total thrust applied to the quadrotor from all four
rotors, and is given by:

T=3i,F, (48)
F; is the thrust force from rotor jand is given by:
Fi=b QJZ (49)

Q;is the angular velocity of rotor j and b is the thrust
coefficient.

Tay, Ta,, and Taz are the three moments about the three
body axes, and are given as:

Tal - d (F4' Fz) (50)
Ta; = d (F3-Fy) (51)
Taz = Ky (-Q2+03-Q%2+03), (52)

d is the distance between the quadrotor center of mass and the
rotation axis of the propeller and K; is the drag coefficient.
Q=0—-Q, + Q3-Q, (53)
I.. is the rotor inertia. It is the inertia matrix of the vehicle
around its center of mass and assuming that the vehicle is
symmetric about x, y and z, it is given by:

Iy, 0 0
Ig=|0 Iy 0 (54)
0 o I,

III. CONTROLLER DESIGN

This section discusses the control system design
based on the technique of feedback linearization [8, 9].
Feedback linearization transforms the nonlinear system
dynamics into a linear system. The control laws are
chosen so that zero tracking errors are achieved [5].

Fig. 4 Presents a block diagram of the proposed
control system, in order to stabilize the vehicle with the
manipulator and to achieve a good position control for

the movements in X, Y, Z, and { directions as well as for
joints’ angles 6;and 6,.

A. Control Mixer.

The matrix G of the control mixer is used to transform the
assigned thrust force and moments of the quadrotor (the
control signals) from the controller block into assigned
angular velocities of the four rotors.

This matrix can be derived from (48), (50), (51), and (52) and
presented as following:

2
mg b b b bTMT
Gl | o -db o db| |Ta s
" |-ab 0 dab o] |rg (55)
lQZJ K, Ky —Kq Kol lra,
4 — v
~—
G

B. Controller Block

Fig. 5 shows a block diagram describing what is inside the
controller block of Fig. 4.

Quadrotor is an under-actuated system, because it has four
inputs (angular velocities of its four rotors) and six variables
to be controlled. By observing the operation of the quadrotor,
one can find that the movement in x- direction is based on the
pitch rotation, 8. Also the movement in y- direction is based
on the roll rotation, ¢.Therefore; X and Y will be controlled
through controlling 8 and ¢ respectively. Let us add subscript
d to denote the desired variables. Taking into consideration
the nonholonmic constraints of the system is of major
importance. Nonholonomic constraints define the coupling
between various states of the system. These nonholonmic
constraints are used to determine the desired trajectories of 6
and ¢ from the desired trajectories of X, Y, Z, {5, 6,, and 6,.
Then feedback linearization controllers are used to obtain a
zero tracking errors for 0, ¢, Z, s, 6, and 6,.

C. Nonholonomic Constraints

From the equations of the translation dynamics (40-42), one
can extract the expressions of the high-order nonholonmic
constraints:

T wy?
24 —> _— -
Ta 2
Xa —> .| Control [, X
. Taz|  Mixer [w2| Quadrotor
4 —> | —> . .
Controller (G) Manipulation
Ta; wy?
Yq—> 5| —p System

0,4 =

02—

Figure 4. Block diagram of the proposed control system



Ta,
Xd ——| ?| Roll Controller(Feedback Linearization)
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! T
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Figure 5. Block diagram of the controller block in Fig. 4
(X= Flhnq.) sin(@) — (¥ Fingq.) cos(y)
. _ dx Ay
sin (¢) = L o ) 2\ 0% (56)
( (¥~ Fly q, )2+ (Y= Fing )2 +(z +g— Fm,qz) )
(X- Fhng,) cos() +(¥- Fiy q.) sin(y)
Ay ,
tan (0) = Y (57)

Z+g- F{n_qz

where, F}“'qx’ F;n,qy , F}qu are functions of the system states

and there derivatives.
Putting subscript d to all variables in (56) and (57), then ¢y
and B4 can be obtained.

D. Feedback Linearization

Z-Controller can be developed by expressing the equation
of motion in z-direction in the following form

(mZ + mg-Fr,q )/ (C() C(8)) = T (58)
The following control input will cancel out the
nonlinearities in the system

T = (mU, + mg -Fp, 4 )/ (C($) C(8)) (59
Where,

U, = Zg+ Kp e, + Koy €, + Ky, [ e, dt (60)
The control law leads to the exponential stable dynamics
&, + Ka, €, + Kp, e, + K, [Je,dt =0 (61)

which implies that e, — 0.

For ¢, 6, Y5, 6; and 6, controllers a similar control laws
are chosen

Ta; =l Ug - 0P, -1,) + 1, 6 Q- Mg,qd) (62)
Uy = da+ Kpp ey + Kag € + Kig [ eq dt (63)
Ta;=1, U -pP(l,-1) -1 $Q - Mpaq (64)
Up = Bu + Kpo eg + Kqo € + Kip [} €q dt (65)
Taz=1, Uy -$O(l, -I;)-ME | " (66)
Uy = g + Kpy ey + Kay €y + Kiy [ ey dt (67)
Tm1 =M, Ug,- Ny (68)
Up, = 814 + Kpo, €6, + Kao, €5, + Kig, fot eg, dt  (69)
Tmz =M, Up,- N, (70)

.. . t
Uez = sz + erz 992 + Kdez 992 + Kiez fO 992 dt (71)
where, Kp, Ky, K; are the controller parameters.

IV. SIMULATION RESULTS

The system equations of motions and the control laws are
simulated using MATLAB/SIMULINK program.
Parameters of the system are listed in Table 2. The controller
parameters are in Table 3. Quintic Polynomial Trajectories
[8] are used as the reference trajectories for X, Y, Z, {, 0,
and 0,.Those types of trajectories have sinusoidal
acceleration which is better in order to avoid vibrational
modes. The desired trajectory for X-motion is shown in
Fig. 6. Desired trajectories for Y, Z, {5, 6; and 6, are the
same as X-trajectory except for {5, which has a final value
of 0.1 (rad).
The tracking simulation results of desired trajectories
along X, Y, Z,, 6,4, and 6, are shown in Fig. 7.

TABLE II. SYSTEM PARAMETERS

Parameter Value Unit Parameter | Value | Unit
b 2.9842x1075 | N s? Ly 0.05 m
Ky 3.2320x1077 | Nms? | L, 0.1 m
m 0.486 kg L, 0.2 m
d 0.25 m m, 0.010 | kg
I 3.8278x107% | Nms? | m; 0.040 | kg
Iy 3.8288x107% | Nms? | m, 0.070 | kg
I 7.6566x107% | Nms? | b, 0.0 N/rad/s
I, 2.8385x107° | Nms? | b, 0.0 N/rad/s
g 9.81 m /s?
TABLE III. CONTROLLERS PARAMETERS
Parameter Value Parameter Value
[Kpz Kaz Kiz ] [16, 1, 8] [ Kpy Kay Ky 1 | [64,6,2]
[ Kpg Kag Kig) [64, 16, 1] [ Kpe, Kae, Kio,]1| [64, 16, 1]

[115,0.01, 0.01]

[er Kao Kig ] [er2 Kae Kiez] [64, 16, 1]
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Figure 6. Desired X-trajectory
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Figure 7. The Tracking simulation results of desired trajectories along
(a) X-axis, (b) Y-axis, (¢) Z-axis, (d) y - direction, (¢) 8,, and (f) 6,.

V. CONCLUSION

In this paper, a new aerial manipulation system called
“quadrotor manipulation system” was presented. This
proposed system adds new features to the current aerial
manipulation systems (quadrotor with a gripper) such that the
end-effector becomes capable of arbitrary 6-DOF motion.
The manipulator attached to the bottom of the quadrotor
provides enough distance between the object to be
manipulated and the quadrotor, which is desired in some
applications. The detailed mathematical model for the
quadrotor-manipulator system was presented. A controller
was designed based on feedback linearization technique and
the usage of the nonholonmic constraints. Quintic Polynomial
Trajectories are used as the reference trajectories for X, Y, Z,
P, 0; andB,. Simulations results show satisfactory tracking
of the desired trajectories. As a future work, modeling and
adaptive/robust control for this system after adding a payload
to the end-effector will be considered. Also, experimental
setup for the proposed system will be carried out.

ACKNOWLEDGMENT

The first author is supported by a scholarship from the
Mission Department, Ministry of Higher Education of the
Government of Egypt which is gratefully acknowledged.

REFERENCES

[11 D. Mellinger, Q. Lindsey, M. Shomin, and V. Kumar, “Design,
Modeling, Estimation and Control for Aerial Grasping and
Manipulation,” IEEE/RSJ International Conference on Intelligent
Robots and Systems San Francisco, CA, USA, September 25-30, 2011.

[2] J. Kim, M. Kang, S. Park, “Accurate Modeling and Robust Hovering
Control for a Quad—rotor VTOL Aircraft,” J Intell Robot Syst 2010.

[3] M. I Rashid and S. Akhtar, “Adaptive Control of a Quadrotor with
Unknown Model Parameters,” 9" International Bhurban Conference
on Applied Sciences &Technology (IBCAST)9™ -12" January, 2012.

[4] H. Bouadi, and M. Tadjine, “Nonlinear Observer Design and Sliding
Mode Control of Four Rotors Helicopter,” WORLD ACADEMY OF
SCIENCE, ENGINEERING AND TECHNOLOGY, 2007.

[51 L Schjolberg and T. 1. Fossen, “Modelling and Control of Underwater
Vehicle-Manipulator Systems ,” in Proc. rd Conf. on Marine Craft
maneuvering and control, 1994.

[6] T. Bresciani, Modelling, Identification and Control of a Quadrotor
Helicopter. MSc thesis, Lund University,October 2008.

[7] S. Bouabdallah. Design and Control of Quadrotors with Application to
Autonomous Flying. PhD thesis, Ecole Polytechnique Federale , 2007.

[8] J.-J. E. SLOTINE and W. LI, Applied Nonlinear Control, Prentice-
Hall, 1991, pp. 207-266.

[91 M. W. Spong, S. Hutchinson, and M. Vidyasagar, Robot Modeling and
Control, 1* ed, JOHN WILEY & SONS,2005, pp. 65-75, pp. 113-120,
pp. 173-182, pp. 207-266, pp. 315-317.

[10] L.-W. Tsai, ROBOT ANALYSIS: The Mechanics of Serial and Parallel
manipulators, JOHN WILEY&SONS, 1999, pp. 275-278, pp. 372-410.




<<
  /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 /Warning
  /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


