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Speed Control of Permanent Magnet
Synchronous Motor Using Digital Pole
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Abstract—This paper presents a digital pole placement
controller for permanent magnet synchronous motor (PMSM).
The digital pole placement controller is used for speed control of
this type of motors. The dynamic response of the (PMSM) with
the proposed controller is studied during the starting process
under the full load torque and under load disturbance. The
effectiveness of the proposed digital pole placement controller is
then compared with that of the conventional PI controller. The
proposed controller is used in order to overcome the nonlinearity
problem of PMSM and the parameter variations.

Index Terms—Speed control, digital pole
controller, permanent magnet synchronous motor.
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I. INTRODUCTION

ERMANENT magnet synchronous motors (PMSMs) fed

by PWM inverters are widely used for industrial

applications, especially servo drive applications, in which
constant torque operation is desired. In traction and spindle
drives, on the other hand, constant power operation is desired
[1]. These machines have the advantages of light weight, small
size, simple mechanical construction, easy maintenance, good
reliability, and high efficiency. The PMSMs may be designed
with surface mounted or buried magnets (also known as non-
salient pole PMSMs or salient pole PMSMs, respectively) as
shown in Fig. 1 [2]. It is well known that the d-axis and g-axis
reactances are very important for designing control systems, in
order to maximize the efficiency, power factor, etc. There are
many methods to determine the d-axis and g-axis reactances of
(PMSMs) [3]. For PMSMs with surface mounted magnets, the
d-axis and g-axis reactances are approximately equal (the
modern permanent magnets have relative permeability close to
unity, therefore the effective air gap seen from the stator is
nearly independent of the position). Inverter circuits make
possible different control strategies (frequency variation,
voltage variation, current variation), each one with specific
applications. Recent developments in power electronics have
brought new inverter circuits suitable for voltage, current
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Fig. 1. Cross-sectional views of two major types of PMSM construction. (a)
Surface-mounted magnets. (b) Buried (interior) magnets.

levels and switching frequencies. Permanent magnets make
unnecessary rotor windings and excitation circuit. Absence of
the rotor circuit improves the mechanical design [4].

There are many strategies and methods to achieve a wide
range of speed control of PMSM. Essentially, the conventional
proportional-integral (PI) and proportional-integral-derivative
(PID) controllers have been utilized in speed control of PMSM
drives due to the robustness of these controllers and they offer
a wide stability margin. Moreover, the conventional fixed gain
PI and PID controllers are very sensitive to parameter
variations and load changes. Therefore, adaptive or self tuning
PI controllers have been proposed for PMSM [5]-[8]. Also, the
artificial intelligent controllers are used to solve the
nonlinearity problem of the PMSM. In recent years, fuzzy
logic control techniques have been applied to the control of
high-performance motor drives. Unlike classical control
strategies, fuzzy logic incorporates an alternative way of
thinking. A fuzzy logic controller uses fuzzy logic as a design
methodology, which can be applied in developing nonlinear
systems for embedded control. It is considered to be low
mathematical design requirements and inexpensive hardware
technology. But it depends on the experience of the designer
in tuning the membership functions [9]. Also, the artificial
neural networks (ANNs) have used to deal with the
nonlinearity of PMSM drives [10]-[12]. It can handle the
characteristics of nonlinearity but it may suffer from the
convergence time and the length of the training process. In
[13] an adaptive neuro-fuzzy controller is used for speed
control of PMSM. It has two input variables and one control
output variable. Firstly the ANN architecture is described then
the fuzzy logic control rules are represented and tuned. On the
other hand, there are many methods based on sensorless vector
and speed control of PMSM. A closed-loop state observer is



implemented to compute the speed feedback signal [14], [15].
Also, the nonlinear H,, state feedback controller is designed
for speed control of PMS motors. In order to obtain the
approximate  solution of the Hamilton-Jacobi-Isaacs
inequality, Taylor Series expansion of the nonlinear terms up
to desired order is obtained that result in a nonlinear H,
control law. So, it seems that the mathematical design of the
controller is complex [16]. There is some approaches aim to
design and implement auto tuning controllers which are robust
against load and inertial variations [17]. Recently, direct
torque control technique is applied on PMSM for controlling
the speed [18]. In this study, the structure and direct torque
process of the PMSM is explained and speed control system
simulation is realized for low voltage high power PMSM.

In the present paper, a digital pole placement controller newly
applies on permanent magnet synchronous motor for
controlling its speed. This methodology solves the problem of
nonlinearities and load changes of PMSM drives. The
proposed controller ensures fast and accurate dynamic
response with an excellent steady state performance.

II. DYNAMIC MODEL OF THE MOTOR

For analysis of control strategies, the PMSM model is used.
Stator circuit electrical equations in d-g coordinates are [19],
[20]:

v, =Ri,+dy,|dt-wy, ()
v, =Ri, +dy, [dt+oy, ()

Where R; is the stator resistance, i4 is the d-axis current, ¥4

is the total flux in the d-direction, ¥ is the total flux in the g-

direction, and i, is the g-axis current. Flux-linkage can also be
expressed in d-q coordinates as follows:
Vo =L, Y, 3)
l//q = L‘] i‘] (4)
Where L4 is the d-axis inductance, ¥, is the flux-linkage
due to the permanent magnets, and L is the g-axis inductance.
As d-axis is aligned with magnet’s axis, there is no
contribution of the magnets to g-axis magnetic flux-linkage
¥y. The d-q coordinate system moves jointly with rotor poles,
so that the stator circuit inductance is independent of time in
this system.

The mechanical equation which describes the mechanical
motion of the motor can be written as follows:

T=Jda)dt+Bw+T, (5)

This equation shows that as long as there is positive

difference between the motor torque T and the load torque T,

the rotor speed will grow. Acceleration depends on the

moment of inertia J and the friction coefficient B. The motor
torque expression with d-q magnitudes is:

T=15P(y i, —Vi,) (6)
Where p is the number of pole pairs of the rotor. Also, the

motor torque can be obtained from the magnet flux-linkage
and the d-q axis currents as follows:

T =15P(y,i,—(L,~L,)ii,) M

Equation (7) shows that, if the d-axis inductance L, is equal to
the g-axis inductance L, (PMSMs with surface mounted
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magnets), the motor torque depends only on the g-axis current
component iq as in the following expression:

T=15Py,i, 8)

III. SPEED CONTROL OF PMSM WITH THE PROPOSED
CONTROLLER

The system under study is shown in Fig. 2. It consists of
PMSM provided with its controlled PWM inverter. The data
of the motor is given in the appendix. The drive is tested under
the following condition. First the motor is started against its
full load torque (3N.m) until the motor reaches the steady state
speed. Then, the motor is subjected to a severe load
disturbance where the shaft of the motor is broken and the
load is suddenly decreased to (ON.m) after 0.04 sec.
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Fig. 2. Block diagram for speed control of PMSM using the digital pole
placement controller.

IV. THE DIGITAL POLE PLACEMENT CONTROLLER

The Digital pole placement controller is proposed in this work
for speed control and more enhancement of speed regulation.
The final output of the Digital pole placement controller is
used to regulate the reference g-axis current ig.r of the PMSM
to regulate the motor shaft speed. While the input of the
controller is the discrete value of the motor speed error €o s
where the input sampler converts the motor speed error e, to
its discrete value with sampling period T equals to 0.01 sec.
This value of the sampling period is the most commonly used
in the digital sampler.

The motor speed error (e,), in p.u is given by the following
equation:-

_ (@,, —©) 9)
(4]

e(()
ref

The general form of the pulse transfer function of the digital
controller, which have dominant closed loop poles that affect

the behavior of the system can be written as follows [21]:

z 7' sin(yT)
(1-2z".cos(yT)+z7?)
Where ky is the gain of the controller, and y is a constant
which refers to the parameters of the controller. The discrete

G,(2) =k, (10)




motor speed error ¢, , can be described in the z-domain by the
following equation:

1
(1- z™! )1- 0.462_1)
The regulated signal ig.r can be written in the z-domain by the
following equation:

Iqref(Z) = ew(z)‘Gd(Z) (12)

The dominant closed loop poles that affect the stability of the
system can be written from the following equation:

(11

ew(z) =

Z,= cos(yT) x jsin(yT) (13)

The general form of the dominant closed loop poles in the z-
domain is:

2., =exp{@T).[cos@ )t jsin@T)] (14)
Where ( is the damping ratio, ®4 is the damped natural
frequency, rad/sec. ®, is the undamped natural frequency,
rad/sec.

By equating the real parts of (13) and (14), we get the
following equation:

cos(yT) =exp(—¢aw,T).cos(@,T) (15)
Equation (15) plays an important role in adjusting the constant
y through the design process as will be shown later.
The block diagram of the Digital pole placement controller,
which has a pulse transfer function Gy(z) is illustrated in Fig.
3. Where,
G(k) = n*n matrix
H(k) = n*1 matrix
C(k) = 1*n matrix (output matrix),
D(k) =1*1 (direct transmission vector),
K = state feedback gain matrix 1*n matrix,
and X(k) = state variables matrix.
The discrete time state space equations, which describe the
digital pole placement controller can be written as follows
[21]:

(state matrix),
(input matrix),

X(k+1)=(G-HK).X(k)+ H.e, (k)
Iqref(k) = CX(k)

(16)
(17)

The characteristic equation of the proposed controller is given
by the determinant of the matrix p, which given as follows:

P=[ZI-(G- HK)] (18)

z

state matrix

state feedback matrix

Fig. 3. The block diagram of the digital pole placement controller.

The desired closed loop poles location can be chosen
according to the requirements of the motor output speed
response, the stability margin and the steady state
characteristics.

We use the following design procedure:

1. Derive the mathematical model of the system.

2. Choose the desired closed loop poles for pole

placement.
3. Determine the state feedback gain matrix K.
4. Determine the state space model of the proposed
controller.

Check the response to the given initial conditions. If the
response in not acceptable, adjust the closed pole location
until an acceptable response is obtained.
The objective of the digital pole placement controller is to
cope with any change in the design requirements or load
which needs changes in the locations of the controller poles.
These poles can be placed at any desired locations by the state
feedback gain matrix k. And from equations 13 and 18 the
state feedback gain matrix can be designed for any desired
pole locations. Therefore, the proposed controller is used to
meet the design specifications and to overcome the
nonlinearity problem of the motor.
The current iy is an input of the PWM inverter. The
reference d-axis current ig.s 1S zero, to avoid the
demagnetization effect. The d-q coordinate currents are
converted into the reference three phase currents i,pcor. These
reference currents are compared with the actual three phase
stator currents for hysteresis current control loop.

V. PERFORMANCE EVALUATION

The PMSM is tested with the same load torque variations
stated before in section III. The design of the digital pole
placement controller is as stated in section IV. The simulation
program is carried out in a numerical simulation, using one of
Matlab’s toolboxes, Simulink. All the system components are
simulated using this program’s blocks.

1. Dynamic response during Starting (Zone one)

For a good motor performance during the starting process and

under load torque disturbance, the design requirements are as
follow: The maximum overshooting is very small and tends to
0.1, the rise time is less than or equal to 0.01 sec, the settling
time is less than or equal to 0.04 sec, the steady state value of
the speed is less than or equal to 0.15. These requirements are
the most commonly used in the second order systems.
Therefore, according to these requirements the damping ratio {
equals 0.6, the un-damped natural frequency ®, is 180 rad/sec,
the damped frequency w4 is 144 rad/sed. Equation (15) is used
here to determine the constant y, which yields y equals 50.
Also, the steady state value of the speed ®(z) is determined
from the following equation:

@, (z)=lim_, (1-z").a(z) (19)
On the other hand, (19) is used to determine the gain of the
controller kg, which will be equal to 0.04.
The state space representation of the digital pole placement
controller is obtained using the direct programming method
[5. G=[01;-11.76], H=[0;1], C=[0.02], D=[0]; K=
[k, k, ]=[0.23 0.45].



Fig. 4, shows the dynamic response of the motor during the
starting process when provided with the designed digital
controller of gain ky=0.04, and y=50 as compared with the PI
controller of gains k, = 2.6 and k; = 1. For a fair comparison
the gains of the conventional PI controller are designed
according to the same design specifications and the PI
controller is placed in the same position instead of the digital
pole placement controller. By inspection of the dynamic
response, it can be realized that the dynamic response of the
PMSM when provided with the digital pole placement
controller is improved compared with that obtained when the
motor is provided with the PI controller. The response is fast
with minimum overshoots.

On the other hand, if the motor inertia is doubled and the drive
response is recorded. It can be noted from Fig. 5. that the
response of the proposed digital pole placement controller
follows the desired speed without any fluctuations. Therefore,
it can be illustrated that the proposed controller is adaptive and
robust for a wide range of speed control.

2. Dynamic response during a step down load torque
Disturbance (Zone two)

For a good motor performance during this zone, the design
requirements are minimum overshooting (less than or equal to
0.2), the rise time is less than or equal to 0.01 sec, the settling
time is less than or equal to 0.04 sec, the steady state value is
less than or equal to 0.15. Therefore, according to these
requirements { equals 0.5, , is 200 rad/sec, w4 is 173 rad/sec,
y equals 0.04, and ky equals 0.6. G =[0 1;-1 2], H=1[0;1], C
=[0 0.0002], D =[0], and K=[0.3 0.5].

Fig. 6, shows the dynamic response of the motor during the
second zone. The motor is driven by the digital pole placement
controller of gain ks=0.6, and y=0.04 as compared with the PI
controller of gains k,= 2.6 and ki =5. By inspection of the
dynamic response, it can be realized that the dynamic response
of the PMSM in this case, has a maximum overshoot lower
than that experienced when a PI controller is used, also, it will
be of better damped response after the first overshoot.
Accordingly, the motor reaches its steady state speed faster. In
addition, the steady state error is smaller. It also yields a much
faster response that allows the motor to reach the steady state
after 2ms, while in the PI technique, it reaches the steady state
after 6ms. As a consequence for the minimum speed
regulation
obtained when the proposed digital pole placement controller
is used, a good enhancement in torque ripple is achieved, as
shown in Fig. 7.
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Fig. 4. The dynamic response of the motor during the starting process driven
by the digital pole placement controller of gain ks=0.04, and y=50 as
compared with the PI controller of gains k, =2.6and k; = 1.
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Fig. 5. Speed response of the motor using the digital pole placement
controller under parameter variation (inertia).
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Fig. 6. The dynamic response of the motor during the second zone, driven by
the digital pole placement controller of gain kq =0.6 and y =0.04 as compared
with the PI controller of gains k,;=2.6 and ki=5.
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Fig. 7. The torque curve of the motor when driven by the digital pole
placement as compared with that of the PI controller.

VI. CONCLUSION

This paper presents a digital pole placement controller, which
is a newly applied to the surface-mounted permanent magnet
synchronous motors for the purpose of controlling its speed.
The application of the proposed controller for PMSM drives is
investigated through analysis and simulation results. The
dynamic response of the surface-mounted permanent magnet
synchronous motor with this proposed controller is obtained
and analyzed at the starting process and under load torque
disturbance. By inspection of the dynamic response, it can be
realized that the dynamic response of PMSM when provided
with the digital pole placement controller is improved and the
torque ripple is minimized in compared with that of the
conventional PI controller. Therefore, the proposed controller
can be used for a wide range of speed control.

VII. APPENDIX

The specifications of the motor under study are illustrated in
table 1.

TABLE 1
MOTOR SPECIFICATIONS

Symbol Cluantity Value
I Rated power 1L.1EW
W Dic voltage 220V
1 Fated speed 3000
E. Stator resistance 28758
Ly d-anis inductance 0ooEs H
L g-axis inductance 0005 H
P Ilagnetic flux 0.175 Wb
I Motor inertia 0.0008 Eg m?
B Friction OMms

coefficient
s HMumber of pole 4
pairs

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

VIII. REFERENCES

S. Morimoto, M. Sanda, Y. Takeda, “Wide speed operation of interior
permanent magnet synchronous motors with high performance current
regulator”, [EEE Transactions on industry applications, vol. 30, pp.
920-926, Aug 1994.

Kare Adnames, “Torque analysis of permanent magnet synchronous
motors”, Annual IEEE Power Electronic Specialists Conference, pp.
695-701, 1991.

H. P. Nee, L. Lefevre, P. Thelin and J. Soulard, “Determination of d and
q reactances of permanent magnet synchronous motors without
measurements of the rotor position”, I[EEE Transactions on industry
applications, vol. 36, no. 5, pp. 1330-1335, Sept. 2000.

P. Fernandez, J. A. Giliemes, and A. M. Iraolagoitia, “Speed control of
permanent magnet synchronous motors by current vector control”,
International Conference on Electrical Machines (ICEM), pp. 460-465,
Sept. 2006.

P. Pillay and R. Krishnan, “Control characteristics and speed controller
design for a high performance permanent magnet synchronous motor
design”, Proceedings of IEEE/PESC, 1987, pp. 598-606.

B. K. Bose, “A high performance inverter-fed drive system of an interior
permanent magnet synchronous machine”, /EEE Transactions on
Industry Application, vol. A-24, No. 6, 1988, pp. 987-997.

M. Chribi and H. Le-Huy, “Optimal control and variable structure
combination using permanent magnet synchronous motor”, Proceedings
of IEEE/IAS Annual Meeting, 1994, pp. 408-415.

R. B. Sepe and J. H. Lang, “Real-time adaptive control of the permanent
magnet synchronous motor”, Proceedings of IEEE/IAS Annual Meeting,
1990, pp. 545-552.

Ahmed Rubaai, Daniel Ricketts, and M. David Kankam, “Development
and implementation of an adaptive Fuzzy-Neural-Network controller for
brushless drives”, IEEE Transactions on Industry Applications, vol. 38,
No. 2, March/April 2002, pp. 441-447.

A. Rubaai, R. Kotaru, and M. D. Kankam, “A continually online-trained
neural network controller for brushless DC motor drives”, I[EEE Trans.
Ind. Applicat, vol. 36, Mar/Apr. 2000.

M. A. El-Sharkawi, A. A. El-Samahy, and M. L. El-Saayed, “High
performance drive of DC brushless motors using neural network”, IEEE
Trans. Energy Conversion, vol. 9, pp. 317-322, June 1994.

M. A. Rahman and M. A. Hoque, “Online adaptive artificial neural
network based vector control of permanent magnet synchronous
motors”, IEEE Trans. Energy Conversion, vol. 13, pp. 311-318, Dec

1998.

M. M. Gouda and T. S. Radwan, “Intelligent speed control of permanent
magnet synchronous motor drive based on neuron-fuzzy approach”,
Proceedings of IEEE/PEDS, 2005, pp. 602-606.

Alfio Consoli, Salvatore Musumeci, Angelo Raciti, and Antonio Testa,
“Sensorless vector and speed control of brushless motor drives”, I[EEE
Transactions on Industrial Electronics, vol. 41, No. 1, February 1994,
pp. 91-96.

Cristian H. De Angelo, Guillermo R. Bossio, Jorge A. Solsona,
Guillermo .Garcia, and Maria 1. Valla', “Sensorless speed control of
permanent magnet motors driving an unknown load”, Proceedings of
IEEE/ISIE, 2003, pp. 617-620.

M. Jalili-Kharaajoo, “Nonlinear H.. speed control of permanent magnet
synchronous motors”, Proceedings of IEEE/SICE, 2003, pp. 3131-3136.
P.Thirusakthimurugan, P.Dananjayan, “A robust auto tuning speed
control of permanent magnet brushless dc motor”, Proceedings of ICIA,
2006, pp. 270-273.

S. Ozgira, N. Bekiroglu, and E. Aygicek, “Speed control of permanent
magnet synchronous motor based on direct torque control method”,
Proceedings of IEEE/SPEEDAM, 2008, pp. 268-272.

Shigeo Morimoto, Yoji Takeda, Keita Hatanaka, YI Tong, and Takao
Hirasa, “Design and control system of inverter- driven permanent
magnet synchronous motors for high torque operation”, /EEE
Transactions on industy applications, vol. 29, no. 6, pp. 1150-1155,

Nov 1993.

Pwgasan Pillay, and R. Knshnan “Modeling of Permanent Magnet
Motor Drives”, IEEE Transactions on Industrial Electronics, vol. 35,
no. 4, pp. 537-541, Nov 1988.

Katsuhiko.Ogata, " Discrete time control systems" reference book,
Fourth edition, New jersey, U.S.A, 2005.




<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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
    /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
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /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
    /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
    /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
    /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


