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Abstract— Data collection from field sensors by using
Unmanned Aerial Vehicle (UAV) is the application taken in
consideration in this paper. All the sensor nodes are kept
location unaware to reduce their cost and energy utilization. The
issue addressed in this paper is localization of sensor nodes by
UAY to collect data in efficient way. ULA of multiple antennas
are used to measure the Angle of Arrival (AoA) of incoming
signals. However, the drawbacks of mounting such multiple
antennas on an Unmanned Aerial Vehicle (UAV) outweigh the
benefits. The challenge is to affix multiple antennas and
receivers on an UAYV, increase its weight which ultimately
decrease its payload capacity, flight time, speed and agility. In
this paper, we are proposing a new method to estimate the AoA,
called Virtual Phase Array (VPA) antenna system. A single
moving antenna installed over an UAV taking snapshots every
fixed time periods forms an antenna array virtually. This VPA
has enable us to introduce two new concepts of adaptive staring
precision and multiple frequency use. All these became reality
only because number and spacing between antenna elements can
be adjusted, which is not easy to implement in physical antenna
array especially when antenna is onboard. The proposed system
is evaluated by simulation model. Suggested modifications and
additions in classical MUSIC algorithm make it possible to
operate the virtual antenna system with the same precision as
the physical antenna may have, but adding more flexibility, ease
of use, cost economy, more reliability and better throughput.

Index Terms— Array antenna system, direction of arrival,
narrowband signal, virtual phased array antenna

1. INTRODUCTION

GRICULTURE field is taken as a case study, in this

research paper. Large number of heterogeneous sensors

are installed in a crop field to monitor various
parameters related to the plant health, soil and atmospheric
conditions. All these sensors are location unaware and left
unattended in the field. As farm field is in very remote area
and no fixed infrastructure is available for communication, so
an Unmanned Aerial Vehicle (UAV) is used as a mean of
communication and to harvest desired data from these field
sensors. Adverse environmental factors are another challenge
where rain, dust storm, growing follicles of plants, may cause
hurdles in data communication. Considering all these
challenges, we proposed an UAV data routing protocol for
crop health monitoring in EUSIPCO 2016 [1]. Dynamic
clustering of heterogencous field sensor nodes and runtime
Cluster Head (CH) selection criteria was introduced in that
article. As mentioned before, all field sensors are location
unaware. In

this case, it is the responsibility of UAV to estimate the
location of multiple sensors deployed on the ground to collect
data from all of them efficiently. The success and efficiency
of above mentioned dynamic data collection scheme lies in
accurate estimation of CHs locations. We have taken this
particular example in consideration, and proposing a Virtual
Phase Array (VPA) antenna system which will mitigate many
challenges, a typical physical antenna system is facing, which
restrict it to be installed in small size UAV such as: heavy
weight, big size, energy demanding, etc.

The accurate estimation of Angle of Arrival (AoA) of a signal
is very important in many applications such as: those
involving Radar [2], Sonar [3], Emergencies and surveillance
[4], and cellular systems [5]. To find AoA, one should use a
set of multiple antennas which is either fixed to form an array,
or rotating in case of radar, except some exception like multi
cell static radar in aircrafts. An array of antenna system can
be used to detect many parameters of the incoming signal
including range, frequency, polarization and the most
important is AoA. Array antenna system not only improves
the resolution of AoA of incoming signal, but also makes it
possible to identify multiple sources that are emitting these
signals. AoA can be described as the direction in terms of
angle (azimuth 0 and elevation @), created by multiple plane
wave signals (narrowband or wideband) incident on a single
or array of antennas.

Array geometry is another important factor in AoA
estimation accuracy (resolution), which may composed of a
set of antennas organized in a particular formation such as:
Uniform Linear Array (ULA), Uniform Circular Array
(UCA), Concentric Circular Arrays (CCAs), Uniform
Rectangular Arrays (URAs), L-shaped array, V-shaped array,
Displaced Sensor Arrays (DSAs), Parallel linear arrays and
Y-shaped arrays for details see [6][7][8]. Uniform Circular
Array (UCA) is proposed in [6] to provide two-dimensional
coverage and uniform performance in all azimuth directions
at the cost of adding complexity. AoA is estimated using a
rectangle geometry with 8 elements is developed in [7].
Despite all these, ULA is the simplest possible array
geometry working on narrowband signals, delivers
acceptable resolution and accuracy during beamforming and
AoA estimation. The strength of ULA is its simple structure,
less computational / processing requirements and a good
resolution for the AoA estimation.
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II. PROPOSED SYSTEM

Antenna array system for AoA estimation has been studied
since several years. Many algorithms and techniques have
been proposed so far, but still have the potential to improve
and develop smarter and smaller antennas to make it
compatible with rapidly improving WSN and emerging UAV
technologies. UAVs are becoming more and more popular in
every field such as: agriculture, defense, disaster
management, emergencies, sports, etc.

In this research, agriculture is taken as a case study where a
large number of different sensors are installed in a crop field
to monitor various parameters related to plant health, soil and
atmospheric conditions. All these sensors do not have GPS
and left unattended in the field. Farm fields are very remote
area where communication infrastructures are not available.
UAV is used as mean of communication and to harvest data
from these field sensors. For this purpose, it is very important
for the UAV to have the complete knowledge about the
number of connected sensors and their locations to visit all of
them individually or in groups for data collection. Here, we
are proposing a virtual phase array (VPA) antenna system
installed over UAV to estimate the location of sensor nodes
scattered on the ground. This VPA antenna could overcome
many challenges exist in the classic physical antenna array
system, that are described below one by one;

1. The first problem is to carry the physical antenna array
system by an UAV which is not feasible due to heavy weight
and complex structure. In a conventional way, many physical
antennas are collectively used to estimate the AoA of the
signal emitted by a sensor. Adding multiple antennas and
receivers on UAV increases its weight and results in
decreasing its payload capacity, flight time, speed and agility.
In this proposed system, ULA of multiple antennas will be
replaced by a single moving antenna which will act as a
virtual linear array called VLA.

2.Another issue is, adaptive staring mechanism is not
possible in conventional ULA system. For example, during
UAV flight if more precision is required to stare some
suspected object or area, then proposed system will have the
ability to increase the staring precision level by adjusting the
length of antenna.

3.This ULA will introduce precession capability to improve
the throughput of the system. For example, in normal
conditions UAV will fly at a high speed with minimum
staring precession (with minimum array elements), as soon as
it found something suspected or of interest, it can increase its
staring precession by sampling more data and increasing
virtually the size of antenna.

4.1n classical ULA, the total number of detectable targets is
limited to total number of antenna elements. In ULA number
of antenna elements is virtually adjustable.

5. The proposed system will be capable to operate on multiple
frequencies, and inter element spacing of ULA antenna can
be adjusted accordingly.

6. Typical challenges of the physical antenna that are limiting
its performance such as: mutual coupling induced current
gains and inter-channel phases between array elements do not
exist in our proposed VLA.

In the proposed system, UAV will be equipped with a single
antenna but will act as a linear array of antennas by exploiting
the motion of the UAV. The UAV is moving with a constant
speed, it can take snapshot of signals at fixed time intervals.
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Finally, Snapshots are considered as the outcome of physical
antenna elements as shown in Figure 1.

III. VIRTUAL ANTENNA ARRAY

A VPA carrying UAV we name it Synthetic Aperture UAV
(SA-UAYV) will be capable to accumulate the data that VPA
collects in response of impinging signals with different
phases at different times. The parameters (e.g. ToA, AoA) of
incoming signals can be estimated if the communication
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Figure 1: Localization of sensor nodes, using Virtual Phased Array
Antenna system

channel during each period of data collection is quasi-
stationary. In our proposed system, N target nodes are
emitting narrowband signals that are being monitored by
UAV at M different places (snapshots) at a fix time period
of Atwhere N =M —1.UAV will collect MM samples
of data between two snapshots. All the received signals are
considered to be plane wave as UAV is flying high enough to
satisfy far field condition. As shown in Figure 2.
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Figure 2: Proposed Virtual Antenna Array system

Signal X;(?) is transmitted by the target node s, . Each signal

is travelling independently to approach the virtual antenna.
All the factors such as: desynchronized UAV and ground
sensor clock, Signal to Noise Ratio (SNR) and geometrical
variation of antenna for each snapshot, caused an extra
deviation in signal phase that will be received at the VPA
antenna element. In newly developed system, the calibration
phase is introduced during the first snapshot. It is used to
estimate the phase difference Foy.: between two consecutive
samples which is caused by desynchronized clock of devices.
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Once the first snapshot has been made, we will consider
similar style to gather for the whole data. Data of each
snapshot will be fed to the Virtual Antenna Module (VAM)
for further processing. VAM produces a steering vector
where the response of each signal is stored in the form of a
matrix and will be handed over to the Rectifier Module (RM).
RM is introduced to rectify the whole data according to the
Foger measured in the calibration phase and makes a

covariance matrix R, . This covariance matrix will pass on

to MUSIC algorithm. The output of the MUSIC algorithm
(angle 0) will finally be tuned by the adjustment module. The
proposed system model and detail description of each module
is as follows:

A. Geometrical Variation

The main difference between VPA antenna as compared to
Physical Antenna Array (PAA) is that, in VPA all the
snapshots are not taken at once. The position of antenna is
continuously changing while taking data snapshots, which
causes classical MUSIC algorithm inapplicable. First of all,
this geometrical variation of antenna is needed to be
considered.

b
Let’s suppose N sensor nodes (”17"27“' =”N) are

installed in a field and each Node #,is making angle

(6,67 ,---,0) with M virtual antenna elements of an

antenna installed over a UAV (see Figure 3).
i m mm
@,y 4 an (Xu Y)

P

.
o=
o N\

1 62

Figure 3: Virtual Antenna Array

UAV is considered as moving in straight path for one antenna
length. The X axis corresponds to the UAV trajectory,
considered linear.

If an UAV having VPA onboard want to locate a node 7,
I<i<(N=M-1), field,
transmitting a plane ware narrowband signal. Y is ordinate of
UAYV that is same for all nodes. X, is the abscissa of UAV

where installed in the

at time #, where 1 < k < M , UAV is taking M samples

for an array snapshot after fix travel distance:
d=X —X,=c,,, XAt where, d is the length of the

k+1

linear trajectory of the UAV between 2 snapshots, and ¢,

is the speed of the UAV for a period of time Af (time
difference between 2 successive snapshots). UAV angle with

n, at the first snapshots is:

ny _ X1
tanf; " = " (1)
If we consider first snapshot as reference, the second angle
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is as:
Xi—d
tan 6, = = Q)
o7 = 0™ (ty,) = tan~? (M) 3)

As we know, the separation between two antenna elements

should be d = A and time interval require to cover this
2
distance is d
At

second.

Cuar

Then, we can conclude that UAV will make virtual array by

taking snapshots after time interval A, — A UAV

2eyy
having single antenna is moving in straight line at constant
height and speed. It can sample the received signals at
different times and construct a M x 1 steering vector, or
array manifold, for the source S. we can construct observation
vector as:

40)=la, (1), a, (1) ay (1))
If £, and 4 (@) are known then virtual phase array can model

the physical array of the antennas. Speed of UAV is much
higher than required data sampling frequency. We can
assume that UAV is making uniform VPA antenna of M
elements by moving with a constant speed of ¢,y m/sec for
one antenna length. Array is referenced to the first element
and array vector model can be written as:

A= ejﬁd sin(6)[0:M—1] (3)

B = le—n, A is the wavelength, 6 is the AoA of the sensor and

d is the inter-element spacing.
A = e/Bdsin@®0:M-1] _

[1 ej[x’ (vxtq)sin(0) ej[x’(vxtz)sin(9+A61) ej[x’(vxtg)sin(6+A92) e ej[x’(vxtN)sin(6+A9N)]

“)
Where, ¢, =0 is the time when UAV will start taking

snapshots and #, is the time when it approaches M™

snapshot. A8 is the change of angle of incedent signal array
on snapshot N due to movement of UAV.

B. Sampling
VPA will take M snapshots and within two snapshots
[m, ,m,, ]it collects MM samples of data. MM depends on

the sampling accuracy Analog to Digital Convertor (ADC)
device used. If the ADC over sampling frequency is Fupc Hz
then, oversampling of the one virtual array element (number
of samples between 2 snapshots of the virtual array) will be:
Rover = |Fapc X At|
where Af is the time between two samples.
A standard Voltage Controlled Crystal Oscillators (VCXO)
ADC convertor has an accuracy of:
107° < Freqency accuracy < 5 x 107°
If the communication radio frequency is Fruiio = 433 MHz
then
4 kHz < Frequency Accuracy < 200 kHz

and frequency offset is:
R_offset = F_ADC/AF = (200 KHz) /(20 KHz)
= 10 extra samples per phase rotation
or

R_of fset = 2m/10 degree phase rotation per sample

(%)

It means, in above mentioned condition every consecutive
data sample may have i—z extra phase difference rather than
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usual/expected. In physical antenna, as all the snapshots are
taken at once and this phase difference is considered as
constant and same for all. In case of moving antenna, samples
are taken one by one independently and each sample is facing
addition R,ffser separately, that’s why it needs to be
corrected.

C. Calibration
Due to desynchronized clocks of UAV and sensor nodes,
ADC oversampling cause a phase difference between two
consecutive data samples. Calibration phase is introduced to
estimate this phase difference. Let’s suppose s(k) is the k™
signal VPA received.

s(K) =2/ where K = 1to Ryper

S(?C) — 2j(a)+?)

Where, F is the frequency offset of sampling frequency.
X(3) = Real(xx(¥)) + j Imgr(x(¥)) = A(k) + jB(X)
Where, s = A+ B then, A is real and B is imaginary part

o =aten(29D) = o4r
= atan|— ) = W
Where, @ Is the angle difference because of F.
F=d—-w
_ B(X)
F = atan (A(x)) (6)

Average phase difference between two data samples is:

R B(K) B(k—1)
e ata“(m)_atan(A(k—n) )
Rover_l

Where Ryper = |Rover| considered as an integer.

Foftset =

D. Rectification

Rectification phase is introduced to compensate the phase
offset by rectifying the original received signal.
Signal Rectified S, = e~/ *Forfset x s(K)  (8)

E. Theta adjustment

In our scenario, @ is varying at each sample by the ratio of
UAV speed and covered distance. By considering this

characteristic, final out put 6 value need to be adjusted as:
Dx = Cyav X M x dtover X Ruve‘r

Y
Where, cyuy speed of UAV M is the number of virtual
antenna elements dt,,., is covered distance and Y is the
Height of UAV. The final adjusted 8 is:

6 = atan (tan (gx—”) + Dx) 9)

180

IV. VIRTUAL ANTENNA ARRAY IN CASE OF UAV
NON-LINEAR MOVEMENT

To construct a virtual antenna array, it is assumed that UAV
is moving at a constant speed/height and all the snapshots are
taken after equal intervals of time in a straight line. UAV is
taking its first snapshot Pi(Xi, Y1) at point A and in a straight
line took a second snapshot P»(X>, Y>) at point B. If the latter
is not verified because of air pressure or GPS inaccuracies,
then the resulting scenario is the one shown in Figure 4.
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Figure 4: AoA in UAV non-linear movement

UAV is deflected from a straight path, at point B by angle a
and it takes second snapshot at point C but separation between
two points (A and C) is still A /2 because snapshots are taken

after fix interval of time.Let D, = distance from 7, to m; =
Vi +yi
t; = % Where ¢ is speed of light and D; is the i" delay

observed
Let us consider the relative delay; we consider the origin of

the time for the antenna is the time when 771, received his

signal.
The real delay between the two antennas is given by :

_ Da=Dy _ Jxa?+yp?—Jxi %4y 2 (10)
c c
7€ = dCos(a + 6) (11)

As length of antenna is small and total time required to collect
all the data samples is also minute (less than one second),
UAV is considered following straight path for one antenna
length. In this case, a is considered as negligible.

V. SIMULATION MODEL, RESULTS AND ANALYSIS

Simulation of the proposed system is conducted in Matlab. A
Wi-Fi single antenna operating at 4.3 MHz is mounted over
an UAV that is moving with constant speed of 20 m/s. Three
targets (sensor nodes) are placed on the ground level with the
difference of azimuth angles 20° and -60° respectively where
elevation angle is 0 for all. All the targets are transmitting
narrowband signals a(6) periodically from a wave field which
incident on the VPA. A VPA antenna installed over an UAV
is used to stare and locate the targets that are placed on
ground. For simulation, following input parameters are taken:

F= 4.3 x 108 $Hz radio frequency for
transmission

%Hz ADC converter frequency
%Hz frequency offset between

transmitter and receiver

Fapc= 2 x 10°
Foffset= 2 X 104

v=7 % speed of UAV
dt=A /(2*v) % time difference between 2
snapshots (2 virtual antennas)

Rover= Fapc*dt $oversampling of the virtual
array= number of samples
$between 2 snapshots of the
virtual array

%$Number of snapshots for 6
degree accuracy

y = 100 % Height of UAV

dtover=1/fADC time between 2 ADC samples

M =20

Some simulation results are shown below.
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DOA estimation with Phase Calibration
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Figure 5: Proposed system VS classical MUSIC

70 DOA Estimation with varing SNR

60 /4
@ 50 /
g
*®40
=
f=
» 30
oo
£ 20

10

o] T —SNR ---> 1

4 -2 0 2 4 8 16

—4—60 degree —ll—20 degree

Figure 6: Effect of increasing SNR on proposed DOA estimation
system

Original Received signals

Figure 7: Original received signal on VPA without rectification

As shown in Figure 5, the DOA of two target nodes having
angles 20° and -60° with respect to UAV, is estimated.
Directions of both the targets are measured with and without
our proposed system. It is analyzed that the proposed system
has much better accuracy. Effect of DOA estimation accuracy
with increasing SNR is evaluated in Figure 6. It is found that
proposed system is working well in low value of SNR up to
4 dB. Original received signal before rectification is shown in
Figure 7 and phase offset observed in each signal is shown in
Figure 9. It is seen that every snapshot is rotated by almost
36° degree angle. This rotation of phases causing major
deviation in DOA estimation for that reason, received signal
needs special rectification to deal with this issue. Figure 8 is
the Received signals after Applying proposed rectification
and this figure shows that the problem of rotation of phases
due to ADC oversampling is fixed by applying our proposed
rectification module. The proposed system is also found
working well in the condition when DOA angle is
transforming from positive to negative value as shown in
Figure 10. In this figure, it is shown that both the angles are
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measured accurately, especially the angle 0 that actually
varies from +2 to -2.

All the simulation results shown above prove that, if an UAV
is moving with a constant speed, the single antenna can act us
uniform linear array of multiple antenna elements. As shown
in Figure 5, both the angles are measured accurately and
performance of virtual array antenna system is found
outclass.

Received signal after Ractification
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Figure 8: Rectified received signal
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Figure 10: DOA estimation when angle varies from positive to negative
value

Classical MUSIC algorithm is not practical in case of single
antenna elements and gives very poor performance, if it is
used for virtual antenna without suggested modifications.
Proposed system will make it possible to use single antenna
to work as a virtual phase array of M antennas which will add
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more benefits like ease of use, cost effective, lightweight,
energy efficient, flexible, and adaptable.

VI. CONCLUSION

In this paper, a virtual phase array (VPA) antenna system for
DOA estimation of narrowband signal is presented. It is
proved mathematically that a single antenna installed on a
moving UAV can act as virtual Linear array of multiple
antennas and can replace completely the physical array of
antennas. The benefit achieved is that, it is a light weight
single antenna system that can carry by an UAV very easily
and use it for DOA estimation of the signals received from
ground sensors. VPA will also provide Adaptive staring
capabilities which will help to increase the performance and
throughput of the system. By using the proposed system, an
UAYV can easily estimate the location of sensors installed on
the ground and can communication with them more
efficiently and precisely. The proposed system is evaluated
by using simulation model and found working out class. It has
the potential to work better than conventional ULA antenna.

ACKNOWLEDGMENT:

The Authors gratefully acknowledge the support of the
Sensor Networks and Cellular Systems (SNCS) Research
Center at the University of Tabuk, Saudi Arabia.

REFERENCES

[1] M. Ammad-udin, A. Mansour, D. Le Jeune, E. H. M.
Aggoune, and M. Ayaz, “UAYV routing protocol for crop
health management,” in 24th European Signal Processing
Conference (EUSIPCO), 2016, pp. 1818-1822.

[2] F. Liu and Jinkuan Wang, “AD-MUSIC for jointly DOA
and DOD estimation in bistatic MIMO radar system,” in
International Conference On Computer Design and
Applications, 2010, pp. 455-458.

[3] Jianguo Huang, Lijie Zhang, Qunfei Zhang, Yong Jin, and
Min Jiang, “Performance analysis of DOA estimation for
MIMO sonar based on experiments,” in /[EEE/SP 15th
Workshop on Statistical Signal Processing, 2009, pp.
269-272.

[4] M. Grice, J. Rodenkirch, A. Yakovlev, H. K. Hwang, Z.
Aliyazicioglu, and A. Lee, “Direction of arrival
estimation using advanced signal processing,” in 3rd
International Conference on Recent Advances in Space
Technologies, 2007, pp. 515-522.

[5] S. Bellofiore, J. Foutz, C. A. Balanis, and A. S. Spanias,
“Smart antenna system for mobile communication
networks beamforming and network throughput,” /IEEE
Mag. Antennas Propag., vol. 44, no. 4, pp. 106-114, Aug.
2002.

[6] P. Toannides and C. A. Balanis, “Uniform circular arrays
for smart antennas,” IEEE Mag. Antennas Propag., vol.
47, no. 4, pp. 192-206, Aug. 2005.

[7]1Liu Jin, Li li, and Huazhi Wang, “Investigation of
different types of array structures for smart antennas,” in
International Conference on Microwave and Millimeter
Wave Technology, 2008, pp. 1160-1163.

[8] M. Anwar, “Direction of arrival in smart antenna using
different types of uniform array configuration,” Int. J.
Comput. Appl., vol. 1, no. 1, pp. 2-6, 2014.

632

2017 23rd Asia-Pacific Conference on Communications (APCC)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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
    /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
    /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
    /DoulosSIL
    /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
    /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
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-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
    /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
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /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
    /SILDoulosIPA
    /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
    /SymbolTiger
    /SymbolTigerExpert
    /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
    /Tiger
    /TigerExpert
    /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


