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Abstract—This paper' investigates detection capability of en-
ergy detectors. With the help of receiver operating characteristics
(ROC) curve and area under the ROC curve (AUC), a new
measure, Complementary AUC (CAUC), is introduced as a proxy
for the overall detection capability. When relays are available
to help forward the target signal, the upper bound of the
CAUC under Rayleigh fading channels is derived without and
with a direct path. In addition, the average CAUC is discussed
for Nakagami-m fading channels without and with diversity
combining. The analytical results are validated by numerical
examples.

Index Terms—Area under the curve, energy detection, receiver
operating characteristics (ROC), relay.

I. INTRODUCTION

An energy detector is a device that can detect the presence
of a signal under noisy environments. Energy detection of
the presence/absence of a signal is feasible even when little
knowledge of the parameters of the signal is available. A
conventional energy detector measures the energy of the
received signal over a specified time period and a bandwidth.
The energy is then compared with an appropriately selected
threshold to determine the presence or absence of the un-
known signal. With low complexity and no requirement for
knowledge of the signal, energy detection has gained renewed
interest recently for cognitive radio networks [1]-[3], ultra-
wideband communications, and sensor networks [4].

The first comprehensive analysis for the analog energy
detector has been introduced in [5] by assuming deterministic
signal transmission over a flat band-limited Gaussian noise
channel. The receiver operating characteristics (ROC) curve,
i.e., the detection probability versus false alarm probability
curve, is often used to illustrate and to quantify the detection
capability of the energy detector. Based on [5], the ROC
analysis over Rayleigh, Rician, Nakagami-m, and n-u channel
models is discussed in [6]-[9]. Furthermore, diversity reception
techniques such as equal gain combining (EGC), selection
combining (SC), maximal ratio combining (MRC), square law
combining (SLC), and square law selection (SLS), which are
used to boost the performance of the energy detector, are
discussed in [7]-[11]. The ROC analysis reveals that MRC
improves the performance of the energy detector the most
among all the diversity reception techniques.
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Although the ROC curves fully characterize the perfor-
mance of an energy detector, it is difficult to compare per-
formance of two energy detectors based on visual perception
of their ROC curves, because the curves may cross each
other. Therefore, as a desirable measurement to see the overall
detection capability, area under the ROC curve (AUC) is
introduced recently to the wireless communication field as
one possible technique to address this problem [12]. AUC
clearly shows how the overall detection capability varies with
system parameters such as the number of samples, multipath
fading parameter, the number of diversity branches, channel
estimation error, and channel correlation. However, neither the
ROC curve nor the AUC curve is able to show the order of
improvement in detection capability when the average signal-
to-noise ratio (SNR) increases. On the other hand, using the
asymptotic analysis, the impact of channel fading and spatial
diversity is quantified by sensing gain [13], [14]. The sensing
gain is a measurement for detection capability, but not for
overall detection capability, because it does not characterize
the false alarm probability. Therefore, in this paper, Comple-
mentary AUC (CAUC) is introduced as a measurement for the
overall detection capability, which can demonstrate the order
of improvement based on a log-log scale when average SNR
increases.

This rest of the paper is organized as follows. The system
model and CAUC are described in Section II. The average
CAUC: for a relay network and for some combining schemes
are analyzed with numerical results in Section III and Section
IV, respectively. The concluding remarks are made in Section
V.

II. SYSTEM MODEL

A. Energy Detection

When the primary signal is x(t), the received signal at
the receiver, y(t), can be written under two hypotheses: H
(primary signal absent) and H; (primary signal present), as

y(t) = {

where w(t) is the additive white Gaussian noise (AWGN),
which is assumed to be a circularly symmetric complex Gaus-
sian random variable with mean zero and one-sided power
spectral density Ny (i.e. w(t) ~ CN(0,Np)), and h is the

w(t)
hx(t) + w(t)

:Ho

g g
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wireless channel gain. The channel gains are modeled as in-
dependent and not necessarily identically distributed complex
Gaussian fading channels.

After proper filtering, sampling, squaring and integration,
the test statistic of an energy detector is T, = > ., ly (@),
where w is the number of complex signal samples. As de-
scribed in [5], [7], the probability density function (PDF) of
T, follows a central chi-square distribution with 2u degrees
of freedom (DoF) under Hy, or a noncentral chi-square
distribution with 2u DoF and a noncentrality parameter 2~
(where v = LT, E is signal power at transmitter side)
under H;. The test statistic, T}, is compared with a predefined
threshold value A. The probabilities of false alarm Pf()), and
detection P;(-y, A) can be evaluated as Pr(T}, > A|Hy) and
Pr(T, > \H;), respectively, to yield® [7]

L(u, 3)

T(u

Pa(1,0) = Qu(v/27, V), 3)

where @, (-, ) is the generalized Marcum-() function, I'(-) is
the gamma function and I'(+, -) is the upper incomplete gamma
function. Further, missed detection probability, Py, (7, A), can
be calculated as P, (y,A) =1 — Pi(y, A).

Pr(A) = @)

B. Complementary Area Under ROC Curve (CAUC)

Generally, for any instantaneous SNR value «, as the
threshold A in the energy detection varies from oo to 0, the
false alarm and the detection probabilities vary from value O to
value 1. The AUC is defined as the area covered by the curve
of Py(v,A) versus Pr(A). Therefore, the AUC is a function
of 7, denoted A(+y), which can be calculated by the threshold
averaging method using (2) and (3) [15], as follows. When
the value of Ps(\) varies from 0 — 1, it is equivalent to X
ranging from oo — 0. Therefore, A(+y) can be written as

oP¢ (M)
o\

A(y) = - /OOO Py(7, )

where Mg)(\/\) is the partial derivative of P;(\) with respect

to A\. Since Py(y,A\) =1— P, (7, ), (4) can be re-written as

*OPs(N) / > OPs(N)
Aly) = — el AN ) P (7, A d\. (5
(7) /O Y ; (7, A\) o\ 5)

d\ 4)

From (2), the first integral in (5) is equal to -1. The second
integral in (5) can be written as || 10 P (v, A\)dPs(X), which is
defined as the CAUC, i.e., the area under the complementary
ROC curve (the curve of P, (y, ) versus Py())). Therefore,
we have

CAUC =1-AUC. (6)

CAUC for instantaneous SNR value ~, A (7), can be evaluated
in closed-form, with the aid of the AUC expression given in

2Note that the two probabilities are also functions of w.
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[12, eq. 9], as
u—1 1
! o k 7%
ul T(u+k) ~y @
— - F -1 .
k:zlzu 2“+kF(u)e 1F1 (u+k, + k; 2)

where 11*:’1(-; -;+) is the regularized confluent hypergeometric
function of the confluent hypergeometric function 1 Fy(+;-;-)
[16]. Note that Eq. (7) gives the CAUC of an energy detector
for a specific value of instantaneous SNR ~y. Therefore, A ()
is defined as unfaded CAUC. The average CAUC in closed-
form under the AWGN channel can be found from expression
(7) after replacing ~y by 7, where 7 is the average SNR.

In the subsequent two sections, we study the average CAUC
in Rayleigh fading relay channels and in Nakagami-m fading
channels.

III. AVERAGE CAUC WITH RELAYS

Similar to [17], we consider a dual-hop relay-based spec-
trum sensing in a cognitive radio network. Note that we
use fixed-gain relays and SLC in contrast to variable gain
relays and MRC used in [17]. Their use reduces the system
complexity. The relay scheme is summarized as follows.

A. Relay Scheme

A number, n, of relays are utilized to forward the primary
user signal to a fusion center. Instead of making individual
hard decision about the presence or absence of the primary
user, the relays simply amplify and retransmit the noisy
version of the received signals to the fusion center. In this
research, we use the fixed-gain relay which has amplification
factor G given as G? = CEA’;O [18] where E). is the power
of transmitted signal at the output of the relay and C' is a
constant for a fixed G. Each communication between a relay
and the fusion center occurs in an orthogonal channel to avoid
interference. The fusion center is equipped with an energy
detector which compares the received signal strength with a
pre-defined threshold.

First we consider the ith relay channel. The received
signal at the fusion center’s front end can be formulated
as two hypotheses given in (1) with h = Gh,, h, 4 and
w(t) = Gh,qw,, (t) + wa(t), where h,,, and h, are
channel gains from the primary user to the ith relay and from
the sth relay to the destination (the fusion center), respectively,
and w,, and w, are AWGN at the ¢th relay and the fusion

center, respectively. Thus, the end-to-end SNR, ~;, under H;

. Ypr; Vr;d |h 7,.|2E'5 \hr.d|2E,,
s vi = o T where vy, = =0 and 0 = g

are SNRs of the links from the primary user to the ith relay
and from the 7th relay to the fusion center, respectively.

In a multiple relay network, we can consider any combining
method at the receiver. Although MRC is one of the popular
methods in relay networks, it requires the fusion center should
know channel state information (CSI) of all channels in the
first and the second hops. On the other hand, CSI may not
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be available for energy detection (which is non-coherent). In
contrast to MRC, receiver with SLC (which is a non-coherent
combiner) does not need instantaneous CSI of the channels
in the first hop, and consequently results in a low complexity
system. However, CSI of channels in the second hop should
be available at the filters for proper noise normalization.
It is an unavoidable requirement in non-regenerative (data
fusion) receiver structure. The number n of outputs from all
the branches in the SLC, denoted {y;}}_,, are combined to
form the decision statistic Tsr,c. Under AWGN channels,
Tsrc follows a central chi-square distribution with nu DoF
under Hyp, and a non-central chi-square distribution with nu
DoF under H;. Further, effective SNR after combiner is
YSLc = Z?:l v; where ~y; is the equivalent SNR of the ith
relay path. The non-centrality parameter under H; is 2vsrc.
The false alarm and detection probabilities can be calculated
using (2) and (3), respectively, by replacing u by nu and
by vsLc-

B. Upper Bound for Average CAUC
The exact average CAUC, I, can be evaluated as

7= [T A @ e@ds ®

But a closed-form solution for A" seems analytically difficult
with PDF of vygrc. Therefore, we resort to the upper bound
of the average CAUC instead.

The total SNR vgrc is upper bounded by vy, as ysro <
Yop = Dopy YN where v = min(vp,,,Vr,q). This is
popular and a tight upper bound for relay network. The tight-
ness is well studied for error rate and energy detection [19],
[17]. For independent channels, moment generating function
(MGF) of ~yp can be written as M., (s) = [[;_; M min(s).
Further, when MGF is defined as M. (s) = E(e™7%), we
have M min (s) = +§i where Q; = 77’”% and E(-) is
the expectation operator. For identically distributed channels
(i.e. ; = Q, V1), with aid of the inverse Laplace transform of

M., (s), PDF of 7, can be found as f,, (z) = L7 M, (s)]
to yield
Jr (@) = o " e >0 )
= ) Lol

can be

Therefore, the average upper bounded CAUC, Aup,

evaluated as [ A () fy,, (z)da to yield

— Q" [& T(k+n
Al =
" " T(n )LZ% 2k EI(Q +

)
)k—i—n

u=l T'(u+ k)F(n)zﬁﬁ (n, u+k;1+ k; m)
2u+kF(u)(Q +1)n ]

k=1—u

(10)

where 5 F} (+,+;-;-) is the regularized confluent hypergeometric
function of the confluent hypergeometric function o F (-, - -5 -).
Note that [20, eq. 3.351.3], [12, eq. 29], and [16, eq.
07.21.21.0004.01] are used to derive (10).
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C. Incorporation with a Direct Link

In preceding subsections, the fusion center receives only
signals coming from relays. If the primary user is close to
the fusion center, the fusion center can have a strong direct
link from the primary user. As the direct link improves the
performance of the wireless network in terms of the error
rate, we can expect better overall detection performance of an
energy detector. The direct signal, h,;x(t) + wy(t), can also
be combined at SLC together with relayed signals. Here h,,q is
the channel gain of the primary user to the fusion center. Then
the total SNR at the fusion center, 7!, can be upper bounded
as

<Ak —fmva‘“ (11)

i=1

where v4 = % is the instantaneous SNR of the direct

path. Therefore, the corresponding MGF of fyup, assuming
1ndependent fading channels, can be written as M_+ ( ) =

va(8) [Ty M mn(s) where M., (s) is given by (Qd+9)’
and Qq = m. For identically distributed relay channels

(i.e. Q; = Q, Vi), the PDF of fyjp can be derived with the
inverse Laplace transform of M_+ (s) as
up

QnQde_Qd"c T'(n,(2—Qq)x

‘o) [, D (@ = 20a)
() I(n)

where x > 0 and Q # Q4. Further, (12) can be re-written as

QnQd —Qax _ & e_Qm'rj_l :|
Q=) { g (= D@ =007 ]
(13)

With the aid of [20, eq. 3.351.3], [12, eq. 29], and [16, eq.
07.21.21.0004.01], the average upper bounded CAUC, A’
can be evaluated as [ A
(14) on the next page.

} (12)

foy (@) =

upt?
(@)f, 5 (x)dx to yield expression in

D. Numerical Results

In the numerical results, channels (i.e., from the primary
user to a relay, from a relay to the fusion center, and from
the primary user to the fusion center) are independent and
identically distributed (i.i.d.) with the average SNR 4 = 5 dB.
And u = 2.

Fig. 1 shows the analytical results for average CAUC for
a relay network with n relays and the direct path under
Rayleigh fading channels. The analytical results are based
on (10) and (14). When the number of relays increases, the
average CAUC decreases, which means the overall detection
capability increases. Two curves with legend “without direct
path (n = 1)” and “only direct path” also show that the direct
path gives a major impact on the detection performance. Due
to the noise amplification at the relay, single relay network,
i.e., “without direct path (n = 1)”, has lower end-to-end SNR
than the direct communication, i.e., “only direct path”.

However, Fig. 1 does not illustrate the diversity effect
clearly. From this figure, one may (mistakenly) think that
the different detection capabilities are due to end-to-end SNR
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(14)

, 0"y e~ 1 [ T(i+1) - (i + ) }
WP (Q Q)" [; 24! {(Qd +3)1 ; (7 = DUQ = Qq)i =1 (2 + 5)"+d
T D+ [2F1 (1u+l 1+Z’2(ﬂd+1)> anr )2F (‘7’1”rZ 1+Z’2<Q+1)>H
A= 24T (u) (Qq+1) = [(Q — Q)7 (Q+ 1)
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Fig. 1. Average CAUC versus average SNR for different number of relays

in semi-log scale.

differences as the only reason. Actually, for high SNRs, (10)
and (14) can be approximated as A,, ~ Gup(u,n)7~ ™ and
1+4n)

7

AupT ~ Gup(u,n)y where gyp(u,n) and gyt (u,n) are
constant for given u and n. From these approximations, it
can be seen that the CAUC decreases according to the n and
(n + 1) orders of the average SNR in the cases without and
with direct path, respectively. Therefore, we say the detection
diversity gain orders are n and (n + 1) for the two cases. The
detection diversity gain order can be demonstrated clearly if
we plot Fig. 1 in log-log scale, as shown in Fig. 2. In Fig. 2,
the curves “without direct path (n = 1)” and “only direct path”
are parallel to each other when the average SNR is high. This
means the detection diversity gain orders are the same (both
are equal to one). The gap between the two curves is because
of the different end-to-end SNR values. On the other hand,
the other five curves (with direct path) have different slopes,
which means the detection diversity gain order is different,
varying from 2 to 6.

IV. AVERAGE CAUC IN NAKAGAMI-m FADING CHANNELS

The average CAUC for Nakagami-m fading channels with-
out diversity reception, A'Na «» can be obtained as (15) on the
next page with the aid of (6) and average AUC for Nakagami-
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Fig. 2. Average CAUC versus average SNR for different number of relays
in log-log scale.

m fading model given in [12, eq. 13]. Here the channels are
ii.d. with average SNR #. Further, the average CAUC for
different diversity schemes such as MRC, SC, and SLC over
Nakagami-m fading channels, denoted commonly as A, ,
can be derived easily with the aid of (6) and average AUCs
given in [12, eqgs. 16 and 20].

In the numerical result, the average SNR on each fading
channel is ¥ = 5 dB. And u = 2.

Fig. 3 shows the average CAUC, which demonstrates the
effect of fading parameter m of Nakagami-m fading model
on overall detection capability. The detection diversity gain
in high SNR is equivalent to order m because Ay, =~
gNak(u,m)y ™. From Fig. 3, it can be clearly seen that the
detection performance increases with order m as m increases
from 1 to 5.

Similarly, Fig. 4 shows the effect on the overall detec-
tion capability due to different combining techniques with
different values of diversity branches L. It can be seen
that, by increasing L, the average CAUC in all combining
methods approaches to zero in the same order Lm because
Apm & gcom(u,m, L)3~E™ in high SNR. For a particular
L, although all three curves corresponding to MRC, SLC, and
SC are parallel to each other, MRC always outperforms SLC
and SC due to higher end-to-end SNR associated with MRC.
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Fig. 3.  Average CAUC versus average SNR in a Nakagami-m fading
environment.

V. CONCLUSION

We have introduced the CAUC as a measure of the overall
detection capability for an energy detector. An upper bound
of average CAUC is derived for the relay network. It shows
that the detection diversity gain order is n and (n + 1) for
an n-relay network without and with direct path, respectively,
in Rayleigh fading channels. Moreover, a multipath fading
environment modeled with Nakagami-m fading has a detection
diversity gain order of m, and if there are L diversity branches,
then the detection diversity gain order is shown to be Lm.
The analytical results are validated by numerical examples by
plotting average CAUC versus average SNR in a log-log scale.
Therefore, the CAUC is a good performance parameter to
evaluate the detection diversity gain order of energy detectors.

REFERENCES

[1]1 S. Haykin, “Cognitive radio: brain-empowered wireless communica-
tions,” IEEE JSAC, vol. 23, no. 2, pp. 201-220, Feb. 2005.

[2] R. Fan and H. Jiang, “Optimal multi-channel cooperative sensing in
cognitive radio networks,” IEEE Trans. Wireless Commun., vol. 9, no.
3, pp. 1128-1138, Mar. 2010.

[3] H. Jiang, L. Lai, R. Fan, and H. V. Poor, “Optimal selection of channel
sensing order in cognitive radio,” IEEE Trans. Wireless Commun., vol.
8, no. 1, pp. 297-307, Jan. 2009.

[4] P. Wang, J. Zheng, and C. Li, “Cooperative fault-detection mechanism
with high accuracy and bounded delay for underwater sensor networks,”
Wireless Commun. Mobile Compt., vol. 9, no. 2, pp. 143-153, Feb. 2009.

[5] H. Urkowitz, “Energy detection of unknown deterministic signals,” Proc.
of the IEEE, vol. 55, no. 4, pp. 523-531, Apr. 1967.

[6] V. Kostylev, “Energy detection of a signal with random amplitude,” in
Proc. IEEE ICC’02, May 2002, pp. 1606-1610.

[7]1 F. F. Digham, M. S. Alouini, and M. K. Simon, “On the energy detection
of unknown signals over fading channels,” in Proc. IEEE ICC’03, May
2003, pp. 3575-3579.

Log[Average CAUC]

-10 -5 0 5 10 15 20
Average SNR (dB)

Fig. 4. Average CAUC versus average SNR for different L in diversity
receptions.

[8] F.F. Digham, M. S. Alouini, and M. K. Simon, “On the energy detection
of unknown signals over fading channels,” IEEE Trans. Commun.,
vol. 55, no. 1, pp. 21-24, Jan. 2007.

[9] S. Atapattu, C. Tellambura, and H. Jiang, “Energy detection of primary
signals over n-p fading channels,” in Proc. 4th Int’l Conf. Industrial &
Information Systems (ICIIS’09), Dec. 2009, pp. 118-122.

[10] S. Herath and N. Rajatheva, “Analysis of equal gain combining in energy
detection for cognitive radio over Nakagami channels,” in Proc. IEEE
GLOBECOM’08, Dec. 2008.

[11] S. Herath, N. Rajatheva, and C. Tellambura, “On the energy detection
of unknown deterministic signal over Nakagami channels with selection
combining,” in Proc. CCECE’09, May 2009, pp. 745 —749.

[12] S. Atapattu, C. Tellambura, and H. Jiang, “Analysis of area under the
ROC curve of energy detection,” IEEE Trans. Wireless Commun., vol. 9,
no. 3, pp. 1216 —1225, Mar. 2010.

[13] Q. Wang and D.-W. Yue, “A general parameterization quantifying
performance in energy detection,” IEEE Signal Processing Lett., vol. 16,
no. 8, pp. 699-702, Aug. 2009.

[14] S. Atapattu, N. Rajatheva, and C. Tellambura, “Performance analysis of
TDMA relay protocols over Nakagami- m fading,” IEEE Trans. Veh.
Technol., vol. 59, no. 1, pp. 93—104, Jan. 2010.

[15] T. Fawcett, “An introduction to ROC analysis,” Pattern Recognition
Letters, vol. 27, no. 8, pp. 861-874, June 2006.

[16] Wolfram, The Wolfram functions  site.
http://ffunctions.wolfram.com, 2010.

[17] S. Atapattu, C. Tellambura, and H. Jiang, “Relay based cooperative
spectrum sensing in cognitive radio networks,” in Proc. IEEE GLOBE-
COM’09, Nov.-Dec. 2009.

[18] M. O. Hasna and M. S. Alouini, “A performance study of dual-hop
transmissions with fixed gain relays,” IEEE Trans. Wireless Commun.,
vol. 3, no. 6, pp. 1963-1968, Nov. 2004.

[19] S.Ikki and M. H. Ahmed, “Performance analysis of cooperative diversity
wireless networks over Nakagami-m fading channel,” IEEE Commun.
Lett., vol. 11, no. 4, pp. 334-336, Apr. 2007.

[20] I. S. Gradshteyn and I. M. Ryzhik, Table of Integrals, Series, and
Products, 6th ed., Academic Press, Inc., 2000.

[online]  Available:

978-1-4244-5638-3/10/$26.00 ©2010 IEEE




<<
  /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


