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Abstract—In this paper, a Forward Error Coded (FEC) Decision-
Directed (FEC-DD) channel estimation scheme is proposed for Multiple-
Input Multiple-Output (MIMO) Orthogonal Frequency Division Multi-
plexing/Space Division Multiple Access (OFDM/SDMA) systems which
is based on the Expectation-Conditional Maximization Either (ECME)
algorithm. The proposed DD technique is combined with the Opti-
mised Hierarchy Reduced Search Algorithm (OHRSA) based Multi-
User Detector (MUD) and directly calculates the Maximization-Step (M-
Step) by conditionally maximizing the logarithmic likelihood function of
the “incomplete” data. We avoid the employment of matrix inversion,
since only a single subcarrier’s Frequency-Domain CHannel Transfer
Function (FD-CHTF) is calculated at a time, since we assume that
the other subcarriers’ FD-CHTFs are the most recent estimates from
the previous iteration of the proposed scheme. Our simulation results
have demonstrated that the proposed scheme is capable of reducing the
received power requirement by 4dB upon exploiting the error correction
capability of a FEC decoder within the ECME loop.

Index Terms—Multiple-Input Multiple-Output, Orthogonal Frequency
Division Multiplexing/Space Division Multiple Access, channel estimation,
Expectation-Conditinal Maximization Either.

I. INTRODUCTION

Multiple-Input-Multiple-Output (MIMO) Othogonal Frequency Di-
vision Multiplexing/Space Division Multiple Access (OFDM/SDMA)
systems have recently attracted substantial research interest, since
they beneficially combine the advantages of OFDM and SDMA
[1, 2]. More specifically, the transmitted signals of U simultaneous
uplink mobile stations (MS), each of which employs a single transmit
antenna, are received by an array of antennas at the base station
(BS), where the superimposed signals are differentiated with the
aid of their unique, user-specific Channel Impulse Responses (CIRs)
[3, 4]. Hence, the performance of these MIMO SDMA/OFDM
systems 1is critically dependent on the accuracy of the estimated
channel knowledge. In the context of OFDM, the unique, user-
specific spatial signature constituted by the users’ Frequency-Domain
CHannel Transfer Functions (FD-CHTFs) may be more conveniently
estimated at the BS with the aid of FD pilots than in the Time-Domain
(TD) [2, 5].

However, estimation of the FD-CHTFs in these systems is quite
challenging, since the received signals are constituted by a superpo-
sition of signals transmitted from different MS antennas and the FD-
CHTFs of all transmitter-receiver links have to be estimated simulta-
neously for each subcarrier. Numerous channel estimation techniques
have been designed for MIMO systems, which employed different
optimization criteria and imposed varying levels of implementational
complexity [2]. As the affordable hardware complexity is increased
according to Moore’s law, it becomes more feasible to implement
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iterative receivers, allowing for substantial improvements of the phys-
ical layer functions. The iterative Expectation-Maximization (EM)
algorithm [6] and the derivatives of this algorithm have been shown
to strike an attractive trade-off between the performance attained and
the complexity imposed.

Simplifying the Maximization-Step (M-Step) and accelerating the
convergence to the best possible channel estimate constitute two
different research directions for the EM-type algorithms. A classic
EM based channel estimation algorithm and the so-called Space-
Alternating Generalized Expectation-maximization (SAGE) based
channel estimation algorithm were designed in [7] for OFDM sys-
tems invoking transmitter diversity and their convergence rates were
compared. In [8], the so-called Unbiased Expectation-Maximization
(UEM) and the Unbiased Expectation-Conditional-Maximization
(UECM) channel estimator were designed by exploiting the similarity
between the families of EM-type CIR estimators and Least-Square
(LS) estimators. The authors of [9] derived an EM algorithm using
low-rank approximation in order to avoid inverting large matrices,
which substantially reduced the receiver’s complexity. Choi [10]
developed a robust EM-based channel estimation method which was
applicable to diverse MIMO systems and it was capable of operating
without requiring the Probability Density Function (PDF) of the
channel parameters.

It is important to emphasize that EM based channel estimation
methods typically carry out the M-Step by maximizing the condi-
tional expectation of the logarithmic likelihood function (LLF) for all
the available data. By contrast, the novel contribution of this paper
is that we design a Forward Error Code (FEC) Aided Decision-
Directed (FEC-A-DD) FD-CHTF estimation technique based on
the “Expectation-Conditional Maximization Either” (ECME) al-
gorithm of [11], where the operations of the M-Step were replaced
by steps that conditionally maximize the LLF of incomplete data.
The proposed ECME-based channel estimation scheme determines
the FD-CHTF of a single subcarrier at a time, assuming that the other
subcarriers’ FD-CHTFs are known, for example, they are the most
recent estimates from the previous iteration of the ECME algorithm.

The rest of the paper is organized as follows. In Section II, the
classic MIMO OFDM/SDMA system model is described. Section
IIT presents the proposed FEC-A-DD FD-CHTF estimation scheme
based on the ECME algorithm. In Section IV, the performance of the
proposed ECME-based channel estimation algorithm is evaluated by
Monte-Carlo simulations both in terms of its average Mean-Squared
Error (MSE) and Bit Error Ratio (BER) performance. Finally, our
summary and concluding remarks are provided in Section V.
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Fig. 1. Multi-user MIMO OFDM/SDMA uplink system model

II. SYSTEM MODEL

The multi-user MIMO OFDM/SDMA UpLink (UL) system con-
sidered is shown in Fig. 1, where each of the U simultaneous
users is equipped with a single transmission antenna, while the BS
employs an array of ) antennas. All users simultaneously transmit
their independent data streams, denoted by b“,u = 1,2,---  U.
The information bits b" are first encoded by the independent FEC
encoder of Fig. 1 and interleaved. Then the data stream is grouped
and Quadrature Phase Shift Keying (QPSK) or Quadrature Amplitude
Modulated (QAM), followed by the classic K-point Inverse Fast
Fourier Transform (IFFT) operator in order to obtain the TD mod-
ulated signal. After concatenating the Cyclic-Prefix (CP) of length
N, samples, the resultant sequence is transmitted through the MIMO
channel.

At the BS, the received signals y, of antenna ¢,¢ =1,2,--- ,Q,
are constituted by the superposition of the indenpendently faded TD
signals of the U users sharing the same space-frequency resource.
The classic assumption is that we have () = U, when the channel-
matrix has a full rank and hence it is invertible. However, it is also
important to consider the challening rank-deficient scenario [5, 12],
when we have U > @, because more users would like to access the
system than the number of BS UL receiver antennas (). The received
signals are corrupted by the Gaussian noise at the array elements.
After discarding the CP and performing the FFT-based demodulation
of the received TD signals, we obtain () separate received sequences
for the n-th OFDM symbol Y[n],qg = 1,2,--- ,Q, which is given
as the superposition of the different users’ channel-impaired received
signal contribution plus the Additive White Gaussian Noise (AWGN),
which is expressed as:

U

Yo[n] = X" [n]Hyln] + Wo[n], )
u=1

where we have Y,[n] € C**' H¥[n] € C**! and Wy[n] €

CH*! are column vectors in Equation (1) hosting the subcarrier-

related variables Yy[n, k], Hy [n, k] and Wy[n, k], respectively. Fur-

thermore, X“[n] € CX¥*¥ is a diagonal matrix with elements given

by X“[n, k], where k =1,2,--- | K.

III. FEC-A-DD FD-CHTF ESTIMATION BASED ON THE ECME
ALGORITHM

The structure of the proposed FEC-A-DD FD-CHTF estimation
scheme, which is based on the ECME algorithm’s philosoply [11] is
illustrated in Fig. 2. The proposed channel estimation loop exploits
the error correction capability of an arbitrary FEC decoder in order
to mitigate the effects of noise and residual errors. It should be noted
that our proposed solution is different from the conventional DD
technique [13], which uses the current OFDM symbol’s FD-CHTF

estimate as the initial FD-CHTF estimate for the next OFDM symbol
and then exploits the error correction capability of a FEC decoder
to generate a more accurate FD-CHTF'. By contrast, the proposed
scheme employs the FEC-A-DD technique for updating the channel
estimates during the consecutive iterations of the ECME algorithm,
as seen in Fig. 2. More specificially, the operation of the FEC-A-DD
FD-CHTF estimation scheme is detailed as follows:.

Step-1 Activate the Optimised Hierarchy Reduced Search Algo-
rithm (OHRSA) based Multi-User Detector (MUD) [12]
using the initial FD-CHTFs HD.

Reliable estimation of the transmitted signal is achieved by
exploiting the error correction capability of the FEC decode
of Fig. 2. The bit stream output by the FEC decoder is
not delivered to the user before the FD-CHTF estimator’s
convergence, instead, it is reencoded and remodulated to
generate X®) of Fig. 2. B

The reencoded and remodulated signal X®) is then used
in the “feedback loop” of Fig. 2 to perform FD-CHTF
estimation based on the ECME algorithm.

The FD-CHTF estimate H(**") is then transformed to the
TD CIR by applying the IFFT and the insignificant noise-
like CIR-taps are set to zero. Then remaining significant
taps are then transformed back to the FD by the FFT, as
shown in Fig. 2. The resultant FD-CHTF H®* is then
fed to the OHRSA MUD, according to Step-1, so that the
process may continue interation-by-interation.

We will discuss the operations of the ECME-based FD-CHTF
estimator of Step-3 and Fig. 2 in more detail below. The ECME
algorithm [11] is a generalisation of the Expectation-Conditional-
Maximization (ECM) algorithm [15], which is itself an extension
of the EM algorithm [6]. The ECME algorithm may be arrived at
upon replacing some or all of the Conditional-Maximization-Steps
(CM-Steps) of the ECM algorithm, which maximizes the conditional
expectation of the complete data’s LLF, with steps that conditionally
maximize the LLF of the incomplete data. Below, we will derive
the operation of the ECME-based FD-CHTF estimator relying on the
discrete-time received signal model of (1), which replaces the CM-
Steps of the ECM algorithm with steps that conditionally maximize
the LLF of the incomplete data. We assume that the initial estimate
of the FD-CHTFs has been generated by the LS estimator of [16].
Additionally, we assume that the FD-CHTF remains time-invariant
within S consecutive OFDM symbols, S > 1, hence we have

Step-2

Step-3

Step-4

I'We also note that other DD alternatives are also attractive, where the initial
FD-CHTF estimate is derived using a low pilot-overhead and then exploiting
within the same OFDM symbol for an improve second detection that in the
absence of decision errors during the first detection. We now may assume the
presence of 100% pilots [14].
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Fig. 2. Structure of the proposed FEC-A-DD FD-CHTF estimator scheme

based on the ECME algorithm

HY[l] = H"[]2] = --- = H"[S] = H" for uw = 1,2,--- ,U. By
contrast, S = 1 implies that the FD-CHTF is time-varying from one
OFDM symbol to the next. To simplify our notation without any loss
of generality, we will omit the BS receiver antenna’s index g from
now on. Then the discrete-time received signal model associated with
one of the BS antennas can be rewritten as,

Ys] = X" [s]H + W3], @)

where in Equation (2) Y[s] € C*** and W[s] € C¥*! are column
vectors hosting the subcarrier-related variables Y[s, k] and W (s, k],
respectively, and X[s] € CVS*K H ¢ CUX*! which may be
readily given by

Yis) = [Vl vis2e VK] )
Wi = [Wis Wl 2, Wi K] @
X5 = [X'0s XL X)) )
HE = [HT T BT ©
X'ls| = diag {X"[s,1),- X"s K]}, (D
HY = [ e 1K) ®

with X[s] representing the reliable estimate of the transmitted
signal referred to in “Step-2”. Following the terminology of the
ECME algorithm, an obvious choice for the “incomplete” data
is the interference-contaminated composite received data Y =
[Y[1],Y[2],---,Y[S]] " of the U users. Then we estimate the FD-
CHTF by maximizing the conditional likelihood function f (Y H)
More specifically, let us maximize log f (Y |H) instead of f (Y |H),
because using the logarithm allows us to convert the associated
products to additions. Then we can conditionally maximize the LLF
of the incomplete data as follows:

This full text paper was peer reviewed at the direction of IEEE Communications Society subject matter experts for publication in the IEEE Globecom 2010 proceedings.

Once a reliable estimate of the transmitted signal was generated
according to the above-mentioned Step-2, the PDF of Y given H
may be readily formulated, invoking the assumption that the noise
W/s] in Equation (2) is Gaussian, yielding:

log f¥ (Y|H) = —KSlog(no?) —

Ly vis] - XOTgHE|". ©
o 2 [Yl - X" o

where X®)[s] is the reencoded and remodulated version of X ®)[s],
while X® [s] is the estimate of the transmitted signal at the output of
OHRSA MUD, which was generated with the aid of the FD-CHTF
estimate H®) — [F10)T F207 ... ,ﬁU@)T‘]T.

Jointly estimating all the FD-CHTFs of all users by directly
maximizing f*) (Y|H) is a computationally demanding task. Hence
below we simplify the estimation procedure as follows. The FD-
CHTF of a single subcarrier is determined at a time, while assuming
that the other subcarriers’ FD-CHTFs are the most recent estimates
generated during the previous iteration of the ECME algorithm. All
the already estimated values may be grouped in a vector H"®) [k]
for the calculation of the estimate of H™[k] at iteration p, which is
denoted by H"“(")[k]. More specifically, the vector H*® [k] may be
readily formulated as

H" ") [] :{ﬁmWww@HmmH%L

T

Hutie) K], - - 71’_:[U(P) [k]] (10)

Then we can conditionally maximize the LLF of the incom-

plete data, log f® <Y[kH}_I“(p>[k]>, foru = 1,2,--- Uk =
1,2,---, K as follows

H"® D[k = arg max log £ <Y[l€]|I:I“(p)[k‘]> . (11)

Since we wish to maximize log £ (Y[k]|H"“" [k]) with re-
spect to H"[k], we may omit the expected value of the constant
—KSlog(ma?) and of all those terms that do not depend on H™“[k].
Hence we can rewrite Equation (11) in a more convenient form as
follows:

Fru(p+1) 5 (T @l

u(p — : P u(p

H [k] = arg Il;rllll[ré] ;HY[S,M X s, k| H [k]” .
12)

The (p + 1)st iteration estimates for H“(®*1[k] can be obtained
by directly differentiating Equation (12) with respect to H*[k], and
setting it to zero. After further manipulations, we arrive at the
following more explicit expression derived from Equation (11),

> (Vs k] = XOIT[s, K40 [k]) X% [5, 1]
ﬁu(erl)[k] _ s=1

)

S ~
S R[5, k)X [s, 4
s=1

_ (13)

where the superscript * of [-]" denotes conjugation, while X®)[s, k]
and H*")[k] in Equation (13) are given by

XPs, k] = [)}1(?)[87 K, X?>® s k], , XU®)s, k]} T7 14)

(@ k]

{p]up)[% o etk 0,
- R T
Futi® k], - 7HU(P) [k]} . (15)

Equations (9) and (13) constitute the kernel operations of the ECME-
based FD-CHTF estimator. The stopping criterion of the ECME
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Fig. 3. Average MSE performance comparison for various channel estimation
algorithms.

iterations was that the incremental changes of H*®) [k] in consecutive
iterations became smaller than ¢, i. e.

~ ~ 2
HHu<p+l>[k] _ ge® UC]H <e (16)

was met for all users u = 1,2, - - - , U, where ¢ is a system parameter.

IV. SIMULATION RESULTS

In this section, we will evaluate the performance of the proposed
FEC-A-DD FD-CHTF estimation scheme, which is based on the
ECME algorithm invoked for the multi-user MIMO OFDM/SDMA
UL. Owning to space limitations, here we only provide results for
U = 4 users and ) = 4 UL receiver antennas at the BS. In order to
investigate the robustness of the proposed channel estimation scheme
for diverse number of users, the achievable BER performance of the
proposed scheme is also presented for u = 1,2, --- ,4 simultaneous
users, when the BS employs ) = 4 antennas. The parameters of
each UL transmitter are set to values similar to those of the IEEE
802. 11n WLAN using N. = 64 subcarriers and a single sample per
subcarrier. The length of the CP is assumed to be N, = 16 samples
and QPSK modulation is used for each user. In fact, the different
users may employ different modulation schemes, but for simplicity,
in this paper, we assume that all users employ QPSK. The channel
parameters are similar to the IEEE 802.11n channel model B [17],
which are as follows: the negative exponentially decaying Rayleigh
fading CIR has L = 9 taps for each transmitter-receiver-antenna link,
where the tap delays are 0,1,--- ,L — 1 samples. There are two
clusters, which correspond to overlapping subsets of the tap delays:
cluster 1 corresponds to the tap delays of 0 to 4 samples, while cluster
2 has tap delays spanning from 2 to 8 samples. Hence the CIR used
in our simulations is given by

L-1
h(n) = Z e %as(n—1), (17)
1=0

where a;,0 < | < L — 1 represents the total average path gain
corresponding to the [th tap, while 6; is the phase corresponding to
the [th tap. The complex-valued channel envelope is assumed to be
constant within .S = 50 consecutive OFDM symbols duration.

The Cramer-Rao Lower Bound (CRLB) [18] characterizes the
best achievable performance of an unbiased estimator. Since the
Maximum Likelihood (ML) estimator is an unbiased estimator and
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Fig. 4. Comparision of the iteration times versus SNR for the proposed

ECME-based channel estimation and the existing EM-type channel estimation.

the proposed FEC-A-DD FD-CHTF estimation scheme based on the
ECME algorithm constitutes an iterative method of finding the ML
estimate of parameters, we may characterize the proposed scheme by
comparing the average MSE to the average CRLB, which is given by
CRLB(h}") = 0%/ A-K-S, where A is the modulus of the modulated
signals, for example, we have A = 2 for QPSK modulation.

Fig. 3 shows the attainable MSE performance versus the SNR for
the different channel estimation schemes considered. The average

MSE is defined by
. 1 Y . 2
MSE:UL;E{‘h —h } (18)

Observe in Fig. 3 that the average MSE performance of the
proposed FEC-A-DD FD-CHTF estimation scheme is capable of
approaching the CRLB in the Signal-to-Noise Ratio (SNR) range
above 10dB and it substantially outperforms the EM-based channel
estimation methods of [7, 9]. More specifically, the SNR gain is up
to 12d B for the range of SNRs below 10dB and about 20dB in the
SNR range above 10dB.

In Fig. 4, the number of iterations required for the estimates
H® [k] to converge were compared. The value of ¢ in Equation
(16) was set as ¢ = 5 x 107* for SNR < 10dB and ¢ = 10~* for
SNR > 10dB, respectively. Observe from Fig. 4 that the number
of iterations required by the proposed ECME algorithm is lower than
that of the classic EM algorithms, especially in the SNR range above
10dB.

In order to provide an overall performance assessment, in Fig. 5,
we evaluated the system’s BER performance both with and without
convolutional FEC coding, as shown using solid and dashed lines,
respectively. Observe in Fig. 5 that our scheme approaches the
BER performance of the ideal case associated with perfect channel
information, both with and without FEC coding. More specificially,
the SNR gain extracted from the BER comparisions is up to about
4dB and 2.5dB compared to the EM-based benchmarkers of [7, 9],
with and without convolutional FEC coding, respectively.

Fig. 6 shows the resultant BER versus SNR curves for u =
1,2,---,4 simultaneous users, while the BS employs an array of
@ = 4 antennas. The BER performance of the conventional single-
user, single-antenna based OFDM scheme is marked by the hearts
and stars for the proposed channel estimation scheme and for the
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algorithms. The system’s BER performance recorded both with and without
convolutional FEC coding, namely at the output of the de-modulation and
FEC decoder, respectively, when using the schematic of Fig. 1.

BER performance for diverse number of users while there are 4 antennas
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Fig. 6. BER performance versus SNR curves for one to four simultaneous

users while the BS employs an array of () = 4 antennas.

perfect CIR scenario, respectively. Observe from this figure that the
proposed channel estimation scheme consistently approaches the ideal
case associated with a perfect CIR, regardless of the number of users
supported. An additional important observation is that the system
employing Q = 4 antennas achieved a substantial performance gain
as a benefit of spatial diversity, especially in the SNR range above
10dB.

V. CONCLUSION

In this paper we presented a FEC-A-DD FD-CHTF estimation
scheme, which further improved the ECME algorithm by exploiting
the error correction capability of a FEC decoder for iteratively ex-
changing information between the decoder and the ECME algorithm.
Our simulation results demonstrated that the proposed channel esti-
mation scheme is capable of approaching the CRLB, while attaining
a BER performance close to the ideal scenario associated with perfect
CIR, while supporting multiple users.

This full text paper was peer reviewed at the direction of IEEE Communications Society subject matter experts for publication in the IEEE Globecom 2010 proceedings.

REFERENCES

[1] P. Vandenameele, L. Van der Perre, M. Engels, and H. De Man,
“A novel class of uplink OFDM/SDMA algorithms for WLAN,”
in Global Telecommunications Conference, 1999. GLOBE-
COM’99, vol. 1, pp. 6-10, 1999.

[2] L. Hanzo, M. Minster, B. J. Choi, and T. Keller, OFDM and
MC-CDMA for broadband multi-user communications, WLANs,
and broadcasting. Piscataway, NJ: IEEE Press, 2003.

[3] P. Vandenameele, L. Van Der Perre, M. Engels, B. Gyselinckx,
and H. De Man, “A combined OFDM/SDMA approach,” IEEE
Journal on Selected Areas in Communications, vol. 18, no. 11,
pp- 2312-2321, 2000.

[4] S. Wu and Y. Bar-Ness, “Multiple phase noise correction for
OFDM/SDMA,” in IEEE Global Telecommunications Confer-
ence, 2003. GLOBECOM’03, vol. 3, pp. 1311-1315, 2003.

[5] M. Jiang, J. Akhtman, and L. Hanzo, “Iterative joint channel
estimation and multi-user detection for multiple-antenna aided
OFDM systems,” IEEE Transactions on Wireless Communica-
tions, vol. 6, no. 8, pp. 2904-2914, 2007.

[6] A. Dempster, N. Laird, and D. B. Rubin, “Maximum likelihood
from incomplete data via the EM algorithm,” Journal of the
Royal Statistical Society. Series B (Methodological), vol. 39,
no. 1, pp. 1-38, 1977.

[71 Y. Z. Xie and C. N. Georghiades, “Two EM-type channel
estimation algorithms for OFDM with transmitter diversity,”
IEEE Transactions on Communications, vol. 51, no. 1, pp. 106—
115, 2003.

[8] X. Wautelet, C. Herzet, A. Dejonghe, J. Louveaux, and L. Van-
dendorpe, “Comparison of EM-based algorithms for MIMO
channel estimation,” IEEE Transactions on Communications,
vol. 55, no. 1, pp. 216-226, 2007.

[9] J. Gao and H. Liu, “Low-complexity MAP channel estimation
for mobile MIMO-OFDM systems,” [EEE Transactions on
Wireless Communications, vol. 7, no. 3, pp. 774-780, 2008.

[10] J. Choi, “An EM based joint data detection and channel
estimation incorporating with initial channel estimate,” IEEE
Communications Letters, vol. 12, no. 9, pp. 654-656, 2008.

[11] C. Liu and D. B. Rubin, “The ECME algorithm: A simple
extension of EM and ECM with faster monotone convergence,”
Biometrika, vol. 81, no. 4, pp. 633-648, 1994.

[12] J. Akhtman, A. Wolfgang, S. Chen, and L. Hanzo, “An
optimized-hierarchy-aided approximate log-MAP detector for
MIMO systems,” IEEE Transactions on Wireless Communica-
tions, vol. 6, no. 5, pp. 1900-1909, 2007.

[13] V. Mignone and A. Morello, “CD3-OFDM: A novel demodula-
tion scheme for fixed and mobile receivers,” IEEE Transactions
on Communications, vol. 44, no. 9, pp. 1144-1151, 1996.

[14] M. Munster and L. Hanzo, ‘“Parallel-interference-cancellation-
assisted decision-directed channel estimation for OFDM sys-
tems using multiple transmit antennas,” IEEE Transactions on
Wireless Communications, vol. 4, no. 5, pp. 2148-2161, 2005.

[15] X. Meng and D. Rubin, “Maximum likelihood estimation via
the ECM algorithm: A general framework,” Biometrika, vol. 80,
no. 2, pp. 267-278, 1993.

[16] Y. Li, “Simplified channel estimation for OFDM systems with
multiple transmit antennas,” IEEE Transactions on Wireless
Communications, vol. 1, no. 1, pp. 67-75, 2002.

[17] V. Erceg, L. Schumacher, P. Kyritsi, et al., “IEEE P802. 11
wireless LANs: TGn channel models,” IEEE 802.11 document
03/940r1, 2003.

[18] S. M. Kay, Fundamentals of statistical signal processing: esti-
mation theory. Englewood Cliffs, NJ: Prentice-Hall, 1993.

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


