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A Direct-Path Interference Resistant Passive Detector
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Abstract—Passive radar, which detects and tracks targets of
interest by using noncooperative illuminators of opportunity
(I0s), has become popular since qualified IO sources are widely
accessible nowadays. This letter examines the target detection
problem for a passive multistatic radar, where the receivers are
contaminated by nonnegligible noise and direct-path interference
(DPI). The signal transmitted from the IO is treated as a deter-
ministic but unknown process. A generalized likelihood ratio test
approach is proposed, where the 7{; estimation problem is solved
using an iterative method. A clairvoyant matched filtering detector,
which assumes the knowledge of the 10 waveform, is provided as
well to benchmark performance. Simulation results are presented
to show the effectiveness of the proposed detector in the presence
of DPIL.

Index Terms—Direct-path interference (DPI), generalized like-
lihood ratio test (GLRT), passive multistatic detection.

I. INTRODUCTION

ASSIVE radar exploits noncooperative illuminators of
P opportunity (IOs), such as television, radio, and cellular
signals, to detect and track objects of interest [1]-[4]. Using
existing ambient signals, passive radar can easily be deployed
without incurring additional spectrum usage. Furthermore, pas-
sive radar can readily employ a multistatic configuration by
leveraging multiple IOs at different locations, which will lead
to spatial diversity and improved performance [5], [6].

However, passive sensing is more challenging than its ac-
tive counterpart because the IO waveform is unknown to the
receivers. To deal with this difficulty, one popular solution is
to employ a reference channel (RC) at the receiver to collect
the direct-path (transmitter-to-receiver) signal and, as well, a
separate surveillance channel (SC) to collect the target echo [1],
[2], [4]. Then, a cross-correlation (CC) operation is conducted
between the RC and SC, which resembles the matched filtering
(MF) approach used in active radar. It should be pointed out that,
due to the presence of noise in the RC, the CC is suboptimal
and has been shown to be highly sensitive to the RC noise [7].
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Recently, new improved passive detectors were introduced by
taking into account the effect of noisy RC [8], [9]. IO wave-
form estimation with noisy RC and the prior knowledge that the
waveform resides in a low-dimensional subspace is examined
in [10]. Aside from the above studies, where the IO waveform
is treated as a deterministic process, another approach to deal
with the unknown IO waveform is to model it as a stochastic
process. One simple way is to treat the samples of the waveform
as independent and identically distributed Gaussian variables.
Two stochastic passive detectors were derived based on this
idea in [9]. However, the IO waveform is in general correlated
due to coding, modulation, pulse shaping, and other transmit-
ter processing. Stemming from this fact, [11] considered the
problem of estimating the delay and Doppler frequency of a
target signal in passive sensing by modeling the IO waveform
as a correlated Gaussian process. In [12], the authors studied
the delay-Doppler estimation problem in passive radar using
orthogonal frequency-division multiplexing (OFDM) commu-
nication IO sources. Meanwhile, a number of studies considered
passive detection with multichannel observations obtained via,
e.g., multiple spatially distributed sensors [13]-[15], where the
interchannel correlation of the observations can be exploited,
which circumvents the need for a separate RC.

The handling of direct-path interference (DPI), i.e., the direct
transmission from the IO source to the SC, is another major
challenge in passive radar. The DPI is generally significantly
stronger (by many tens to even over a hundred dB) than the
target echo [16]. In [7], it was shown that a modest level of
DPI can significantly degrade the performance of the CC detec-
tor. Therefore, passive radar has to employ some interference
cancellation technique, such as an adaptive antenna with a null
formed in the direction of the 10, and/or a temporal filter that
utilizes the reference signal in the RC to cancel the DPI [17].
Despite such cancellation, some residual DPI may still exist due
to, e.g., limited array size and null depth [18]. As a result, the
DPI may still be at a nonnegligible power level compared with
the target echo. However, most existing work on passive detec-
tion, e.g., [1], [2], [8], [9], [13]-[15], did not account for the
residual DPI.

In this letter, we examine target detection for a passive mul-
tistatic radar system, where the receivers are contaminated by
nonnegligible noise and DPI. We propose an iterative approach
that models the unknown IO waveform as a deterministic pro-
cess. The solution is developed under the generalized likelihood
ratio test (GLRT) framework. Our proposed detector is an exten-
sion of the algorithm proposed in [14], by taking into account the
DPI effect. For performance benchmarking, a clairvoyant MF
detector that assumes the exact knowledge of the IO waveform
is also developed. Numerical results show that the proposed
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Fig. 1. Configuration of a multistatic passive radar system (dashed red line
represents the reflection from the target).

passive multistatic detector significantly outperforms the detec-
tor in [14], especially when the DPI is strong.

II. PROBLEM FORMULATION

Consider a multistatic passive radar system, as shown in
Fig. 1, which contains one noncooperative 10 and K distributed
receivers. The signal collected by the kth receiver (channel) in
the presence of a target, denoted by y;, (¢), can be expressed as

Y (t) = Bra(t — dp) + afa(t — ) > 1) (t)
k=1,2,....,K (1)

where x(t) is the unknown signal (baseband equivalent) trans-
mitted by the 10, d; is the propagation delay from the IO to
the kth receiver, i.e., the propagation delay of the DPI, ¢, is the
propagation delay of the target, due to the transmission from the
IO to the target and then from the target to the kth receiver, f
is the target’s Doppler frequency seen at the kth receiver, 3 is
the scaling coefficient that includes the antenna attenuation and
the channel propagation effects from the IO to the kth receiver,
«}, is the scaling coefficient accounting for the target reflectiv-
ity, the antenna gain, and the channel propagation effects, and
nj, (t) is the additive zero-mean white Gaussian noise at the kth
channel with power (variance) 7).

To simplify the system model, we observe that the direct-path
delay dj, is generally known a priori and can be compensated for,
since the location of the IO is usually known to each receiver. Let
yi (t) =y}, (t + dj,) denote the kth delay-compensated signal,
and the delay-compensated noise ny(t) is similarly defined.
This leads to

Y (t) = Gra(t) + aga(t — Tk)e"Q’rf“t + ng(t) 2)

where 7 is the kth bistatic delay given by 7, =t — dj and
o) = aﬁceﬂ"fkdk.

We assume that x(¢) has a duration of T s, e.g., due
to the framed transmissions employed by the IO, in which
case T represents the frame duration. The observation inter-
val T, is selected such that T, > T + Tynax, Where 7max de-
notes the maximum bistatic delay that can be tolerated by
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the system. We sample each channel using a sampling fre-
quency fs > 2(B + fmax), where B denotes the bandwidth
of the signal x(t) and fiax is the maximum Doppler fre-
quency of the target that is designed detectable by the sys-
tem. Suppose M samples are collected for each channel over
the observation window Ty, i.e., T, = M T, where Ty = 1/ f
denotes the sampling interval. Let y,,, X, and n; be M x 1 vec-
tors formed by M adjacent samples of yy, (t), 2(t), and ny (t),
respectively. In addition, the M -point discrete Fourier trans-
form matrix T has entries [T], , = e 727 (P~ DA a=DTs //)f

p,q=1,2,..., M, with the frequency domain sampling
spacing A f = Jf\—[ = ——, and W(z) is a diagonal matrix with

diagonal entries [W ()], , = €/>7?=17 p =12 ... M.The
discretized model can be written as [11], [13]

Vi = X+ ap Dy, fo)x+ 10, k=1,2,..., K (3)

where the channel noise n;, is a zero-mean white Gaussian noise
with covariance matrix nI,; and

D(7k, fi) = W(fi, Ts) T W(—m, A f)T. 4

The problem of interest is to determine if a target is present in
the cell of interest (test cell) using the observations {yy, }. For
each cell under test, the detection problem can be described by
the following composite binary hypothesis test [8], [9], [13],
[14], [19]:

Hi:ye = Bex+ . D(7y, fir)x + 1y,
Ho :yr = Bpx+my
k=1,2,.. . K (5)

where the unknowns are the 10 waveform x, 8 = [, 02,

o Br)T, a=[ar,as,...,ax]", and the channel noise
power 7. Note that the data model has a multiplicative am-
biguity among «y,, Oi, and x, which makes these parameters
not uniquely identifiable. To resolve the ambiguity, we impose
an additional constraint ||x|| = 1. This constraint does not have
any impact on the detection problem.

In radar detection, it is customary to divide the uncertainty
region of the target delay and Doppler frequency into small cells
and each cell is tested for the presence or absence of a target [20].
Therefore, for each cell under test, D(7y, fi) is known because
the delay and Doppler associated with that cell is known. For
notational simplicity, we henceforth use Dy, for D(7y, fx).

III. PROPOSED DETECTORS

In this section, we develop a detector for the problem (5) under
the GLRT framework. In addition, a clairvoyant MF detector is
derived, assuming that the 10 waveform is known, and can be
used to benchmark the detection performance in the presence of
DPL

A. GLRT Detector

The GLRT principle requires the maximum likelihood es-
timates (MLEs) of the unknown parameters under both hy-
potheses. Let the observations from K receivers be stacked as
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Y = [y1,¥2,---,¥Yx]- Then, the GLRT is given by

max{a,,ﬁ,x,7;}p(Y|a7B7X77]) g C (6)

max{ﬁ,x,n} p(Y|/6a X, 77) Ho

where p(Y|a, 3,x,7n) and p(Y|3,x,7) denote the likelihood

functions under H; and H,, respectively. In the following, we

present the solutions to the two maximum likelihood estimation

problems in (6), and the estimates are used in the GLRT detector.
Under H;, the likelihood function can be written as

p(Yla, B,x,n) =
1 1o
2
(e ET exp {77 ]; lyx — Brx — Dy x|| } - (N

The MLEs of {«, 3}, as functions of the IO waveform x, can
be written as

[, Bi]" = "Hy, (8)

where H;, = [D;x, x]. Substituting the above estimates back
into the likelihood function, we have

(F'H,)

X = arg Hrrhml Z [Piyi” = arg P ZYk Piy: (9
where the projection matrices are given by Pt =1 — P}, and
-1
Pk = Hk (HE Hk,)
function, we obtain

HkH Expanding further the objective

K
> v Py
k=1

K
ZZ yi H, (HkHHk:)_l HY yi

k=1

S x> <"Dfx|
Z[ x][ o W]

K
1 2 H H H
- Z ||XH4 |XHDkX|2 (”X” x" Dy yryr Dix

+ 112 vy x — x" Dpxx" Dy, yH x

- XH’D]{{XX YiYi 1p, x)
= XH(-')(X)X (10)
where
K
O(x) = > (wis(X)Df vyl Di +wi s (X)yryf
k=1
+ws p(x D vy + wo (X)yryt D) (11
and
2
1
x| )

wi k(%) = x| — |xH Dyx|? - 1 — |xHDyx|?

IEEE SIGNAL PROCESSING LETTERS, VOL. 24, NO. 6, JUNE 2017

Algorithm 1: Proposed Approach.

Initialization: [ = 0 and x(©) = S8 v /[ 8 v ll.

for[=0,1,2,...do

1) Compute @) by substituting x(!) into O (x).

2) xU*+D) = arg maXHxH L x7©Wx, i.e., the principal
eigenvector of OV (+1)
principal eigenvalue.

3) Check convergence.

end for

, and y("*'1) is the corresponding

—XHD]?X
[[x[|* = [x* Dyx|?

If the dependence of ®(x) on x is neglected, the right-hand
side of (10) is a quadratic form with respect to x, which is
maximized by the principal eigenvector of ®. Therefore, we
propose an iterative approach to maximize (10), where the cur-
rent iteration fixes the matrix ®(x) by using the estimated x
from the previous iteration and then maximizes the resulted
quadratic form. Similar iterative approaches were also utilized
in [21]-[24] for radar waveform design. The proposed iterative
approach is summarized in Algorithm 1.

Let ~ be the final update of the principal eigenvalue after all
iterations. The noise power can be estimated as

oy = S Il =
MK
Under H,, the received data is free of target echoes, and the
unknown parameters are {3, 7, x}. The likelihood function is
similar to (7) with o = 0. The MLE of (3;, can be written as

—xHpH

T 1 |xH2 Dypx|?”

wg,k(x) = (13)

(14)

P -1
B = (x"x) x"yu. (15)

Inserting (15) into the likelihood function, we obtain
% = arg max x7YY/x (16)

lIx[l=1

which is the principal eigenvector of the matrix Y'Y . Finally,
the MLE of the noise power is obtained as [14]

.
o = Dro Iyel® — 2
0 MK

where A; denotes the largest eigenvalue of ® = Y'Y
By applying the above results to (6) followed by simplifica-
tion, the GLRT detector is given by

K
Zk 1 HYkH —M H1

Sy lyellz = %

where ¢ is a suitably modified version of the threshold in (6).
Denote L1 > Ay > ... > A as the ordered eigenvalues of the
K-dimensional matrix ®. To gain an insight into the structure
of the proposed GLRT detector, we equivalently write (18) as

() 2 €
T—AM) L
TR Dohe2 M Ho

where the result 31| [lyx||* = tr{®} = S0, Ay is utilized
and{ = MK (1 — 1/£). We notice that the denominator in (19)

A7)

2 ¢ (18)

19)
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is exactly the MLE of the noise power under ;. Therefore, the
test statistic in (19) is the difference between the two principal
eigenvalues normalized by the estimated noise power.

B. Clairvoyant MF Detector

For comparison, we derive a clairvoyant MF detector in the
presence of DPI under the GLRT framework. The detector is
clairvoyant because it assumes that the IO waveform is known.
It serves as a benchmark for passive detection with DPI.

Under H; and starting from the likelihood function (7) but
with x known, we obtain the same expressions as in (8) for the
estimates of {c, 3}. Then, the estimate of the noise power is
given by

K K
~ 1 2 H
=—— E —E P.v. 20
Sy (k—1||Yk| k:1yk kYk> (20)

where the projection matrices {Pj} are known in the current
case. Under H, the MLE of the noise power is

"
1 9 xHYYHx

) = — - . 21

IMF0 = 3772 <k 1||}’1c|| T x 2D

Consequently, the clairvoyant MF detector can be written as

1.
< TIMF,0 -
MF, 1

Lyg = (22)

IV. NUMERICAL SIMULATIONS

In this section, numerical results are presented to illustrate
the performance of the proposed detectors. The algorithm pro-
posed in [14] is included in our comparison, which is referred to
as the LAM detector since its test variable is the ratio between
the largest eigenvalue and the arithmetic mean of eigenvalues,
ie., K1/ Zf:l M. Note that the LAM detector neglects the
DPI. For fairness, we also include in comparison a modified gen-
eralized canonical correlation (mGCC) detector, which extends
the original GCC detector [19] with DPI cancellation. Specifi-
cally, the mGCC first estimates the IO waveform as the principal
eigenvector of the sample covariance matrix YY¥ [13], [14],
which is then used to form an estimate of the DPI that is sub-
sequently subtracted from the observation. The residual is then
input into the GCC detector for target detection. In the following,
the signal-to-noise ratio (SNR) is defined as Zszl | |2/ Kn,
and the DPI-to-noise ratio (DNR) as >_, |5¢ |2/ K.

The detection probability curves versus SNR are plotted in
Fig. 2, where the observation length A/ = 20 and channel num-
ber K = 3. Two cases of different DNRs are considered. In the
first case when DNR = 0 dB, i.e., moderate DPI, the proposed
detector is slightly better than the LAM detector, whereas the
mGCC detector is almost the same as the proposed one. When
the DNR increases to 20 dB, i.e., strong DPI, the proposed de-
tector and the mGCC become significantly better than the LAM
detector, thanks to their ability to handle the DPI. In addition,
it can be seen that the proposed method is closer to the MF and
better than the mGCC. This is because the proposed method can
benefit more from a strong direct path signal.
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Fig. 2.  Detection performance versus SNR with M = 20, K = 3.
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Fig. 3. Detection performance versus DNR with M/ = 20, K = 3.

Fig. 3 illustrates the detection performance versus DNR. We
can see that the proposed and the mGCC detectors significantly
outperform the LAM detector, especially in the high DNR re-
gion. When SNR = 0 dB, it is seen that the proposed detec-
tor improves as DNR increases while the mGCC exhibits little
changes, which indicates that the proposed method can not only
mitigate the DPI but also exploit it for passive detection.

V. CONCLUSION

In this letter, we considered the target detection problem for
a multistatic passive radar system by taking the DPI into ac-
count. We proposed a GLRT detector by treating the unknown
IO waveform as a deterministic process and utilizing an itera-
tive method for estimation. We also proposed a clairvoyant MF
method which, along with the conventional LAM detector and
the modified GCC detector, is included in performance compari-
son. Numerical results show that the proposed detector performs
better than the mGCC detector and significantly outperforms the
LAM detector that ignores the DPI.



822

(1]

(2]

(3]

(4]

[3]

(6]

(71

(8]

[91

[10]

[11]

[12]

REFERENCES

H. D. Griffiths and C. J. Baker, “Passive coherent location radar systems.
Part 1: performance prediction,” IEE Proc. Radar, Sonar Navigat., vol.
152, no. 3, pp. 124-132, Jun. 2005.

P. E. Howland, D. Maksimiuk, and G. Reitsma, “FM radio based bistatic
radar,” IEE Proc. Radar, Sonar Navigat., vol. 152, no. 3, pp. 107-115,
Jun. 2005.

S. Gogineni, M. Rangaswamy, B. D. Rigling, and A. Nehorai, “Ambiguity
function analysis for UMTS-based passive multistatic radar,” IEEE Trans.
Signal Process., vol. 62, no. 11, pp. 2945-2957, Jun. 2014.

T. Shan, S. Liu, Y. D. Zhang, M. G. Amin, R. Tao, and Y. Feng, “Efficient
architecture and hardware implementation of coherent integration proces-
sor for digital video broadcast-based passive bistatic radar,” IET Radar,
Sonar Navigat., vol. 10, no. 1, pp. 97-106, Jan. 2016.

Q. He and R. S. Blum, “The significant gains from optimally processed
multiple signals of opportunity and multiple receive stations in passive
radar,” IEEE Signal Process. Lett., vol. 21, no. 2, pp. 180-184, Feb. 2014.
Q. He, J. Hu, R. S. Blum, and Y. Wu, “Generalized Cramér-Rao bound for
joint estimation of target position and velocity for active and passive radar
networks,” IEEE Trans. Signal Process., vol. 64, no. 8, pp. 2078-2089,
April 2016.

J. Liu, H. Li, and B. Himed, “On the performance of the cross-correlation
detector for passive radar applications,” Signal Process., vol. 113,
pp. 32-37, 2015.

D. E. Hack, L. K. Patton, B. Himed, and M. A. Saville, “Detection in pas-
sive MIMO radar networks,” IEEE Trans. Signal Process., vol. 62, no. 11,
pp. 2999-3012, Jun. 2014.

G. Cui, J. Liu, H. Li, and B. Himed, “Signal detection with noisy reference
for passive sensing,” Signal Process., vol. 108, pp. 389-399, Mar. 2015.
P. Setlur, S. Gogineni, and M. Rangaswamy, “Waveform extraction from
reference channels of passive multistatic radar systems,” in Proc. 49th
Asilomar Conf. Signals, Syst. Comput., Pacific Grove, CA, USA, Nov.
2015, pp. 1696-1701.

X.Zhang, H. Li, J. Liu, and B. Himed, “Joint delay and Doppler estimation
for passive sensing with direct-path interference,” IEEE Trans. Signal
Process., vol. 64, no. 3, pp. 630-640, Feb. 2016.

L. Zheng and X. Wang, “Super-resolution delay-Doppler estimation for
OFDM passive radar,” IEEE Trans. Signal Process., vol. 65, no. 9,
pp. 2197-2210, May 2017.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

IEEE SIGNAL PROCESSING LETTERS, VOL. 24, NO. 6, JUNE 2017

D. E. Hack, L. K. Patton, B. Himed, and M. A. Saville, “Central-
ized passive MIMO radar detection without direct-path reference sig-
nals,” IEEE Trans. Signal Proc., vol. 62, no. 11, pp. 3013-3023,
Jun. 2014.

J. Liu, H. Li, and B. Himed, “Two target detection algorithms for passive
multistatic radar,” IEEE Trans. Signal Proc., vol. 62, no. 22, pp. 5930—
5939, Nov. 2014.

D. E. Hack, C. W. Rossler, and L. K. Patton, “Multichannel detection
of an unknown rank-N signal using uncalibrated receivers,” IEEE Signal
Process. Lett., vol. 21, no. 8, pp. 998-1002, May 2014.

O. Rabaste and D. Poullin, “Rejection of Doppler shifted multipaths in
airborne passive radar,” in Proc. 2015 IEEE Int. Radar Conf., Arlington,
VA, USA, May 2015, pp. 1660-1665.

Y. Ma, T. Shan, Y. D. Zhang, M. G. Amin, R. Tao, and Y. Feng,
“A novel two-dimensional sparse-weight NLMS filtering scheme for pas-
sive bistatic radar,” IEEE Geosci. Remote Sens. Lett., vol. 13, no. 5,
pp. 676-680, May 2016.

R. Tao, H. Z. Wu, and T. Shan, “Direct-path suppression by spatial filter-
ing in digital television terrestrial broadcasting-based passive radar,” IET
Radar, Sonar Navigat., vol. 4, no. 6, pp. 791-805, Dec. 2010.

K. S. Bialkowski, I. V. L. Clarkson, and S. D. Howard, “Gener-
alized canonical correlation for passive multistatic radar detection,”
in Proc. 2011 IEEE Statist. Signal Process. Workshop, Jun. 2011,
pp. 417-420.

M. A. Richards, Fundamentals of Radar Signal Processing. New York,
NY, USA: McGraw-Hill, 2005.

S. U. Pillai, H. S. Oh, D. C. Youla, and J. R. Guerci, “Optimal transmit-
receiver design in the presence of signal-dependent interference and chan-
nel noise,” IEEE Trans. Inf. Theory, vol. 46, no. 2, pp. 577-584, Mar.
2000.

B. Friedlander, “Waveform design for MIMO radars,” IEEE Trans. Aerosp.
Electron. Syst., vol. 43, no. 3, pp. 12271238, Jul. 2007.

C. Y. Chen and P. P. Vaidyanathan, “MIMO radar waveform op-
timization with prior information of the extended target and clut-
ter,” IEEE Trans. Signal Process., vol. 57, no. 9, pp. 3533-3544,
Sep. 2009.

G. Cui, H. Li, and M. Rangaswamy, “MIMO radar waveform design with
constant modulus and similarity constraints,” IEEE Trans. Signal Process.,
vol. 62, no. 2, pp. 343-353, Jan. 2014.




<<
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


