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Abstract—This paper addresses the problem of source enumer-
ation by an array of sensors in the presence of noise whose spatial
covariance structure is a diagonal matrix with possibly different
variances, referred to non-iid noise hereafter, when the sources
are uncorrelated. The diagonal terms of the sample covariance
matrix are removed and, after applying Toeplitz rectification as
a denoising step, the signal covariance matrix is reconstructed by
using a low-rank matrix completion method adapted to enforce
the Toeplitz structure of the sought solution. The proposed source
enumeration criterion is based on the Frobenius norm of the
reconstructed signal covariance matrix obtained for increasing
rank values. As illustrated by simulation examples, the proposed
method performs robustly for both small and large-scale arrays
with few snapshots, i.e. small-sample regime.

Index Terms—Array processing, model order estimation,
source enumeration, matrix completion, Toeplitz rectification.

[. INTRODUCTION

Source enumeration is a classical problem in array signal
processing which consists in estimating the number of signals
received by an array of sensors. It has applications in numerous
fields such as wireless communications, radar, biomedical and
geophysical signal processing [1], [2]. Classical approaches to
solve this problem are based on information-theoretic criteria
[3]-[6], which use order fitting rules based on functions
of the eigenvalues of the sample covariance matrix (SCM)
penalized by the model complexity. These criteria are derived
under a white noise model assumption and their performance
degrades when the number of snapshots is relatively small in
comparison to the number of antennas, the so-called small-
sample regime. Different methods have been proposed for
order estimation in the small-sample regime, such as those
based on random matrix theory [7]-[9], an exponential fit-
ting test of eigenvalues [10], and bootstrapping [11]. These
methods, however, are designed for white noise, and usually
provide poor results under non-iid noises. Recently, a subspace
averaging (SA) order estimation method has been proposed for
white noise [12], [13], and then extended to account for non-
iid noise models in [14]. The SA method provides good results
with low sample support, but it requires high-dimensional
scenarios, i.e. large arrays to work satisfactorily since other-
wise the averaging procedure is not effective. When the noise
covariance matrix is diagonal with unknown elements (a model
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that becomes relevant in situations with uncalibrated receivers
or due to hardware nonidealities), estimating the number of
sources is equivalent to estimating the number of common
factors in a multivariate factor analysis problem, for which
several methods have been proposed in the statistics literature
[15], [16]. Algorithms to maximize the likelihood function
for this problem can be found in [17], [18]. But again, these
methods perform poorly in the small-sample regime.

In this paper we propose a method for enumerating sources
in the presence of non-iid noises that performs satisfactorily in
a wide number of scenarios, including the small-sample regime
both with large and short arrays, and low signal-to-noise-ratio
(SNR) environments. The method obtains an estimate of the
signal covariance matrix that is i) Toeplitz, and ii) low-rank. To
this end, we use a low-rank matrix completion (MC) method
that includes an additional regularization term to enforce a
Toeplitz structure in the solution. The MC algorithm takes as
input a denoised version of the SCM where the elements along
the main diagonal have been removed. An additional denoising
process known as Toeplitz rectification [19], [20] is used to
find a better estimate of the signal covariance matrix. Finally,
we propose an order estimation criterion which is based on the
Frobenius norm of the matrices reconstructed for increasing
rank values.

Low-rank matrix completion methods have been used before
in array signal processing problems. In [21], for instance,
MC is used for direction of arrival (DOA) estimation, when
the number of sources exceeds the number of sensors. An
iterative reweighted nuclear norm minimization method is used
in [22] for DOA estimation with nested arrays. The case of
non-iid noises is considered in [23], where matrix completion
algorithms are used to reconstruct the zeroed entries of the
SCM along its diagonal. All these methods, however, address
the DOA estimation problem and assume that the number of
sources is known. Differently from these works, in this paper
we exploit the eigenvalue sparsity provided by MC algorithms
to devise a novel order estimation criterion.

Notation. The superscripts (-)7 and (-)¥ denote transpose
and Hermitian, respectively. The trace and Frobenius norm
of a matrix B will be denoted, respectively, as tr(B) and
||B||r, whereas | - | denotes the norm of a complex number.
Furthermore, x ~ CN »(0,R) denotes a complex Gaussian
vector in C™ with zero mean and covariance R.



II. PROBLEM STATEMENT

Let us consider K narrowband signals impinging on a
uniform linear array (ULA) with M antennas. The received
signal is

x[n] = [a(bh),...,a(0k)]s[n] + e[n]

where a(f,) = [1, ,e‘j"k(M‘l)}T is the
M x 1 complex array response for the kth source, with
unknown DOA 6. The signals are assumed to be uncorrelated
and are modelled as s[n] ~ CN'k(0,®), where ¥ is a
diagonal matrix. The noises e[n] ~ CA (0, X), are assumed
to be temporarily white, uncorrelated across antennas with
different variances at each sensor (non-iid). Therefore, the
noise covariance matrix is 3 = diag (0%, 03,...,0%,), where
o2, is the noise variance at the m-th sensor. The noise
variances are modeled as uniformly distributed independent
random variables: 02, ~ U[o?(1 — €),0%(1 + €)], where o2 is
a common noise variance and 0 < e < 1 allows us to control
the spatial non-whiteness of the noise. Notice that for € = 0
the noise is spatially white with covariance matrix 3 = 1.
From the signal model (1), the covariance matrix is

[n]]

where R, = AWAFH is the signal covariance matrix. If
N snapshots are collected in the data matrix matrix X =
[x[1] x[N]], then the sample covariance matrix is

N
Z NXXH (3)

The source enumeration problem consists in estimating K
from X or R.

= As[n] +e[n], (1)
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III. ORDER ESTIMATION VIA TOEPLITZ MATRIX
COMPLETION

The proposed order determination criterion builds upon
the reconstruction of the signal covariance matrix R, in (2)
for increasing values of its rank. To this end, we apply a
matrix completion (MC) approach, which is described in the
following subsection. Then, we introduce the proposed order
fitting rule, which is based on the Frobenius norm of the
reconstructed matrices.

A. Toeplitz Matrix Completion

The signal covariance matrix R is Toeplitz and low-rank.
These two properties are not fulfilled by the sample covariance
f{, which is symmetric (but non-Toeplitz) and full-rank. In
addition, since X in (2) is diagonal, the off-diagonal terms of
R are unaffected by the noise covariance matrix. Therefore,
the diagonal entries of R will be more affected by the noise.
Matrix completion algorithms can then be used to reconstruct
the low-rank signal covariance matrix from the off-diagonal
terms of R.

Let Q = {(i,j) i #j,i=1,...,M,j=1,...,M} be
the set of indices for the off-diagonal entries of R. According
0 [24], we can recover R by solving

R g(l:ll\rllx M ||RS ‘ ‘* (4)
subject to  ||Po(Rs — R)||r <7

where Pq denotes the projection operator that sets to zero the
entries with indices not belonging to ) and leaves the rest
unchanged, and ||R;||. denotes the nuclear norm of R..

Due to the fact that we are dealing with a limited number
of snapshots, the nonzero entries in PQ(R) are still noisy
[19] and thus recovering the full R, via (4) might yield
unreliable estimates in the low-sample regime. Therefore, we
propose to use a denoising step called Toeplitz rectification
[19], [20], [25] before applying matrix completion, and enforce
the Toeplitz structure in the reconstruction process.

An unbiased estimator of sample covariance with Toeplitz
structure is obtained by averaging its entries along each
subdiagonal as [25]

Rioep(inj) = - > R(l,m) (5)

Imz]

This process reduces the noise in the off-diagonal terms
and provides a better reconstruction of the signal covariance
matrix.

After Toeplitz correction, we proceed to perform matrix
completion by means of matrix factorization [26]. Since the
signal covariance matrix is symmetric, we can factorize it as
R, = WWH, where W € CM*P and p is a fixed value
that limits the rank of the reconstructed matrix. Then, using
the identity ||R;||» = ming__ww= [|W]|% [26], R, can be
estimated by solving the following optimization problem

i

W = argmin | P (f{toep - WWH) ||F

WeCMxp
st. WWHeT (6)

where g is a regularization parameter and the constraint
restricts the solution to a set 7, which we define as the set of
Toeplitz matrices in CM*M_ Note that the term weighted by
w regulates the nuclear norm of the solution, hence leading to
a sparse eigenvalue distribution as p grows. An approximate
solution to (6) can be obtained by introducing the Toeplitz
constraint in the form of an additional regularization term as
follows

|2 7

H
Wit1Witl+m

where w is the i-th row vector of W, and « is a regular-
ization scalar. The solution ﬁmc = WWH can be obtained
by iteratively optimizing over each w; until convergence, at a
cost of O(p?) per iteration.



B. Order Estimation Criterion

The main insight for the proposed order estimation criterion
is that, due to the eigenvalue sparsity enforced by the MC
algorithm, as long as p (the rank used in the factorization) is
larger than K, the reconstructed signal covariance matrix Rone
should not change significantly. This intuition is corroborated
in Fig. la which shows how the Frobenius norm of Rmc
changes with p. It can be observed that the norm grows until
p = K, but once p exceeds K it is almost constant. This
suggests to use the difference function D(p) defined as

D(p) = |Rune(®) |7 — | Rmc(p — DI ®

where ﬁmc(p) denotes the reconstructed signal covariance

matrix at a particular value of p. Since D(p) will take very

small values for p > K, finding the position at which this

sharp decline change occurs will yield an order estimate. To

this end, we propose the following criterion
; D(p)

kme = argmax

—_— 9
1<p<pmaz D(p + 1) + 0 ( )

where p,,q. 1S an overestimation of K and ¢ is a small
constant to avoid numerical issues. Fig. 1b shows %
for different K, where each line has been normalized by its
maximum value to enhance visibility. We observe that the
peaks are positioned at p = K, thus evidencing that the chosen
criterion is adequate. A summary of the order estimation
via Toeplitz matrix completion (TMC) algorithm is shown in

Algorithm 1.

200 ‘ ‘
P e R

s
150 B s et SRR SRS SR ¢

HI?W(P)H?

P
(a)

D(p)
D(p+1)+d

Normalized

D(p)
D(p+1)+6
vs. p for M = 100, N = 150, ¢ = 0.5, SNR = —10 dB and

sources are separated by 10°.

Fig. 1: (a) |[Rune(p)||% vs. p, and (b) Normalized

Algorithm 1: Order Estimation using TMC

Input: f{, Ly O Dimazs

Output: Order estimate Eume

Find f{toep using (5)

for p=1,..., pmaz do
Find Rmc(p —1) and ﬁmc(p) using (7)
Find D(p) using (8)

Estimate number of sources as

D(p)
ke = argmax —-—a1=
1<p<pmaax Dep+1)+o

IV. SIMULATION RESULTS

We compare the performance of the proposed TMC with
some representative methods for order estimation in the pres-
ence of non-iid noises and/or with low sample support, which
are briefly reviewed in the following.

« Subspace Averaging (SA). By exploiting the shift in-
variance property of ULAs, the SA method estimates the
low-dimensional signal subspace (and its dimension) as
the average of a collection of subspaces extracted from
consecutive sub-arrays [12], [13], [27]. The SA method,
which was originally proposed for white noise and low
sample support, was generalized to account for non-iid
noises in [14] through a majority-vote approach.

¢ Minimum Description Length (MDL) for non-iid
noises. The general expression of the MDL criterion is

(4]

argmin
k=0,...,.M~1

- - 1
kypr = {—1Og F(X|Ra) + SV logN} ,

(10)
where f{ML denotes the Maximum Likelihood (ML)
estimate for a covariance matrix with the required struc-
ture (low-rank plus diagonal) for a fixed order k, and
v = M +k(2M — k) is the number of free-adjusted real
parameters [28]. Although a closed-form ML estimate
under non-iid noises is not possible, it can be obtained
by using iterative algorithms [17], [18], [29].
o Linear Shrinkage- MDL (LSMDL). The standard MDL
method proposed by Wax and Kailath [5] under the
assumption of white noise is

0<k<M-1 9(147)

. k
kyvpr = argmin (M — k)N log (a( )>
1 (1)
+§kz(2M —k)log N,
where a(k) and g(k) are the geometric and the arithmetic
mean, respectively, of the M — k smallest eigenvalues of
R. The linear shrinkage MDL (LS-MDL) [8], replaces
the noise eigenvalues in the MDL criterion by a linear
shrinkage.

For all simulations we assume that /X uncorrelated nar-

rowband signals with a separation of Ay are impinging on
an uniform linear array with M half-wavelength separated



antennas. For TMC, we use p = M oand o = 11‘/1—0. The signal-
to-noise-ratio is SNR= 10 log ttrr(g”:s)).
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Fig. 2: Pp vs. SNR for M =100, N = 150, K = 3, ¢ = 0.3,
Ag = 10° and ¥ = o2diag(1,0.8,0.6)

Fig. 2 depicts the probability of correct detection (Pp) with
respect to SNR for an array of M = 100 antennas, K = 3
sources with Ay = 10°, N = 150 snapshots and ¢ = 0.3.
Sources have unequal powers so that ¥ = o2diag(1,0.8,0.6),
where o2 is the common signal variance. We observe that
TMC provides better performance than competing methods.
Thanks to the Toeplitz rectification and the denoising of R, the
TMC method reliably detects the rank of the signal covariance
matrix at lower SNRs than the rest of methods and hence

yields a more robust source enumeration method.
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Fig. 3: Pp vs. M for 3 =1, Ag = 2%, K =3, e = 0.3 and

SNR = -10 dB and sources have equal power

Fig. 3 shows Pp vs. the number of sensors when K = 3,
e = 0.3, SNR is fixed to —10 dB and all sources have
equal power. The ratio between the number of sensors and the
number of snapshots is % = 1 and the separation between
sources is Ay = %r This example shows that TMC provides
accurate results in the small sample regime for arrays of
varying number of sensors.
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Fig. 4: Pp vs. SNR for TMC when M = 50, Ag = 10° and
sources have equal power for different values of K, N and e.

In the last experiment the robustness of the TMC method
against the non-whiteness parameter, ¢, is examined in differ-
ent scenarios. Since the diagonal terms of R are eliminated as
a pre-processing step, it is expected that the TMC results will
not be affected by changes in e. This behavior can be observed
for two different scenarios: i) K = 2 and N = 200 and ii)
K =6 and N = 50, in Fig. 4, which shows Pp with respect
to SNR for M = 50, Ay = 10° and equal power sources. It
can be noticed that for both the scenarios, results are almost
unaffected by e. Let us recall that e = 0 represents the white
noise case; therefore, TMC is robust under both uncorrelated
non-iid and iid noises.

V. CONCLUSIONS

We addressed the problem of source enumeration when
the noise covariance matrix is diagonal with unknown entries
and with relatively few snapshots. The diagonal terms of
the sample covariance matrix, which are most affected by
this noise model, are eliminated and the off-diagonal terms
are further denoised by Toeplitz rectification. The low-rank
and Toeplitz signal covariance matrix is then reconstructed
with matrix completion techniques. We have shown that the
Frobenius norm of the signal covariance matrix reconstructed
by the proposed denoising+MC technique provides an accurate
order determination criterion. The method performs robustly
for iid and non-iid noises, as well as for small and large arrays,
in the small-sample regime.



[1]

[3]
[4]
[5]

[6]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

REFERENCES

H. V. Trees, Detection, Estimation and Modulation Theory Part IV:
Optimum Array Processing. New York, NJ: Wiley, 2002.

L. L. Scharf, Statistical Signal Processing: Detection, Estimation and
Time Series Analysis. Reading, MA: Addison-Wesley, 1991.

H. Akaike, “A new look at the statistical model identification,” IEEE
Trans. Autom. Control, vol. 19, no. 6, pp. 716-723, 1974.

J. Rissanen, “Modeling by shortest data description,” IEEE Trans.
Acoust., Speech, Signal Process., vol. 14, pp. 465471, 1978.

M. Wax and T. Kailath, “Detection of signals by information theoretic
criteria,” IEEE Trans. Acoust., Speech, Signal Process., vol. 33, no. 2,
pp. 387-392, 1985.

Z.Lu and A. M. Zoubir, “Generalized Bayesian information criterion for
source enumeration in array processing,” IEEE Trans. Signal Process.,
vol. 61, no. 6, pp. 1470-1480, 2013.

R. R. Nadakuditi and A. Edelman, “Sample eigenvalue based detection
of high-dimensional signals in white noise with relatively few samples,”
IEEE Trans. Signal Process., vol. 56, no. 7, pp. 2625-2638, 2008.

L. Huang and H. C. So, “Source enumeration via MDL criterion based
on linear shrinkage estimation of noise subspace covariance matrix,”
IEEE Trans. Signal Process., vol. 61, no. 19, pp. 4806-4821, 2013.

L. Huang, Y. Xiao, H. C. So, and J.-K. Zhang, “Bayesian information
criterion for source enumeration in large-scale adaptive antenna array,”
IEEE Trans. Veh. Technol., vol. 65, no. 5, pp. 3018-3032, 2016.

A. Quinlan, J. Barbot, P. Larzabal, and M. Haartdt, “Model order
selection for short data: An exponential fitting test (eft),” EURASIP
Journal on Advances in Signal Processing, 2007.

R. F. Breich, A. M. Zoubir, and P. Pelin, “Detection of sources using
bootstrap techniques,” IEEE Trans. Signal Processing, vol. 50, pp. 206—
215, 2002.

I. Santamaria, D. Ramirez, and L. L. Scharf, “Subspace averaging for
source enumeration in large arrays,” in Proc. IEEE Work. Stat. Signal
Process. (SSP), Freiburg, Germany, Jun. 2018.

V. Garg, I. Santamaria, D. Ramirez, and L. L. Scharf, “Subspace
averaging and order determination for source enumeration,” I[EEE Trans.
Signal Process., vol. 67, pp. 3028-3041, 2019.

V. Garg and I. Santamaria, “Source enumeration in non-white noise
and small sample size via subspace averaging,” in 2019 27th European
Signal Processing Conference (EUSIPCO), A Coruiia, Spain, Sep. 2019.
K. V. Mardia, J. T. Kent, and J. M. Bibby, Multivariate Analysis. New
York: Academic, 1979.

D. N. Lawley and A. E. Maxwell, Factor Analysis as a Statistical
Method. American Elsevier Pub. Co., 1971.

M. Pesavento and A. B. Gershman, “Maximum-likelihood direction-of-
arrival estimation in the presence of unknown nonuniform noise,” IEEE
Trans. Signal Processing, vol. 49, no. 7, pp. 1310-1324, Jul. 2001.

D. Ramirez, G. Vazquez-Vilar, R. Lopez-Valcarce, J. Via, and I. San-
tamaria, “Detection of rank-p signals in cognitive radio networks with
uncalibrated multiple antennas,” IEEE Trans. Signal Process., vol. 59,
no. 8, pp. 3764-3774, 2011.

P. Vallet and P. Loubaton, “On the performance of MUSIC with
Toeplitz rectification in the context of large arrays,” IEEE Trans. Signal
Processing, vol. 65, pp. 5848-5859, 2017.

P. Forster, “Generalized rectification of cross spectral matrices for arrays
of arbitrary geometry,” IEEE Trans. Signal Processing, vol. 49, pp. 972—
978, 2001.

P. Pal and P. P. Vaidyanathan, “A grid-less approach to underdetermined
direction of arrival estimation via low rank matrix denoising,” /EEE
Signal Processing Letters, vol. 21, no. 6, pp. 737-741, 2014.

W. Tan and X. Feng, “Covariance matrix reconstruction for direction
finding with nested arrays using iterative reweighted nuclear norm
minimization,” Int. Journal of Antennas and Propagation, 2019.

B. Liao, C. Guo, L. Huang, and J. Wen, “Matrix completion based
direction-of-arrival estimation in nonuniform noise,” in 2016 IEEE
International Conference on Digital Signal Processing (DSP)., Beijing,
China, Oct. 2016.

E. J. Candes and Y. Plan, “Matrix completion with noise,” Proc. of the
IEEE, vol. 98, pp. 925-936, 2010.

J. Vinogradova, R. Couillet, and W. Hachem, “Estimation of toeplitz
covariance matrices in large dimensional regime with applications to
source detection,” IEEE Trans. Signal Process., vol. 63, pp. 4903-4913,
2019.

[26]

[27]

(28]

[29]

N. Srebro, J. Rennie, and T. Jaakkola, “Maximum-margin matrix fac-
torization,” in Advances in Neural Information Processing Systems,
Vancouver, Canada, Dec 2005, pp. 1329-1336.

I. Santamaria, L. L. Scharf, M. Kirby, C. Peterson, and J. Francos, “An
order fitting rule for optimal subspace averaging,” in Proc. IEEE Work.
Stat. Signal Process. (SSP), Palma de Mallorca, Spain, Jun. 2016.

G. Vazquez-Vilar, D. Ramirez, R. Lopez-Valcarce, J. Via, and I. San-
tamaria, “Spatial rank estimation in cognitive radio networks with
uncalibrated multiple antennas,” in 4th International Conference on Cog-
nitive Radio and Advanced Spectrum Management (cogART), Barcelona,
Spain, Oct. 2011.

K. G. Joreskog, “Some contributions to maximum likelihood factor
analysis,” psychometrika, vol. 32, pp. 443-482, 1967.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPSMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


