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Improved Subspace Direction-of-Arrival Estimation
in Unknown Nonuniform Noise Fields
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Abstract—This paper improves the classic subspace DOA esti-
mation methods to combat unknown nonuniform noise. Utilizing
an approximate orthogonality between the signal subspace and a
tailored eigen-space of the array covariance matrix in high signal-
to-noise ratio (SNR) conditions, we modify the classic multiple
signal classification (MUSIC) and root-MUSIC algorithms to
be competent in unknown nonuniform noise. Compared to
the MUSIC and root-MUSIC methods, the proposed methods
are able to achieve significant better performance in unknown
nonuniform noise environments. Simulation results show that the
two proposed methods significantly outperform the MUSIC and
root-MUSIC methods in the whole SNR range and approach the
Cramer-Rao bound (CRB) at high SNR.

Index Terms—Array signal processing, direction-of-arrival
estimation, minimum variance, multiple signal classification,
nonuniform noise

I. INTRODUCTION

Estimating the direction-of-arrival (DOA) of multiple
sources using an array is an essential task in many applications,
such as radar, sonar, communications, geophysics, tracking
and localization [1], [2], [18]–[21]. Among the traditional
algorithms, the subspace algorithms, such as the well-known
multiple signal classification (MUSIC) [3] and ESPRIT [4],
which are computationally efficient and have better resolution
than the conventional beamformers, are of the most popular.

A common assumption used in traditional subspace DOA
estimation techniques, such as the well-known MUSIC and
ESPRIT, is the so-called uniform white noise assumption. This
assumption leads to performance lose of these methods in the
applications where the noise is not spatially uniform but has an
arbitrary diagonal covariance matrix. Nonuniform noise may
be caused by the variation of the manufacturing process or
the imperfection of array calibration. In such applications,
if the noise is perfectly known, the noise model can be
easily transformed to be uniform. Then, the classic subspace
algorithms can be straightforwardly applied by taking this
transformation step into account [5]. On the other hand, if
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the noise is unknown, the noise variances may be estimated
by collecting signal-free data from the sensor array. However,
in practical applications, the noise parameters may be time-
varying, and a signal-free environment is not always available.

There are mainly two classes of direction finding techniques
exist for unknown nonuniform noise, including the covariance
differencing [6]–[9] and the maximum likelihood (ML) tech-
niques [10]–[12]. The covariance differencing idea is firstly
introduced in [6], which is not practical for some applications
since it usually requires some sort of translation or rotation of
the array to obtain the second measurement of the covariance
matrix. Then, improved versions are given by [7], [8] which
require no multiple measurements of the covariance matrix.
But it is restricted to uniformly correlated noise since the noise
covariance matrix is assumed as a symmetric Toeplitz matrix.
Moreover, a transform-based version [9] is proposed to com-
pletely remove spatially nonuniform noise, but its performance
depends on the parameter choice for the translation matrix.

The ML methods estimate the parameters of noise and
signals simultaneously by optimizing various likelihood cost
functions and have excellent asymptotic and threshold perfor-
mance [10]–[12]. However, the ML algorithms usually require
the processing of high-dimensional nonlinear optimization,
which leads to a heavy computational burden. Besides the
above methods that apply to nonuniform noise, there are
other methods designed to cope with unknown colored noise
[13]. Moreover, the covariance differencing approach has been
extended to wideband signals for unknown colored noise [14].

The goal of this work is to develop computationally simple
DOA estimators for unknown nonuniform noise environments.
First, we show that the minimum variance distortionless re-
sponse (MVDR) spectrum reduces to the MUSIC spectrum of
the perfectly prewhitened array outputs in high signal-to-noise
ratio (SNR) conditions. Then, an approximate orthogonality
between the signal subspace and a tailored eigen-space of the
array covariance matrix for high SNRs is obtained. Based on
this approximate orthogonality, the MUSIC and root-MUSIC
methods are modified to gain significant improvement in
nonuniform noise environments.

II. STANDARD SUBSPACE ESTIMATORS

Consider an 𝑀 sensor arbitrarily distributed array receiving
𝑑 (𝑑 < 𝑀) narrowband far-field signals impinging with
unknown DOAs 𝜃1, 𝜃2, ⋅ ⋅ ⋅ , 𝜃𝑑. The 𝑀 × 1 complex snapshot
vector of the 𝑡th array outputs can be modeled as

x(𝑡) = A(𝜃)s(𝑡) + n(𝑡), 𝑡 = 1, ⋅ ⋅ ⋅ , 𝑁 (1)
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where A(𝜃) = [a(𝜃1), ⋅ ⋅ ⋅ ,a(𝜃𝑑)] is the 𝑀 × 𝑑 full column
rank steering matrix with a(𝜃) represents the array’s 𝑀 × 1
complex manifold and 𝜃 = [𝜃1, ⋅ ⋅ ⋅ , 𝜃𝑑]𝑇 denotes the 𝑑 × 1
vector of the unknown DOAs, s(𝑡) is the 𝑑 × 1 vector of
complex signal amplitudes, n(𝑡) is the 𝑀×1 vector of additive
white sensor noise, (⋅)𝑇 stands for the transpose, and 𝑁 is the
number of snapshots. The sensor noise is assumed to be a zero-
mean temporally white Gaussian process with the unknown
diagonal covariance matrix

Q = 𝐸{n(𝑡)n𝐻(𝑡)} = diag{𝜎2
1 , 𝜎

2
2 , ⋅ ⋅ ⋅ , 𝜎2

𝑀}. (2)

(⋅)𝐻 stands for the Hermitian transpose.

Assuming the signals and noise are uncorrelated, the array
covariance matrix is

R = 𝐸{x(𝑡)x𝐻(𝑡)} = APA𝐻 +Q (3)

with P = 𝐸{s(𝑡)s𝐻(𝑡)} is the covariance matrix of the emitter
signals, which is assumed to be full rank 𝑑 (no coherent
signals). Let EVE𝐻 be the eigendecomposition of R, where
V = diag{𝜆1, ⋅ ⋅ ⋅ , 𝜆𝑀} with 𝜆1 ≥ 𝜆2 ≥ ⋅ ⋅ ⋅ ≥ 𝜆𝑀 be
the engivalues of R, and E = [e1, ⋅ ⋅ ⋅ , e𝑀 ] with e𝑖 be the
normalized eigenvector corresponding to 𝜆𝑖. The eigenvectors
are assumed to form an orthonormal basis, i.e., EE𝐻 =
E𝐻E = I.

If the noise is spatially white, that is each sensor has uniform
noise variance 𝜎2 with Q = 𝜎2I, the eigendecomposition of
R has the following form

R = EVE𝐻 = E𝑠V𝑠E
𝐻
𝑠 + 𝜎2E𝑛E

𝐻
𝑛 (4)

where V𝑠 = diag{𝜆1, ⋅ ⋅ ⋅ , 𝜆𝑑}, 𝜆1 ≥ ⋅ ⋅ ⋅ ≥ 𝜆𝑑+1 = ⋅ ⋅ ⋅ =
𝜆𝑀 = 𝜎2, E𝑠 = [e1, ⋅ ⋅ ⋅ , e𝑑] and E𝑛 = [e𝑑+1, ⋅ ⋅ ⋅ , e𝑀 ]. By
exploiting the property that the signal subspace is orthogonal
with the noise subspace, i.e., span{E𝑠} = span{A} ⊥
span{E𝑛}, a class of high-resolution spatial spectrum estima-
tors have been proposed. For example, the MUSIC spectrum
is defined as [3]

𝑓MU(𝜃) = {a𝐻(𝜃)E𝑛E
𝐻
𝑛 a(𝜃)}−1. (5)

The unknown DOAs can be estimated by a one dimensional
maximum search of the spectrum (5).

The MUSIC estimator has been proven to be a large sample
realization of the ML estimation which achieves the CRB for
uncorrelated signals and sufficiently large 𝑁 [15]. However,
when the noise is not spatially white, as modeled in (2), the
orthogonality assumption does not hold again. In this situation,
the conventional subspace algorithms can not be expected to
give good performance. However, if Q is known, the array
outputs can be prewhitened as

x̃(𝑡) = Q−1/2x(𝑡) = Q−1/2A(𝜃)s(𝑡) +Q−1/2n(𝑡). (6)

Then, the covariance matrix of the transformed data has the
eigendecomposition as

R̃ = Q−1/2APA𝐻Q−1/2 + I

= ẼṼẼ𝐻 = Ẽ𝑠Ṽ𝑠Ẽ
𝐻
𝑠 + Ẽ𝑛Ẽ

𝐻
𝑛

(7)

where Ṽ = diag{�̃�1, ⋅ ⋅ ⋅ , �̃�𝑀}, �̃�1 ≥ ⋅ ⋅ ⋅ ≥ �̃�𝑑 > �̃�𝑑+1 =

⋅ ⋅ ⋅ = �̃�𝑀 = 1, Ṽ𝑠 = diag{�̃�1, ⋅ ⋅ ⋅ , �̃�𝑑}, and Ẽ =
[Ẽ𝑠 Ẽ𝑛] with Ẽ𝑠 = [ẽ1, ⋅ ⋅ ⋅ , ẽ𝑑] and Ẽ𝑛 = [ẽ𝑑+1, ⋅ ⋅ ⋅ , ẽ𝑀 ].
In this case, the subspace relationships are span{Ẽ𝑠} =
span{Q−1/2A} ⊥ span{Ẽ𝑛}, and the MUSIC spectrum
becomes

𝑓MU(𝜃) = {a𝐻(𝜃)Q−1/2Ẽ𝑛Ẽ
𝐻
𝑛 Q−1/2a(𝜃)}−1. (8)

In practical applications, the noise parameters may be time-
varying and a signal-free environment to estimate the noise
covariance matrix Q is not always available. In section 4,
we will propose subspace methods which do not require the
information of Q and avoid the prewhitening step (6).

III. MINIMUM VARIANCE ESTIMATOR

The MVDR approach is derived by finding the beamformer
weight vector to pass a plane wave in the incidence direction
with unity gain while minimizing the beam power. The MVDR
spectrum is given by

𝑓MV(𝜃) = {a𝐻(𝜃)R−1a(𝜃)}−1. (9)

which, in the case of uniform noise and with the use of (4),
has an alternative subspace expression

𝑓MV(𝜃) = 𝜎2{a𝐻(𝜃)(𝜎2E𝑠V
−1
𝑠 E𝐻

𝑠 +E𝑛E
𝐻
𝑛 )a(𝜃)}−1. (10)

It is easy to see that the MVDR spectrum approximately
reduce to the MUSIC spectrum (5) at high SNR conditions
since 𝜎2/𝜆𝑖 → 0 for 𝑖 = 1, ⋅ ⋅ ⋅ , 𝑑.

When the noise is not spatially white, the second equality
in (4) and the equality in (10) do not hold again. In this case,
with the use of (7), the MVDR spectrum (9) can be expressed
as

𝑓MV(𝜃) = {a𝐻(𝜃)Q−1/2ẼṼ−1Ẽ𝐻Q−1/2a(𝜃)}−1

= {a𝐻(𝜃)Q−1/2(Ẽ𝑠Ṽ
−1
𝑠 Ẽ𝐻

𝑠 + Ẽ𝑛Ẽ
𝐻
𝑛 )Q−1/2a(𝜃)}−1

(11)

since R−1 =Q−1/2R̃−1Q−1/2 =Q−1/2ẼṼ−1Ẽ𝐻Q−1/2. It
can be observed that the MVDR spectrum (11) approximately
reduce to the MUSIC spectrum (8) at high SNRs, and thus
can be expected to give good performance as its MUSIC
counterpart (8) at high SNRs in nonuniform noise condi-
tions. However, unlike the subspace approaches requiring the
prewhitening step (6), the MVDR approach has a considerable
advantage of avoiding such a process and does not require any
prior information about the actual noise variances.

IV. IMPROVED SUBSPACE ESTIMATORS

In this section, following the preceding analysis, an ap-
proximate orthogonality between the signal subspace and a
tailored eigen-space of R is established for high SNRs under
the nonuniform noise model. Then, the conventional MUSIC
and root-MUSIC algorithms are improved to be capable of
giving good performance in nonuniform noise while avoiding
the prewhitening process (6).

From the eigendecomposition of R and R̃, and with the use
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of R−1 = Q−1/2R̃−1Q−1/2, we have

EV−1E𝐻 = Q−1/2ẼṼ−1Ẽ𝐻Q−1/2

= E𝑠V
−1
𝑠 E𝐻

𝑠 +E𝑛V
−1
𝑛 E𝐻

𝑛

= Q−1/2Ẽ𝑠Ṽ
−1
𝑠 Ẽ𝐻

𝑠 Q−1/2 +Q−1/2Ẽ𝑛Ẽ
𝐻
𝑛 Q−1/2

(12)

where V𝑛 = diag{𝜆𝑑+1, ⋅ ⋅ ⋅ , 𝜆𝑀} contains the 𝑀 − 𝑑
smallest eigenvalues of R. It is worthy to mention that here E𝑠

(and E𝑛, respectively) in general has components in both the
true signal and noise subspaces due to the nonuniform noise.
Under the assumption that the SNR is sufficiently high, we
have E𝑠V

−1
𝑠 E𝐻

𝑠 ≈ 0 and Ẽ𝑠Ṽ
−1
𝑠 Ẽ𝐻

𝑠 ≈ 0 since 𝜆−1
𝑖 ≈ 0 and

�̃�−1
𝑖 ≈ 0 for 𝑖 = 1, ⋅ ⋅ ⋅ , 𝑑, then the following approximations

are obtained

E𝑛V
−1
𝑛 E𝐻

𝑛 ≈ Q−1/2Ẽ𝑛Ẽ
𝐻
𝑛 Q−1/2 (13)

and

A𝐻E𝑛V
−1
𝑛 E𝐻

𝑛 A ≈ A𝐻Q−1/2Ẽ𝑛Ẽ
𝐻
𝑛 Q−1/2A = 0 (14)

since span{Q−1/2A} ⊥ span{Ẽ𝑛}. Equation (14) implies
that span{A} is approximately orthogonal with E𝑛V

−1/2
𝑛 ,

which is the basis of the proposed subspace methods.

Although the approximation is proposed for high SNR
conditions, it will be shown by simulations later that the
introduced methods also perform adequately well in relatively
low SNRs. With the use of (14), we propose the following
modified MUSIC spectrum

𝑓 ′
MU(𝜃) = {a𝐻(𝜃)E𝑛V

−1
𝑛 E𝐻

𝑛 a(𝜃)}−1. (15)

For the particular case of a uniform linear array (ULA), the
root-MUSIC [16] method, a variation of MUSIC, is prevalent
due to its computational efficiency. The array response of a
ULA can be written as

a(𝜃) = a𝑝(𝑧) = [1 𝑧−1 ⋅ ⋅ ⋅ 𝑧−(𝑀−1)]𝑇 (16)

where 𝑧 = 𝑒𝑗2𝜋Δsin(𝜃) with Δ be the array element separation
in wavelengths. Then, the term a𝐻(𝜃)E𝑛V

−1
𝑛 E𝐻

𝑛 a(𝜃) in (16)
can be written as a polynomial in 𝑧 of order 2𝑀 − 2 as

𝑃root−MU(𝑧) = a𝑇 (𝑧−1)E𝑛V
−1
𝑛 E𝐻

𝑛 a𝑝(𝑧). (17)

since 𝑧𝐻 = 𝑧−1. Then, among the 2𝑀 − 2 roots of the
polynomial (17), the 𝑑 roots with modulus nearest to unity are
selected to be the estimates of the values of 𝑧 corresponding
to the true DOAs.

It is easy to see that, in uniform noise, the proposed MUSIC
(15) and root-MUSIC (17) estimators degenerate to the con-
ventional MUSIC and root-MUSIC estimators, respectively,
since V𝑛 (contains the 𝑀 −𝑑 smallest eigenvalues of R) is a
scaled identity matrix in this case, i.e., V𝑛 = 𝜎2I. However, in
nonuniform noise, the two proposed methods employ V𝑛 (has
non-identical diagonal elements) to weight the noise subspace,
which improves their performance since as indicated by (14)
that span{A} is approximately orthogonal with E𝑛V

−1/2
𝑛 in

this case. In practice, E𝑛 and V𝑛 are obtained form the engen-

decomposition of the sample covariance matrix

R̂ =
1

𝑁

𝑁∑
𝑡=1

x(𝑡)x𝐻(𝑡). (18)

V. SIMULATIONS

A ULA of eight omni-directional sensors with interelement
spacing of a half-wavelength is considered. The true DOAs of
two equally powered narrowband sources are 𝜃1 = −7∘ and
𝜃2 = 7∘ relative to the array broadside. Mutually independent
zero-mean white Gaussian noise is added to each channel to
adjust the noise variances to be

Q = 𝜎2diag{1, 10, 1, 4, 7, 8, 1, 16}. (19)

The SNR of the first sensor is denoted by SNR1 = 𝜎2
𝑠/𝜎

2,
where 𝜎2

𝑠 is the signal variance. The performance is inves-
tigated in terms of the RMSE over 500 Monte Carlo runs.
The MVDR, MUSIC and proposed MUSIC approaches are
implemented by a coarse search of 1∘ step size in the range
of (−90∘ ∼ 90∘) followed by a fine search around the angle
estimated in the coarse search.

Fig. 1 plots ten typical spectrum estimates of the MUSIC,
proposed MUSIC and MVDR approaches with 𝑁 = 2000
snapshots. In the first condition of SNR1 = 0 dB with
𝜃1 = −7∘ and 𝜃2 = 7∘, the MUSIC algorithm fails to resolve
the two DOAs. However, the MVDR and proposed MUSIC
spectra always have two distinct peaks, which demonstrates
their better resolution than MUSIC. In the second condition
with a higher SNR, SNR1 = 10 dB, the two DOAs are set
to be closer with 𝜃1 = −3.5∘ and 𝜃2 = 3.5∘. In this case,
only the proposed MUSIC method is able to distinguish the
two sources, which demonstrates its better resolution than the
MUSIC and MVDR methods.

Fig. 2 shows the RMSE of the compared methods for
varying SNR1. The analytical performance of MVDR [17] and
the CRB are also plotted. It is obvious that the two proposed
methods have apparent lower RMSE than their MUSIC and
root-MUSIC counterparts in the whole SNR range. Mean-
while, the RMSE of the two proposed methods approach the
CRB at relatively high SNRs (e.g., SNR1 > 10 dB). Moreover,
similar to the relationship between root-MUSIC and MUSIC,
the improved root-MUSIC method performs better than the
improved MUSIC method at relatively low SNRs. This is
reasonable since the RMSE threshold of root-MUSIC, which
is due to the choosing of a spurious root of the polynomial,
appears at much lower SNR than the threshold of MUSIC,
which is due to the loss-of-resolution effect.

The effect of the data size 𝑁 is examined in Fig. 3 for SNR1
= 20 dB. We can observe that the two proposed estimators,
together with the MVDR estimator, obviously perform better
than the MUSIC and root-MUSIC estimators when 𝑁 > 100.
Furthermore, their RMSE closely approach the CRB when the
number of snapshots is sufficient large (i.e., 𝑁 > 1000).

VI. CONCLUSION

In the case of unknown nonuniform noise, the traditional
subspace methods (e.g., MUSIC and root-MUSIC) become
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Fig. 1. Ten typical spectrum estimates in nonuniform noise, (a) 𝜃1 = −7∘,
𝜃2 = 7∘ and SNR1 = 0 dB, (b) 𝜃1 = −3.5∘, 𝜃2 = 3.5∘ and SNR1 = 10
dB.

0 5 10 15 20 25 30

10
−2

10
−1

10
0

10
1

10
2

SNR1 (dB)

R
M

S
E

 (
de

gr
ee

s)

 

 
MUSIC
root−MUSIC
modified MUSIC
modified root−MUSIC
MVDR
CRB

Fig. 2. RMSE versus SNR1 in nonuniform noise with 𝑁 = 2000.
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Fig. 3. RMSE for varying 𝑁 in nonuniform noise with SNR1 = 20 dB.

poor. In this paper, we show that the MUSIC and root-MUSIC
methods can be modified to gain significant improvement in
nonuniform noise fields. This kind of modification is also
applicable to other subspace algorithms. More importantly,
the modified MUSIC and root-MUSIC do not require any a
prior information about the actual variances of the nonuniform
noise. The proposed modification fundamentally enhances the

applicability of the subspace DOA estimation methods in
practical applications.

REFERENCES

[1] H. Krim, M. Viberg, “Two decades of array signal processing research:
The parametric approach,” IEEE Signal Process. Mag., vol. 13, no. 4,
pp. 67–94, 1996.

[2] F. Wen, Q. Wan, R. Fan, H. Wei, “Improved MUSIC algorithm for
multiple noncoherent subarrays,” IEEE Signal Processing Letters, vol.
21, no. 5, pp. 527–530, 2014.

[3] R.O. Schmidt, “Multiple emitter location and signal parameter estima-
tion,” IEEE Trans. Antennas Propagat., vol. AP-34, pp. 276–280, Mar.
1986.

[4] R. Roy, A. Paulraj, T. Kailath, “ESPRIT-A subspace rotation approach
to estimation of parameters of cisoids in noise,” IEEE Trans. Acoust
Speech Signal Processing, ASSP-34(4), pp. 1340–1342, 1986.

[5] B. Friedlander and A. J. Weiss, “Direction finding using noise covariance
modeling,” IEEE Trans. Signal Processing, vol. 43, pp. 1557–1567, July
1995.

[6] A. Paulraj and T. Kailath, “Eigenstructure method for direction of arrival
estimation in the presence of unknown noise fields,” IEEE Transactions
on Acoustics, Speech, and Signal Processing, vol. ASSP-34, no. 1, pp.
13–20, Jan. 1986.

[7] S. Prasad and R.T. Williams, “A transform-based covariance differencing
approach for some classes of parameter estimation problems,” IEEE
Transactions on Acoustics, Speech, and Signal Processing, vol. 36, no.
5, pp. 631–641, May 1988.

[8] R. Rajagopal and P.R. Rao, “Generalised algorithm for DOA estimation
in a passive sonar,” IEE Proceedings-F, vol. 140, no. 1, pp. 12–20, Jan.
1993.

[9] A. Moghaddamjoo, “Transform-based covariance differencing approach
to the array with spatially nonstationary noise,” IEEE Transactions on
Signal Processing, vol. 39, no. 1, pp. 219–221, Jan. 1991.

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

[11] B. Goransson and B. Ottersten, “Direction estimation in partially un-
known noise fields,” IEEE Transactions on Signal Processing, vol. 45,
no. 9, pp. 2375–2384, Sept. 1999.

[12] C.E. Chen, F. Lorenzelli, R.E. Hudson, K. Yao, “Stochastic Maximum-
Likelihood DOA Estimation in the Presence of Unknown Nonuniform
Noise,” IEEE Transactions on Signal Processing, vol. 56, no. 7, pp.
3038–3044, Jul. 2008.

[13] M. Viberg, P. Stoica, B. Ottersten, “Array processing in correlated noise
based on instrumental variables and subspace fitting,” IEEE Transactions
on Signal Processing, vol. 43, pp. 1187–1199, 1995.

[14] P. Palanisamy, N. Kalyanasundaram, A. Raghunandan, “A new DOA
estimation algorithm for wideband signals in the presence of unknown
spatially correlated noise,” Signal Processing, vol. 89, pp. 1921–1931,
2009.

[15] P. Stoica and A. Nehorai, “MUSIC, maximum likelihood, and Cramer-
Rao bound,” IEEE Transactions on Acoustics, Speech, and Signal
Processing, vol. 37, no. 5, 720–741, May 1989.

[16] B.D. Rao and K. Hari, “Performance analysis of root-MUSIC,” IEEE
Transactions on Acoustics, Speech, and Signal Processing, vol. 37,
1239–1249, Dec. 1989.

[17] C. Vaidyanathan and K.M. Buckley, “Performance analysis of the
MVDR spectrum estimator,” IEEE Trans. Signal Processing, vol. 44,
no. 6, pp. 1427–1437, June 1995.

[18] F. Wen, Q. Wan, H. Wei, F. Rong, “Robust capon beamforming exploit-
ing the second-order noncircularity of signals,” Signal Processing, 102:
100–111, 2014.

[19] F. Wen, Q. Wan, G. He, P. Zhang, “Wideband direction of arrival esti-
mation with linear array, analysis and closed-form formulae,” Chinese
Journal of Electronics, 22(4): 779–783, 2013.

[20] F. Wen, Q. Wan, L. Y. Luo, “Time-difference-of-arrival estimation for
noncircular signals using information theory,” International Journal of
Electronics and Communications, 67(3): 242C245, March 2013.

[21] F. Wen, Q. Wan, “Maximum likelihood and signal-selective TDOA
estimation for noncircular signals,” Journal of Communications and
Networks, 15(3): 245-251, June 2013.

233



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

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

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


