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Abstract: Cooperative spectrum sensing (CSS) in cognitive radio (CR) networks plays a crucial role in enhancing spectrum effi-
ciency and overall network functionality. The CSS technique involves aggregating sampled data from geographically distributed
CR users, which is then transmitted to a central fusion center (FC) via wireless communication. However, the diverse distances of
CR users from the FC result in varying rates. Given the real-time demands of spectrum sensing tasks, it may be impractical for all
CR users to complete their data transmissions in time for the final decision-making process. Consequently, the data collected at
the FC is often monotonically incomplete, i.e., once a data sample from a user is missing, subsequent samples from that user are
also absent. In this paper, we introduce a robust detector for CSS designed to handle monotonically incomplete data. This detec-
tor initially estimates the covariance matrix of the incomplete data and subsequently applies a classical covariance matrix-based
method to detect the presence of the primary signal. We derive a closed-form solution for the corresponding maximum likelihood
estimation problem, significantly enhancing the computational efficiency of the detector. Through numerical experiments, we
demonstrate the computational efficiency and robustness of our proposed CSS detector.
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1 Introduction

Integrated communication and control in modern wireless

networks is crucial for enhancing system efficiency and en-

suring robust performance. In particular, the emergence of

6G technologies presents unprecedented opportunities for

seamless integration between communication and control

frameworks. Traditional control systems and wireless com-

munication networks have been developed independently,

leading to inefficiencies in real-time applications. By lever-

aging 6G capabilities such as ultra-reliable low-latency com-

munication and massive connectivity, new integrated designs

can significantly improve control system responsiveness and

robustness [1]. These advancements enable real-time data

exchange, fostering higher levels of automation and intelli-

gent decision-making in various domains [2].

A fundamental challenge in integrated communication

and control is ensuring reliable data transmission, especially

in complex wireless environments. Incomplete data can sig-

nificantly degrade control system performance, leading to

instability or suboptimal decisions [3]. Two widely used ap-

proaches for handling missing data in such systems are dele-

tion and imputation [4, 5]. While deletion removes incom-

plete observations, imputation estimates missing values to
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restore the dataset. However, both methods have limitations:

deletion may discard critical information, whereas poor im-

putation can introduce bias, affecting control accuracy.

Recent research has focused on developing robust estima-

tion techniques to handle incomplete data. For instance, ro-

bust detectors utilizing expectation-maximization (EM) al-

gorithms have been proposed for processing missing obser-

vations [6,7]. These methods estimate the covariance matrix

of available data and apply detection algorithms accordingly.

However, EM-based approaches often suffer from high com-

putational complexity, particularly due to matrix inversion

operations, which hinder their real-time applicability [8].

While missing data is often assumed to be random [9],

structured missing patterns such as monotonically missing

data can frequently occur in 6G-based control systems [10].

For example, in time-sensitive applications, delays in sensor-

to-controller transmissions may cause sequential data loss,

resulting in a monotonically missing pattern at the fusion

center. Figure 1 illustrates the difference between random

and monotonic missing patterns. Similar structured miss-

ing data scenarios are also observed in financial applications,

where specific missing structures have been exploited to im-

prove computational efficiency [11].

This paper introduces a CSS approach specifically engi-

neered to handle monotonically incomplete data [12], aim-

ing to construct a robust detector that effectively manages

such challenges. The contributions of this paper are outlined

as follows:

Proceedings of the 44th Chinese Control Conference

July 28-30, 2025, Chongqing, China

3753
Authorized licensed use limited to: The Chinese University of Hong Kong CUHK(Shenzhen). Downloaded on October 22,2025 at 02:25:06 UTC from IEEE Xplore.  Restrictions apply. 



g
�
��
�
��
�	


�
��


��������	
���

g

�
��
�
��
�	


�
��


��������	
���

��
���������
� ��
���
��������
�

Fig. 1: An illustration of random versus monotonic missing

patterns, where gray blocks indicate missing components.

• We develop a robust detector designed specifically for
monotonically incomplete data. The detector first esti-

mates the covariance matrix using the incomplete data

and then employs a classical covariance matrix-based

method to detect the presence of the primary signal.

• We present a closed-form solution for the associated

maximum likelihood estimation problem.

• Numerical experiments are conducted to demonstrate
both the computational efficiency and the robustness of

our proposed detector in handling monotonically miss-

ing data.

The remainder of this paper is structured as follows. Sec-

tion 2 introduces the problem formulation, focusing on inte-

grated communication and control under structured missing

data. Section 3 details our proposed estimation and detec-

tion framework. Section 4 presents numerical experiments,

followed by conclusions in Section 5.

2 Problem Formulation

Consider a scenario in which a CR network system com-

prises p > 1 CR nodes. The signals transmitted by the pri-
mary user and received by the CR nodes are denoted and

organized into a matrix S ∈ Cn×p, where n represents the
total number of consecutive time slots. The received signal

matrix X ∈ C
n×p includes noise and potentially the pri-

mary user’s signal S. The spectrum sensing task is framed

as a binary hypothesis testing problem, aiming to distinguish

betweenH0 : X = V andH1 : X = S+V. The noise com-
ponent V is generally assumed to be independent and iden-

tically distributed (i.i.d.) zero-mean circular complex Gaus-

sian (CCG) and uncorrelated, while correlation typically ex-

ists within the primary user’s signal S. Denoting Σ as the

covariance matrix of the received signal, then the hypothesis

testing problem can be reformulated as [13]

H0 : Σ is diagonal, H1 : Σ is not diagonal. (1)

Typically, the existing CSS approach involves two steps: the

first stage obtains the estimated covariance matrix Σ̂ from

the observed dataX, and the second stage performs the CSS
detection from Σ̂ utilizing classical methods such as covari-
ance absolute value (CAV) detectors [14].

In this paper, we are interested in the scenario where the

complete data X is unavailable, and only a partially ob-

served, monotonically incomplete Xo is available. In such

case, obtaining the estimated Σ̂ becomes challenging. More-
over , the maximum likelihood estimation (MLE) problem

for obtaining Σ̂ is formulated in [15] as follows:

min
Σ�0

� (Σ|Xo) =
n∑
i=1

(
log det(Σi,oo) + xHi,oΣ

−1
i,ooxi,o

)
,

(2)

where �(Σ|Xo) is the negative log-likelihood of Σ given

Xo, ignoring some irrelevant constant terms. In (2), with

xi,o ∈ Cpi (pi being the number of observed entries at time
index i) is a vector collecting the observed data elements in
xi, and Σi,oo ∈ Spi+ is the sub-matrix of Σ representing the
covariance matrix of xi,o, where S

pi
+ is the set of all pi × pi

symmetric positive semidefinite matrices.

The EM algorithm has been employed to solve problem

(2) by converting it into a sequence of tractable surrogate

problems via the expectation step and then solving these sur-

rogate problems [16]. However, this algorithm might not be

very efficient due to the potential slow convergence of the

EM algorithm [17] and the significant computational cost in-

curred in each expectation step, which involves n executions
of matrix inversion operations. In the subsequent section, we

delve into the development of a robust detector designed to

efficiently handle monotonically incomplete data, aiming at

overcoming the computational burdens imposed by the EM

algorithm and ensure effective signal detection.

3 The Efficient and Robust Detector

In this section, we first derive a closed-form solution for

problem (2) and then detail the application of the obtained

covariance matrix estimator for conducting detection.

3.1 A Closed-Form Solution to Problem (2)
Denote ni as the number of observed samples from the i-

th variable, i.e., the samples collected at i-th CR node. With-
out loss of generality, we assume that the variables in Xo

are initially sorted such that n1 > n2 > · · · > np. If Xo

does not meet this criterion, we can simply sort its columns

to facilitate covariance matrix estimation and subsequently

restore the original order to the estimator.

We can obtain the optimal solution to problem (2) as out-

lined in the following Lemma.

Lemma 1. Let Lj(Lj)H represents the lower triangular
Cholesky decomposition of Rj =

∑nj

i=1

(
xi,(j)

) (
xi,(j)

)H
,

where xi,(j) comprises the first j components of xi, and xi
is a column vector transformed from the i-th row of matrix
X.Furthermore, let H ∈ Cp×p be an upper triangular ma-
trix, where the first j entries of the j-th column vector, de-

noted by hj , are defined as hj = (Lj)
−T

(
0, . . . , 0, n

1
2
j

)T
.

Then the optimal solution to problem (2) is given by:

Σ� =
(
HHH

)−1
. (3)

Proof. Using the standard Cholesky decomposition, the ma-
trix Σ can be expressed as Σ = UHU, whereU ∈ Cp×p is
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an upper triangular matrix. Taking the inverse on both sides

of Σ = UHU, the inverse of Σ is given by:

Σ−1 = HHH , (4)

where H = U−1 is also an upper triangular matrix. Simi-
larly, the inverse of any principal submatrix Σ(j) of Σ can

be decomposed as:

(Σ(j))
−1 = H(j)(H(j))

H , (5)

whereH(j) is the upper left j×j submatrix ofH. Using this
decomposition, we can reparameterize the objective function

in problem (2) as:

� (Σ|Xo) =

p∑
j=1

(h∗j )
HRjh

∗
j − 2

p∑
j=1

nj log
(
h∗j,j

)
, (6)

where hj ∈ C
j represents the vector of the first j compo-

nents of the j-th column of H. h∗j represent the conjugate
forms of hj respectively and h

∗
j,j represent the conjugate

forms of hj,j . The detailed derivation of this formulation
is omitted due to page limitations.

To derive the optimal values of hj , we first calculate the
derivative of (6) with respect to hj and set it to zero:

∂� (Σ|Xo)

∂h∗j
= 2Rjh

∗
j − 2nj

(
0, . . . ,

1

h∗j,j

)T

= 0. (7)

Solving this equation gives:

hj = (Lj)
−T

(
0, . . . , 0, n

1
2
j

)T
, (8)

thereby completing the proof of Lemma 1.

3.2 The Robust CSS Detector
After obtaining Σ̂ from Xo as outlined in Lemma 1

, we establish the detection process using classical meth-

ods. These methods generally rely on the dispersion of the

eigenspectrum to detect the presence of the primary sig-

nal. Specifically, the test statistic ξ is calculated from Σ̂.
If ξ ≥ γ, the presence of the primary signal is indicated;
otherwise, the signal is deemed absent. Here, γ represents
a threshold set to achieve the desired probability of a false

alarm.

In more detail, let {λi}pi=1 be the eigenvalues of Σ̂. The
eigenvalue arithmetic-to-geometric mean (AGM) detector

[18] computes the statistic as the ratio of the arithmetic mean

to the geometric mean of the eigenvalues. Other methods,

such as the maximum-minimum eigenvalue (MME) detec-

tor [19], and the covariance absolute value (CAV) detec-

tor [20], are similarly employed. The statistics are calculated

as follows:

ξAGM =

1
p

∑p
i=1 λi

(Πp
i=1λ)1/p

, (9)

ξMME =
maxi λi
mini λi

, (10)

ξCAV =

∑p
i=1

∑p
j=1

∣∣∣Σ̂ij

∣∣∣∑p
i=1

∣∣∣Σ̂ii

∣∣∣ . (11)

These statistical measures are used to determine the pres-

ence of the primary signal based on the characteristics of the

estimated covariance matrix.

4 Simulation Results

In this section, we conduct numerical experiments to

demonstrate the correctness and efficiency of our proposed

closed-form solution to problem (2), followed by an evalua-

tion of our proposed robust CSS detector applied to mono-

tonically incomplete data.

The simulations are set in an environment with eight dis-

tributed CR users (i.e., p = 8), aiming to detect a primary
signal transmitting quadrature phase shift keying (QPSK)

modulated signals at a baud rate of 20 kHz. The receivers

operate at a sampling rate of 100 kHz. The noise power at

the CR users, denoted by σ̂2i (i = 1, . . . , p), is uniformly
distributed within an interval of [-1,1] dB. Each simulation

uses N = 500 consecutive samples, approximately 5 mil-
liseconds. We manually set the monotonically missing per-

centages from 70% to 0% for the 1st to the 8th CR node,

respectively. The thresholds for each detection method are

determined from the empirical test statistics of 10,000 pure

noise data realizations, aiming for a false alarm probability

PFA of 1%. The detection probability is assessed over 1,000
realizations.

4.1 Solving Problem (2)
We first verify the correctness and demonstrate the effi-

ciency of our closed-form solution. Fig. 2 illustrates the final

result and convergence of objectives in problem (2) relative

to the CPU time for both the EM algorithm (for generally

randomly missing patterns) and our solution. Our solution

can achieve the same final objective in closed form as the

EM algorithm but requires significantly less time, even less

than the time required for one iteration by the EM algorithm.
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Fig. 2: Comparison of our derived closed-form solution for

problem (2) with the EM algorithm applied to monotonically

incomplete data.

4.2 Robustness to Monotonically Incomplete Data
We extend our investigation to analyze the detection prob-

ability PD across a spectrum of false alarm probabilities

PFA. Fig. 3 presents a comparative analysis of the classical
AGM, MME, and CAV detectors. The performance evalu-

ation incorporates both the conventional sample covariance
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Fig. 3: PD versus PFA by several detection methods at SNR
= -12 dB.

matrix S (after excluding samples with missing components)
and the estimated Σ̂ obtained through our proposed closed-
form solution. Remarkably, all detectors exhibit enhanced

performance metrics when utilizing Σ̂ derived from datasets
with monotonically incomplete data. This improvement un-

derscores the superior adaptability and effectiveness of our

proposed methodology in managing and compensating for

data irregularities, thereby affirming its robustness and po-

tential applicability in real-world scenarios where data in-

completeness is prevalent.

5 Conclusion

In this paper, we have presented an efficient and robust

cooperative spectrum sensing approach tailored for mono-

tonically incomplete data. Our method involves initially es-

timating the covariance matrix using the incomplete data,

followed by employing a classical covariance matrix-based

technique to detect the presence of the primary signal. We

have derived a closed-form solution that allows for direct

covariance matrix estimation without iterations. Extensive

simulations have demonstrated the computational efficiency

and robustness of our proposed detection method. These re-

sults validate the efficacy of our approach and underscore

its potential for practical implementation in cognitive radio

systems.
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[8] F. Saâdaoui, “Acceleration of the EM algorithm via extrap-

olation methods: Review, comparison and new methods,”

Computational Statistics & Data Analysis, vol. 54, no. 3, pp.
750–766, 2010.

[9] R. J. Little, “A class of pattern-mixture models for normal

incomplete data,” Biometrika, vol. 81, no. 3, pp. 471–483,
1994.

[10] J. Liu and D. P. Palomar, “Robust estimation of mean and co-

variance matrix for incomplete data in financial applications,”

in 2017 IEEE Global Conference on Signal and Information
Processing (GlobalSIP), 2017, pp. 908–912.

[11] ——, “Regularized robust estimation of mean and covariance

matrix for incomplete data,” Signal Processing, vol. 165, pp.
278–291, 2019.

[12] A. Yagi and T. Seo, “Tests for normal mean vectors with

monotone incomplete data,” American Journal of Mathemati-
cal and Management Sciences, vol. 36, no. 1, pp. 1–20, 2017.

[13] R. Zhang, T. J. Lim, Y.-C. Liang, and Y. Zeng, “Multi-

antenna based spectrum sensing for cognitive radios: A

GLRT approach,” IEEE Transactions on Communications,
vol. 58, no. 1, pp. 84–88, 2010.

[14] L. Claudino and T. Abrao, “Spectrum sensing methods for

cognitive radio networks: A review,”Wireless Personal Com-
munications, vol. 95, pp. 5003–5037, 2017.

[15] C. Liu and D. B. Rubin, “ML estimation of the t distribution
using EM and its extensions, ECM and ECME,” Statistica
Sinica, pp. 19–39, 1995.

[16] S. K. Ng, T. Krishnan, and G. J. McLachlan, “The EM Algo-

rithm,” Handbook of Computational Statistics: Concepts and
Methods, pp. 139–172, 2012.

[17] M. Kuroda and M. Sakakihara, “Accelerating the conver-

gence of the EM algorithm using the vector ε algorithm,”
Computational Statistics & Data Analysis, vol. 51, no. 3, pp.
1549–1561, 2006.

[18] W. Zhao, H. Li, M. Jin, Y. Liu, and S.-J. Yoo, “Eigenvalues-

based universal spectrum sensing algorithm in cognitive radio

networks,” IEEE Systems Journal, vol. 15, no. 3, pp. 3391–
3402, 2021.

[19] Y. Zeng and Y.-C. Liang, “Eigenvalue-based spectrum sens-

ing algorithms for cognitive radio,” IEEE Transactions on
Communications, vol. 57, no. 6, pp. 1784–1793, 2009.

[20] F. Y. Ilgin, “Threshold optimisation with Bayesian approach

in covariance absolute value detection method,” International
Journal of Electronics, vol. 109, no. 10, pp. 1680–1694,
2022.

3756
Authorized licensed use limited to: The Chinese University of Hong Kong CUHK(Shenzhen). Downloaded on October 22,2025 at 02:25:06 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.7
  /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 false
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 0.76
    /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 200
  /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 0.76
    /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 400
  /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 "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


