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Introduction to the Special Issue on Tensor
Decomposition for Signal Processing and

Machine Learning

T ENSOR decomposition, also called tensor factorization, is
useful for representing and analyzing multi-dimensional

data. Tensor decompositions have been applied in signal pro-
cessing applications (speech, acoustics, communications, radar,
biomedicine), machine learning (clustering, dimensionality re-
duction, latent factor models, subspace learning), and well be-
yond. These tools aid in learning a variety of models, including
community models, probabilistic context-free-grammars, Gaus-
sian mixture model, and two-layer neural networks.

Although considerable research has been carried out in this
area, there are many challenges still outstanding that need to be
explored and addressed; some examples being tensor deflation,
massive tensor decompositions, and high computational cost of
algorithms. The multi-dimensional nature of the signals and
even “bigger” data, particularly in next-generation advanced
information and communication technology systems, provide
good opportunities to exploit tensor-based models and tensor
networks, with the aim of meeting the strong requirements on
system flexibility, convergence, and efficiency.

This special issue (SI) covers a broad array of research on
tensor methods, tensor decompositions for signal processing and
machine learning, and their applications in wireless communica-
tions, radar, biomedicine, and advanced video systems, to name
a few.

The issue begins with an overview article by Chen et al.,
which provides a broad overview of tensor analysis in wireless
communications and multiple-input multiple-output (MIMO)
radar. More specifically, this paper covers topics including basic
tensor operations, common tensor decompositions via canonical
polyadic and Tucker factorization models, wireless commu-
nications applications ranging from blind symbol recovery to
channel parameter estimation, and transmit beamspace design
and target parameter estimation in MIMO radar.

Sedighin et al. devise a tensor ring (TR) decomposition al-
gorithm, especially for tensors with inexact tensor train or TR
structures, such that the TR ranks are adaptively adjusted to
achieve near-optimal compression. Numerical results demon-
strate that the proposed approach involves a much lower storage
cost than existing TR decomposition algorithms.

Rontogiannis et al. develop some interesting new results on
block-term decomposition (BTD) tensor model. BTD model is
especially useful for representing data that are composed of
blocks of rank higher than one. A new practically useful result
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by the authors here is the development of a method of BTD
model selection and computation. It imposes column sparsity
jointly on the factors and in a hierarchical manner and estimates
the ranks as the numbers of factor columns of non-negligible
magnitude. The details of the algorithm development also have
some interesting turns off that can be checked in the paper.

Aidini et al. propose a tensor decomposition learning method
for high dimensional signal compression, which learns an ap-
propriate basis for each dimension from a set of training samples
via constrained optimization. An end-to-end compression algo-
rithm is also presented that includes quantization and encoding,
facilitating its direct application in real-world problems.

An inexact generalized Gauss-Newton (GNN) method is de-
veloped by Vandecappelle et al. to fit the canonical polyadic
decomposition of a tensor for non-least-squares entry-wise cost
functions. By exploiting the multilinear structure of the Hes-
sian approximation, considerable speedup is achieved, and the
inexact GNN algorithm scales much better than the exact GGN
and other conventional methods without compromising fast
convergence.

Schenker et al. introduce a general algorithmic framework to
solve constrained linearly coupled matrix-tensor factorization
problems by utilizing alternating optimization and alternating
direction method of multipliers. In particular, a large variety of
constraints, regularizations, coupling structures and loss func-
tions can be handled in a plug-and-play fashion.

Wang et al. generalize the �L-Tubal Nuclear Norm to the
�L Spectral k-Support Norm as a new low-rank regularizer,
which serves as the basis for two proposed estimators for tensor
recovery from noisy linear observations. Statistical performance
of the proposed method is analyzed. An efficient algorithm
based on the proximal operator is devised for computing the
estimators.

A tensor method called PREMA is proposed by Almutairi
et al. to leverage low-rank tensor factorization tools for recon-
structing finer-scale data from multiple coarse views, aggre-
gated over different subsets of dimensions. PREMA can tackle
challenging scenarios, such as partially observed data and blind
disaggregation without knowledge of the aggregation patterns,
via a variant of PREMA called B-PREMA.

Tichavsky et al. propose novel algorithms for structured or
constrained Tucker tensor decomposition and their application in
block term decomposition, tensor chain modeling, classification
of handwritten digits, and the compression of convolutional
layers in neural networks.
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Yildirim et al. introduce a dynamic generative model, the
Bayesian allocation model (BAM), for modeling count data.
BAM covers various probabilistic nonnegative tensor factoriza-
tion (NTF) and topic models under one general framework.
A novel sequential Monte Carlo algorithm is developed for
marginal likelihood estimation in BAM. The developed algo-
rithm enables unified model scoring and estimation methods
for discrete variable Bayesian networks with hidden nodes,
including various NTF and topic models.

Lian et al. address the fundamental problem of tensor con-
traction that eliminates the sharing orders among tensors and
produces a compact sub-network. With the objective of min-
imizing storage and computational costs while searching the
optimal contraction sequence, a new data structure efficient for
accelerating the search of the optimal sequence is introduced,
and then is combined with a new pruning method for reducing the
search space, and multi-thread optimization to further improve
the execution performance.

Chachlakis et al. propose a novel framework for streaming
and dynamic Tucker tensor decomposition, based on maximum
L1-norm projection. The proposed method has the ability to both
adapt to data subspace changes and detect/reject outliers in an
online fashion. The outlier-robustness, computational efficiency,
and adaptivity of the proposed method are demonstrated on real-
world datasets.

Sun et al. devise two coupled or joint tensor decomposition
algorithms for deep convolutional neural network compression
by exploring the joint information implied in the network struc-
ture. Numerical results demonstrate that the proposed approach
can achieve better compression results of deep neural networks
under similar performance comparing to existing tensor decom-
position based methods.

Kolbeinsson et al. present tensor dropout, a randomization
technique that can be applied to tensor factorizations, such as
those parametrizing tensor layers in neural networks. When
applied to those tensor layers, tensor dropout significantly im-
proves the robustness and generalization of the network. Empir-
ical experiments on large scale MRI and image-based prediction
show that tensor dropout leads to superior performance and
improved robustness against random and adversarial noise.

Tsai et al. devise a tensor-based reinforcement learning to
solve the network routing and flow scheduling problem. Ap-
plying the Tucker decomposition into Q-learning not only can
improve the learning quality of each episode but also lower
the sample complexity. The simulation results demonstrate that
the proposed approach can achieve more stable results with
less convergence time than traditional routing approach and
conventional reinforcement learning techniques and comparable
results to deep Q-learning.

Ding et al. suggest modeling spectral images as tensors fol-
lowing the block-term decomposition framework with multi-
linear rank-(Lr, Lr, 1) terms, referred to as LL1 model, and
formulate hyperspectral super-resolution as a coupled LL1 ten-
sor decomposition problem. The super-resolution image recov-
erability of the proposed approach is guaranteed under mild
conditions.

Weitzner and Giryes present a separable approach to blind
deconvolution and demixing via convex optimization. The pro-
posed formulation allows separation into smaller optimization
problems, which significantly improves complexity. Recovery
guarantees are provided which comply with those of the original
non-separable problem, and performance is demonstrated under
several normalization constraints.

From the perspective of exploiting the fifth-order tensor rep-
resentation of light field image (LFI) and its distortion char-
acteristics included in the spatial and angular dimensions of
LFI, Pan et al. propose a method of combining tensor slice and
singular value for blind light field image quality assessment,
which matches well with human subjective opinions.

Hoang et al. provide a new tensor augment method to cast
a low order tensor of color images or videos to a higher or-
der tensor such that the latter captures all correlations and
entanglements between the entries of the former. Complet-
ing such higher tensor helps to achieve high recovery rates
even for high-definition images and videos with 95% missing
pixels.

Borsoi et al. developed a hyperspectral and multispectral
image fusion method based on the Tucker and block term tensor
decompositions to account for inter-image variability. Theoret-
ical guarantees for the recovery of the high-resolution image
were provided, and numerical simulations showed an improved
experimental performance of the method.

Wang et al. propose a Tensor low-rank (TLR) constraint and
an l0 Total Variation (l0TV) model for Hyperspectral Image
denoising that retains more information for subsequent classi-
fication. The number of non-zero gradients is controlled and
spectral-spatial information among all bands is exploited uni-
formly. The Weighted Sum of Weighted Nuclear Norm and the
Weighted Sum of Weighted Tensor Nuclear Norm are incorpo-
rated to propose two TLR-l0TV-based algorithms that provide
superior performance in mixed noise removal, while preserving
sharper image edges.

Hu et al. develop a lightweight 2-D convolutional long
short-term memory (ConvLSTM2D) unit by utilizing tensor-
train decomposition, and propose a lightweight but lossless
tensor attention-driven ConvLSTM neural network, where it
is the first attempt of constructing a tensor attention struc-
ture by combining tensor representation of hyperspectral data
for classification. Experimental results illustrate that the pro-
posed model can effectively reduce trainable parameters and
achieve higher classification accuracies than other competitive
algorithms.

Taguchi et al. applied a tensor decomposition (TD)-based
unsupervised feature extraction approach to a gene expression
profile dataset that is regarded as a suitable model of human
coronavirus infection. The tensor method selected 134 altered
genes, which can represent the coronavirus infectious process.
Drug compounds were then selected targeting the expression of
these genes based on a public domain database. The identified
drug compounds were mainly related to known antiviral drugs,
several of which were also previously identified via in silico
experiments for treating COVID-19.
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Zhang et al. propose a tensor-train deep neural network
(TT-DNN)-based channel estimator. The advantage of the TT-
DNN-based approach is that it allows to tackle challenges of
time-varying channel estimation in MIMO systems. The dis-
tributed block-by-block and antenna-by-antenna implementa-
tions of the TT-DNN-based channel estimation are discussed
with the objective of improving the flexibility and computational
efficiency.

Chou et al. propose a data-driven position-aided approach
to reduce the training overhead in MIMO systems. A signal
tensor is constructed by collecting beam-training measurements
on a subset of positions and beams. Exploiting prior knowledge
of the spatial smoothness and the low-rank property of MIMO
channels, a noisy tensor completion algorithm is proposed for
interpolating/predicting the received power across the whole
coverage area. The value of the paper comes also from the fact
that the proposed tensor completion algorithm is validated by
actual experiments based on the Quadriga channel simulator at
60 GHz millimeter-wave channels.

de Araujo et al. address the use of intelligent reflecting
surfaces in 5G and 6G wireless communication systems. The
reflected signals add coherently at the receiver or destructively
to reduce co-channel interference. To enable receiver design,
accurate channel estimation techniques are required, where a
tensor modeling approach based on supervised (pilot-assisted)
methods is developed, and two specific methods that exploit a
structured time-domain pattern of pilots and reflecting surface
phase shifts are proposed.

Sokal et al. propose also a tensor modeling and decompo-
sition based technique for joint channel, data, and phase-noise
estimation in MIMO-OFDM systems. First it is established that
the received signal in such system at the pilot subcarriers can
be modeled as a third-order PARAFAC tensor. then using this
tensor signal model two algorithms for channel and phase-noise
estimation at the pilot subcarriers are proposed. A zero-forcing
received based on the PARATuck tensor structure of the re-
ceived signal at the data subcarriers is than developed for data
estimation.

Zhang et al. address also the channel estimation problem
in MIMO-OFDM systems in the currently importation hybrid
millimeter wave context. One of the major problem then is the
development of gridless channel estimation methods and it is
addressed in this paper by proposing an algorithm based on the
3D tensor-ESPRIT in DFT beamspace framework.

Cheng and Shi also address the channel estimation
problem, but in the context of multi-user 3D massive MIMO
communications. Indeed, the channel estimation for 3D
massive MIMO communications has been improved very

significantly by exploring the angular channel model and tensor
decomposition. However, the specific problem with channel
estimation in multi-user systems is the coupling among multiple
users channels. To overcome this problem, the authors develop
a new tensor-based channel model and a channel estimation
algorithm based on block coordinate descent is proposed, and
the approach is coined as overfitting avoidance.

Chang et al. develop the sparse signal recovery and denoising
algorithm on tensor systems via modifying the prior distribution
of the interesting parameters in the traditional sparse Bayesian
learning. This modification not only reduces the complexity of
the Kronecker-like linear inverse problem but also enhances
the accuracy of the estimation in some applications, such as
mm-wave MIMO channel estimation with the uniform planar
array.

We conclude this editorial with the hope that this SI is in-
formative and spurs future developments and advancements of
tensor decompositions within the signal processing community
and beyond. Finally, we would like to express our thanks to all
the authors for their contributions to this SI and the reviewers
for their careful assessments and timely responses. We are very
grateful to the Editor-in-Chief, Dr. Lina Karam, and the Pub-
lications Administrator, Mikaela Langdon, for their invaluable
advice and prompt assistance throughout the process of putting
this SI together.

HONGYANG CHEN, Lead Guest Editor
Research Center for Intelligent Network
Zhejiang Lab, China
e-mail: hongyang@zhejianglab.com

SERGIY A. VOROBYOV, Guest Editor
Department of Signal Processing and Acoustics
Aalto University, Finland
e-mail: sergiy.vorobyov@aalto.fi

HING CHEUNG SO, Guest Editor
Department of Electrical Engineering
City University of Hong Kong, Hong Kong
e-mail: hcso@ee.cityu.edu.hk

FAUZIA AHMAD, Guest Editor
Department of Electrical and Computer Engineering
Temple University, USA
e-mail: fauzia.ahmad@temple.edu

FATIH PORIKLI, Guest Editor
Reseach School of Engineering
Australian National University, Australia
e-mail: fatih.porikli@anu.edu.au



436 IEEE JOURNAL OF SELECTED TOPICS IN SIGNAL PROCESSING, VOL. 15, NO. 3, APRIL 2021

Hongyang Chen (Senior Member, IEEE) received the B.S. and M.S. degrees from Southwest
Jiaotong University, Chengdu, China, in 2003 and 2006, respectively, and the Ph.D degree from
The University of Tokyo, Tokyo, Japan, in 2011. From 2004 to 2006, he was a Research Assistant
with the Institute of Computing Technology, Chinese Academy of Science, Beijing, China. In
2009, he was a Visiting Researcher with the UCLA Adaptive Systems Laboratory, University
of California, Los Angeles, CA, USA. From April 2011 to June 2020, he was a Researcher
with Fujitsu Ltd, Tokyo, Japan. He is currently a Principal Investigator and Senior Research
Expert of Zhejiang Lab, Hangzhou, China. He has authored or coauthored 90 referred journal
and conference papers in the ACM Transaction on Sensor Networks, the IEEE TRANSACTION

ON SIGNAL PROCESSING, the IEEE TRANSACTION ON WIRELESS COMMUNICATIONS, the IEEE
MILCOM, the IEEE GlOBECOM, the IEEE ICC and more. He has granted or filled more than 50
PCT patents. His research interests include IoT, data-driven intelligent networking and system,
machine learning, localization and location based big data, B5G, statistical signal processing. He

was the Symposium Chair and Special Session Organizer for some flagship conferences, including the IEEE PIMRC, the IEEE
MILCOM, the IEEE GLOBECOM, and the IEEE ICC. He was the recipient of the Best Paper Award from the IEEE PIMRC’09
conference.

He was the Editor of the IEEE TRANSACTION ON WIRELESS COMMUNICATIONS, and an Associate Editor for the IEEE
COMMUNICATIONS LETTERS. He is the Leading Guest Editor of the IEEE JOURNAL ON SELECTED TOPICS OF SIGNAL PROCESSING

ON TENSOR DECOMPOSITION and an Associate Editor for the IEEE INTERNET OF THINGS JOURNAL. From 2021 to 2022, he is
selected as the Distinguished Lecturer of the IEEE Communication Society.

Sergiy A. Vorobyov (Fellow, IEEE) received the M.Sc. and Ph.D. degrees in systems and control
from the Kharkiv National University of Radio Electronics, Kharkiv, Ukraine, in 1994 and 1997,
respectively. He is currently a Professor with the Department of Signal Processing and Acoustics,
Aalto University, Espoo, Finland. He was previously with the University of Alberta, Edmonton,
AB, Canada, as an Assistant, Associate, and then a Full Professor. Since the graduation degree,
he also held various research and faculty positions with the Kharkiv National University of
Radio Electronics, the Institute of Physical and Chemical Research, Wako, Japan, McMaster
University, Hamilton, ON, Canada, Duisburg-Essen University and Darmstadt University of
Technology, Germany, and the Joint Research Institute between Heriot-Watt University and
Edinburgh University, U.K. His research interests include optimization and multi-linear algebra
methods in signal processing, statistical and array signal processing, sparse signal processing,
estimation and detection theory, sampling theory, and multi-antenna, very large, cooperative, and
cognitive systems.

Dr. Vorobyov was the recipient of the 2004 IEEE Signal Processing Society Best Paper Award, the 2007 Alberta Ingenuity New
Faculty Award, the 2011 Carl Zeiss Award (Germany), the 2012 NSERC Discovery Accelerator Award, and other awards. He
has been a Senior Area Editor for the IEEE SIGNAL PROCESSING LETTERS since 2016. He was an Associate Editor for the IEEE
TRANSACTIONS ON SIGNAL PROCESSING from 2006 to 2010 and the IEEE SIGNAL PROCESSING LETTERS from 2007 to 2009. He was
a member of the Sensor Array and Multi-Channel Signal Processing and Signal Processing for Communications and Networking
Technical Committees of the IEEE Signal Processing Society from 2007 to 2012 and 2010 to 2016, respectively. He was the
Track Chair for Asilomar 2011, Pacific Grove, CA, the Technical Co-Chair for IEEE International Workshop on Computational
Advances in Multi-Sensor Adaptive Processing 2011, Puerto Rico, the Tutorial Chair for International Symposium on Wireless
Communication Systems 2013, Ilmenau, Germany, and the Technical Co-Chair for IEEE Sensor Array and Multichannel Signal
Processing Workshop 2018, Sheffield, U.K.



IEEE JOURNAL OF SELECTED TOPICS IN SIGNAL PROCESSING, VOL. 15, NO. 3, APRIL 2021 437

Hing Cheung So (Fellow, IEEE) was born in Hong Kong. He received the B.Eng. degree
from the City University of Hong Kong and the Ph.D. degree from The Chinese University
of Hong Kong, both in electronic engineering, in 1990 and 1995, respectively. From 1990 to
1991, he was an Electronic Engineer with the Research and Development Division, Everex
Systems Engineering Ltd., Hong Kong. During 1995-1996, he was a Postdoctoral Fellow with The
Chinese University of Hong Kong. From 1996 to 1999, he was a Research Assistant Professor
with the Department of Electronic Engineering, City University of Hong Kong, where he is
currently a Professor. His research interests include statistical signal processing, fast and adaptive
algorithms, signal detection, robust estimation, source localization and sparse approximation. He
has been on the editorial boards of IEEE SIGNAL PROCESSING MAGAZINE from 2014 to 2017,
IEEE TRANSACTIONS ON SIGNAL PROCESSING from 2010 to 2014 Signal Processing in 2010 and
Digital Signal Processing in 2011. In addition, he was an elected member in Signal Processing
Theory and Methods Technical Committee from 2011 to 2016 of the IEEE Signal Processing

Society where he was also Chair in the awards subcommittee from 2015 to 2016.
Fauzia Ahmad (Fellow, IEEE) received the Ph.D. degree in electrical engineering from the
University of Pennsylvania in 1997. She is an Associate Professor with the Department of
Electrical and Computer Engineering, Temple University. Prior to joining Temple University
in 2016, she was a Research Professor and the Director of the Radar Imaging Lab with the Center
for Advanced Communications, Villanova University. She is a Fellow of the International Society
of Optical Engineering (SPIE). She was the recipient of the 2017 IEEE Aerospace and Electronic
Systems Society Harry Rowe Mimno Award, the 2016 Institute of Engineering and Technology
(IET) Premier Award, and the 2014 IEEE Aerospace and Electronic Systems Society M. Barry
Carlton Award. She is the Past Chair of the IEEE Dennis J. Picard Medal for Radar Technologies
and Applications Committee and the 2012–2018 SPIE Compressive Sensing Conferences. She
currently Chairs the SPIE Big Data Conference series and is a member of the Sensor Array
and Multichannel Technical Committee of the IEEE Signal Processing Society, a member of the
Computational Imaging Technical Committee of the IEEE Signal Processing Society, a member

of the Synthetic Aperture Technical Working Group of the IEEE Signal Processing Society, and a member of the Electrical Cluster
of the Franklin Institute Committee on Science and the Arts. She was a member of Radar Systems Panel of the IEEE Aerospace
and Electronic Systems Society from 2014–2020. She also is an Associate Editor of the IEEE TRANSACTIONS ON COMPUTATIONAL

IMAGING and IET Radar, Sonar, & Navigation. She was an Associate Editor of the IEEE TRANSACTIONS ON SIGNAL PROCESSING

from 2014–2018. She has more than 250 publications and eight book chapters in the areas of array and statistical signal processing,
computational imaging, compressive sensing, and machine learning, with applications in radar, ultrasonics, and satellite navigation.

Fatih Porikli (Fellow, IEEE) received the Ph.D. degree from New York University (NYU) in
2002. He is a Professor with the Research School of Engineering, Australian National University
(ANU). He is also the Vice President with Futurewei CBG Device Hardware in San Diego.
He led the Computer Vision Research Group Leader with NICTA, Australia and managed
applied research projects as a Distinguished Research Scientist with Mitsubishi Electric Research
Laboratories, Cambridge. He developed satellite imaging solutions with HRL, Malibu CA, and 3D
display systems at AT&T Research Laboratories, Middletown, NJ. His research interests include
computer vision, deep learning, manifold learning, online learning, and image enhancement
with commercial applications in smartphones, AR/VR, autonomous vehicles, video surveillance,
defense, and medical systems. He was the recipient of the R&D 100 Scientist of the Year Award in
2006, won six best paper awards at scientific events, and recognized with six professional prizes
at his industrial appointments. He has authored more than 300 publications, coedited two books,
and invented 80 US patents. He was the General Chair and Technical Program Chair of the IEEE

Winter Conference on Applications of Computer Vision (WACV) in 2014 and 2015, and IEEE Advanced Video and Signal based
Surveillance Conference (AVSS) in 2010 and 2012. He has been an Associate Editor of several IEEE and Springer journals for the
past 15 years.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

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


