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Guest Editorial
Special Issue on Multi-Modal Biomedical

Computing-Deep Transfer Learning

IN RECENT years, the development of biomedical imaging
techniques, integrative sensors, and artificial intelligence

has brought many benefits to the protection of health. We can
collect, measure, and analyze vast volumes of health-related data
using the technologies of computing and networking, leading to
tremendous opportunities for the health and biomedical commu-
nity. Biomedical intelligence, especially precision medicine, is
considered one of the most promising directions for healthcare
development. This special issue aims to prompt Deep Transfer
Learning techniques in Multi-modal Biomedical Computing.
After a rigorous review according to relevance, originality,
technical novelties, and presentation quality, we selected 21
high-quality manuscripts. A summary is outlined below.

In [A1] by Wang et al., the authors propose an unsuper-
vised LGE-CMR segmentation algorithm by using multiple
style transfer networks for data augmentation. It adopts two
different style transfer networks to perform style transfer of
the easily available annotated balanced-Steady State Free Pre-
cession (bSSFP)-CMR images. Then, multiple sets of synthetic
LGE-CMR images are generated by the style transfer networks
and used as the training data for the improved U-Net.

In [A2] by Ni et al., the authors consider a collaborative
vehicular network including the cloud, edge, and terminal. The
authors further construct the virtual resource pool which can
integrate the resource of multiple ESs since some regions may
be covered by multiple RSUs. In this paper, the authors pro-
pose a Multi-Scenario offloading schedule for biomedical data
processing and analysis in Cloud-Edge-Terminal collaborative
vehicular networks called MSCET.

In [A3] by Zhang et al., the authors combine multi-kernel
learning and transfer learning and propose a feature-level multi-
modality fusion model with insufficient training samples. The
authors first extend kernel Ridge regression to its multi-kernel
version under the lp-norm constraint. Then the authors use
marginal probability distribution adaption to minimize the dis-
tribution differences between the source domain and the target
domain.

In [A4] by Chen et al., the authors propose the message-
passing-based nonlinear network fusion (MP-NNF) algorithm to
estimate multimodal brain network connectivity. In the proposed
method, the initial functional and structural networks were com-
puted from fMRI and DTI separately. Then, the authors update
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every unimodal network iteratively, making it more similar to
the others in every iteration, and finally converge to one unified
network.

In [A5] by Yan et al., mixed domain images were gener-
ated from source and target image groups for improving the
correlation between the mixed domain (training dataset) and
the target domain (testing dataset). A subdomain alignment
mechanism is employed to transfer knowledge from the mixed
domain to the target domain. The proposed framework captures
the fine-grained information more effectively.

In [A6] by Dharejo et al., the authors propose a generative
adversarial network (GAN) with deep multi-attention modules
to learn high-frequency information from low-frequency data.
The integration of wavelet transform (WT) and GANs in our
proposed SR model addresses the aforementioned limitation
concerning textons. The authors train and perform on several
modalities via transfer learning.

In [A7] by Bian et al., the authors introduce some rules
into convolutional neural networks, which help present clinical
knowledge to deep learning-based ECG analysis, to improve
automated ECG diagnosis performance. The authors propose a
Handcrafted-Rule-enhanced Neural Network for ECG classifi-
cation with standard 12-lead ECG input.

In [A8] by Ahmed et al., the authors analyze the problem
of lung cancer diagnosis by classification and detection of
pulmonary nodules, i.e., benign and malignant, in CT images.
To achieve this objective, an automated deep learning-based
system is introduced for classifying and detecting lung nodules.
In addition, the authors use novel state-of-the-art detection
architectures.

In [A9] by Chen et al., the authors propose a semi-
supervised dual-task consistent joint learning framework with
task-level regularization for 3D medical image segmentation.
Two branches are utilized to simultaneously predict the seg-
mented and signed distance maps, and they can learn useful
information from each other by constructing a consistency loss
function between the two tasks.

In [A10] by Wang et al., the MRI image enhancement method
based on metamaterial composite technology is proposed by
analyzing the application status of DTs in medical direction
and the principle of MRI imaging. Based on deep transfer
learning, MRI super-resolution deep neural network structure is
established. To address the problem that different medical imag-
ing methods have advantages and disadvantages, a multi-mode
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medical image fusion algorithm based on adaptive decomposi-
tion is proposed and verified by experiments.

In [A11] by Xu et al., the authors propose Hygeia, a multilabel
deep learning-based ECG classification method that can analyze
and classify 55 types of ECG. First, a guidance model is con-
structed to transform the multilabel classification problem into
multiple interrelated two-classification models. The proposed
method ensures the good performance of each ECG analysis
model, and the relationship between various types of ECG can
be used in the analysis.

In [A12] by Ma et al., the authors propose an effective
perceptual data augmentation method to improve the similarity
between eye fundus images and coronary angiograms by syn-
thesizing virtual samples. Auto Foreground Augment method is
designed to search for geometric transformations that improve
the similarity between foreground vessels of eye fundus images
and coronary angiograms.

In [A13] by Li et al., the authors propose a hybrid model
combined with a semi-supervised domain adaption model and
extreme learning machine (ELM) classifier, and the application
of a novel multi-kernel correntropy induced loss function in
transfer learning is also presented.

In [A14] by Siniosoglou et al., the authors strive to apply a
post-processing pipeline to models used by Federated Learning
(FL). In particular, the proposed work ranks the model by finding
how fair they are by discovering and inspecting micro-Manifolds
that cluster each neural model’s latent knowledge. The produced
work applies a completely unsupervised both model and data
agnostic methodology.

In [A15] by Cai et al., the authors study segment images
through a novel Dual-path Feature Transfer design with only
bounding box annotations. A Target-aware Reconstructor is
proposed to extract target-related features by reconstructing
the pixels within the bounding box through the channel and
spatial attention module. Then, a sliding Feature Fusion and
Transfer Module (FFTM) fuses the extracted features from
Reconstructor.

In [A16] by Wang et al., the authors introduce the vision
Transformer (ViT) architecture, which has recently achieved
impressive results in natural image analysis, in the classifica-
tion task of cervical OCT images. The proposed work aims to
develop a computer-aided diagnosis (CADx) approach based
on a self-supervised ViT-based model to classify cervical OCT
images effectively.

In [A17] by Adhikari et al., the authors develop a novel
edge-centric healthcare framework integrating with wearable
sensors and advanced machine learning (ML) model for timely
decisions with minimum delay. Due to limited resource capacity,
analyzing the features in resource-constrained edge devices is
challenging. Motivated by this, the authors introduce an ad-
vanced ML technique for data analysis at edge networks, namely
Deep Transfer Learning (DTL).

In [A18] by Ding et al., the authors propose an image seg-
mentation network based on reinforcement learning (RLSeg-
Net). The proposed RLSegNet is a U-shaped network, which is
composed of three components: the feature extraction network,
the Mask Prediction Network (MPNet), and the upsampling

network. The deep semantic feature in the image is extracted by
adopting the feature extraction network. The MPNet is proposed
to generate the prediction mask for the current frame.

In [A19] by Liang et al., the authors propose to formulate
the BioNER task as a Textual Entailment problem and solve the
task via Textual Entailment with Dynamic Contrastive learning
(TEDC). TEDC not only alleviates the noisy labeling issue but
also transfers the knowledge from pre-trained textual entailment
models. The dynamic contrastive learning framework contrasts
the entities and non-entities in the same sentence and improves
the model’s discrimination ability.

In [A20] by Qayyum et al., the authors present deep multi-
modal electroencephalography and speech signals-based frame-
work for diagnosing mild depression. The authors have com-
bined audio spectrograms and multiple frequencies of EEG
signals to improve diagnostic performance. The authors have
fused different levels of speech and EEG features and applied
vision transformers and various pre-trained networks on the
speech and EEG spectrum.

In [A21] by Ren et al., the authors propose a medical image
super-resolution method based on semantic perception transfer
learning. First, the authors propose a semantic perception super-
resolution method. Second, the authors construct a semantic
feature extraction network and an image description generation
network and comprehensively utilized image and text modal
data. Third, the authors train an end-to-end, semantic perception
super-resolution model.

The Guest Editors would like to express their deep gratitude to
all the authors who have submitted their valuable contributions,
and to the highly qualified anonymous reviewers. We also would
like to thank the IEEE/ACM Transactions on Computational
Biology and Bioinformatics (TCBB) publication staff members
for their continuous support and dedication. We particularly
appreciate the relentless support and encouragement granted to
us by Prof. Srinivas Aluru, the Editor-in-Chief of TCBB.

HONGHAO GAO, Guest Editor
Shanghai University, Shanghai 200444,
China
gaohonghao@shu.edu.cn

ZIJIAN(ALEX) ZHANG, Guest Editor
Beijing Institute of Technology, Beijing
102401, China
University of Auckland, New Zealand
zhangzijian@bit.edu.cn

RAMÓN J. DURÁN BARROSO, Guest Editor
Universidad de Valladolid, 47002
Valladolid, Spain
ramon.duran@tel.uva.es



IEEE/ACM TRANSACTIONS ON COMPUTATIONAL BIOLOGY AND BIOINFORMATICS, VOL. 20, NO. 4, JULY/AUGUST 2023 2365

APPENDIX:
RELATED ARTICLES

[A1] W. Wang, X. Yu, B. Fang, Y. Zhao, Y. Chen, W. Wei,
and J. Chen, “Cross-modality LGE-CMR segmenta-
tion using image-to-image translation based data aug-
mentation,” IEEE/ACM Trans. Comput. Biol. Bioinf.,
vol. 20, no. 4, pp. 2367–2375, Jul./Aug. 2023.

[A2] Z. Ni, H. Chen, Z. Li, X. Wang, N. Yan, W. Liu,
and F. Xia, “MSCET: A multi-scenario offloading
schedule for biomedical data processing and anal-
ysis in cloud-edge-terminal collaborative vehicular
networks,” IEEE/ACM Trans. Comput. Biol. Bioinf.,
vol. 20, no. 4, pp. 2376–2386, Jul./Aug. 2023.

[A3] Y. Zhang, K. Xia, Y. Jiang, P. Qian, W. Cai, C. Qiu,
K.W. Lai, and D. Wu, “Multi-modality fusion & induc-
tive knowledge transfer underlying non-sparse multi-
kernel learning and distribution adaption,” IEEE/ACM
Trans. Comput. Biol. Bioinf., vol. 20, no. 4, pp. 2387–
2397, Jul./Aug. 2023.

[A4] N. Chen, M. Guo, Y. Li, X. Hu, Z. Yao, and B. Hu, “Es-
timation of discriminative multimodal brain network
connectivity using message-passing-based nonlinear
network fusion,” IEEE/ACM Trans. Comput. Biol.
Bioinf., vol. 20, no. 4, pp. 2398–2406, Jul./Aug. 2023.

[A5] J. Wang, L. Qiao, H. Lv, and Z. Lv, “Deep trans-
fer learning for cross-species plant disease diagno-
sis adapting mixed subdomains,” IEEE/ACM Trans.
Comput. Biol. Bioinf., vol. 20, no. 4, pp. 2407–2419,
Jul./Aug. 2023.

[A6] F. A. Dharejo, M. Zawish, F. Deeba, Y. Zhou, K. Dev,
S. A. Khowaja, and N. M. F. Qureshi, “Multimodal-
boost: multimodal medical image super-resolution us-
ing multi-attention network with wavelet transform,”
IEEE/ACM Trans. Comput. Biol. Bioinf., vol. 20, no. 4,
pp. 2420–2433, Jul./Aug. 2023.

[A7] Y. Bian, J. Chen, X. Chen, X. Yang, D. Z. Chen, and
J. Wu, “Identifying electrocardiogram abnormalities
using a handcrafted-rule-enhanced neural network,”
IEEE/ACM Trans. Comput. Biol. Bioinf., vol. 20, no. 4,
pp. 2434–2444, Jul./Aug. 2023.

[A8] I. Ahmed, A. Chehri, G. Jeon, and F. Piccialli, “Auto-
mated pulmonary nodule classification and detection
using deep learning architectures,” IEEE/ACM Trans.
Comput. Biol. Bioinf., vol. 20, no. 4, pp. 2445–2456,
Jul./Aug. 2023.

[A9] Q.-Q. Chen, Z.-H. Sun, C.-F. Wei, E.Q. Wu, and D.
Ming, “Semi-supervised 3D medical image segmen-
tation based on dual-task consistent joint learning and
task-level regularization,” IEEE/ACM Trans. Comput.
Biol. Bioinf., vol. 20, no. 4, pp. 2457–2467, Jul./Aug.
2023.

[A10] M. Adhikari, A. Hazra, and S. Nandy, “Deep Transfer
learning-based multimodal digital twins for enhance-
ment and diagnostic analysis of brain MRI image,”
IEEE/ACM Trans. Comput. Biol. Bioinf., vol. 20, no. 4,
pp. 2468–2479, Jul./Aug. 2023.

[A11] X. Xu, H. Xu, L. Wang, Y. Zhang, and F. Xaio,
“Hygeia: A multilabel deep learning based classifica-
tion method for imbalanced electrocardiogram data,”
IEEE/ACM Trans. Comput. Biol. Bioinf., vol. 20, no. 4,
pp. 2480–2493, Jul./Aug. 2023.

[A12] Y. Ma, S. Wang, Y. Hua, R. Ma, T. Song, Z. Xue,
H. Cao, and H. Guan, “Perceptual data augmenta-
tion for biomedical coronary vessel segmentation,”
IEEE/ACM Trans. Comput. Biol. Bioinf., vol. 20, no. 4,
pp. 2494–2505, Jul./Aug. 2023.

[A13] J. Li, X. Luo, H. Ma, and W. Zhao, “A hybrid deep
transfer learning model with kernel metric for COVID-
19 pneumonia classification using chest CT images,”
IEEE/ACM Trans. Comput. Biol. Bioinf., vol. 20, no. 4,
pp. 2506–2517, Jul./Aug. 2023.

[A14] I. Siniosoglou, V. Argyriou, P. Sarigiannidis, T.
Lagkas, A. Sarigiannidis, S. K. Goudos, and S. Wan,
“Post-processing fairness evaluation of federated
models: An unsupervised approach in healthcare,”
IEEE/ACM Trans. Comput. Biol. Bioinf., vol. 20, no. 4,
pp. 2518–2529, Jul./Aug. 2023.

[A15] W. Cai, L. Xie, W. Yang, Y. Li, Y. Gao, and T.
Wang, “DFTNet: Dual-path feature transfer network
for weakly supervised medical image segmentation,”
IEEE/ACM Trans. Comput. Biol. Bioinf., vol. 20, no. 4,
pp. 2530–2540, Jul./Aug. 2023.

[A16] Q. Wang, K. Chen, W. Dou, and Y. Ma, “Cross-
attention based multi resolution feature fusion model
for self-supervised cervical OCT image classifica-
tion,” IEEE/ACM Trans. Comput. Biol. Bioinf., vol. 20,
no. 4, pp. 2541–2554, Jul./Aug. 2023.

[A17] K. Yan, X. Guo, Z. Ji, and X. Zhou, “Deep trans-
fer learning for cross-species plant disease diagno-
sis adapting mixed subdomains,” IEEE/ACM Trans.
Comput. Biol. Bioinf., vol. 20, no. 4, pp. 2555–2564,
Jul./Aug. 2023.

[A18] Y. Ding, X. Qin, M. Zhang, J. Geng, D. Chen, F.
Deng, and C. Song, “RLSegNet: An medical image
segmentation network based on reinforcement learn-
ing,” IEEE/ACM Trans. Comput. Biol. Bioinf., vol. 20,
no. 4, pp. 2565–2576, Jul./Aug. 2023.

[A19] T. Liang, C. Xia, Z. Zhao, Y. Jiang, Y. Yin, and P. S. Yu,
“Transferring from textual entailment to biomedical
named entity recognition,” IEEE/ACM Trans. Com-
put. Biol. Bioinf., vol. 20, no. 4, pp. 2577–2586,
Jul./Aug. 2023.

[A20] A. Qayyum, I. Razzak, M. Tanveer, M. Mazher, and
B. Alhaqbani, “High-density electroencephalography
and speech signal based deep framework for clini-
cal depression diagnosis,” IEEE/ACM Trans. Comput.
Biol. Bioinf., vol. 20, no. 4, pp. 2587–2597, Jul./Aug.
2023.

[A21] S. Ren, K. Guo, X. Zhou, B. Hu, F. Zhu, and E. Luo,
“Medical image super-resolution based on seman-
tic perception transfer learning,” IEEE/ACM Trans.
Comput. Biol. Bioinf., vol. 20, no. 4, pp. 2598–2609,
Jul./Aug. 2023.



2366 IEEE/ACM TRANSACTIONS ON COMPUTATIONAL BIOLOGY AND BIOINFORMATICS, VOL. 20, NO. 4, JULY/AUGUST 2023

Honghao Gao is currently with the School of Computer Engineering and Science, Shanghai
University, China. He is also a professor with the College of Future Industry, Gachon University,
Korea. His research interests include Software Security, Cloud/Edge Computing, Intelligent
Data Processing, and AI4Healthcare. He has publications in IEEE Transactions on Industrial
Informatics, IEEE Transactions on Intelligent Transportation Systems, IEEE Transactions on
Neural Networks and Learning Systems, IEEE Transactions on Multimedia, IEEE Transactions
on Services Computing, IEEE Transactions on Cloud Computing, IEEE Transactions on Fuzzy
Systems, IEEE Transactions on Network Science and Engineering, IEEE Transactions on Network
and Service Management, IEEE Transactions on Cognitive Communications and Networking,
IEEE Transactions on Green Communications and Networking, IEEE Transactions on Compu-
tational Social Systems, IEEE Transactions on Emerging Topics in Computational Intelligence,
IEEE Transactions on Consumer Electronics, IEEE/ACM Transactions on Computational Biology
and Bioinformatics, etc. He is a fellow of the Institution of Engineering and Technology (IET), a

fellow of the British Computer Society (BCS), and a member of the European Academy of Sciences and Arts (EASA).

Zijian Zhang is currently an associate professor with the School of Cyberspace Science and
Technology at Beijing Institute of Technology, China. He was a research fellow with the University
of Auckland, and a visiting scholar with the State University of New York at Buffalo. His
research interests include Authentication and Identification, Consensus in Blockchain, and Privacy
Computing. He has published more than 100 research papers in international peer-reviewed con-
ferences, transactions, journals, and magazines, including ICML, NeurIPS, WWW, AAAI, IEEE
Transactions on Dependable and Secure Computing, IEEE Transactions on Smart Grid, IEEE
Transactions on Vehicular Technology, IEEE Transactions on Network Science and Engineering,
FGCS, IoT Journal, Information Sciences, IEEE Wireless Communications, etc. He has also
established good enterprise cooperations, including Beijing Academy of Blockchain and Edge
Computing, Qi An Xin, Huawei, etc.

Ramón J. Durán Barroso received the degree in telecommunication engineering and the PhD
degree from the University of Valladolid, Spain, in 2002 and 2008, respectively. He is currently
working as an associate professor with the University of Valladolid. He is also the Coordinator of
the Spanish Research Thematic Network “Go2Edge: Engineering Future Secure Edge Computing
Networks, Systems, and Services” composed of 15 entities and the H2020 IoTalentum Project. He
has authored more than 150 papers in international journals and conferences. His current research
interests include the use of artificial intelligence techniques for the design, optimization, and
operation of future heterogeneous networks, multi-access edge computing, and network function
virtualization.



<<
  /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 true
  /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 true
  /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


