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Guest Editorial
Introduction to the Special Section on
Weakly-Supervised Deep Learning and

Its Applications

Researchers in biomedical engineering are increasingly
turning to weakly-supervised deep learning (WSDL) tech-
niques [1] to tackle challenges in biomedical data analysis,
which often involves noisy, limited, or imprecise expert an-
notations [2]. WSDL methods have emerged as a solution to
alleviate the manual annotation burden for structured biomed-
ical data like signals, images, and videos [3] while enabling
deep neural network models to learn from larger-scale datasets
at a reduced annotation cost. With the proliferation of ad-
vanced deep learning techniques such as generative adversar-
ial networks (GANSs), graph neural networks (GNNs) [4], vi-
sion transformers (ViTs) [5], and deep reinforcement learning
(DRL) models [6], research endeavors are focused on solving
WSDL problems and applying these techniques to various
biomedical analysis tasks.

The special section of the IEEE OPEN JOURNAL OF EN-
GINEERING IN MEDICINE AND BIOLOGY, entitled "Weakly-
Supervised Deep Learning and its Applications," is devoted to
exploring and highlighting the latest advancements in WSDL
techniques, specifically within the context of biomedical en-
gineering and medicine. This special section seeks to address
the challenges inherent in biomedical data analysis, which
often involves noisy, limited, or imprecise annotations. By
focusing on WSDL methods, the special section aims to show-
case innovative WSDL approaches that can effectively learn
from large-scale biomedical data while minimizing the need
for extensive manual annotation efforts. The ultimate goal is
to advance the field of biomedical engineering by promoting
the development and application of WSDL techniques.

The objective of the study from Liu, et al. [Al] is to
enhance a small and imbalanced wound dataset by employ-
ing semi-supervised learning techniques with the assistance
of a secondary dataset. Subsequently, the augmented wound
dataset is utilized for deep learning-based wound assessment.
The Photographic Wound Assessment Tool (PWAT), a clin-
ically validated method, is employed to evaluate eight at-
tributes of wounds comprehensively. These attributes include
Size, Depth, Necrotic Tissue Type, Necrotic Tissue Amount,
Granulation Tissue Type, Granulation Tissue Amount, Edges,
and Periulcer Skin Viability. The study utilizes a reference
corpus comprising 1639 labeled wound images with ground

truth PWAT scores. Semi-supervised learning techniques and
a Progressive Multi-Granularity training mechanism are ap-
plied to leverage a secondary dataset comprising 9870 un-
labeled wound images. The wound scoring process utilizes
the EfficientNet Convolutional Neural Network on the aug-
mented wound corpus. The results indicate that the proposed
Semi-Supervised PMG EfficientNet (SS-PMG-EfficientNet)
approach achieves classification accuracies and F1 scores of
approximately 90% on average for all eight PWAT sub-scores.
Furthermore, the SS-PMG-EfficientNet approach outperforms
a range of baseline models and demonstrates a 7% improve-
ment over the prior state-of-the-art method (without data
augmentation).

Emotion recognition has emerged as a crucial task in
human-machine interaction, garnering increasing attention
over the years. Pan, et al. [A2] present Deep-Emotion, a
novel deep learning-based multimodal emotion recognition
(MER) framework designed to dynamically integrate discrim-
inative features from facial expressions, speech, and elec-
troencephalogram (EEG) signals to enhance MER perfor-
mance. Deep-Emotion comprises three branches: the facial,
speech, and EEG branches. The facial branch utilizes an en-
hanced GhostNet neural network for feature extraction, mit-
igating overfitting during training and improving classifica-
tion accuracy compared to the original GhostNet network.
The speech branch employs a lightweight, fully convolutional
neural network (LFCNN) for efficient speech emotion feature
extraction. For the EEG branch, a tree-like LSTM (tLSTM)
model is proposed to fuse multi-stage features for EEG emo-
tion feature extraction. Decision-level fusion is employed to
integrate the recognition outcomes from the three modalities,
resulting in more comprehensive and accurate performance.
Extensive experiments conducted on the CK+, EMO-DB, and
MAHNOB-HCI datasets validate the efficacy of the Deep-
Emotion approach, demonstrating its superior performance
and the feasibility of the MER methodology.

The aim of Karthik, et al. [A3] is to explore the utility of
uncertainty estimations derived from approximate Bayesian
inference in elucidating the behavior of deep neural networks.
Particularly in unsupervised learning scenarios lacking ex-
pert annotations, the assessment of model performance via
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uncertainties becomes increasingly critical. To address this,
the authors propose a proof-of-concept approach for extend-
ing the estimation of aleatoric and epistemic uncertainties
in unsupervised magnetic resonance (MR) to computed to-
mography (CT) synthesis for scoliotic spines. The authors
introduce a novel adaptation of the cycle-consistency con-
straint within the CycleGAN framework, enabling the predic-
tion of aleatoric uncertainty maps alongside the conventional
volume-to-volume translation between MR and CT data. The
study conducted ablation experiments to investigate the role of
uncertainty estimation as an implicit regularizer and a metric
of the model’s confidence.

Langarica, et al. [A4] utilize physiological data gathered
from wearable sensors to construct a series of data-driven
models employing deep learning methodologies. A systematic
comparative analysis of these models is undertaken to provide
valuable insights for practitioners and researchers engaging
in glucose prediction using deep learning techniques. Key
inquiries addressed in this investigation encompass the eval-
uation of diverse deep learning architectures, identification
of the optimal set of input variables for precise glucose pre-
diction, comparison among population-wide, fine-tuned, and
personalized models, and examination of the impact of indi-
vidual data volume on model performance. Furthermore, the
study introduces a meticulously curated dataset comprising
data from both healthy individuals and those with diabetes,
collected under free-living conditions. This dataset aims to
promote research in this domain and facilitate equitable com-
parisons among researchers.

In this study by Jhang, et al. [AS5], the authors introduce a
novel gastric section correlation network (GSCNet) designed
for the Computer-Aided Gastric Intestinal metaplasia (CGI)
diagnosis using endoscopic images of three principal gastric
sections: antrum, body, and cardia. GSCNet comprises two
primary modules: the scaling feature fusion module and the
section correlation module. The former is dedicated to ex-
tracting scaling fusion features and is adept at effectively
representing mucosal characteristics under varying viewing
angles and scale modifications for each gastric section. Mean-
while, the latter module leverages medical prior knowledge,
incorporating three-section correlation losses to model the
interdependencies among different gastric sections for CGI di-
agnosis. Their experimental results demonstrate that the pro-
posed method outperforms existing deep learning approaches,
achieving notably high testing accuracy, sensitivity, and speci-
ficity metrics of 0.957, 0.938, and 0.962, respectively.

Expanding upon the authors’ prior research, Toubal, et al.
[A6] introduce EDNet, a novel deep learning-based approach
for cell detection, tracking, and motility analysis. EDNet
exhibits enhanced robustness to cellular morphology vari-
ations across diverse cell lines while effectively modeling
cell lineage and proliferation dynamics. Leveraging an en-
semble methodology for 2D cell detection, EDNet achieves
superior performance compared to single-model YOLO and
FasterRCNN convolutional neural networks, demonstrating

394

state-of-the-art results. The detected cells by EDNet are sub-
sequently utilized in their M2Track multiobject tracking al-
gorithm, facilitating the tracking of cells, identification of
cell mitosis events, and generation of cell lineage graphs.
Their methodologies exhibit state-of-the-art performance on
the Cell Tracking and Mitosis (CTMCv1) dataset, achieving a
Multiple Object Tracking Accuracy (MOTA) score of 50.6%
and a tracking lineage graph edit (TRA) score of 52.5%. Fur-
thermore, the authors conduct comparative analyses between
our detection and tracking methods and human performance
on external datasets, particularly focusing on the motility of
muscle stem cells under various physiological and molecular
stimuli.

Liu, et al. [A7] aim to explore the utility of graph atten-
tion networks in the recognition of autism spectrum disorders
(ASD). To achieve this, the authors propose a novel approach
called the node features graph attention network (NF-GAT),
which is designed to learn functional connectivity (FC) fea-
tures for ASD diagnosis. Initially, node features are derived
from functional magnetic resonance imaging (fMRI) data,
wherein each subject is represented as a graph. Subsequently,
the graph attention layer is employed to extract informative
node features, facilitating ASD classification based on the
node information from different nodes. Their experimental
results demonstrate that the NF-GAT outperforms other exist-
ing models, exhibiting significant advantages in terms of clas-
sification accuracy. In conclusion, the NF-GAT framework
proves to be an effective tool for ASD classification.

Ren, et al. [A8] present a novel underlying knowledge-
based semi-supervised learning framework termed UKSSL,
comprising two integral components: MedCLR, which ex-
tracts feature representations from unlabeled datasets, and
UKMLP, which utilizes these representations and refines them
using limited labeled data for medical image classification.
UKSSL is evaluated on the LC25000 and BCCD datasets,
utilizing only 50% labeled data. Notably, it achieves precision,
recall, Fl-score, and accuracy metrics of 98.9% and 94.3%,
94.5%, 94.3%, and 94.1% on LC25000 and BCCD, respec-
tively. These performance metrics surpass those attained by
other supervised learning methods operating with 100% la-
beled data. In conclusion, UKSSL demonstrates proficiency in
extracting underlying knowledge from unlabeled datasets and
exhibits superior performance when utilizing limited labeled
medical images.

The special section encompasses a range of innovative re-
search endeavors in machine learning applied to medical do-
mains. Addressing diverse challenges, these authors explore
techniques such as semi-supervised learning for dataset en-
hancement, multimodal emotion recognition integrating facial
expressions, speech, and EEG signals, uncertainty estimation
in deep neural networks, glucose level prediction using wear-
able sensor data, and advanced methodologies for medical im-
age analysis including wound assessment, disease diagnosis,
and cell detection and tracking. These investigations collec-
tively highlight the potential of machine learning approaches
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[7] to revolutionize healthcare [8] by improving diagnostic ac-
curacy, treatment monitoring [9], and understanding complex
medical conditions.

We extend our sincere gratitude to the researchers who have
contributed to this special section. We highly appreciate the
assistance provided by the editorial assistants in managing
these papers, and we wish to express our gratitude to all
anonymous reviewers for their candid assessments, insightful
comments, and beneficial recommendations. We also extend
our gratitude to the Editor-in-Chief for his guidance and sup-
port throughout the publication process.

CONFLICT OF INTEREST
The author declares that he has no conflicts of interest to report
regarding this editorial.

AUTHOR CONTRIBUTION
Y.D. Zhang wrote this editorial.

YU-DONG ZHANG, Guest Editor
King Abdulaziz University
Jeddah, Saudi Arabia
yudongzhang @ieee.org

APPENDIX
RELATED WORK

[A1] Z. Liu, E. Agu, P. Pedersen, C. Lindsay, B. Tulu,
and D. Strong, “Chronic wound image augmen-
tation and assessment using semi-supervised pro-
gressive multi-granularity EfficientNet,” IEEE Open
J. Eng. Med. Biol., early access, Feb. 23, 2023,
doi: 10.1109/0JEMB.2023.3248307.
J. Pan, W. Fang, Z. Zhang, B. Chen, Z. Zhang, and
S. Wang, “Multimodal emotion recognition based on
facial expressions, speech, and EEG,” IEEE Open
J. Eng. Med. Biol., early access, Jan. 27, 2023,
doi: 10.1109/0JEMB.2023.3240280.
E. N. Karthik, F. Cheriet, and C. Laporte,
“Uncertainty estimation in unsupervised MR-CT
synthesis of scoliotic spines,” [EEE Open J.
Eng. Med. Biol., early access, Mar. 29, 2023,
doi: 10.1109/0JEMB.2023.3262965.
S. Langarica et al., “Deep learning-based glucose
prediction models: A guide for practitioners and a
curated dataset for improved diabetes management,”
IEEE Open J. Eng. Med. Biol., early access, Feb. 13,
2024, doi: 10.1109/0JEMB.2024.3365290.

[A2]

[A3]

[A4]

VOLUME 5, 2024

[AS5] J.Y.Jhang, Y. C. Tsai, T. C. Hsu, C. R. Huang, H. C.
Cheng, and B. S. Sheu, “Gastric section correlation
network for gastric precancerous lesion diagnosis,”
IEEE Open J. Eng. Med. Biol., early access, May 17,
2023, doi: 10.1109/0JEMB.2023.3277219.

I. E. Toubal, N. Al-Shakarji, D. Cornelison, and K.
Palaniappan, “Ensemble deep learning object detec-
tion fusion for cell tracking, mitosis, and lineage,”
IEEE Open J. Eng. Med. Biol., early access, Jun. 21,
2023, doi: 10.1109/0JEMB.2023.3288470.

S. Liu, B. Liang, S. Wang, B. Li, L. Pan, and S.
H. Wang, “NF-GAT: A node feature-based graph at-
tention network for ASD classification,” IEEE Open
J. Eng. Med. Biol., early access, Apr. 26, 2023,
doi: 10.1109/0JEMB.2023.3267612.

Z. Ren, X. Kong, Y. Zhang, and S. Wang, “UKSSL:
Underlying knowledge based semi-supervised learn-
ing for medical image classification,” IEEE Open
J. Eng. Med. Biol., early access, Aug. 15, 2023,
doi: 10.1109/0JEMB.2023.3305190.

[A6]

[AT]

[A8]

REFERENCES

[1] S. Ghosh, S. Kumar, A. Kumar, and J. Verma, “A closer look at con-
sistency regularization for semi-supervised learning,” in Proc. 7th ACM
India Joint Int. Conf. Data Sci. Manage. Data (CODS-COMAD) /11th
ACM IKDD CODS Conf. / 29th COMAD Conf., 2024, pp. 10-17.

[2] S. Chen, S. Zhao, and C. Huang, “An automatic Malaria disease di-
agnosis framework integrating blockchain-enabled cloud—Edge com-
puting and Deep learning,” IEEE Internet Things J., vol. 10, no. 24,
pp. 21544-21553, Dec. 2023.

[3] J.Park,J. Kim, and B. Han, “End-to-end learning for weakly supervised
video anomaly detection using absorbing Markov Chain,” Comput. Vis.
Image Understanding, vol. 236, 2023, Art. no. 103798.

[4] H. Liu, C. Y. Liu, H. R. Zhao, H. Tian, J. W. Liu, and L. J. Tian, “Non-
intrusive load monitoring method for multi-energy coupling appliances
considering spatio-temporal coupling,” IEEE Trans. Smart Grid, vol. 14,
no. 6, pp. 4519-4529, Nov. 2023.

[5] N.Lv, X. Z. Xiang, X. Y. Wang, Y. L. Qiao, and A. El Saddik, “Learn-
ing feature contexts by transformer and CNN hybrid deep network for
weakly supervised person search,” Comput. Vis. Image Understanding,
vol. 239, 2024, Art. no. 103906.

[6] G. Ning, H. Liang, X. Zhang, and H. Liao, “Autonomous robotic ul-
trasound vascular imaging system with decoupled control strategy for
external-vision-free environments,” IEEE Trans. Biomed. Eng., vol. 70,
no. 11, pp. 3166-3177, Nov. 2023.

[7] J.Kim, Y. K. Kim, H. Kim, H. Jung, S. Koh, and Y. Kim, “Machine learn-
ing algorithms predict successful weaning from mechanical ventilation
before intubation: Retrospective analysis from the Medical Information
Mart for Intensive Care IV database,” JMIR Formative Res., vol. 7, 2023,
Art. no. e44763.

[8] S. Reiss, C. Seibold, A. Freytag, E. Rodner, and R. Stiefelhagen,
“Decoupled semantic prototypes enable learning from diverse anno-
tation types for semi-weakly segmentation in expert-driven domains,”
in Proc. IEEE/CVF Conf. Comput. Vis. Pattern Recognit., 2023,
pp. 15495-15506.

[9] B. Sheng, C. Li, L. Bao, and R. Li, “Probabilistic HIV recency
classification-A logistic regression without labeled individual level train-
ing data,” Ann. Appl. Statist., vol. 17, pp. 108-129, 2023.

395


https://dx.doi.org/10.1109/OJEMB.2023.3248307
https://dx.doi.org/10.1109/OJEMB.2023.3240280
https://dx.doi.org/10.1109/OJEMB.2023.3262965
https://dx.doi.org/10.1109/OJEMB.2024.3365290
https://dx.doi.org/10.1109/OJEMB.2023.3277219
https://dx.doi.org/10.1109/OJEMB.2023.3288470
https://dx.doi.org/10.1109/OJEMB.2023.3267612
https://dx.doi.org/10.1109/OJEMB.2023.3305190


<<
  /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


