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Guest Editorial
Emerging IoT-Driven Smart Health: From

Cloud to Edge

R ECENT advances in healthcare can be experienced with
the development of smart sensorial things, Artificial In-

telligence (AI), Machine Learning (ML), Deep Learning (DL),
edge computing, Edge AI, 6G, cloud computing, and connected
healthcare have attracted a great deal of attention and a wide
range of views. However, the need to deliver real-time and
accurate healthcare services to patients, while reducing costs
is a challenging issue [1]. Especially, COVID-19 has recently
demonstrated the importance of fast, comprehensive, and accu-
rate intelligent healthcare involving different types of medical,
physiological, and epidemiological investigation data to diag-
nose the virus.

Smart health is a real-time, intelligent, ubiquitous healthcare
service based on Internet of bioMedical Things (IoMT). With
the rapid development of related technologies such as deep
learning, edge computing and IoT, smart health is playing vital
role in healthcare industry to increase the accuracy, reliability,
and productivity of mobile sensory devices. To meet the com-
putational requirements of deep learning, a common approach
is to leverage cloud computing. To use cloud resources, data
must be moved from the data source location on the network
edge (e.g., from smartphones and IoT sensors) to a centralized
location in the cloud. This potential solution of transferring
the data from the source to the cloud brings about several
challenges: latency, bandwidth, and privacy. A large amount of
biomedical data is difficult to tolerate network latency and needs
to be processed in real time, which poses challenges for cloud
computing. Edge-computing capabilities are the most promising
approaches for enabling smart healthcare that can provide quick
and cost-effective patient remote monitoring [2]. Therefore,
there are many studies that do not perform the computation and
processing of biomedical and health data in cloud center, but
migrate tasks to edge end, through edge computing to effectively
improve the real-time service, to meet the real-time needs of
smart health services.

However, the IoMT data analysis and managing still represent
the main trend due to a huge number of devices that connect to
the server environments, which generate a significant amount of
biomedical data. Besides, many challenges remain in deploying
deep learning on the edge, not only on end devices but also on the
edge servers and on a combination of end devices, edge servers,
and the cloud. Therefore, there is a necessity for providing real-
time, efficient, and scalable intelligent algorithms that lead to
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additional sophisticated solutions and that can make operative
decisions in emerging IoT-driven smart health.

This special issue focuses on smart sensors challenges in
IoMT, and solutions that leverage techniques and insights from
the domains of artificial intelligence, edge computing, and IoT.
Specifically, it also solicits high quality contributions that in-
vestigate the usage of biometric signals in the context of IoMT
for continuous monitoring for patient-centric healthcare. After
a careful review process, only 5 high quality and interesting
articles were selected for publication.

The first paper by Zhang et al. [A1] addresses challenges of
Human activities recognition (HAR) based on multimodality
sensor data in an incremental learning way. A multi-modality
incremental learning model called HarMI is proposed, which
first adopts an attention mechanism to align sensor data with
very different frequencies to eliminate heterogeneity of differ-
ent sensors. Then, as catastrophic forgetting is common yet
challenging in incremental learning, it overcomes catastrophic
forgetting from a multi-modality perspective based on an elas-
tic weight consolidation (EWC) framework by introducing the
EWC regularization term and the correlation regularization term
to preserve knowledge in previous activities. As demonstrated
in the experiments, the proposed model HarMI outperformed
the state-of-the-art baselines on two public datasets.

The second paper by Kang et al. [A2] tackles challenges
on hand gesture recognition during dynamic walking and a
transfer learning method. It develops and validates a signal
decomposition approach via empirical mode decomposition to
accurately segment target gestures from coupled raw signals
during dynamic walking and a transfer learning method based
on distribution adaptation to enable gesture recognition through
domain transfer between dynamic walking and static standing
scenarios. Ten healthy subjects perform seven hand gestures
during both walking and standing experiments, while wearing
an IMU wrist-worn device. The extensive experimental results
demonstrate that the signal decomposition approach reduces
the gesture detection error by 83.8%, and the transfer learning
approach (20% transfer rate) improves hand gesture recognition
accuracy by 15.1%.

The third paper by Dibiasi et al. [A3] contributes to two
essential aspects of melanoma detection research. The first
aspect is how a simple modification of the parameters in the
dataset determines a change of the accuracy of classifiers. In this
case, it investigates the transfer learning issues. Following the
results of the investigation, this work suggests that continuous
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training-test iterations are needed to provide robust prediction
models. The second aspect is the need to have a more flexible
system architecture that can handle changes in the training
datasets. In this context, it proposes the development and
implementation of a hybrid architecture based on Cloud, Fog
and Edge Computing to provide a Melanoma Detection service
based on clinical and dermoscopic images. At the same time,
this architecture must cope with the amount of data to be
analyzed by reducing the run-time of the continuous retraining
process.

The fourth paper by Kumar et al. [A4] addresses medical data
stream analytics for Internet of Things-based healthcare sys-
tems. A Proportionate Data Analytics (PDA) for heterogeneous
healthcare data stream processing is introduced. The analytics
method differentiates the data streams based on variations and
errors for satisfying the service responses. The classification is
streamlined using linear regression for segregating errors from
the variations in different time intervals. The time intervals are
differentiated recurrently after detecting errors in the stream’s
variation. This process of differentiation and classification re-
tains a high response ratio for healthcare services through spon-
taneous regressions. The proposed method’s performance is an-
alyzed using the metrics accuracy, identification ratio, delivery,
variation factor, and processing time.

The final paper by Sekhar et al. [A5] focuses on Brain
tumor classification using the fine-tuned GoogLeNet features
and machine learning algorithms. Brain tumors are classified
into three classes, namely glioma, meningioma, and pituitary,
using the transfer learning model. The features of the brain MRI
images are extracted using a pre-trained CNN, i.e., GoogLeNet.
The features are then classified using classifiers such as soft-
max, Support Vector Machine (SVM), and K-Nearest Neighbor
(K-NN). The proposed model is trained and tested on CE-MRI
Figshare dataset. Further, Harvard medical repository dataset
images are also considered for the experimental purpose to
classify four types of tumors, and the results are compared with
the state-of-the-art models. Performance measures such as ac-
curacy, precision, recall, specificity, and F1 score are examined
to evaluate the performance of the proposed model.

All five papers tackle different but extremely relevant domains
of the emerging IoT-driven smart health and edge computing. We
believe this Special Issue will raise awareness in the scientific
community that a multidisciplinary (health, data science, engi-
neering, and robotics) research path is therefore in need of a full
thrust to meet the expectations for healthcare providers that are
currently deposited in this field.

ACKNOWLEDGMENT

The Guest Editors would like to thank Prof. Dimitrios I.
Fotiadis and the editorial staff for the opportunity to organize
this special issue, and for their constant and prompt support
throughout the whole process and also would like to thank
all the authors for their valuable contribution to this special
issue, and all the volunteer reviewers for their hard work in

evaluating the submissions and their helpful comments that
certainly contributed to the quality of the published papers.

SHAOHUA WAN

Shenzhen Institute for Advanced Study,
University of Electronic Science and
Technology of China, Shenzhen 518110
China

MICHELE NAPPI

Department of Computer Science
University of Salerno, 84084, Italy

CHEN CHEN

Center for Research in Computer Vision
University of Central Florida, 32816-2365,
USA

STEFANO BERRETTI

Department of Information Engineering
University of Florence, 50139, Italy

APPENDIX:
RELATED WORKS

[A1] X. Zhang, “HarMI: Human activity recognition
via multi-modality incremental learning,” IEEE J.
Biomed. Health Inform., vol. 26, no. 3, Mar. 2022,
doi: 10.1109/JBHI.2021.3085602.

[A2] P. Kang, J. Li, B. Fan, S. Jiang, and P. B. Shull, “Wrist-
worn hand gesture recognition while walking via trans-
fer learning,” IEEE J. Biomed. Health Inform., vol. 26,
no. 3, Mar. 2022, doi: 10.1109/JBHI.2021.3100099.

[A3] L. Dibiasi, M. Risi, G. Tortora, and A. A.
Citarella, “A cloud approach for melanoma detec-
tion based on deep learning networks,” IEEE J.
Biomed. Health Inform., vol. 26, no. 3, Mar. 2022,
doi: 10.1109/JBHI.2021.3113609.

[A4] P. M. Kumar, “Clouds proportionate medical data
stream analytics for internet of things-based healthcare
systems,” IEEE J. Biomed. Health Inform., vol. 26,
no. 3, Mar. 2022, doi: 10.1109/JBHI.2021.3106387.

[A5] A. Sekhar, S. Biswas, R. Hazra, A. K. Sunaniya,
A. Mukherjee, and L. Yang, “Brain tumor classifi-
cation using fine-tuned GoogLeNet features and ma-
chine learning algorithms: IoMT enabled CAD sys-
tem,” IEEE J. Biomed. Health Inform., vol. 26, no. 3,
Mar. 2022, doi: 10.1109/JBHI.2021.3100758.

REFERENCES

[1] Kamruzzaman, M. M. New Opportunities, Challenges, and Applications of
Edge-AI for Connected Healthcare in Smart Cities. In 2021 IEEE Globecom
Workshops (GC Wkshps), pp. 1–6.

[2] A. A. Abdellatif, A. Mohamed, C. F. Chiasserini, M. Tlili, and A. Erbad,
“Edge computing for smart health: Context-aware approaches, opportuni-
ties, and challenges,” IEEE Netw., vol. 33, no. 3, pp. 196–203, May/Jun.
2019.

https://dx.doi.org/10.1109/JBHI.2021.3085602
https://dx.doi.org/10.1109/JBHI.2021.3100099
https://dx.doi.org/10.1109/JBHI.2021.3113609
https://dx.doi.org/10.1109/JBHI.2021.3106387
https://dx.doi.org/10.1109/JBHI.2021.3100758


<<
  /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


