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With COVID-19 pandemic, remote access to healthcare units
through telemedicine has been more important than ever.
Mobile platforms, including smartphones and wearable
technologies, provide promising solutions for a wide range
of applications, including e.g., personalized healthcare. The
advantages of these health technologies, for example, wide
availability of smartphones across the world and their
computation power either on the device or cloud, empower
themaspersonalizeddata acquisition and transfer tools, not
only in resource-limited settings but also for real-time
monitoring of health status during daily activities.

These smart technologies usually utilize multiple optical
units, such as a compound lens on the image sensor of the
camera of the device, and other sensors such as gyroscopes
and accelerometers. An external lens coupled to the camera
together with a low-cost external light source (e.g., light-
emitting diodes and laser diodes) for sample illumination can
convert a smartphone into a portable and cost-effective mi-
croscope with submicron resolution. Different imaging mo-
dalities such as fluorescence microscopy, bright field
microscopy, differential phase-contrastmicroscopy, anddark-
field microscopy have been incorporated with smartphones
for a variety of applications ranging from biomedical di-
agnostics to food analysis for automateddetection of proteins,
nucleic acids, pathogenicbacteria, cells, andviruseswithhigh
sensitivity and specificity values [1]. In addition, smartphones
have been integrated with optomechanical units to convert
them into field-portable and cost-effective colorimetric or
fluorometric readers for in-vitrodiagnostics in resource-limited
settings. Rapid diagnostic test readers and plate readers are

among the most common integrated devices for high
throughput analysis of clinical samples. These readers convert
paper-based assays or well-plate assays into quantitative
measurements by automatically processing captured images
using custom-developed applications and, therefore, enable
the user to perform various biomolecular assays such as
enzyme-linked immunosorbent assays (ELISA) in remote set-
tings, without the use of bulky and costly plate readers, also
eliminating the need of an expert to analyze the results.

This special issue covers three comprehensive review
articles on smartphone-based diagnostic tools using
different characteristics of image sensors and design con-
siderations for a wide range of applications. The review
article titled “The power in your pocket – uncover smart-
phones for use as cutting-edge microscopic instruments in
science and research” by Wang et al. [2] focuses on the
details of high-end cameras of smartphones available in
the market and presents key features of smartphone-based
microscopes studied in the literature, different imaging
modalities that utilize smartphone camera to capture im-
ages at the cellular and subcellular level of resolution, and
Raspberry Pi based microscopy for rapid prototyping of
diagnostic tools for resource-limited settings.

Smartphone-basedmicroscopes have also been studied
as video microscopes for detection and counting of motile
microorganisms andmany other point-of-care applications.
Another review article in this issue by Yan Wang, Shengwei
Zhang, and Qingshan Wei [3] focuses on smartphone vid-
eoscopy. This article highlights different examples of bio-
sensing applications of videoscopy, including temperature
mapping, real-time assay analysis, fluorescence lifetime
measurement, single-molecule imaging, and spectroscopic
analysis, and emphasizes the future of smartphone video-
scopy and the design limitations of commonly used smart-
phone cameras for single-molecule detection.

In addition to these, Dr. Tasoglu’s group contributed to
this issue with a review article on smartphone-based and
selfcontained portable magnetic levitation technologies
[4]. It provides detailed information on three main design
components of the magnetic levitation platforms together
with a comprehensive comparison of the main character-
istics of nonoptical magnetic levitation to those of optical
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ones. The authors also discuss a variety of biosensing
applications in the field of disease progression and cell
sorting using optical portable platforms.

In closing this editorial, we wholeheartedly thank
everyone who contributed to this exciting special issue. We
believe mobile-phone-based measurement systems will
change the existing practices of clinical testing and di-
agnostics for digital health and telemedicine application.
Their unique advantages will speed up the transition to
digital health and potentially improve the life quality of
patients by early detection of diseases and timely treatment.

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.
Research funding: None declared.
Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.

References

[1] A. Ozcan, “Mobile phones democratize and cultivate next-
generation imaging, diagnostics and measurement tools,” Lab
Chip, vol. 14, pp. 3187–3194, 2014.

[2] H. Wang, R. Heintzmann, and B. Diederich, “The power in your
pocket – uncover smartphones for use as cutting-edge
microscopic instruments in science and research,” Adv. Opt.
Technol., May. 2021, https://doi.org/10.1515/aot-2021-0013.

[3] Y. Wang, S. Zhang, and Q. Wei, “Smartphone videoscopy: recent
progress and opportunities for biosensing,” Adv. Opt. Technol.,
Jun. 2021, https://doi.org/10.1515/aot-2021-0009.

[4] M. M. Alseed, S. R. Dabbagh, P. Zhao, O. Ozcan, and S. Tasoglu,
“Portable magnetic levitation technologies,” Adv. Opt. Technol.,
May. 2021, https://doi.org/10.1515/aot-2021-0010.

Bionotes

Aydogan Ozcan
Electrical and Computer Engineering
Department, University of California, Los
Angeles, CA, 90095, USA
Bioengineering Department, University of
California, Los Angeles, CA, 90095, USA
California NanoSystems Institute, University
of California, Los Angeles, CA, 90095, USA
ozcan@ucla.edu

Aydogan Ozcan is the Chancellor’s Professor and the Volgenau Chair
for Engineering Innovation at UCLA and an HHMI Professor with the

HowardHughesMedical Institute, leading the Bio andNano-Photonics
Laboratory at UCLA School of Engineering and is also the Associate
Director of the California NanoSystems Institute. Dr. Ozcan is elected
Fellow of the National Academy of Inventors (NAI) and holds >45
issued/granted patents and >20 pending patent applications and is
also the author of one book and the co-author of >700 peer-reviewed
publications in major scientific journals and conferences. Dr. Ozcan is
the founder and a member of the Board of Directors of Lucendi Inc.,
Hana Diagnostics, Pictor Labs, as well as Holomic/Cellmic LLC, which
was named a Technology Pioneer by The World Economic Forum in
2015. Dr. Ozcan is also a Fellow of the American Association for the
Advancement of Science (AAAS), the International Photonics Society
(SPIE), the Optical Society of America (OSA), the American Institute for
Medical and Biological Engineering (AIMBE), the Institute of Electrical
and Electronics Engineers (IEEE), the Royal Society of Chemistry (RSC),
the American Physical Society (APS) and the Guggenheim Foundation,
and has received major awards including the Presidential Early Career
Award for Scientists and Engineers, International Commission for
Optics Prize, Biophotonics Technology Innovator Award, RahmiM. Koc
Science Medal, International Photonics Society Early Career
Achievement Award, Army Young Investigator Award, NSF CAREER
Award, NIH Director’s New Innovator Award, Navy Young Investigator
Award, IEEE Photonics Society Young Investigator Award and
Distinguished Lecturer Award, National Geographic Emerging Explorer
Award, National Academy of Engineering The Grainger Foundation
Frontiers of Engineering Award and MIT’s TR35 Award for his seminal
contributions to computational imaging, sensing and diagnostics. Dr.
Ozcan is also listed as a Highly Cited Researcher by Web of Science,
Clarivate. http://innovate.ee.ucla.edu/welcome.html
http://org.ee.ucla.edu/

Hatice Ceylan Koydemir
Electrical and Computer Engineering
Department, University of California, Los
Angeles, CA, 90095, USA
https://orcid.org/0000-0002-8612-5167

Hatice Ceylan Koydemir is a senior researcher at the Department of
Electrical and Computer Engineering at the University of California,
Los Angeles (UCLA). Her research interests are towards biotechnology
and include biophotonics, MEMS-based biosensors, micro-
fabrication technologies, wearables, and lab-on-a-chip devices for
point-of-care diagnosis and analysis. Dr. Ceylan Koydemir received
her B.Sc. degree in Environmental Engineering in 2004, her minor
degree in Food Engineering in 2004, M.Sc. and Ph.D. degrees in
Chemical Engineering in 2007 and 2013 respectively, fromMiddle East
Technical University (METU) in Turkey. Following her Ph.D. in 2013, she
joined the Bio and Nano-photonics Laboratory at UCLA as a
postdoctoral researcher and was appointed as an Assistant Project
Scientist in 2018. Dr. Ceylan Koydemir is a recipient of METU Ph.D.
Thesis of Year Award in 2013, Prof. Hasan Orbey Ph.D. Thesis Award in
2011 and Dr. Haluk Sanver Technology Award in 2013 given by the
Department of Chemical Engineering at METU.

88 H. Ceylan Koydemir and A. Ozcan: Smartphone-based sensors and imaging devices

https://doi.org/10.1515/aot-2021-0013
https://doi.org/10.1515/aot-2021-0009
https://doi.org/10.1515/aot-2021-0010
mailto:ozcan@ucla.edu
http://innovate.ee.ucla.edu/welcome.html
http://org.ee.ucla.edu/
http://orcid.org/https://orcid.org/0000-0002-8612-5167

	Smartphone-based sensors and imaging devices for global health
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /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 <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


