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As a student studying optics, I worked several summers for
a global film manufacturer based in Rochester, New York,
USA. In my time there, I overheard some elevator conver-
sations dismissing the rise of digital imaging. “Who would
want a low-resolution digital image?,” one person would
say. Another would agree, adding “Yes, especially when
you can’t even make prints from them.” At the time,
reasonably affordable digital cameras required a frame
grabber and computer to capture a modest 640 × 480 pixel
image. Once obtained, there were no consumer-grade
printers to adequately reproduce a color image. These
criticisms failed to account for the rapid development of a
variety of technologies that would coalesce to create the
powerful and ubiquitous imager that is in nearly every-
one’s pocket. The resolution and reliability of digital sen-
sors steadilymarched to the point where they are no longer
the limit of the camera performance and they can be
stamped out by the millions. The optics have evolved to
provide excellent performance with injection-molded
plastics which have the advantage of rapid production
and built-in alignment features compared to glass lenses.
Prints have been replaced by digital displays exceeding the
resolution capabilities of the human eye. The internet al-
lows captured images to be sharedworldwide in amatter of
seconds. Wi-Fi and cloud computing has enabled even

further increases in image storage, as well as near real-time
image processing.

The concept of an image has evolved with technology.
Photo albums of the past were filled with birthday cele-
brations, family vacations, and visits to grandparents.
Photos not worthy of the photo album were relegated to
shoe boxes stashed in the back of a closet. Today’s digital
cameras still capture not only these celebrations and ex-
plorations but also capture the more mundane. I photo-
graphmy grocery list. I use my smartphone camera to scan
QR codes to get menus at restaurants and maps to parks. I
use the camera to document serial numbers on pieces of
equipment and repair or maintenance processes, so I can
recall how to do these procedures in the future. Fortu-
nately, I am not guilty of taking “selfies,” but the practice
has become all too common, enabled by the rear-facing
camera on smartphones. Gone are the days of capturing 24
images on a roll of film, dropping it off for processing, and
receiving prints back two weeks later. Gone are the days of
pulling the prints out of the envelope, only to be disap-
pointed that theflashdidnotfire, afingerwas in front of the
lens, or the scene was out of focus. Nowadays, I can take
many pictures of a moment, hoping that one captures the
essence of the scene. The other images are no longer rele-
gated to shoe boxes, but instead, just become extra bytes
on a computer or tossed out with a click of the delete but-
ton. Digital imaging has vastly expanded our ability to
capture and remember the world around us, enabled by a
multitude of technologies packaged into the slim confines
of a smartphone.

Vladan Blahnik and Oliver Schindelbeck in their
article Smartphone Imaging Technology and its Applica-
tions provide a comprehensive description of the evolu-
tion and design of smartphone camera systems. Included
is a history of the evolution of the various smartphone
imaging technologies, which provides a thorough over-
view for those of us who are too old to remember all the
different technologies we have cycled through over the
years, and for those of us who are too young to remember
a time without smartphones with built-in cameras.
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Furthermore, detailed lens designs are examined,
describing the tradeoffs in field of view, imaging per-
formance, and compactness of the forward- and rear-
looking cameras, as well as multi-camera systems. In
addition to optical design, optomechanical aspects such
as fabrication and mounting, as well as image quality
enhancements such as autofocus and image stabilization
are included. Finally, more advanced topics such as
image processing, high dynamic range imaging, photo-
grammetry, portrait mode, and the simulation of effects

such as Bokeh are covered as well. This article does not
fit the traditional model of a journal article due to its
length. In days gone by, this material would have been
printed and compiled into a book for you to purchase or
borrow from the library. Fortunately, the digital imaging
revolution has also reached print media and this article
can be provided to the readership at little or no cost. This
enables Blahnik and Schindelbeck’s work to reach a far
broader audience and become the fundamental reference
on smartphone imaging systems.

144 J. Schwiegerling: Introduction to Smartphone Imaging Technology


	Introduction to Blahnik and Schindelbeck’s Smartphone Imaging Technology and its Applications


<<
  /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


