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Figure 2.2. Evolution of the size of the blur spot relatively to the displacement along the optical axis. The scales
on the two axes are in millimeters. The focal length is fixed at 50 mm. Three focusing distances are studied: 0.5, 1
and 5 m, as well as two apertures of the diaphragm: N = f/4 and N = f/8. On the left, in a log-log plot of the focal
point F at a distance of 100 m, On the right, in a semi-log plot

Figure 2.4. The depth of field blur when creating a synthesis image is simulated by a partial occultation effect by
sending rays through a partially masked objective (picture T. Boubekeur)



L=p+p’

Figure 2.16. On the condition that the depth of field conditions be verified, an (almost) sharp image of an object Y
(of the same size as X) can be obtained after focusing on the object X. The image y of Y appears then (in this
case where the object has moved backward) smaller than the image of X

a) [ ]

U L [ ]

S 130 i

g 1_----------------'

Q0.8 ! =5 —

0.6f . L=2

m [ ]

2 0.4} ! T
th; ! L=1

— | : | | m |

0 25 50 75 100 125 150

focal distance

Figure 2.17. Impact of the focal length on the relative apparent size of two objects with the same size, one placed
at a distance L, the other placed at a distance 3L from the photographer, for an objective whose focal length
varies from 10 to 150 mm (see Figure 2.16). The relative size seen by a 50 mm lens is taken as the reference.
The three curves correspond to values of L of 1, 2and 5 m
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Figure 2.27. PSF obtained with white light. The sensor has three sensitive CCDs according to the curves of the
figure on the left. The light spectrum is uniform on the visible band from 0.4 to 0.8 um. In the center, the PSF
obtained by summation of the contributions of all wavelengths: the spot is dominated by the red wavelengths
outside the axis. On the right, hypothesis of an identical average diffraction for all the wavelengths. The spot

would be monochrome



Figure 2.30. On the left, chromatic aberrations. The red or blue edging that affects the contours above and below
the eye can clearly be seen (the full image where this detail is taken from is in Figure 8.2). Right image: multiple
reflections on the various lenses of the objective: the heptagonal shape of these reflections comes from the
diaphragm composed of seven plates opening like a hand fan. The shape of the diaphragm is involved in these
reflections, but also in the shape of the blurring of the objects that are focused
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Figure 2.31. Spherical, coma, astigmatism and field curvature aberration, according to [TAN 13]. The graphics
represent the deformation of the image point according to its position in the field

Figure 2.32. On the left: vignetting effect on a wide-angle image. On the right: tracing of the optical paths in an
objective. The red radius corresponds to an image point of the edge of the field. Only the rays traveling from the
lower half of the objective will cross the diaphragm in the center of the objective (ORadiant Zemax)
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Figure 2.34. Example of the imperfect result of a correction of aberrations. Complex compromises are made
without, however, completely canceling the defect. Here, the blue is too corrected at the edge of the field, while
the red is not sufficiently corrected on the axis. Three beams red, green and blue focus on three points M, N and P
on the corrected focal nappes. It is very difficult to determine the real focal plane F of such a system
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Figure 5.3. On the left, the cube of RGB colors and the Maxwell triangle. On the right, the chromatic diagram (x,y)
built on constant brightness RGB (R+G+B = K): the origin is placed in B and only the normalized R and G
coordinates are retained. The site of pure frequencies involves a very important part of negative abscissa. The
triangle XYZ is the one that has been selected to define the axes of the CIE 1931 observer in order for any real

color be obtained by a positive combination of three terms
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Figure 5.5. Color space with three RGB primaries and a reference white noted E. Left: point X has for dominant
wavelength a blue-green one at 505 nm (point D). The point Y, on the other hand, has no dominant wavelength
(the point D’ corresponds to a purple which is not a pure radiation). By convention, the wavelength of the
complementary (point D”) at 562 nm is attributed thereto. In the center: example of metamerism. The point X,
single color point in RGB representation, could have been created either by a mixture of blue-green and white
(linear interpolation on the line DE), or by a mixture of blue (at 460 nm), of green (at 532 nm) and red (at 564 nm)
(barycentric interpolation in the triangle MNP), or even by an infinite number of other cornbinations of different
radiations. They will all be seen as a same color X by the observer. Right: the point X is out of the gamut. It can
be represented in the RGB space by point X” (the nearest to X) or by point X’ (same hue as X, but desaturated)
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Figure 5.6. The color image is decomposed into its chromatic channels: red, green and blue which are
represented here in grayscale

Figure 5.7. The color image of Figure 5.6 is decomposed here into its chromatic components. On the left, the hue
is represented in hues: that is the pure wavelengths from yellow to red. To its right, the hue is represented in
grayscale by an angle comprised between O (represented in black, but therefore coding the yellow) through the
green (absent from this image and the blue which appears thus in gray) and 2r (represented in white, but coding
the red color). On the right, luminance image (this is often the one that is chosen to transform a color image into a
black and white image). On its left, the representation of saturation (faded hues appear in black)



Figure 5.9. White balance. From left to right: original image, whose parameters (illuminants, camera settings) are
unknown, as recorded on chip (during viewing the primaries are assumed to be those of the sSRGB space); white
balance by the von Kries model, under the gray-world hypothesis, then under the white-page hypothesis, finally

on the right, correction made with the (unknown) algorithm of the camera. The very wide variety of renderings can

be observed in this difficult situation where the light sources are artificial and the colors strong

Figure 5.11. Decomposition of an image in its three RGB components. The original image is on the top left. The
red channel on its right is represented in grayscale for an easier comparison with the green and the blue channels
in Figure 5.12

Figure 5.12. Decomposition of an image into its three RGB components, the green and blue channels (continued
from Figure 5.11)
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Figure 5.14. The spectrum of the image signal (curve 1), maximal at frequency zero, the filter imposed by the
diaphragm (curve 2) and that imposed by the integration on the sensor (curve 3). If the period of the sensor
defines useful frequencies in the band u € [—1, 1] we have arbitrarily chosen a diaphragm that cancels out at +
1.22 and a sensitive cell such as u = 1.25yn. The signal resulting from the two filterings prior to periodization by the
sensor matrix is represented by the curve 4
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Figure 5.17. On the left, Bayer filter array; half the sites are sensitive to the green component, a quarter to the
blue, a quarter to the red. The repetition element step of the pattern is 2 x 2. On the right, a chromatic stripe
selection array. A third of the pixels is assigned to each color. One direction is heavily under-sampled while the
other is correctly sampled. The pattern is 3 x 1. The configurations of the basic patterns of the periodicity are
traced in black
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Figure 5.18. Given a dimension, the power spectral density of an image created by a sensor using a Bayer

mosaic filter: green channel on one hand, blue channel (or red) on the other hand. The periodization of the

photosites corresponds to a bandwidth between -0.5 and +0.5. The blue channel, sampled every two pixels,
undergoes a very strong aliasing that the green channel barely exhibits
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Figure 5.19. On the left, the green channel, reconstructed by interpolation, of a RAW image. The three images on
the right represent the frequency spectrum module of the blue channel before interpolation, then of the green
channel before interpolation, and finally of the green channel after interpolation. To facilitate the readability of

these spectra, they have been filtered by a low-pass Gaussian filter, and represented in logarithmic scale. It can
be emphasized that aliasing is twice stronger from the blue channel compared to the green channel and that the
role of the interpolation in rejecting noise orders of the green channel outside the bandwidlth thus reduce aliasing
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Figure 5.20. Two configurations offered by Kodak to replace the Bayer filter array: sites in white have a
panchromatic sensitivity supposed to give a better smoothness to the image
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Figure 5.21. Configurations proposed by Fujifilm using original filter arrays: left, the ESR configuration uses a
basic 4 x 2 pattern (in a quincunx) originating from a reconfigurable matrix (in the case, the array is rotated by 45-
with regard to this representation, the neighboring pixels of the same color are coupled 2 x 2 to provide signals
with stronger dynamics or a better signal-noise ratio). On the right, the X-Trans array (6 x 3 basic pattern on a
hexagonal mesh) which made its appearance in 2013 and whose first objective is to overcome the moiré
phenomena on high-frequency periodic textures

Figure 6.3. Three different noise levels affecting an image (detail) taken with high sensitivity (6,000 ISO). Left: no
treatment applied to the sensor output. The noise is highly colored, due to the Bayer matrix which measures the
signal. Center: noise reduction applied during demosaicing, followed by Bayesian filtering using local windows.

Right: the same treatment, but using a non-local Bayesian filter
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Figure 6.11. Unsharp masking: power density spectrum of an image (logarithmic scale), before and after filtering,
using two different types of unsharp masking filters. Right: transfer functions of the two filters, in the form [I —a
exp(—auz)], multiplied by a function Ncos(mu), which cancels out at the limits of the bandwidith in order to remove
aliasing effects
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Figure 7.3. Sensor saturation: number of photons (npn) converted into electrons (ne). In red: ideal photon—electron
conversion; in blue, conversion in practice; in green, converter output. Two typical cases may be seen. Left: the
converter is saturated first. Not all of the photons received by the sensor will be used to make up the image, but
linearity will be respected in the converter dynamics (lI= limit of linearity). Right: the converter covers the whole

capacity of the photosite (mecn= maximum carrier number), but now needs to take account of a zone of nonlinearity

at the point of saturation

Figure 8.1. Left: a small section of the color image shown in Figure 8.2 (the top left corner), as recorded by the
Bayer matrix and represented in a native (RAW) file, where the three channels, R, G and B, are stacked. For each
pixel, only one of the R, G or B values is non-null. Right: the same image, reconstructed by demosaicing




Figure 8.2. Left: a color image. Center: the corresponding RAW file, represented in grayscale (the R, G and B
pixels are interwoven, but have been reduced to gray levels, each coded on one byte). Right: the luminance
image obtained from the color image. We see that the geometry of the two images on the left is identical, as the
R, G and B channels are layered, but undersampled. The central image also shows the staggered structure
characteristic of the Bayer mask, which is particularly visible on the face, which has low levels of green. This
staggered structure is even more evident in Figure 8.1, which is highly magnified. On the lips, we see that the
absence of green (which is twice as common in the samples than red or blue) results in the presence of a dark
area, while the greenish band in the hair appears more luminous than the hair itself, which is made up of red and
blue. The luminance image does not show this structure, as the RGB channels have been interpolated

Figure 8.5. Magnification of an area of an image encoded using JPEG. The top left image is the non-encoded
original. The whole image has then been compressed by factors of 5.4 (top right), 12.1 and 20 (central line), and
30 and 40 (bottom line)



Figure 9.10. Blurring is an important aspect of the esthetic properties of a photograph. Lefft: spatial discrimination
of objects exclusively due to focus. The choice of a suitable diaphragm is essential in softening contours. Right:
the lights in the background are modulated using the optical aperture, giving a classic bokeh effect
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Figure 9.11. Left: two linear accelerometers using MEMS technology, made from interlinking combs, integrated
into the same housing. These devices are used to determine translation movement in the plane of the host circuit.
Right: a gyroscope, consisting of a vibrating ring (red, center). A circuit (shown in pink) is used to maintain
vibration of the ring, while another circuit (in blue) measures deformation of the ring due to rotational movement.
These two types of captors are produced from raw silicon

Figure 10.1. Denoising an image. Left: detail of an original image, with noise. Center: image after denoising using
a bilateral filter. Right: image after denoising using non-local Bayesian filtering



Figure 10.10. HDR treatment of four images (only the two extreme images are presented, with the least exposed
on the left and the most saturated in the center). The result of this treatment, for the shared zone of the images,
accounting for movement and compressed onto 8 bits, is shown on the right. Taken from [AGU 14a]

Figure 10.15. Flutter-shutter: example of image processing, taken from [TEN 13]. Left: the image recorded using
a flutter-shutter, with a total movement of 52 pixels. Right: the corrected image. This second image is very close
to the original, with the exception of the small vertical ripples in the sky on the left-hand side




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


