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TFrICURILIE 23-7

Operaticon of the charge coupled devwrice (CCID)Y. As shown in this cross—-sectional view . a thin sheet of p-tyvpe si1licom is
coverad wiith an mmsnlatimg layer and an array of electrodes 'The elecrrades are conneaectad i gronps ot rthree. allowing
rhree separate valtases 1o he appnlied- a1 | o7 and '3 VWhen a posiTive volrage s anppplied to an elecrrode  the hhales (1 &
the positive charge carricrs indicatcd by the "=+"") arc pushed avwawy. This recsults 1 an arca depleted of holes. called a wwaid.
Incoming light generates holes and clectrons., resulting in an accumulation of electrons confined tao cach we=ll (indicated
Ly thie "-"). By mamnipulatizngs the thhiee sleclzode voltapes,. the sleclzons 111 cach well can be mnmoved Lo thhe oddgre ol thie
silicon wlhiere v chian ge sensitive amplifies conwverts e chian e into i vollage.
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FIGURE 23-8

Architecture of the CCD. The imaging wells of the CCD are arranged in columns. Durning readout, the charge
from each well 1s moved up the column into a honizontal register. The honizontal register 1s then readout into
the charge sensitive preamplifier.
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FIGURE 23-9

Composite video. The NTSC video signal consists of 30 complete frames (images) per second, with each
frame containimg 480 to 486 lines of video. Each frame 1s broken mto two fields, one contamning the odd lines
and the other contamning the even lines. Each field starts with a group of vertical sync pulses, followed by
successive lines of video information separated by horizontal sync pulses. (The horizontal ax1s of this figure
15 not drawn to scale).
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a. Image at first layer b. Image at third layer

FIGURE 24-1

The PSF of the eye. The middle layer of the retina changes an impulse, shown 1n (a), into an impulse
surrounded by a dark area. shown in (b). This point spread function enhances the edges of objects.
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a. True brightness

FIGURE 24-2

Mach bands. Image processing in the

retina results in a slowly changing edge.
as in (a). being sharpened. as i (b). This
makes it easier to separate objects in the
image, but produces an optical illusion
called Mach bands. Near the edge. the
overshoot makes the dark region look
darker. and the light region look lighter.
This produces dark and light bands that
run parallel to the edge.

b. Perceived brightness
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a. Pillbox

c. Square

FIGURE 24-3

Common point spread functions The pillbox,
Gaussian. and square. shown in (a). (b). & (c).
are commeon smoothing (low-pass) filters. Edge
enhancement (high-pass) filters are formed byv
subuacung a low-pass kernel Do an nmnpulse.
as shown 1 (d). The sinc funcluon, () 1s used
very little in image processing because images
hawve their information cncoded in the spatial
domain. not the frequency domain.
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FIGURE 24-4

T edpe moditication The amgimal image. (A) was acauured an an airport x-rayv baggage scanner
opcration. shown in (b)), rcsults 1n a pscudo threoe-dimcensional cffccect. The cdge dotoection operator in () removes all
contrast. leavinge only the edgege information. The edge enhancement filrter, (d). adds various ratios of images (a) and (c).
A value of £ = 2 was used to create thas rmage.

determaned by the parameter. Ao
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FIGURE 24-6

Creation of a separable PSF. An infinite number of separable PSFs can be generated by defining arbatrary
projections, and then calculating the two-dimensional function that corresponds to them. In this example, the
profiles are chosen to be double-sided exponentials, resulting 1n a ditamond shaped PSE.
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a. Reflectance b. Ilumination c. Viewed image
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FIGURE 24-8
Model of image formation. A viewed image. (c). results from the multiplication of an 1llumination
pattern, (b). by a reflectance pattern, (a). The goal of the image processing is to modify (¢) ro make 1t

look more like (a). Thais 1s performed 1in Figs. (d). (e) and (f) on the opposite page.
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d. Smoothed e. (¢)-(d) f. (c)+(d)
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FIGURE 24-8 (continued)

Figure (d) 1s a smoothed version of (¢). used as an approximation to the illumination signal. Figure (e)
shows an approximation to the reflectance image, created by subtracting the smoothed image from the
viewed image. A better approxumation 1s shown in (f). obtained by the nonlinear process of dividing the

two 1mages.
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FIGURE 23-2

Line patr gauge. The line pair gauge 15
a tool used to measure the resolution of
imaging systems. A series of black and
white ribs move together, creating a
contmuum of spatial frequencies. The
resolution of a system 1s taken as the
frequency where the eye can no longer
distinguish the individual ribs. This
example line pair gauge 1s shown
several tumes larger than the calibrated
scale indicates.

a. Example profile af 12 lp/mm
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b. Example profile at 3 Ip/mm
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Chapter 25- Special Imaging Techniques

a. Line Spread Function (LSF) b. Edge Response

/\ 90% --
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J\ o)
Full Width at 10% to 90%
4" L Half Maximum 4" L Edge response

(FWEDM)

FIGURE 25-3
Line spread function and edge response. The line spread function (LSF) 1s the dernivative of the edge response.

The width of the LSF 1s usually expressed as the Full-Width-at-Half-Maximum (FWHM). The width of the
edge response 1s usually quoted by the 10% to 90% distance.
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FIGURE 24-9

Froqueney spoctrnm of an image The example imagac

shown in (a). 1s a microscopic photograph of the silicon
surtface of an mtegrated caircuit. LThe ftrequency spectrum
can be displaved as the real and imaginary parte. shown in
(b). or as the magnitude and phase. shown in (c). Figures
(h) & () arc diaplayecd with rhe low-frequeoncics at the
cormeors and the high-frocquencics ar the conter Since the
frequuency cddomain is periadic . the display can be rearrangecl
ta reverse these positions. This is shown in (d). where the
maemnntude and phase e displaved wialhh thie low-l1osguencies
located amt e conter axcd the Insh -l eguencies al thie colmers.

b. Frequency spectrum displasyed
in rectangular form (as the real
and imaginary parcts).

JIBymepHOE
Dypbe

. Fregquency spectauin displayvecd
amx polar Lol (as e mmaprmnatude
and phase).

Magnoitude

d. Freguency speclyuin displayed
axx prrlan Loaznn. wiatly thhe sprecizwin
shifted ro place zero frequency at
the center.
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Dypbe

FIGURE 24-10
Two-cdimensional sinusoids.
Iinare sane and cosinne waves
have both a_fireguanay and a
drrecitror. Four examples are
showmn here. These spectra
arc displayced with the low-
freguencies at the cormers.
The circles in theose spoctra
show the location ol zexo
frequency.
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Contrast
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FIGURE 23-7
Contrast detection. The human eye can detect a minimum contrast of about 0.3 to 3%, depending on the
observation conditions. 100% contrast 15 the difference between pure black and pure white.



a. Constant amplitude noise
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FIGURE 25-9

Image noise. Random noise in images takes two general forms. In (a). the amplitude of the noise remains constant
as the signal level changes. This is typical of electronic noise. In (b), the amplitude of the noise increases as the
square-root of the signal level. This type of noise originates from the detection of a small number of particles, such
as light photons, electrons. or x-rays.
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a. Original fingerprint b. Skeletonized fingerprint

—

FIGURE 25-11
Binary skeletomzation. The binary image of a fingerpnint, (a). contains ndges that are many pixels
wide. The skeletonized version, (b), contains ridges only a single pixel wide.
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FIGURE 25-15
CT views. C omputed tomography acquires a set of views and then reconstructs the corresponding
image. Each sample 1n a view 1s equal to the sum of the image values along the ray that points to that

sample. In this example. the image 1s a small pillbox surrounded by zeros. While only three views
are shown here, a typical CT scan uses hundreds of views at slightly different angles.



view 3

FIGURE 25-16

Backprojection. Backprojection reconstructs an image by taking each view and smearing it along
the path 1t was originally acquired. The resulting image 1s a blurry version of the correct image.

Tomorpadus

view 1
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a. Using 3 views

b. Using many views
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view 3

Tomorpadus

filtered view 1

filtered
view 2

a. Using 3 views b. Using many views

FIGURE 25-17

Filtered backprojection. Filtered backprojection reconstructs an image by filtering each view before
backprojection. This removes the blurring seen 1n simple backprojection, and results 1n a
mathematically exact reconstruction of the image. Filtered backprojection 1s the most commonly
used algorithm for computed tomography svstems.
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FIGURE 25-18

The Fourier Slice Theorem. The Fourier Slice Theorem describes the relationship between an image and
1ts views 1n the frequency domain. In the spatial domain, each view 1s found by integrating the 1mage along
rays at a particular angle. In the frequency domain. the spectrum of each view 15 a one-dimensional "slice”
of the two-dimensional image spectrum.



FIGURE 27-15

Example of JPEG distortion. Figure (a)
shows the original image, while (b) and (c)
shows restored images using compression
ratios of 10:1 and 45:1, respectively. The
high compression ratio used in {(c) results in
each 8x8 pixel group being represented by
less than 12 bats.

b. With 10:1 compression

c. With 45:1 compression



