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Elements of Visual Perception

FIGURE 2.1
Simplified
diagram of a cross
section of the
human eye.

» Structure of the
human eye
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» Rods and cones in the retina

180,000 i i I FIGURE 2.2
Distribution of
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» Image formation in the eye

FIGURE 2.3 )
Ciraphical
representation of

the eye looking at 4
a palm tree. Point
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C 1s the optical i 6
center of the lens.
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» Brightness adaptation and discrimination

FIGURE 2.4
Range of
subjective
brightness
sensations
showing a
particular
adaptation level.
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» Brightness discrimination

f+ A7
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» Weber ratio

FIGURE 2.6 1.0
Typical Weber

ratio as a function 0.5
of intensity.
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FIGURE 2.7
| | | | lllustration of the
Mach band effect.

» Perceived | Actual intensity —  Perceived
brisht — intensity is not a
rgntness

simple function of
actual intensity.

Perceived intensity
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Simultaneous contrast

b c

FIGURE 2.8 Examples of simultaneous contrast. All the inner squares have the same in-
tensity, but they appear progressively darker as the background becomes lighter.
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FIGURE 2.9 Some

> Opt'lcal well-known
. . optical illusions.
illusion

AVAILABLE AT:
Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform fof University Students in Bangladesh (www.onebyzeroedu.c|



http://www.onebyzeroedu.com

Light and the Electromagnetic
Spectrum

Energy of one photon (electron volts)
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» Wavelength

i==

E=hv

FIGURE 2.11
Giraphical
representation of
one wavelength.
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FIGURE 2.12

(a) Single imaging
SENSOT. p .
(b) Line sensar. owertn
(¢) Array sensor.
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» Image acquisition using a single sensor

i Film

Rotation

Linear motion

One image line out

per increment of rotation
and full linear displacement
of sensor from left to right.

FIGURE 2.13 Combining a single sensor with motion to generate a 2-1) image.
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One image line out per
increment of linear motion

Image
reconstruction

Cross-sectional images
of 3-D object

» Using sensor
strips

3-D abject

e

Sensor ring

ab

FIGURE 2.14 (a) Image acquisition using a linear sensor strip. (b) Image acquisition using a circular sensor strip.
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» Asimple image
formation model

Hlumination (energy)

..:7/ L\ source

Output (digitized) image

Imaging system

(Internal) image plane

Scene element

acde

FIGURE 2.15 Ancxample of the digital image acquisition process. (a) Energy (“illumination™) source. (b) An el-
ement of a scene. (¢) Imaging system. (d) Projection of the scene onto the image plane. (e) Digitized image.

AVAILABLE AT:
Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)



http://www.onebyzeroedu.com

» [llumination and reflectance

» Illumination and transmissivity

F(X,y)=1(x,y)r(x,y)
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FIGURE 2.16 Generating a digital image. (a) Continuous image. (b) A scan line from A to B in the continuous image,
used to illustrate the concepts of sampling and quantization. (¢) Sampling and quantization. (d) Digital scan line.
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» Sampling and
quantization

ab

FIGURE 2.17 (a) Continuos image projected onto a sensor arrav. (b) Result of image
sampling and quantization.
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» Representing digital images

FIGURE 2.138
Coordinate
convention used
in this book to
represent digital
images.
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One pixel _
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» Saturation and noise

FIGURE 2.19 An
image exhibiting
saturation and
noise. Saturation is
the highest value
beyond which all
intensity levels are
clipped (note how
the entire
saturated area has
a high, constant
intensity level).
Noise in this case
appears as a grainy
texture pattern.
Noise, especially in
the darker regions
of an image (e.g.,
the stem of the
rose ) masks the
lowest detectable
true intensity level.

AVAILABLE AT:
Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)



http://www.onebyzeroedu.com

» Number of storage bits

TABLE 2.1
Number of storage bits for various values of Nand k.

Nk 1(L=2 20=4 3I(L=8 4L=16 51 =32 6( =64 7( =128 8(L =256

32 1,024 2,048 3,072 4.096 5.120 6,144 7,168 8,192
64 4,096 8,192 12,288 16,3584 20,480 24576 28,672 32,768
128 16,354 32,768 49,152 65.536 51,920 08,304 114,688 131,072

256 65,536 131,072 196,608 262,144 327.650 393.216 458,752 524,288
512 262,144 524,288 786,432 1.045.576 1,310,720 1.572.864 1,835,008 2,097,152
1024 1,045,576 2,097,152 3,145,728 4,194,504 5.242.880 6.291.456 7,340,032 8,388,608
2048 4,194,304 8,388,608  12,582912  16.777.216 20971520 25165824 29369,128 33,554,452
4006 16,777,216 33,554,432 503316458 67105864  83.886.080 100.663.296 117440512 134,217,728
8192 67,108,864 134217728 201,326,592 268435456 335544320 402.653.184 469,762,045 536,870,912
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Spatial and gray-level resolution

1024

FIGURE 2.19 A 1024 x 1024, 8-bit image subsampled down to size 32 X 32 pixels. The number of allowable
aray levels was kept at 256,
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Subsampled and
resampled

abec

de f
FIGURE 2.20 (a) 1024 x 1024,8-bitimage.(b) 512 % 512 image resampled into 1024 x 1024 pixels by row and
column duplication. (c) through (f) 256 X 256, 128 x 128, 64 x 64. and 32 X 32 images resampled into

1024 x 1024 pixels.
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» Reducing spatial
resolution
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FIGURE 2.20 Typical effects of reducing spatial resolution. Images shown at: (a) 1250
dpi, (b) 300 dpi, (c) 150 dpi, and (d) 72 dpi. The thin black borders were added for
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» Varying the
number of gray

levels
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FIGURE 2.21

(a) 452 x 374,
256-level image.
(b)—(d) Image
displayed in 128,
64, and 32 gray
levels, while
keeping the
spatial resolution
constant.
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» Varying the -
FIGURE 2.21
number of gray (Continued)
levels glip;]lgyzegrg; 16.8.

levels. (Original
courtesy of

Dr. David

R. Pickens,
Department of
Radiology &
Radiological
Sciences,
Vanderbilt
University
Medical Center.)
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» N and k in different-details images

o il

FIGURE 2.22 (a) Image with a low level of detail. (b) Image with a medium level of detail. (¢) Image with a rel-
atively large amount of detail. (Image (b) courtesy of the Massachusetts Institute of Technology.)
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» lsopreference

FIGURE 2.23
Representative
Isopreference
curves for the 5L
three tvpes of
images in

Fig. 2.22.
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» Interpolations
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FIGURE 2.24 (a) Image reduced to 72 dpi and zoomed back to its original size (3692 X 2812 pixels) using
nearest neighbor interpolation. This figure is the same as Fig. 2.20(d). (b) Image shrunk and zoomed using
bilinear interpolation. (c¢) Same as (b) but using bicubic interpolation. (d)—(f) Same sequence, but shrinking
down to 150 dpi instead of 72 dpi [Fig. 2.24(d) is the same as Fig. 2.20(c)]. Compare Figs. 2.24(e) and (f),

especially the latter. with the original image in Fig. 2.20(a).
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Zooming and
shrinking

abc
de f

FIGURE 2.25 Top row: images zoomed from 128 x 128, 64 X 64, and 32 x 32 pixels to 1024 x 1024 pixels,

using nearest neighbor gray-level interpolation. Bottom row: same sequence, but using bilinear interpolation.
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Some Basic Relationships
Between Pixels

» Neighbors of a pixel
> 4-neighbors of p

N (p)
(x+1y) (x=1y) (xy+1) (xy-1

: four diagonal neighbors of p

N5 (P)
(x+Ly+1) (x+Ly-1) (x-Ly-1)
(X _:]g-g;:_g_hﬁrs of p

Ng(P)
. N,(p) N, (p)
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» Adjacency
>V : The set of gray-level values used to define adjacency

» 4-adjacency: Two pixels p and g with values from V are 4-
adjacency if q is in the set N4 ( p)

» 8-adjacency: Two pixels p and q with values from V are 8-
adjacency if q is in the set N8 ( p)
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» m-adjacency (mixed adjacency): Two pixels p and q with
values from V are m-adjacency if

> qisinN4(p) , or
» qisinN g (pXendtheset N, (p) M N, (Q)

has no pixels whose values are from'V

abe

FIGURE 2.26 (a) Arrangement of pixels; (b) pixels that are 8-adjacent (shown dashed)
to the center pixel; (¢) m-adjacency.
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FIGURE 2.25 (a) An arrangement of pixels. (b) Pixels that are 8-adjacent (adjacency is
shown by dashed lines; note the ambiguity). (¢) m-adjacency. (d) Two regions that are
adjacent if 8-adjecency is used. (e) The circled point i1s part of the boundary of the
1-valued pixels only if 8-adjacency between the region and background is used. (f) The
inner boundary of the 1-valued region does not form a closed path, but its outer
boundary does.
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» Subset adjacency

» S1 and S2 are adjacent if some pixel in $1 is adjacent to some pixel
in 52

» Path

» A path from p with coordinates () to pixel q with coordinates (S, t
is a sequence of distinct pixels with coordinates

>(XO’yO)’(X11y1) Y (Xn’ yn)
where (Xo,y0)= (X, y) , (Xn, yn) = (S,t) ,

and pixels ()(i : yl) and (Xi—1’ yi—l) are adjacent

AAAAAAAAAAA :
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» Region

» We call R a region of the image if R is a connected set

» Boundary

» The boundary of a region R is the set of pixels in the region that hav
one or more neighbors that are not in R

» Edge

» Pixels with derivative values that exceed a preset threshold
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» Distance measures

» Euclidean distance

D, (p,q) = [(x—38)* +(y—1)°]?

» City-block distance

D,(p,q) = (X=8)|+|(y—1)]

» Chessboard distance

D, (p,q) = max(| (x=s) | (y=t) )

AAAAAAAAAAA
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o D, distance: The shortest m-pat
between the points
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An Introduction to the Mathematical
Tools Used in Digital Image
Processing

» Linear operation

» His said to be a linear operator if, for any two images f
and g and any two scalars a and b,

H(af +bg)=aH(f)+bH(Q)
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» Arithmetic operations
» Addition

allbife

die f

FIGURE. 2.26 (a) ﬁlﬁlkf&?ﬁ%ﬁ&ﬂﬁﬁ%#&‘.gdﬁC’Brg’a{ﬁli SOETPRLGSh Illllb a %B&h(ﬁ@grx‘é@rn n‘ui.\‘c. (b)—(f) Results of
averaging 53| 0cdfloifleAlich AOLLDOISE SR ARG AE RRHRRY, ST A MALR SOWERE S¥ 8l N3 X ohn)
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» Arithmetic operations
» Subtraction

FIGURE 2.27 (a) Infrared image of the Washington, D.C. area. (b) Image obtained by setting to zero the least
significant bit of every pixel in (a). (c) Difference of the two images, scaled to the range [0, 255] for clarity.

~

AVAILABLE AT:
Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)


http://www.onebyzeroedu.com

» Digital subtraction
angiography

ab
cd

FIGURE 2.28
Digital
subtraction
angiography.

(a) Mask image.
(b) A live image.
(c) Difference
between (a) and
(b). (d) Enhanced
difference image.
(Figures (a) and
(b) courtesy of
The Image
Sciences Institute,
University
Medical Center,
Utrecht, The
Netherlands.)
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» Shading correction

abc

FIGURE 2.29 Shading correction. (a) Shaded SEM image of a tungsten filament and support, magnified
approximately 130 times. (b) The shading pattern. (c) Product of (a) by the reciprocal of (b). (Original image
courtesy of Mr. Michael Shaffer, Department of Geological Sciences, University of Oregon, Eugene.)
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» Image multiplication

abec

FIGURE 2.30 (a) Digital dental X-ray image. (b) ROI mask for isolating teeth with fillings (white corresponds to
1 and black corresponds to 0). (c) Product of (a) and (b).
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» Set operations

abec
de

FIGURE 2.31
(a) Two sets of
\UB B coordinates, A and B,
in 2-D space. (b) The
union of A and B.
U (c) The intersection
of A and B.(d) The
complement of A.
(e) The difference
between A and B. In
(b)—(e) the shaded
areas represent the
member of the set
operation indicated.

AC
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» Complements

abc

FIGURE 2.32 Set
operations
involving gray-
scale images.

(a) Original
image. (b) Image
negative obtained
using set
complementation.
(c) The union of
(a) and a constant
image.

(Original image
courtesy of G.E.
Medical Systems.)
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» Logical
operations
NOT({A)

FIGURE 2.33 -

[llustration of
logical operations
involving
foreground
(white) pixels.
Black represents
binary Os and
white binary 1s.
The dashed lines
are shown for
reference only.
They are not part
of the result.

(A) XOR (B)

XOR

ol
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» Single-pixel

operations s =T(z)
255
FIGURE 2.34 Intensity
transformation
function used to

obtain the negative of
an 8-bit image. The
dashed arrows show
transformation of an
arbitrary input
intensity value z; into
its corresponding
output value sj.

50
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» Neighborhood operations

ab
cd
n
FIGURE 2.35 T
. s |
chal averaging "y ()
l.lS]Ilg The value of this pixel
. Sty is the average value of the
neighborhood pixels in S,,

processing. The
procedure is
illustrated in

(a) and (b) for a
rectangular
neighborhood.
(c) The aortic
angiogram
discussed in
Section 1.3.2.

(d) The result of
using Eq. (2.6-21)
withm = n = 41
The images are of
size 790 X 686
pixels.

Image f
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» Affine transformations

TABLE 2.2
Affine transformations based on Eq. (2.6.-23).
Transformation q Coordinate
Name Affine Matrix, T Equations Example
Identity 1 0 0O x=w
1 0 ry=w
0o 0 1
X
Scaling c, O 0 X = Cy0
0 Cy y = c,w
(0] (8] 1
=4
. A
Rotation cos O sing@ 0O x =wcos # — wsin 6
—sin & cos @ 0 y=wcosf + wsin @
(0] 0 1
Translation 1 0o 0 X =v+ L
0 1 0 y =w + U,
o6 1
Shear (vertical) r1 0 07 X = + 5,00
S5y 1 0O y =w
L0 0 1]
Shear (horizontal) 1 s, O] x=w
0O 1 0O V=850 + w
o o0 1
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» Inverse mapping

0 N, N
\ N, \
\ \, \

abcd

FIGURE 2.36 (a) A 300 dpi image of the letter T. (b) Image rotated 21° clockwise using nearest neighbor
interpolation to assign intensity values to the spatially transformed pixels. (c) Image rotated 21° using
bilinear interpolation. (d) Image rotated 21° using bicubic interpolation. The enlarged sections show edge
detail for the three interpolation approaches.
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FIGURE 2.39

» Image transforms General approach
for operating in
the linear
transform
domain.
T(u,v) : R[T(u, v)]
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» Fourier transform
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FIGURE 2.40

(a) Image corrupted
by sinusoidal
interference. (b)
Magnitude of the
Fourier transform
showing the bursts
of energy responsible
for the interference.
(c) Mask used to
eliminate the energy
bursts. (d) Result of
computing the
inverse of the
modified Fourier
transform. (Original
image courtesy of
NASA.)
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» Probabilistic methods FIGURE 2.41

Images exhibiting
(a) low contrast,
(b) medium
contrast, and

(c) high contrast.
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