[E=krblIES

JUaaas i gas SHlae
Digital Image Fundamentals
RV REINALS
2oL oy ¢ tige 60K ESND
Ol sl&zsla

http://courses.fouladi.ir/vision






| D;g"“ i Digital Image Processing, 3rd ed.

- Gonzalez & Woods

.ImageProcessingPlace.com

6 2 Chapter 2

P Introduction
FIGURE 2.1 Cornea
Simplified

diagram of a cross
section of the
human eye.

Ciliary muscle

\\)/_ Visual axis
|
|
|

Vitreous humor

|

|

|

|

Blind spot \|
|
|

© 1992-2008 R. C. Gonzalez & R. E. Woods



Prepared by Kazim Fouladi | Fall2016 | 2" Edition

Ol adia LA L

EPgpolS lin

STRUCTURE OF THE HUMAN EYE

P

Ciliary muscle

G20k 5l (2l s
o sl S s
ol (550 2GS
sl pdis s4Sen
S g

Zﬁ)‘déﬁ)ﬂg&y\gd

lagbsae *
Lyglals  ©



0 EPgpolS lin
Ol e.u.\.}:' “gg| N

STRUCTURE OF THE HUMAN EYE

(rods) Lagslddes ((cones) La b g 530 10 5la s a5 003 58 & 55 50

Lysladse L b g y20
Rods Cones
pdi 58 58 (ke VO BVO a8 5 Gasle VB 7

Gk s Hu sty s WS (535S e A 0 S yale
£ 2l g 55 90
(098 pS) S 97 gl alias (09 R) SR ol
= Scotopic (Dim-Light) Vision Photopic (Bright-Light) Vision
Lagslabso b (olisy Lol e b ol
£
% 08 4 i ol (K55, S 29 YL sl g5 (S5, slasas S
g FOmb Ol 950 (b (2l o 4 heS cualia (Lo K585 53

<
’U’;ﬁb/



_D;gi tal 4
% mage
B o cesing

4
B
5

FIGURE 2.2
Distribution of
rods and cones in
the retina.

No. of rods or cones per mm?
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FIGURE 2.3
Graphical
representation of
the eye looking at
a palm tree. Point
C is the optical
center of the lens.
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FIGURE 2.4
Range of
subjective
brightness
sensations
showing a
particular
adaptation level.
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FIGURE 2.5 Basic
experimental
setup used to
characterize
brightness
discrimination.
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FIGURE 2.7
Illustration of the
Mach band effect.
Perceived
intensity is not a
simple function of
actual intensity.
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FIGURE 2.8 Examples of simultaneous contrast. All the inner squares have the same
intensity, but they appear progressively darker as the background becomes lighter.

Simultaneous Contrast
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FIGURE 2.9 Some

well-known
optical illusions.

/ \ Examples for
Human
‘ Perception

Phenomena
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Energy of one photon (electron volts)
10 108 10t 108 100 100 1 107" 1002 107 10* 1077 100 1077 100% 107?
| | ] l | l | | | 1 | L | L | |
Frequency (Hz)
10°0 10 10® 10" 107 10 10 10 10% 107 10" 10 10”108 107 10° 10°
| | | | | | | | | \ | | | | | | |
Wavelength (meters)
1072 107" 107" 107 107% 1077 107° 107 107* 107 1072 107! 1 10t 100 10°
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a e I e I
Gammarays X-rays Ultraviolet Infrared Microwaves

Radio waves
Visible spectrum

0.4 x107° 0.5x10°°
Ultraviolet Violet Blue

0.6x107° 0.7 x107°
Green Yellow  Orange Red Infrared

FIGURE 2.10 The electromagnetic spectrum. The visible spectrum is shown zoomed to facilitate explanation,
but note that the visible spectrum is a rather narrow portion of the EM spectrum.
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representation of
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FIGURE 2.12

| : . (a) Single imaging
Power in 4‘—-: Sensing material SENSOT.
(b) Line sensor.

_/ t (c) Array sensor.
et /\/\/\/w Voltage waveform out
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FIGURE 2.13
Combining a
single sensor with
motion to
generate a 2-D
image.

Rotation

Linear motion

One image line out

per increment of rotation
and full linear displacement
of sensor from left to right
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One image line out per

/ increment of linear motion
area

Image
reconstruction . .
Cross-sectional images

Linear motion of 3-D object

Imaged

3-D object
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> P

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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Illumination (energy)

,7/ 1\ source

Imaging system it
(Internal) image plane

Scene element

Output (digitized) image

gcde

FIGURE 2.15 An example of the digital image acquisition process. (a) Energy (“illumination™) source. (b) An
element of a scene. (¢) Imaging system. (d) Projection of the scene onto the image plane. (¢) Digitized image.
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A B FIGURE 2.16
e el Generating a
digital image.
(a) Continuous
e image. (b) A scan
w/l- * line from A to B
b in the continuous
¥ b image, used to
illustrate the
concepts of
sampling and
quantization.

(¢) Sampling and
B A B quantization.

Te0 — oooo oooao — (d)Digital

- scan line.
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N

Quantization
a
a

a
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h‘ - oo -

Sampling
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FIGURE 2.17 (a) Continuous image projected onto a sensor array. (b) Result of image
sampling and quantization.
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FIGURE 2.18

(a) Image plotted
as a surface.

(b) Image
displayed as a
visual intensity
array.

(c) Image shown
asa2-D
numerical array
(0,.5,and 1
represent black,
gray, and white,
respectively).
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FIGURE 2.19 An
image exhibiting
saturation and Saturation
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.
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TABLE 2.1
Number of storage bits for various values of N and k. L is the number of intensity levels.
Nk 1(L=2 2(UL=4 3@L=8 4(@L=16 5L =32 6(L=64 7( =128 8L =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 16,384 20,480 24,576 28,672 32,768
128 16,384 32,768 49,152 65,536 81,920 98,304 114,688 131,072
256 65,536 131,072 196,608 262,144 327,680 393,216 458,752 524,288
512 262,144 524,288 786,432 1,048,576 1,310,720 1,572,864 1,835,008 2,097,152
1024 1,048,576 2,097,152 3,145,728 4,194,304 5,242,880 6,291,456 7,340,032 8,388,608
2048  4,194304 8,388,608 12,582,912 16,777,216 20,971,520 25,165,824 29,369,128 33,554,432
4096 16,777,216 33,554,432 50,331,648 67,108,864 83,886,080 100,663,296 117,440,512 134,217,728
8192 67,108,864 134,217,728 201,326,592 268,435,456 335,544,320 402,653,184 469,762,048 536,870,912
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Chapter 2
Introduction
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cd
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
clarity. They are not part of the data.
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FIGURE 2.21

(a) 452 x 374,
256-level image.
(b)-(d) Tmage
displayed in 128,
64, and 32
intensity levels,
while keeping the
image size
constant.
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FIGURE 2.21
(Continued)
(e)—(h) Image
displayed in 16, 8,
4. and 2 intensity
levels. (Original
courtesy of

Dr. David R.
Pickens,
Department of
Radiology &
Radiological
Sciences,
Vanderbilt
University
Medical Center.)
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L B 2 Chapter 2

| e Introduction

abc

FIGURE 2.22 (a) Image with a low level of detail. (b) Image with a medium level of detail. (¢) Image with a
relatively large amount of detail. (Image (b) courtesy of the Massachusetts Institute of Technology.)
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FIGURE 2.23
Typical
isopreference
51 curves for the
three types of
images in
Fig. 2.22.
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Top row: images zoomed from 128 % 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.

Prepared by Kazim Fouladi | Fall2016 | 2" Edition

KZ



Prepared by Kazim Fouladi | Fall2016 | 2" Edition

VY

EPgpolS lin

rnyas 2oy
225099 (bguue
IMAGE INTERPOLATION
o slaols (slagiSa o yali el (gl pslae (slasals 31 salitud wil,é | f?l:"ﬂ{“
nterpolation
oubasl 53 golute ca slanls Hlade b Juy 4 2250 99 b g 0
P39 ee 08l it o slae JuiSon 0 S3SG05 sa LA Bicubic Interpolation
u(z,9) Z Z a,'y’
1=0 5=0
‘a.J.LueU - syl

g b (aind J sae (sl G LI (0 503 S pslae gebaBsu5ila 555 )
(Ls_L,.QAA VP dolas \faKlué)

Adobe PhOtOShOp dlo (5)‘.%3 ‘,:‘JmS ‘)In:t“)f\j (5[.&)‘)3‘e)3 o adu:\_m‘ EEX T JJ‘._\:Sl:\_w‘ U:ZJJJ kst

<
’U’;ﬁb/



Digital Image Processing, 3rd ed.
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Introduction
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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. (¢) 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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FIGURE 2.25 (a) An arrangement of pixels. (b) Pixels that are 8-adjacent (adjacency is
shown by dashed lines; note the ambiguity). (c) n+adjacency. (d) Two regions (of 1s) that
are adjacent if 8-adjecency is used. (e) The circled point is 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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FIGURE 2.26 (a) Image of Galaxy Pair NGC 3314 corrupted by additive Gaussian noise. (b)—(f) Results of
averaging 5, 10, 20, 50, and 100 noisy images, respectively. (Original image courtesy of NASA.)

© 1992-2008 R. C. Gonzalez & R. E. Woods
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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). (¢) Difference of the two images, scaled to the range [0, 255] for clarity.

© 1992-2008 R. C. Gonzalez & R. E. Woods
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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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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 Michael Shaffer, Department of Geological Sciences, University of Oregon, Eugene.)
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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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fn = f — min(f)
fi = K| f/max(f,)

with 8-bit images, setting K = 255
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FIGURE 2.31

(a) Two sets of
coordinates, A and B,
in 2-D space. (b) The A

union of A and B. AUB ANB
(c) The intersection B
of A and B. (d) The
complement of A. U

(e) The difference

between A and B. In
(b)-(e) the shaded
areas represent the
members of the set
operation indicated.

AC
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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.) \ ~ l"
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FIGURE 2.33 NOT(A)

Illustration of NOT

logical operations =
involving

foreground (A) AND (B)

(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)
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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 values,.
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FIGURE 2.35 '—_\‘

Local averaging m| o N

using (x,y) (x, y)
neighborhood The value of this pixel
processing. The Sy is the average value of the
procedure is pixels in S,

illustrated in '
(a) and (b) for a
rectangular
neighborhood.
(c) The aortic
angiogram
discussed in
Section 1.3.2. Tmage f Image g
(d) The result of
using Eq. (2.6-21)
withm = n = 41.
The images are of
size 790 X 686
pixels.
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Introduction
TABLE 2.2
Affine transformations based on Eq. (2.6-23).
Trangormatmn Affine Matrix, T Cnordl.nate Example
ame Equations
Identity 10 0 x=v
010 yew Y
0 0 1
X
Scaling ¢ 0 O X =
0 ¢ O y=cw
0 0 1
Rotation cosf sinf 0 X =wvcost — wsin 6
—sin® cos® 0 y=wvcosf +wsin6 %A
0 0 1 4
Translation 1 0o o] x=v+1
0 1 0 y=w+ ty
Lot 1
Shear (vertical) r o ol x =0+ 5,0
s, 10 y=w
L0 0 1]
Shear (horizontal) M1 s, 0] xX=v
0 0 y =50+ w
|0 0 1]
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(x,y) = T{(v,w)}

I

3

-
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Name Affine Matrix, T Equations Example
Identity 100 xX=v
010 r=w Y
001
x
Scaling ¢ 0 0 X =
0 ¢ O y=cw
0 0 1
Rotation cosf sinf 0 X =wvcosf — wsinf
—sin® cosf 0 y=wvcosf + wsin 6
0 0 1
Translation M 0 o] X=v+t
0 1 0 y=w+tt,
e t, 1
Shear (vertical) r o ol X =0+ s,w
s, 1.0 y=w
L0 0 1
Shear (horizontal) M1 s, 0] xX=v
01 0 y =850+ w
L 0 0 J
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FIGURE 2.36 (a) A 300 dpi image of the letter T. (b) Image rotated 21° 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 2.37
Image
registration.

(a) Reference
image. (b) Input
(geometrically
distorted image).
Corresponding tie
points are shown
as small white
squares near the
corners.

(¢) Registered
image (note the
errors in the
border).

(d) Difference
between (a) and
(¢), showing more
registration
errors.

Q.
TN

raaaaaadd

aaaaaaaa
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\ector and Matrix Operations

<1

3

D(z,a) = [(z — a)T(z - a)]é

. [(Zl = 1(:1)2 + (2o — az)l + 0+ (g, — a”)g}i
w=A(z — a)
¢ =Hf + n
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FIGURE 2.38
Formation of a
vector from
corresponding
pixel values in
three RGB
component
images.
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M—-1 N—1

I'(u,v) = EO Eof (x, Y)r(x, y, u, v)
x=0 y= /

u=012.. . M-1andv=012..  N—1 Sudubgtuw

Forward Transformation Kernel

M—-1 N—-1

floy) = 2 2 T(u,v)s(x, y, u,v)
u=0 »=0 /

x=0,1,2..,M—-1and y=0,1,2,...,N - 1 9520 JHusl (saiuud
Inverse Transformation Kernel
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FIGURE 2.39
General approach
for operating in
the linear
transform
domain.
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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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FIGURE 2.41
Images exhibiting
(a) low contrast,
(b) medium
contrast, and

(c) high contrast.

© 1992-2008 R. C. Gonzalez & R. E. Woods



YA 5 igoLS by
JUaasy o gl (i jla g yo ouliieul 0y g0 3L (5L ) 5!
Je s 3¥laal glagis,

el & Sud el SIS 51 g5 lhas Gl sie s s S oud o usliwl G et jiulie gdulis

o=14.3 o=316 o =49.2

Prepared by Kazim Fouladi | Fall 2016 | 2"d Edition

Ty






$rF9eolS b

Rafael C. Gonzalez, Richard E. Woods,
Digital Image Processing,

Third Edition, Pearson Prentice Hall, 2008.
Chapter 2

Prepared by Kazim Fouladi | Fall2016 | 2" Edition

JE—
)g%kg



