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SomerBasicRelationships:Between Pixels

3 Neighborsof a pixel p at coordinatex.y)

3 4-neighbors of p denoted byN, (p):
(x1,y), (x+1,y), (%¥), and (x, y+1).

3 4 diagonal neighbors of gdenoted byN(p):
(x-1, y1), (x+1, y+1), (x+1}), and (x4, y+1).

3 8 neighbors of pdenotedNg(p)
Ng (P) = N.(p) U Ny(p)



SomerBasicRelationships:Between Pixels

3 Adjacency
Let V be the set of intensity values

In a binary image, If welk of the adjacenyof
the 1-valued pixels, V = {1}.

3 4-adjacency: Two pixels p and q with values fron
V are 4adjacent if g Is In the set kp).

3 8-adjacency: Two pixels p and g with values fron
V are 8adjacent If g Is In the setfp).



SomerBasicRelationships:Between Pixels

3 Adjacency
Let V be the set of intensity values

At the adjacencyof the gray level pixels, the V
set Is any subset of this 256 value.

3 m-adjacency: Two pixels p and g with values fror
V are madjacent if

() g Is In the set Np), or

(i) g is in the set Np) and the set o LJ0 ,(q) hano
pixels whose values are from V.



SomerBasicRelationships:Between Pixels

Path

3 A (digital) path (or curve) from pixel p with coordinages V)
to pixel g with coordinatesx(, y,) IS a sequence of distinct
pixels with coordinates

(% Yo): 04 10 Z X33} O
Where (xy) and (X, ¥,0 | NB | RaiKOFWI T
3 Herenis thelengthof the path.
3 1f (%, Vo) = &, Y,), the path ilosedpath.

3 We can define 4 8, and mpaths based on the type of
adjacency used.



Examples: Adjacency,and:Path

vV=1{}
011 011 011
010 01 O @ O
0 0 1 0O 0 1 0O 01



Examples: Adjacency,and:Path

V= {1}
011 01 1 011
010 0L 0 a o

0 01 00 1 0 01

8-adjacent



Examples: Adjacency,and:Path

V= {1}
0 1 1 (_)...:1 ‘‘‘‘ 1 o 0
010 01 0 a o
0 01 00 1 0

8-adjacent m-adjacent



Examples: Adjacency,and:Path
V={1, 2}

. .
.....
..............
..........
-, e

.....

8-adjacent m-adjacent

The 8-path from (1,3) to (3,3): The m-path from (1,3) to (3,3):

() (1,3), (1,2), (2,2), (3,3) (1,3), (1,2), (2,2), (3,3)
(i) (1,3), (2,2), (3,3)



Distance \Measures

3 Given pixelp, gandzwith coordinates (X, y), (S,
1), (u, v) respectively, the distance function D ha
following properties:

A D(p, qpx0  [D(p, q) = @f p = q]
A D(p, q) = D(q, p)

A D(p, ZpKP(p, q) + D(q, z)



Distance \Measures

3 The following are the different Distance measure

a. Euclidean Distance :
D.(p, ) = [0Sy + (yt)7]*?

b. City Block Distance:
D,(p, q) = [xs| + [y-i]

c. Chess Board Distance:
Ds(p, q) = max(ps|, |y -t[)
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Question5

Ly O0KS F2ff26Ay 3 I NNI
value of the chessboard distance between the
circled two points?

0 0 0O 0 O
0 0 1{:1 O
0 1 1 0 O
0 ¢ 0 0 O
0 0 0O 0 O
0 0 0O 0 O



Question6

Ly O0KS F2ff26Ay 3 I NNI
value of the cityblock distance between the
circled two points?

0 0 0O 0 O
0 0 1{:1 O
0 1 1 0 O
0 ¢ 0 0 O
0 0 0O 0 O
0 0 0O 0 O



Introduction to IMathematicalb Operationssdsedin: Rigital
ImagerProcessing

3 Array vs. Matrix Operation

A= gaﬂ ek _ @b.Ll b,
Array
product ea21 a22 21 b22
operator
A* B= ga“bll a12b12 ( Array product }
Matrix ea21b21 a22b22 A
product
operator N
A* B= ?allbu"' a12b21 a11b12 +a12b22 ( Matrix product }
= .

ea21bll+ aZZbZl a21'312 +a22b22



Introduction to IMathematicalb Operationssdsedin: Rigital
ImagerProcessing

3 Linearand Non-LinearOperations
HIf (s y)]=a(x y)

3 f
Hega f(x V)+3g f(x )y g
=H[a f(x y)] H 83 f(x Y Homojenlik }
=aH[f(xy)] 8 Hgf(x )
=ag(xy fag(xy

then H is called Anear operator. If H has the above
Attribute If not, it is expressed asrnlinear operator.

Toplanabilirlik }




Arithmetic Operations

3 Arithmetic operations between images are array
operations. The four arithmetic operations are
denoted as

sX.y) = 1Y) + gk.y)
d(x,y) = 1&y) ¢ g(x.y)
p(x,y) = f&y) 7 g(x,y)
V(X,y) = T&.Y) 0 g(X.Y)



Example2Additionof Noisy lmages foriNoise Reductior

Noiseless image:X(y)

Noise: nK,y) (at every pair of coordinateg,y), the
noise Is uncorrelated and has zero average value)

Corrupted image: g(y)
gx.,y) = fk,y) + nk.y)

Reducing the noise by adding a set of noisy images,

G}

306 ) ==& (XY



Example2Additionof Noisy lmages foriNoise Reductior

3 In astronomy, imaging under very low light levels
frequently causes sensor noise to render single
Images virtually useless for analysis.

3 In astronomical observations, similar sensors fol
noise reduction by observing the same scene o\
long periods of time. Image averaging Is then us
to reduce the noise.



Example2Additionof Noisy lmages foriNoise Reductio

abie

de f
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.)




An Example ofrimage: Subtraction: MaskdModei Radiogray

Mask hy):an%XNJ> & A Yl IS 2F | NB3

Live images ¥,y): X-ray images captured at TV rates after
injection of the contrast medium

Enhanced detail g(y)

g(,y) = 1&,y) - hix.y)

The procedure gives a movie showing how the contras

medium propagates through the various arteries in the
area being observed.
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An Example ofrimage: Subtraction: MaskcModeiRadiogray

althlic

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.
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An Example oflmage: Subtraction: MaskdModei Radiogray

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.)




An Example ofrimage Multiplication

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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An Example of-image Multiplication

T

Y
£

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). (¢) Product of (a) and (b).
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PythonlmagerProcessing

3 The Image Processing Toolbox is a collection of
functions that extend the capabillities of Python's
digital computing environment. The toolbox
supports a wide variety of image processing
operations, including:

A Geometricoperations

A Neighborhood and block transactions
A Linear filtering and filter design

A Transformations

A Image analysis and enhancement

A Binary image operations

A Region of interest operations



PythonlmagerProcessing

3 Python can import/export many image formats:
A BMP (Microsoft Windows Bitmap)

A GIF (Graphics Interchange Files)

A HDF (Hierarchical Data Format)

A JPEG (Joint Photographic Experts Group)

A PCX (Paintbrush)

A PNG (Portable Network Graphics)

A TIFF (Tagged Image File Format)

A XWD (X Window Dump)

Araw-data@S RAESNJ 3|1 NNYIUN @S]



PythonlmagerProcessing

3 Python data types:

Python Data
Types \

/

/N J
/ 4 .

\ | {1:a’, 2:’b’}
\(

A
True, False

/ B =

Numbers

Bool

Set
{2, 4, 6}

Dict

Int
20

Float
35.75

J

complex

Sequence |

A
Y .

1+3j

- 4

String

L ‘Jessa’

List
[2.59°.5.7)

Tuple

| (3,4.5,'D)

28



PythonlmageProcessing

« Binary images : {0,1}

* Intensity images : [0,1] or uint8, double etc.

+RGBimages: m X n X 3

« Multidimensional images: m X n X p (p is the number of layers)

v @ e Pa” e o

-
.

25T 0.2%553 a0 0 0R27 00637
B2 0:2051 D29570C ST musam: n:omy TRt
0.5342 0,1789 0.1307 ¢ (L y
L4308 0.2483 0,262 ( \5
4 0.262¢4 ¢
——ee
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PythonimageProcessing
3 Reading and writing images in Python

yde —+ Markdown > RunAll == Clear Outputs of All C

E Brain

import cv2
import numpy as np

resiml = cv2.imread("brain.jpg")
cv2.imshow("Brain",resiml)

#Resmin boyutunu ogrenmek ig¢in:
print(resiml.size)

#Resmin veri tipini ogrenmek i¢in:
print(resiml.dtype)

#Resmin genisligini, yiliksekligini ve ka¢ kanaldan olustugunu ogrenmek i¢in:
print(resiml.shape)

cv2.waitKey(©)
cv2.destroyAllWindows ()

<> 179s

230400
uint8
(240, 320, 3)

30



PythonimageProcessing

3 How to create a matrix (or image)? Density picture:

import numpy as np C:;::::::D

import cv2 ,ff”ff
plt.imshow(img) l.

import matplotlib.pyplot as plt
plt.show() Column 1 to 256

row = 256

col = 256

img = np.zeros((row,col))
img[1@0:185, :] = ©.5
img[:, 1@0:1e5] = 1
plt.figure(figsize=(10,4))

9G¢ 0} | Moy




PythonimageProcessing

3 Binaryimage

import cv2
import numpy as np

height = 512
width = 512
img = np.random.randint(255, size=(height, width, 1), dtype=np.uint8)

cv2.imshow( "Binary',img)
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PythonimageProcessing

3 Binaryimage

import cv2
import numpy as np

height = 512
width = 512
img = np.random.randint(255, size=(height, width, 1), dtype=np.uint8)

cvZ.imshow( 'Binary',img)
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