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To read and display the images:

(A)To identify and change spatial resolution (Binary, Grayscale and Color).
(B)To identify and its change intensity resolution (Binary, Grayscale and
Color).

(C)To identify different channels of the images.

(D)To decompose image in different channels (R, G, and B)
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To study and perform arithmetic operations of images:

(A) Addition operation

(B) Subtraction operation

(C) Multiplication operation




(D) Division operation
(E) To perform the arithmetic operations in different channels (R-G, B-R, B-
Q) of color images.

BRIl & Arfcbab Jidictol Pl 3¢l 3ii2 foTtUIGel ol & feTe:
(A) NOT fdIciol

(B) AND/NAND 3idIcTol

(C) OR/NOR 3i<IIcTol

(D) XOR/XNOR 3idIciol

To study and perform logical operations of images:

(A) NOT operation

(B) AND/NAND operation

(C) OR/NOR operation
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(D) XOR/XNOR operation

BRIl U2 SIfIIRI JfdIcTol oI 3leRIol 3i1 folsuIcel Mol o fe1u:
(A) ST DI 3MPR TSl (BICT D2/ D)

(B) AC9Ial 3iTUI9re

(C)gIRIciolal 3ifu2ore

(D) ofie1f¥sr 3ifuorer

To study and perform geometric operations on images:

(A) Resize (Shrink/Zoom) Images

(B) Rotation operation

(C) Translation operation

(D) Shearing operation
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To study and perform linear neighbourhood operations on images:

(A) With different convolution kernels.

(B) With convolution kernels of different size.

(C) With various padding operations (zero, 1’s, line, mirror)
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To study and perform non-linear neighbourhood operations on images:

(A) Min

(B) Max

(C) Median

44




(D) With various padding operations (zero, 1’s, line, mirror)
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(B) fafdreot goicdl & 3mder 3iiR siif3rIer 9T & fe1u 913-3Rad® fibeezl
To study and perform spatial domain image denoising using:

(A) Linear filters for Impulse and Gaussian noise of various densities.

(B) Non-linear filters for Impulse and Gaussian noise of various densities.
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To study and perform Image Binarization and mask formation using different
threshold values. Further application of mask using:

(A) Multiplication operation

(B) Addition operation

(C) AND operation

(D) OR operation
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(A) 81201
(B) T
(C) dlicToll
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To study and perform morphological operations on images:
(A) Erosion
(B) Dilation
(C) Opening
(D) Closing

72
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(A) e 3ifude?
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Perform Edge Detection on an image using techniques like:
(A) Sobel Operator
(B) Laplacian Operator
(C) Canny Edge Detection
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Digital Image Processing Lab
ECE-324
Experiment No-1

f2oeed sde AT o
g HEAT-1

To read and display the images:
I.  To identify and change spatial resolution (Binary, Grayscale and Color).
ii. To identify and its change intensity resolution (Binary, Grayscale and
Color).
ii.  To identify different channels of the images.
Iv. To decompose image in different channels (R, G, and B).

ELCADE

BIAAT Y YT 3R YA LT
i, TS RATeG2reT (S8, Aahor 3T TaT) hr Ig=Tet e 3N 3 Sele|
ii. cierdT ReATeg2reT (1813, Aahel 31T L) T Gg=iTed Tl 3R 3 TG efetT|
iii. BTAT & FafResT AeTall T ugaTeT HIAT|

iv. Bfd &I AffeT detell (3R, S, 3R &) #7 faafea wH@m)

Theory:

An image is defined as a two-dimensional function, F(x,y), where x and y are spatial
coordinates, and the amplitude of Fat any pair of coordinates (x,y) is called
the intensity of that image at that point. When x,y, and amplitude values of F are
finite, we call it a digital image.
In other words, an image can be defined by a two-dimensional array specifically
arranged in rows and columns.

Digital Image is composed of a finite number of elements, each of which elements
have a particular value at a particular location. These elements are referred to
as picture elements, image elements, and pixels. A Pixel is most widely used to
denote the elements of a Digital Image.



ITCUIGE

T ST T 1-3TATHT BT, F(x,y) & T F RN fovam Srar g, S18T x 3R y wanfas
forderien 8, 3N foderer (xy) & fondll 8ff SIS O F & 31 &t 3¢ g X 39 ofd &
AT el ST &1 319 x, y 3R F & 313 A7 9RAT 8ia §, O g7 5@ Bfoea o
gl g

G el H, Teh BT & dfFadl 3R w6t 7 faAw &0 8§ cgaf@ud ar-3marsr wxoft garr
gRAT fohaT ST Thar 1

fsfoicer ofa dcal dr v AT F&ar & aeit gid &, [T & 9l dead &1 U fadw
TATT 9T Teh TAAY AT BT &1 ST deal ! T dea, B dead 3R Rd e g7 Srar &
3fSce ofa & dcal #1 g2 & forw e o1 ae 317 39T fFar Srar g

Types of an image

1. BINARY IMAGE- The binary image as its name suggests, contain only two-pixel
elements i.e 0 & 1, where O refers to black and 1 refers to white. This image is also
known as Monochrome.

2. BLACK AND WHITE IMAGE- The image which consist of only black and white
color is called BLACK AND WHITE IMAGE.

3. 8 bit COLOR FORMAT- It is the most famous image format.It has 256 different
shades of colors in it and commonly known as Grayscale Image. In this format, O stands
for Black, and 255 stands for white, and 127 stands for gray.

4. 16 bit COLOR FORMAT- It is a color image format. It has 65,536 different colors in
it.1t is also known as High Color Format. In this format the distribution of color is not as
same as Grayscale image.

A 16 bit format is actually divided into three further formats which are Red, Green and Blue. That
famous RGB format.

SAA & TFR

1. STEART SHST- ABAT SHST ST foh 5T AATH A IAT oIl &, SHH hdel & TIFdol dcd 8l o
Tt 0 3R 1, STET 0 et TT I GATAT & 3R 1 Tihe, 1T 1 G2ATAT 8| $H SHST Bl AlAIGHIH o ATH I
T ST AT B |

2. Soith US SGIST SHOI- o1 SHST H haol el iR A 3T BIdT & 34 Soleh US BISC SHS Fgd
el

3. 8 TS FHoR Bidc- Tg I TTACY SHST WA &1 TTH 256 TIIT-37619T A & T & & 3R 3T
TACR 9 AThel SHT o ATH I STl ST g ST BIHC H, 0 FT AT soleh, 255 FT FAddd
egTse 31 127 ST A F g1 &




4. 16 9 FoX BiFc- TE T FoR SHS BIHC & | STH 65,536 TeTT-37619T T &I & | SH 8IS o
HIHC o AT T T STAT ST § | 3T BidHe H 311 T [ 0T ITehel SHT o THTA oTg] 8T ¢ |

16 foe 9&q arEad # et IR gr&dt # [qanfara § S arer, & 3R slrer €1 98 9flcy 3Rahe
Y g

Image as a Matrix

As we know, images are represented in rows and columns we have the following
syntax in which images are represented:

ST foF g7 ST €, ofadl & gfgaat 3R ot A e srar € gFR 9
Fafafaa e & Sad ofaar Fi e Jarg:

f{0,0) fl0,1) f(0,2) vee  TIO,M-1)
Fiy) = ﬁLu] ﬁLl] ﬁLE] e ﬁLNd]
%[nﬂ—l,u] f[nn—l,lj %[nﬂ—l,zj e }[nﬂ—l,m—lj

The right side of this equation is digital image by definition. Every element of this
matrix is called image element, picture element, or pixel.

S HHIHOT &7 IR HET IR & 3[AR 3ot ofd &1 58 Aferd & gd+
dcd F B9 ded, ”IT dea a1 a8 gl ST g

Code

#!pip install opencv-python#
import cv2

install opencv first
imgl = cv2.imread("/content/Baboon.jpg")

from google.colab.patches import cv2_imshow
cv2_imshow(imgl)
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import matplotlib.pyplot as plt
plt.imshow(imgl)
plt.axis("off")

H = 225
W = 225

## resizing of image ###
imgd4 = cv2.resize (imgl, (100, 100))
img5 = cv2.resize(imgl, (50,50))

fig = plt.figure(figsize=(10, 7))
fig.add_subplot(1l, 3, 1)
plt.imshow(imgl)

plt.axis("off")
plt.title("Original Image")

fig.add_subplot(1, 3, 2)
plt.imshow(img4)
plt.axis("off")
plt.title("Size=100X100")

fig.add_subplot(1, 3, 3)
plt.imshow(img5)



plt.axis("off")
plt.title("Size=50X50")

Original Image

o
img6 = imgl[:, :, O]
img7 = imgl[:, :, 1]
img8 = imgl[:, :, 2]

fig = plt.figure(figsize=(10, 7))
fig.add _subplot (1, 3, 1)
plt.axis("off")

plt.imshow(img6)
plt.title("R_Gray")

fig.add_subplot (1, 3, 2)
plt.axis("off")
plt.imshow(img7)
plt.title("G_Gray")

fig.add_subplot (1, 3, 3)
plt.axis("off")
plt.imshow(img8)
plt.title("B_Gray")

R _Gray G_Gray

fig=plt.figure(figsize=(10, 7))
fig.add _subplot (1, 3, 1)
plt.axis("off")

Size=100X100

Size=50X50

B Gray
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plt.imshow(imgl[:, :, ©], cmap='Reds', vmin=0, vmax=255)
plt.title("Red_Channel")

fig.add_subplot (1, 3, 2)

plt.axis("off")

plt.imshow(imgl[:, :, 1], cmap='Greens', vmin=0@, vmax=255)
plt.title("Green_Channel")

fig.add_subplot (1, 3, 3)

plt.axis("off")

plt.imshow(imgl[:, :, 2], cmap='Blues', vmin=@, vmax=255)
plt.title("Blue_Channel™)

ed_Channel

Green_Channel




Digital Image Processing Lab
ECE-324
Experiment No-2
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Aim:
To study and perform arithmetic operations of images:
i.  Addition operation

1. Subtraction operation

iii.  Multiplication operation

iv.  Division operation

v. To perform the arithmetic operations in different channels (R-G, B-R, B-G)

of color images.

REAL B
BRIl b SicpoIfvIdIRI JdIcTol I 3ERRIel B2l 312 foreurfed wa:
i. SIS JAdIcTol
ii. TeTd Jcictol
iii. 9JUII 2AdIcTol
iv. oI AdIcIol
v. 2ottol BfdRI & fdféreat dotcil (MR-, di-3m2, -5t 9 sidperfordir Jidrctor ol
Theory:
The important requirement in image arithmetic is that all (input and output) the images
are of the same size MxM.
Arithmetic operations are done pixelwise. Let p = A(X,y) and q = B(x,y) be the pixel
values to be operated on and r =I(x,y) be the result of the operation.

fer3aa:

Bid 3Pl 3 Ascayul aADAI A8 & b il (Soryc 3IIR 3M3cyc) BidRl vd 8l 3DPR MxM
bt Bl iaIfvrdRI sifuzorel fUdRlel P 3MoRIR b SId 1 #lol o b p = A(x,y) 3R q = B(x,y)
fora¥e 911 3 1570t U= 3ifuotel fdbe Sirelr & 3R r = I(x,y) iU 9ret abT uf3vme 3

Addition :

I(x,y)=A(xy) + B(x,y) > r=p+q

Subtraction :

I(x,y) = Axy) - B(x,y) =>r=p-q

Difference :

12



I(x,y) = [A(%y) - B(x,y)l = r=|p-q|
Multiplication :

I(x,y) = A(x,y) X B(x,y) @ r=pxq
Division :

I(x,y) = A(x,y) / B(x,y) = r=p/q
Sils:

Ix,y) = Ax,y) + B(x,y) > r=p+q

fcToll:
I(Xay) = A(Xay) - B(Xay) —r= p - q
3z

I(x,y) = |A(xy) - Bx,y)| = r=p-q
SUToT:

I(x,y) = A(xy) XB(x,y) > r=pxq
fare1rSIot:

I(x,y) = A(x,y) / B(x,y) =>r=p/q
Implementation issues:

Digital images are stored as b - bit images. Hence, the range of values a pixel can take is restricted to the
range [ 0, 1,... (2b -1)]. With b= 8 this range is [0,1,...255]. The closed interval poses a problem when

performing arithmetic operations in practice, as the results are not guaranteed to be within this interval.

PRIfoael Adel Ae:

fforec sidrll @ di-fdc sfdRl & Hu 4 Jdsdla &= sirar 31 s3iAfcre, fUaRic gRI fi1e S JAdar
drcl Jrell &1 A& [0, 1.... (2b -1)] ao AHfIa 31 b= 8 B Jrer AT Al [0,1,..255] 3 RAR 3
SIDIUIATRT JIIcTol BT AR €6 IARICT Bb JRAT 3cUcol DAl 3, adifch UlIuIeT 337 3 b

sff12 8ol bl smmect o8l 3l
Coding

import cv2

imgl=cv2.imread("/content/Baboon.jpg")
img2=cv2.imread("/content/Cameramanl.jpg")

First off all know the shape of an img1 and img?2 to perform the arithmatic operation

imgl.shape

img2.shape

from google.colab.patches import cv2_imshow
# google colab is not supporting cv2.imshow #
# so at first we have to import cv2_imshow from google colab as above #

cv2_imshow(imgl)

13



Because of large size img?2 is resized according to the size of imgl

img2 = cv2.resize(img2, (225, 225))
img2.shape
cv2_imshow(img?2)

Perform Addition operation img3

import numpy as np

img3 = np.add (imgl, img2)

## plot img3 using matplotlib package ##
import matplotlib.pyplot as plt
plt.imshow(img3)

## To remove axis in the image plot use plt.axis("off") ##
## For showing the title use plt.title("title")
plt.imshow(img3)

plt.axis("off")

plt.title("Addition")

14



## perform Subtraction Operation ##
img4 = np.subtract(imgl, img2)

## Plot img4 ##
plt.imshow(img4)
plt.axis("off")
plt.title("Subtraction")

Subtraction

e

## perform Multiplication Operation ##
img5 = np.multiply(img1l, img2)

## Plot img4 ##
plt.imshow(img5)
plt.axis("off")
plt.title("Multiplication")

Multiplication

15



## perform Division Operation ##
img6 = np.divide(img1, img2)

## Plot img4 ##
plt.imshow(img6)
plt.axis("off")
plt.title("Division™)

Plot multiple subfigures or images in one frame (figure)

fig = plt.figure(figsize=(10, 7))
fig.add subplot(2, 3, 1)
plt.imshow(img1)
plt.axis('off")
plt.title("Babbon")

fig.add_subplot(2, 3, 2)
plt.imshow(img2)
plt.axis('off")
plt.title("Cameraman")

fig.add_subplot(2, 3, 3)
plt.imshow(img3)
plt.axis('off")
plt.title("Addition Result")

fig.add_subplot(2, 3, 4)
plt.imshow(img4)
plt.axis('off")
plt.title("Subtraction Result")

fig.add_subplot(2, 3, 5)



plt.imshow(img5)
plt.axis('off")
plt.title("Multiplication Result")

fig.add_subplot(2, 3, 6)
plt.imshow(img6)
plt.axis('off")
plt.title("Division Result")

Babbon Cameraman

Addition Result

17
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Aim:
To study and perform logical operations of images:
A. NOT operation
B. AND operation
C. OR operation
D. XOR operation
RIAIE
Il P dAricbd AcIetol DI 31eRIol Dall 3112 foreuried w2t
A. NOT dIciof
B. AND 3idIcTol
C. OR AdIcTol
D. XOR 3idIcTol

Theory:

Bitwise Operations

Bitwise operations are used in image manipulation to extract important parts. The following Bitwise
operations are used in this article:

1. AND
2. OR

3. NOT
4. XOR

Rigia:
fdcarsst sifuderor
fcarsst sifu29rer T 3URIIST SdTst Afolgciole] 3 Aacauut HIell ol fordIctol & fe1e fap=Ir Siidr 3l
$31 o1 Ji forFaiferRad fdearsst situsoret a1 3uRlleT fabeIT SRI 3:
1. AND
2. OR
3.NOT
4. XOR
Bitwise operations are also useful for image masking. These operations can be used to enable image
creation. These operations can help to improve the properties of the input images.
NOTE: Bitwise operations should only be performed on input images of the same dimensions.

18



fcarsst sifuerel sdet #A3der & fe1u 8ft Iu=isll Bl 3 Sol 3ifu29lel DI IuRIST SIS foreiur bl
AGIH Dol P fe1u fepr S Apar 31 A 3ifu9rel selyc SISl P VIl DI &R Tollol 3 AGS DI
A 3

allc: fearsst sifuzore] bdel Aol SRIHI dict Solye sdsl U2 3l fbu el anfaul

AND Bitwise Operation of Image

The AND operator (and the NAND operator in a similar fashion) typically takes two binary or integer
graylevel images as input and produces a third image whose pixel values are just those of the first image
ANDed with the corresponding pixels from the second. This operator can be modified to produce the output

by taking a single input image and ANDing each pixel with a predetermined constant value.
Syntax: cv2.bitwise and(Imagel, Image2, destination, mask)

Parameters:

1. Imagel: First Input Image numpy array

2. Imagel: Second Input Image numpy array

3. destination: Output array

4. mask: Operation mask image
Bfd &1 AND fdearsst Jxdrciol
AND 3ifuzez (3R 32t A28 NAND 3iiu3e?) 31 i U= Gl drsol3t Al Yulic sicidel BRIl Pl selye
& U I I & 3112 e i3l Bfd goiran 8 SR faict drof Sl usc 8fd & 81 &, Sl AT A
oI fUaiel B ATA ANDed 8l 81 331 3ifUc2 DI el solyc BId cId? 3R YD fUaiel al gd
forerifed e drot b ATeL ANDing DD 3M3YC Follol B 1w A9Mferd fop=ir St A 3

AIRIfdo=IRT: cv2.bitwise and(Imagel, Image2, destination, mask)

tRrefice:

1. Imagel: Ugcil goluc Bfd numpy array

2. Imagel: agn‘i goluc fd numpy array

3. destination: SIB?g?XJUﬁ

4. mask: 3i{U29T6I HARD B

Code :

import cv2

import numpy as np

imgl = cv2.imread('inputl.png")

img2 = cv2.imread('input2.png’)

dest_and = cv2.bitwise and(img2, imgl, mask = None)

cv2.imshow('Bitwise And', dest_and)

cv2.waitKey(0)

OR Bitwise Operation of Image

The OR operator typically takes two binary or greyscale images as input and outputs a third image whose
pixel values are the first image’s pixel values ORed with the corresponding pixels from the second. A
variant of this operator takes a single input image and ORs each pixel with a constant value to generate the
output.

Syntax: cv2.bitwise or(sourcel, source2, destination, mask)

19



Parameters:
1. sourcel: First Input numpy Image array
2. source2: Second Input numpy Image array
3. destination: Output array image

4. mask: Operation mask, input / output 8-bit single-channel mask.

Bfd &1 OR fdcarsst Jdrcior

OR 3ifu2e? 3119 dl2 U2 Gl aIso3l AT SIbel BRIl Pl Solye P U I il & 312 U B3l ofd ol
3113cYc DI 3, [SRIPb MaRicl drel uscl sfd & faier #ret Bld &, Sl g3 sfd b el fadc
& AT ORed Bl 8] $A 3iTUICT DI UD UDR D Bbcl $oIYc Bid Tl & 312 3M3cYT 3cUool Dol
P fo1e U [UaRiet Dl U 322 A6l & AT ORs DI 3

Ricaa: cv2.bitwise or(sourcel, source2, destination, mask)

tRrefice:

1. sourcel: mﬁganumpymmﬁ

2. source?2: agﬂsagenumpysﬁamﬁ

3. 31 33cYc Auil sid

4. #ARFD: 3iUIel AP, $olYc / 33cYc 8-fdc Risvict-dolcl ARDI

Code :

import cv2

import numpy as np

imgl = cv2.imread('inputl.png")

img2 = cv2.imread('input2.png")

dest_or = cv2.bitwise_or(imgl, img2, mask = None)

cv2.imshow('Bitwise OR', dest_or)

cv2.waitKey(0)

NOT Bitwise Operation of Image

Logical NOT, also known as invert, is an operator that takes a binary or grayscale image as input and

generates its photographic negative.

Syntax: cv2.bitwise not(Imagel, Destination, mask)
Parameters:

1. Imagel: Input Image array.

2. Destination: Output array image

3. mask: Operation mask

Bfd &1 NOT facarsst sifuzorer
diiforapel NOT, ORI so1ad & oirdl A 8fl SITell ST 38, U 3ifuee? 3 Sl dI5o13l =1 sl3dbel Bfd bl
oIy & 14 Ji oIl & 311 3ADI BICISMIBD olBIfed Slolee Dl 8l

Ricaa: cv2.bitwise not(Imagel,Destination, mask)
tRrefice:

1. Imagel: SHQ;CSTEGI@I

2. 3Reoloret: 3M3cyc V2 et

20



3. ARD: U296l ARD

Code:

import cv2

import numpy as np

imgl = cv2.imread('inputl.png’)

dest_not = cv2.bitwise_not(imgl, mask = None)
cv2.imshow('Bitwise Not', dest not)
cv2.waitKey(0)

XOR Bitwise Operation of Image
The operation is carried out simply and in a single pass. It is critical that all of the input
pixel values being processed have the same number of bits, or else unexpected results
may occur. When the pixel values in the input images are not simple 1-bit numbers, the
XOR operation is typically (but not always) performed bitwise on each corresponding
bit in the pixel values.
Syntax: cv2.bitwise xor(sourcel, source2, destination, mask)
Parameters:

1. sourcel: First Input Image array (Single-channel, 8-bit or floating-point)

2. source2: Second Input Image array (Single-channel, 8-bit or floating-point)
3. destination: Output image array
4

. mask: Operation mask, input/ output 8-bit single-channel mask.

Bl @I XOR fdcarsst sifazoret

I8 3iiu9lol Aelddl A 3R v 8t urA I v Sl 81 As Ascayui 8 fop el fope i 38 sft
solyc fUalel Aol 3 [t bl AT Aol 81, Io=IAT AU Ufumed 8l ADd 3l S Solyc
ofdRIl 9 fiaict drof Act 1-fde A o1d] 8ledl 8, Al XOR 3ifu9rof 31Tl UR (cifcbol 83191 ofdl)
fUrar¥et Ateil 3 Ui o1 feie uR fdearsst fep=n Sirdr 3

Ricaa: cv2.bitwise xor(sourcel, source2, destination, mask)

tRrefice:

1. sourcel: U&CII SolcC g1t 02 (RisIcI-doidl, 8-fde =1 uallfdsr-uise)

2. source2: G2ZIRI Sol4c ga1a1 02 (RisIc1-doldl, 8-fde a1 yeilfdsr-ufse)

3. 3Rcoloret: 3M3cyc sarat B2

4. #ARD: 3iUIl ARD, $olYc/3i3cyc 8-felc Risrel-dotc ARDI

Code:

import cv2

import numpy as np

imgl = cv2.imread('inputl.png’)

img2 = cv2.imread('input2.png’)

dest_or = cv2.bitwise_xor(imgl, img2, mask = None)

cv2.imshow('Bitwise XOR', dest_xor)
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cv2.waitKey(0)

Baboon_color Cameraman_color Bitwise_and Bitwise_or

—_—

R

Bitwise_not_imgl_1

100

150 W

200 AN

] 100 20
Note
Many applications use processed images taken from the same scene at different points,
such as noise reduction by adding successive images of the same scene or motion
detection by subtracting two successive images. Logical operators are frequently used to
combine two (mostly binary) images. In the case of integer images, the logical operator
is typically used bitwise. Then, for example, we can use a binary mask to select a

specific region of an image.

allc

D% SIO[URIST UD &l 293 A 3fetel-31etl [gall Uz el a1$ Afer sidril oI 3uRilsr o 3, SR fp
UD Bl £9% b cPIAR BRI DI SIISDR IR 3 Dl AT 31 TeIAR BRIl DI dcTab oIfcl I Udl
cIoIIGll Alfbd 3iTUIc2A DI RIS AR S (IMEDIONT: dIsol3l) BidRll ol AFRNISIA Dol b e
fopen St 31 guites sl & et 3, aifdbo sifuec? o1 uRIeT 3Pl U2 fedrsst fipen St 3
b3, 3c183u1 b fe1u, 3 il sfd & ol fAfdrse 8i51 oI arIel BIal b I8 dISe13] ARD DI
SURIST B2 AD 3l
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Digital Image Processing Lab
Experiment No-4

Efeeca saT TRaRT e
YA GEAT-4

Aim:
To study and perform geometric operations on images:

A. Translation operation
B. Rotation operation
C. Shearing operation

35527 BIAAT W SATTAST gareer &7 3reqae 3R fasures #& & faw:
A. 3TeTaTE FETeleT

B. EofeT WeTeleT

C. Fala! gdTere

Theory:

Translation

Image translation refers to the rectilinear shift of an object i.e. an image from one
location to another. If we know the amount of shift in horizontal and the vertical
direction, say (tx, ty) then we can make a transformation matrix e.g.

10 fx]

oty
where tx denotes the shift along the x-axis and ty denotes shift along the y-axis i.e.
the number of pixels by which we need to shift about in that
direction. Now, we can use the cv2.wrapAffine() function to implement these
translations. This function requires a 2x3 array. The Numpy array should be of
float type.

e (i) sregare
0 tx]
1y

B 31eare fHdl avg I+ ST F v TU ¥ g T W HIY W g Hr
Hefd #ar §1 I g1 aifas 3kt Featex R & aeama v Amn Serd & A o
(tx, ty) Y & T IR AfeaFq a1 Fha § S
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STET tx x-3718T F WTY deerra $1 gouTar § 3 ty y-3787 & AT IEATT Y S2ATAT § A=Y
R 6 T A% ganrT g8 39 R & qgaTa I A HGeTRdT &1 I, §H
3T 3TSTATET Y AT FT & fT cv2.wrapAffine() BRI HT ITANT FT Thel ol 39
weeld & T 2x3 WIoft i1 3maegwar gidt &1 Numpy 0l Fale g $r g1

Gy
Python Code :-

import cv2
import numpy as np
import matplotlib.pyplot as plt
imgl = cv2.imread('/content/Baboon.jpg')
# Store height and width of the image
height, width = imgl.shape[:2]
quarter height, quarter width = height / 4, width / 4
T = np.float32([[1, O, quarter width], [0, 1,
quarter height]]) # We use warpAffine to transform

# the image using the matrix, T
img translation = cv2.warpAffine(imgl, T, (width, height))

fig=plt.figure(figsize=(10, 3))
fig.add subplot(1l,2,1)
plt.imshow (imgl) plt.axis("off")
plt.title("Original image")

fig.add subplot(1l,2,2)
plt.imshow (img translation)

plt.axis ("off")
plt.title("Translated Image")
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Translated Image

Advantages/application of image translation are:
« Hiding a part of the image
« Cropping an image
« Shifting an image
« Animating an image using image translations in loop.
S Jre7aTg & ATSH/FHATAT B
- Bfq 1 e ferar B
« B FY HIT HIAT
- Bfq 1 fAFe w3
« 9 # B He7aTe FT ITAT FF Sfa FY viadAe Fwm|

Rotation
Images can be rotated to any degree clockwise or otherwise. We just need to
define rotation matrix listing rotation point, degree of rotation and the scaling
factor.
The cv2.getRotationMatrix2D () function is used to create a rotation matrix for an
image. It takes the following arguments:

« The center of rotation for the image.

« The angle of rotation in degrees.

o The scale factor.
The cv2.warpAffine() function is used to apply a transformation matrix to an
image.
It takes the following arguments:
The python image to be transformed.
The transformation matrix.
The output image size.

The rotation angle can be positive or negative. A positive angle rotates the image
clockwise, while a negative angle rotates the image counterclockwise.
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The scale factor can be used to scale the image up or down. A scale factor of 1 will
keep the image the same size, while a scale factor of 2 will double the size of the
python image.

(i) Qe

ofaal #1 gt Fr Rar & a1 ey frdlt oft Baft o1 g o wwvar 81 & T
Ve Afeaw F1 aRenNT FIA Y 3Taeywdr § FwH Ve uige, e H f=23h
3R THfAT e anfAer @l

cv2.getRotationMatrix2D() BaereT FT 39A19T frdll Sfa F fow Qe Afesd =
& fav frar siTaT 81 ¥ Reafaf@a ad Aarg:

- B3 & foT Qe F1 Fg)

« f33it & AT FT HOT|

- Thel thaex |

« cv2.warpAffine() SerersT &T 3919 frd sfa W aRade Aftaw oy #a & foe
T STt 81 T8 A f@d aF 9T e:

« TR Y 1o arell gy s

- gREdeT AfeTwl

* HT3TYC BT FT IMFR|

o NCUIA W FFRIcHE AT AFRIcHS g TFhdT &l TFRICAF T STa FI
EfRToTTae gHATAT §, T AFRCHF 10T S ) qATI AT ¢

o Thel e 1 39411 B F1 I A1 AT Thel FI F A0 FAT T FRATR | 1 FT
Thel heed Y FI FAT JHER F @I, F9fF 2 FT T haed T A &
HTHI Y VAT FT 3|

# Import the necessary Libraries

26



import cv2

import numpy as np

import matplotlib.pyplot as plt

img2 =

cv2.imread (' /content/Baboon.jpg

') rows, cols = img2.shape[:2]

M = np.float32([[1, 0, 0], [0, -1, rows], [0, O, 111)

img rotation = cv2.warpAffine(img2,
cv?2.getRotationMatrix2D((cols/2, rows/2),30, 0.6), (cols,rows))

# Create subplots

fig=plt.figure(figsize=(10, 3))
fig.add subplot (1,2,1)
plt.imshow (img2)

plt.axis ("off")
plt.title("Original image")

fig.add subplot (1,2,2)
plt.imshow(img rotation)
plt.axis ("off")
plt.title("Rotated Image")

Rotated Image

(i) Image Shearing
The shear() function is an inbuilt function in the Python Wand Image Magick
library which is used to slide one edge of an image along the X or Y axis to create
a parallelogram. The X-direction shear slides an edge along the X-axis, while a Y
direction shear slides an edge along the Y-axis. The shear angle is used to set
shear of the image.

MELERERIET
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RIAT() FFereT IIY d3 s AfoF aEadl 7 v safdee v § fowsr sgaker
el 513 & T fFe &Y X A1 Y 3187 & WY FA183 FE WA TG T &
forT fFam Srar #1 X-fEem RRR e Y X-318T & A1 T8 FI4T ¢, FAdiF Y
frem AT X Y Y-378T & ATYT TASS FIAT ¢ AW vore 71 391 ofa &
RRR F G T F v Far Iar g

Shearing deals with changing the shape and size of the 2D object along x-axis and
y-axis. It is similar to sliding the layers in one direction to change the shape of the
2D object. It is an ideal technique to change the shape of an existing object in a
two-dimensional plane. In a two- dimensional plane, the object size can be
changed along X direction as well as Y direction.

IR 20 3iTeatare & TR 3 WIS FT x-3787 31 y-378T F GIT g @ Fa AT &
I§ 20 JHTeolae & HTHR FI TGdel F AT Wl T T AT & TAES FIA F A 2
Ig &Y AT T A AT ATeatae F HHR H Teelet F (T TF e dwaid ¢ A
HTATHY e &, 3iTestere &1 3THR x fee & ATT-ATYT v feean & oft aear ST aFar gl

x-Shear: In x shear, the y co-ordinates remain the same but the x co-ordinates
changes. If P (x, y) is the point then the new points will be P’(x’, y’) given as —
o' =w 4+ Sh.xyiy =y

x- R x R &, y farderias wammer tea & At x frderiss aqer e &1 afe P(x, y)
fiig & ar e fig P, y) 819, o g T gt -

Y
_~

/

AT viA:
; 1 0]
=l o[,
Matrix Form: )
la' | =[x w]. [ .1 0
Sh 1
' =ay =y + Shywx
y-Shear:

In y shear, the x co-ordinates remain the same but the y co-ordinates changes. If
P(x, y) is the point then the new points will be P°(x’, y’) given as —
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5
>

y- R
v R &, x e warrer tea € et y e aqer s §1 IR ey RgE ataw
ﬁgp’(x’,y’) g A sAYFR Ruare §
ﬁ'@ﬂ"ﬁﬁ'z
[ o] = [z

R I R
= v = J[ ;,,]]

Matrix Form:

X-y Shear:
In x-y shear, both the x and y co-ordinates changes. If P (X, y) is the point then the
new points will be P’(x’, y’) given as —

' =x+4+ Sh,+yy =y+ Shy«x

x-y fa:
x-y R &, x 3R y Q¥ fordena ager 5 81 3f P(x, y) Rig g arae
U=p4 8 e =y4 0 o1

g P, y) 81, ST sw v Ruaw g -

1 Sh,
o=l o) [, Y]
Matrix Form:
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Example:

Given a triangle with points (1, 1), (0, 0) and (1, 0). Find out the new coordinates
of the object along x-axis, y-axis, xy-axis. (Applying shear parameter 4 on X-axis
and 1 on Y-axis.).

Given,

Old corner coordinates of the triangle = A (1, 1), B (0, 0), C(2, 0)

Shearing parameter along X-axis (Shx) = 4 Shearing parameter along Y-axis
(Shy)=1

Along x-axis:

A'=(1+4*1, 1)=(5, 1)

B'=(0+4*0, 0)=(0, 0)

C'=(1+4*0, 0)=(1, 0)

Along y-axis:

A'=(1, 1+1*1)=(1, 2)
B"'=(0, 0+1*0)=(0, 0)
C"=(1, 0+1*1)=(1, 1)

Along xy-axis:

A"'=(1+4*1, 1+1*1)=(5, 2)
B""'=(0+4*0, 0+1*0)=(0, 0)
C'"'=(1+4*0, 0+1*1)=(1, 1)

3aTe{uT:

fasgait (1, 1), (0, 0) 3% (1, 0) FTAT v ey o AT ¥ x-3787, y-3787, xy-378T F
I IEG F AT AEAF AT FIN (X-378T W Faweit RreAle 4 37 Y-3787 9 1 A1)
&) RAr g,

faster & @& w1 fadems = A (1, 1), B(0, 0), C(1, 0)

X-3T8T & Y HleAt R#HleT (Shx) = 4

Y-318T & AT Hadei) WeeT (Shy) = 1

X-378T & T

A'= (1+4*1,1) = (5, 1)

B'= (0+4*0, 0) = (0, 0)

C'= (1+4%0, 0) = (1, 0)

y-378T & |TY:

A"=(1, 1+1*1)=(1, 2)
B"'=(0, 0+1*0)=(0, 0)
C"=(1, 0+1*1)=(1, 1)
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Xy-3T8T & |IY:
A= (144%1, 1+1%1) =(5, 2)
a@''=(0+4*%0, 0+1%0)=(0, 0)

d"@''=(1+4*0, 0+1*1)=(1, 1)
it Python Code #HHHHHHHHHEHHHR

import numpy as np

import matplotlib.pyplot as plt

import cv2

img = cv2.imread('/content/Baboon.jpg")

rows, cols = img.shape[:2]

M = np.float32¢([[1, 0.5, 0], [0, 1, O], [O, O, 111)
sheared img = cv2.warpPerspective (img, M, (int(cols*1.5), int(rows*1.5)))
from google.colab.patches import cv2 imshow
fig=plt.figure (figsize=(10, 3))

fig.add subplot(l,2,1)

plt.imshow (img)

plt.axis ("off")

plt.title("Original image")

fig.add subplot(1l,2,2)
plt.imshow (sheared img)
plt.axis ("off")

Sheared image

il
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Digital Image Processing Lab
Experiment No-5

f2oeed sde AT o
YT HEIT-5

Aim:

To study and perform linear neighborhood operations on images:
A. With different convolution kernels.
B. With convolution kernels of different size.
C. With various padding operations (zero, 1’s, line, mirror)

Neighborhood operations are a generalization of the point operations. A pixel in the
processed image now depends not only on the corresponding pixel in the input image
but also its neighboring pixels. This generalization also allows for defining linear as
well nonlinear filtering operations

33?\'Q2T:

oiaal W QT T810 TaTae 1 37eqq 31 yeeie FI&:

A. Rffs Taeet detd & 1|

B. fAffieet 3R & Haelel Fedel & A1

C. fafaer AfSer gwmerer (2, 1, YT, ¥ F w1y

TSI HTeleT fag HHTelel &I Uah WHATAHIOT ¢ HAIOT Sfa & 0F Rade s
Fae 3aqe Bid # Fafta e W el Fwar ¢, afes sa& i Rede g sh
st war €1 g8 g @ 3 @ty & R-iRs freeRer e &y
aRena w3 i oft aregafar dar

Convolution Operation

Given an input image (x, y) an output image g (x, y) is computed by applying some
operation on a local neighbourhood N of each pixel in the image f. This can be
visualized as follows: a window or mask is placed at every pixel location in (x, y) and
some operation is performed on the pixels within the window. The window is moved to
the next pixel location and the process is

gixy)=H,(f(xy)

repeated. Thus,
Where Hy is the neighborhood operator of size N and g is the output image.
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Foareqre ATaXAT

SeTqE AT f(x, y) 4T St 0¥, 3T 3 I el & TALIT T30 N R F6
3R of19] ek 3M3TYCT SHS g(x, y) T IA0EAT T ST §1 S/ TH TR G@T S
ThdT g: f(x, y) H I UFiel TUTT TR Teh 98T I1 #ARESH IW@T ST ¢ 3R [Gsr o
MR e I o TR fohar STl &1 TSl 31eTel [erder T 9T of ST
ST & 3R IfshaT I SIgram ST 81 89 UK,

gl y)=Hy(flxy)

STEI HN 37TehR N T IIe TR & 3R g 3m3eqe AT B

Linear operations:

Linear operations can be represented as a convolution operation between
(x, y) and a window function w (x, y) as follows.

a b
gley) = 2, 2wl f(xtu,y+y)
[,

w is a window function which in practice is in the form of a matrix of size
sxt;a=(s—1)2and b= (t —1)/2. An example of 3x3 (x, y) is shown below.

s dafeam:
Y& Ffran3it & f(x, y) 3R &8 BT w(x, y) & i v ool Gihar & &9 &
ST YR ITAT ST TehelT &

a &
glxy) =, 2wl ) (ctuy+v)
B

An example of convolution operation is shown below:
Note that (0,0) is the coefficient or weight of the window function at the center which
is the position of the current pixel in f(x, y). Varying the weights (i, j), results in
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different type of linear neighborhood operations. The above operations are generally

termed as filtering operations and w is referred to as a filter.

Fdleg e HTIRRAeT ol Teh 3GTEUT AT TE@TT a1 &
€167 & o w(0,0) g # ST herereT o1 a[0Tieh AT AR & SN f(x, y) H TAAT et
$r AT &1 IR w(i, j) T deosr ¥ [AfFeT IR & ITF T2 areT g1 &
SURISF TATele 3T AR W e RaT 3TIRLT FgT SATdT & 3R w Fl et & &9

Output Image

H Tefd fFar Srar g
111{2|5|6(3(6]|7|3
2(3|14(6|7|5|1(8|4
8|7(6(5|7|6|13(3|4 14141 Convolution operation
1 11 1112 Izl 5| 6| 3| 6| 7] 3
2(3|15(6(7|18|12(7]|3 2 :>
* kT 12 ja8i14 7| 5| 1| 8| 4
4(5|13[2|11|6|8|7(2
g hi7ltel 5| 7| 6| 3| 3| 4
114(5|3|2(6(7|8|1 Mask
2| 3|s5|6|7]|8] 2|7]3
2(314(5(6|18|9(2]|1 BRI
Input image TRMORRRE W
2| 3| 4|5]6|8fai2i1
12344 ]ala]|a |4a]3
3 516|6(|5[5 |5]|4
3|/5|(5|6|7|6|5 |44
415(5(5|6|6|/6 |5|3
31414|4(5|16|7 [5]3
3|14(4|4|5|6|7
213|13|3(4|5|5 (42
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A popular filter is one which performs local averaging or smoothing of the image. This
is a low pass filter.

Teh AR OT fhee ag § ST ofd & TN 3(8d 1 FATAST HidTl £ Ig T

o 9 Theey %'I
Table of various popular kernels
T3t ANRTIT Fetol T dTforhT
Er ¥No. | Kermel Effect 14 =1
FOFIS 0.125 00675 5 20 - zl Left Sabel
i 0125 025 025 | it 14 =1
MO625 0.125 00625 -1 =1 =1
i -1 8 _1] Chuliees
draa T
1 q o o -
g g [] Beattam Sobel || 7 -2 0 z} Right Sobel
Era—— -1 0 1
3 -1 1 ll Emboss g et Sharpes
0 1 2 011
00D " 2 -
4 o1 Identity g i o o Top Sobel
a a o -1 —32 -

The key characteristic of this filter is that (I, J) > 0 for every (I, J). An additional constraint
is generally imposed on the weights to sum to 1. Below are some examples.

58 thoed 1 A& [T T § fob T (i, j) & T wii, j) > 0 B 81 3MH AR O
aotel IR T TR I ofammm ST g drfes 31T 1 81|+ e 3erevor e 1w
gl

Code:

HitHHHHHHH#H# - Convolution  Operation  in an  Image — ##H#HHIBHHIfHIHHHHIHHHHHE imgd =
cv2.imread("/content/Baboon.jpg")

img4 = cv2.resize(img4, (224,224))

img4 = cv2.cvtColor(img4, cv2.COLOR_BGR2RGB) from PIL import Image

import numpy as np

def apply convolution(img:np.array, kernel:np.array):

# Get the height, width, and number of channels of the image height,width,c
=img.shape[0],img.shape[1],img.shape[2]

# Get the height, width, and number of channels of the kernel kernel heightkernel width =
kernel.shape[0],kernel.shape[1] # Create a new image of original img size minus the border

# where the convolution can't be applied

new_img = np.zeros((height-kernel height+1,width-kernel width+1,3))

# Loop through each pixel in the image

# But skip the outer edges of the image



for i in range(kernel height//2, height-kernel height//2-1): for j in range(kernel width//2, width-kernel width//2-
1):

# Extract a window of pixels around the current pixel window = img[i-kernel height//2 : itkernel height//2+1,j-
kernel _width//2 : j+kernel width//2+1]

# Apply the convolution to the window and set the result as the value of the current pixel in the new image
new_img[i, j, 0] = int((window[:,:,0] * kernel).sum())

new_img[i, j, 1] = int((window[:,:,1] * kernel).sum())

new_img[i, j, 2] = int((window[:,:,2] * kernel).sum())

# Clip values to the range 0-255 new_img = np.clip(new_img, 0, 255) return new_img.astype(np.uint8)

if name == " main ":

# kernel for edge detection

kernel = np.array([[-1,-1,-1], [-1,8,-1], [-1,-1,-1]])

# kernel for vertical edge detection

#kernel = np.array([[-1,0,1],[-1,0,1],[-1,0,11])

# kernel for horizontal edge detection

# kernel = np.array([[-1,-1,-11,[0,0,01,[1,1,1]])

# Kernel for box blur

# kernel = np.array([[1/9,1/9,1/9],[1/9,1/9,1/9],[1/9,1/9,1/9]])

# Open the image and convert it to an array

# Try to put your own picture

img = Image.open('/content/Baboon.jpg') or _img = np.asarray(img)

new_img = apply convolution(img4, kernel)

fig = plt.figure(figsize=(6, 4)) fig.add subplot(l, 2, 1) plt.imshow(img4) plt.axis("off") plt.title("Original

Image")
fig.add_subplot(1, 2, 2) plt.imshow(new_img) plt.axis("off") plt.title("Convoluted Image")

Original Image Convoluted Image

g e

For different kernels convolution operation has to be performed

37elaT-37eT3T heiol o TeTT shedlog2leT AU il ISl &
Image padding:

Image padding is an essential technique in image processing which is used to maintain data
consistency at the edges of an image. It involves adding layers of pixels to the image,

ensuring uniform processing when applying filters and other operations. This prevents



information loss and supports the desired output dimensions, making it essential for precise

image analysis and enhancement.

gHor dfE:

AT ST SAST TRATHIT H Teh STW dhelloh g [oTohT SEAHTS SHOT oh [ehelRI UX 3T
$I THEIAT FAT0 TG & v fohar S1ar g1 38H AT # Nerger i IR e,
o R 3T AT ] It THT Teh GATT NATHT AR Hielm AFAT & |
I AT 8111 T Aehell & IR TS IT3CYE ATAT T FAAT T &, To0d Tg
T ST TARAINUT 3R Had e & T T g STeT 2|

Zero padding

Zero padding adds black borders around the image; black borders are achieved by adding
pixels with intensity value 0 around the image. The thickness of the borders depends on the
type of filter kernel used.

SIRY 2T

SIRT 4FSeT AT & TRT 3R Hrel AT NSl 8; SAST & IRT R AT AT o ared
el ST hTell HIATU ITCd T ST § | HATHT T AT SEAATH TohT T ftheeX
il oh JhR W AR ATg |

o(ojfoj|jo0ojo0oj|j0|0]|O
0|1]12|3]|]4(5]|]6]|0
0|7 |89 ]|10]|11]|12] 0
0(1]12|3]|]4]|]5]|]6]0
0(7 8|9 |1|11]|12]| 0
0(112|3]|]4]|5]|6]0
0|7 |8 |9 [10]11]12] O
o(oj0|j0|jO0O|jO0O|O0]|O

Zero padding with a one-pixel thick boundary

(T Terler AT €A & |re = dfsa)

It’s the simplest form of padding and is often used when we want to maintain the original size of the data while
adding a border of uniform values. It defines a function zero padding that adds zero padding to an input array
based on the specified padding size. In this case, it applies zero padding with a size of 1 to input array and prints
the resulting array with zeros added around its edges.



g UfS9T &7 Ge8 T ®9 & 3R 9T 39T 3158 d9 fham S1ar § S g9 AT
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HHHHHHHHHHHRHHHRHARHAEH Tport libraries #HHHHHHHHHHHHRHH
import cv2

import matplotlib.pyplot as plt import numpy as np

HHHHHHHRHHRRAEARAE Zero padding in a 2-D array #HHHHHIHHHHHEHHEHE

image array = np.array ([[1, 2, 3, 4, 5],
[6, 7, 0, 1, 2],
[3, 4, 5, 6, 7],
[o, 1, 2, 3, 4]
[5, 6, 7, 0, 11D

def zero_padding(arr, padding_size):

return np.pad(arr, pad_width=padding_size, mode='constant', constant values=(0))

# Apply zero padding with a padding size of 1 zero padded arr = zero padding(image array, 1) print("\nZero
Padded Array:")

print(zero_padded_arr)

Zero Padded Array: [[0000000]
[0123450]
[0670120]
[0345670]
[0012340]
[0567010]
[0000000]]
HIHHHHHHHHHR R Zero Padding in an Image ##HHHH#HHHHHHEHHHEHHHEH
# read image
imgl = cv2.imread('/content/Baboon.jpg') imgl = cv2.resize(imgl, (224, 224))
# Make black border
Zero Padded img = cv2.copyMakeBorder(imgl, 20, 20, 20, 20, cv2.BORDER _CONSTANT, None, value = 0)
fig = plt.figure(figsize=(6, 4)) fig.add subplot(1, 2, 1) plt.imshow(imgl) plt.axis("off") plt.title("Original
Image")
fig.add_subplot(1, 2, 2)
plt.imshow(Zero Padded img) plt.axis("off")
plt.title("Zero Padded Image")



Original Image Zero_Padded Image

T

Mirror padding

Mirror padding, also known as symmetric padding or reflective padding, adds a
boundary around the image by mirror-reflecting the image on the original image
border. The thickness of the boundary can be adjusted. The pixels near the vertical and
horizontal edges act as the line of reflection that adds new boundary pixels directly
above/below and left/right of the image. For the remaining boundary pixels, the corner
pixels act as the line of reflection
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Note: The boundary pixel values become the edge over which the values are reflected
to get the padding boundary values.
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Mirror padding is applicable when the areas near the border contain important image
details, and we want to extend those details. It reflects or mirrors the values at the
edges to fill the padded regions. This helps in maintaining the continuity of patterns
and textures at the borders. Mirror padding is useful when the border regions have
intricate patterns or features that we want to extend without creating abrupt changes or
artifacts.
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HHHHHHHEHHHEH M rror padding in 2-D array ##HHHHHHTHHIHHHHHEHH]
import numpy as np
image_array = np.array([[1, 2, 5, 9, 6],
[4,7,0,1, 2],
[3,4,5,6, 7],
[0,1,2,3,4]])
def mirror_padding(arr, padding_size):
return np.pad(arr, pad_width=padding_size, mode="reflect’)
# Apply mirror padding with a padding size of 1
mirror_padded_arr = mirror_padding(image_array, 2)
print("\nMirror Padded Array:")
print(mirror_padded_arr)

Mirror Padded Array:
[[543456765]
[074701210]
[521259695]
[074701210]
[5434567605]
[210123432]
[5434567605]
[074701210]]



HHHHHH A Miror Padding inan Image
R R

# read image

img1l = cv2.imread('/content/Baboon.jpg’)

imgl = cv2.resize(imgl, (224, 224))

# Make black border

Mirror_Pad_img = cv2.copyMakeBorder(imgl, 20, 20, 20, 20,
cv2.BORDER_REFLECT)

fig = plt.figure(figsize=(6, 4))
fig.add_subplot(1, 2, 1)
plt.imshow(img1)

Original Image

e

Mirror_Padded Image

s

Replicate padding:

Replicate padding adds the closest values outside the boundary, ensuring that values
outside the boundary are set equal to the nearest image border value. Replicate padding
is used when we want to preserve the values at the edges of our data while extending it.
It effectively replicates the values of the nearest edge pixel to fill the padded regions.
This type of padding is suitable when the areas near the border of the image or data
have a relatively constant or uniform pattern that we want to maintain. For example, if
we have an image

with a solid colour border, replicate padding would be a good choice to extend that
solid colour to the padded regions, preserving the appearance of a continuous border.



wfcrpfer 4fEar e & e e as 71 Sl 8, I8 ARad Fc gu ¥ e &
STEX & AT foishead ofd H#r A6 & X A 6 a1v g gfasia ST @
39T a9 fHAT ST § 519 &7 3790 3T Y _AEART FRS THT 38 fheIRT W
HATAT T TRTIT AT I8 & | I8 U5 [FT 717 &5 & R & o Pereasw R
el o ATAT ol THTET GIT @ ST &1 $H TohR T UTSTT e IUGereT giell & STl
B AT SeT & VAT & I & &1 7 31987 RN A1 FAT deot giem & o d g
FeATT TEAT AR & | 361807 & T, I gAR I ek 31 &7 hr HIAT arell B9 g,
ar i e 4TSar 38 31W T 1 U3 fohw 1w &1t ek faedTRa et & v wan 3r<et
faeheq gYem, JY veh fAaR draAT T 3ufeufa & GRferd Far |

11111123 ]|4|4]4
111|112 |3 |4 |44
1111112 |3 |4 |44
5(5|5|6 |7 |8|8 |8
1111112 |3 |4|4]|4
5(5|5|6|7|8]| 8|8
5|5|5|8|9|8 |8 |8
5|5|5|8|9|8 |8 8

T Replicate padding #iH#H#HTHHHTHTHHHTHTHIH

import numpy as np

image_array = np.array([[1, 2, 3, 4, 5],
[6,7,0,1, 2]
[3,4,5,6, 7]
[0, 1, 2, 3, 4]

)

def replicate_padding(arr, padding_size):

return np.pad(arr, pad_width=padding_size, mode='edge")
# Apply replicate padding with a padding size of 1
replicate_padded_arr = replicate_padding(image_array, 1)
print("\nReplicate Padded Array:")
print(replicate_padded_arr)

Replicate Padded Array:

[[1123455]



[1123455]
[6670122]
[3345677]
[0012344]
[0012344]]

T Replicate Padding in an Image ######H##H
# read image####

imgl = cv2.imread('/content/Baboon.jpg’)

imgl = cv2.resize(imgl, (224, 224))

# Make black border###

Repli_pad_img = cv2.copyMakeBorder(img1, 10, 10,
cv2.BORDER_REPLICATE)

fig = plt.figure(figsize=(6, 4))

fig.add_subplot(1, 2, 1)

plt.imshow(imgl)

plt.axis("off")

plt.title("Original Image")

fig.add_subplot(1, 2, 2)

plt.imshow(Repli_pad_img)

plt.axis("off")

plt.title("Replicate_Padded Image")

Original Image

e E S

Replicate_Padded Image
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Digital Image Processing Lab
Experiment No-6
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Aim: To study and perform non-linear neighborhood operations on images:
A. Min
B. Max
C. Median
D. With various padding operations (zero, 1’s, line, mirror)
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Theory:
Non-Linear Filter
Using some non-linear function from the source pixel value. The idea is to replace the
target pixel value with its neighbour pixels value from some ordering mechanism or
function.
There are many types of Non-Linear Filter but in this article, I will show you just 3 of
them

o Minimum Filter

o Maximum Filter

« Median Filter
Minimum and maximum are the simplest non-linear operators. The former scans each
pixel in an image and replaces it with the lowest ranking value in its neighborhood.
Maximum does the same, except that the replacing value is the highest-ranking pixel in
the neighborhood.
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Minimum Filter
This algorithm 1is to select the lowest pixel value from the neighbours’ pixels around
the target then replace it.

The Procedure of minimum filter:

® The window is overlaid on the upper left corner of the image, and the minimum
value is determined by sorting the pixels values
(ascending order).

®  This value (minimum) is put into the output image corresponding to the center
location of the window

® The window is then sliding one pixel over, and the process is repeated when the
end of the row is reached, the window is slide back to the left side of the image
and down one row, and the process is repeated

® This process continues until the entire image has been processed.
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Note:

the outer rows and columns are not replaced. And these “wasted” rows and columns
are often filled with zeros (or cropped off the image). For example, with 3X3 mask, we
lose one outer row and column, a 5X5 mask we lose two rows and columns
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HiHHEHEHEHAHA# Import Important Libraries ####H#H from
PIL import Image, ImageFilter

import matplotlib.pyplot as plt

#### read image using pillow library imgl =
Image.open("/content/Baboon.jpg") ####
resize image to 224x224

Imgl = imgl.resize((224, 224))

#### Apply min filtering
new_imagel =imgl.filter(ImageFilter.MinFilter(size = 3))

#### Plot original image and min filtering
Fig = plt.figure(figsize=(6, 4))
fig.add_subplot(1,2, 1)
plt.imshow(imgl)
plt.axis("off")
fig.add_subplot(1, 2, 2)
plt.imshow(new_imagel)
plt.axis("off")

plt.title("Min Filtered Image")

Original Image Min Filtered Image
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HiHHHHHHHHH . Minimum filtering operation with different padding##
HiHHEHEHEHAH Import Important Libraries ###H#
import cv2from PIL import Image, ImageFilter import matplotlib.pyplot as plt

#### read image using pillow library

imgl = cv2.imread("/content/Baboon.jpg")

imgl = cv2.cvtColor(imgl, cv2.COLOR_BGR2RGB)
HHH# resize image to 224x224

imgl = cv2.resize(imgl, (224, 224))

## apply padding (Zero padding, Mirror padding,and Replicate paddding)##
imgl_padl = cv2.copyMakeBorder(img1,20, 20, 20, 20, cv2.BORDER_CONSTANT,
None, value=0)

imgl_pad2 = cv2.copyMakeBorder(img1,20, 20, 20, 20, cv2.BORDER_REFLECT)
imgl_pad3 = cv2.copyMakeBorder(img1,20, 20, 20, 20, cv2.BORDER_REPLICATE)

HHHHHHHIHA converet array as image for the respective padded images
imgl newl = Image.fromarray(imgl _padl)

imgl_new?2 = Image.fromarray(imgl_pad?2) imgl_new3 =
Image.fromarray(imgl_pad3)

### apply min filtering##

resultl = imgl_newl.filter(ImageFilter.MinFilter(size = 3)) result2
imgl _new?.filter(ImageFilter.MinFilter(size = 3)) result3
imgl_newa3.filter(ImageFilter.MinFilter(size = 3))

#### Plot all the results##
fig = plt.figure(figsize=(15, 10))
fig.add_subplot(3, 3, 1)
plt.imshow(img1l)
plt.axis("off")
plt.title("Original Image™)
fig.add_subplot(3, 3, 2)
plt.imshow(imgl_padl)
plt.axis("'off")



plt.title("Zero Padde
Image™)

fig.add_subplot(3, 3, 3)

plt.imshow(imgl_pad2)

plt.axis("off")

plt.title("Mirror Padde
Image")

fig.add_subplot(3, 3, 4)

plt.imshow(imgl_pad3)

plt.axis("off") plt.title("Replicate

Padded Image™)

fig.add_subplot(3, 3, 5)
plt.imshow(resultl)

plt.axis("off")

plt.title("Zero padded with Min Filtering Image")
fig.add_subplot(3, 3, 6)
plt.imshow(result2)

plt.axis("off")

plt.title("Mirror padded with Min Filtering Image")
fig.add_subplot(3, 3, 7)
plt.imshow(result3)

plt.axis("'off")

plt.title (“Replicate padded
with mini  filtering
image”)



Zero Padded Image

Original Image Mirror Padded Im

Maximum Filter

This algorithm also similar to minimum filter but pick the highest one.
The Procedure of MAXIMUM filter:
= The window is overlaid on the upper left corner of the image, and the
maximum value is determined by sorting the pixels values (ascending order).
= This value (maximum) is put into the output image corresponding to the
center location of the window.
= The window is then sliding one pixel over, and the process is repeated when
the end of the row is reached, the window is slide back to the left side of the
image and down one row, and the process is repeated.
= This process continues until the entire image has been processed.
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#iHH# import the necesarry libraries ##HHE#H
import matplotlib.pyplot as plt from PIL import Image, ImageFilter

HiHHHEHE . Maximum - filtering  operation  with  different  padding
nHnRSnERRE A eE ey

HiHHHH## Read Image
HHHHAE # creating a image #

img1 = Image.open(r'/content/Baboon.jpg")
imgl = imgl.resize((224, 224))

new_image = imgl.filter(ImageFilter.MaxFilter(size = 3))
fig = plt.figure(figsize=(6, 4))

fig.add_subplot(1, 2, 1)

plt.imshow(img1) plt.axis("off")

plt.title("Original Image")

fig.add_subplot(1, 2, 2)
plt.imshow(new_image)
plt.axis("off")

plt.title("Max Filtered Image")



HHH#HH#H Maximum filtering operation with different padding ######

HiHHHHHHHH#E Import Important Libraries #######

import cv2

from PIL import Image, ImageFilter

import matplotlib.pyplot as plt

##H### read image using pillow library

imgl = cv2.imread("/content/Baboon.jpg")

imgl = cv2.cvtColor(imgl, cv2.COLOR_BGR2RGB)

HHtH# resize image to 224x224

imgl = cv2.resize(imgl, (224, 224))

A apply padding (Zero padding, Mirror padding, and Replicate paddding)
imgl_padl = cv2.copyMakeBorder(img1,20, 20, 20, 20, cv2.BORDER_CONSTANT,
None, value=0)

imgl pad2 = cv2.copyMakeBorder(img1,20, 20, 20, 20, cv2.BORDER_REFLECT)
imgl_pad3 = cv2.copyMakeBorder(img1,20, 20, 20, 20,20 cv2.BORDER_REPLATE)
HiHHHHHHHE#H converet array as image for the respective padded images imgl_newl =
Image.fromarray(imgl_padl)

imgl new?2 = Image.fromarray(imgl_pad?2) iImgl new3 =
Image.fromarray(imgl_pad3)

### apply min filtering

resultl = imgl_newl.filter(ImageFilter.MaxFilter(size = 3)) result2
imgl_new?2.filter(ImageFilter.MaxFilter(size = 3)) result3
imgl_newa3.filter(ImageFilter.MaxFilter(size = 3))

#### Plot all the results
fig = plt.figure(figsize=(15, 10)) fig.add_subplot(3, 3, 1) plt.imshow(imgl)
plt.axis("off") plt.title("Original Image")

fig.add_subplot(3, 3, 2) plt.imshow(imgl_padl) plt.axis("off") plt.title("Zero Padded
Image")



fig.add_subplot(3, 3, 3) plt.imshow(imgl_pad?2) plt.axis("off") plt.title("Mirror Padded
Image™)

fig.add_subplot(3, 3, 4) plt.imshow(imgl pad3) plt.axis("off") plt.title("Replicate
Padded Image™)

fig.add_subplot(3, 3, 5) plt.imshow(resultl) plt.axis("off")

plt.title("Zero padded with Max Filtering Image")

fig.add_subplot(3, 3, 6) plt.imshow(result2) plt.axis("off")
plt.title("Mirror padded with Max Filtering Image™)

fig.add_subplot(3, 3, 7)
plt.imshow(result3) plt.axis("off")
plt.title("Replicate padded with Max Filtering Image™)

Original Image Zero Padded Image

Mirror Padded Image

Mirror padded with Max Filtering Image

Median Filter

The median filter is actually a specific form of a rank filter, where the ith pixel
intensity in the sorted list of neighborhood pixels is chosen as the output.
The Procedure of median filter:

®" The window is overlaid on the upper left corner of the image, and the
median value is determined.



®=  This value (median) is put into the output image (buffer) corresponding to
the center location of the window.

®=  The window is then sliding one pixel over, and the process is repeated when
the end of the row is reached, the window is slide back to the left side of the
image and down one row, and the process is repeated.

®  This process continues until the entire image has been processed.
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For more clarity of the advantage of this filter, here is the example that used in salt and
pepper pictures.
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#i##HH# Median Filtering
#H#H import the necesarry libraries #####t#



import matplotlib.pyplot as plt from PIL import Image, ImageFilter ######## Read
Image ####H#

# creating a image object

imgl = Image.open(r"/content/Baboon.jpg") imgl = imgl.resize((224, 224))
new_image =  imgLl.filter(ImageFilter.MedianFilter(size = 3)) fig
plt.figure(figsize=(6, 4))

fig.add_subplot(1, 2, 1) plt.imshow(imgl) plt.axis("off") plt.title("Original Image")

fig.add_subplot(1, 2, 2) plt.imshow(new_image) plt.axis(*"off")
plt.title("Median Filtered Image")

Original Imag Median Filtered Image

HiHHHHEHEHHH# Import Important Libraries ######H

import cv2

from PIL import Image, ImageFilter

import matplotlib.pyplot as plt

#### read image using pillow library

imgl = cv2.imread("/content/Baboon.jpg™)

imgl = cv2.cvtColor(imgl, cv2.COLOR_BGR2RGB)

#i## resize image to 224x224

imgl = cv2.resize(imgl, (224, 224))

HitHHHH#HE# apply padding (Zero padding, Mirror padding, and Replicate paddding)
imgl_padl = cv2.copyMakeBorder(img1,20, 20, 20, 20, cv2.BORDER_CONSTANT, None, value=0)
imgl_pad2 = cv2.copyMakeBorder(img1,20, 20, 20, 20, cv2.BORDER_REFLECT)
imgl_pad3 = cv2.copyMakeBorder(img1,20, 20, 20, 20, cv2.BORDER_REPLICATE)
HitHHHHHERHH converet array as image for the respective padded images

imgl newl = Image.fromarray(imgl_padl)

imgl new2 = Image.fromarray(imgl_pad2)

imgl new3 = Image.fromarray(imgl_pad3)

### apply min filtering

result] = imgl newl. filter(ImageFilter.MedianFilter(size = 3))



result2 = imgl new?2. filter(ImageFilter.MedianFilter(size = 3))
result3 = imgl news3.filter(ImageFilter.MedianFilter(size = 3))
#i## Plot all the results

fig = plt.figure(figsize=(15, 10))

fig.add_subplot(3, 3, 1)

plt.imshow(img1)

plt.axis("off")

plt.title("Original Image")

fig.add_subplot(3, 3, 2)

plt.imshow(imgl padl)

plt.axis("off")

plt.title("Zero Padded Image")

fig.add_subplot(3, 3, 3)

plt.imshow(imgl pad?2)

plt.axis("off")

plt.title("Mirror Padded Image")

fig.add_subplot(3, 3, 4)

plt.imshow(imgl pad3)

plt.axis("off")

plt.title("Replicate Padded Image")

fig.add_subplot(3, 3, 5)

plt.imshow(resultl)

plt.axis("off")

plt.title("Zero padded with Median Filtering Image")
fig.add_subplot(3, 3, 6)

plt.imshow(result2)

plt.axis("off")

plt.title("Mirror padded with Median Filtering Image")
fig.add_subplot(3, 3, 7)

plt.imshow(result3)

plt.axis("off")

plt.title("Replicate padded with Median Filtering Image")



Original Image Zero Padded Image Mirror Padded Image

The median filter is a nonlinear filter (order filter) used to remove noise from images.
% The median filter is also used to preserve edge properties while reducing the noise.
% These filters are based on as specific type of image statistics called order statistics.

¢ Typically, these filters operate on small sub image, “Window”, and replace the center pixel value
(similar to the convolution process).



Digital Image Processing Lab
Experiment No-7
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Aim:

To study and perform spatial domain image denoising using:

Linear filters for Impulse and Gaussian noise of various densities.
Non-linear filters for Impulse and Gaussian noise of various densities.
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Theory:

Intensity transformations are applied on images for contrast manipulation or image
thresholding. These are in the spatial domain, i.e. they are performed directly on the
pixels of the image at hand, as opposed to being performed on the Fourier transform of
the image. The following are commonly used intensity transformations:

1. Image Negatives (Linear)

2. Log Transformations

3. Power-Law (Gamma) Transformations

4. Piecewise-Linear Transformation Functions
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Spatial Domain Processes — Spatial domain processes can be described using the equation:g(x, y) = T[f(x,
y)|wheref(x, y)is the input image, T is an operator on f defined over a neighbourhood of the point (x, y),
andg(x, y)is the output
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Image Negatives — Image negatives are discussed in this article. Mathematically, assume that an image goes
from intensity levels 0 to (L-1). Generally, L = 256. Then, the negative transformation can be described by
the expression s = L-/-r where r is the initial intensity level and s is the final intensity level of a pixel. This

produces a photographic negative.
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Log Transformations —

Mathematically, log transformations can be expressed as s = clog(1+r). Here, s is the output intensity, r>=0
is the input intensity of the pixel, and c is a scaling constant. ¢ is given by 255/(log (1 + m)), where m is the
maximum pixel value in the image. It is done to ensure that the final pixel value does not exceed (L-1), or
255. Practically, log transformation maps a narrow range of low-intensity input values to a wide range of
output values. Consider the following input image

cifer cizrwidtoret -
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Below is the code to apply log transformation to the image.

import cv2

import numpy as np

# Open the image.

img = cv2.imread('sample.jpg’)



# Apply log transform.

¢ = 255/(np.log(1 + np.max(img)))

log_transformed = ¢ * np.log(1 + img)

# Specify the data type.

log_transformed = np.array(log_transformed, dtype = np.uint8)
# Save the output.

cv2.imwrite('log_transformed.jpg’, log_transformed)

Below is the log-transformed output

Power-Law (Gamma) Transformation —

Power-law (gamma) transformations can be mathematically expressed as . Gamma correction is important
for displaying images on a screen correctly, to prevent bleaching or darkening of images when viewed from
different types of monitors with different display settings. This is done because our eyes perceive images in
a gamma-shaped curve, whereas cameras capture images in a linear fashion. Below is the Python code to
apply gamma correction.
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import cv2

import numpy as np

# Open the image.

img = cv2.imread('sample.jpg’)

# Trying 4 gamma values.

for gammain [0.1, 0.5, 1.2, 2.2]:

# Apply gamma correction.

gamma_corrected = np.array(255*(img / 255) ** gamma, dtype = 'uint8’)
# Save edited images.
cv2.imwrite('gamma_transformed'+str(gamma)+'.jpg’, gamma_corrected)

Below are the gamma-corrected outputs for different values of gamma.

Gamma = 0.1:

Gamma = (.5
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Gamma = 1.2:




Gamma = 2.2: As can be observed from the outputs as well as the graph, gamma>1 (indicated by the curve
corresponding to ‘nth power’ label on the graph), the intensity of pixels decreases i.e. the image becomes
darker. On the other hand, gamma<1 (indicated by the curve corresponding to 'nth root' label on the graph),

the intensity increases i.e. the image becomes lighter
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Piecewise-Linear Transformation Functions —

These functions, as the name suggests, are not entirely linear in nature. However, they are linear between
certain x-intervals. One of the most commonly used piecewise-linear transformation functions is contrast
stretching. Contrast can be defined as:

Contrast = (I_max - I min)/(I_max + I _min)

SIAI fob of1dt 3 Ul deldl &, A DRI Y3 ds 3 Rad UDi b oidl 8l slclilp, d P x-3iaRIcll D
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EbTAT\TC= (I max - I min)/(I_max + 1 min)

This process expands the range of intensity levels in an image so that it spans the full intensity of the
camera/display. The figure below shows the graph corresponding to the contrast stretching.



With (11, sl), (12, s2) as parameters, the function stretches the intensity levels by essentially decreasing the
intensity of the dark pixels and increasing the intensity of the light pixels. If r1 = sl =0 and 12 =s2 = L-1,
the function becomes a straight dotted line in the graph (which gives no effect). The function is
monotonically increasing so that the order of intensity levels between pixels is preserved. Below is the

Python code to perform contrast stretching.
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import cv2

import numpy as np

# Function to map each intensity level to output intensity level.
def pixelVal(pix, r1, s1, r2, s2):

if (0 <= pix and pix <= rl):

return (s1/rl)*pix

elif (rl < pix and pix <=r2):

return ((s2 - s1)/(r2 - r1)) * (pix - rl) + sl

else:

return ((255 - s2)/(255 - r2)) * (pix - r2) + s2



# Open the image.
img = cv2.imread('sample.jpg’)
# Define parameters.

r1=70
s1=0
r2 = 140
s2 = 255

# Vectorize the function to apply it to each value in the Numpy array.
pixelVal_vec = np.vectorize(pixelVal)

# Apply contrast stretching.

contrast_stretched = pixelVal_vec(img, rl, s1, r2, s2)

# Save edited image.

cv2.imwrite('contrast_stretch.jpg’, contrast_stretched)
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Experiment No-8
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Aim:

To study and perform Image Binarization and mask formation using different
threshold values. Further application of mask using:

Multiplication operation

Addition operation

AND operation

OR operation
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Theory:

Thresholding

Thresholding is one of the segmentation techniques that generates a binary image (a binary image is one
whose pixels have only two values — 0 and 1 and thus requires only one bit to store pixel intensity) from a
given grayscale image by separating it into two regions based on a threshold value. Hence pixels having
intensity values greater than the said threshold will be treated as white or 1 in the output image and the
others will be black or 0.
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Suppose the above is the histogram of an image f(x,y). We can see one peak near level 40 and another at
180. So there are two major groups of pixels — one group consisting of pixels having a darker shade and the
others having a lighter shade. So there can be an object of interest set in the background. If we use an
appropriate threshold value, say 90, will divide the entire image into two distinct regions.

In other words, if we have a threshold T, then the segmented image g(x,y) is computed as shown below:

So the output segmented image has only two classes of pixels — one having a value of 1 and others having a
value of 0. If the threshold T is constant in processing over the entire image region, it is said to be global
thresholding. If T varies over the image region, we say it is variable thresholding.
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Multiple-thresholding classifies the image into three regions — like two distinct objects on a background.
The histogram in such cases shows three peaks and two valleys between them. The segmented image can be
completed using two appropriate thresholds T1 and T2.

where a, b and ¢ are three distinct intensity values
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From the above discussion, we may intuitively infer that the success of intensity thresholding is directly

related to the width and depth of the valleys separating the histogram modes. In turn, the key factors
affecting the properties of the valleys are the separation between peaks, the noise content in the image, and



the relative sizes of objects and backgrounds. The more widely the two peaks in the histogram are separated,
the better thresholding and hence image segmenting algorithms will work. Noise in an image often degrades
this widely-separated two-peak histogram distribution and leads to difficulties in adequate thresholding and
segmenting. When noise is present, it is appropriate to use some filter to clean the image and then apply

segmentation. The relative object sizes play a role in determining the accuracy of segmentation
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Global Thresholding
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When the intensity distribution of objects and background are sufficiently distinct, it is possible to use a
single or global threshold applicable over the entire image. The basic global thresholding algorithm
iteratively finds the best threshold value so segmenting

The algorithm is explained below.

1. Select an initial estimate of the threshold T.

2. Segment the image using T to form two groups G1 and G2: G1 consists of all pixels with intensity values

> T, and G2 consists of all pixels with intensity values < T.

3. Compute the average intensity values m1 and m2 for groups G1 and G2.0

4. Compute the new value of the threshold T as T = (m1 + m2)/2
5. Repeat steps 2 through 4 until the difference in the subsequent value of T is smaller than a pre-defined

value 0.

6.Segment the image as g(x,y) = 1 if f(x,y) > T and g(x,y) = 0 if f(x,y) < T.



This algorithm works well for images that have a clear valley in their histogram. The larger the value of §,
the smaller will be the number of iterations. The initial estimate of T can be made equal to the average pixel
intensity of the entire image

The above simple global thresholding can be made optimum by using Otsu’s method. Otsu’s method is
optimum in the sense that it maximizes the between-class variance. The basic idea is that well-thresholded
classes or groups should be distinct with respect to the intensity values of their pixels and conversely, a
threshold giving the best separation between classes in terms of their intensity values would be the best or
optimum threshold.
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Variable Thresholding

There are broadly two different approaches to local thresholding. One approach is to partition the image into

non-overlapping rectangles. Then the techniques of global thresholding or Otsu’s method are applied to each
of the sub-images. Hence in the image partitioning technique, the methods of global thresholding are applied
to each sub-image rectangle by assuming that each such rectangle is a separate image in itself. This
approach is justified when the sub-image histogram properties are suitable (have two peaks with a wide
valley in between) for the application of thresholding techniques but the entire image histogram is corrupted
by noise and hence is not ideal for global thresholding.

The other approach is to compute a variable threshold at each point from the neighborhood pixel properties.
Let us say that we have a neighborhood Sxy of a pixel having coordinates (x,y). If the mean and standard
deviation of pixel intensities in this neighborhood be mxy and Oxy , then the threshold at each point can be
computed as:

where a and b are arbitrary constants. The above definition of the variable threshold is just an example.
Other definitions can also be used according to the need.

The segmented image is computed as:



Moving averages can also be used as thresholds. This technique of image thresholding is the most general
one and can be applied to widely different cases.
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Original image.

Image segmentation with Otsu thresholding.
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Aim:

To study and perform morphological operations on images:
Erosion

Dilation

Opening

Closing
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Theory:
Morphological operations based on OpenCV are as follows:
Erosion
Dilation
Opening
Closing

For all the above techniques the two important requirements are the binary image and a
kernel structuring element that is used to slide across the image.
Images used for demonstration:
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Images used

Images used

Erosion
Erosion primarily involves eroding the outer surface (the foreground) of the image. As binary images only
contain two pixels 0 and 255, it primarily involves eroding the foreground of the image and it is suggested to



have the foreground as white. The thickness of erosion depends on the size and shape of the defined kernel.
We can make use of NumPy’s ones () function to define a kernel. There are a lot of other functions like
NumPy zeros, customized kernels, and others that can be used to define kernels based on the problem in
hand.
Code:

e Import the necessary packages as shown

e Read the image

e Binarize the image.

e As itis advised to keep the foreground in white, we are performing OpenCV’s invert operation on

the binarized image to make the foreground as white

e  We are defining a 5x5 kernel filled with ones

e Then we can make use of Opencv erode() function to erode the boundaries of the image.

e+ Python3
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# import the necessary packages

import cv2

import numpy as np

import matplotlib.pyplot as plt

# read the image

img = cv2.imread(r"Downloads\test (2).png", 0)
# binarize the image

binr = cv2.threshold(img, 0, 255, cv2.THRESH_BINARY+cv2. THRESH_OTSU)[1]
# define the kernel

kernel = np.ones((5, 5), np.uint8)

# invert the image

invert = cv2.bitwise_not(binr)



# erode the image

erosion = cv2.erode(invert, kernel,
iterations=1)

# print the output
plt.imshow(erosion, cmap='gray')

Output:

The output should be a thinner image than the original one.
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Erosion

Dilation

Dilation involves dilating the outer surface (the foreground) of the image. As binary images only contain
two pixels 0 and 255, it primarily involves expanding the foreground of the image and it is suggested to
have the foreground as white. The thickness of erosion depends on the size and shape of the defined kernel.
We can make use of NumPy’s ones () function to define a kernel. There are a lot of other functions like
NumPy zeros, customized kernels, and others that can be used to define kernels based on the problem at
hand. It is exactly opposite to the erosion operation
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Code:




* Import the necessary packages as shown

* Read the image

* Binarize the image.

* As it is advised to keep the foreground in white, we are performing OpenCV’s invert operation on the
binarized image to make the foreground white.

* We are defining a 3x3 kernel filled with ones

* Then we can make use of the Opencv dilate() function to dilate the boundaries of the image.

* Python3
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* Python3

import cv2

# read the image

img = cv2.imread(r"path to image", 0)

# binarize the image

binr = cv2.threshold(img, 0, 255, cv. THRESH_BINARY+cv.THRESH OTSU)[1]

# define the kernel

kernel = np.ones((3, 3), np.uint8)

# invert the image

invert = cv2.bitwise_not(binr)

# dilate the image

dilation = cv2.dilate(invert, kernel, iterations=1)
# print the output

plt.imshow(dilation, cmap="gray’)

Output:

The output should be a thicker image than the original one.
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Dilated image

Opening

Opening involves erosion followed by dilation in the outer surface (the foreground) of the image. All the
above-said constraints for erosion and dilation applies here. It is a blend of the two prime methods. It is
generally used to remove the noise in the image.

Code:

* Import the necessary packages as shown

* Read the image

* Binarize the image.

* We are defining a 3x3 kernel filled with ones

» Then we can make use of the Opencv cv.morphologyEx() function to perform an Opening operation on the
image.
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Python3



# import the necessary packages

import cv2

# read the image

img = cv2.imread(r"\noise.png", 0)

# binarize the image

binr = ¢v2.threshold(img, 0, 255,

c¢v2.THRESH BINARY+cv2. THRESH OTSU)[1]
# define the kernel

kernel = np.ones((3, 3), np.uint8)

# opening the image

opening = cv2.morphologyEx(binr, cv2.MORPH_OPEN,
kernel, iterations=1)

# print the output

plt.imshow(opening, cmap='gray")

Opening image

Original image

Opening Image

Closing
Closing involves dilation followed by erosion in the outer surface (the foreground) of the image. All the
above-said constraints for erosion and dilation applies here. It is a blend of the two prime methods. It is
generally used to remove the noise in the image.
Code:

e Import the necessary packages as shown

e Read the image

« Binarize the image.

o We are defining a 3x3 kernel filled with ones

« Then we can make use of the Opencv cv.morphologyEx() function to perform a

Closing operation on the image
e Python3
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* Python3

# import the necessary packages

import cv2

# read the image

img = cv2.imread(r"\Images\noise.png", 0)
# binarize the image

binr = cv2.threshold(img, 0, 255,
cv2.THRESH BINARY+cv2.THRESH OTSU)[1]
# define the kernel

kernel = np.ones((3, 3), np.uint8)

# opening the image

closing = cv2.morphologyEx(binr, cv2.MORPH_CLOSE, kernel, iterations=1)
# print the output

plt.imshow(closing, cmap='gray")



Closing image

Original image




Digital Image Processing Lab
ECE-324
Experiment No-10
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Aim:
Perform Edge Detection on an image using techniques like:
« Sobel Operator

« Laplacian Operator

« Canny Edge Detection
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Theory:

= Sobel Operator is useful for detecting directional edges.

» Laplacian Operator is sensitive to noise but can provide
better edge maps for sharp transitions.

= Canny Edge Detection is more robust and widely used due
to its effectiveness in real-world applications.
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Explanation

e Image Loading



= The image is loaded using cv2 . imread () in grayscale mode.
e Sobel Operator
" cv2.Sobel () detects horizontal (dx=1, dy=0) and vertical (dx=0,
dy=1) edges using a kernel of size 3.
» cv2.magnitude () computes the gradient magnitude to combine both
Sobel results.
e Laplacian Operator
" cv2.Laplacian() detects edges by calculating second-order
derivatives, highlighting sharper transitions.
e Canny Edge Detection
» cv2.Canny () IS a multi-stage edge detection algorithm with two
thresholds (50 and 150).
= |t detects strong edges and suppresses weak edges using non-maximum
suppression.
e Display Results
= Matplotlib is used to display the original and edge-detected images.
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Code

import cv2

import numpy as np

import matplotlib.pyplot as plt

# Load the image in grayscale
image = cv2.imread('/content/image.jpg', cv2.IMREAD_GRAYSCALE)

# Apply Sobel Operator

sobel x = cv2.Sobel(image, cv2.CV_64F, 1, 0, ksize=3) #
Horizontal edges
sobel y = cv2.Sobel(image, cv2.CV_64F, ©, 1, ksize=3) #

Vertical edges
sobel combined = cv2.magnitude(sobel_x, sobel_y)

# Apply Laplacian Operator
laplacian = cv2.Laplacian(image, cv2.CV_64F)

# Apply Canny Edge Detection
canny_edges = cv2.Canny(image, 50, 150)

# Convert results to displayable format

sobel x = cv2.convertScaleAbs(sobel x)

sobel y = cv2.convertScaleAbs(sobel y)

sobel combined = cv2.convertScaleAbs(sobel combined)
laplacian = cv2.convertScaleAbs(laplacian)

# Plot the Results
plt.figure(figsize=(12, 8))

plt.subplot(2, 3, 1)
plt.imshow(image, cmap='gray"')
plt.title("Original Image")
plt.axis("off")

plt.subplot(2, 3, 2)
plt.imshow(sobel x, cmap='gray')
plt.title("Sobel X (Horizontal Edges)")
plt.axis("off")



plt.
plt.
.title("Sobel Y (Vertical Edges)")
.axis("off")

plt
plt

plt.
plt.
.title("Sobel Combined")
.axis("off")

plt
plt

plt.
plt.
.title("Laplacian")
.axis("off")

plt
plt

plt.
plt.
plt.
.axis("off")

plt

plt

plt.

subplot(2, 3, 3)
imshow(sobel y, cmap='gray')

subplot(2, 3, 4)
imshow(sobel combined, cmap='gray')

subplot(2, 3, 5)
imshow(laplacian, cmap='gray’')

subplot(2, 3, 6)
imshow(canny_edges, cmap='gray"')
title("Canny Edge Detection")

.tight_layout()

show()



