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a=imread('saturn.jpg');
figure, imshow(a)

asp=imnoise(a, 'salt &
pepper',0.05);

figure, imshow(asp)
ag=imnoise(a,'gaussian',0.02);
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Noise = imnoise ( gray image , "type ') ;

'gaussian' Gaussian white noise with constant
mean and variance

'localvar' Zero-mean Gaussian white noise
with an intensity-dependent variance

'poisson' Poisson noise
'salt & pepper' "On and Off" pixels

'speckle’ Multiplicative noise
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# Add salt and pepper noise (intensity = 0.05)
P 88§ = a.copy()
A noise_prob = 0.05

deols  for j in range(asp.shape[0]):

!mport cv2 L= for j in range(asp.shape[1]):
Import numpy as np rdn = np.random.random()
import os # Import the 'os' module if rdn < noise_prob:

# Salt - set to white (255)
# Load the image (replace 'saturn.jpg' with your image path) -[i, j]=255
image_path = 'saturn.jpg' elif rdn > 1 - noise_prob:
a = cv2.imread(image_path, cv2.IMREAD_GRAYSCALE) # Pepper - set to black (0)

aspli,jl=0

# Check if the image loaded successfully

if a is None: # Save the salt and pepper noisy image
print("Error: Could not load image. Check the file path.") output_path_sp =
exit() os.path.join(os.path.dirname(image_path),
_ - ‘nspsaturn.jpg') # Construct path using original directory
cv2.imshow('Original Image (Grayscale)', a) cv2.imwrite(output_path_sp, -)
cv2.waitKey(0) print(f'Salt and pepper noise image saved to:

{output_path_sp}")
# Display the salt and pepper noisy image
cv2.imshow('Salt and Pepper Noise', -)

cv2.waitKey(0)
Bl
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# Add Gaussian noise (variance = 0.02)

88 = a.copy()

mean=0

sigma = np.sqrt(0.02 * 255 * 255) # Standard deviation
gaussian_noise = np.random.normal(mean, sigma, ag.shape)
. = np.clip(ag + gaussian_noise, 0, 255).astype(np.uint8)

# Save the Gaussian noisy image

output_path_gn = os.path.join(os.path.dirname(image_path), ‘ngsaturn.jpg'’) # Construct path using original directory
cv2.imwrite(output_path_gn, .)

print(f"Gaussian noise image saved to: {output_path_gn}")
# Display the Gaussian noisy image

cv2.imshow('Gaussian Noise', .)

cv2.waitKey(0)

cv2.destroyAllWindows()
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Matlab code
a=imread('saturn.jpg');
!o=imread('lspsaturn.jpg
c=imread('lgsaturn.jpg')
k=ones(5)/25;
af=imfilter(a, k);

figure, imshow(af)
bf=imfilter(b, k);

figure, imshow(bf)
cf=imfilter(c, k);

figure, imshow(cf)
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import cv2 %V

import numpy as np dool &
import os OJLLOJI
# --- Function to apply a filter (imfilter in MATLAB) ---
def apply_filter(img, kernel):
"""Applies a 2D convolution (filtering) to an image.
filtered_img = cv2.filter2D(img, -1, kernel) # -1 for same depth/type as input
return filtered_img

# Image paths (assuming they are in the current directory)
image_dir="."
griginallimagelname|- 'saturn.jpg’
sp_image_name = 'nspsaturn.jpg’
= 'ngsaturn.jpg’

# Construct full image paths

BREREINREEENEEH - os.path join(image_dir, BREIRAINMAECIRAmE)

sp_image path = os.path.join(image_dir, sp_image_name)
gn_image path = os.path.join(image_dir, )
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# --- Load Images --- deol A
6jliaJl

# Original Grayscale Image

a = cv2.imread (GRGINGIMSEEAREEN, cv2.IMREAD_GRAYSCALE)

if a is None:
print(f*Error: Could not load original image: {original_image_path}")
exit()

# Salt and Pepper Image

b = cv2.imread( , CV2.IMREAD_GRAYSCALE)

if b is None:
print(f"Error: Could not load salt and pepper image: {sp_image_path}")
exit()

# Gaussian Noise Image

¢ = cv2.imread( , CV2.IMREAD_GRAYSCALE)

if cis None:
print(f"Error: Could not load Gaussian noise image: {gn_image_path}")
exit()

MU-EPP-FM-005 Issue date 17November2025 issue no:1

https://manara.edu.sy

™

e
-



[

ojl_aJl

# --- Define the Kernel (‘ones(5)/25' in MATLAB) ---
k = np.ones((5, 5), np.float32) / 25 # Creates a 5x5 averaging kernel

# Filter the Gaussian noise image

# --- Apply Filters --- cf = apply_filter(c, k)
cv2.imshow('Filtered Gaussian', cf)

# Filter the original image cv2.waitKey(0)

af = apply_filter(a, k)

cv2.imshow('Filtered Original', af) cv2.destroyAllWindows()

cv2.waitKey(0)

# Filter the salt and pepper image

bf = apply_filter(b, k)
cv2.imshow('Filtered Salt & Pepper’, bf)
cv2.waitKey(0)
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Application : noise reduction and image smoothing
Disadvantage: lose sharp details
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Matlab code
a=imread('ngsaturn.jpg');
figure, imshow(a)
k=fspecial('gaussian',[5 5],2);
af=imfilter(a, k, 'conv');
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Mask = fspecial ( ‘ type ) ;
Image = imfilter ( gray image , mask ) ;

'average' averaging filter

'disk' circular averaging filter

'gaussian' Gaussian lowpass filter

'laplacian' filter approximating the 2-D Laplacian operator
'log’ Laplacian of Gaussian filter

'motion'  motion filter

'prewitt' Prewitt horizontal edge-emphasizing filter
'sobel’ Sobel horizontal edge-emphasizing filter
'unsharp' unsharp contrast enhancement filter
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deoln
import cv2 et
import numpy as np
import os

# --- Function to apply a filter (imfilter in MATLAB) ---
def apply_filter(img, kernel):

"""Applies a 2D convolution (filtering) to an image.

filtered_img = cv2.filter2D(img, -1, kernel) # -1 for same
depth/type as input

return filtered_img

# Image path

image_dir =".' # Current directory

gn_image_name = 'ngsaturn.jpg'

= os.path.join(image_dir, gn_image_name)

# --- Load Image ---
a = cv2.imread (ERBIMBECEPAH, cv2.IMREAD_GRAYSCALE)
if a is None:
print(f'Error: Could not load image: {gn_image_path}")
exit()

# Display original image
cv2.imshow('Original Gaussian Noise', a)
cv2.waitKey(0)

MU-EPP-FM-005 Issue date 17November2025

(w3 ]
https://manara.edu.sy B
[=

issue no:1



[

deola
e
# --- Create Gaussian Kernel (fspecial('gaussian’, [5 5], 2) in MATLAB) ---
# Sigma = 2, kernel size [5,5]
k = cv2.getGaussianKernel(5, 2) # Creates a 1D Gaussian kernel, then combines it.
k =k @ k.T # Creates a 2D Gaussian kernel by outer product.

# --- Apply Filter ---

af = apply_filter(a, k) # Apply the Gaussian filter.
# Display the filtered image
cv2.imshow('Filtered Gaussian Noise', af)

cv2.waitKey(0)

cv2.destroyAllWindows()

[Oh0)
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Matlab code

a=imread('nspsaturn.jpg');

figure, imshow(a)

amin=uint8(colfilt(a,[3 3],'sliding’, @min));
figure, imshow(amin)

amax=uint8(colfilt(a,[3 3],'sliding’, @max));

figure, imshow(amax)

syl dasdll pdiya ol Aadl) pdiza age gl G35y 9a

8)guall uﬁ J.};.j syl JuSs Gl Jlasia) T ay "wlall Hrgall 4= clanl) Ll e paliill o Uaiu) 8 (5 prall Lol qdie
Jalll" 8yguall 8 ;\Jﬂ\bw\wm;ﬁg\@ajascu)d\\&uﬁjfm\wu)&g)ﬁwﬁ\d@w

D hae ‘;IYL\J JeSoll 48 GL,..M el 338l & asg ) (S L;\ donsd dbld Sladdl AN (ggundll dasdll i yehag
LALu Go.m.w.ﬁ M\ ;\J}d\ Jazil) Lq\ cld\ u.u.\}u.u R

™

[Oh0)
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy 5



import cv2

import numpy as np

import os

# --- Function to apply filter (using sliding window and min/makx) ---

def apply_min_max_filter(img, kernel_size, operation):
"""Applies a min or makx filter using a sliding window.
rows, cols = img.shape
filtered_img = np.zeros_like(img)

half_kernel = kernel_size // 2 # Integer division for kernel radius

for r in range(1, rows-1):
for c in range(1, cols-1):
# Define the window boundaries
row_start = max(0, r - half_kernel)
row_end = min(rows, r + half_kernel)
col_start = max(0, c - half_kernel)
col_end = min(cols, c + half_kernel)

# Extract the window (the kernel area)
window = img[row_start:row_end, col_start:col_end]

# Apply min or max operation
if operation == 'min':
filtered_img[r, c] = np.min(window)
elif operation == 'max":
filtered_img[r, c] = np.max(window)
else:
raise ValueError("Invalid operation. Choose 'min’ or 'max'.")

Y

MANARA UINIVERSITY

# Image path

image_dir="."

#sp_image_name = ‘nspsaturn.jpg'

sp_image_name = 'ngsaturn.jpg’

sp_image_path = os.path.join(image_dir, sp_image_name)

# --- Load Image ---
a = cv2.imread(sp_image_path, cv2.IMREAD_GRAYSCALE)
if ais None:
print(f"Error: Could not load image: {sp_image_path}")
exit()

# Display Original Image

# cv2.imshow('Original (nspsaturn.jpg)’, a)
cv2.imshow('Original (ngsaturn.jpg)’, a)
cv2.waitKey(0)

# --- Apply Min Filter (3x3) ---

amin = apply_min_max_filter(a, 3, 'min’')
cv2.imshow('Min Filtered', amin)
cv2.waitKey(0)

# --- Apply Max Filter (3x3) ---

amax = apply_min_max_filter(a, 3, 'max’)
cv2.imshow('Max Filtered', amax)
cv2.waitKey(0)

cv2.destroyAllWindows()

return filtered-img@stype(np.uint8) # Ensureiuintd putRuinber2025
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FIGURE 3.37 (a) X-ray image of circuit board corrupted by salt-and-pepper noise. (b) Noise reduction with a
3 X 3 averaging mask. (¢) Noise reduction with a 3 X 3 median filter. (Original image courtesy of Mr. Joseph
E. Pascente, Lixi, Inc.)
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a=imread('ngsaturn.jpg'); 6)liall
figure, imshow(a)
af=medfilt2(a,[7 7]);

figure, imshow(af)
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import cv2
import numpy as np

# Read the image
image = cv2.imread('ngsaturn.jpg’)
#image = cv2.imread(‘nspsaturn.jpg’)

# Display the original image
cv2.imshow('Original Image', image)

# Apply median filtering with a 7x7 kernel
filtered_image = cv2.medianBlur(image, 7) . TR : < 1 B Fiterediimage B .
# Display the filtered image

cv2.imshow('Filtered Image’, filtered_image)

# Wait for a key press and close the image
windows

cv2.waitKey(0)

cv2.destroyAllWindows()
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a=imread('ngsaturn.jpg’);

figure, imshow(a)
af=ordfilt2(a,5,0nes(5));

B = ordfilt2(A,order,domain) replaces each
element in A by the orderth element in the

sorted set of neighbors specified by the nonzero S e e B R e
elements in domain. ot Jasasll dipa (Gadd Jaldlly mlal) el Ao (g5l 5y pa
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Type of Filtering Operation MATLAB code Neighborhood Sample Image Data, Indica'
Median filter B = ordfilt2(A,5,0nes(3,3))
1111]1 88 |16 | 56
111 s | 3|Go)
11111 21163 |42
Minimum filter B = ordfilt2(A,1,cnes(3,3))
11111 88|16 | 56
111 5 |(3)] 30
11111 21|63 |42
Maximum filter B = ordfilt2(A,9,0nes(3,3)) 1 1 1 16 | 56
11111 51330
11111 21|63 |42
Mini f north, ’ h, and ighb = ordfi ,1, ; ; v é
inimum of north, east, south, and west neighbors B dfilt2(A,1,[@ 1 8; 1@ 1; 8 1 8]) 0 1 0 y 16 J/
AV Z
1|01 @ % ;0
0|10 %/ 63 %
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Purpose of the Order Statistic Filter ;‘Lﬁﬁ

*Noise Reduction: Order statistic filters, like the one implemented here, effectively
reduce noise in images, particularly impulse noise (often referred to as salt-and-pepper
noise). By selecting the 5th smallest value, the filter can effectively suppress outlier pixel
values while maintaining the overall structure of the image.

*Edge Preservation: Unlike linear filters (like the mean filter), order statistic filters tend to
preserve edges better because they do not average out the pixel values, which can blur

edges.
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