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ABSTRACT 
In this paper, we have developed practical applications of linear algebra in image processing using Python. Image 
processing is based on first Importing the image, then Analyzing and manipulating the image, and finally to check 
output. We have explore different linear algebraic techniques with different algorithms implemented to matrix 
operations using addition subtraction multiplication and the beautiful nature of finding inverse, 
eigendecomposition, and singular value decomposition (SVD). Applied this technique to various image 
processing tasks, such as image filtering, feature extraction, fusion and overlapping of images, and image 
reconstruction with the help of specific image pixels under Python coding. Specifically, we use the NumPy and 
OpenCV libraries in Python to implement these techniques. The results contain the power and adaptability of 
linear algebra in image processing. 
Keywords: Matrix, Vector space, RGB, HSV  
 
Introduction 
An image consists of two dimensions height and width i.e. its dimensions are based on the number of pixels. 
Considering an example, if the dimensions of an image is 400 ×  500 (width ×  height), the total number of 
pixels calculated for the image is 200000.  
 
A matrix is a linear transformation that transforms one vector into another. It is a rectangular arrangement of 
numbers into rows and columns. For example, the matrix contains two rows and three columns then the dimension 
is 2 × 3. A matrix element or matrix entry is the entry of elements within the matrix. Matrix elements are the 
values contained within a matrix and are identified by their position within the matrix.  
 
A pixel is the smallest unit of a digital image or display (picture element). It is a tiny square or dot that represents 
a single point of color within an image. Image processing is the progression or method of transforming an image 
into a digital form with performing certain operations to get some useful information from it. In image processing 
with Python, as we know color codes are typically represented using various color models. We know the most 
commonly or usually used color models are Red-Green-Blue (RGB) and Hue-Saturation-Value (HSV). These 
color models provide different ways to represent and manipulate colors in an image.  
 
Color Model-RGB: In the color model RGB, colors are characterized by combining different wavelengths of red, 
green, and blue light in an array. In Python, RGB values are usually represented as tuples of three integers ranging 
from 0 to 255. Each value represents the intensity of the respective color channel.  
Examples of color arry as red = (255, 0, 0), green = (0, 255, 0), and blue = (0, 0, 255).  
 
Color Model-HSV: In the color model HSV colors are characterized using three components: hue, saturation, and 
value. Hue denotes the color itself, saturation denotes the purity or intensity of the color, and the value denotes the 
brightness of the color. In Python, HSV values are typically represented as tuples or arrays.  
Example: red_hsv = (0, 255, 255) # Red color in HSV 
green_hsv = (120, 255, 255) # Green color in HSV 
blue_hsv = (240, 255, 255) # Blue color in HSV.  
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Representation of Colour in array form 
Colors Red Green Blue 
\Red \225 \0 \0 
\Orange \225 \0 \128 
\Yellow \225 \0 \225 
\Green \0 \0 \225 

\Turquoise \0 \225 \225 

\Blue \0 \225 \0 
\Purple \127 \225 \0 
\Pink \225 \153 \51 
\Black \0 \0 \0 
\Grey \128 \128 \128 
\White \225 \225 \225 

Table 01: Representation of Colour in array form 
 
Objectives of the study  
1. To perform a review of the literature on image processing using python.  
2. To analyse the change in image pixel using linear algebra and python codding.  
 
Review of Literature  
Muhammad Arif (2018) focus on the application of the programming interface with the implementation of Python 
system by analyzing obstacles faced by users and developers of the library. He also highlighted on Scikit-image 
processing library for the Python programming. Using this basic operation like for division, geometric changes, 
shading space control, examination, sifting, morphology, highlight discovery, and the sky is the limit can handle 
easily.  
 
Khalid EL Asnaoui (2018) come up with new approach of the transmission of e data in the various form of images, 
graphics, audio, and video by overcoming a lot of storage capacity and transmission bandwidth. He also used the 
Block SVD Power Method that overcomes the disadvantages of Matlab’s SVD function. Finally try to study for 
short execution time and a better image compression using Matlab. 
 
I.N.Herstein in this book author explained the concept of linear algebra f from basic ideas of Group and subgroups 
with all the properties i.e. existance identities and inverse. Extending this to linear algebra as vector spaces with all 
the axioms and examples.  
 
Matrix Operations 
Here we are recalling basic and fundamental Matrix operations as the arithmetic operations like addition, 
subtraction, and multiplication of matrices. Also, we can find the singularity of the matrix, the transpose, and the 
inverse of a matrix, which can help in the study of the matrix properties.  
Performing basic matrix operations on images we can find the following output using Python coding: 

 
File Name: ImageAdition.py 
import cv2 
import numpy 
import numpy as np 
from matplotlib import pyplot as mpl 
def ImageAdd(image1,image2,cv2): 
    weightedSum = cv2.addWeighted(image1, 0.5, image2, 0.4, 0) 
    # print("Add:\n", weightedSum[:,:,::-1]) 
    return weightedSum 
def ImageSubtract(image1,image2,cv2): 
    sub = cv2.subtract(image1, image2) 
    # print("Subtraction:\n", sub[:,:,::-1]) 
    return sub 
def ImageMultiply(image1,image2,cv2): 
    mul = cv2.multiply(image1, image2) 
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    print("Multiply:\n", mul) 
    return mul 
def Imagediv(image1, image2, cv2): 
    div = cv2.divide(image1, image2) 
    # print("Division:\n",div[:,:,::-1]) 
    return div 
def ImageInv1(image1, cv2): 
    inv = cv2.bitwise_not(image1) 
    # print("Inverse Img1:\n", inv[:, :, ::-1]) 
    return inv 
def ImageInv2(image2, cv2): 
    inv = cv2.bitwise_not(image2) 
    # print("Inverse Img2:\n", inv[:, :, ::-1]) 
    return inv 
print("Please Your Action on Image:") 
print("1.Addition") 
print("2.Subtraction") 
print("3.Multiplication") 
print("4.Division") 
print("5.Scalar Multiplication") 
inNum = input("Enter your Choice: ") 
fig = mpl.figure(figsize=(8, 15)) 
# path to input images are specified and 
# images are loaded with imread command 
image1 = cv2.imread('../Static/input1.jpg') 
image2 = cv2.imread('../Static/input2.jpg') 
 
# print("Og1",image1[:,:,::-1]) 
 
if inNum=='1': 
    fig.add_subplot(2, 2, 1) 
    mpl.imshow(image1[:,:,::-1]) 
    mpl.title("First") 
    fig.add_subplot(2, 2, 2) 
    mpl.imshow(image2[:,:,::-1]) 
    mpl.title("second") 
    fig.add_subplot(2, 2, 3) 
    mpl.imshow(ImageAdd(image1,image2,cv2)[:,:,::-1]) 
    mpl.title("Addition") 
    mpl.show() 
elif inNum=='2': 
    fig.add_subplot(2, 2, 1) 
    mpl.imshow(image1[:, :, ::-1]) 
    mpl.title("First") 
    fig.add_subplot(2, 2, 2) 
    mpl.imshow(image2[:, :, ::-1]) 
    mpl.title("second") 
    fig.add_subplot(2, 2, 3) 
    mpl.imshow(ImageSubtract(image1,image2,cv2)[:,:,::-1]) 
    mpl.title("Subtract") 
    mpl.show() 
elif inNum=='3': 
    fig.add_subplot(2, 2, 1) 
    mpl.imshow(image1[:, :, ::-1]) 
    mpl.title("First") 
    fig.add_subplot(2, 2, 2) 
    mpl.imshow(image2[:, :, ::-1]) 
    mpl.title("second") 
    fig.add_subplot(2, 2, 3) 
    mpl.imshow(ImageMultiply(image1,image2,cv2)[:,:,::-1]) 
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    mpl.title("multiply") 
    mpl.show() 
elif inNum=='4': 
    fig.add_subplot(2, 2, 1) 
    mpl.imshow(image1[:, :, ::-1]) 
    mpl.title("First") 
    fig.add_subplot(2, 2, 2) 
    mpl.imshow(image2[:, :, ::-1]) 
    mpl.title("second") 
    fig.add_subplot(2, 2, 3) 
    mpl.imshow(Imagediv(image1,image2,cv2)[:,:,::-1]) 
    mpl.title("Divide") 
    mpl.show() 
elif inNum=='5': 
    ScalarVal1 = input("Please enter Scalar value :") 
    fig.add_subplot(2, 2, 1) 
    mpl.imshow(image1[:, :, ::-1]) 
    mpl.title("First") 
    fig.add_subplot(2, 2, 2) 
    opImg = image1 * int(ScalarVal1) 
    mpl.imshow(opImg[:, :, ::-1]) 
    mpl.title("Scalar Multiplication Image") 
    # opImg = opImg.astype('uint8') 
    mpl.show() 
else: 
    print("No such Operation Exist") 
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Fig.01 Basic Matrix operations  
Vector Space 
 
In this section we need to verify that image with pixel size satisfies the following vectors axioms for vector 
addition and scalar multiplication:  
1. Closure property w.r.t addition: If 𝐴𝐴 𝑎𝑎𝑎𝑎𝑎𝑎 𝐵𝐵 are matrices in the set, then 𝐴𝐴 + 𝐵𝐵 is also the matrix in the set.  
2. Associative property w.r.t. addition: If 𝐴𝐴,𝐵𝐵,𝐶𝐶 are matrices in the set, then (𝐴𝐴 + 𝐵𝐵) + 𝐶𝐶 = 𝐴𝐴 + (𝐵𝐵 + 𝐶𝐶).  
3. Commutativity w.r.t addition:  For any matrices 𝐴𝐴,𝐵𝐵 in the set, then  𝐴𝐴 + 𝐵𝐵 = 𝐵𝐵 + 𝐴𝐴.  
4. Existence of zero element: There exists a 0 matrix in the set such that, A + 0 = A, for any matrix A in the set.  
5. Existence of additive inverse: For any matrix A in the set there exists a matrix (-A) such that,  
A + (-A) = 0.  
6. Closure w.r.t scalar multiplication: For any scalar 𝛼𝛼 and matrix A in the set the product 𝛼𝛼 A is in the set.  
7. Distributivity of scalar multiplication over  
vector addition: For any scalars 𝛼𝛼, 𝛽𝛽 and matrix A in the set  (𝛼𝛼 + 𝛽𝛽)A = 𝛼𝛼 A + 𝛽𝛽 A.  
8. Distributivity of scalar multiplication over addition:  For any scalar 𝛼𝛼 and matrices A,B in the set 𝛼𝛼(A + B) = 
𝛼𝛼A + 𝛼𝛼B.  
9. Associativity of scalar multiplication:  For any scalars 𝛼𝛼, 𝛽𝛽 and matrix A in the set          (𝛼𝛼𝛽𝛽)A = 𝛼𝛼(𝛽𝛽A).  
10. Identity element of scalar multiplication: For any matrix A in the set 1A = A, where 1 is the multiplicative 
identity element  
Here we conclude that a set of 𝑎𝑎 × 𝑎𝑎 matrices forms a vector space. 
 
Now applying all the properties of vector space on the images using Python coding 
 
FileName : Level2.py 
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import cv2 
import numpy 
import numpy as np 
from matplotlib import pyplot as mpl 
def ImageAdd(image1,image2,cv2): 
    weightedSum = cv2.addWeighted(image1, 1, image2, 1, 0) 
    # print("Add:\n", weightedSum[:,:,::-1]) 
    return weightedSum 
def ImageSubtract(image1,image2,cv2): 
    sub = cv2.subtract(image1, image2) 
    # print("Subtraction:\n", sub[:,:,::-1]) 
    return sub 
print("Please Your Action on Image:") 
print("1.image 1 + image 2") 
print("2.image 2 + image 1") 
print("3.(image 1 + image 2) + image 3 = image 1 +( image 2 + image 3)") 
print("4.image 1 + additive identity = image 1") 
print("5.image 1 + (- image1) = additive identity") 
inNum = input("Enter your Choice: ") 
fig = mpl.figure(figsize=(8, 15)) 
image1 = cv2.imread('../Static/input1.jpg') 
image2 = cv2.imread('../Static/input2.jpg') 
if inNum == '1': 
    fig.add_subplot(2, 2, 1) 
    mpl.imshow(image1[:, :, ::-1]) 
    mpl.title("First") 
    fig.add_subplot(2, 2, 2) 
    mpl.imshow(image2[:, :, ::-1]) 
    mpl.title("second") 
    fig.add_subplot(2, 2, 3) 
    mpl.imshow((image1+image2)[:, :, ::-1]) 
    mpl.title("image 1 + image 2") 
    mpl.show() 
elif inNum == '2': 
    fig.add_subplot(2, 2, 1) 
    mpl.imshow(image1[:, :, ::-1]) 
    mpl.title("First") 
    fig.add_subplot(2, 2, 2) 
    mpl.imshow(image2[:, :, ::-1]) 
    mpl.title("second") 
    fig.add_subplot(2, 2, 3) 
    mpl.imshow((image2+image1)[:, :, ::-1]) 
    mpl.title("image 2 + image 1") 
    mpl.show() 
elif inNum == '3': 
    image3 = cv2.imread('../Static/Input3.jpg') 
    a = image1+image2 
    b = image2+image3 
    fig.add_subplot(3, 2, 1) 
    mpl.imshow(image1[:, :, ::-1]) 
    mpl.title("First") 
    fig.add_subplot(3, 2, 2) 
    mpl.imshow(image2[:, :, ::-1]) 
    mpl.title("second") 
    fig.add_subplot(3, 2, 3) 
    mpl.imshow(image3[:, :, ::-1]) 
    mpl.title("third") 
    fig.add_subplot(3, 2, 5) 
    mpl.imshow((a+image3)[:, :, ::-1]) 
    mpl.title("(image 1 + image 2) + image 3") 
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    fig.add_subplot(3, 2, 6) 
    mpl.imshow((image1+b)[:, :, ::-1]) 
    mpl.title("(image 1 +( image 2 + image 3)") 
    mpl.show() 
elif inNum == '4': 
    addIdentity = (image1-image1) 
    fig.add_subplot(2, 2, 1) 
    mpl.imshow(image1[:, :, ::-1]) 
    mpl.title("First") 
    fig.add_subplot(2, 2, 2) 
    mpl.imshow(addIdentity[:, :, ::-1]) 
    mpl.title("AdditiveIdentity") 
    fig.add_subplot(2, 2, 3) 
    mpl.imshow((image1+addIdentity)[:, :, ::-1]) 
    mpl.title("image 1 + additive identity = image 1") 
    mpl.show() 
elif inNum == '5': 
    fig.add_subplot(1, 2, 1) 
    mpl.imshow(image1[:, :, ::-1]) 
    mpl.title("First") 
    fig.add_subplot(1, 2, 2) 
    # mpl.imshow(ImageSubtract(image1,image1 , cv2)[:, :, ::-1]) 
    mpl.imshow((image1-image1)[:, :, ::-1]) 
    mpl.title("image 1 + (- image1) = additive identity") 
    mpl.show() 
Output 

 
Fig.02 Vector space operations (closure, associative w.r.t addition)  
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Fig.03 Vector Space Operations (Commutative w.r.t addition, Existence of zero, additive inverse, closure 
w.r.t. scalar multiplication) 
 
Further vector space properties 
 
FileName : Level2Scalar.py 
import copy 
import cv2 
import numpy 
import numpy as np 
from MyPack import numpy2Image 
from matplotlib import pyplot as mpl 
 
def ImageInv1(image1, cv2): 
    inv = cv2.bitwise_not(image1) 
    # print("Inverse Img1:\n", inv[:, :, ::-1]) 
    return inv 
 
print("Please Your Action on Image:") 
print("1.a*image") 
print("2.a(b*image) = output = (ab)*image") 
print("3.a(image1 + image 2) = output = a*image 1 + a*image 2") 
print("4.(a+b)*image = output = a*image +b*image") 
print("5. multiplicative identity * image = image ") 
inNum = input("Enter your Choice: ") 
fig = mpl.figure(figsize=(8, 15)) 
image1 = cv2.imread('../Static/input1.jpg') 
image2 = cv2.imread('../Static/input2.jpg') 
 
pooja = numpy2Image.numpy2Image() 
 
if inNum == '1': 
    a = input("Enter Scalar multiplication Value: ") 
    fig.add_subplot(1, 2, 1) 
    mpl.imshow(image1[:, :, ::-1]) 
    mpl.title("First") 
    fig.add_subplot(1, 2, 2) 
    Scalarimg = int(a)*image1 
    mpl.imshow(Scalarimg[:, :, ::-1]) 
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    mpl.title("a*image 1") 
    mpl.show() 
elif inNum == '2': 
    a = int(input("Enter Scalar multiplication Value1: ")) 
    b = int(input("Enter Scalar multiplication Value2: ")) 
    fig.add_subplot(2, 2, 1) 
    mpl.imshow(image1[:, :, ::-1]) 
    mpl.title("First") 
    fig.add_subplot(2, 2, 3) 
    lhs_sub = b*image1   #(b*image) 
    lhs = a*lhs_sub      #a(b*image) 
    mpl.imshow(lhs[:, :, ::-1]) 
    mpl.title("a(b*image)") 
    fig.add_subplot(2, 2, 4) 
    rhs_sub = a*b  # (a*b) 
    rhs = rhs_sub*image1  # (a*b)*image) 
    mpl.imshow(rhs[:, :, ::-1]) 
    mpl.title("(ab)*image") 
    mpl.show() 
elif inNum == '3': 
    a = int(input("Enter Scalar Multiplication Value: ")) 
    img_a = image1+image2 
    lhs = a*img_a    #a(image1+image2) 
    fig.add_subplot(2, 2, 1) 
    mpl.imshow(image1[:, :, ::-1]) 
    mpl.title("First") 
    fig.add_subplot(2, 2, 2) 
    mpl.imshow(image2[:, :, ::-1]) 
    mpl.title("second") 
    fig.add_subplot(2, 2, 3) 
    mpl.imshow(lhs[:, :, ::-1]) 
    mpl.title("a(image1 + image 2)") 
    fig.add_subplot(2, 2, 4) 
    rhs_img1 = a*image1   #a*image1 
    rhs_img2 = a*image2 
    rhs = rhs_img1 + rhs_img2 
    mpl.imshow(rhs[:, :, ::-1]) 
    mpl.title("a*image 1 + a*image 2") 
    mpl.show() 
elif inNum == '4': 
    a = int(input("Enter Scalar multiplication Value1: ")) 
    b = int(input("Enter Scalar multiplication Value2: ")) 
    lhs = (a+b) * image1  # a(image1+image2) 
    fig.add_subplot(2, 2, 1) 
    mpl.imshow(image1[:, :, ::-1]) 
    mpl.title("First") 
    fig.add_subplot(2, 2, 3) 
    mpl.imshow(lhs[:, :, ::-1]) 
    mpl.title("(a+b)*image1") 
    fig.add_subplot(2, 2, 4) 
    rhs_img1 = a * image1  # a*image1 
    rhs_img2 = b * image1 
    op = rhs_img1 + rhs_img2 
    mpl.imshow(lhs[:, :, ::-1]) 
    #mpl.imshow(ImageAdd(rhs_img1, rhs_img2, cv2)[:, :, ::-1]) 
    mpl.imshow(op[:, :, ::-1]) 
    mpl.title("a*image 1 + b*image 1") 
    mpl.show() 
elif inNum == '5': 
    fig.add_subplot(2, 2, 1) 
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    additiveIdent = image1 -image1 
    dummy = copy.deepcopy(additiveIdent) 
    mpl.imshow(image1[:, :, ::-1]) 
    mpl.title("First") 
    inv = ImageInv1(image1, cv2) 
    for i in range(0,len(additiveIdent)): 
        additiveIdent[i][i][0] = 1 
        additiveIdent[i][i][1] = 1 
        additiveIdent[i][i][2] = 1 
    multiIdentity = additiveIdent 
    fig.add_subplot(2, 2, 2) 
    mpl.imshow(pooja.getSingleColor(multiIdentity,color=0),cmap='gray') 
    mpl.title("Identity Matrix") 
    fig.add_subplot(2, 2, 3) 
    # mpl.imshow(dummy[:, :, ::-1]) 
    print("test..................................") 
    mpl.imshow(pooja.pooja_Matmultiply(image1,multiIdentity)[:, :, ::-1]) 
    # mpl.imshow(pooja.multiply(image1,multiIdentity)[:, :, ::-1]) 
    mpl.title("image 1 * Identity Matrix = image 1") 
    mpl.show() 
 

 
Fig.04 Further Vector space properties 
So here we can write that any set of n x n images forms a vector space. 
Result 1: Set of any n x n images forms a vector space. 
 
Subspace 
Let 𝑉𝑉(𝐹𝐹)V is a vector space over field 𝐹𝐹, and let 𝑈𝑈 be a subset of vector space 𝑉𝑉. Then we call 𝑈𝑈 is a subspace 
of V if U is a vector space over F if U satisfying all the condition of vector space with same operations that make 
V into a vector space over F.  

 
To check or verify that a subset 𝑈𝑈 of 𝑉𝑉 is a subspace, instead of checking whole properties of vector space it is 
sufficient to verify the following conditions from lemma.  

 
Lemma [1]: Let 𝑈𝑈 ⊆ 𝑉𝑉 be a subset of vector space 𝑉𝑉 over field 𝐹𝐹. Then 𝑈𝑈 is subspace of 𝑉𝑉 if and only if it 
should holds following three conditions  
1. Additivity identity: 0 ∈ 𝑈𝑈  
2. Closure w.r.t addition: α,β ∈ 𝑈𝑈 ⇒ α + β ∈ 𝑈𝑈  
3. Closure w.r.t. scalar multiplication: 𝑎𝑎 ∈ 𝐹𝐹,α ∈ 𝑈𝑈 ⇒ 𝑎𝑎.α,β ∈ 𝑈𝑈.  
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Subspace preserves properties of vector space with existance of same additive identity and closed under w.r.t 
addition and scalar multiplication operations. 
 
Hence, we can state set of nxn images also forms a subspace.   
 
Code below is used to detect inverse of the image exists or not.  
If inverse exists then it finds the determinant and solves further to get the inverse matrix of the image and proves 
the property of Multiplicative Inverse. 
 
FileName: Simpleop.py 
from MyPack import numpy2Image 
import numpy as np 
import cv2 
from matplotlib import pyplot as mpl 
import copy 
 
pooja = numpy2Image.numpy2Image() 
image1 = cv2.imread('../Static/51.jpg')  # Path of the Image 
if pooja.PoojaDeterminCheck(image1): 
    print("Inverse Exist!!!!!!!!!!!!") 
    print("Loading....") 
    temp_img = copy.deepcopy(image1) 
    img_arr = np.array(image1) 
    b, g, r = cv2.split(img_arr)  # Separated all 3 Colors(r,g,b) 
    # URLref = 'https://www.geeksforgeeks.org/how-to-find-cofactor-of-a-matrix-using-numpy/' 
    det_b = np.linalg.det(b) 
    det_g = np.linalg.det(g)  # Determinant of all 3 color matrix 
    det_r = np.linalg.det(r) 
 
    # calculate the adjoint of the matrix 
    adjoint_matrix_b = pooja.cofactor(b).T 
    adjoint_matrix_g = pooja.cofactor(g).T 
    adjoint_matrix_r = pooja.cofactor(r).T 
    invOp_b = adjoint_matrix_b / det_b  # inverse of Blue matrix 
    print("\n") 
    print("################################### Inverse of Blue###############################") 
    print(invOp_b) 
    invOp_g = adjoint_matrix_g / det_g  # inverse of green matrix 
    print("\n") 
    print("################################### Inverse of green ###############################") 
    print(invOp_g) 
    invOp_r = adjoint_matrix_r / det_r  # inverse of red matrix 
    print("\n") 
    print("################################### Inverse of red ###############################") 
    print(invOp_r) 
    Final_inv = [] 
    Final_inv.append(np.asarray(np.matmul(b, invOp_b).round(), dtype='int')) 
    Final_inv.append(np.asarray(np.matmul(g, invOp_g).round(), dtype='int'))  # conversion of Float value into 
integer. 
    Final_inv.append(np.asarray(np.matmul(r, invOp_r).round(), dtype='int')) 
 
    # print(np.asarray(Final_inv.round(), dtype = 'int')) 
    for m in range(0, len(temp_img)): 
        for n in range(0, len(temp_img)): 
            temp_img[m][n][0] = Final_inv[0][m][n] 
            temp_img[m][n][1] = Final_inv[1][m][ 
                n]  # here each color red,green,blue color value putting in [r,g,b]pixel format for final image 
            temp_img[m][n][2] = Final_inv[2][m][n] 
    print("Mixing Completed ......") 
    fig = mpl.figure(figsize=(8, 15)) 
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    fig.add_subplot(2, 1, 1) 
    mpl.imshow(image1[:, :, ::-1]) 
    mpl.title("Original") 
    fig.add_subplot(2, 1, 2) 
    mpl.imshow(pooja.getSingleColor(temp_img, color=1), cmap='gray') 
    mpl.title("Original*(Original^-1) = Diagonal Matrix") 
    mpl.show() 
else: 
    print("Inverse not Exist!!!!!!!!!!!!") 
 
As we know the color codes 0 denotes a deep black color and 250 is for white color so the dark image is the image 
which contains the colors which are deep dark colors like black, deep blue, etc. so the values are between 0 to 50 
and Light images are the images which contains light colors like white, yellow, etc. so the values are between 150 
to 200. 
 
Subgroup 
In this section, we are going to focus on finding the multiplicative inverse of the image of size nxn. 
 
Result 2: Light images with pixel size between 2 x 2 forms a subgroup. 

         
Fig no.05 Multiplicative inverse (160x160) 
 
Matrix given below is the inverse matrix of the image 160 x160 
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 We will now try it for same image with size 200x200 

       
 
Fig no.06 Multiplicative inverse (200x200) 
 
Following matrix is output of the inverse matrix of the Image 200 x 200 
 

 
 

 We will also try it for same image with size 2x2 
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Fig no.07 Multiplicative inverse (2x2) 
 
Following matrix is output of the inverse matrix of the Image 2x2 

  
 
As we take large pixel size the calculations becomes complex which result in a runtime error in numpy which is 
nothing but the value becomes ∞ 
 

 
 
  
 

Result 3: Deep dark images with pixel size between 2 x 2 to 9 x 9 forms a subgroup. 
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Reducing the size of the above original image to 8x8 and we will check output for inverse 
 

           
Fig no.08 Multiplicative inverse (8x8) 
 
Matrix given below is the inverse matrix of the Image size 8 x 8 
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For example we will check same image of size 10 x 10 
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For Example we take same image of size 1080 x 1080 

 
Now we take another Deep dark image  

 
 

 
 
Reducing the size of original above image to 3x3 and we will check output for inverse 
 

        
 

Fig.09 Inverse of redused deep dark inmage 
 
Matrix given below is the inverse matrix of the Image size 3 x 3 
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So here we conclude that deep dark images with pixel size between 2 to 9 forms a subgroup.  
 
Conclusion 
In conclusion, this project on image processing using matrices has demonstrated the power and versatility of 
matrix operations in analyzing and manipulating digital images. By treating images as matrices of pixels, we were 
able to perform various transformations and enhancements on the images. The representation of grayscale images 
as matrices, where each element corresponds to the intensity value of a pixel, provides a convenient and structured 
way to work with image data. Similarly, in color images, multiple matrices representing different color channels 
allow us to handle and process each channel separately. Applying linear algebra operations to these matrix 
representations enables us to perform a wide range of image-processing tasks. Operations such as matrix addition 
and subtraction facilitate combining or separating image components while scaling operations can adjust the 
overall intensity. Matrix multiplication plays a crucial role in transformations, filtering, and other complex 
operations, allowing us to resize, rotate, blur, sharpen, or extract specific features from images. 
 
We conclude with the following observations :  
1. Set of any nxn images forms a vector space also it forms a subspace.  
2. Light images with pixel size between 2x2 to n x n forms a subgroup.  
3. Deep dark images with pixel sizes between 2x2 to 9x9 form a subgroup.  
4. Scope of work: To form a subgroup of deep dark images with pixel size greater than or equal to 10.  
5. Scope of work: Light images with nxn pixel gets runtime error while solving the inverse matrix of the image but 
we can see that inverse of the image exists while running the code. 
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