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ABSTRACT

Mathematics has been transformed by the incorporation of artificial intelligence ai into several
disciplines as has been the case in many other sciences this study examines how ai may be used in
mathematics emphasising how it can improve mathematical algorithms improve problem solving skills
and speed up the discovery of new mathematical ideas this research papers based on the complete
working principle of ai in image processing mathematical issues can be solved more quickly and
accurately by utilising ai techniques like machine learning deep learning and natural language
processing which also leads to new discoveries ai algorithms can also help automate repetitive
mathematical processes freeing up mathematicians to concentrate on higher level reasoning and
exploratory research theorem proving mathematical optimisation data analysis and pattern recognition
are only a few of the specific areas where ai has significantly improved mathematics that are covered in
this paper in addition there are difficulties and moral issues furthermore the challenges and ethical
considerations associated with the use of ai in mathematics are examined along with potential avenues
for future research and development ultimately this research paper underscores the transformative
potential of ai in mathematics paving the way for new methodologies and breakthroughs in this
fundamental scientific discipline
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[1] INTRODUCTION

Acrtificial intelligence (Al) is a rapidly growing field that involves the development of
intelligent machines that can perform tasks that typically require human intelligence mathematics
plays a crucial role in (Al) as it provides the foundation for many of the algorithms and models

313
Dr. Kashish Parwani, Aman Sain, Roshan Kumar and Chetan Gupta


http://www.ijaconline.com/

Journal of Analysis and Computation (JAC)
(An International Peer Reviewed Journal), www.ijaconline.com, ISSN 0973-2861
Volume XVII, Issue 11, July-Dec. 2023

used in machine learning and other Al applications in this paper we will explore the role of
mathematics in Al with a focus on two specific applications image processing and
recommendation systems image processing is a field of study that involves the analysis and
manipulation of digital images Ai has revolutionized image processing by enabling machines to
recognize and classify images with a high degree of accuracy one example of this is the use of Ai
in measuring histological disease activity in ulcerative colitis 2 in this study an ai system was
developed using image processing and machine learning algorithms to measure histological
disease activity based on the nancy index the system was found to be highly accurate and could
potentially be used to improve the diagnosis and treatment of ulcerative colitis another application
of ai that involves mathematics is recommendation systems these systems use machine learning
algorithms to analyse user data and provide personalized recommendations for products or services
one example of this is the use of ai in the e commerce industry where recommendation systems
are used to suggest products to customers based on their browsing and purchase history a study by
zhang et al 1 provides an overview of the current developments and new directions in the field of
recommender systems using ai the study highlights the importance of using advanced
mathematical models and algorithms to improve the accuracy and effectiveness of
recommendation systems in conclusion ai is a rapidly growing field that relies heavily on
mathematics image processing and recommendation systems are just two examples of how ai is
being used to solve complex problems and improve the efficiency and accuracy of various
industries as ai continues to evolve it is likely that we will see even more applications of
mathematics in this field.

[2] IMAGE PROCESSING

What is image processing?
Image processing is the manipulation of digital images to enhance their quality extract useful information
or perform other tasks it is a vast field with many different techniques but some of the most common
include:
o filtering this involves applying a mask to an image to blur sharpen or otherwise modify the pixels
e segmentation this involves dividing an image into different regions based on their properties such
as color texture or brightness
o feature extraction this involves identifying and extracting important features from an image such
as edges corners or objects
e object recognition this involves identifying and classifying objects in an image
Machine learning ML can be used to improve the performance of image processing tasks in
a number of ways for example ml can be used to:

1. Automatically learn the parameters of an image processing filter this can be done by training a
machine learning model on a set of images that have already been processed with the desired
filter

2. ldentify and classify objects in an image this can be done by training a machine learning model
on a set of images that have already been labelled with the objects they contain

Python is a popular programming language for image processing because it has a number
of libraries that provide powerful tools for image manipulation some of the most popular
python libraries for image processing include
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Open cv this is a free and open-source library that provides a wide range of image processing
functions.

Scikit image this is a python library that provides a number of image processing functions that are
built on top of numpy

Pillow this is a python library that provides a high-level interface for image manipulation

By combining the power of ml with the flexibility of python it is possible to create powerful
image processing applications that can solve a wide range of problems
Here are some examples of how ml and python are used to process images:

Face recognition this is a popular application of ml and python for image processing face
recognition systems use ml to identify and classify faces in images this technology is used in a wide
range of applications such as security systems social media and mobile devices.

Object detection this is another popular application of ml and python for image processing
object detection systems use ml to identify and classify objects in images this technology is used
in a wide range of applications such as self-driving cars robotics and video surveillance

Medical imaging ml and python are also used in medical imaging to improve the
diagnosis and treatment of diseases for example ml can be used to automatically detect tumours
in medical images such as x rays and MRI scans

These are just a few examples of how ml and python are used to process images as ml and
python continue to develop we can expect to see even more innovative applications of these
technologies in the field of image processing

Why do we process images?

Image Processing has been developed in response to three major problems concerned with pictures:

Picture digitisation and coding to facilitate transmission, printing and storage of pictures;

Picture enhancement and restoration in order, for example, to interpret more easily pictures of the
surface of other planets taken by various probes;

Picture segmentation and description as an early stage to Machine Vision.

Image Processing nowadays refers mainly to the processing of digital images.

What is an image?

A panchromatic image is a 2D light intensity function (x, y), where x and y are spatial coordinates and the
value of f at (x, y) is proportional to the brightness of the scene at that point. If we have a multispectral
image, f(x, y) is a vector, each component of which indicates the brightness of the scene at point (x, y) at
the corresponding spectral band.

What is a digital image?
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A digital image is an image f (X, y) that has been discretised both in spatial coordinates and in brightness.
It is represented by a 2D integer array, or a series of 2D arrays, one for each colour band. The digitised
brightness value is called grey level.

Each element of the array is called pixel or pel, derived from the term “picture element”.
Usually, the size of such an array is a few hundred pixels and there are several dozens of possible different
grey levels. Thus, a digital image looks like

F(1,1) F(1;2) <oz JLN)
f(2,1) f(2,2) ... f(2,N)

f(z,y) = (1.1)

f(N,1) f(N.2) ... f(N,N)

this 0 < f (x, y) < G-1, where usually N and G are expressed as positive integer powers of 2 (N= 2», G =
2m),

What is spectral band?

A colour band is a range of wavelengths of electromagnetic spectrum, over which the sensors we use to
capture an image as nonzero sensitivity. Typical colour image consists of 3 colour band. This means that
they have been captured by 3 different sets of sensors each set made to have a different sensitivity functions.

%

sensitivity

wavelength

Figure 1.1: The spectrum of the light which reaches a sensor is multiplied with the sensitivity function of
the sensor and recorded by the sensor. This recorded value is the brightness of the image in the location of
the sensor and in the band of the sensor. This figure shows the sensitivity curves of three different sensor

types. Why do most image processing algorithms refer to grey images, while most images we
come across are colour images?

For various reasons.

1. A lot of the processes we apply to a grey image can be easily extended to a colour image by
applying them to each band separately.

2. A lot of the information conveyed by an image is expressed in its grey form and so colour is not
necessary for its extraction. That is the reason black and white television receivers been perfectly
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acceptable to the public for years and black and white photography is still popular with many
photographers.

3. For many years colour digital cameras were expensive and not widely available. A lot of image
processing techniques were developed around the type of image that was available. These
techniques have been well established in image processing

The wavelengths of the photons that reach the pixel location of each triple sensor, as
identified in figure 1.3 are:

A0sA9sAG s A8 s AT s AR IAL s AQ 9 AL s A
A1sA35A35A45 A 15255225065 M43 A5
Location (1.3):  AgsA7:A74A05A55 265 A6:5A15sA5.A9
Location (2,1):  AgsA13A05A25A15A15A45A3,A3,A1

Location (1.1):
2)
)
)
Location (2.2): A3,A3,A1.A3, A8, A4, A5, 2, 00,4
)
)
)
)

Location (1.:

)
Location (2,3): A7, A7, 265 A75A65A1 555 A0 A8 A7
Location (3.1):  AgsA6sA1sA85A7s A= s AgsAgs A s A7
Location (3.2):  AgsA4sA33A 05275255 05 0524\
Location (3,3):  A33A435A 150505 25425 55 2,04

Let’s calculate the values that takes sensor array will record and thus produce the 3 photon
energy band recorded.

We denote by gx (i, j) the value that will be recorded by sensor type X at location (i,j).
For sensor R,G and B in locations (1,1), the recorded values will be:

gr(1,1) = 2EAox 0.0 +2EA9 0.6 +2EAs x1.0+1EA7x0.8+3EA1x0.1 (1.2)
=1.0x 0.6 +1.2 x1.0+0.7x0.8+2.85 x0.1
=2.645

g6(1,1) = 2EA0x0.0+2EX9x0.0+2EA8 x0.3+1EA7x0.0+3EA1x0.2 (1.3)
= 1.2x0.3+0.7x0.6+2.85x0.2
=1.35

g8(1,1) = 2EA0x0.2+2EA9x0.0+2EA8x0.0+1EA7x0.0+3EA1x0.4 (1.4)
= 2.0x0.2+2.85x0.4
=154

Working in a similar way, we deduce that the energies recorded by the three sensor arrays are:

2.818 532 612
540 047

2 ) 138
Ep = 995 5.902 0.698 (1.5)
0.536 4.707 5.047

2.645 2.670 3.729
EFr = 1.167 1.053 1.576

4.551 1.716 1.801

1.350 4.9338 1.522
FEe = 2.244 1.176 1.108

2 2 2

1 5 L.

i 5
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64 x 64 pixels 32 x 32 pixels

Figure 1.4: Keeping the number of grey levels constant and decreasing the number of pixels with which we
digitise the same field of view produces the checkboard effect.

Why are image often quoted as being 512x512, 256x256, 128x128 etc?

Image resolutions are often quoted as being 512 x 512, 256 x 256 , 128 x 128 etc because these are common
resolutions for images used in computer vision and machine learning applications these resolutions are large
enough to capture enough detail for most tasks and small enough to be processed quickly and efficiently by
computers.

For example a 512 x 512 image has a total of 262,144 pixels this is a lot of data for a computer to process
but it is still manageable for most modern machines a 128 x 128 image on the other hand only has 16,384
pixels this is much less data and it can be processed much more quickly the specific resolution that is used
for an image will depend on the specific application for example an image that is used for object detection
may need to be a higher resolution than an image that is used for facial recognition here are some of the
reasons why image resolutions are often quoted as being 512 x 512, 256 x 256, 128 x 128 etc

These resolutions are large enough to capture enough detail for most tasks
These resolutions are small enough to be processed quickly and efficiently by computers
These resolutions are common and widely supported by software applications

What determines the quality of an image?
The quality of an image is a complicated concept, largely subjective and very much application
dependent. Basically, an image is of good quality if it is not noisy and (l) it is not blurred,;
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1. It has high resolution.
2. It has good contrast.

What makes an image blurred?

Image blurring is caused by incorrect image capturing conditions, For example, out of focus
camera, or relative motion of the camera and the imaged object. The amount of image blurring is
expressed by the so-called point spread function of the imaging system.

What is meant by image resolution?

The resolution of an image expresses how much detail we can see in it and clearly depends on
the number of pixels we use to represent a scene (parameter N in equation (1.6)) and the number
of grey levels used to quantise the brightness values (parameter m in equation (1.6)

Keeping m constant and decreasing N results in the checkerboard effect (figure 1.4).
Keeping N constant and reducing results in false contouring (figure 1.5). Experiments have
shown that the more detailed a picture is, the less it improves by keeping N constant and
increasing m. so, for a detailed picture, like a picture Of crowds (figure 1.6), the number of grey
levels we use does not matter much.

[3] SUMMARY

In this research paper, the complete knowledge is given to understand about the whole concept of
how the participation of artificial intelligence in the world of mathematics. How the artificial
intelligence is helping in developing/ processing the image in the field of mathematics. The whole
concept is this , the participation of artificial intelligence in mathematics to make it much simpler
and easy to understand.

[4] REFERENCES

[1] Zhang, Lu, Jin (2020). Artificial intelligence in recommender systems. Complex Intell. Syst., 1(7), 439-
457. https://doi.org/10.1007/s40747-020-00212-w

[2] Peyrin-Biroulet, Adsul, Dehmeshki, Kubassova (2022). DOP58 An artificial intelligence—driven scoring
system to measure histological disease activity in Ulcerative Colitis. Journal of Crohn S and Colitis,
Supplement_1(16), i105-i105. https://doi.org/10.1093/ecco-jcc/jjab232.097

[3]. "Generative Adversarial Networks" by lan Goodfellow, Jean Pouget-Abadie, Mehdi Mirza, Bing Xu,
David Warde-Farley, Sherjil Ozair, Aaron Courville, and Yoshua Bengio.

[4]. "U-Net: Convolutional Networks for Biomedical Image Segmentation™ by Olaf Ronneberger, Philipp
Fischer, and Thomas Brox.

319
Dr. Kashish Parwani, Aman Sain, Roshan Kumar and Chetan Gupta


http://www.ijaconline.com/
https://doi.org/10.1007/s40747-020-00212-w
https://doi.org/10.1093/ecco-jcc/jjab232.097

Journal of Analysis and Computation (JAC)
(An International Peer Reviewed Journal), www.ijaconline.com, ISSN 0973-2861
Volume XVII, Issue 11, July-Dec. 2023

[5]. "Mask R-CNN" by Kaiming He, Georgia Gkioxari, Piotr Dollar, and Ross Girshick.
[6]. "A Survey on Deep Learning for Image Super-Resolution™ by Yawei Li, Shanshe Wang, and Kang L.i.

[7]. "Convolutional Neural Networks for Medical Image Analysis: Full Training or Fine-Tuning?" by Hoo-
Chang Shin, Holger Roth, Mingchen Gao, Le Lu, Ziyue Xu, Isabella Nogues, Jianhua Yao, and Daguang
Xu.

[8]. "Image-to-Image Translation with Conditional Adversarial Networks" by Phillip Isola, Jun-Yan Zhu,
Tinghui Zhou, and Alexei A. Efros.

[9]. "Fully Convolutional Networks for Semantic Segmentation” by Jonathan Long, Evan Shelhamer, and
Trevor Darrell.

[10]. Xiong LIU and Haiging LIU, (2021), “Data Publication Based On Differential Privacy In V2G Network™ Int. J.
of Electronics Engineering and Applications, Vol. 9, No. 2, pp. 34-44, DOI 10.30696/1JEEA.1X.1.2021.45-53.

[11]. Mandava Siva Sai Vighnesh, MD Shakir Alam and Vinitha.S, (2021), “Leaf Diseases Detection and Medication”
Int. J. of Electronics Engineering and Applications, Vol. 9, No. 1, pp. 01-07, doi 10.30696/IJEEA.1X.1.2021.01-07

[12]. Pradeep M, Ragul K and Varalakshmi K,(2021), “Voice and Gesture Based Home Automation System” Int. J.
of Electronics Engineering and Applications, Vol. 9, No. 1, pp. 08-18, doi 10.30696/1JEEA.1X.1.2021.08-18

[13]. Jagan K, Parthiban E Manikandan B,(2021), “Engrossment of Streaming Data with Agglomeration of Data in
Ant Colony” Int. J. of Electronics Engineering and Applications, Vol. 9, No. 1, pp. 19-27, doi
10.30696/1JEEA.1X.1.2021.19-27

[14]. M. Khadar, V. Ranjith, K Varalakshmi (2021), “Iot Integrated Forest Fire Detection and Prediction using
NodeMCU” Int. J. of Electronics Engineering and Applications, Vol. 9, No. 1, pp. 28—35, doi
10.30696/1JEEA.1X.1.2021.28-35

[15]. Gayathri. M, Poorviga. A and Mr. Vasantha Raja S.S, (2021), “Prediction Of Breast Cancer Stages Using
Machine Learning” Int. J. of Electronics Engineering and Applications, Vol. 7, No. 1, pp. 36-42, doi
10.30696/1JEEA.1X.1.2021.36-42

[16]. Karthikeyen, N. Ramya, M. Sai Priya and C. Yuvalakshmi, (2021), “Novel Method Of Real Time Fire Detection
And Video Alerting System Using Open-CV Techniques” Int. J. of Electronics Engineering and Applications, Vol. 9,
No. 1, pp. 43-50, doi 10.30696/1JEEA.1X.1.2021.43-50

[17]. L.Prinslin, M.A.Srenivasan and R.Naveen (2021), “Secure Online Transaction With User Authentication” Int.
J. of Electronics Engineering and Applications, Vol. 9, No. 1, pp. 51-57, doi 10.30696/1JEEA.1X.1.2021.51-57

[18]. S Lokewar, A Hemaranjanee and V. Narayanee (2021), “Edge Based Ecosystem For Internet Of Things
(EBEFIOT)” Int. J. of Electronics Engineering and Applications, Vol. 9, No. 1, pp. 58-67, doi
10.30696/1JEEA.1X.1.2021.58-67

[19]. Prof. K. Phani Srinivas and Dr. P. S. Aithal, (2000) . "Practical Oriented Analysis On The Signal Processing
Using FFT Algorithm", Int. J. of Electronics Engineering and Applications, Vol. 8, Issue Il, July-Dec. 2020. pp 01-
10, doi 10.30696/1JEEA.V111.11.2020.01-10

[20]. Onintra Poobrasert, Sirilak Luxsameevanich, Sarinya Chompoobutr, Natcha Satsutthi, Sakda Phaykrew and
Paweena Meekanon, (2000), “Heuristic-based Usability Evaluation on Mobile Application for Reading Disability “,
Int. J. of Electronics Engineering and Applications, Vol. 8, Issue Il, July- Dec. 2020, PP- 11-21, doi
10.30696/1JEEA.VI11.11.2020.11-21

320
Dr. Kashish Parwani, Aman Sain, Roshan Kumar and Chetan Gupta


http://www.ijaconline.com/

Journal of Analysis and Computation (JAC)
(An International Peer Reviewed Journal), www.ijaconline.com, ISSN 0973-2861
Volume XVII, Issue 11, July-Dec. 2023

[21]. Rajeev Ranjan Kumar and S. P. Singh, (2020), “Variation Of Capacitive Reactance Of Coupled Microstrip Line
Structure With Width Of The Similar Metal Strips™ Int. J. of Electronics Engineering and Applications, Vol. 8, No. 2,
pp. 22-28, DOI- 10.30696/1JEEA.VI111.11.2020.22.28

[22]. Sunita Swain and Rajesh Kumar Tiwari, (2020), “Cloud Security Research- A Comprehensive Survey” Int. J. of
Electronics Engineering and Applications, Vol. 8, No. 2, pp. 29-39, DOI- 10.30696/IJEEA.VI111.11.2020.29.39

[23]. Ritesh Kumar Thakur, Rajesh Kumar Tiwari (2020), ‘Security On IoT: A Review”, Int. J. of Electronics
Engineering and Applications, Vol. 8, No.2, July-Dec 2020, pp-40-48, DOI- 10.30696/1JEEA.V111.11.2020.40.48.

[24]. Rajesh Kumar Tiwari (2020). ‘Human age estimation Using Machine Learning Techniques’, International
Journal of Electronics Engineering and Applications, VVol. 8, No. 1, pp.01-09, DOI- 10.30696/1JEEA.VI111.1.2020.01-
09

[25]. Chinmayee Sahoo. ‘CLOUD COMPUTING AND ITS SECURITY MEASURES’, International Journal of
Electronics Engineering and Applications, Volume 8, Issue I, Jan-June 2020, pp 10-19, doi
10.30696/1JEEA.VI111.1.2020.10-19

321
Dr. Kashish Parwani, Aman Sain, Roshan Kumar and Chetan Gupta


http://www.ijaconline.com/

