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This research investigates the multifaceted effects of electromagnetic and optical radiation on physical
and biological entities, spanning a spectrum from fundamental physical interactions to intricate biological
responses. The study encompasses electromagnetic radiation, including radio waves, microwaves, infrared,
visible light, ultraviolet, X-rays, and gamma rays. It aims to elucidate the diverse consequences of electro-
magnetic radiation on physical objects, considering phenomena such as heating, photoelectric emission, and
ionisation. Concurrently, the research delves into the intricate interactions between electromagnetic radia-
tion and biological entities, encompassing ionizing and non-ionizing radiation. Furthermore, the research
seeks to understand the impact of artificial light sources, especially those rich in blue wavelengths, on cir-
cadian rhythms, photosynthesis in plants, and animal vision. It also illustrates the Artifact introduced by
electromagnetic and optical radiation in medical imaging. We proposed the Model-Based Iterative Recon-
struction (MBIR) method to address the Artifact Reduction. The findings are anticipated to contribute to
developing strategies for mitigating potential risks and harnessing beneficial applications in various scien-
tific, medical, and technological domains.

Keywords: Electromagnetic radiation, X-rays, Signal-to-noise ratio (SNR), Magnetic resonance imaging,
Ultrasound, Computed tomography, Model-Based Iterative Reconstruction (MBIR).
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1. INTRODUCTION

In an era dominated by technological advancements,
the pervasive presence of electromagnetic and optical ra-
diation has become an integral aspect of our daily lives.
From the ubiquitous use of wireless communication
technologies to the illumination provided by artificial
lighting sources, the influence of these radiations ex-
tends across diverse domains. This research explores
electromagnetic and optical radiation's profound impact
on physical and biological objects, seeking to unravel the
intricate interplay between these fundamental forces
and the complex structures they encounter.

Electromagnetic radiation encompasses a vast spec-
trum, ranging from low-frequency radio waves to high-
energy gamma rays. This spectrum permeates our sur-
roundings, interacting with physical objects in ways that
give rise to diverse phenomena. Understanding the ef-
fects of electromagnetic radiation on physical entities in-
volves delving into the fundamental principles of wave-
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particle interactions. Whether it be the resonant absorp-
tion of microwaves by materials, the ionization of atoms
induced by X-rays, or the thermal effects of infrared ra-
diation, the consequences on physical matter vary and
are profound.

Simultaneously, biological objects, including living
organisms and cellular structures, are sensitive electro-
magnetic and optical radiation recipients. The dynamic
interplay between radiation and biological entities is a
multidimensional puzzle involving considerations of en-
ergy absorption, molecular resonance, and potential cel-
lular responses. The biological ramifications extend from
the molecular level, where DNA may be susceptible to
damage, to broader ecological implications, such as the
impact of light on plant growth or the influence of artifi-
cial lighting on circadian rhythms in animals.

Exploring optical radiation within the visible light
spectrum introduces a unique dimension to this research.
Beyond its role as a perceptible form of energy, visible
light is a vital environmental cue for numerous biological
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organisms, orchestrating processes as diverse as photo-
synthesis, vision, and circadian regulation. Moreover, the
advent of artificial light sources, particularly those rich in
blue wavelengths, raises questions about potential conse-
quences for biological and human systems, including im-
plications for health and well-being.

As we navigate an increasingly interconnected and
illuminated world, a comprehensive investigation into
the impact of electromagnetic and optical radiation on
physical and biological objects is imperative. This re-
search endeavours to bridge the disciplines of physics
and biology, aiming to uncover the mechanisms under-
lying these interactions and to inform strategies for mit-
igating potential risks and harnessing the beneficial ap-
plications of these radiations across scientific, medical,
and technological domains. Through this exploration, we
seek to advance our understanding of the intricate rela-
tionships between radiation and the living and non-liv-
ing components of the environment.

The literature survey demonstrates the diverse fac-
ets of research into the impact of electromagnetic and
optical radiation on physical and biological objects, cov-
ering non-ionizing and ionizing radiation, circadian
rhythms, DNA damage, plant physiology, and ocular
health. These seminal works lay the groundwork for a
comprehensive understanding of the intricate relation-
ships between radiation and living organisms. The com-
prehensive review delves into the biological effects of
non-ionizing radiation, including radiofrequency and
microwave radiation. The authors examine studies on
the potential health impacts, covering topics from oxida-
tive stress to cellular responses, providing a foundation
for understanding the intricate interplay between non-
ionizing radiation and living organisms [1].

Focused on the optical spectrum, this classic work in-
vestigates the influence of light on circadian rhythms [2].
The authors discuss the molecular mechanisms by which
light impacts biological clocks and explore the potential im-
plications for human health, sleep, and overall well-being.

The illustration [3] in the Image Reconstruction and
Processing using MBIR and the working of MBIR on dif-
ferent datasets generated by Electromagnetic and Opti-
cal Radiation devices.

The study [4] explores the effects of electromagnetic
fields on plant growth and development. Maffei investi-
gates the signalling pathways and molecular responses
in plants exposed to varying electromagnetic conditions,
shedding light on the intricate relationship between
electromagnetic radiation and the botanical realm.

Focusing on the optical spectrum [5], this review ex-
amines the molecular and epidemiological evidence re-
garding the impact of blue light on human health.

This comprehensive review [6] assesses the various
sources of electromagnetic fields and their potential ef-
fects on human health. [7-10] illustrates using image da-
tasets obtained from Electromagnetic and Optical Radi-
ation devices in various applications.

2. SYSTEM DESIGN

Research on "Electromagnetic Radiation in Medical
Imaging" involves a multi-faceted approach, incorporat-
ing various methods, algorithms, and flowcharts to ad-
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dress specific aspects of the topic. Below are key re-
search algorithms that can be employed in investigating
the impact, optimization, or innovation in the context of
electromagnetic radiation in medical imaging.

2.1 Image Reconstruction Algorithms

Develop and optimize algorithms for reconstructing
high-quality medical images from raw data obtained
through electromagnetic radiation-based imaging tech-
niques [11]. This can include iterative reconstruction
methods to enhance image quality while minimizing ra-
diation exposure [12].

2.2 Dose Reduction Algorithms

Design algorithms to optimize radiation dosage with-
out compromising diagnostic image quality [13]. Imple-
ment automatic exposure control and adaptive collima-
tion techniques to tailor radiation levels based on pa-
tient characteristics and imaging requirements [14].

2.3 Artificial Intelligence for Radiation Dose
Prediction

Utilize machine learning algorithms to predict and
optimize radiation doses for individual patients [15].
Train models on large datasets to identify patterns and
correlations between patient characteristics and appro-
priate radiation dosages.

2.4 Image Processing Algorithms for Artifact
Reduction

Develop algorithms for post-processing medical im-
ages to reduce artefacts caused by electromagnetic radi-
ation. This can involve the application of filters and cor-
rection techniques to enhance image clarity [16].

Medical imaging is becoming increasingly important
in diagnosing and treating oncological patients, espe-
cially in electromagnetic radiotherapy. Image-guided ra-
diation therapy IGRT) may use:

1. Computed tomography (CT)

2. Magnetic resonance imaging (MRI)

3. Ultrasound (US)

4. X-ray to scan the tumour

One notable in medical electromagnetic radiation im-
age analysis is the algorithm that has gained attention
for its potential to optimize radiation exposure in medi-
cal imaging is Model-Based Iterative Reconstruction
(MBIR). In this research work, the working principle of
MBIR is illustrated with medical images. Model-based
iterative Reconstruction (MBIR) for electromagnetic ra-
diation images involves formulating mathematical equa-
tions representing the imaging system, the measured
data, and the iterative reconstruction process. The algo-
rithm aims to iteratively refine the reconstructed image
based on a forward model and constraints. Below is a ge-
neric outline of the MBIR algorithm with mathematical
equations

1. Initialization
Start with an initial estimate of the image, x(0)

2. Forward Model
Use a forward model to simulate the acquisition
process
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y(k) = A-x(k) + n(k)
where:
y(k) is the measured data at iteration %
A is the system matrix representing the imag-
ing system
x(k) 1s the current image estimate at iteration &
n(k) is the noise
3. Data Fidelity
Define the data fidelity term, often using a least-
squares criterion
f datar((R) (x) = 1/2 [y~ (k) —A-xll] *2
4. Regularization
Introduce a regularization term to impose con-
straints on the image
£ reg™((k)) (x)
5. Cost Function
Formulate the cost function as a combination of data fi-
delity and regularization
£~ ((R) (x) = f_data”((R)) (x)+Af_reg”((k)) (x)
where 1 is a regularization parameter.
6. Gradient Descent Update
Update the image estimate using gradient descent
Mk + 1)) = [x™((R) — aVf] _ ~((R)) (x*((R)))
7. Iterative Update
Repeat steps 2-6 for a predefined number of iterations or
until convergence
8. Output
The final image estimate, x(final), represents the recon-
structed image

3. RESULTS AND DISCUSSION

In the realm of medical imaging, Model-Based Itera-
tive Reconstruction (MBIR) has emerged as a powerful
technique for enhancing the quality of reconstructed im-
ages [17]. By incorporating a mathematical model that
represents the imaging system's characteristics and
noise profile, MBIR aims to mitigate artefacts and im-
prove image fidelity. The input to the MBIR process typ-
ically consists of raw projection data acquired from the
imaging system. The iterative nature of the reconstruc-
tion algorithm refines the image reconstruction through
successive cycles, gradually converging towards a more
accurate representation of the underlying anatomy.

Table 1 — Image Datasets

Sl. Dataset Link
No
1 Computed tomog-
raphy (CT), Chest
CT-Scan images

Dataset

https://[www.kaggle.com
/datasets/moham-
edhanyyy/chest-ctscan-
images

https://www.kaggle.com
/datasets/masoudnick-

2 Magnetic reso-
nance imaging
(MRI), Brain Tu-

pavar/brain-tumor-mri-
mor MRI Dataset

dataset/code

3 Ultrasound (US)
Breast Ultra-
sound Images Da-
tase

https://www.kaggle.com
/datasets/ar-
yashah2k/breast-ultra-
sound-images-dataset
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4 X-ray to scan tu- https://www.kaggle.com
mour Brian Tu-

mor Dataset

/datasets/preetvir-
adiya/brian-tumor-da-

taset

The output of MBIR often showcases notable im-
provements in image sharpness, contrast, and overall
signal-to-noise ratio compared to traditional reconstruc-
tion methods. The discussion surrounding MBIR out-
comes may delve into the trade-offs between computa-
tional complexity and image quality and considerations
for dose reduction in medical imaging applications. Ad-
ditionally, addressing specific clinical scenarios and the
potential impact on diagnostic accuracy can further en-
rich the discourse on the efficacy of MBIR in advancing
the field of medical imaging. Table 1. Shows the dataset
considered from kaggle to demonstrate the working of
MBIR.

Figures 3.1, 3.2, 3.3 and 3.4 illustrate the results of
MBIR on different datasets along with the SNR values.

Exploring the impact of electromagnetic and optical
radiation on physical and biological objects holds para-
mount significance in understanding the intricate inter-
actions between these forms of energy and matter.

Electromagnetic Radiation Image and SNR:1.0447

MBIR Generated Image and SNR:2.1358

Fig. 3.1 — Output of MBIR for input 000118(5).png taken
from Chest CT-Scan images Dataset

Electromagnetic Radiation Image and SNR:0.8441

Fig. 3.2 — Output of MBIR for input Te-meTr_0005.jpg
taken from Brain Tumor MRI Dataset

Electromagnetic Radiation Image and SNR:1.5522

MBIR Generated Image and SNR:2.5438

Fig. 3.3 - Output of MBIR for input benign (106).png taken
from Ultrasound images Dataset
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Electromagnetic Radiation Image and SNR:1.589

Fig. 3.4 — Output of MBIR for input Cancer (1012 ).jpg taken
from X-ray Dataset.

This research advances comprehension of fundamental
physical phenomena and plays a pivotal role in diverse
fields such as medical imaging, materials science, and
environmental monitoring. Using Model-Based Iterative
Reconstruction (MBIR) in artefact reduction further en-
hances the precision and quality of data obtained
through these imaging techniques. By employing sophis-
ticated models and iterative processes, MBIR contrib-
utes to refining imaging results, minimising distortions
and artefacts, thus fostering more accurate analyses and
diagnoses. The synergistic integration of electromag-
netic and optical radiation exploration with advanced re-
construction methodologies stands at the forefront of sci-
entific and technological progress, with implications for
improved healthcare diagnostics, enhanced materials
characterisation, and a deeper understanding of the nat-
ural world.
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JlocaimpryeThcst BIUIMB €JIEKTPOMATHITHOTO Ta ONTUYHOTO BUIIPOMIHIOBAHHS Ha (PI3WYHI Ta 610JI0TIUHI
00’€KTH, OXOIIIOIOYHN IIIUPOKUIA CIIEKTP BiX PyHIaMEHTATBHUX (PISUIHUX B3AEMO/IIi 10 CKIIATHUX 010JI0TTUHIX
peaxtriii. JlocmiskeHHS OXOILTIOE eJIeKTPOMATHITHe BUIIPOMIHIOBAHHS, BKJIIOYAI0YHN PAJIOXBUIIL, MIKPOXBHIIL,
iH(pavYepBoHe, BUAUME CBITIIO, yIbTpadioseT, peHTreHIBChbK] Ta raMMma-IpoMeHi. Bin mae Ha Merti 3’sicyBatu
PI3HOMAHITHI HACIIAKH €JeKTPOMATHITHOTO BHUIIPOMIHIOBAHHSA AJIA (PI3MYHUX 00'€KTIB, BPaXOBYIOUM TAKL
ABUINA, SK HATPiBaHHsA, (OTOEJIEKTPUYHE BHUIIPOMIHIOBAHHA Ta IloHisamia. OmHOYACHO HJOCIIIKEeHHS
3aru0II0eThC B CKIIATHY B3a€MOJII0 MIsK €JIEKTPOMATHITHIM BUIPOMIHIOBAHHSIM 1 010JIOTTYHUMM 00 €KTaMU,
OXOILTIOIYY 10HI3yI0Ue Ta HeloHi3yioue BUIIPOMIHIOBAHHA. KpiM TOoro, JOC/TiIMeHHs CIIPAMOBAHE HA Te, 100
3pPO3yMITH BILIMB INTYYHHX JZKEPeJsI CBITJIA, OCOOJIMBO JKepesl CHHBOIO CBITJIA, HA IMPKAIHI PUTMH,
dorocuHTes y pocsuH i 3ip TBapuH. Lle Takosxk LiocTpye apTedakT, CTBOPEHHUN eJIEKTPOMATHITHUM 1 OIITHYHIM
BUIIPOMIHIOBAHHAM y MeJIWYHIN Bidyasisaiil. Mu 3ampomoHyBaIlu METO ITePATUBHOI PEKOHCTPYKIIII Ha oc-
ol mozesi (MBIR) muist Bupitnenss npobiemu 3aMeHIneHHs apredarTiB. O4ikyeTses, 0 OTPUMAaHI pe3yJib-
TaTH CHPUATHMYTH PO3POOII CTpATeriil MOM SKIIEHHs MOTEHIIIHHUX PU3UKIB 1 BUKOPUCTAHHS KOPHCHUX 3a-
CTOCYBaHbB y PI3HUX HAYKOBUX, MEJIMIHUX 1 TEXHOJIOTIYHUX 00IACTSX.

Knrouori ciiopa: EnexrpomaraiTae BunpoMiHioBaHHs, PeHTreHIBCcbke BUIPOMIHIOBAHHS, BigHoIeH s cur-
"as/mym (SNR), MaraiTao-pesonancua tomorpadis, Yiabrpassyk, Komm'orepaa romorpadis, Itepariitaa pe-
KOHCTPYKILisa Ha ocHOBl Momesi (MBIR).
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