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1. INTRODUCTION:  

Medical imaging is a crucial aspect of contemporary medicine that has fundamentally 

altered how doctors diagnose, treat, and monitor a wide range of illnesses. Medical imaging 

techniques, employing non-invasive tests, empower clinicians to render non-intrusive 

diagnoses for illnesses and injuries, constituting an integral element in the improved 

outcomes of modern medicine. The validation, assessment, and documentation of disease 

progression and treatment efficacy heavily rely on diagnostic imaging services. The 

affordability of imaging technology poses a challenge in numerous countries, occasionally 

compounded by a shortage of healthcare professional skilled in using it. Hence, the World 

Health Organization (WHO) decided to improve medical imaging technologies in remote 

location and WHO work together with manufacturers to develop technical solutions for 

improved diagnostic imaging services. In this chapter, the scope of the medical imaging, the 

various medical imaging modalities are explored. 

1.1 Definition and Scope: 

Medical imaging is a crucial component of modern healthcare since it enables 

professionals to access the human body without the need for invasive treatments. It is 

essential for many medical disorders' planning, management, and diagnosis. Healthcare 

practitioners can identify, track, and treat medical problems with the help of these 

visualizations, which are produced utilizing a variety of imaging technologies and methods. 

1.2 Scope of Medical Imaging:  

 Medical imaging technology is vast and persistently developing, covering an 

extensive range of modalities and applications. The main aim of medical imaging is to 

diagnose diseases in early stage. This can help medical experts to detect and categorize an 

extensive range of medical issues, including infections, fetal development, detecting follicles 



in ovaries, infections, and abnormalities. Various imaging modalities like Ultrasound, 

Computed Tomography (CT), Magnetic Resonance Imaging (MRI), X-Rays and Nuclear 

medicine are commonly used to diagnose diseases. Medical imaging is mainly helpful to 

monitor the progression of diseases. Based on that, the experts can evaluate the effectiveness 

of medicines. For instance, tumor and cancer patients regularly undergo for scanning to track 

the growth of the tumours. The interior organs like bones, blood arteries, and tissues of the 

body are scanned using Anatomy Visualization techniques. The resulting images are best to 

guide to identify the severity of the issues. 

Radiologists employ imaging techniques to carry out invasive procedures including 

angioplasty, embolization, and biopsies. Medical imaging is used to guide these processes. 

health imaging methods X-ray machines, MRIs, CT scans, ultrasounds, and Positron 

Emission Tomography (PET) are imaging tools that focus on determining how well tissues 

and organs are functioning. These tools are thought of as life-saving imaging methods. To 

quickly determine the degree of injuries and disorders in urgent situations like accidents.  

 Tumor Staging: It is essential in oncology for determining the stage and extent of 

cancer, which guides treatment decisions. 

 Dental and Orthopedic Imaging: Dental X-rays and orthopedic imaging techniques are 

specialized branches of medical imaging used for diagnosing dental and musculoskeletal 

conditions. 

 Prenatal Care: Ultrasound is widely employed in obstetrics for monitoring fetal 

development during pregnancy. 

 Neuroimaging: Specialized techniques like functional MRI and diffusion tensor imaging 

are used to study the brain's structure and function, aiding in the diagnosis of neurological 

disorders. 

 Veterinary Medicine: Medical imaging is not limited to human medicine; it plays a 

crucial role in veterinary medicine for diagnosing and treating animals. 

Medical imaging's reach is continually broadening due to technological progress and 

enhanced interdisciplinary cooperation, solidifying its crucial role in contemporary 

healthcare. This sophisticated field not only aids healthcare professionals, including 

clinicians, radiologists, surgeons, and researchers but also contributes significantly to 

enhancing patient care and our comprehension of the human body. 

 



1.3 Historical Development: 

Since Wilhelm Conrad Roentgen discovered X-rays in 1895, medical imaging has come a 

long way. The non-invasive technology Roentgen developed to visualize the human skeleton 

and identify numerous disorders revolutionized medicine. Other imaging modalities, 

including ultrasound, computed tomography, magnetic resonance imaging, and nuclear 

medicine, have been created since the discovery of X-rays over time, each with specific 

capabilities and applications. 

1.4 Importance in Modern Medicine: 

 Medical imaging has irrevocably altered the landscape of healthcare by providing a 

window into the body's interior. In a world without medical imaging, the diagnostic process 

would be heavily reliant on symptoms, physical examinations, and, in many cases, 

exploratory surgeries. The ability to see inside the body has revolutionized medicine by 

Enabling Early Detection: Medical imaging enables the diagnosis of disorders such as 

fractures, tumours, infections, and cardiovascular diseases as well as the early stages of the 

conditions, frequently before symptoms appear. The effectiveness of treatment can be greatly 

enhanced by this early diagnosis. 

Monitor Treatment: Throughout the treatment, medical imaging can help surgeons to track 

the step by step improvement of the ailments and assess the efficacy of therapies. 

 Plan Surgeries: Surgeons use preoperative images to plan surgeries, ensuring 

precision and minimizing risks. 

 Guide Interventions: Interventional radiologists use real-time imaging to guide 

minimally invasive procedures, such as angioplasty and biopsy. 

 Research and Education: Medical imaging supports medical research and education, 

facilitating a better understanding of human anatomy and pathology. 

 

Advancement in Research: With the help of medical imaging, experts can delve into the 

human body and finding new therapies and intercessions. Recent days, we can perceive the 

advancement in medical research due to medical imaging.  



Educating Healthcare Specialists: Medical imaging is act as an irreplaceable tool in the 

edification and training of healthcare benefactors, permitting them to gain a deeper 

empathetic of human anatomy and clinical procedures. 

 

1.5 Types of Medical Imaging Modalities: 

 In healthcare sector, vast type of imaging modalities has been used to produce the 

images of the internal organs of the humans to assess the functionality. For locating, 

controlling, and treating a variety of medical diseases, these strategies are crucial. Now, let’s 

take a closer look at a handful of the most frequently used medical imaging techniques, each 

of the medical imaging techniques having unique characteristics and principles: 

 

1.5.1.  Radiography (X-ray): 

 Principles: Radiography uses X-rays, a form of ionizing radiation, to create two-

dimensional images. As X-rays go through the body, the amount of radiation absorbed by 

distinct tissues produces contrast on the image. 

 Applications: It is commonly used for imaging bones, detecting fractures, assessing lung 

conditions, and locating foreign objects. 

 Characteristics: Quick, cost-effective, and widely available. Limited detail in soft 

tissues. 

 

1.5.2 Computed Tomography (CT): 

 Principles: Through the use of computer processing and X-ray technology, CT produces 

finely detailed cross-sectional images (slices) of the body. Reconstruction employs a 

number of X-ray projections. 

 Applications: Valuable for visualizing the brain, chest, abdomen, and pelvis. Detects 

tumors, injuries, vascular issues, and bone abnormalities. 

 Characteristics: High-resolution images with excellent detail but involves higher 

radiation exposure. 

 

1.5.3 Magnetic Resonance Imaging (MRI): 

 Principles: MRI uses strong magnetic fields and radio waves to create images based on 

the body's water content and magnetic properties of hydrogen atoms. 



 Applications: Essential for neurological imaging, musculoskeletal studies, and soft tissue 

visualization (e.g., brain, joints, abdomen). 

 Characteristics: Provides detailed, high-contrast images without ionizing radiation. Not 

suitable for patients with certain metallic implants. 

 

1.5.4 Ultrasound Imaging: 

 Principles: Real-time images are produced by ultrasound by using high-frequency 

sound waves that reverberate off of tissues. Images are created by processing echoes. 

 Applications: Versatile and used in obstetrics for fetal monitoring, imaging 

abdominal organs, blood vessels, and the heart. 

 Characteristics: Non-invasive, safe, and portable. Image quality can be operator-

dependent. 

 

1.5.5 Nuclear Medicine Imaging: 

 Principles: Radiopharmaceuticals (also known as radioactive tracers) are given to 

patients as part of nuclear medicine procedures. Gamma rays released by these tracers 

are detected by specialized cameras. 

 Applications: Used for functional imaging of organs and tissues. Applications 

include myocardial perfusion scans, bone scans, and thyroid scans. 

 Characteristics: Provides information about organ function and molecular processes. 

Less anatomically precise. 

 

1.5.6 Positron Emission Tomography (PET): 

 Principles: Positron-emitting radiopharmaceuticals are used in PET scans to interact 

with the body's electrons and produce gamma rays. Images provided by detectors 

show metabolic activity. 

 Applications: Valuable for cancer staging, evaluating brain disorders, and monitoring 

treatment responses. 

 Characteristics: Offers functional and molecular insights, allowing early detection of 

abnormalities. Often combined with CT for precise anatomical localization. 

 

 

 



1.5.7 Mammography: 

 Principles: An early diagnosis of breast cancer is the goal of the specialized X-ray 

technique known as mammography, which is utilized for breast imaging. 

 Applications: Primary tool for breast cancer screening and diagnosis. 

 Characteristics: High-resolution images of breast tissue. Low-dose radiation 

exposure. 

 

1.5.8 Fluoroscopy: 

 Principles: Fluoroscopy is a real-time X-ray technique that provides continuous 

imaging, often used during procedures (e.g., angiography, barium studies). 

 Applications: Interventional radiology, gastrointestinal studies, and cardiac 

catheterization. 

 Characteristics: Dynamic, real-time imaging for procedural guidance. 

 

These many medical imaging modalities are appropriate for various clinical situations 

since each one has particular advantages and disadvantages. The particular medical condition, 

the body region of interest, the level of picture detail required, and the patient's safety are 

only a few examples of the variables that influence the modality choice. These modalities are 

continually improved by developments in technology and research, giving healthcare 

providers more effective instruments for treating patients and conducting medical studies. 

1.6  MEDICAL IMAGING ALGORITHM 

 A medical imaging algorithm refers to a set of computational procedures designed for 

processing and analyzing medical images, including X-rays, CT scans, MRI scans, 

ultrasounds, and others. These algorithms are pivotal in modern healthcare, aiding medical 

professionals in disease diagnosis, condition severity assessment, treatment planning, and 

patient progress monitoring. Key aspects of medical imaging algorithms are Image 

Enhancement, Segmentation, Classification and machine learning and deep learning 

algorithms. 

 

 



1.6.1  IMPORTANT IMAGE MINING ALGORITHM 

 Thresholding is a fundamental technique for dividing digital images, enabling the 

differentiation of objects or areas of interest from the image's background based on pixel 

intensity values 

1. Threshold Value Selection: Initially, a threshold value, commonly known as the threshold 

level, is chosen. This selection is critical as it determines the categorization of pixels within 

the image into two distinct groups: the foreground (representing objects) and the background. 

The decision regarding the threshold value depends on the image's attributes and the 

particular segmentation task being addressed. 

2. Thresholding Procedure: For every pixel in the image, the algorithm compares the pixel's 

intensity value to the designated threshold value. 

3. Pixel Classification: If the pixel's intensity is equal to or greater than the threshold value, 

it is categorized as belonging to the foreground class. Conversely, if the pixel's intensity is 

lower than the threshold value, it is assigned to the background class. 

4. Generating the Output Image: Following the processing of all image pixels, a binary 

image is constructed. Within this binary image, pixels associated with the object(s) are set to 

one (rendered as white or part of the foreground), while pixels associated with the 

background are designated as zero (depicted as black or part of the background). This 

resultant binary image effectively represents the segmented objects of interest. 

 Thresholding is particularly useful in scenarios where there is a clear contrast between 

the objects and the background in terms of pixel intensity. It's commonly used for tasks like: 

 Object detection: Separating objects from the background for further analysis. 

 Image binarization: Converting grayscale images to binary images for simpler 

processing. 

 Text extraction: Isolating text regions in document images. 

 Foreground-background separation: In applications like fingerprint recognition or 

license plate detection. 

 There exist several thresholding techniques tailored to address varying image 

characteristics and challenges: 



 

Global Thresholding: This method employs a single threshold value across the entire image. 

 

Local or Adaptive Thresholding: The local and adaptive thresholding method utilizes 

different threshold values for various image regions, adapting to local intensity variations. 

 

Otsu's Thresholding: Otsu algorithm is a basic algorithm which automatically calculates the 

threshold value to minimize between class variance between object and background classes. 

 

Iterative Thresholding: Threshold values undergo iterative adjustments to achieve optimal 

segmentation. 

 

Multi-level Thresholding: Multilevel thresholding calculates multiple threshold value and 

applies multiple threshold values to segment the image into various regions.  

 

 Thresholding is computationally effective method for image segmentation, but the 

algorithms effectiveness based on the image features and the threshold value which we 

chosen initially. Experimentation and fine-tuning may be necessary to achieve the desired 

segmentation results. Thresholding is a simple yet effective image segmentation technique. 

Here's a basic algorithm for global thresholding: 

 

Algorithm for Global Thresholding: 

1. Choose an Initial Threshold Value (T_initial): This value can be selected manually based 

on your knowledge of the image or through automated methods like Otsu's method for an 

initial estimate. 

2. Initialize Variables: 

 Set a convergence threshold (e.g., a small value like 0.01). 

 Initialize a variable for the previous threshold (T_previous) with an arbitrary value 

(e.g., zero). 

3. Repeat Until Convergence: 

 Calculate the mean intensity of pixels in both the foreground (above the threshold) 

and background (below the threshold): 

 Calculate the mean of pixel intensities above T: mean_foreground. 

 Calculate the mean of pixel intensities below T: mean_background. 

 Calculate the new threshold value (T_new) as the average of mean_foreground 

and mean_background. 

 Check for convergence: 



 If |T_new - T_previous| < convergence threshold, exit the loop. 

 Otherwise, update T_previous with T_new and repeat the loop. 

4. Output Binary Image: 

 Apply the final threshold value (T_new) to the entire image. 

 Pixels with intensities greater than or equal to T_new belong to the foreground 

(set to white), and those below T_new belong to the background (set to black). 

 

 This global thresholding technique involves dividing an image into distinct segments, 

each representing a specific object or feature based on common characteristics such as color, 

texture, or intensity. Global thresholding algorithm gets an initial threshold value from the 

user and calculates the mean intensity of the pixel. The output of segmentation is a map that 

outlines the boundaries and identifies the individual elements within the image. The results of 

the global thresholding algorithm is most important in many fields, including medical 

imaging, biometrics etc, where accurate identification are vital.  

 

1.6 CONCLUSION: 

The numerous imaging modalities, their guiding principles, practical applications, and 

cutting-edge technology are comprehensively covered in this book chapter on medical 

imaging. Additionally covered are the value of radiation protection, image processing 

methods, and the future of medical imaging in the healthcare industry. 

 

Medical imaging has developed in a way that is similar to the unrelenting march of 

science and engineering. These technologies have advanced throughout time, going from 

crude X-ray machines to potent MRI scanners, and from straightforward radiographs to the 

dynamic real-time images of fluoroscopy. With each development, the boundaries of what is 

feasible in medicine have been widened. Data collection, picture reconstruction, and 

visualization are all supported by the basic tenets of medical imaging. These guidelines 

demonstrate human ingenuity and provide a connection between intricate physical 

phenomena and discoveries in medicine that have improved countless lives. 

 

As we wrap up this chapter, it becomes clear that medical imaging is more than 

simply a tool; it is also a symbol of human ingenuity and a source of hope for those who are 

dealing with health issues. Each modality—radiography, nuclear medicine, ultrasonography, 



and PET scans—plays a significant part in the mosaic of contemporary healthcare, providing 

unique perspectives on comprehending, identifying, and treating medical disorders. 

1.7. Future Enhancement: 

Medical imaging's future is exciting and full of potential. Technology advancements 

continue to improve current modalities and give rise to new ones. The interpretation of 

images will be transformed by artificial intelligence, enabling quicker and more precise 

diagnosis. Unprecedented precision is possible in the treatment of diseases thanks to 

molecular imaging and tailored medicines. Remote areas of the world are now accessible to 

medical knowledge because to telemedicine and remote imaging. In this fast-paced industry, 

the pursuit of knowledge, the drive for innovation, and the dedication to bettering patient care 

are all steadfast. Medical imaging will likely continue to influence medicine's future, 

breaking down barriers and exposing the body's hidden treasures as we go forward. 

Travelling through the realm of medical imaging is not an easy process. 
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