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ABSTRACT:

Biosensing is a method for detecting bio-compounds by observing the physical, chemical, or biological changes that they induce in their presence. A biosensor is a
device that detects the presence of an analyte in a biological or chemical reaction and produces signals corresponding to its concentration.

Artificial Intelligence is an advanced approach in the field of computer science, which uses certain algorithms and programs to guide systems or machines to
implement tasks that traditionally require expert human intervention. These tasks include comprehending natural language, recognizing patterns, formulating
decisions, etc. Machine learning (ML) is a subset of artificial intelligence (Al) that focuses on the creation of statistical models and algorithms that allow computer
systems to learn from data and enhance their performance on a given job without being explicitly programmed.
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INTRODUCTION

As a result of their important contributions to the field of biosensing applications, artificial intelligence (Al) and machine learning (ML) have enabled
researchers to develop creative and effective solutions for a wide variety of biomedical and healthcare problems. The manual engagement in clinical
diagnosis, medical imaging, and decision-making is made easier by advancement in Al and ML. Al and ML plays an important role in the below
mentioned biosensing applications:

1. PERSONALIZED MEDICINE

Personalized medicine has advanced significantly, in terms of high-productivity, data-centric biomedical research and technologies, such as genomic
sequencing, clinical imaging protocols, and wireless health tracking devices. This has created a need for researchers to create a variety of policies to
analyse, unify, and interpret the enormous amounts of information generated. The practical application of data-intensive biomedical technologies in
numerous studies and research has exposed the genetic, physiological, and behavioural diversity of people, particularly in relation to the development of
disease and the response of the patient to treatment.
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Fig.1Applications of Al and ML in Personalised Medicine
Despite the fact that numerous statistical methods have been created to store the large amounts of data generated by these  research, records

indicate that the usage of Al and ML techniques is notably more appropriate. Personalised medicine involves adjusting a patient's medical care and
treatment to suit their unique needs. The critical role played by Al and ML in modern personalized medicine are as follows:

»  Genomic Analysis

Genomic data, including DNA sequencing, is analysed using Al and ML to find genetic variants linked to diseases. This knowledge informs treatment
choices and clarifies a patient's hereditary propensity for particular diseases. The applications of Al and ML in genomic analysis include:
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Fig.2. Applications of AI/ML in Genomics

e  Genomic Data Processing and Management:

Raw genetic data, which is frequently cluttered and noisy, can be filtered and cleaned using algorithms based on machine learning and Al. This
encompasses activities like rectification of errors, data standardization, and quality control.
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e  Variant Calling:

Al and machine learning approaches can be used to analyse a patient's genome to find genetic variants. These variants might take the form of structural
changes, insertions, deletions, and single nucleotide polymorphisms (SNPs) in sequencing data. These techniques can boost variant calling precision and
minimize false positives.

. Genomic Sequence Analysis:

Al and ML algorithms are used to analyse and interpret DNA, RNA, and protein sequences. They can recognize genes, control points, mutations, and
other useful components of the genome. Sequence analysis frequently makes use of Hidden Markov Models (HMMs), Convolutional Neural Networks
(CNNs), and Recurrent Neural Networks (RNNs).

. Annotation of Function:

Artificial intelligence and machine learning can help annotate the functional relevance of genetic variants, predict how they will affect protein structure
and function, and link such variants to known diseases or phenotypes.

. Disease Prediction and Risk Assessment:

ML models can analyse genomic data to predict an individual's risk of developing specific diseases or conditions, which can have implications for
personalized medicine and preventive healthcare.

. Drug Discovery and Development:

Through the examination of genetic data, protein-protein interactions, and pathway analysis, Al and ML are utilized to discover prospective therapeutic
targets. This can accelerate the drug discovery process.

. Pharmacogenomics:
Al and ML can assist in tailoring drug treatments to an individual's genetic makeup by predicting how a patient will respond to specific drugs based on
their genetic variants.

2) IMAGE ANALYSIS

Medical imaging like MRIs, CT scans, and pathology slides can be analysed by Al algorithms to more rapidly and effectively discover and diagnose
diseases. This helps to customize treatment strategies to meet the needs of certain patients. Al and ML are used in picture analysis for Image Classification,
Object detection, Image segmentation, Facial recognition, Medical Image Analysis etc.
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Fig. 3. Al —assisted Image Analysis

In order to use Al and ML for image analysis, a large dataset of labelled images must first be gathered and prepared for training. Next, a suitable neural
network architecture must be chosen or created, and the model must be trained using the labelled data. Once trained, the model can be used to assess new,
untrained images and execute tasks or make predictions based on what it has learnt.
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Convolutional Neural Networks (CNNs), a type of deep learning approach, have proven particularly effective in image analysis applications
because they can automatically learn hierarchical characteristics from images. The growing use of Al and ML in image analysis has also been aided by
improvements in technology like Graphics Processing Units (GPUs) and specialized Al accelerators.

3. PATIENT ENGAGEMENT:

Al and machine learning are revolutionizing patient involvement and education in healthcare by making information and support more customized,
accessible, and efficient.
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Fig.4. Patient Engagement with Al

. Natural language processing (NLP) systems assist in conversational Al, report preparation (such as for radiological exams), transcription of patient
interactions, and analysis of unstructured clinical notes on patients.

e Al may aid in the screening of massive amounts of aggregated data and assist in automating operations such as scheduling patient appointments,
collecting payments, offering healthcare amenities, etc.

e Al can assist healthcare providers assess the frequency of patient no-shows, potentially saving millions of dollars.

e  When speaking with a patient, Al can back up a live patient counselor by offering pertinent information.
4. WEARABLE BIOSENSORS

Artificial Intelligence (Al) and Machine Learning (ML) play a significant role in the development and utilization of wearable biosensors. These sensors
are designed to monitor various physiological and health-related parameters in real-time. Here's how Al and ML are used in wearable biosensors:
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. Continuous Monitoring:

Al has the potential to enable continuous monitoring of health metrics. For example, Al systems can track a person's sleep patterns and recommend
changes to improve sleep quality.

. Fall Detection and Emergency Notification:
Wearable biosensors with Al can detect unexpected falls and deliver emergency alerts to caregivers or medical specialists.
. Recognition of Patterns:

Patterns in biosensor data can be recognized by Al algorithms, which may suggest the start of chronic illnesses. Early detection can lead to better
treatment and management.

. User Interface and Experience:

By offering real-time feedback, useful insights, and clear representations of health data, Al can enhance the user experience of wearable biosensors.

. Device optimisation

Wearable biosensors can have their performance and energy use optimized with the help of machine learning (ML) algorithms, resulting in longer battery
life and improved overall usability.

5. POINT-OF-CARE DIAGNOSTICS (POCD):

Machine learning (ML) and artificial intelligence (Al) have significantly advanced the sector of POCD. Rather than sending samples to a centralized
laboratory for examination, POCD refers to medical testing or diagnostic procedures that are carried out close to or at the location of the patient. The
speed, accuracy, and accessibility of diagnostics could be improved with the integration of Al and ML into POCD, ultimately leading to better patient
care and outcomes. Here are some significant applications of Al and ML in POCD:
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Fig.6. Point- of- Care techniques routinely used nowadays

. Rapid Test Interpretation: Al and machine learning algorithms are capable of quickly analysing the outcomes of a variety of diagnostic tests,
including blood tests, urine tests, and imaging scans. They can swiftly identify patterns and irregularities, which enables quicker and more precise
diagnosis.

. Point-of-Care Testing devices: Al can be encompassed into portable diagnostic tools to deliver prompt and precise results at the point of care.
This is especially helpful in emergency situations and settings with restricted resources.

e  Cost Reduction: Al and ML have the potential to lower healthcare costs by reducing the need for costly laboratory equipment and personnel. This
is done through automating and enhancing diagnostic processes.

e  Healthcare Access: POC diagnostics and Al can increase access to healthcare in underserved and distant locations where there may not be as many
traditional diagnostic facilities.

. ENVIRONMENTAL MONITORING:
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Artificial Intelligence (Al) and Machine Learning (ML) are increasingly being applied in environmental monitoring to address various challenges related
to environmental management, conservation, and sustainability. Biosensors equipped with Al can monitor environmental factors like air and water quality.
ML algorithms can process the data to identify trends, pollutants, and potential health risks.

Fig.7. Sustainable Al for Environmental Protection

Key applications of Al and ML in environmental monitoring include:

e  Air Quality Monitoring: Al and ML systems can evaluate data from weather stations, satellites, and air quality sensors to forecast pollution levels
and pinpoint the origins of that pollution.

They can deliver air quality forecasts and alarms in real-time to assist reduce health hazards.

e  Natural Disaster Response and Prediction: Natural disasters like hurricanes, floods, and wildfires can be predicted more precisely using artificial
intelligence (Al) by analyzing meteorological and geospatial data. ML can help with disaster response by improving resource allocation and
evacuation planning.

e  Detection of deforestation: ML algorithms may be used to scan satellite photos and remote sensing data to quickly identify unlawful logging and
deforestation activities. These tools can also be used to track and evaluate reforestation initiatives.

In each of these uses, artificial intelligence and machine learning play a role in enhancing environmental monitoring initiatives' precision, effectiveness,
and timeliness. They allow for more informed resource management and environmental protection decisions, which eventually results in a more
sustainable and resilient planet.

3) DIABETES MELLITUS:

To increase clinical efficiency, Al- and ML-based techniques have been incorporated with glucose monitoring devices. ML algorithms analyse data from
CGM devices, predict blood sugar trends, and send out immediate alerts for hypo- or hyperglycemic situations. By examining glucose trends and insulin
sensitivity, artificial intelligence (Al) aids in adjusting insulin dosage, resulting in more personalized and accurate insulin therapy.
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The traditional finger-prick method of glucose sensing may be replaced by a new field known as non-invasive glucose sensing, for continuous glucose
monitoring. Different light source wavelengths have been used in ML-based optical sensors that have been proven for monitoring blood glucose level.
With regard to analyzing and predicting glucose levels, more than 21 distinct light sources with various wavelengths have been used.
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Fig.9. Smart Glucose Monitoring System for diabetic patients

CONCLUSION

To conclude, the integration of Al and ML into biosensing applications holds immense promise for shaping the future of healthcare, environmental
monitoring, and beyond. The synergy between these advanced technologies and biosensors is spurring innovation and altering many facets of our daily
life. Al and ML are revolutionizing biosensing applications by making them more accurate, efficient, and accessible. These innovations have the potential
to make a big impact on healthcare, environmental protection, and scientific research—all of which will eventually enhance people's quality of life and
that of society as a whole.

Despite these encouraging developments, there are still obstacles to be overcome, such as data security concerns, regulatory approval, ethical concerns,
generalisation, etc. However, in future decades, we can anticipate more significant advancements and fascinating inventions as research and development

continue.
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