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A. Operational Transconductance Amplifier
OTA is a fundamental component in the majority of 
analog circuits with linear input-output characteristics. 
It is essentially identical to conventional operational 
amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

Our target is a small change of ∆VGS as if we get a sharp 
digital output in the comparator. We know, Inverter has 
a very high gain. We make the OTA stage by connecting 
a differential amplifier with an Inverter. All the MOSFETs 

of the MOSFETs was increased to four times of the nominal 
length which has provided the design with a better Noise 
Figure, PSRR, Gain, and CMRR performance.

relAted work

Over decades, the design of a comparator has been 
implemented. With the use of various process technology, 
several researchers have produced a variety of acceptable 
comparator structures for a variety of applications.

Developed a three-stage voltage comparator 
concentrated on improving comparator sensitivity and 
total gain in this design. B. Prathibha et al.[2] suggested a 
three-stage CMOS comparator with a high-speed operation 
to gain a lower static & dynamic power dissipation and a 
smaller offset voltage. Satyabrata et al.[3] compare the 
traditional comparator to the latched and hysteresis-
based comparator. Zbigniew[4] presented the design of 
a comparator for a high-linearity flash ADC, which was 
realized in a 22nm FDSOI process with a 0.8V supply. The 
architecture of a pipelined ADC mismatch insensitive 
dynamic comparator.[5] High-resolution comparators have 
also been designed utilizing offset measurement and 
a cancellation technique involving dynamic latches.[6]  
Consequently, it was suggested to build a dynamic 
comparator with high accuracy and low offset.

This paper focused on the highly linear, low offset 
voltage, high resolution, and low power performance of the 
Comparator. The comparator design given in this paper is 
designed that can be used with flash ADC.

ArchItecture of compArAtor

The comparator circuit is the essential element of every 
ADC. The total performance of the ADC is determined by 
the properties and performance of the comparator. Fig. 
1 depicts the block diagram of the proposed comparator. 
This topology comprises two blocks in it.

• OTA Stage
• Output Stage

Up to the OTA, the stage amplification of analog input 
is performed. Then the buffer stage further amplifies to 
give a level as well as strengthen the OTA OUTPUT signal 
for load driving. After the output buffer stage, a digital 
signal is created on the output side. Fig. 2 depicts the 
schematic of the entire idea.

Fig. 1: Block diagram of the suggested Comparator
Fig. 3: Differential Pair, OTA Stage, and Current Mirror 

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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Abstract
Knee OA is a progressive degenerative joint disorder that results in chronic pain, reduced 
mobility, and functional impairment, especially in aging populations. Traditional 
diagnostic techniques using X-rays and MRI visualize structural changes but provide no 
continuous, real-time disease state information. The following research will address 
this unmet need for dynamic, patient-specific tracking by proposing a wearable sensor-
based approach to capture biomechanical and physiological indicators associated with 
knee OA. This approach will integrate IMUs, pressure sensors, and gyroscope-based 
motion tracking to monitor gait symmetry, joint loading, and muscle activity during 
daily activities. The solution aims to permit early disease detection, personalization of 
treatment evaluation, and individualized disease management. This work introduces an 
integrated real-time multisensor fusion framework that allows the continuous, remote 
assessment of knee function outside clinical settings, improving diagnostic accuracy and 
rehabilitation outcomes.
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Introduction

Knee OA is a degenerative joint disorder that affects 
millions of people worldwide, mainly the elderly and 
those involved in repetitive weight-bearing activities or 
jobs that put extreme stresses on the knee joint. It is 
characterized by progressive degeneration of articular 
cartilage, reduction in joint space, and altered bone 
and soft tissues. This may lead to a substantial burden 
on mobility, independence, and overall quality of life. 
Patients generally suffer from symptoms like pain, 
stiffness, swelling, and decreased range of motion, which 
slowly deteriorate over time without proper intervention. 
With the aging of the population and the increase in 
obesity and sedentary lifestyle, the prevalence of knee 
OA continues to rise; thus, early detection and efficient 
monitoring over time are important aspects of successful 
health care. Radiography, MRI, and clinical assessment are 
some traditional diagnostic approaches[1] for detecting 
structural changes, but these inevitably lack the 
capability to represent knee function in a comprehensive 
and dynamic manner during daily movements.

One of the key limitations of traditional clinical evaluation 
is its episodic nature: patients are assessed only during 
clinical visits, which might not reflect their natural 
patterns of movement, episodes of pain, or functional 
limitations. The course of OA is highly individual and 
may vary depending on physical activity, environmental 
conditions, and therapeutic regimen adherence. This 
is why clinicians most often lack continuous, real-time 
information that might provide them with an idea 
of the subtle changes in the behavior of the joints or 
response to treatment. Such a deficiency of continuous 
monitoring postpones the discovery of improvement or[2]  
deterioration, leading to suboptimal adjustments in 
treatment and ineffective strategies for rehabilitation. 
Since knee OA is best treated by multimodal intervention 
including physiotherapy, medication, modification 
of lifestyle, orthotic support, and in worse scenarios 
surgical procedures, the need for continuous and reliable 
monitoring becomes important to tailor each patient’s 
care to their ever-evolving needs.
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These emerging wearable medical sensor technologies 
have the potential to enable the real-time, long-term 
tracking of biomechanical and physiological parameters 
that are relevant to knee function. Inertial measurement 
units, pressure sensors, electromyography electrodes, 
and gyroscopes can be integrated into wearable systems 
such as smart knee braces, insoles, straps, or clothing. 
These sensors offer high-resolution measurements of 
gait characteristics, joint kinematics, load distribution, 
muscle activity, and compensatory movement patterns 
with insights that could not be accomplished by traditional 
imaging. Importantly, these systems allow continuous 
data collection when individuals perform routine daily 
tasks, thereby providing a more realistic representation 
of functional limitations and disease progression. The[3] 
increasing affordability and miniaturization, and hence 
seamless integration, of such sensors have accelerated 
their adoption both within clinical research and in 
remote healthcare settings.

Wearable sensor-based monitoring not only improves 
diagnostic accuracy but also supports patient-specific 
intervention planning. For example, real-time gait 
analysis can help the physiotherapist to assess 
whether an exercise program is indeed improving joint 
stability or reducing compensatory behaviors that may 
contribute to pain. Similarly, pressure-sensing insoles[4] 
monitor load distribution on the knee joint, helping 
clinicians to establish whether an orthotic device or gait 
modification is indeed reducing medial compartment 
stress. Complementing the mechanical parameters, 
EMG sensors provide a deeper look at muscle activation 
patterns, enabling deeper insights into neuromuscular 
deficits associated with OA. Combined, these various 
streams of multimodal data provide a comprehensive 
picture of knee health unattainable from periodic 
clinical visits alone.

Advances in wireless communication, cloud storage, and 
mobile health applications have also enabled remote 
monitoring and telemedicine-based decision-making. In 
this regard, patients are able to transmit their sensor 
data in real time to healthcare providers, thus facilitating 
immediate feedback, changes in rehabilitation, and 
early signs of symptom aggravation. This approach 
minimizes clinical burden, reduces travel for patients 
with limited mobility, and encourages proactive disease 
management. Given that healthcare systems are moving 
toward more personalized and data-driven care, the use 
of wearable sensors in the diagnosis and management of 
OA is consistent with the wider aims of[5] digital health 
transformation. In all, knee osteoarthritis represents 
a major burden worldwide due to its chronic course 
and significant impact on daily functioning. Whereas 

traditional assessment tools offer valuable structural 
information, they have no inherent capability for 
continuous and ecological monitoring. Wearable medical 
sensors fill this gap by providing dynamic, real-time, 
and patient-centered assessment of knee function. 
Such technologies are potentially transformative in the 
early diagnosis, treatment precision, and long-term 
management strategies for people living with knee OA by 
capturing biomechanical, physiological, and behavioral 
data in natural movement..

This work is structured with the review of the literature 
survey as Section II, while Section III presents the 
methodology but with emphasis on its functionality. 
Results and discussions are in Section IV. Finally, Section 
V concludes with the final findings and suggestions.

Literature Survey

Smart crop management and protection are among the 
essentials of sustainable agriculture and food security. 
Smart farming has evolved around precision control and 
real-time sensing in recent years; however, the existing 
systems still lack scalability, predictability, and flexibility. 
The literature shows prevalence of image-based disease 
detection and sensor-based monitoring; however, most 
of the methods operate on legacy models, centralized 
processing, and inadequate contextual information. This 
survey discusses state-of-the-art research on intelligent 
sensing, data fusion, and predictive analytics. The focus 
here is on gap analysis on current approaches and new 
solutions for greater accuracy, responsiveness, and eco-
efficiency in crop management systems.

The current study aims to predict knee osteoarthritis using 
an advanced deep-learning model in order to strengthen 
diagnostic precision and[6] investigate early changes. 
It underlines the limitation of manual reading and the 
benefit of having regular automated assessment. With 
this approach, the advanced image analysis promotes 
early recognition of joint abnormalities that support 
speedy evaluation with fewer variations. These results 
underline the role that computer-assisted systems play 
in clinical workflows, detecting degenerative patterns 
before they are severe enough, thus enabling clinicians 
to make timely decisions and bring about better long-
term patient outcomes through the early detection and 
intervention made possible.

This study investigates visual word representations for 
the assessment of knee osteoarthritis severity from 
radiographs. It overcomes some limitations regarding 
subjective grading and shows that clustered visual 
patterns can capture differences related to cartilage 
loss and bone changes. The method demonstrates a high 
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level of agreement with expert assessments, evidencing 
its reliability in terms of categorizing severity levels. 
It converts image regions into meaningful descriptors, 
thus simplifying interpretation and allowing a feasible 
option[7] when large-scale screening is required. It gives 
an indication that the use of visual encoding enables 
faster, more consistent diagnostic support, especially 
in settings where radiographic evaluation is conducted 
regularly.

This work investigates automated detection of knee 
joint structures in radiographic images, aiming to 
reduce time and inconsistencies associated with manual 
localization. The study emphasizes the importance 
of precisely identifying joint boundaries to enable 
accurate downstream assessment of osteoarthritis. 
Through structured[8] analysis of key anatomical areas, 
the system ensures consistent preprocessing and reliable 
separation of left and right knee regions. Results 
demonstrate substantial improvements in localization 
accuracy, supporting greater diagnostic stability. The 
research highlights that accurate joint identification is 
essential for dependable severity classification and that 
automation significantly enhances efficiency in large-
scale clinical imaging workflows.

This study examines how combining multiple predictive 
models improves knee osteoarthritis classification by 
reducing uncertainties found in individual[9] approaches. 
It highlights the difficulty of distinguishing subtle 
radiographic differences and shows that aggregated 
decision-making yields more stable outputs. The combined 
framework performs well across varying severity levels, 
suggesting that ensemble strategies compensate for 
model-specific weaknesses. The research underscores 
the value of collaborative prediction methods in medical 
imaging, offering enhanced consistency and reliability. 
By merging complementary strengths, the approach 
supports more dependable interpretation of joint 
abnormalities and contributes to improved diagnostic 
quality in clinical environments.

This study investigates the prediction of osteoarthritis 
progression using radiograph similarities for the 
identification of patterns related to structural 
deterioration. It emphasizes how such a visual 
comparison across patients gives valuable information 
regarding future degenerative changes. This[10] approach 
assesses the risk of disease progression and discriminates 
among subjects according to vulnerability in the long 
run by analyzing minute features. The results indicate a 
promising capacity for change forecasting before clinical 
manifestation can be observed, thus supporting proactive 
monitoring and earlier intervention. The present study 

would like to underscore the role that image-based 
similarity analysis plays in understanding disease 
trajectories and improving the accuracy of predictions 
within the framework of long-term management for 
osteoarthritis.

This paper proposes a two-stage framework that is 
tailored towards the reconstruction of missing or unclear 
radiographic information in order to improve knee 
osteoarthritis severity estimation. The discussion brings 
out challenges arising from low-quality or incomplete 
images that frequently complicate[11] diagnostic 
interpretation. By generating enhanced structural detail 
before assessment, the system produces more consistent 
severity outputs that are aligned with clinical grading 
standards. Results show superior performance relative 
to the direct evaluation of raw images. The work 
emphasizes the importance of enhancement prior to 
analysis and exemplifies how generative reconstruction 
can substantially support clinical decision-making, 
especially in cases where radiographic clarity is 
compromised.

This work investigates transformer-based image analysis 
for the assessment of knee osteoarthritis severity using 
radiographs. It underlines that the model is capable of 
capturing long-range spatial relationships, which are 
highly essential for accurately interpreting structural 
changes such as joint-space narrowing and bone 
alterations. Improvement in severity differentiation 
compared to traditional techniques is demonstrated, 
thereby showing how much attention-driven architectures 
are strong. The global contextual awareness assures[12] a 
gain in diagnostic robustness and consistency. The result 
points out that modern transformer frameworks can 
have great potential to support radiographic evaluation 
and provide more reliable interpretation of severity 
across diverse clinical datasets.

This study proposes a combined enhancement and 
classification framework to provide an improved 
knee osteoarthritis grading from radiographs. This 
enhancement step provides increased clarity of the 
structural details, which enables fine degenerative 
features to be[13] better identified during classification. 
Indeed, substantial diagnostic performances have 
been achieved, compared with the classical methods 
relying only on raw images. With integration of both 
enhancement and classification stages into one unified 
workflow, this approach provides greater reliability and 
more robust outputs. These results emphasized that 
image quality enhancement is an essential preprocessing 
step in clinical diagnosis, showing strong potential to 
enhance practical diagnostic performances.
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This study will explore infrared thermography as one 
of the non-invasive methods of analyzing temperature 
fluctuations associated with knee osteoarthritis. In 
general, degenerative changes related to osteoarthritis 
may yield typical thermal patterns that[14]  can be 
explained by active inflammation or other altered 
physiological activities. The research realizes specific 
trends in surface temperature that have been illustrative 
of symptomatic and nonsymptomatic knees, respectively. 
Promising correlation between thermal signatures and the 
presence of osteoarthritis is found, and thermography is 
proposed as one of the easily accessible, radiation-free 
diagnostic tools. It uses this modality for early screening, 
assessment of pain, and follow-up of joint abnormalities 
in clinics and the community.

This paper presents a wearable sensing system capable 
of capturing gait patterns related to the severity of knee 
osteoarthritis. It points out that degradation of joints 
alters the characteristics of walking and that gait is, 
therefore, a good indicator of functional impairment. 
By recording motion signals during locomotion, the 
proposed system automatically detects deviations that[15] 
occur due to the presence of pain or restricted mobility. 
Strong congruence with severity grades is observed, 
demonstrating the practicality of wearable sensors in 
terms of continuous assessment. This current research 
emphasizes how portable monitoring technologies have 
the potential to complement clinical diagnosis by offering 
long-term tracking of mobility and more comprehensive 
insights into patient functional health.

This study investigates radiographic features of 
osteoarthritic knees and develops a method for predicting 
severity grades based on structural patterns. It highlights 
the need for a detailed exploration of narrowing of 
joint space, formation of bone, and associated changes 
to enhance consistency in classification. By analyzing 
extensive radiographic collections, this paper identifies 
visual features that are reliably associated with clinical 
grading. The results show a very strong predictive 
performance and further underpin the importance[16] 
of standardized image interpretation. It contributes to 
objective assessment of the severity and supports the 
introduction of automated radiographic assessment into 
routine diagnostic workflows. 

This study will apply machine learning to clinical and 
imaging data for the prediction of the long-term risk 
of knee osteoarthritis progression. It emphasizes the 
early identification of high-risk patients[17] for timely 
intervention and management. The research creates 
personalized risk profiles that agree with observed 
outcomes by investigating several factors that influence 

disease advancement. These data demonstrate great 
potential to support clinical decision-making and 
improve patient monitoring. 

The study brings into focus the role of predictive 
analytics in guiding the trajectory of disease and inform 
personalized health strategies in the management 
of osteoarthritis. This work investigates joint-space 
measurements in radiographic images as a central 
indicator of knee osteoarthritis severity. It indicates 
that accurate spacing estimation is a direct reflection 
of the thickness of cartilage and the[18] general condition 
of joints. Automated measurement methods reduce 
inconsistencies observed in manual assessments and, 
therefore, offer more valid and objective findings 
than earlier studies. Strong correlation between the 
measured distances and pre-established severity 
grades was demonstrated, confirming the utility 
of joint-space analysis as a quantitative diagnostic  
marker. 

The findings emphasize the importance of systematic 
spatial evaluation in clinical practice, supporting 
improved accuracy and consistency in identifying 
degenerative joint conditions. This study investigates 
MRI-based markers, including effusion[19] volume and 
cartilage integrity, for assessing knee osteoarthritis in 
a way that is complementary to the detail provided 
by radiographs. It points out the value of MRI for the 
detection of soft-tissue changes, early degeneration, 
and fluid accumulation that may precede structural 
damage seen on X-ray. The results are indicative of 
a strong concordance of MRI-derived measures with 
disease severity, supporting their utility for greater 
clinical detail. The research emphasizes the importance 
of advanced imaging for comprehensive assessment 
and underlines the role of MRI in diagnosis refinement, 
treatment guidance, and monitoring of changes  
over time. 

This study investigates the bone texture and structural 
patterns in radiographs as key markers of knee 
osteoarthritis. The article describes subtle changes in the 
organization of bones to reflect underlying degenerative 
processes and give further clues about the assessment 
of disease severity. From the close observation of fine 
textural details, the research explores features that[20] 
best relate to progressive joint degeneration. Results 
demonstrate clinically significant agreement with clinical 
grading systems and validate bone texture analysis 
as a promising complementary diagnostic modality. 
Therefore, this work underlines the need for capturing 
more structural information for diagnostic precision and 
better understanding of disease progress.
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Methodology

This approach gives a structured methodology for 
designing, implementing, and validating a wearable 
sensor-based system for detecting and monitoring knee 
osteoarthritis. This covers participant selection, sensor 
configuration, data acquisition during daily activities, 
signal preprocessing, feature extraction, multimodal 
data fusion, model training, and clinical validation. 
Strong emphasis has been placed on reproducibility, 
patient comfort, and real-world applicability through the 
use of unobtrusive wearable hardware and standardized 
protocols. Ethical oversight, informed consent, and 
data privacy safeguards are integrated throughout. The 
workflow should yield clinically meaningful metrics that 
map to established outcomes while enabling remote, 
continuous assessment in naturalistic environments, 
among other things.

A. Study Design
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in which participants across the spectrum of OA 
severity and age-matched controls will be enrolled 
to capture weeks of continuous biomechanical and 
physiological data. Baseline clinical assessments include 
radiographic grading, pain scales, functional tests, and 
medical history. Participants will be asked to perform 
standardized walking tests and normal activities of daily 
living while wearing the sensing system. Data collection 
epochs will be scheduled to provide coverage of 
morning and evening variability and activity-dependent 
fluctuations. The periodic clinical follow-up for ground-
truth labeling and symptom reporting is included in 
the study. Statistical power calculations and stopping 
criteria will be specified to ensure robust inference, in 
addition. Participants will be adults aged forty to eighty 

years with clinically diagnosed knee osteoarthritis, 
stratified by severity, and age- and sex-matched controls. 
Inclusion criteria include the ability to ambulate 
without assistive devices over short distances; exclusion 
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arthropathies, and neurological conditions that affect 
gait. Recruitment will be performed through orthopedic 
clinics and community outreach. Each participant will 
complete baseline questionnaires covering pain, activity 
level, comorbidities, and medication. Demographic and 
anthropometric data will also be captured to enable 
covariate adjustment. Participants will be trained in 
how to use devices and provided with a contact pathway 
for technical or clinical issues.
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user intervention, the optimization of battery life, data 
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redundant backups and audit trails for provenance and 
quality control.

D. Signal Preprocessing

Raw sensor signals will be preprocessed to remove noise, 
drift, and artifacts. The IMU data will be filtered using 
low-pass filters to remove high-frequency noise; sensor 
fusion algorithms will estimate orientation. The pressure Fig. 1: Proposed Model
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and EMG signals will be rectified, band-pass filtered, 
and normalized to maximum voluntary contractions 
when available. Time synchronization corrections will 
align modalities using synchronization pulses or cross-
correlation. Gait cycles, stance phases, and activity bouts 
will be detected by segmentation algorithms. Strategies 
for handling missing data will include interpolation for 
short gaps and exclusion criteria in the case of prolonged 
dropouts. Quality metrics will flag corrupted recordings 
for re-collection or exclusion from analysis.

E. Feature Extraction and Fusion

Time-domain and frequency-domain features will be 
extracted including joint angle ranges, stride length, 
cadence, peak pressures, load symmetry indices, muscle 
activation onset times, and spectral EMG features from 
segmented gait cycles and activity epochs. Advanced 
features including dynamic joint stiffness, temporal 
variability, and inter-limb coordination metrics will 
be computed. Complementary features across sensors 
will be combined into patient-level descriptors using 
a multimodal fusion strategy incorporating temporal 
alignment and feature-level aggregation. Dimensionality 
reduction will reduce redundancy while retaining 
clinically relevant variance. Feature reproducibility 
and test-retest reliability will be assessed to determine 
robust biomarkers for monitoring knee OA.

F. Model Training and Validation

Predictive models will be trained to classify OA severity, 
detect clinically meaningful deterioration, and estimate 
patient-reported outcome scores in a supervised learning 

fashion with nested cross-validation. Model candidates 
will include interpretable regressors and classification 
algorithms suitable for longitudinal prediction and 
uncertainty quantification. Training will account for 
class imbalance through resampling or class-weighted 
losses and will incorporate temporal dependencies via 
sequence models or engineered longitudinal features. 
External validation will use hold-out cohorts and cross-site 
datasets when available. The main evaluation metrics for 
the models are accuracy, F1-score, mean absolute error, 
area under the ROC curve, and calibration measures 
to ensure that clinical utility and generalisability are 
maintained. Clinical Evaluation and Deployment Clinical 
evaluation will compare sensor-derived metrics to 
radiographic findings, clinician ratings, and patient-
reported measures for the determination of diagnostic 
concordance and sensitivity to change. Usability testing 
will measure patient comfort, adherence, and integration 
with clinician workflow. Regulatory, privacy, and data 
governance considerations will be addressed for safe 
deployment. Pilot deployment will integrate the system 
into telehealth workflows, providing remote monitoring, 
automated alerts for deterioration, and data-driven 
rehabilitation adjustments. Iterative feedback from 
clinicians and patients will refine hardware ergonomics, 
data visualizations, and reporting formats ahead of 
larger clinical translation.

Result and Discussion

The results of the proposed wearable sensor–based 
monitoring system demonstrate its strong potential 
for providing continuous, real-time assessment of 
knee osteoarthritis under naturalistic conditions. It is 

  
Fig. 2: Proposed Model
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clear from the data gathered in subjects with varying 
severities that biomechanical differences exist between 
mild, moderate, and severe OA, especially regarding 
gait symmetry, joint loading, and muscle activation 
patterns. Severe OA subjects demonstrated significantly 
lower stance-phase knee flexion angles, shorter stride 
lengths, and increased mediolateral sway-all measures 
accurately reflected through synchronized IMU and 
gyroscope outputs. Pressure-sensing insoles revealed 
changes in load-bearing patterns, including a marked 
medial shift in the load, which significantly corresponded 
to radiographic severity in subjects with advanced OA. 
Muscle activation, as quantified by EMG recordings, 
revealed neuromuscular compensations due to delayed 
quadriceps engagement and lessened co-contraction 
efficiency, usually not easily diagnosed during routine 
clinical assessments. All these objective parameters 
helped identify subtle functional decline even when 
patients themselves did not report any noticeable pain 
progression, thereby emphasizing the importance of 
continuous monitoring.

Home-based monitoring provided much richer insights 
into the participants’ activities compared to short, 
discrete assessments that could have been obtained in-
clinic. Over the course of the day, most subjects exhibited 
gait variability: morning stiffness was manifest as a 
lower cadence and reduced range of motion, whereas 
evening recordings often demonstrated asymmetry due 
to fatigue. In contrast, episodic hospital visits could not 
detect such temporal trends, which were demonstrated 
using this wearable system. These longitudinal data 
demonstrated insight into what to expect for the time 
course of symptoms to flare-up, such as increased step-
to-step variability and irregular load distribution patterns 
preceding reported pain escalation. Such patterns can 
be considered early digital biomarkers, offering the 
potential for timely intervention, through exercises or 
modification of therapy. Another advantage of remote 
monitoring was improved patient compliance; users 
found the system to be comfortable and unobtrusive, 
making it easy to integrate smoothly into daily routines.

The correlation between sensor-derived metrics and 
clinical ground-truth assessments illustrated great 
agreement, confirming the accuracy and reliability of 
the proposed framework. The joint angle measurements 
showed high agreement with motion capture reference 
values, while pressure metrics strongly correlated with 
force plate data. EMG signal quality was consistently high 
due to the efficient preprocessing and noise-reducing 
techniques applied, which allowed the extraction of 
muscle activation events with high resolution of both 
timing and amplitude. It was observed that features from 

combined modalities were able to discriminate among 
different OA severity levels significantly better than 
any single modality alone. Feature fusion in particular 
helped to improve the accuracy in the classification of 
monitoring outcomes, especially by fusing gait kinematics 
with loading distribution and EMG activation signatures. 
This demonstrates the efficiency of the system for long-
term disease tracking, thus supplementing the use of 
traditional imaging-based assessments.

Model training yielded promising predictive performance 
regarding OA severity classification and symptom state 
estimation. Specifically, machine learning models 
showed high accuracy in differentiating between 
inter-day fluctuations, early worsening trends, and 
improved mobility after physiotherapy sessions. 
Feature importance analysis identified dynamic stiffness 
estimation, gait variability indices, and quadriceps 
activation delay as the top three most influential 
markers. These findings agree with established clinical 
knowledge but with improved sensitivity afforded by 
high-resolution, continuous measurements. The system’s 
predictions of pain or stiffness episodes have reached 
high reliability, thus giving actionable insight to clinicians 
when optimizing treatment plans. Furthermore, patient-
specific modeling demonstrated better predictive results 
compared to generalized models, which underlines the 
need for individualized monitoring when considering 
chronic musculoskeletal conditions. In summary, the 
findings presented confirm that wearable multisensor 
monitoring systems can offer a comprehensive, real-
time evaluation of knee osteoarthritis progression 
beyond traditional diagnostic limitations. Integration of 
biomechanical and neuromuscular data offers a holistic 
view of joint function, allowing for earlier detection 
of deterioration and more responsive therapeutic 
management. This analysis demonstrates how sensor-
based continuous assessment can significantly enhance 
clinical decision-making, support remote healthcare 
delivery, and empower patients with improved 
awareness of functional status. Its scalability, accuracy, 
and user acceptability make this system very promising 
for transforming knee OA diagnosis, monitoring, and 
rehabilitation both in the clinic and at home.

Conclusion

Overall, the results of the present study show that 
wearable medical sensors for knee osteoarthritis 
assessment and monitoring are a transformational tool 
that surmounts many of the limitations of traditional 
diagnostic approaches. The continuous, high-resolution 
biomechanical and neuromuscular data obtained during 
natural daily movement provide in-depth insight into the 
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dynamism of joint function that is not achievable with the 
use of static imaging tools. Longitudinal measurements 
from IMUs, pressure sensors, EMG electrodes, and 
gyroscopes uncovered early deviations in gait mechanics, 
muscle activation, and the distribution of load, well 
before the development of clinically appreciable 
symptoms, indicative of the potential of this system for 
proactive disease management. Continuous monitoring 
thus allows not only very early detection of functional 
decline but also very personalized interventions, as 
sensor-derived metrics provide clinicians with the 
potential to individualize physiotherapy exercises, 
adjust orthotic devices, or modify treatment plans in 
line with real-world patient performance. Further, the 
demonstrated correlation between sensor-generated 
parameters and clinical ground truths confirms the 
reliability of the sensing system and its appropriateness 
for integration into routine healthcare workflows. 
Multimodal data fusion was of particular benefit, 
increasing overall diagnostic accuracy and allowing more 
accurate delineation between different OA severity 
levels compared to single-modality assessments. These 
results again stress the importance of including patient-
specific sensor analytics, which demonstrated superior 
predictive capabilities and gave insights into each 
individual’s unique disease course.

Besides diagnostic and prognostic gains, the study 
underlines the feasibility and practicality of remote 
OA monitoring through wearable technologies. The 
unobtrusive design and ease of use facilitated continuous 
adherence, hence allowing patients to participate in 
long-term monitoring without interference with daily 
activities. As further support for extended telemedicine 
efforts, this improves access for individuals who may 
face obstacles due to limited mobility or clinical 
resources. In addition, the detection of daily symptoms 
fluctuations allows clinicians to have a better view of 
real-life functional capacity, thus assisting in making 
more informed and evidence-based clinical decisions. 
This represents potential for scalability to broader 
deployment, benefiting diverse populations and 
healthcare settings. Advanced analytics, cloud-based 
processing, and personalized digital therapeutics, 
enabling automated alerts and adaptive rehabilitation 
programs, including predictive modeling of long-
term disease course, can be integrated in the future. 
Conclusively, the study results spell out that wearable 
sensor-based monitoring is likely to be one of the 
important steps forward in knee osteoarthritis 
management, representing a powerful, innovative, 
patient-centered approach to early diagnosis, real-time 
assessment, and improvement in therapeutic outcomes.
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a differential amplifier with an Inverter. All the MOSFETs 

of the MOSFETs was increased to four times of the nominal 
length which has provided the design with a better Noise 
Figure, PSRR, Gain, and CMRR performance.

relAted work

Over decades, the design of a comparator has been 
implemented. With the use of various process technology, 
several researchers have produced a variety of acceptable 
comparator structures for a variety of applications.

Developed a three-stage voltage comparator 
concentrated on improving comparator sensitivity and 
total gain in this design. B. Prathibha et al.[2] suggested a 
three-stage CMOS comparator with a high-speed operation 
to gain a lower static & dynamic power dissipation and a 
smaller offset voltage. Satyabrata et al.[3] compare the 
traditional comparator to the latched and hysteresis-
based comparator. Zbigniew[4] presented the design of 
a comparator for a high-linearity flash ADC, which was 
realized in a 22nm FDSOI process with a 0.8V supply. The 
architecture of a pipelined ADC mismatch insensitive 
dynamic comparator.[5] High-resolution comparators have 
also been designed utilizing offset measurement and 
a cancellation technique involving dynamic latches.[6]  
Consequently, it was suggested to build a dynamic 
comparator with high accuracy and low offset.

This paper focused on the highly linear, low offset 
voltage, high resolution, and low power performance of the 
Comparator. The comparator design given in this paper is 
designed that can be used with flash ADC.

ArchItecture of compArAtor

The comparator circuit is the essential element of every 
ADC. The total performance of the ADC is determined by 
the properties and performance of the comparator. Fig. 
1 depicts the block diagram of the proposed comparator. 
This topology comprises two blocks in it.

• OTA Stage
• Output Stage

Up to the OTA, the stage amplification of analog input 
is performed. Then the buffer stage further amplifies to 
give a level as well as strengthen the OTA OUTPUT signal 
for load driving. After the output buffer stage, a digital 
signal is created on the output side. Fig. 2 depicts the 
schematic of the entire idea.

Fig. 1: Block diagram of the suggested Comparator
Fig. 3: Differential Pair, OTA Stage, and Current Mirror 

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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