
 
 
RESEARCH PAPER 

 IJDDT Volume 16 Issue 69s 2026 Page: 1551 

ZEPHYR RTOS SMARTWATCH FOR EARLY 
CANCER SCREENING AND WOMEN'S 

REPRODUCTIVE HEALTH MONITORING 
 

Pritiga S1, Ragavi O2, Santhiya B3, Ms. Vishnulakshmi K4 
1Department of Biomedical Engineering, Dr.N.G.P. Institute of Technology, Coimbatore, Tamil Nadu. 

Email: 22bm040@drngpit.ac.in 
2Department of Biomedical Engineering, Dr.N.G.P. Institute of Technology, Coimbatore, Tamil Nadu. 

Email: 22bm041@drngpit.ac.in 
3Department of Biomedical Engineering, Dr.N.G.P. Institute of Technology, Coimbatore, Tamil Nadu. 

Email: 22bm046@drngpit.ac.in 
4Department of Biomedical Engineering, Dr.N.G.P. Institute of Technology, Coimbatore, Tamil Nadu. 

Email: vishnulakshmi@drngpit.ac.in 
*Corresponding Author: Ms. Vishnulakshmi K, Department of Biomedical Engineering, Dr.N.G.P. Institute of 

Technology, Coimbatore, Tamil Nadu. 
Email: vishnulakshmi@drngpit.ac.in 

1. ABSTRACT 

The research presented here describes the concept and design of a smartwatch that monitors women's reproductive 
health and aids in early cancer diagnosis using the Zephyr real-time operating system (RTOS). In a compact wearable 
form the device integrates several biomedical sensors, intelligent AI-based data processing and safe cloud 
communication. Its objective is to continuously monitor vital bodily signals without causing discomfort so that users can 
identify health issues early and take prompt action or the healthcare providers could assist them. 

Zephyr RTOS is the primary operating system where it allows for real-time computing and it has minimal power 
consumption and also helps in multitasking. The smartwatch can rapidly read sensor data and spot changes due to the 
characteristics of this operating system. Additionally, Zephyr has security features that assist safeguard private health 
data transferred to the cloud or saved on the watch which has built-in storage in it. 

The smartwatch makes use of biosensors relevant to women's reproductive health which includes temperature 
sensors, heart rate monitors and ECG electrodes. These sensors take the body's vital signs and look for trends that can 
indicate early cancer or reproductive problems. Temperature fluctuations, irregular heartbeats or changes related to the 
menstrual cycle and hormonal balance for instance may indicatepotential health hazards. In order to find anything out of 
the ordinary the device's AI algorithms examine these signals and contrast them with typical data patterns which is 
already available and helps in interpretations. 

The smartwatch can securely store the data online via cloud and share it with physicians when necessary. This 
enables the system to link with more extensive healthcare systems enabling remote monitoring and aids the 
physicians in tracking long-term trends. Additionally, it facilitates future improvements like expanding AI-based 
analysis or connecting directly to medical records for direct examination of the patient's data. 

The smartwatch's overall goal is to enhance women's health by facilitating with ongoing health monitoring and 
early detection of critical illness. It empowers women to take charge of their health and promotes prevention. The 
smartwatch is therefore a promising development in wearable medical technology. 
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2. INTRODUCTION 

The wearable technology can monitor the 
body's vitals in real time and assist people in 

taking preventative care of their health it is becoming 
a vital 

tool in personal healthcare. These gadgets make it simpler 
for people to monitor their daily health as healthcare 
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becomes they are more individualized. There is a 
great demand for a straightforward, dependable and 
specialized solution in women's health, particularly in 
areas like cancer screening and reproductive health. 
Early monitoring can help manage issues like 
irregular periods, infertility, PCOS, PMS and early 
indication of breast or cervical cancer. 

The majority of smartwatches in the market now 
concentrate on general fitness functions like heart rate 
monitoring, step counting and sleep tracking, which is 
useful for normal health tracking, these characteristics 
fall short of meeting the unique health demands of 
women. They lack sensors and features that can 
monitor the particular hormonal changes that women 
go through. 

This study proposes a new smartwatch built on the 
Zephyr real-time operating system (RTOS) to address 
this issue. This wristwatch was created specifically 
with women's health in mind, where It has 
sophisticated sensors that measure critical signals 
associated with reproductive health. It can monitor 
menstrual cycle patterns, hormonal fluctuations and 
symptoms associated with PCOS and PMS. The 
smartwatch can provide women with valuable health 
insights and assist them in identifying early indicators 
of problems by continuously gathering and evaluating 
this data. 

Additionally, the smartwatch aids in the early 
identification of breast and cervical cancer risks. It can 
detect anomalous bodily changes that might indicate 
the early stages of these tumors with the aid of 
specialized sensors and AI-based analysis. Monitoring 
is done in real-time and it is non-invasive which helps 
identify issues earlier, increasing the likelihood that 
treatment which will be successful. 

The smartwatch is reliable and effective due to the 
Zephyr RTOS. It enables the device to efficiently 
manage numerous tasks like processing the data in 
real-time and use power wisely. Additionally, it 
facilitates safe connectivity with cloud services for 
remote medical assistance and more in-depth data 
analysis using the AI. 

In summary, wearable technology for women's 
healthcare has advanced significantly with this Zephyr 
RTOS-based smartwatch. It gives women a useful tool 
to better understand and control their health by 
providing continuous, safe and specialized monitoring 
for reproductive health and early cancer diagnosis. 

3. METHODOLOGY 

EXISTING SYSTEM 

In recent years the wearable technology has 
developed quickly to become an effective tool for 
individualized treatment. They now make it possible 
to monitor health metrics continuously and in real 
time, increasing people's awareness and control over 
their health. A move towards preventive healthcare 
where possible issues can be found early rather than 
after symptoms increases, which is possible due to this 
advancement. Consequently, wearable technology is 
starting to play a significant role in early diagnosis and 
increases the efficiency of health care. 

Continuous and individualized monitoring is very 
beneficial for women's health. Menstrual 
abnormalities, fertility issues, PMS and PCOS are 
examples of reproductive health issues that frequently 
call for long-term monitoring in order to identify odd 
trends or early indicators of imbalance. Regular 
monitoring of physiological changes is also essential 
for early identification of cervical and breast cancer. 
Although clinic visits have historically been used to 
monitor these conditions, wearable technology now 
gives women access to real-time health information at 
any time, increasing the likelihood of early 
intervention of these discase. 

Despite these requirements, the majority of 
smartwatches in the market today primarily track 
general fitness providing simple metrics like heart rate, 
steps and sleep quality. Although these features are 
useful rather, they are not made to specifically meet 
the needs of women's reproductive health. The 
majority of commercial devices lack the specific 
sensors needed to monitor fertility signals, menstrual 
cycle fluctuations, hormonal changes and other 
intricate signs. Because of this, women frequently do 
not obtain the kind of continuous and specialized 
monitoring required to comprehend their reproductive 
health. 
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In order to close that gap, this paper presents a 
smartwatch with a particularly focus on women's 
health which is based on the Zephyr real-time 
operating system (RTOS). The smartwatch has 
sophisticated biomedical sensors that can monitor key 
indications of reproductive health which include 
hormonal changes, menstrual cycle patterns, fertility 
related indicators and early signs of diseases including 
PCOS and PMS. The gadget assists women in seeing 
small changes that could point to possible health issues 
by continuously gathering and evaluating these 
measurements through AI. 

The smartwatch offers early detection of breast 
and cervical cancer threats in addition to reproductive 
health. The gadget can spot odd patterns or early 
warning indicators that can indicate impending 
problems by using specialized sensors and AI-driven 
analysis. Early detection of these abnormalities can 
significantly enhance therapy which has positive 
results. Zephyr RTOS helps with real-time data 
processing, effective task management with minimal 
power consumption making the smartwatch 
appropriate for daily usage. 

The suggested smartwatch offers a complete and 
customized health monitoring system for women by 
fusing continuous sensing, intelligent data processing 
and secure communication. It enhances access to 
preventive care, aids early diagnosis of problems and 
provides users with insightful information about their 
reproductive and general health. This strategy offers 
women a dependable and accessible tool to better 
understand and manage their health marking a 
substantial advancement in wearable technology. 

SYSTEM ARCHITECTURE AND SENSOR 
INTEGRATION 

The lightweight, modular designed smartwatch 
has system architecture guarantees seamless 
functioning throughout continuous monitoring. The 
Zephyr real-time operating system (RTOS) manages 
all internal functions such sensor data gathering, task 
scheduling, power management and communication 
which is the center of the architecture. Zephyr's 
multitasking capability enables the device to do 
multiple tasks simultaneously without interruption and 
guaranteeing accurate and prompt bio-signal 
gathering. The design is divided into layers that 

manage communications, hardware control, signal 
pre-processing and AI-based analysis allowing the 
smartwatch to function effectively while using less 
energy. 

A variety of biological sensors such as 
temperature, HRV, GSR, SpO2 and pH sensors are 
integrated into the hardware layer and integrated to the 
microcontroller via the proper analogue or digital 
interfaces. These sensors continuously gather 
physiological data of the user including skin 
conductivity, oxygen saturation, stress level and 
metabolic changes. The Zephyr RTOS guided 
microcontroller makes sure that every sensor is 
sampled at exact intervals where the raw data is 
cleaned, filtered and ready for analysis. while 
processing many sensor readings at once the 
interpretation of bio-signals improves which brings 
accuracy and avoids data loss. 

The internal AI engine pauses the processed data 
and analyses the signals to find patterns, spot 
anomalies and contrast the present readings with the 
user's usual health trends. Long-term data storage and 
remote access for medical professionals are made 
possible by secured cloud connectivity, whereby the 
communication layer employs Bluetooth which takes 
less energy to send data to the mobile application. By 
using this design the smartwatch creates a dependable 
and intelligent health monitoring system by 
maintaining a constant flow of data from sensor 
collecting to AI interpretation based on user input. 

REAL-TIME DATA ACQUISITION AND 
ANALYSIS 

The Zephyr RTOS powers real-time data 
collecting in the suggested smartwatch which 
guarantees that every sensor is sampled at precise and 
regular intervals. The biosensor that measure pH, 
temperature, HRV, GSR and SpO₂, continuously 
captures physiological signals and transmits them to 
the microcontroller for instant processing. 
Deterministic timing is used by the RTOS to manage 
these operations hence avoiding any delays or overlaps 
that can compromise the accuracy of the data which is 
acquired because of this methodical approach, the 
smartwatch can accurately record even minute 
changes in health. 
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Before being examined by the embedded AI 
algorithms, the raw signals are filtered, normalized 
and feature extracted. In order to identify anomalous 
patterns, peculiar variations or health hazards where 
this model assess the processed data in real time. When 
the system detects any anomalous patterns, it instantly 
notifies the user and if authorized it sends messages to 
physicians for additional assessment. The 
smartwatch's overall dependability and utility in 
healthcare applications are improved by the 
combination of real-time acquisition and intelligent 
analysis which permits continuous monitoring, early 
detection of problems and prompt intervention. 
 

Fig 1 Block Diagram 

REQUIREMENT ANALYSIS AND OBJECTIVE 
DEFINITION 

The first step in creating a smartwatch for 
women's health monitoring is determining the precise 
medical and technological requirements that are not 
met by current wearable technology. Menstrual cycles, 
hormonal changes, stress levels, fertility indicators and 
early warning signals of reproductive health issues are 
all physiological changes that women need to be 
continuously monitored. The sophisticated biological 
sensing required to identify minute alterations linked 
to diseases like PCOS, PMS or early-stage 
malignancies is not available in current smartwatches. 
In order to provide long-term data gathering, user 
comfort and secure management of sensitive health 
information due to this, the system must have precise, 
non-invasive sensors that can monitor different bio-
signals. These specifications emphasize the necessity 
of a platform that facilitates accurate processing, real-
time data collection and significant health insights 
designed especially for women. 

The main goal of the smartwatch is to provide a 
complete, intelligent and ongoing monitoring solution 
for women's reproductive health based on these needs. 
Through AI-driven analysis the device seeks to 
identify early anomalies which help people 
comprehend their physiological patterns and facilitate 
prompt medical intervention. Establishing a seamless 
environment where the smartwatch, companion 
mobile app and cloud platform collaborate to offer 
tailored feedback, trend visualization and remote 
interaction with medical specialists is another primary 
goal. By achieving these goals, the system hopes to 
provide women with a preventive healthcare tool that 
improves early diagnosis, aids in day-to-day health 
management and boosts long-term wellbeing. 

SYSTEM DESIGN AND DEVELOPMENT 

The main focus point of the system design is to 
create a small, energy efficient smartwatch that can 
continuously monitor biological signals without 
interfering with daily activities. The Zephyr RTOS 
based microcontroller which controls real-time data 
processing and organizes all sensor inputs which is the 
central component of the hardware. To guarantee 
precise readings while preserving a long battery life 
each biomedical sensor is connected to the main 
controller via optimized, low-power interfaces. In 
order to facilitate smooth connectivity with external 
devices the hardware layout also has integrated 
wireless modules, power regulation units and local 
memory for temporary data. Reliability, low energy 
consumption and the capacity to manage several 
sensing tasks at once are given top priority in the 
overall design. 

In order to provide deterministic task execution 
and continuous data flow from sensors to the processor 
unit's firmware optimised for Zephyr RTOS must be 
created during the development phase. Before data is 
synced externally, anomalies can be detected early 
thanks to embedded AI models that analyse bio-signals 
directly on the device. To display insights, long-term 
trends and send timely user alerts a companion mobile 
application is created. Cloud connectivity allows for 
safe data storage, remote physician access and ongoing 
AI algorithm improvements. The wristwatch develops 
into a reliable real-time health monitoring device 
designed to help early diagnosis and individualised 
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healthcare for women as a result of this combined 
design and development process. 

4. RESULT AND DISCUSSION 

Although the prototype is still in the early stages 
of development the preliminary hardware evaluations 
and simulations have yielded positive results. 
Temperature, heart rate variability, galvanic skin 
response, SpO₂ and pH levels are among the important 
bio-signals that the system has successfully 
demonstrated steady and precise capture of the listed 
bio-signals. The reliability of the sensing module's 
integration with the Zephyr RTOS environment is 
confirmed by these preliminary testing. Additionally, 
preliminary validation demonstrates that the 
embedded AI models are capable of identifying 
unusual patterns associated with menstrual health 
including cycle fluctuations, hormonal changes and 
early signs of diseases like PMS or PCOS. 

The prototype has the ability to detect minor 
changes linked to increased cancer risk especially for 
breast and cervical malignancies in addition to 
monitoring reproductive health. Even when the 
changes are slight the AI-driven systems have the 
ability to evaluate sensor data and identify departures 
from typical trends. This implies that in contrast to 
conventional periodic clinical examinations which 
frequently rely on manual observation and self-
reported symptoms where the continuous monitoring 
in conjunction with real-time data analysis can help 
earlier detection. 

A discernible improvement in the early diagnosis 
of cancer and reproductive disorders is one of the 
anticipated outcomes of the fully developed system. 
The smartwatch reduces diagnostic delays and 
improve access to proactive healthcare by decreasing 
reliance on routine clinical examinations and manual 
tracking. Women in underserved or rural areas where 
the access to specialized medical care may be 
restricted will particularly benefit from this device. 
Long-term data preservation and analysis also give 
consumers dependable health patterns that would be 
challenging to manually monitor ana analyze. 

By providing continuous, non-invasive and 
intelligent health evaluation the suggested smartwatch 
has the potential to revolutionize women's health 

monitoring. Through the integration of cloud enabled 
accessibility, AI-driven analysis and real-time sensing 
the system seeks to assist early medical intervention 
and give women greater control over their personal 
health. By spotting health issues early, this strategy not 
only improves preventive healthcare but also helps to 
improve clinical results and early diagnosis. 

The prototype shows great promise for enhancing 
user engagement and long-term adherence to health 
monitoring in addition to its diagnostic advantages. 
According to early usability feedback the users are 
more motivated to regularly monitor their reproductive 
health when they receive real-time feedback, clear 
notifications and tailored insights. The technology 
helps users by helping with better understanding in 
their body rhythms by visualizing long-term patterns 
and connecting daily bio-signals with symptoms or 
lifestyle concerns. This leads to a more proactive and 
educated approach to health management which is 
particularly beneficial for illnesses that develop 
gradually and necessitate ongoing monitoring for 
demise detection. 

Additionally, the accuracy and flexibility of the 
system are improved over time by the use of cloud-
based analytics. The AI models can be improved to 
identify a greater variety of changes in the acquired 
signals by the sensors and health trends as additional 
data from various users becomes accessible. This 
method of continuous learning makes detection of 
minor changes in signals more reliable and enables the 
system to adapt to different biological profiles. By 
offering anonymized datasets that support studies 
pertaining to women's reproductive health and early 
cancer prediction and the platform eventually aid in 
extensive health research. This wider impact 
demonstrates the system's potential as a useful 
instrument for promoting medical research and 
enhancing community health outcomes in addition to 
serving as a personal health gadget particularly for 
women. 



 
 

ZEPHYR RTOS SMARTWATCH FOR EARLY CANCER SCREENING AND WOMEN'S 
REPRODUCTIVE HEALTH MONITORING 

 IJDDT Volume 16 Issue 69s 2026 Page: 1556 

 

 

Fig 2 Smartwatch 

5. FUTURE SCOPE 

This smartwatch system's future potential 
involves enhancing its sensing capabilities to record a 
greater variety of biochemical indicators associated 
with women's health. Future versions may incorporate 
non-invasive hormonal sensing technologies to 
monitor biomarkers including cortisol, progesterone 
and estrogen offering more profound understanding of 
irregular period cycles, fertility patterns and stress-
related alterations. The precision and scope of health 
monitoring could be improved in future by adding 
sensors for skin conductivity, hydration levels and 
glucose trends. These developments would enable the 
gadget to serve as a more complete platform for 
continuous and individualized health evaluation. 

Using more sophisticated AI models to improve 
device intelligence is another possible aspect. Future 
iterations might incorporate adaptive machine learning 
algorithms that automatically improve forecasts over 
time by learning the individual physiological baseline 
of each user. Early diagnosis of reproductive 
abnormalities, stress patterns and precancerous 
alterations can be greatly enhanced by this 
personalized learning technique. Federated learning 
integration may also allow AI advancements across 
user groups without jeopardizing privacy, making the 
system increasingly more intelligent and dependable 
when used in real-world scenarios. 

Additionally, the system can develop to facilitate 
stronger connectivity and clinical integration. 
Clinicians would have easy access to real-time health 
data through secure synchronisation with hospital 
systems, telemedicine platforms and electronic health 
records.  This  could  facilitate  early  medical 

intervention, continuous care planning and remote 
diagnostics without necessitating frequent hospital 
stays. Its importance in continuing illness management 
and preventative healthcare may be further 
strengthened by features like clinician dashboards, 
automated health reports and long-term trend 
analytics. 

More broadly, by combining anonymized data for 
population-level analysis the smartwatch platform 
might support extensive studies on women's health. 
Such datasets may yield insights that can direct public 
health initiatives, enhance diagnostic algorithms and 
reveal new health patterns. Future iterations of the 
smartwatch may be lighter, more robust and able to run 
for longer periods of time with less charging as flexible 
electronics, small sensors and energy-efficient CPUs 
continue to progress. All things considered the system 
has the potential to develop into a reliable, intelligent 
and long-term partner for women's preventive and 
individualized healthcare. 

Future developments concentrate on developing 
the smartwatch into an ecosystem that is compatible 
with other wearable and implantable medical devices. 
The system might incorporate data from smart rings, 
fitness bands, biosensor patches and home diagnostic 
kits by enabling consistent data exchange protocols. 
Higher accuracy and dependability in multiparameter 
health monitoring would be possible with this 
network. Such an ecosystem can provide clinicians 
with richer datasets, empower users with detailed 
insights and eventually open the door to a fully 
integrated AI-driven digital health environment by 
making the diagnosis easy, efficient, accurate and 
precise. 

6. CONCLUSION 

Through sophisticated and continuous 
physiological tracking, the suggested smartwatch 
based health monitoring device shows great promise 
for improving women's healthcare. Proactive health 
management is made possible by the system's 
integration of multimodal sensors, real-time data 
processing and AI-driven analytics. The smartwatch is 
positioned as a useful tool for early identification and 
prompt intervention due to its capacity to monitor 
parameters linked to menstrual health, hormonal 
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activity and early signs of reproductive diseases like 
PCOS or PMS. 

The creation of this system also demonstrates the 
revolutionary potential of wearable technology in 
closing accessibility gaps, particularly for people 
living in distant or underdeveloped areas. Reliable bio-
signal acquisition and personalised health insights let 
people better understand their health and make timely 
care decisions. The system has the potential to become 
a crucial part of upcoming digital healthcare 
ecosystems as it develops, adding sophisticated 
algorithms, more extensive sensor integration and safe 
data sharing methods. 

In the end, the study highlights how crucial it is to 
integrate biomedical engineering, embedded systems 
and artificial intelligence to develop novel solutions 
that tackle pressing health issues. The smartwatch is a 
step towards more preventive and inclusive healthcare 
that improves women's reproductive health outcomes. 

By normalizing continuous data-driven 
monitoring as part of everyday health management, 
this smartwatch concept's continued evolution also 
demonstrates its potential to transform preventative 
healthcare. The technology can aid in the creation of 
more precise predictive models that can recognize a 
variety of new health hazards as it develops and 
collects bigger datasets. This advancement positions 
the gadget as a fundamental tool for upcoming digital 
health ecosystems that put an emphasis on early 
intervention, individualized care and better long-term 
health outcomes. 
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