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Abstract

The paper provides the design and development of an automated drug delivery wearable Internet of Things (IoT)
device, which uses adaptive machine learning models to achieve optimal drug dosages based on real-time patient
data. The wearable device carries sensors that detect all the vital health parameters, including blood glucose levels,
heart rate and other biomarkers that are specific to the given condition. The adaptive machine learning models
process the received data and constantly modify the drug delivery procedure to provide a patient-specific treatment
that is accurate. They use reinforcement learning algorithms to optimize the dosage and timing dynamically to
enhance the effectiveness of drug administration as a whole. The patient is automatically provided with the
necessary medication delivered by a micro-pump controlled by the device, which reacts to the dynamism of the
health condition of the patient. The suggested solution can improve the medical treatment process by offering a
more specific, better-targeted system of drug delivery, minimizing the factor of human error, and increasing
adherence to treatment. This IoT-powered technology would play a key role in enhancing personalized medicine,
especially in the treatment of chronic illnesses that have been associated with active and flexible provision of
medication.

Keywords: Wearable IoT, Adaptive Machine Learning, Automated Drug Delivery, Personalized Medicine,
Reinforcement Learning, Real-time Health Monitoring, Chronic Condition Management, Precision Drug
Administration.

How to cite this article: Mary PA, Darshan BD, Patra KC, Velmurugan S, Jose JJ, Nathani S. Wearable IoT
Device for Automated Drug Delivery Using Adaptive Machine Learning Models. Int J Drug Deliv Technol.
2026;16(6s): 716-724; DOI: 10.25258/ijddt.16.65.98

1. Introduction The development of technology in the healthcare

Conventional methods of delivering drugs, e.g. oral
drugs or injections, can also present considerable
constraints in terms of accuracy, reliability and
adherence by the patient. Such systems use much
manual modifications and frequent review by medical
practitioners, a factor likely to cause delays, mistakes
and irregularity in dispensing drugs. Such a manual
approach can lead to less than optimal therapeutic
outcomes particularly with chronic conditions that
demand effective and constant delivery of drug[1]. In
addition, such orthodox systems are not proactive but
reactive and are not flexible enough to respond to the
real-time changes in the health condition of the patient.
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industry, especially the use of wearable Internet of
Things (IoT) devices and machine learning, has
allowed ensuring the process of delivering drugs to
individuals in an even more efficient, automated, and
personalized fashion[2]. TIoT devices allow tracking
essential vital parameters of health constantly,
including blood glucose levels, heart rate, and oxygen
saturation, which creates an image of the health of a
patient in dynamic form. At the same time, machine
learning algorithms have the potential to analyze this
information and adjust the process of drug delivery in
order to make it more responsive and adaptable to an
individual approach to the treatment.
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Increased adoption of IoT in the healthcare sector has
brought about dramatic changes in the manner in which
patient data is gathered and used. Such devices allow
observing physiological parameters in real time, which
gives the opportunity to transmit data immediately to
health workers or central systems. The IoT systems can
be utilized to monitor the conditions of patients more
accurately and regularly than ever before; by
constantly collecting information on wearable sensors,
they lower the chances that the monitored conditions
can be attributed to errors posed by manual
monitoring[3]. It is a stream of data providing the
opportunity to implement a set of proactive healthcare
tools, which enhances the overall management of a
patient. Introduction of machine learning models into
this ecosystem has also increased the potential of the
[oT devices. Adaptive machine learning models
particularly ~ reinforcement-based  reinforcement
learning models enable the system to learn on the basis
of real-time data and then alter drug delivery according
the immediate needs of a patient[4]. The flexibility of
this means that the dosage of drugs will always be
optimized and this increases the efficacy of the
treatments and minimizes the risks of either under-
dosing or over-dosing.

The universal solutions that were employed in
personalized medicine are no longer applicable,
particularly when dealing with chronic diseases or
chronic conditions. The conventional drug delivery
solutions do not have the capability of providing real
time solutions to individual patients needs. Adaptive
machine learning models deal with this problem by
always learning on the specifics of the patient and
modifying the dose accordingly[5]. This capacity to
personalize the delivery of drugs in real-time only
increases the accuracy of treatment but also improves
the therapeutic outcomes because each person receives
a drug in the most efficient dose during the appropriate
timing|[6].

The main aim of the current paper is to plan and design
a wearable IoT device to deliver drugs automatically
that includes adaptive machine-learning models that
are able to modify the dosage and timing of the drug
delivery according to real-time patient data. It is a
device developed to offer a customized, accuracy-
oriented method towards medication management to
enhance the treatment results among patients with
chronic diseases that necessitate constant monitoring
and  readjustments  regarding  medication[7].
Incorporating IoT together with adaptive machine
learning, the system would enable the efficient delivery
of drugs that would meet the individual requirements
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of the patients and improve the quality and efficiency
of a treatment process. The proposed device can
transform the systems of drugs delivery where they are
reactive and proactive and more personalized, which
can be efficient and scalable.

2. Literature Review
The IoT wearable devices have transformed medicine
because they allow constant measurements of the
different parameters of health greatly increasing the
management of diseases. There is also the
implementation of devices like heart rate monitors,
glucose meters, and wearable ECG sensors which have
been successful in the tracking of cardiovascular
health, diabetes and other chronic conditions[8,9]. As
an example, the wearable heart rate trackers can be
used at all times to monitor heart rate, thereby
preventing the development of arrhythmias or any
other heart problems. In the same way, insulin pumps,
which are the main pillar in the management of
diabetes, have now been advanced to be more complex
by incorporating IoT technology to provide an
indicator of the exemption of glucose in the blood and
the supply of an insulin in real-time[ 10]. These gadgets
have already proven to be efficient in delivery of real
time information and as such, proactive interventions
can be implemented and the dependence on manual
tracking by the care provider mitigated. The
incorporation of IoT in wearables has enhanced the
involvement of the patient through the delivery of
evidence-based information and reacting to healthcare-
related complications in time, which promotes chronic
disease management. Their popularization proves the
level of their effectiveness in promoting health
outcomes as they will allow implementing timely
interventions and decreasing the number of visits to
hospitals, which will positively impact the quality of
life of patients in the end[11].
Reinforcement learning and neural networks are
machine learning methods which have proven to be
potent in health care adaptive systems. Reinforcement
learning in which systems learn with trial and error by
getting feedback in response to actions is also
becoming a relatively common occurrence in
individualized treatment plans[12]. When applied to
drug delivery, reinforcement learning models can be
used to maximize the dosage of the medication, this
learns by constantly receiving a response of the patient
to the last treatment that was applied. The models allow
real-time changes in the treatment regime, therefore,
making sure that the drug delivery system is modified
to suit the ongoing condition of the patient. Instead,
neural networks have been effectively implemented
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across a global variety of medical tasks, such as
predictive analytics of disease development and
activation of early indicators of abnormalities and
personalized medication administration[13]. With
these machine learning models, it is possible to process
a significant amount of data emitted by wearable [oT
devices and make the right predictions and come up
with unique treatment suggestions in personal
ways[14]. Real-time scalability of the system is
especially important in the healthcare sector because
conditions of patients change very fast, and timely
responses are essential to avoid negative health
outcomes.

The use of automated drug delivery systems, as the
example of smart insulin pumps, is an important
breakthrough in the healthcare sector. There are aimed
at automatically changing the delivery of medication
according to actual measurements of the condition of
the patient. As an example, one can talk about smart
insulin pumps that constantly check the level of
glucose in the body and regulate the supply of insulin,
giving the exact treatment to a patient with diabetes. It
also means that the drug delivery system is monitored
and remotely controlled, which is implemented
through the use of IoT in these devices and allows
healthcare professionals to make better decisions and
they do not need to visit the patients every time[15].
Also, automated drug delivery systems have been
shown to have less workload on patients because
manual adjustments of dosages are eliminated thus
enhancing patient compliance to the given treatment
plans. IoT becomes central to such systems as it allows
recording and sending data in real-time and analyzing
them, thus making the necessary amendments to the
drug delivery process in a timely manner[16]. Such
system development will be a big step towards more
customized and effective healthcare services especially
in chronic ailments where a person requires constant
medication care.

Even with the current innovations in wearable [oT
devices and adaptable machine learning algorithms,
there are a number of issues that are facing
development of automated drug delivery systems. Real
time flexibility of these systems is one of the main
concerns[17,18]. Although IoT devices have a
potential to gather huge volumes of data, it is a
complicated issue to assure that machine learning
models will be able to decipher this information and
alter drug delivery on the fly. Moreover, another
critical problem is the attainment of the required
accuracy in the delivery of drugs. Even minor changes
of dosage may cause unwanted health consequences,
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and especially those suffering chronic illnesses who
need to be on medication regimes. Another important
issue is to make sure automated drug delivery systems
are safe since any failure or malfunction of the system
would be life-threatening. In addition, privacy and
safety of data are another relevant issue in the adoption
of IoT and machine learning in healthcare because
sensitive customer data should be secured against
online attacks[19,20]. The solutions to these gaps will
be necessary in order to achieve the full possibilities of
automated drug delivery systems on the basis of loT
and assure their safe, effective, and reliable application
in practice in the field of healthcare.
3. Methodology

The wearable IoT device will be structured to be
multiple parts that will collaborate with each other to
provide accurate drug administration and continuous
monitoring. The center of the system is comprised of a
number of sensors that are incorporated into the gadget,
including glucose monitors, heart rate sensors,
temperature sensors, among others. These types of
sensors are constantly monitoring the vital signs and
other health parameters of the patient, and give a real-
time representation on the condition of the patient. This
information is sent to the central processing unit of the
device whereby the information is processed by the
adaptive machine learning model. The device has a
drug functioning mechanism e.g. a micro-pump that
can be triggered when precise dosages of the
medication are needed depending on the response that
the sensors get. The model of adaptive machine
learning can adjust the drug delivery mechanism on the
basis of the real-time predictions of the model and
secure the maximum delivery of the drug according to
the needs of the patient at the moment. The sensor
architecture is designed to provide a smooth blend of
sensors, data transmission units, and the drug delivery
itself and allows making decisions and adapt the
system to the patient state in real time.
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Figure 1: System Architecture of the Wearable [oT
Device for Automated Drug Delivery

The IoT model used in the patient data monitoring is
based on a powerful architecture that supports a data
collection, processing, and transmission. The sensor of
the device captures the important data points that
include blood glucose concentration, heart rate and
oxygen saturation which are essential in determining
the dosage of medication required. It is sent through
communication protocols like Bluetooth, Wi-Fi or
LoRa to a central processing unit either in the device or
in a remote location in a cloud-based server. With the
[oT system, the data is conveyed with the least amount
of latency implying real-time monitoring and
modifications. Bluetooth is primarily employed in low-
range communication that consumes less power
whereas Wi-Fi or LoRa are utilized in connection over
a long distance. This system of
communication units and processing units provide that
patient information is constantly monitored and
analyzed allowing proceeding to be made, as needed.
The remote monitoring and adjustment can also be
done through the use of these communication protocols
whereby healthcare professionals can monitor and
adjust the conditions of the patient at all times.

Figure 1. demonstrates the system structure of the
wearable [oT gadget that will be automated in terms of

S€nsors,

drug delivery. Wearable device combines different
elements, such as drugs delivery system,
communication devices, and sensors. The sensors take
continuous measurements of key vital health
parameters, including blood glucose levels, heart rate,
and temperature and send the measurements in real
time to the central processing unit (CPU) using
communication protocols like Bluetooth, Wi-Fi or
LoRa. The adaptive machine learning models that are
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stored in the CPU take the data and make real-time
decisions concerning drug delivery. Depending on the
condition of the patient, the administration method,
including a micro-pump delivers the correct
medication dosage to varying degrees and at different
points in time. The sensors have a feedback loop and
this means that there is constant monitoring of the
patients and the system is able to adjust the drug
delivery with every change in the health of the patient.
This is a closed-loop system whereby there is the
ability to administer drugs with high accuracy,
personalization and automation, maximizing treatment
results.

The adaptive machine learning models applied to this
system are expected to process the real-time
information supplied by the class of IoT sensors and
provide accurate changes to the drug delivery
procedure. Reinforcement learning (RL) is chosen
because it can learn new things when interacting with
the environment and can change the decisions
according to the feedback. Through this instance, the
RL model acquires the optimal drug delivery strategy
by getting real-time information of the sensors and
adjusting it accordingly to patient feedback response.
Moreover, complex patterns in the data that cannot be
predicted with high accuracy are processed by deep
learning models, specifically neural networks, which
enables making a more accurate prediction of the needs
of the patient. The training of these models is done
based on the past patient data in clinical trials or data
gathered with similar devices. This historical data is
used as a training set, according to which the models
get to know the correlation between the physiological
data of a patient and the drug dosages needed. The
interaction of the model with new patient data provides
continuous evaluation and improvement of the
performance of the model, whereby drug delivery is
optimized to suit each person.

Drug delivery mechanism involves the usage of a
micro-pump to deliver medications to the system
controlled by adaptive machine learning model.
Depending on the kind of drug a patient needs, such as
insulin to manage diabetes or other drugs that treat
chronic cases, the device is capable of delivering them.
The information received by real-time data on the
wearable sensors determines the dosage and time of
drug delivery. To give an example, the system can
change the dose of insulin regarding the level of
glucose in the blood of the patient and only in case the
drug is necessary. The machine learning model
constantly evaluates the data and modifies terms of
delivery, e.g., the dose of drug and the time of taking it
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so that the patient always gets an optimal dose at the
appropriate time. The sensors provide feedback, which
enables the system to keep an eye on the effects of the
drug and modify the following dose in a closed-loop
system to deliver drugs continuously. This will make
sure that the condition of the patient is efficiently
treated and that there is less chance of overdosing or
underdosing and a better overall effect of the treatment.
4. Experimental Setup

The proposed wearable device is an Internet of Things
(IoT) product that utilizes both advanced hardware and
software to enable the constant monitoring of the
patients and automated administration of medications.
The hardware comprises of glucose monitors, heart rate
monitors and temperature monitors which are
integrated in the device to take the real time vital
physiological readings.

This figure.2. represents the experimental architecture
that was applied in the design, testing, and validation
of the wearable IoT device in the automated delivery of
medications. The wearable gadget is made up of some
of the major features, which combine together to
deliver real-time tracking and accurate medication
dispensing. The sensors, such as the glucose monitors,
heart rate sensors and temperature sensors are
continuously used to collect data about the patient. This
information is passed through the central processing-
unit (CPU) on the device and this information is acted
upon through adaptive machine learning models to
provide real-time decisions on the drug delivery. The
machine learning tools including reinforcement
learning and deep learning process the sensor data and
modify the drug dose and time according to the current
state of the patient. A micro-pump mechanism is also
built in, which ensures provision of the necessary
dosages of drugs, which gives a controlled and accurate
form of giving medications. Adaptive machine
learning algorithms, including reinforcement learning
algorithms and deep learning models, are part of the
software side and takes the data provided by the
sensors. These algorithms are set up to keep on learning
and changing the drug delivery parameters according
to real-time feedback, guaranteeing individual
treatment of the patient. A control system is created to
control the general working of the device and to
coordinate the way the sensor data deployment,
transmission and decision making is done. The system
has been chosen to be energy-efficient and minuscule
so that the wearable technology is wearable and
comfortable to be used over a long time, and the
performance is needed so that the wearable device can
be utilized to deliver the drug effectively.
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Figure 2: Experimental Setup of the Wearable loT
Device for Automated Drug Delivery

The collection of data is important in educating the
machine learning models applied in the device. The
dataset is based on clinical trials, simulations in
patients and laboratory experiments. In clinical trials,
the data is obtained using actual patients with given
chronic illnesses like diabetes or cardiovascular
diseases so that the machine learning models will also
be trained on real-world conditions. Simulations of the
patient are organized in closed quarters as various
health parameters are measured and it is possible to test
the system in different settings and to gather a great
number of data. Experiments in the laboratory are also
taken where artificial data is used, artificial conditions
of patients, to complement the real patient data. Their
joint data is utilized to educate the adaptive machine
learning models so that they could identify the trends
in the health data and revise the drug delivery process
accordingly. The measurements done are in real-time
of the blood glucose level, heart rate, and other
pertinent biomarkers, and the reaction of patients to
various doses of medicine. The historical information
of such sources allows the models to learn and enhance
their predicting capability as well as readjusting the
drug dosages depending on the health situation of a
particular patient.

The development stage of testing and validation of the
wearable IoT device is critical to determine whether it
is effective and safe in the real life. The machine is
subjected to rigorous simulations during the first stage
to test the performance of the machine according to
several hypothetical conditions. These simulations are
intended to verify the worth of the device to determine
whether it is accurate in monitoring health parameters,
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data transmission, and change of drug delivery based
on a simulated change in patient health. After the
successful simulations, the device is reviewed in
patient testing, whereby actual patients use the device
in a controlled situation. In this type of trials, the
machine learning adaptive models are evaluated as
capable of responding to real-time modifications of the
drug delivery process in consideration of the health
information of the patient. The trials will aid in
revealing the possible problems like delays in data
transmission, errors in calculating drug dosage, or
inaccuracy in sensor reading. These trials are also
tested to obtain the input that is utilized in debugging
both the actual hardware and the software that makes
up the device. Lastly, the device is subjected to real-
time testing where the patients are fitted with the device
in real life scenarios to determine their useability,
comfort and their capability to continuously deliver
drugs in an automatic manner. The step also evaluates
the scalability of the system, where the models of
machine learning will be in place to respond to the
changes in the condition of the patient efficiently. The
findings of such tests are employed in trying to further
customize the device so that it creates precision,
efficiency and safety in delivery of drugs to an
extensive variety of medical conditions.

5. Results and Discussion

The effectiveness of the wearable IoT device under
real-time experiments was measured by determining
the precision and flexibility of the adaptive machine
learning models to forecast the demands of drug
delivery. Closely followed was the functioning of the
system to moderate drug dosages using real time sensor
feedbacks like blood glucose levels and heart beats etc.
As Figure 3 depicting simulated blood glucose levels
over time indicates, the device could accurately trace
the changes in glucose levels which are characteristic
of patients with diabetes. Figure 5 that displays the real
time variability of the drug dose depending on sensor
data demonstrated that the adaptive machine learning
models that were applied in the system were capable of
altering the drug dosage according to these changes.

The IoT device proved to be more adaptable and
efficient with respect to traditional ways of drug
delivery, e.g., manual insulin injections or fixed dose
pump, which is represented by the results of the IoT
device. Conventional systems are based on fixed doses
that may be either under-administered or overdose its
medicine whereas the IoT device was dynamically
changing the doses based on the fluctuating state of the
patient. Time-saving and accuracy of data analysis and
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decision-making of the device led to a more accurate
and timely manifestation of the drug intake, which
minimized the possibility of adverse events including
hypoglycemia or hyperglycemia. The comparison is
also highlighted in Figure 6, it is demonstrated that
sensor data prior to the drug delivery and after the drug
delivery also show a larger decrease in glucose levels
after the drug delivery by the IoT device than the one
after the traditional methods.

The system was also tested concerning other solutions
based on the IoT, i.e., smart insulin pumps. Although
the invention of smart pumps has made them automate
the delivery of insulin, they are usually based on
preprogrammed algorithms, with set
correction,
Instead, the IoT device showed that it was capable of

factors of
and thus, cannot adapt dynamically.

learning and will constantly change, which is reflected
through the data presented in Figure 7 in which the
predicted and actual dosages were juxtaposed. This
allowed the adaptive machine learning model to make
better predictions and have timely adjustments as

opposed to the traditional systems.
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A number of challenges were experienced at the

development and testing stages. The issue of sensor
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calibration was among the major challenges because
the precision of the information gathered by the sensors
including glucose sensors and the heart rate sensors had
to be keenly verified to guarantee credible data to feed
the machine learning models. Any sensor error in
diagnostics would seriously impact the work of the
drug delivery system. Another issue was real-time
decision-making since the adaptive models needed to
be able to process and act on the data at the speed that
would guarantee the timely delivery of the drugs. It was
important to make sure that the system was capable of
varying doses of drugs with minimum lag time to keep
the patients safe and treated. The other important issue
was the one concerned with the privacy and data
security. Patterns in broadcasting of highly personal
information about patients, e.g., glucose level and heart
rate, aroused the issue of possible data breaches. The
transmission and storage of the data with the privacy of
the patients was a complicated matter that had to
implement the effective encryption and adherence to
the guidelines of the healthcare data protection.

On a deeper examination of the outcomes, it became
evident that the device worked well with different
patient conditions. The system, as illustrated in Figure
3, was able to perform strongly in monitoring the level
of glucose even in cases where the measurements were
affected by meals, exercise, or medication. The
machine learning model of adaptive control was able to
fit the drug dosage according to these real changes so
that the patient is delivered the appropriate dosage of
drugs at the appropriate time. Figure 4 representing a
line graph of heart rate variation with time further
substantiates the capacity of the system to adjust to
physiological impacts, including stress or activities
needs of the drug. In the case where the device was
tested in various conditions like the varying health
conditions of patients or types of different drugs, the
machine was able to adjust the drug delivery properly
as illustrated in Figure 5. The fact that the system could
react to dynamic health parameters with real time
feedback enabled more precise delivery of the drug as
opposed to the traditional fixed dosage regime systems.
In the practice testing conditions depicted in Figure 6
where sensor data was measured both the pre-drug
delivery and post-delivery, the IoT device proved to
have a higher degree of efficacy in normalizing the
levels of glucose in the body than traditional systems
which lack such a degree of adaptability. The Al
models applied to the device were able to give real-time
analysis by changing dosages based on the condition of
the patient. Finally, the mistake in the planned drug
dosages as shown in Figure 8 indicated that the

Page: 722



Wearable loT Device for Automated Drug Delivery Using Adaptive Machine Learning Models

machine learning models were still doing great work
although there was room to further improve. The
observed error of the predictions was insignificant but
suggested the possibility of another correction of the
models, particularly to the consideration of rather rare
or excessive conditions of patients. Regardless of this,
the device demonstrated a higher performance of
providing more accurate dosages compared to
traditional methods of providing dosages or other IoT-
based solutions.
6. Conclusion
In conclusion, the automated drug delivery wearable
device created during this paper has been able to
illustrate the possibility of using adaptive machine
learning models combined with real-time sensor
information in providing personalized healthcare. The
levels of the device during real time experiments
revealed that it could effectively monitor parameters
pertaining to the health of patients and modify their
dosages in response to changes in the heart rate and the
glucose levels. In particular, the prediction in the
adaptive model that leads to the more precise dose of
drugs use, in turn, leads to better treatment results as
opposed to traditional systems. The feedback of real-
time feedback and constant adjustment to the current
conditions of the patient was a major breakthrough in
the automation of drug delivery. Nevertheless, there
are still some issues to be overcome including the issue
of sensor calibration or data privacy. Further
development of the machine learning models to
minimize sources of prediction errors and increase
system robustness to treat more complex health
conditions is the work of the future. Also, the
comprehensive increase in the applicable scope of the
device to more diseases and medications, as well as
enhancing data safety measures, will play a critical part
in ensuring the successful insertion of this instrument
into the actual practice of healthcare settings. The study
preload the foundation of the third generation of IoT-
based, adaptive drug delivery systems, which has
positive prospects of personalized medicine.
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