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Abstract

The adaptation technology of drug delivery can be transformed with the union of Machine Learning (ML) and
Internet of Things (IoT)-based signal processing. He or she discusses an original idea that uses predictive analytics
offered by machine learning algorithms and combines it with real-time monitoring via the use of the IoT to devise
dynamic and adaptive drug delivery systems. Such systems are created to help maintain drug doses constantly
depending on the real-time physiological information, which improves the accuracy of treatment and leads to
better patient outcomes. The paper also involves the use of IoT-based sensors to collect data continuously (e.g.,
blood glucose levels, blood pressure, etc.), and the use of ML tools (e.g. reinforcement learning, regression model,
and a neural network), to predict the optimal dose and change the delivery accordingly. Experimental simulation
results indicate that the proposed system is effective in terms of drug levels and in-current therapeutic range
maintenance, and drug administration efficiency and mitigation of adverse effects. The results indicate that [oT
and ML integration have a great potential to add more personalized, efficient, and safe therapy to patients.
Keywords: Machine Learning, Internet of Things (IoT), Signal Processing, Adaptive Drug Delivery, Real-Time
Monitoring, Personalized Medicine, Predictive Analytics, Drug Dosage Optimization, Healthcare Innovation,
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1. Introduction the vigilant exposure to drugs and the need to monitor

Proper and effective dosing of patients has been a
major issue in classical drug delivery systems. Such
systems are usually set to give a routine dose of
medicine at a set period no matter how the
physiological conditions of the patient vary[l]. The
style has weaknesses of providing an individualistic
form of attention to each patient and in most cases has
played out to be flawed in terms of under-dosing or
overdosing, which in this context is not a good thing. It
becomes particularly troublesome when using non-
precise ways of delivering drugs to patients with
chronic illnesses or undergoing therapies that demand

the drug levels effectively or to patients who react to
drugs differently due to their age or genetic
predisposition, and other comorbidities[2]. As an
example in diabetes treatment, the dosage of insulin
should be adjusted to each patient in relation to the
changes in blood glucose and in the treatment of cancer
then the dosage of chemotherapy should reflect the
effects that are different among the individuals. The
inaccurability of dose is among the main problems with
these conventional drug delivery systems. The constant
dosing schedule might not take into consideration the
real-time alterations in the status of a patient and may
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result in the case of either a weak or excess effect of
the drug[3]. The outcome may be the inefficacy,
possible toxicity, or emerging drug resistance.
Furthermore, the conventional systems tend to ignore
the dynamic quality of the biological state of the patient
that may vary because of such factors as exercise,
nutrition or stress[4]. These differences can result in
inefficient delivery of drugs and, hence, the less
effective treatment outcomes.

Moreover, we often fail to consider patient needs when
making traditional drugs delivery. Medications do not
align with everyone in the same way and one dose of a
drug may not always be effective with different
individuals. As an example, elderly people or those
with more than one health issue might not be able to
process some drugs as fast, and require a lower dose to
prevent their toxicity. Conversely, young and healthy
patients might have a high dosage needed before the
targeted therapeutic effect can be attained[5]. Without
custom dosing personalization the chance of getting
side effects or ineffective therapeutic results is
considerably increased.

Moreover, the possibility of negative outcomes of the
delivery system of drugs is also a significant issue.
Since drugs are used in specific doses, the chance of
under treating or over treating the patient is more often,
particularly when the condition of the patient varies
fast. It may cause some combinations of signs
manifested by slight symptoms like nausea and
dizziness or more serious consequences such as organ
injuries or complications leading to death[6]. This is
why one of the primary objectives in the current
healthcare service is to reduce these negative outcomes
by providing the appropriate number of medications on
time and to the needs of each patient. The above issues
are a highlight of why more adaptive drug delivery
systems are much needed which would dynamically
systematically respond to changes in a patient
condition[7]. These systems may allow the real-time
monitoring of physiological parameters of a patient,
and thus adjust drug dosages based on the system.
What is good about this approach is that it promises not
only to achieve better therapeutic results but also to
lower the risks involved in using the drugs.

The issue regarding the stagnant delivery systems of
drugs has presented the necessity of the innovative
technologies that can provide an opportunity to
monitor the progress and make changes on the way.
The emergence of Internet of Things (IoT) and
Machine Learning (ML) technologies can be used as a
potential solution. Such technologies allow recording
real-time data and analysing it in an advanced way,

which creates a chance to make the sphere of traditional
drug delivery systems more intelligent and adaptive
and improve therapeutic effectiveness and safety[8].
The IoT technology can be used in a situation of
adaptive drug delivery through a series of constantly
monitored physiological rates using the IoT devices
like heart rate or blood glucose, or blood pressure. Such
devices have the ability to gather and send the
information in real-time to a central point, where it is
processed with the help of the machine learning
algorithms, producing predictions and correcting the
necessary dosage of the drug[9]. As an example, [oT
sensors might track the blood glucose level of a patient,
and according to the measurings, a machine learning
algorithm could change the insulin delivery accords.
This combination of IoT and ML provides an
opportunity to create dynamic systems that can
constantly control the condition of the patient and also
suggest adjustment of the drug delivery process in real-
time, which enhances the accuracy and safety of
patients.

The rationale of the integration of the IoT and ML is to
establish an adaptive drug delivery system to achieve
optimal drug delivery depending on the changing
physiological conditions of the patient in real-time. The
system will have a collection of IoT sensors that will
measure real-time data that relate to the health status of
the patient, including heart rate, blood pressure, and
drug levels[10]. This data will undergo ML algorithms
that will predict the optimal dosage of drugs required
at a certain moment and change the delivery in real-
time, depending on the reaction of the patient. The
benefit of this dynamic adjustment are the personalized
treatment whereby each patient is given a dosage of a
given drug that is uniquely different to his or her
present condition which enhance the likelihood of
having successful treatment and reduce the possibility
of drug adverse effects. Adaptive drug delivery
systems can be used to transform personalized
medicine after incorporating IoT and ML. Such
systems may enhance precision in the dosage of drugs
where patients get the right level of medicine within the
right time. Monitoring the health of their patients real-
time via [oT gadgets will offer significant information
on the physiological conditions of individuals, which
medical personnel will use to make changes to the
treatment methods as quickly and efficiently as
possible. Finally, this strategy may eliminate poor
patient outcomes, decrease in healthcare expenses, and
quality of life of those individuals under treatment.

2. Literature Review
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The combination of the Internet of Things (IoT) and
Machine Learning (ML) with healthcare systems has
had one of the most crucial effects on patient care,
specifically in the field of real-time health monitoring
and adaptive pharmacy. The synergistic nature of the
technologies allows implementing a new revolutionary
method of personalized medicine that allows tracking
the health status of patients, as well as allows them to
adapt the treatment regime in real-time. Here, the use
of IoT in the medical field is reviewed, the
implementation of ML in predictive model and
adaptive control of medical devices is discussed,
present adaptive drug delivery systems are considered,
and gaps and opportunities are presented to proceed
with the development[11]. The IoT-enabled devices
have received significant interest in the healthcare
industry because of their capability to deliver
physiological data of patients in real-time. IoT devices
include wearable sensors, implantable devices and
remote monitoring tools and they are increasingly
becoming popular to monitor different parameters of
health, including blood pressure, blood glucose levels,
heart rate and body temperature, as well as oxygen
saturation. These tools will gather data at all times,
which will allow the medical worker to track patients
without a and in a regular clinical facility and provide
immediate measures as necessary[12]. The capability
of IoT devices to offer real-time and constant health
informational data can be seen as one of the most
relevant benefits of using these devices; in particular,
this information may be of great use to patients who
have chronic health issues, including diabetes,
hypertension, or heart disease.

Within the context of diabetes, e.g., glucose monitors
of the IoT-enabled type can offer real-time
measurements of blood sugar and allow tracking a
patient and practitioner the changes in glucose levels.
This information would be able to automatically
regulate the doses of insulin, by reducing the chances
of hyperglycemia or hypoglycemia. IoT-based devices
tracking blood pressure and heart rate in the example
of heart disease can be beneficial in detecting the initial
signs of possible complications, including arrhythmias
or high blood pressure[13], in time, preventing
readmission and decreasing hospitalization and
remission rates. Earlier the use of IoT devices can
introduce alarm functions, which can alert healthcare
experts whenever unusual readings arise, which will
increase patient safety and promote the quality of
services. The variety of possibilities available in
enhancing patient outcomes through the adoption of
the IoT in the healthcare environment will be

abundant[14]. Nevertheless, such issues as data
security, the compatibility of devices, and the necessity
of high-energy communication facilities are the main
hindrances of complete
Notwithstanding all these, the IoT usage in the medical
sector has continued to grow, providing useful

implementation.

information on the health of patients, in real-time.
Machine learning has demonstrated itself as a priceless
predictive modelling, data analysis, and adaptive
control assistant in medical use. ML algorithms will be
able to cover a significant amount of data gathered by
the devices in the IoT and pattern analysis, as well as
predictions about the health state of patients. As an
illustration, in predictive modeling, ML algorithms
may be utilized to use wearable data to anticipate the
occurrence of a medical event, including a heart attack
or a stroke by identifying subtle patterns in the vital
signs of the patient that a human clinician will struggle
to identify[15]. In medical equipment, ML algorithms
would be used on control systems that adapt the
parameters of treatment according to real-time
information. An example is giving the case of an
adaptive drug delivery system whereby the ML models
are applied to determine the right dosage of the drug to
be administered to patients given their health condition
considering their age, weight, and underlying health
risks among other factors. Historical data of patients
can be used to train these models and allow them to
learn and discriminate optimal treatment regimens with
time.
The analysis of medical images is also an important
area of use of the ML algorithms, which are capable of
making more effective and quicker diagnoses.
Indicatively, deep learning models have been
effectively used to process radiological images in order
to identify abnormalities like tumors, fractures, or
plaques. Referring to drug delivery, the ML models
will be able to interpret sensor data on the drug on the
body of the patients, evaluate the quality of the
treatment, and make real-time changes to make sure
that the drug is delivered at its appropriate
concentration.

3. Adaptive Drug Delivery Systems
The concept of adaptive drug delivery system aims to
delivering personalized treatment to a patient, where
the dosage of prescribed medication automatically
changes relative to the actual physiological data of the
patient. Such systems usually utilize collective
arrangement of sensors to observe the health of the
patient and values such that the drug delivery is
determined and changed accordingly. The closed loop
insulin delivery system or the closed loop system is one
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of the best modalities of adaptive drug delivery that is
applied in diabetes management. The sensors on
glucose constantly monitor blood glucose levels in this
system and an insulin pump automatically increases or
decreases the dose of insulin depending on the glucose
levels.

The other technological advancement is the closed-
loop drug delivery system of chemotherapy which
seeks to give real time modification on the amount of
drugs to be administered depending on the patient
response and side effects. Such systems include
feedback systems which respond to varying situations
within the body of the patient so that the treatment to
be administered serves the reminder of the needs of a
patient. The combination of IoT-based monitoring and
real-time and ML-based adaptive control would likely
improve accuracy and efficiency of these systems and
offer more customized care to patients with a chronic
or complex health condition. Although there have been
a number of adaptive drug delivery systems that are
developed, there are still issues related to their
scalability, reliability and suitability to operate in other
patient groups. Patients can vary in their reaction to
medications, most of them require constant attention,
which makes the presence of various devices and
systems a serious impediment to the universal
successful implementation of these technologies.

Even with the bright progress of the IoT and the
potential of ML integration in the healthcare sector,
there are numerous gaps in the existing research and
development environment. The incorporation of
different IoT devices and sensors to form one
integrated system is one of the most significant
challenges. Various manufacturers create many loT
devices and they tend to be compatible with proprietary
communication protocols and can therefore hardly
integrate into any single network. The communication
protocols and data formats should be standardized to
guarantee smooth integration and interoperability
between the devices.

Security and confidentiality of patient information is
another complicating factor. The security of this
sensitive information is important as the collected and
transmitting data in healthcare continue to rely on the
use of IoT devices. The need of strong encryption
algorithms, channels of secure communication, and
adherence to laws including Health Insurance
Portability and Accountability Act (HIPAA) is also
increasing to ensure the privacy of the patient. In
addition to this, although it has been demonstrated that
the ML algorithms are adequate in predictive modeling
and adaptive control, interpretability and transparency

of these models are still of concern. When medical
professionals are using machine learning, it is vital to
know how a machine learning model has made a
specific decision, particularly when the treatment that
is being given is critical. In that manner, the
explainability of ML models should be enhanced so
that healthcare providers could trust in and successfully
operate such systems in healthcare.

4. Proposed Methodology
The methodology suggested to create a system of
dynamic drug delivery combines the Internet of Things
(IoT) technology with Machine Learning (ML)
algorithms to allow tracking the individual patients and
changing the doses in real time, according to each
patient-specific situation. The system architecture is
created to provide continuous data collection,
processing, and analysis of the health of the patient,
which will allow individual treatment and beneficial
delivery of drugs. The combination of [oT and ML will
enable the healthcare system to be more responsive so
that the delivery of drugs will be based on the current
physiological state of the patient, making the treatment
more effective and safer and thus enhancing its overall
performance.
4.1 System Overview
The adaptive drug delivery system proposed will build
on the architecture of a number of related components
that are designed to interact with each other in
harmony. The main component of the system is the
IoT-enabled device, e.g. wearable sensors, implantable
devices, and remote monitoring tools, that constantly
monitor the patient and gather physiological data about
them. These wearables have sensors that monitor
different health indicators, including blood glucose
levels, heart rate, blood pressure, temperatures, and the
other appropriate vital signs. The obtained data will be
transferred in real-time to a central processing unit,
which is often some sort of cloud platform or a local
processing unit where a machine learning algorithm is
applied.
The machine learning algorithms are also essential in
the system and the incoming data are processed by
them to make forecasting analytics on the data that
informs adaptive drug delivery. The system aims at
real-time modification of the drug delivery process
which will be executed by analyzing the patient-
specific data. An example here would be an insulin
delivery system that operated on the principle of
monitoring the dose of insulin delivery depending on
the actual blood glucose levels, and a chemotherapy
delivery system that would be adjusting dosage in
relation to a patient response to prior treatments. The
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combination of the IoT to gather data continuously
with the usage of the ML algorithms to analyze this
data and predict the results enables the system to
provide the highest degree of personalization and
dynamism of the treatment, which will minimize the
risk of adverse effects and enhance the treatment
outcomes.

4.2 Data Collection

One of the important elements of the system is the data
obtained by the IoT devices. There are a number of
different forms of data collected and some of them are
physiological data like blood pressure, heart rate, blood
glucose levels, temperature, and respiratory rate which
is very important in showing how a patient is doing.
Besides physiological data, the patient feedback that
may include symptoms or subjective evaluation of
health may also be integrated into the system. This
feedback may be recorded manually by the patient or
can be automatically logged with the help of other IoT-
based devices.

[oT devices take the key means of guaranteeing real-
time monitoring. These devices come with sensors that
continuously monitor and pass the data and thus, they
monitor closely the health of the patient at any point in
time. Real time monitoring is necessary to ensure that
drug delivery changes to the new state of the patient.
As an illustration, a continuous glucose monitoring
(CGM) is a device that measures the blood glucose
levels at regular intervals and relays the data to the
central system to be analyzed. This is because of the
opportunity to gather and interpret data in real time,
which can be used to initiate immediate mitigation in
case the health of the patient clears or there are
deviations in the expected norms, and the healthcare
system can respond in a timely manner and thus react
to the mitigation.

4.3 Signal Processing

After gathering the data through the IoT sensors it is
processed further through the process of signal
processing to obtain meaningful patterns and features
that can be used in relation to drug delivery. The signal
processing methods are used to remove noise,
compensate measurement errors, and isolate the largest
and most significant data points that can be used to give
information about the current physiological conditions
of the patient. An example, in the case of a glucose
monitoring system, the raw signal data transmitted by
the glucose sensor could have noise of many different
factors like the environment condition or the
inaccuracy of the sensor. The accuracy and reliability
of the data can be enhanced using signal processing
methods, including: digital filtering, noise reduction

algorithms, and smoothing methods, before it is
inputted into the machine learning models. Moreover,
more sophisticated signal processing algorithms would
help identify trends and changes in the health metrics
of the patient, including a sudden rise or fall of blood
pressure or blood glucose. These tendencies can be
utilized to predict the possibility of health events, e.g.
hypoglycemia or cardiovascular risks, and provide a
part of the decision-making process of the adaptive
drug delivery system. The data refills are then sent to
the machine learning frameworks where the data is
utilized to produce insights and influence treatment
modifications. Figure 1 shows the general design of the
proposed adaptive drug delivery system and how the
Internet of Things (IoT) devices, machine learning
(ML) algorithms, and adaptive control mechanisms can
be combined to develop an adaptive and individualized
drug delivery system. The system has some important
components which are all interconnected to provide
real time observation, as well as administration of
medication in the exact doses. [oT devices (wearable
sensors and implantable devices) constantly monitor
the physiological changes in the patient, including such
parameters as blood pressure, glucose level, and heart
rate. Through this, real-time information is sent to a
central processing unit that may be a cloud-based
system or locally stored where it is processed using
machine learning algorithms. In these algorithms,
which can be regression models, reinforcement
learning or neural networks, the data is inputted into the
algorithm to output the optimum dosage of a drug
based on the current condition of the patient. After this,
the adaptive control system changes the quantity of
drugs delivered in real-time, changing dosage to needs
of the patient. Furthermore, a patient monitoring
interface is also built in, which allows the healthcare
professional or the patient himself/herself to monitor
the real-time health and hold visualization of any
changes made to the drug delivery, which will
guarantee the round-the-clock monitoring and tailored
treatment. This figure gives a general picture of how
the system is structured and the smooth transfer of
information flow in the collection and data analysis up
to delivery.

1JDDT, Volume 16 Issue 11s, 2026

Page 482



Machine Learning and loT-Enabled Signal Processing for Adaptive Drug Delivery Technologies

Data Transmission

AF

10T Devices

Sensors collect real-time
patient health data.

Data flows seamlessly
from devices to the
central system.

% G?a
Machine Learning Adaptive Control

ML algorithms predict optimal

o\
=

Patient Monitoring

K Interface allows healthcare professionals to monitor patient data.

Figure 1: System Architecture of the Adaptive Drug
Delivery System

v
Data Signal >
Collection Processing

D= DX EBE DPN—= DIy

nd
Y

Figure 2: Data Flow in the Adaptive Drug Delivery
System
Figure 2 defines the specific data flow of the adaptive
drug delivery system, which provides information
about the stepwise process of data collection up to real-
time readjustment of the dosage of drugs. It starts by
using [oT devices, which constantly track and gather
different physiological indicators, including glucose,
blood pressure, and heart rate, which are vital in the
context of determining the current health conditions of
the patient. After collecting the data, it is then subjected
to signal processing whereby it is enhanced by
removing noise and mistakes so as to have the correct
and valid information. High-tech signal processing is
used to improve the data and get properties that are
meaningful and required in the next analysis. Machine
learning models then analyze the processed data and
predict the best dosage of drugs to be used by the
patient. These models, such as reinforcement learning,
regression models, as well as the neural networks,
consider the information provided by the data to
produce insights to direct the adaptive drug delivery
decisions. These insights are then used to adjust the
dosage of the drug by the adaptive control system to
make sure that the treatment is constantly being
customized and optimised. Lastly, the changing drug
dosage is released to the patient in real-time and the
feedback to the healthcare professionals or patients and

the therapeutic range is maintained within the range of
wanted that is desired in the treatment. This graph is a
visual representation of the data provided by data
collection through to the ultimate decision making
process and the role each of the components commonly
contributes to adaptive drug delivery.

4.4 Machine Learning Models

In the adaptive drug delivery system, machine learning
is the main component in predictive modeling and
decision-making. The IoT data may be processed with
a number of ML algorithms and then the predictions
made about the most appropriate drug dosage and
adjustments in treatments. The major algorithms that
are used are reinforcement learning, regression models
and neural networks. Reinforcement learning (RL) is
especially applicable in changing environments
whereby real-time feedback is necessary in enhancing
decision-making processes as time passes. A RL model
may be trained to develop the most effective drug
dosage procedures in a system of adaptive drug
delivery by serving as the input with the output being a
response to the health outcome of the patient. The
algorithm may progressively enhance its decision-
making by encouraging a reward function, i.e., keeping
the glucose levels within a set target, and discouraging
hazards, i.e., hypoglycemia. Regression models (linear
and nonlinear regression) are used to determine
correlation between the input data (e.g., vital signs) and
the output (e.g., drug dosage). It is possible to predict
the right dosage of the drug using these models, using
the data unique to the patient: age, weight, medical
history, and real-time health indicators. Deep learning
models (and in general neural networks) are effective
means of detecting sophisticated trends in large data
volumes. These models have the ability to forecast the
best applicable treatment adjustments on the high-
dimensional data, which could be sensor
measurements, patient demographics, and treatment
outcomes in the past. Neural networks can also be used
in plotting personalized medicine because it is
especially instrumental in unstructured data or greatly
nonlinear relationship among inputs and outputs.

4.5 Adaptive Control Algorithm

The adaptive control algorithm is a part that performs
the task of modifying drug delivery according to the
interpretation of the patient data in the real-time. The
algorithm continuously measures the input information
provided by the IoT sensors and predictions provided
by the machine learning models and the optimum
dosage and delivery rate. This real-time response
makes the treatment specific, appropriate to the current
state of the patient so that the drug levels will stay on
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the top and the adverse effects will be kept to the
minimum. As one example, the algorithm may
modulate the rate of insulin infusion in an insulin
delivery system and the readings of blood glucose of a
patient in real-time, and guarantee that insulin is
delivered at the appropriate time and at the appropriate
level. Similarly, in chemotherapy, the algorithm may
also oversee the given dosage of a drug according to
the reaction of a patient towards the therapy taking into
consideration the side effects like nausea or organ
toxicity. The adaptive control algorithm can make the
drug delivery system dynamic and responsive to the
needs of the sick patient to maximize the therapeutic
experience and minimize the risks a patient will be
over- or under-dosed. Finally, the combination of [oT
technology and machine learning algorithms, as well as
adaptive control systems, develops an intelligent and
responsive drug delivery system. Such a system is not
only the guarantee of correct and correct dosage of the
drug but is a continuous monitoring process and real-
time adaptation, which significantly affect the well-
being of patients and reduce the occurrence of side
effects. The approach described in this part will offer
the conceptualization of state-of-the-art, flexible drug
delivery systems which may transform both
personalized medicine and patient care.
5. Results and Discussion

These findings find a deep discussion in the results and
discussion section where the experimental or simulated
data of the adaptive drug delivery system is clearly
analyzed and the dosage accuracy improvements,
model  performance, and clinical outcome
achievements are highlighted. It is also the section that
discusses the difficulties presented when implementing
the system and the comparison of the proposed system
which is adapted and the existing technology. The
comparison of the results of adaptive drug delivery
system data analysis shows that the accuracy of
dosages is improved significantly with the use of
adaptive method. Conventional systems have fixed
doses of drugs, which do not respond to real-time
patient information, which usually results in the most
inefficient delivery of drugs. In comparison, the given
system can dynamically change the amount of drugs on
the basis of real-time information which is gathered by
the loT-enabled devices. As an example, in Figure 3 (
Real-Time Glucose Level Monitoring and Insulin
Dosage Adjustment ), the glucose level of the patient
change under the influence of many factors, i.e,
physical activity, nutrition or stress. The adaptive
system to these changes involves automatic adjustment
in insulin dosage in response to the fluctuations so that

the glucose levels are kept within the ideal therapeutic
range. This dynamic change brings about better
management of the level of blood glucose because the
delivery of insulin is adjusted to the current situation of
the patient.
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Insulin Dosage
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Figure 3: Real-Time Glucose Level Monitoring and
Insulin Dosage Adjustment

The findings indicate that the adaptive system closely
minimizes the cases of hypoglycemia or
hyperglycemia, unlike the only traditional approach
where the amount of insulin to be used is determined
irrespective of the short-term demands of the patient.
This flexibility leads to an improved level of glucose
control and reduced chances of adverse events.
Likewise, as shown in Figure 4 (Patient Heart Rate and
Adaptive Drug Delivery Adjustment), the heart rate
data is not constant and the adaptive drug delivery
system varies the dosage of the drug. This automatic
adaptation will assure that the patient will be
administered the right dosage of the drug depending on
their physiological condition at the present time
resulting in better therapeutic benefits and less side
effects. The increased flexibility of the system leads to
higher patient safety and less risks related to the over-
or under-dose, which
complications of the conventional
medication delivery.

is one of the frequent
methods of
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Figure 4: Patient Heart Rate and Adaptive Drug
Delivery Adjustment
The performance of the machine learning (ML)
algorithms in the adaptive drug delivery system was
determined by using various measures including
accuracy of the prediction, response time, and
adherence to alterations in patient condition. In Figure
5 (Model Comparison of Predicted and Actual Drug
Dosage), the phenomenon of comparison between the
predicted and the actual drug dosage shows that the
model can predict the drug dosage needed in reality
based on real-time information. The fact that the
predicted and actual doses are only slightly different
means that the ML models can be used to make reliable
predictions and make the system more efficient in
terms of optimization of drug delivery.

8 T
Actual Dosage
Predicted Dosage

o

Drug Dosage (mg)
-~ o

2
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Time (hours)
Figure 5: Model Comparison of Predicted and Actual
Drug Dosage
Figure 6 (Model Performance Evaluation with Error
Metrics) was used to measure the accuracy of
prediction based on the error measures (the Mean
Absolute Error or MAE and the Root Mean Squared
Error or RMSE). These measures indicate that the
model is correct in dosages of drugs and lower values
of MAE and RMSE indicate a more reliable and
accurate model. Response time, which is the time

between the receipt of information in the model and the
implementation of a new drug dosage was discovered
to be acceptable and therefore, drug adjustments are
timely realized in real-time. Moreover, the flexibility
of the model was also evaluated through the
intervention of change in physiological status of the
patient which then included the unexpected surges in
blood pressure and glucose. The adaptive system could
react promptly to these fluctuations and thus increase
or decrease the dose of the drugs to keep the patient in
the best dose. This human trait of adapting dynamically
to changes in the state of the patient shows the
robustness of the ML algorithms in guaranteeing
customized  treatment and  the
pharmacological delivery.

The combination of IoT and ML technologies with the
drugs delivery system proposed has serious clinical
consequences. The system offers real-time patient data
to the healthcare professional by constantly gathering
information on the patient, thus allowing them to make
better decisions on treatment modifications. The
individualized treatment process provides that patients
are given the suitable dose at the suitable moment and
this enhances the effectiveness of administering drug

maximum

as well as minimizing the dangers of overdosing and
underdosing. This is quite significant especially in the
case of chronic patients, whereby continuous and
accurate delivery of the drugs is very crucial in the

management of their conditions.
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Figure 6: Model Performance Evaluation with Error

Metrics
The system is capable of modifying drug delivery with
regard to real-time patient data minimizing the human

RMSE

error of administering drugs. By conventional systems,
which depend on fixed dosages, human factors are
likely to cause wrong judgments or the inability to
consider actual and real-time conditions of patients.
The adaptive system is however not prone to human
error since it constantly gathers and processes patient
data and is more effective at providing individual care.
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As depicted in Figure 3 and Figure 4, the real time
display of glucose levels and heart rate will ensure that
the patient is given the best dosage that is in line with
his or her current state making the patient safer and
giving him or her better results. In addition, it becomes
possible to achieve more effective utilization of
healthcare resources with the help of the system. By
enabling real time monitoring and automatic delivery
of drugs, healthcare personnel can act sooner when
there is a need to and this will in turn decrease the cases
of re-hospitalization and enhance patient outcomes in
general. Although the adaptive drug delivery system
has been promising, there are a number of obstacles in
implementing the system. The reasonability of the [oT
sensors in the collection of real time data is one of the
main constraints. Such sensors are susceptible to
different issues including the interference with signals,
sensor drift, and environmental factors which may
cause possible inaccuracies in gathering data. To limit
this, signal processing methods are incorporated into
the system which helps in removal of noise and
correction of errors in the system but qualification of
sensors is a major issue that limits adoption of such
systems in large scale. Another important challenge is
the aspect of data security wherein the data of the
patients undergoing treatment is sent in real-time, over
networks that may be considered vulnerable. To
preserve the confidence and adherence of patients, as
well as comply with medical laws, including HIPAA,
the privacy and security of such information is crucial.
The information of patients needs to be secured by
using powerful encryption strategies and reassured
communication protocols.

The real-time adjustments are also a challenge due to
their complexity. Although the adaptive drug delivery
system will be adapted to react to the changes in patient
condition, the system should also be preconfigured to
accommodate a large variety of potential physiological
reactions. This makes the machine learning models
subject to constant updating and tuning to facilitate the
fact that the system can handle the new conditions of
patients in an accurate and efficient manner. The
proposed system has great advantages on efficiency,
scalability, and patient safety when compared to the
current adaptive drug delivery systems. Old forms of
adaptive drug delivery, e.g., closed loop insulin pumps,
are confined in nature and usually restricted to
particular disease states, e.g. diabetes. The proposed
system with the consideration of the use of both the [oT
and ML, on the other hand, can be implemented in a
broader set of conditions, including cardiovascular

diseases, cancer treatment, and other chronic illnesses,
which is more scalable and flexible.
6. Conclusion
This paper proposes a smart drug delivery platform, in
which adaptive control of the drug dosage through the
unified application of IoT technological monitoring
and machine learning algorithms is implemented. The
system was largely better than conventional procedures
with major outcomes of an insulin dosage modification
of avoiding maximal glucose control levels, keeping
them within a desired range and minimizing the
incidences of hypoglycemic or hyperglycemic events.
According to the machine learning models, there is a
prediction accuracy, a mean absolute error (MAE) of
about 0.5 units when it comes to dosage prediction and
root mean squares error (RMSE) of 1.2 mg when it
comes to adjusting the glucose levels. These outcomes
suggest that the system is capable of predicting and
optimization of dosages of drugs in case of patient
specific data. Even with such promising performance,
some obstacles that need improvement include sensor
reliability, data security and real-time complexity of
the system. The further work will be aimed at the
enhancement of sensor precision, incorporating more
physiological variables, and training machine learning
systems to make predictions. With these restrictions
mitigated, the system can help to ensure that
personalized healthcare is pushed much further,
making the process of delivering a drug to the patient
more reactive and responsive.
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