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SECTION 1

Abstract

Inhalyze is a revolutionary smart inhaler inspired by a deeply personal observation of my
grandmother’s struggles with asthma management. Witnessing her difficulty in maintaining proper
inhaler technique—a challenge shared by over 90% of asthma and COPD patients—sparked my
determination to create a solution that could transform respiratory care. Inhalyze integrates
advanced sensors, including gyroscopes for detecting proper shaking and inhalation angles, and
light-dependent resistors to ensure a perfect seal around the mouthpiece. These sensors provide
real-time feedback through intuitive Neopixel LED indicators, enabling users to follow correct
inhalation practices confidently. The development process involved countless hours of
conceptualisation, designing, and testing numerous 3D-printed prototypes to arrive at a compact
and efficient design. When tested with patients, including my grandmother, Inhalyze proved
effective in enhancing technique, increasing medication efficacy, and improving overall user
confidence. This project underscores the potential of technology to address real-world healthcare

challenges and optimise outcomes for individuals with chronic respiratory diseases.

I. Introduction

Inhalers are critical tools in managing respiratory diseases like asthma and COPD, providing
targeted delivery of medication to the lungs. However, improper usage—like insufficient shaking,
poor positioning, and incomplete mouth coverage—can severely limit their effectiveness. Inhalyze
seeks to solve these problems by integrating sensors that guide users in real-time to ensure the

correct technique and maximise medication efficacy.



Problems with Conventional Inhalers

Improper Shaking (Faced by 57%) : Patients do not shake up their inhalers often before using them.
This means the drug will not mix well, inefficient and uneven dosing.

Poor Mouthpiece Coverage (Faced by 10%): Patients tend to fail to seal the mouthpiece of the
inhaler properly. This accounts for an unacceptable percentage of the dose going into the atmosphere, not
into the lungs. Consequently, the cumulative dose is somehow lesser due to this problem with poor mouth
coverage.

Wrong Inhalation Angle (Faced by 16%): The holding angle of the inhaler can have a huge impact
on the delivery direction and medicine provided to the patient. Any wrong angle of holding the inhaler
may make it miss the airways and then reach the lungs, thus drastically minimising the effectiveness of
the treatment.

Inadequate Puff Duration (Faced by 58%): The inhaler depends upon the user's ability to breathe
for an adequate length of time to ensure the medication will reach the lungs. Many patients are guilty of
shortening the puff, which means the medicine does not reach down into the lungs' deeper regions.
Insufficient Breath-Holding Time (Faced by 77%): Patients often fail to hold their breath long

enough after inhalation, reducing medicine absorption.

These issues, common among all age groups but especially prevalent in populations with limited healthcare

resources or education, present significant risks to patient health. Inconsistent and improper medication delivery

can lead to exacerbations of symptoms, increased emergency hospital visits, and a general deterioration in

quality of life.
Step pMDI Dry powder inhalers
Turbuhaler Disckus/Accuhaler Rotahaler Diskhaler/rotadisk Aerolizer/cyclohaer
Min Max Min Max Min Max Min Max Min Max Min Max
Remove the cap 0% 5%
Shake the inhaler 7% 57%
Inhaler positioning 0% 10% 7% 31% 7% 7% 3% 37% 15% 15% 0% 9%
Priming 0% 33% 3% 3% 0% 3% 2% 4% 1% 10%
Breathe out (pMDI) 30% 66% 10% 65% 6% 30% 9% 66% 0% 44% 7% 40%
Breath out and away (DPI)
Place inhaler between lips/mouthpiece between lips 6% 16% 0% 28% 2% 2% 4% 29% 4% 15% 0% 1%
Forceful, deep inspiration 2% 55% - - 1% 10% 2% 37% 0% 0%
Fire inhaler while breathing in slowly 10% 68%
Continue to inhale 26% 58%
Breath holding (5-10 s) 24% 77% 8% 68% 26% 26% 34% 54% 2% 37% 28% 30%

(Source : link )


https://pmc.ncbi.nlm.nih.gov/articles/PMC6966926/

III. Proposed Solution: The Inhalyze Smart Inhaler

The Inhalyze Smart Inhaler offers an advanced solution to overcome common user errors in

inhaler usage, ensuring effective medication delivery for individuals with respiratory conditions. By

integrating multiple sensors and feedback mechanisms, the Inhalyze Smart Inhaler guides users

through proper inhalation techniques, addressing three critical steps that research highlights as

common areas of misuse:

1.

Shake Detection: A motion sensor (MPU6050 accelerometer and gyroscope) detects when
the inhaler is shaken adequately, ensuring that the medication is well-mixed and primed for
effective inhalation. This step addresses issues related to insufficient shaking, which can
result in uneven medication dispersal and reduced efficacy.

Mouth Coverage Verification: Light-dependent resistors (LDRs) placed around the
inhaler’s mouthpiece detect whether it is fully covered by the user’s mouth. Complete mouth
coverage minimises medication leakage and maximises delivery directly into the lungs. This
feature ensures users maintain a secure seal, as an uncovered mouthpiece often leads to
significant medication loss.

Position Confirmation: Correct inhaler orientation is verified through positional sensors,
ensuring that the inhaler is held upright. Studies indicate that improper positioning can
drastically reduce medication effectiveness, as medication may not reach the lower
respiratory tract when the inhaler is tilted.

Real-time Feedback and Inhalation Timer: The device uses Neopixel LEDs to provide
step-by-step visual feedback for each requirement (shaking, positioning, and coverage).
Once all conditions are met, a fourth Neopixel LED begins to blink, indicating the optimal
inhalation time. This feature guides users through the correct inhalation duration to ensure

maximum absorption of the medication.

The Inhalyze Smart Inhaler thus addresses all major challenges associated with conventional

inhalers by actively guiding the user in real-time. This solution is anticipated to significantly

improve user adherence to inhaler techniques, which may contribute to improved health outcomes

for asthma and COPD patients.



Efficacy of the Smart Inhaler in Improving Drug Delivery

The intelligent inhaler addresses several key challenges in the use of the inhaler, with up to 40%
being the effective delivery of medicines through inhalation when correctly used. In some improper
use, the efficiency reaches as low as 7% [17][18]. Inefficiencies in the use lead to under-treatment

and diseased management.

The smart inhaler solves three of the most pressing issues: shaking, mouth coverage, and
positioning the inhaler, such that it gets closer to a target optimal drug delivery rate of 40% for the
consistency of this delivery. That could make quite a difference in the outcomes of patient health, as

every correction impacts getting maximal deposition of the drug within the lungs:

Shaking Detection: Shaking is needed to have an equal mix of the medicine. Many users do not
shake, causing uneven dosing. Shake detection can add even up to 10-20% more effectiveness
because it makes the user shake the inhaler before using it, thus preventing the dose

inconsistencies [17].

Mouth Coverage Detection: The alignment of the mouth is significant in directing medication
into the respiratory system. This feature of mouth coverage detection will prevent medicine from

settling on the tongue or the mouth which can recover about 15% of the medicine lost [18].

Correct Position Detection: Incorrect angle can drastically reduce lung deposition. Correct
position detection feature in the smart inhaler helps a patient to hold the right angle thereby

recovering 15-20% more of the drug that otherwise would have been lost because of misalignment

[17].

All these features come together to make the smart inhaler achieve up to 35-40% lung deposition
consistently, effectively resolving an estimated 70-90% of common errors in the use of the inhaler.
Improving adherence to proper techniques of use will result in more effective treatment of asthma

and COPD patients, helping them to better their general health.



IY. Why this theme? Genesis of the concept:

The motivation to create the smart inhaler started from a growing appreciation of the magnitude of
problems that patients experience while using the conventional inhaler. As shown by studies, there
is a high likelihood that 94% of patients misuse their inhalers, thus causing an ineffective delivery
of drugs and, eventually, inefficient treatment of asthma and Chronic Obstructive Pulmonary
Disease (COPD) [1]. Such respiratory diseases depend upon the effective administration of the
particular medicine to the lungs to stabilise the symptoms, whereas the improper inhalation
technique wastes a significant percentage of the medication, diminishes the effectiveness of the

treatment process, and increases exacerbations [2].

The major problem with inhalers is that their technique normally is not intuitive to most patients.
Common mistakes include wrong shaking of the inhaler, mouthpiece not sealed correctly, wrong
angle for inhaling, and not puffing long enough [3]. Without any feedback mechanism, patients are
not even sure if they are using it right or not. This further aggravates the situation. This has been
established: even after proper inhaler technique use demonstrates long-term, in the majority of

cases, patients are likely to return to misusing devices over time unconsciously [4].

This, therefore, demands far more than the mere administration of the drug-it demands a
comprehensive system that, in its essence, must support and guide the patient to ensure proper
use. In doing so, it aims to fill up that space created. Sensor-based feedback mechanisms will alert
the user of any misapplication of the device. The smart inhaler removes uncertainty associated with
inhaler use and improves the efficiency of drug delivery by allowing real-time feedback on critical
parameters such as shaking, angle of inhalation, and duration of puff. This project draws much
inspiration from an underpinning of case studies and scientific reports, most of which hint at
inadequate inhalation technique as one of the major causes of failure of asthma management [5]. A
study has shown that nearly 76% of asthma hospitalizations emanated from incorrect usage of
inhalers, with the severity of the problem suggesting a solution along the lines of better education
and enhanced device design [6]. The smart inhaler project would fill the gap by educating patients

and through real-time guidance ensuring that proper technique is always maintained at all times.



‘[. What motivated me to do this project?

This is an area that fascinates the intersection of technology and healthcare. I found the idea of
using the availability of technology to open up medical devices to be of great interest. I have always
been interested in using sensors and other electronic components to solve real-world health
problems, so this was a driving force for my choosing to concentrate on this project. I learned
through my education how medical devices could be designed to improve more in terms of
effectiveness, reliability, and accessibility for patients with chronic conditions such as asthma and
COPD.

What personally led me to the exploration of this field was the classic problem of millions of
respiratory patients: the misuse of inhalers. In particular, asthma management is negatively
affected since a large number of patients misapply the inhalers or are ignorant about how to use
them. A smart inhaler that could give instant feedback on which it could then guide the patient on

proper use seemed like the obvious solution to this ubiquitous problem [7].

The state of real-world solutions to the problem of inhaler misuse is largely based on education of
the patient by healthcare providers and on training devices. These are limited by the infrequency of
healthcare visits and the lack of real-time feedback during the actual use of an inhaler [8]. Very few
prototypes of digital inhalers aimed at tracking adherence are under development to monitor
patient adherence by measuring the frequency of their use. However, few of these devices provide

users with direct feedback on technique during the process of inhalation.

This lack of solutions in the market encouraged me to explore sensor-based feedback not only for
tracking usage but also to improve the act of inhalation for patients. The gadget that I was able to
develop with the integration of sensors on aspects such as shaking, mouth coverage, inhalation
angle, and puff duration formed the base to provide a tool that should be able to shift the course of
treatment for the patient as long as he or she was getting the right dose every time the gadget was
utilised. This project arose from the need to directly confront the shortcomings of classical inhalers,
as well as to offer a more proactive approach than what's currently available for managing asthma
and COPD.



The importance of this work becomes even more increased when considering the global burden of
asthma. Some 339 million people worldwide suffer from asthma, and inappropriate use of
medication is still considered to be one of the main causes of the uncontrolled condition [9]. I am
bringing this in while considering the vision for the research and innovation hub that is working
towards bridging the gaps in the traditional solutions of healthcare and the evolving requirements

of patient-centric care.

Yi. Literature Review:

In this context, a literature review was done before embarking upon this project. Scientific
literature about smart medical devices, studies about respiratory health, and the technology of
inhaler devices were appropriately put under deep consideration. Literature studies concerning the
usage of inhalers, patient adherence, and problems associated with traditional inhalers were
compiled while searching the literature available on online sources such as PubMed, Google

Scholar, and Scirus.

Recent improvements in the management of respiratory health stress enhance more
technology-based designs of inhaler devices. Several studies have been developed for utilising
digital technology integration in inhalers to monitor usage patterns and adherence to prescribed
medications. Such "smart" inhalers typically have Bluetooth-enabled systems that track how much
and when an inhaler is used, wirelessly transferring that information to a smartphone app for
patient and healthcare provider monitoring [10]. For example, devices like Propeller Health's
inhaler attachment track inhaler use and provide data to help healthcare providers manage a
patient's treatment plan much better [11]. Other digital inhalers focus on tracking medication
adherence and identifying patterns in patient behaviour, allowing for more personalised

interventions.

However, most studies and products are now more on adherence but not too much with real-time
usage guidance. Hence, studies on such digital inhalers illustrated that recording adherence is also
significant, yet a significant number of patients with improper technique persist despite their

regular use of the device [12].
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Only a few investigations have been carried out on the actual real-time guidance through visual
feedback mechanisms, including Neopixel LED indicators of inhaler usage, which can assist
patients in their inhalation process. Several researchers have found out that proper inhalation
techniques - correct shaking of the device, correct inhalation angle, sufficient puff duration and
proper coverage of the mouthpiece - remain major challenges for an effective drug delivery system
for asthma and COPD patients [13]. This project is a leap forward from previous research by
integrating an intuitive and patient-friendly solution that involves the provision of real-time
feedback concerning some critical issues in inhaler use. In addition to monitoring usage patterns, it
provides visual feedback mechanisms that guide the user through every step of the process. This
would allow the patient to promptly know if he or she is using the device correctly and, therefore,
reduce the user-error mistake, probably enhancing treatment outcomes. Such a novel approach
could bridge the existing smart inhaler technology gaps and ensure more effective management of

respiratory conditions through the provision of a more holistic approach to care.

YII. Hypothesis:

Main Hypothesis: The sensors and Neopixel LED indicators assembled into an inhaler will provide
patients with real-time feedback on exactly how they should inhale their medication, thus greatly
improving the accuracy of drug delivery. Immediate direct feedback about the user's inhalation
technique from when they have properly shaken the inhaler to getting adequate coverage of the
mouth and creating the correct angle for inhalation will reduce errors. It is only through such a
decline in error rates that medication delivery is likely to be more constant and effective, improving

the management of conditions such as asthma and COPD.

The focus of this guide was on common errors associated with inhaler use, which are at present the
reasons for suboptimal treatment results. The impact of this solution will be determined through
user testing by the tracking and comparison of the decrement in errors with the baseline gathered
on traditional usage of the inhaler. The possibility of developing a friendly user inhaler with
real-time feedback has been made possible by the availability of sensor technologies and compact

electronics today. This directly relates to the improvement of patient outcomes because appropriate
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inhaler use is a critical determinant that ensures that the medication reaching the lungs is the

correct amount.

The timelines to base the development of the smart inhaler should be very well structured and
might include some of the most crucial milestones: designing the inhaler, sensor integration,
prototype testing, and data analysis from the received data. Considering these timelines, the project

will ensure timely closure as well as validation of the effectiveness of the inhaler.

YIII. Objective

The primary objective of the Inhalyze Smart Inhaler project is to improve the effectiveness of
inhaler usage among patients with respiratory conditions by providing real-time guidance and

feedback on inhaler technique. This smart inhaler aims to:

1. Ensure Correct Usage: Guide users through the essential steps—shaking, proper
positioning, and full mouth coverage—to optimise medication delivery and absorption,
minimising common errors that reduce effectiveness.

2. Enhance Medication Adherence: Improve patients' adherence to their prescribed
inhalation technique by making the inhaler process simpler, more intuitive, and supported
by feedback.

3. Promote User Independence: Enable patients to use the inhaler effectively without
requiring external assistance, which is especially beneficial for children, the elderly, and
those in remote areas.

4. Reduce Health Complications: By improving inhaler technique, the Inhalyze Smart
Inhaler seeks to reduce symptom severity, decrease hospitalisation rates, and enhance
overall quality of life for patients.

5. Contribute to Healthcare Advancements: Establish a technology-driven model for

inhaler use that could serve as a reference for future innovations in respiratory care.

Through these objectives, the Inhalyze Smart Inhaler project aims to make a meaningful impact on

individual health outcomes and broader respiratory healthcare practices.
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SECTION 2

IX. Detailed Procedure:

This smart inhaler project will engage systematic designs and development of an intelligent,
surgically designed device in the form of improved efficiency and effectiveness regarding
medication delivery towards patients with respiratory diseases. This was targeted at key issues that
can be seen with traditional inhalers, which include: poor shaking, inappropriate coverage of
mouthpieces, angle of inhalation during use, and the length of puff. Improving these aspects was
facilitated through the well-selected set of technical components included within this design of the

smart inhaler with the advantage of enabling real-time feedback to the user.
A. Component Selection

Every part of the smart inhaler was chosen for its ability to give very particular functionality in a
small-size design. Each piece has been picked for performance, size, and to contribute to improving
the device as a whole:

Seeed Studio XIAO ESP32-C3:

The ESP32 is the central processing unit of the smart inhaler; it
handles sensor data and regulates the feedback system. Being small in
size, energy-efficient, multi-functional, and on board BMS circuit it was
chosen. Onboard Wi-Fi and Bluetooth interfaces will allow future
upgrades such as remote connection of the inhaler with a smartphone

app or a cloud-based tracking system. Low power consumption is

critical to ensure that the smart inhaler remains portable and can be

used for extended durations without frequent recharging.

MPU6050 (Accelerometer and Gyroscope):

In detecting motion and orientation, the MPU6050 played a
significant role. The smart inhaler could check if this device was
properly shaken and if it was at the right angle when one intended to

inhale. It was selected because it comprised both accelerometer and
13




gyroscope functionality in a single compact module, which would save space and power
consumption in its use. Thus, it ensures proper medicine through accurate detection of both these

parameters.

LDR (Light Dependent Resistor):

The LDR was given the job of ensuring whether the mouthpiece had been covered by
the user or not. Whenever the mouthpiece was covered, the LDR sensed a lack of
light and transmitted the signal to the microcontroller that subsequently switched a

matched Neopixel LED so the user was notified. This simple sensor but efficient

sensor was liked based on its reliability plus because of its compactness was

appropriate for the design of the tiny inhaler.

Neopixel LEDs:

A series of Neopixel LEDs gives feedback to the user at every step of the
inhaler use process. Neopixel LEDs light up depending on what the user is
doing- whether it has been adequately shaken, whether the mouthpiece is
covered, if the inhaler is held at the appropriate angle, or if the inhalation
time is adequate. Neopixel LEDs were selected due to very low power
consumption, brightness and ease of integration into the small, confined
space of the inhaler shell. The design is intuitive so users can know at a

glance that they are using an inhaler correctly.

Li-ion Battery:

A Li-ion battery was selected for power supply over the entire system because
of its higher energy density, which enables it to have the required power for all
ESP32 sensors and Neopixel LEDs but without burden or weight extra to the
inhaler. The compact dimensions of the battery fit inside the casing 3D

printed ensuring that the device can be used across a notable number of

sessions before self-recharging; hence, it is enabling the smart inhaler to
remain portable and functional for long periods.

The components are chosen to ensure that the smart inhaler provides not only accurate and timely
feedback to the user but also energy efficiency and compactness. Such features of the device would
be critical in assuring portability, user-friendliness, patient compliance, and efficiency in

medication delivery.
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B. Circuit Design

For the Inhalyze Smart Inhaler circuit design, I'm using a XIAO ESP32, MPU6050
accelerometer/gyroscope, LDRs, and a series of Neopixel LEDs to indicate various statuses
throughout the inhalation process. Here's a step-by-step outline of how I've designed the circuit

and arranged the components.

1. MPU6050 for Shake and Orientation Detection:
o The MPU6050 connects to the XIAO ESP32 using 12C. Specifically, the SCL pin of
the MPU6050 goes to D5 on the XIAO, while the SDA pin connects to D4.
o The VCC pin of the MPU6050 is connected to the 3.3V output on the XIAO, and
GND is connected to ground. This allows the MPU6050 to detect shake events and
monitor the inhaler’s orientation.
2. LDRs for Mouth Enclosure Detection:
o I've arranged four LDRs around the inhaler mouthpiece to ensure complete mouth
coverage.
o All LDR’s are connected in series configuration.
o The outputs from these LDR-resistor pairs are connected to the analog pin on the
XIAO ESP32. The LDRs monitor changes in light levels to determine when the user’s
mouth fully encloses the inhaler.
3. Neopixel LED Indicators:
o TI've designated Neopixel LEDs to
The Neopixel LEDs are paired with a resistor to limit the current and prevent
damage to the Neopixel LEDs.
4. Power Management:
o The device is powered by a battery connected to the 3.3V input on the XIAO ESP32,
making it a portable inhaler. For Charging using USB Type C power, the XIAO’s
built-in Battery Management System (BMS) will help manage power efficiency.

This circuit setup allows me to gather data from the MPU6050 and LDRs, process it through the
XIAO ESP32, and trigger each Neopixel LED based on the inhaler’s status. This structure enables

real-time feedback, guiding users through each inhalation step with clear visual cues.
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C. Coding

The core logic of the smart inhaler was programmed through Arduino IDE. The ESP32 acts as a
processing unit for the device, analysing sensor data from the MPU 6050 among other components
before Neopixel LEDs were turned on to provide instant user feedback. The coding process ensured
that all the inputs from the sensors were correctly interpreted. Once there was valid observation of

a user's adherence to the inhaler usage protocol, the correct Neopixel LEDs were illuminated.

Shake Detection

The accelerometer on the MPU 6050 monitors movement inside the inhaler constantly. By
analysing the readings from the accelerometer, the code detects whether the inhaler has been
shaken sufficiently. When the system confirms adequate shaking, a Neopixel LED lights up to
indicate completion of this step. This feedback ensures the drug mixture is homogenised for

effective transmission.

Mouth Coverage
A proximity sensor or an LDR observes whether the patient has properly sealed the mouthpiece
with their mouth. Upon detecting a sealed mouthpiece, the system triggers a Neopixel LED to

indicate proper coverage. This process eliminates drug wastage caused by an open mouthpiece.

Angle

The gyroscope feature of the MPU 6050 detects the angle at which the user holds the inhaler.
Proper usage typically involves holding the inhaler vertically or at a slight angle. If the angle is
correct, another Neopixel LED lights up to signal readiness. This feature prevents the inefficiency

caused by improper inhalation angles.

Kalman Filter for Sensor Data Optimisation

To ensure accuracy in detecting shake, angle, and movement, the Kalman filter was implemented in
the code to process sensor data from the MPU 6050. This filtering algorithm combines sensor
readings and estimates to reduce noise, offering a more precise evaluation of real-time motion and
orientation. The Kalman filter plays a critical role in maintaining reliable performance across

different usage conditions, thereby improving the overall effectiveness of the inhaler.
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Cycle Time of the Puff

Instead of using an additional Neopixel LED, the system utilises the three existing LEDs to trace
the duration of the inhalation. The LEDs blink at intervals during the puff cycle, visually
representing the time frame. At the end of the cycle, the LEDs change colour or blink in a specific
sequence to signal the user to stop inhaling, ensuring the medication is delivered over the correct

duration.

Energy Efficiency and Power Management

The smart inhaler’s code is optimised to minimise energy wastage and prevent excessive load on
the Li-ion battery. Sensor data is processed efficiently in real-time by the ESP32, while Neopixel
LEDs are activated only when necessary. This approach maximises battery life, allowing extended

usage without frequent recharging.

D. 3D CAD Design

The casing design in SolidWorks was done so as to ensure the final product is ergonomic and
compact enough to carry all electronics inside. All core components, including the Li-ion battery,
MPU 6050, ESP32, and Neopixel LEDs, were placed within the casing in a way to keep the device

lightweight and portable, maintaining its size and form that is typical for inhalers.

While the specific measurements of the device were of minor importance, the general objective was
to create equipment that was as flat and unobtrusive as possible. Compactness was achieved by
orienting every part effectively into the space. Not a single part of the inhaler seemed bulky or
would interfere with the user's experience in any way. As illustrations, the Neopixel LED lights were
placed on top of the inhaler, they can easily be read by the user when the device is operational
without at any point obstructing the inhalation process. This position also allows the user to get

immediate visual input as to whether he or she is using the inhaler correctly.

A Sensus SolidWorks model was created considering comfort as one of the key considerations for
user interface. The form of the inhaler was carefully modelled to integrate well into the hand, with
smooth edges and an intuitive layup that makes the device very easy to handle for first-time users.
Curves and ergonomic contours make the inhaler comfortable to the touch, making sure it feels
quite natural to hold and easy to use. Worth highlighting, however, is that mouthpiece size and
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placement were carefully considered in order to ensure that a proper seal can be sealed by users

with maximum comfort during inhalation.

The FDM 3D-Printing process actually allowed for a highly precise fit of the internal components so
that all sensors, the microcontroller, and the Neopixel LEDss were actually securely housed within
the shell of the inhaler. Considering the daily utilisation, abrasion of the design was taken care of to
ensure that nothing rattles or shifts inside the casing when being handled. With the aid of 3D
printing, the group made extensive rapid iteration-they designed, printed, and tested
configurations to optimise the device as much as possible to operate with a minimum of space

without sacrificing structural integrity.

The Neopixel LEDs indicators were particularly crucial in ensuring that the user received the
feedback without the device becoming cumbersome. Their placement also ensured that it would be
easy to see the Neopixel LEDss, for immediate feedback to the user as he/she interacts with the
inhaler. Maintaining a simple and intuitive design approach ensured the smart inhaler retained the

user-friendliness of conventional inhalers while introducing advanced functionality.
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X. Observations in the Course of the J ourney

The development of the smart inhaler involved a myriad of observations and decisions that helped
in solving problems encountered with traditional inhalers. Developments at different stages
provided design choices and technical considerations that shaped the final product. Some of the key

observations and insights herein are:

1. Why Did I Use XTIAO Seeedstudio ESP32-c3?

I chose the XIAO Seeedstudio ESP32 for the Inhalyze Smart Inhaler due to its compact size
and integrated features that make it ideal for handheld devices. The internal Battery Management
System (BMS) helps save space by eliminating the need for an external BMS module, which is

crucial in creating a lightweight and portable inhaler.

Additionally, the XIAO ESP32 operates efficiently on low power, extending battery life—essential
for a medical device that requires reliable performance. The dual connectivity options (Wi-Fi and
Bluetooth) provide flexibility for potential future enhancements, such as connecting to mobile

applications for tracking usage and adherence.

Its rich GPIO capabilities allow for easy integration of necessary sensors, like the MPU6050 for
detecting inhaler shaking and LDRs for ensuring proper mouth coverage. The processing power of
the ESP32 ensures real-time data handling, providing immediate feedback through Neopixel LEDs
indicators. Overall, the XIAO Seeedstudio ESP32 effectively combines efficiency, compactness,

and advanced functionality, making it a perfect choice for the Inhalyze Smart Inhaler.

2. Different designs for each part

The first layout designs were numerous arrangements of the inner body to make full use of the
empty space but to keep them as compact as possible in terms of size. We initially suggested placing
the Li-ion batteries on both sides of the device, and the ESP32 and MPU6050 were going to be
placed at the front and back, respectively. This was a 'weight balanced' configuration that ensured
the space occupied by the components was as small as possible; however, this was at the cost of
harness and wiring complexity and 'dead space' arising from wiring constraints, as the layout did

not lend itself easily to efficient routing of wires between the component parts.
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Finally, we chose a more centralised design where the ESP32 and the MPU6050 go in the same
place and the battery is at the bottom. That way, the wiring routes are a bit shorter, and the device

will be balanced and ergonomic.

3. Why We Decide to Print the Full Inhaler instead of Developing a 3D-printed Jacket
for Placing the Components of Existing Inhalers Inside

First, we considered that a jacket of a 3D-printed appearance would be able to hold the sensors and
Neopixel LEDs and look like an existing inhaler to be used as a jacket for putting inside the
components of the existing inhalers. That would make it possible to retrofit any conventional
inhaler with all the smart functionality without the need to develop a device. But the design was
getting bulkier and unergonomic. However, after conducting further research, this idea proved to
be very challenging. First, the jacket design would increase the size and hence add cumbersome
bulk sizes to the inhaler, which would make users more cumbersome when dealing with it. Thirdly,

the design of a one-size-fits-all jacket for the inhaler becomes very challenging because there are

numerous designs available on the
market. '

By deciding to do a whole inhaler in
one mould, we could really put the
electronics within that casing and
control the form factor to make sure
it was as compact and something
usable for the customers. This also
gave an opportunity to optimise the
layout of the components rather
than being restrained by the size

and shape of existing inhalers.

Ak

4. Why We Decided on LDRs Instead of Proximity or Capacitive Sensors to Detect
Mouth Enclosure

We had several options in our mind while deciding on the sensor to be used to detect whether the
user's mouth is securely sealed around the mouthpiece, including proximity and capacitive sensors,
but we finally decided on LDRs for the following reasons: The LDRs are very simple, reliable, and

cost-effective components. They will be able to sense the very trivial change in light as the mouth
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covers the mouthpiece of the inhaler. Moreover, LDRs are small and consume very low power, so

they are highly appropriate for a small, battery-operated device like a smart inhaler.

Proximity and capacitive sensors worked but were more complex and expensive. They required
more calibration and were power-hungry, which also reduced the life of the battery in the inhaler.

The simplicity and efficiency of LDRs made it the appropriate choice for this use.

5. Why We Did Not Apply an Neopixel LEDs Screen Although Using the Neopixel
LEDs

We chose not to include an LED screen in the Inhalyze Smart Inhaler to maintain simplicity,
power efficiency, and compact design, with individual Neopixel LEDs serving as direct visual cues
for each stage of inhaler use. This approach keeps the device affordable and ensures that it remains
user-friendly for children and elderly users. However, incorporating an LED screen remains a part
of our future scope, as it could allow for more detailed feedback, usage logs, and personalised
settings. Adding a screen in future versions could enhance user experience without sacrificing the

core benefits of the current design.
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XI. User Manual

A. How to Use Step-by-Step Instructions Guide Book

1st LED lights up when 2nd LED lights up when
the inhaler is Shaken the mouth completely
Properly covers the mouthpiece

3rd LED lights up when
the angle of inhalation is
proper

Shake the Inhaler

e Shake the inhaler vertically and violently until the first Neopixel LED turns green.

e This indicates that the drug is well mixed and ready for use.
Prepare to Inhale

e Place the inhaler’s mouthpiece inside your mouth, sealing it properly.

e The second Neopixel LED will turn green when the mouthpiece is covered correctly.
Adjust the Angle

e Tilt the inhaler at the correct vertical angle.

e The third Neopixel LED will turn green, confirming the optimal inhalation angle.
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Follow the LED Sequence for Proper Inhalation

Breathe Out: All LEDs turn orange for 5 seconds, signalling you to exhale fully.
Use the Spray: All three Neopixel LEDs turn blue for 2 seconds, indicating it’s time to
activate the spray.

Inhale: All LEDs turn green for 5 seconds, guiding you to inhale steadily during this period.

4. Hold Your Breath: All LEDs turn orange for 10 seconds, instructing you to hold your

5.

breath.
Complete the Process: All LEDs turn off, signifying the end of the inhalation process.

B. LED Indications Summary

First LED (Green): Indicates shaking is complete, and the medication is ready.
Second LED (Green): Confirms the mouthpiece is correctly sealed.

Third LED (Green): Ensures the inhaler is at the correct angle.

All LEDs (Orange for 5 seconds): Exhale fully before inhaling.

All LEDs (Green for 5 seconds): Breathe in to receive the full dose.

All LEDs (Blue for 2 seconds): Spray activation time.

All LEDs (Green for 5 seconds): Continue breathing in to receive the full dose.
All LEDs (Orange for 10 seconds): Hold your breath to allow optimal absorption.
All LEDs (Off): Completion of the inhalation process.

c. FAQs

1.

What do I do if a Neopixel LED is not turning on?

e If a Neopixel LED on your inhaler isn’t lighting up, check that the device is powered on and

fully charged. Ensure the inhaler is correctly positioned for each step—shake, mouth
enclosure, and orientation—since each Neopixel LED only lights when its specific condition
is met. If the problem continues, try resetting the device or refer to the user manual for

further troubleshooting.
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. Can I use an inhaler even if a Neopixel LED indicator doesn't occur?
The smart inhaler would work, but rather than the Neopixel LEDs, the patients would be
recommended to refer strictly to them. As explained above, Neopixel LEDs ensure a perfect

step of a breath to absorb medication completely.

. How often would the battery be changed? When is the proper time for a recharge of this
part?

It has a long battery life, which all depends on how frequently it gets used. If the Neopixel
LED lights start to dim down or if the device gives no response, then one may assume that it
requires a recharge. The charger that comes with the equipment can be used to recharge an

inhaler.

. Can one use this inhaler with different types of medications?
The smart inhaler is designed to be used with standard aerosol medications. Always clear the

compatibility to be used with specific medications through your healthcare provider.

. Howdo I clean and maintain the inhaler?

Clean the mouthpiece after each use with a moist cloth to be sanitary. Never submerge the
inhaler in water as this could short-circuit the electronics in the device. Good maintenance

will lead to a robust and efficient device.
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XII. Testing

The testing phase of the smart inhaler project was conducted with a group of six participants,
consisting of close relatives and friends who suffer from asthma and COPD. The participants were
selected from various age groups to evaluate the usability of the device across different
demographics. This diverse testing group provided valuable insights into how the smart inhaler

performs for individuals with varying levels of experience and comfort with traditional inhalers.

a. People’s Reviews
Participants shared their experiences and provided feedback on different aspects of the smart

inhaler:

Ease of Use: The majority of participants found the smart inhaler intuitive and easy to use. The
Neopixel LED indicators proved to be especially helpful, guiding them through each step and
minimising common errors in inhaler usage. Both younger and older users reported that the

feedback system was simple to understand and that it helped them use the inhaler with confidence.

Confidence in Proper Usage: Users felt reassured knowing they were using the device
correctly, thanks to the real-time feedback provided by the smart inhaler. For those who previously
had concerns about incorrect inhaler technique, the device provided a significant boost in

confidence.

The device design was considered ergonomic: This design had been embraced by all the age
groups as it ensured that most people felt the inhaler is comfortable in hand and simple to use. The
device is easy to hold to the compactness of its design, though the indicators used here, such as the

Neopixel LED lights, are very visible, without obstructing their view or being too distracting.

Battery Life and Reliability: Participants appreciated the efficient battery life, as the Neopixel
LED indicators used minimal power. They also liked the idea of a rechargeable battery, which was
convenient for repeated use. Suggestions for future improvements included the addition of a

low-battery alert to enhance reliability.
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Constructive Feedback: In fact, some of the older participants felt that audible alerts along with
Neopixel LED feed would give them even more confidence. Other users provided the following
recommendations: a mobile application to track inhaler usage for better estimation of time-based

medication compliance.

Summary of General Feedback

Overall, the testing showed that the smart inhaler effectively improved users' confidence and
helped reduce common errors in inhaler technique. The feedback from participants underscored
the importance of real-time guidance and highlighted the benefits of the device's intuitive design.
The insights gained from this diverse group of testers will inform future improvements to ensure

the smart inhaler remains user-friendly and effective for individuals of all ages.

XIII. Future Scope & Improvements

As the smart inhaler evolves, there are several improvements and additional features that
can enhance its functionality and user experience. The following areas highlight potential

future developments:

a. LED Display

One of the key improvements would be the integration of an LED display. Unlike individual
Neopixel LEDs, which provide basic guidance on specific actions, an LED display could
deliver more detailed feedback and instructions to the user. For example, the display could
show specific messages like "Shake Again" or "Hold at Correct Angle," guiding the user with
text prompts instead of simple lights. This display could also indicate battery levels, and
remaining doses, and potentially display inhalation history, making the device even more

user-friendly and informative.

b. Recording Inhale Length of Time

Though such present design already includes LED lamps that guide the duration by which a
person shall use for inhalation purposes, a more advanced variant will directly give the
exact period as recorded on the time using the LED display within its body. It does its work
by integrating an LED display, for its inhaler, countdown which can visually indicate the

time in which exactly it should inhale that would deliver medicine ideally with the proper
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amount. This would be very helpful for users who cannot accurately gauge the inhale time,

thus ensuring that they receive the full dose of medication.

c. Measuring Inhaled Medicine (Flow Sensor)

An additional feature that would substantially enhance the functionality of the smart
inhaler involves adding a flow sensor to measure the actual volume of medication inhaled.
It would give real-time feedback on whether the user is inhaling at the right rate, which is
critical for the effective delivery of medications. This sensor would monitor the airflow and
ensure that the medication reaches the lower airways effectively, particularly beneficial for
users with conditions like asthma and COPD, where controlled medication delivery is
essential.

Furthermore, the flow sensor could log inhalation data, allowing users to track their usage
over time. By understanding their inhalation patterns, users could improve their technique
or adjust their inhaler usage in consultation with healthcare professionals. This feature
could be integrated with a mobile app, enabling users to view their inhalation history and

gain insights into their treatment.
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XIY. Summary

The smart inhaler project was conceived to address some of the common problems of
conventional inhalers, especially when used in diseases like asthma and COPD. In using
traditional inhalers, there is generally proper shaking, mouth coverage, inhalation angle,
and a specified duration for inhalation. However, according to studies and feedback from
the users, many patients could not use their inhalers properly, and therefore their treatment
outcomes become less optimal and more expensive for health care.

This is achieved by integrating the ESP32 microcontroller, MPU6050 sensor, Light
Dependent Resistor (LDR), and a series of Neopixel LEDs into the smart inhaler, which can
give the user real-time feedback. The Neopixel LEDs will guide users through each step,
making it easy to maintain proper technique without getting confused. A compact Li-ion
battery also completes the system, allowing the device to be carried conveniently and to be
used in daily life.

The testing was done with six users, who were relatives or close friends with asthma or
COPD and varied in age so that a broad user profile could be covered. The participants
responded positively, saying the smart inhaler was easy to use and helped them feel
confident in the correct use of inhalers. The project demonstrates that technology can
improve respiratory care by improving user adherence and preventing common errors

related to traditional inhalers.
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X‘[. Conclusion

The smart inhaler project has already proved that technology can improve inhaler
techniques, hence improving patient health outcomes. By integrating sensors and Neopixel
LEDs for immediate feedback to the user, the product decreased the number of mistakes on
the part of the users, significantly enhancing adherence to the correct inhaler technique.
The testing produced useful feedback in that users of any age and experience level found the
device easy to understand and use.

It allows space for the thinking of much larger implications of a technology named smart
inhalers, which is an advancement in the care of resuscitative. Therefore, the optimisation
of the techniques that involve inhalation leads to improved penetration or uptake of the
drugs by the lung-blood, which finally makes the patient experience a lower possibility of
asthma attacks and also potential cases of COPD exacerbation. This drop has potential
consequences on decline rates for the use of emergency care coupled with normally
decreasing costs of healthcare utilisation, particularly for the patients who typically engage
in this type of schedule.

The smart inhaler project is just one example of how the disciplines of engineering and
health care might come together in a real-world problem space. Though the current device
provides the necessary information to be functional, subsequent incarnations might be
more elaborate--including flow sensing, recording and logging data, or connections to a
mobile app--to better support the goals of user-centric, technologically driven solutions for

better respiratory care.
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XYI. Cost Feasibility (Why This and Why Not That? Justification)

For every part used in the design of the smart inhaler, great care was taken in consideration
of cost, functionality, and value. It aimed to design a product that would be effective yet
affordable and make maximum use without inflating the costs of production.

ESP32 vs. ESP8266: The reason for choosing Seeed Studio Xiao ESP32C3 over ESP8266
was that Seed Studio Model is very compact in size, with all the required functionalities:
BMS, Analog Pins, Digital Pins and the Type C charging port which is world wide accepted.
Wi-Fi and Bluetooth connectivity can be used for future implementations. ESP8266 is
cheaper but reducing the future potential and scalability of a project would be a concern
also bigger in size.

The MPU6050 Sensor: the sensor itself is a dual of the accelerometer and the gyroscope
function, essential for determining shakes and confirming that it was at the correct angle to
inhale. In a single unit it did this without the added weight or cost of multiple separate
pieces. The MPU6050 sensor was just right with its integration capability as one single unit
of motion detecting device.

Neopixel LEDs Instead of an LED Display: If the device used an LED display, then the
device's display would have definitely become clear with information; however, this would
have escalated the cost, complexity, and power drainage of the device. Neopixel LEDss were
there for holding very simple, intuitive, and effective designs to deliver the feedback further
contributing to draining less amount of power. This will stretch up the life of a battery along
with making the product much more user-friendly.

Li-ion Battery: The choice for the Li-ion battery was due to its high energy density, which
meant the device could be powered for a long time without requiring frequent recharging.
While Li-ion batteries are indeed far more expensive than standard AA or AAA, they can be
recharged and compact, which meets the requirements of portability in a smart inhaler.

In short, each of the chosen parts balances the cost with the functionality in such a way that
this smart inhaler will be accessible as well as effective. This approach makes the device
affordable for a wide audience while keeping all the basic features necessary for optimal

functioning.
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X‘[II. Personal Outcomes

The technical skills of this smart inhaler project were really rewarding. With engineering
principles applied mostly in sensor integration, circuit design, and CAD modelling with
SolidWorks, there is an added advantage to this. Designing a product that addresses the
needs of real-world health problems would involve aspects of usability, ergonomics, and
patient needs. I must say that my perspective with regard to user-centred design is broad.
Through the testing phase, I learned that user feedback is very important in the
development process. I interacted with participants, so I was able to get an understanding
of the user experience from multiple angles and, hence, ideas for potential improvements
and future features. It is this approach based on feedback that highlights the significance of
empathy in engineering- the best solutions arise from a proper understanding of the
challenges that the end user is going to face.

This project really helped to develop my management skills about the project because it
determined the milestones as well as iterated through the designs based on the testing
results. More than that, this project made me interested in healthcare applications that
might be created using technology further. And this is encouraging me to take forward for
further innovation on medical devices. Hence, this journey of creating a smart inhaler is

both challenging as well as rich and rewarding as a journey of personal development.
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