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Article

Intelligent IoT-enabled Ankle Brace: Enhancing
Mobility and Safety

Patiyuth Pramkeaw !, Thittaporn Ganokratanaa 2, Mahasak Ketcham 3*

Abstract: This research focuses on the development of a foot-worn device to assist individuals with limited
mobility in walking. The device aims to reduce the risk of accidents by closely monitoring the wearer's
movements and detecting potential hazards. It incorporates sensors, including the MPU6050 gyro sensor and
KY-031 vibration sensor, to track the wearer's walking behavior. In case of abnormalities, such as falls, the
device triggers an auditory alert and notifies the caregiver via LINE Notify. The system is controlled by the
Node MCU ESP8266, enabling seamless integration with the Internet of Things (IoT). The objective of this study
is to design an IoT system for medical assistance. The researchers created a prototype of a smart ankle device
capable of detecting falls and sending notifications to the user's smartphone. The effectiveness of the
notification system was evaluated using the Line Notify application. Results demonstrated a successful
detection of falls in 48 out of 50 trials, with two instances of false alarms during normal walking. The overall
efficiency of the smart ankle device was 98%. In summary, the proposed smart ankle device demonstrates
promising potential for various applications in fall detection and safety alert systems. Further improvements
and collaborations with healthcare experts are recommended to enhance its performance and make it
commercially viable. The device's connectivity and responsiveness to IoT systems are vital aspects to be
considered. Future research should aim to develop additional features in collaboration with physiotherapists
and healthcare professionals to meet user requirements. The device holds significant benefits in terms of fall
detection and safety alerts, and efforts should be made to enhance its durability, robustness, and
commercialization prospects.

Keywords: Intelligent IoT-enabled; Ankle Brace; Enhancing Mobility

1. Introduction

Physical therapy is recognized as a professional discipline within the realm of health sciences,
contributing significantly to the maintenance of individuals' health and well-being. Its scope
encompasses a comprehensive spectrum of activi-ties aimed at promoting, preventing, treating, and
rehabilitating aberrant move-ment patterns that adversely impact physical functionality. This
specialized field of physical therapy is further delineated into distinct branches, namely: 1) Cardio-
vascular and Pulmonary Physical Therapy, 2) Sports Physical Therapy, 3) Pediat-ric Physical
Therapy, 4) Orthopedic Physical Therapy (referred to as "Orthopae-dics"), 5) Neurological Physical
Therapy, and 6) Geriatric Physical Therapy. Pres-ently, Thailand is confronting a notable scarcity of
adequately qualified physical therapists within its healthcare system. This deficiency manifests in
both quantita-tive and qualitative dimensions, thereby falling short of meeting the demands dictated
by the social context prevalent in Thailand. The projected Thai population for the year 2025 is
estimated to reach approximately 72 million individuals, of which the elderly demographic is
anticipated to constitute 20%, amounting to roughly 14 million people. The expanding elderly
population exerts a substantial impact on the structure of the country's healthcare delivery system.
This impact arises due to the heightened susceptibility of this demographic to various chronic
ailments, as well as their attendant challenges concerning mobility impairments and self-care deficits.
Moreover, the repercussions of advancements in technology, which have brought about substantial
changes in health-related behaviors, further exacerbate the health challenges faced by other age
groups, particularly the work-ing-age population, who are increasingly burdened by non-
communicable diseas-es. The aforementioned challenges necessitate the implementation of
preventative, management, treatment, and rehabilitative measures through the medium of physi-cal
therapy interventions. While the Physical Therapy Association reports approx-imately 8,000
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registered physical therapists in Thailand, it is estimated that a mere 5,000 practitioners actively
engage in the provision of physical therapy services across both public and private healthcare sectors.
Regrettably, this dearth of practi-tioners is distributed unevenly, encompassing various sectors
encompassing edu-cational and healthcare realms. Alas, at the primary healthcare level, merely 300
community hospitals are equipped with physical therapy services out of a total of 735 such
establishments nationwide. The average ratio of physical therapists to community hospitals is
disconcertingly low, averaging a mere 1.5 practitioners per hospital (data sourced from the Ministry
of Public Health). The existing dearth of physical therapists poses an acute predicament for the
implementation of commu-nity-based physical therapy interventions, which are characterized by
proactive outreach efforts that involve home visits to patients and individuals with disabili-ties.
Moreover, hospitals are compelled to ensure a minimum staffing of 2-4 phys-ical therapists per
community hospital, contingent upon the population size within each hospital's purview. To address
the aforementioned challenges, a novel smart prosthetic prototype has been developed. This state-of-
the-art system utilizes mo-bile application technology, specifically the Line application, to relay user
status notifications and facilitate requests for assistance via voice commands.

The phenomenon of human locomotion serves as a fundamental pillar within the field of
kinesiology [1], and its intricate nature occasionally renders it a pivotal parameter that can be
effectively quantified. Specifically, ambulation represents a salient constituent of human movement,
and presently, the velocity of walking has garnered substantial recognition as a vital physiological
sign within diverse popu-lation cohorts [2-6]. Illustrative examples encompass aberrant gait patterns,
gait asymmetry, and diminished gait velocity [7]. Empirical evidence substantiates the utility of gait
analysis in elucidating the intricacies underlying neurophysiological constraints that manifest in
elderly individuals (=70 years) afflicted with cognitive impairment [8], or in discerning the attainable
capabilities in this domain. Indeed, gait analysis epitomizes the culminating frontier in spectrums
encompassing kine-siology and the economic dynamics of human locomotion. Moreover, in the con-
text of young adults' running gait (=21 years), modifiable foot strike adjustments have been identified
as conduits for enhancements, particularly with regards to curtailing ground contact time [9]. In
recent years, there has been a burgeoning interest among researchers in exploring methodologies to
facilitate fall detection. Among the various approaches investigated, the utilization of video cameras
for image capture and subsequent analysis has gained considerable attention. These methods
encompass both single-camera setups and multi-camera configurations.

One inherent drawback associated with camera-based fall detection systems is the constrained
visual field they offer. Consequently, if an elderly individual experiences a fall event beyond the
camera's encompassed area[10-19], the system would fail to promptly detect and notify the relevant
caregivers or emergency services. To address this limitation, an alternative avenue of research has
emerged, focusing on the development of portable devices or wearable sensors that enable the
analysis of motion patterns derived from acquired signals. Such devices typically incorporate a
repertoire of diverse sensor types, prominently including accelerometers and gyroscopes. For
instance, a prototypical fall detection apparatus may feature dual sets of tri-axial accelerometers
(capturing motion along the X, Y, and Z axes) and dual sets of tri-axial gyroscopes (measuring angular
velocity along the X, Y, and Z axes). These sensor components are strategically positioned, one set
affixed to the chest area and the other to one of the lower limbs, to capture acceleration and angular
velocity values during an individual's various activities.[20-42] Empirical investigations have
indicated that the majority of research endeavors have concentrated on devising sensor-based devices
that rely primarily on accelerometers and gyroscopes. While some studies have adopted a unimodal
approach, exclusively employing a single type of sensor, others have embraced a multimodal
framework, harnessing the synergistic potential of multiple sensor modalities. Typically, each device
incorporates multiple sensor units, and the acquired signals are subjected to a rigorous comparison
against predefined thresholds to ensure accurate and reliable fall detection outcomes. Nevertheless,
it is pertinent to note that the analysis and identification of fall postures often necessitate substantial
computational time, and the resultant devices tend to exhibit relatively large form factors.
Furthermore, in certain instances, users may be required to meticulously adhere to specific sensor
attachment orientations and placements to optimize the detection efficacy, thereby potentially
introducing inconveniences or discomfort. Thus, the predominant thrust of research efforts in the
realm of fall detection has revolved around the design and implementation of sensor-based devices,
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predominantly capitalizing on the utilization of accelerometers and gyroscopes. These devices are
engineered to capture pertinent motion data and subsequently analyze it to facilitate fall detection.
Nevertheless, the field encounters notable challenges, such as the limited field of view exhibited by
camera systems and the inherent inconvenience associated with donning and situating sensor-based
devices.

The system's functionality is enabled through the implementation of the Node MCU, which
effectively manages control commands and visual display mecha-nisms. Rigorous testing and
integration of individual circuit components have been performed to ascertain seamless operation
and optimal data transmission capabilities via the LINE application, thereby culminating in the
successful achievement of the predefined project objectives.

2. Background and Notation
2.1. Related Works

The systematic collection of daily walking data has proven to be highly beneficial, particularly
for vulnerable populations across different age groups. By identifying clinically relevant biomarkers,
such as fall risk prediction [43], it can offer valua-ble assistance. However, the assessment of non-
clinical movement presents vari-ous challenges. For instance, wearable IMUs often rely on accurate
positioning and calibration [44]. Moreover, the installation and removal of wearable IMUs for data
acquisition typically require trained researchers or users. In natural environ-ments, this approach is
less feasible, as unfamiliarity with remote or unfamiliar settings often leads to inefficient data
processing and limited insights into gait patterns. Beyond laboratory settings, an essential aid in
utilizing IMUs for long-distance gait assessments is the Internet of Things (IoT). IoT represents the
inter-connectedness of devices, which commonly communicate with each other and cloud systems.
The widespread adoption of IoT has introduced novel opportuni-ties for remote healthcare
monitoring, particularly concerning gait evaluations through IMUs [45,46]. By leveraging IoT, long-
distance medical monitoring can be significantly enhanced, offering continuous notifications
regarding falls or intrusions in the home environment. IoT implementation also reduces burdens such
as travel and enhances data transmission efficiency to cloud platforms capa-ble of processing and
storing data [47]. In terms of blood glucose level monitor-ing, there are readily available technologies
for mobile connectivity through wear-able devices and IoT connections, facilitating remote clinical
consultations [48]. Therefore, the assessment of long-distance gait can be improved by employing
IoT, reducing reliance on inefficient and challenging manual processes within this domain.

2.2. Care and Rehabilitation of Patients with Mobility Impairments and Risk of Falls

The phenomenon of falling, commonly referred to as falls, encompasses situations where elderly
individuals experience an unintentional descent to the ground, find themselves lying on the floor, or
collide with objects or furniture within their vi-cinity, such as chairs or tables, followed by an attempt
to regain an upright pos-ture. In instances of falls or loss of balance, it signifies an inadvertent
displace-ment or movement of the body's center of mass, known as the center of pressure, away from
the supporting base, resulting in an unintended detachment from the body's weight-bearing
foundation.

2.2.1. Falls Risk Factors Can Be Divided into Internal and External Factors

Internal factors include age, decreased muscle strength, particularly in the hip and leg muscles,
reduced flexibility, as well as changes in joint mobility in the hips, knees, and ankles. These factors
affect walking ability and balance, leading to altered posture due to physical changes. For example,
an increased stooped posture resulting from osteoporosis, which shifts the body weight forward,
making falls more likely. This is often managed by using assistive devices such as walking aids and
modifying postures to reduce sudden drops in blood pressure, which can cause dizziness or fainting.
Other internal factors include reduced visual acuity, blurred vision, or cataracts, impaired cognitive
function and memory, alcohol consump-tion, decreased reaction time, and difficulty adapting to
sudden environmental changes, which can result in stumbling and falling. Various medical
conditions such as arthritis, diabetes, osteoporosis, low blood pressure, and cognitive im-pairment
also contribute to falls risk.
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External factors include environmental conditions and surrounding circumstances. These may
include slippery surfaces, objects or equipment in the area that can be tripped over or used for
support, such as chairs and tables, cold and wet weather conditions, and inappropriate home or living
environment for the elderly in terms of stability and mobility. Social factors, such as the level of social
support, com-munication, and guidance regarding falls risk, also play a role in preventing falls.

2.2.2 Strategies for Mitigating the Risk of Falling Incidents:

(1) Optimize the Indoor Environment: Ensuring a conducive indoor environment plays a crucial
role in preventing slips and falls. It is imperative to maintain clean-liness and remove any clutter that
could pose hazards. Specifically, diligent clean-ing of bathroom floors to eliminate residual
substances like soap suds that could contribute to slippery surfaces is paramount. Additionally,
walkways should be structurally sound and well-maintained, while adequate illumination
throughout the premises is essential. The installation of handrails in areas necessitating sup-port
should be considered.

(2) Promote Muscular Management: Regularly engaging in targeted exercises to bolster
muscular strength in the upper and lower extremities, as well as the core, is indispensable. Emphasis
should be placed on muscle elongation and enhancing overall muscle tone through appropriately
designed and consistent exercise regi-mens. Such measures aim to cultivate optimal body posture,
counteracting muscu-lar weakness, and averting rapid muscular deterioration.

(3) Focused Gait and Assistive Devices: Meticulous attention should be given to gait patterns
during ambulation, and the utilization of appropriate assistive devices should be encouraged.
Devices such as canes or back supports contribute to aug-mented stability, fortifying balance and
equilibrium. Moreover, they serve as pre-ventive measures against potential fractures or bone
fractures. However, it is cru-cial to exercise caution regarding prolonged reliance on such devices, as
protracted use may engender diminished muscular strength in the back and abdominal re-gions.
Consequently, a judicious approach to their utilization, coupled with regu-lar physical exercise, is
recommended to foster robust muscular integrity.

(4) Ensuring Constant Accessibility: Having immediate access to a telephone or the presence of
a caregiver at all times is imperative to promptly seek assistance in the event of an emergency or
unforeseen circumstance. This facilitates rapid re-sponse and the provision of necessary aid when
required.

3. Methods

From Figure 1, it can be concluded that this research focuses on designing a device to assist
patients with limited mobility in walking. This necessitates special vigilance to reduce the risk of
close-proximity accidents. The proposed device is a foot-worn apparatus equipped with sensors to
detect movement and inclination of objects, specifically the MPU6050 gyro sensor and KY-031
vibration sensor. These sensors are utilized to monitor the walking behavior of the wearer. In the
event of abnormalities, the device activates a buzzer for auditory assistance and sends notifications
to the caregiver via LINE Notify. The entire system is controlled and processed using the Node MCU
ESP8266.

Figure 1. Conceptual Framework.


https://doi.org/10.20944/preprints202307.1118.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 July 2023 do0i:10.20944/preprints202307.1118.v1

The research project at hand encompasses a comprehensive set of methodologies and procedural
steps. These endeavors are outlined as follows:

3.1. Data Exploration and System Requirements
3.1.1. Software

e  Conduct a thorough examination of the Arduino Integrated Development Environment (IDE)
software, which serves as the programming platform for Arduino. Delve into the essential
command syntax relevant to variable declaration, sensor integration, and function invocation to
enable seamless sensor operation. Additionally, explore the utilization of libraries to leverage
pre-existing functions and variables.

e Investigate the intricacies of transmitting messages via Line Notify using the NodeMCU
ESP8266. This entails understanding the API-driven HTTP POST method to facilitate the
delivery of textual content, stickers, or images to smartphones through the Line messaging
application.

3.1.2. Hardware

e  Scrutinize the underlying principles governing the control board's functionality and the intricate
workings of each individual sensor. This includes comprehending the interconnections between
various pins, the permissible voltage ranges for both the board and sensors, and the
configuration settings necessary for optimal sensor performance.

3.1.3. System Design (1) Employ vibration sensors to detect anomalies in the wearer's gait,
enabling the identification of irregular walking patterns. (2) Employ inclination sensors to discern
deviations in body posture and orientation during ambulation, thus capturing abnormal movements.
(3) Incorporate an audible alert mechanism, such as a buzzer, to emit sound signals upon the
detection of aberrant walking patterns. (4) Initialize the system by establishing a primordial
connection to Wi-Fi signals, ensuring seamless internet connectivity. (5) Employ Line Notify to
promptly notify caregivers or relevant personnel of any detected anomalies in the wearer's walking
patterns.

This research proposes a fall detection method utilizing decision tree principles. The system
starts by establishing a connection between the WiFi signal and the receiving system, with the initial
acceleration serving as the input parameter. The system then initiates the fall detection process based
on pre-defined program logic. The program is designed to examine the differences between lying
down in various positions and falling in different orientations. If the detected activity corresponds to
anormal lying down position, no alert will be triggered, as determined by a comparison of conditions
based on predefined equations.

Falln=M /\ X/\ Y/\Z

When n represents the pattern of falling,

/\ represents the logical conjunction "and," M represents the motion value from the Bluetooth
accelerometer sensor, where

M =1 indicates motion and M = 0 indicates no motion,

X represents the acceleration value along the x-axis from the WiFi accelerometer sensor,
Y represents the acceleration value along the y-axis from the WiFi accelerometer sensor,
Z represents the acceleration value along the z-axis from the WiFi accelerometer sensor.

If Falln is true according to Equation (1), such as falling forward, FallF represents falling to the
front, FallR represents falling to the right, FallL. represents falling to the left, and FallB represents
falling to the back. Other possibilities may also exist. FallF to the left, FallF to the right, FallB to the
left, and FallB to the right will store the falling data, trigger an alarm sound, and send a notification
message indicating the falling event and the location of the fall to the emergency contact. After the
occurrence of the fall event, if the person still feels movement three times, another notification will be
sent indicating the ability to sense movement, whether in a lying (L) position or able to sit or stand
(U). If no notification is sent after the fall event, it indicates that the fallen person is either unconscious
or unable to sense their surroundings.

e  The structure and functioning of the system can be described as follows:
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The researchers have designed the system structure as depicted in the diagram, which can be
divided into two main parts:

Smartphone System (Android Operating System):

Receiver: The smartphone acts as a receiver and collects data from the Wi-Fi accelerometer
Sensor.

Fall Detector Process: The received data is processed by the fall detection algorithm to determine
the type of fall. Once the fall type is identified, the system stores the fall data in an SQLite database,
including the fall characteristics, date, time, and location coordinates.

Emergency Contact Notification: The system sends the fall characteristics and location
information to the designated emergency contact. It also generates an alarm sound and displays the
fall characteristics on the smartphone interface.

Wi-Fi Accelerometer Sensor:

Sensor Components: The Wi-Fi accelerometer sensor consists of sensors that measure
acceleration along the X, Y, and Z axes.

Wi-Fi Accelerometer Interface: The sensor data is transmitted wirelessly via Wi-Fi to the
smartphone using the Wi-Fi Accelerometer Interface.

The system works by collecting data from the Wi-Fi accelerometer sensor through the
smartphone, processing it to detect fall events, and storing relevant information in a database. In case
of a fall, the system notifies emergency contacts, provides an alarm, and displays the fall
characteristics on the smartphone interface. The Wi-Fi accelerometer sensor component measures
acceleration along different axes and communicates the data wirelessly to the smartphone via the Wi-

Fi Accelerometer Interface.
] Q

Caretaker

Receiver

Fall Detector

g

3 ]
Accelerometer
% - Interface

l

Figure 2. Shows the structure of the system.

The principle of decision trees, as applied in the context of a program aimed at capturing fall
data and issuing assistance notifications through auditory and textual alerts on a smartphone, can be
expounded upon with scholarly sophistication:

1. Initialization of the Decision Tree:

e  The program initiates the decision-making process by scrutinizing the occurrence of falls via
data derived from the accelerometer sensor.

2. Branching:

° Crucial conditions or attributes, such as the tri-axial acceleration values (X, Y, and Z) obtained
from the accelerometer sensor, are employed by the program to partition the data into distinct
clusters based on fall characteristics.

3. Decision-Making;:

e Each tier of the decision tree embodies a decision node predicated on the identified fall
characteristics, encompassing forward, backward, leftward, or rightward falls.

4. Termination of Decision-Making:

e  Upon reaching a juncture where further decisions are infeasible, the program proceeds to store
the fall data, encompassing temporal, spatial, and contextual details regarding the fall incident.

e  Subsequently, the program disseminates a notification message, comprising comprehensive fall
characteristics, geographical information, and auditory prompts, to the designated emergency
contact via the smartphone interface.
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The employment of the decision tree principle enables the program to effectively detect, analyze,
and promptly respond to fall incidents, culminating in the provision of timely assistance through
auditory and textual alerts on the smartphone platform.

3.1.4 Testing and System Refinement Conduct comprehensive testing to validate the system's
functionality and ascertain its adherence to predefined requirements. Any detected anomalies or
deviations from expected behavior should be promptly addressed through system refinements and
iterative testing.

3.2. HARDWARE Development

3.2.1 The circuit configuration for the interconnection of the inclination sensor module (GY-521
MPU6050) with the NodeMCU board involves the establishment of specific electrical connections.
The wiring arrangement is as follows:

e  The ground (GND) pin of the NodeMCU board is meticulously linked to the corresponding
ground pin of the GY-521 module, ensuring a robust grounding connection.

e The power supply voltage (VCC) pin of the NodeMCU board is judiciously connected to the
designated voltage input pin of the GY-521 module, thereby providing a reliable power source.

e  Pin D1 of the NodeMCU board, which serves as the data transmission line for the serial clock
(SCL) signal, is methodically linked to the corresponding SCL pin of the GY-521 module,
facilitating synchronized data communication.

o Likewise, pin D2 of the NodeMCU board, serving as the data transmission line for the serial data
(SDA) signal, is meticulously connected to the respective SDA pin of the GY-521 module,
enabling the exchange of data packets.

The careful establishment of these electrical connections allows for the seamless interaction
between the NodeMCU board and the GY-521 MPU6050 inclination sensor module, enabling the
acquisition of precise inclination measurements for various objects.

Ue

Figure 3. Connecting the sensor to measure the inclination of an object.

The process of measuring the inclination of an object using an inclination sensor, such as the GY-
521 MPU6050, can be elucidated as follows:

The GY-521 MPU6050 sensor facilitates the measurement of object inclination along the X-axis
(Roll), Y-axis (Pitch), and Z-axis (Yaw). This pertains to quantifying the tilt or rotational movement
of the object in different spatial axes within the three-dimensional coordinate system. The sensor,
integrated within the MPU6050, comprises an accelerometer and a gyroscope, which operate in
accordance with the following mathematical expressions:

1. Equations for determining the acceleration in the X, Y, and Z axes:
e  Acceleration_X = ax
e  Acceleration_Y =ay
e  Acceleration_Z = az
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2. Equation for calculating the overall acceleration:
e Total_Acceleration =V(ax? + ay? + az?2)
3. Equations for assessing the inclination along the Roll (X) and Pitch (Y) axes:
e Roll = atan2(ay, az)
e  Pitch = atan2(-ax, \/(ay2 +az?))
4. Equations for evaluating the angular rates of rotation around the Roll (X), Pitch (Y), and Yaw (Z)

axes:
e  Gyro_Rate_X=gx
e Gyro_Rate_Y =gy
e Gyro_Rate Z=gz

These equations facilitate the computation of acceleration and angular rates of rotation in each
specific axis. They serve the purpose of detecting object tilt or rotational motion and can be further
utilized for control and system optimization endeavors.

3.2.2 The vibration sensor KY-031, also known as a shake switch or a shock sensor, is designed
to detect and respond to physical vibrations or shocks. It consists of a spring-mounted contact switch
that closes when subjected to a sufficient level of vibration or impact. When the sensor detects a
vibration or shock, the spring inside it compresses or deforms, causing the contact switch to close
momentarily. This closure of the switch creates an electrical connection between the two terminals of
the sensor, indicating the presence of a vibration event. The operation of the KY-031 vibration sensor
can be described using a simple threshold-based model. Let's assume that the sensor outputs a logical
high voltage (1) when no vibration is present and a logical low voltage (0) when a vibration or shock
is detected. The sensor can be connected to a microcontroller or any other digital input device. By
monitoring the voltage level at the sensor's output pin, the microcontroller can determine whether a
vibration event has occurred. The detection threshold of the KY-031 sensor can be adjusted using a
potentiometer or a sensitivity control provided on the sensor. This allows users to customize the
sensitivity of the sensor based on their specific requirements, the KY-031 vibration sensor detects
vibrations or shocks by utilizing a spring-mounted contact switch. Its output signal can be used by a
microcontroller or other digital devices to trigger appropriate actions or responses based on the
detected vibrations. The wiring arrangement is as follows:

1.  Connect the GND (Ground) pin of the NodeMCU to the GND pin of the KY-031 sensor. This
establishes a common ground reference between the NodeMCU and the sensor.

2. Connect the VCC (Power) pin of the NodeMCU to the VCC pin of the KY-031 sensor. This
supplies power to the sensor, ensuring proper functionality.

3.  Connect pin D5 of the NodeMCU to the OUTPUT pin of the KY-031 sensor. This allows the

NodeMCU to receive the output signal from the vibration sensor.

I

Figure 4. Connecting the vibration sensor.

3.2.3 To connect the circuit for a sound alert sensor (buzzer sensor), you can follow these steps:
1.  Connect the GND (Ground) pin of the NodeMCU to the GND pin of the buzzer sensor.
Connect the VCC (Voltage) pin of the NodeMCU to the VCC pin of the buzzer sensor.
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3. Connect pin D3 of the NodeMCU to the OUTPUT pin of the buzzer sensor.

This configuration allows the NodeMCU to control the buzzer sensor. The GND and VCC
connections provide power to the sensor, while pin D3 is used as an output to send signals to the
buzzer sensor to produce sound alerts.

Figure 5. Sound Alert Sensor Connection.

3.2.4 The devised system encompasses the following design elements:

1. The integration of a NodeMCU ESP8266 module enables seamless connectivity to a Wi-Fi
network, thereby facilitating internet access for the device.

2. The system incorporates Line Notify, a robust messaging service, which is configured using a
unique LINE TOKEN to establish a reliable communication channel.

3. Data acquisition is facilitated through the utilization of two sensors: the GY-521 MPU6050
sensor, responsible for capturing the inclination angle of the object under observation, and the
KY-031 sensor, employed to detect and monitor vibrational patterns.

4. In the event of an abrupt impact occurrence, the system promptly captures relevant data from
the GY-521 MPU6050 sensor to assess the situational parameters.

5. In the absence of any such impact, the system periodically retrieves data from the GY-521
MPU6050 sensor at regular intervals of 2 seconds to maintain a comprehensive monitoring
approach.

6. A perceptible auditory alert is triggered by the system upon the detection of an object tilt,
signifying a potential fall or hazardous event.

7. Furthermore, in instances where an object tilt is detected, the system consistently transmits
notification messages via Line Notify at 10-second intervals, conveying critical information
denoted by the phrase "The patient has encountered an accident."

8. Subsequent to the object regaining an upright position, indicative of the individual's ability to
self-recover, the system ceases the auditory alert mechanism while simultaneously dispatching
a notification message via Line Notify, elaborating on the individual's restored autonomy
through the phrase "The patient is capable of self-assistance."

This carefully crafted design framework endeavors to provide an effective surveillance system,
effectively identifying incidents such as falls or accidents, and promptly disseminating pertinent
alerts through both audible cues and Line Notify messages. By prioritizing the safety and well-being
of individuals, particularly patients necessitating support, this system contributes significantly to
ensuring their enhanced security and overall welfare.
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Figure 7. Shows the circuit connection of the fall alarm system.
4. Results and Discussion

4.1. Development of an Intelligent Ankle Device for Physiotherapy Patients. The objective of this
study is to develop an intelligent ankle device that can effectively monitor and assess the movements,
inclination, and vibrations experienced by patients during their physical rehabilitation sessions. The
device, as depicted in Figure 8, is specifically designed to be worn by patients throughout their
therapy sessions, enabling continuous monitoring of their physical condition. It incorporates state-
of-the-art sensors, namely the GY-521 MPU6050 sensor for motion and inclination detection, as well
as the KY-031 sensor for vibration detection. These sensors provide valuable data that is utilized to
evaluate the patient's overall well-being and response to therapy. In the event of a fall, the intelligent
ankle device is programmed to employ a multi-faceted alert system. Firstly, it leverages the LINE
messaging application to send real-time notifications to designated healthcare providers or
caregivers, enabling them to promptly attend to the patient's needs. This instantaneous
communication channel ensures timely response and appropriate actions. Secondly, the device is
equipped with an audible alert mechanism that emits a distinct sound upon detecting a fall. This
auditory prompt serves as an additional means of drawing attention to the patient's condition, both
for the patient themselves and those in close proximity. Furthermore, the intelligent ankle device
continuously monitors the patient's movements, ensuring ongoing assessment and proactive
measures. If a fall is detected, an immediate notification is transmitted via LINE, accompanied by a
concise and informative message stating "The patient has experienced an accidental fall." This concise
message aims to efficiently convey the urgency of the situation to the relevant individuals involved
in the patient's care. In parallel, the audible alert system remains active, providing a continuous
reminder to the patient that attention is required. This audible cue prompts the patient to assess their
condition and seek assistance if necessary. Once the patient has successfully regained stability and
can stand up unaided, the intelligent ankle device deactivates the audible alert and subsequently
sends a notification through the LINE app, delivering the reassuring message "The patient has
regained self-assistance capability.” This notification serves as an acknowledgment that the patient
has achieved a favorable state of self-sufficiency.
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Figure 8. Inserting the smart ankle device during physical exercise.

4.2. Evaluation of Intelligent Ankle Device Performance

4.2.1 Motion and Vibration Detection Assessment The functionality of the motion and vibration
detection component of the intelligent ankle device was subjected to thorough testing to ascertain its
efficacy in accurately capturing user movements and detecting vibrations. The device's operational
sequence is initiated upon the user's application of the device, thereby activating the motion detection
functionality. Within the context of physical rehabilitation interventions, the potential for accidental
falls necessitates a robust fall detection system. Consequently, during the testing phase, the device
was programmed to promptly emit an audible alert within a specified timeframe of 2 seconds upon
the detection of a fall event. However, once the user successfully regains an upright standing position
unassisted, the device promptly ceases the alert mechanism.

A comprehensive evaluation protocol encompassing a total of 50 fall simulation scenarios was
meticulously executed to appraise the performance of the intelligent ankle device. Within this
extensive dataset, two isolated instances exhibited unexpected behaviors, occurring specifically
during walking activities. Rigorous scrutiny and subsequent investigation were conducted to identify
and comprehend the root causes underpinning these infrequent anomalies.

Figure 9. In case the patient has an accident during physical therapy.
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4.2.2. Alert System Functionality

In the context of physical rehabilitation, it is crucial to incorporate an effective alert system
within the intelligent ankle device to promptly notify relevant parties in case of unforeseen incidents.
The alert system comprises two primary components: an audible alert mechanism and Line Notify
messaging service for instant notifications. These components work in tandem to ensure timely
dissemination of critical information to the appropriate stakeholders. When an accident occurs
during the rehabilitation process, the intelligent ankle device triggers the alert mechanism, which
initiates an audible sound to attract immediate attention. Simultaneously, the system activates the
Line Notify messaging service to send an instant notification containing relevant details of the
incident. The transmission of the Line Notify message occurs within a predetermined timeframe of
10 seconds, as illustrated in Figure 10. Furthermore, even if the patient manages to regain an
independent standing position after a fall during the rehabilitation session, the system still initiates a
Line Notify message within the same timeframe of 10 seconds. This notification serves as a
confirmation to the caregivers that the patient has successfully self-recovered. The notification
process is visually depicted in Figure 11. The integration of both audible alerts and Line Notify
notifications within the intelligent ankle device facilitates seamless communication and prompt
response between the device and the responsible healthcare providers. This enables swift
interventions and appropriate support in the event of emergencies or accidents encountered during
the rehabilitation process.
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21 22 23 24 25 26 27 28 29 20
v v % v v v v v v v
31 32 33 34 35 36 a7 38 39 40
v v v v v v v v v v
41 42 43 44 45 46 47 48 49 50
v v v v v v v v v v

Figure 10. The performance test results of the prototype device can be alerted when there are so

accidents.
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Figure 11. Notification in case the patient falls through the line.
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Figure 11. Notification in case the patient stands up.

Upon the culmination of rigorous testing procedures conducted on the devised apparatus, it has
manifested an exemplary level of efficacy, surpassing the threshold of 95% accuracy in its frontal
obstruction detection capabilities. However, it is imperative to acknowledge the potential intricacies
entailed in the identification of swiftly moving or diminutive entities, such as insects, which may
impede the unimpeded functioning of the sensor system. Furthermore, it is crucial to underscore that
intermittent discrepancies have been observed in the outcomes of distress signal transmissions,
attributable to intermittent internet connectivity and suboptimal reception conditions encountered
within select architectural frameworks. Nonetheless, it is noteworthy that the overall results remain
within the acceptable parameters, thereby conferring upon the apparatus the successful completion
of the rigorous testing phase and the fulfillment of its premeditated objectives.

5. Conclusions

The present research endeavors to devise a novel device aimed at assisting individuals with
restricted mobility in their ambulation. A particular emphasis is placed on mitigating the perils
associated with close-proximity mishaps. The proposed apparatus takes the form of a wearable
contrivance affixed to the foot, equipped with a suite of sensors, notably the MPU6050 gyro sensor
and KY-031 vibration sensor. These sensors serve the purpose of monitoring the gait patterns and
angular displacements of the user. In the event of any aberrations, the device promptly activates an
auditory alert system via a buzzer and simultaneously dispatches notifications to the designated
caregiver through the employment of LINE Notify. The holistic operational control and data
processing of the entire system is entrusted to the Node MCU ESP8266. The principal objective of this
study is to engineer and architect an Internet of Things (IoT) system tailored to cater to the exigencies
of the medical domain. The researchers have successfully devised a prototype exemplifying a
sophisticated ankle device that aptly discerns incidents of falls and instantaneously relays
informative messages to the user's smartphone. To gauge the efficacy of the notification system,
rigorous evaluations were conducted employing the Line Notify application. The findings manifest
a commendable success rate of 48 out of 50 instances in detecting falls, albeit accompanied by two
instances of false alarms occurring during routine ambulation. As an aggregate measure, the smart
ankle device showcases a commendable operational efficiency of 98%. However, it is imperative to
underscore that this research is still at the prototypical stage, necessitating further scholarly
investigations and developments, including synergistic collaborations with physiotherapists and
healthcare professionals. These endeavors are indispensable to ensure optimal performance
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benchmarks and cater to the divergent requirements of end-users. This research endeavors to develop
and evaluate a sophisticated ankle device boasting fall detection capabilities, underpinned by IoT
technology. While the outcomes underscore the effectiveness of the fall detection mechanism, the
occurrence of sporadic false alarms necessitates further refinements and cooperative engagements
with domain experts to enhance the device's functionality and ascertain its commercial viability.
Notably, the research significantly underscores the salience of Internet connectivity, warranting
comprehensive deliberations on fortifying the underlying infrastructure. The envisioned smart ankle
device holds promising potential for multifarious applications encompassing fall alert systems,
amelioration of durability factors, and commercialization prospects. In light of this, responsive IoT
systems emerge as a sine qua non and assume paramount significance in this research undertaking.
Thus, future investigations should be geared towards comprehensively exploring and developing
supplementary features in close collaboration with physiotherapists and healthcare professionals,
thereby maximizing the attainable outcomes and aligning with the specific needs of the target user
base. The proposed system encapsulates manifold benefits with respect to fall detection and safety
alert applications, mandating concerted efforts to augment its longevity, robustness, and resilience
for enduring usage scenarios. Moreover, a rigorous exploration of its commercialization prospects is
warranted to facilitate its tangible deployment in real-world contexts.
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