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Abstract— Falls are one of the most common and
dangerous incidents affecting elderly individuals, often
leading to serious injuries, loss of independence, or even
death. Hearing-impaired users are particularly vulnerable, as
balance and spatial awareness are closely linked to auditory
perception. Traditional hearing aids address only the hearing
challenges, leaving users unprotected from physical hazards
such as falls. To enhance personal safety, this study proposes
the integration of a real- time fall detection system within a
modern hearing aid device.The proposed system combines
standard hearing aid components with miniature sensors such
as accelerometers and gyroscopes to monitor body motion
and orientation. A microcontroller processes the continuous
sensor data using advanced algorithms to detect sudden
movements or posture changes indicative of a fall. When a
fall is detected, the system automatically transmits an alert
message to caregivers or emergency services through
wireless communication channels like Bluetooth or GSM.
The embedded processing ensures low power consumption
and rapid response without compromising the hearing aid’s
core functionality.

Keywords— BluetoothLowEnergy, AssistiveDevices, AlertSystem,
Environmental Monitoring, SafetyFeatures,
WearableTechnology, InternetofThings.

1. INTRODUCTION

Falls are a major health concern among older adults,
accounting for a large proportion of accidental injuries and
fatalities worldwide. According to the World Health
Organization (WHO), approximately one in three people
over the age of 65 experiences at least one fall each year.
The physical consequences of these incidents, such as
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fractures and head injuries, are often accompanied by
psychological effects, including fear of falling and reduced
confidence. These factors can lead to decreased mobility,
social isolation, and a diminished quality of life. Therefore,
there is a critical need for technologies that can detect falls
accurately and respond rapidly to mitigate their impact.

Individuals with hearing impairment face an even higher risk
of falls due to reduced auditory cues that help maintain
balance and spatial awareness. Hearing aids, which are
primarily designed to amplify sound and improve
communication, are already widely used by this demographic.
However, despite their prevalence, most commercial hearing
aids focus solely on hearing enhancement and lack additional
safety or health-monitoring capabilities. Integrating fall
detection into hearing aids can significantly enhance their
functionality, transforming them into multifunctional
assistive devices that address both sensory and physical safety
needs.

Traditional fall detection systems often rely on external
wearable devices, such as smartwatches, pendants, or belt-
mounted sensors. While effective to some extent, these
devices are frequently neglected or forgotten by users,
especially the elderly, who may find them cumbersome or
uncomfortable to wear continuously. Moreover, separate
devices require independent charging and maintenance,
which can reduce their practicality in daily life. Embedding
fall detection technology within a hearing aid provides a more
seamless and user-friendly solution, as hearing aids are
typically worn throughout the day and are already part of the
user’s routine.
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The proposed system incorporates motion sensors such as
accelerometers and gyroscopes to monitor changes in body
position, acceleration, and orientation in real time. These
sensors collect continuous data, which are then processed by
a microcontroller or a digital signal processor (DSP)
integrated within the hearing aid. Machine learning
algorithms or threshold-based techniques analyze this data to
identify patterns consistent with a fall. Upon detection, the
system can automatically trigger an alert to caregivers or
emergency responders via wireless communication
technologies like Bluetooth, Wi-Fi, or GSM, ensuring that
assistance is provided promptly.

One of the key challenges in developing such an integrated
system is balancing accuracy, power efficiency, and comfort.
Since hearing aids operate on small batteries, the fall
detection module must be optimized for low energy
consumption without compromising detection reliability.
Additionally, minimizing false alarms is critical to
maintaining user trust and ensuring that emergency alerts are
only triggered when necessary. Ongoing advancements in
micro-electromechanical systems (MEMS) sensors, low-
power microcontrollers, and compact wireless modules make
this integration increasingly feasible.

The integration of real-time fall detection into hearing aids
represents a significant advancement in assistive technology.
It not only enhances the core function of hearing support but
also provides a vital safety feature that can save lives. By
merging auditory assistance with proactive health
monitoring, this innovation offers an intelligent, discreet, and
continuous protection system for elderly and hearing-
impaired individuals. Ultimately, such multifunctional
devices embody the future of smart healthcare, where
technology seamlessly supports both communication and
personal well-being.

2. LITERATURE SURVEY

The rapid advancement of wearable technology has
inspired numerous studies aiming to enhance the functionality
of hearing aids beyond sound amplification. Various research
efforts have explored aspects such as motion sensing, health
monitoring, and connectivity, yet comprehensive integration
of real-time fall detection and emergency response in hearing
aids remains limited. This section reviews six key research
works that align with the proposed concept and identifies
critical gaps addressed by the current study.

The first work reviewed in [1] presents an energy-efficient
digital hearing aid architecture featuring low-power audio
signal processing techniques. The authors focus on optimizing
digital filters and compression algorithms to extend battery
life while maintaining high audio fidelity. Although this work
demonstrates significant progress in power optimization, it
does not incorporate motion sensing or safety monitoring
features. Consequently, it lacks the capability to detect falls or
alert caregivers, limiting its role to auditory enhancement
alone.

In another study [2], researchers developed a compact
wearable device equipped with a triaxial accelerometer and
gyroscope for detecting falls among elderly users. The system
employed a threshold-based detection algorithm and
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transmitted alerts through Bluetooth to a smartphone
application. While this study successfully demonstrated
reliable fall detection, the hardware design was separate from
hearing aids, increasing the number of devices users must
wear. Integration into a compact, energy-constrained device
such as a hearing aid was not explored, presenting a key
limitation for continuous usability.

A third study [3] proposed a machine learning—based fall
detection algorithm using data from inertial measurement
units (IMUs). The system utilized Support Vector Machine
(SVM) and Random Forest classifiers to improve detection
accuracy and reduce false positives compared to threshold-
based methods. Despite its promising accuracy, the algorithm
was implemented on a standalone embedded board without
consideration for miniaturization or real-time communication
with caregivers. The computational requirements also make
direct integration into hearing aids challenging without
hardware optimization.

The work in [4] introduced a smart hearing aid prototype
that incorporated Bluetooth Low Energy (BLE) connectivity
for environmental sound classification and health data
transmission. The system allowed real-time monitoring of the
user’s auditory environment and basic activity recognition
through embedded sensors. However, the study did not
address fall detection or emergency alert functionality. Its
focus remained on sound scene awareness rather than personal
safety or health monitoring.

In another research effort [5], an Internet of Things (IoT)-
enabled fall detection system was developed using an ESP32
microcontroller and MEMS sensors. The device successfully
transmitted fall alerts via Wi-Fi to a cloud platform, allowing
caregivers to monitor users remotely. Although effective in
providing real-time notifications, the device was bulky and
required external power sources, making it unsuitable for
integration within a compact hearing aid. Furthermore, it did
not consider power optimization strategies crucial for small
wearable systems.

Finally, the study reported in [6] investigated the
integration of health monitoring sensors into hearing aid
casings, focusing on heart rate and temperature tracking. The
researchers demonstrated the feasibility of embedding
multiple sensors in a confined space without affecting the
hearing aid’s performance. However, the system lacked
motion sensing and fall detection capabilities, and there was
no provision for automated alerts or caregiver connectivity.
The work highlighted the potential for multifunctional hearing
aids but did not extend to safety-critical applications.

From the reviewed literature, it is evident that while
existing studies have explored energy efficiency, IoT
connectivity, and health monitoring in wearable systems, none
have fully integrated real-time fall detection, hardware
miniaturization, and caregiver alert mechanisms within a
hearing aid platform. The proposed system bridges this gap by
combining MEMS-based motion sensing, low-power
processing, and BLE-enabled alert communication into a
single, compact solution. This integration ensures continuous
user protection, making the hearing aid not only a hearing
support device but also a proactive safety system.
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3. SYSTEM DESIGN AND ARCHITECTURE

The proposed Integrated Real-Time Fall Detection Hearing
Aid System is designed to merge traditional hearing aid
functionalities with intelligent motion sensing and IoT-
enabled emergency alert mechanisms. The system
architecture comprises three primary modules: the sensor
module, the processing and decision module, and the
communication and alert module. These components operate
cohesively to detect abnormal motion patterns, determine
whether a fall has occurred, and instantly notify caregivers or
medical personnel. The design emphasizes compactness, low
power consumption, and user comfort, ensuring that
additional functionalities do not compromise the hearing
aid’s acoustic performance or battery life.

The sensor module integrates micro-electromechanical
system (MEMS)-based sensors, specifically a triaxial
accelerometer and a gyroscope, to continuously monitor user
movement and body orientation. These sensors are
strategically placed within the hearing aid casing to capture
motion data in real time without affecting comfort or device
aesthetics. The collected sensor signals are transmitted to the
processing unit, where preprocessing operations such as
filtering, normalization, and noise reduction are performed to
ensure signal accuracy. This real-time motion tracking allows
the system to differentiate between normal activities such as
walking or sitting and potentially hazardous events like
sudden impacts or falls.

The processing and decision module is centered around a
low-power microcontroller unit (MCU), such as the ESP32 or
an equivalent DSP processor. The MCU executes a fall
detection algorithm that employs threshold-based or machine
learning—driven classification to analyze the incoming sensor
data. In a threshold-based design, acceleration magnitude and
orientation change are compared against predefined limits to
identify a fall event. In more advanced configurations,
algorithms such as Support Vector Machines (SVM) or
Decision Trees may be used to improve detection accuracy
and minimize false positives. Once a fall is detected, the
MCU triggers the communication module to send an alert
message automatically.

The communication and alert module uses Bluetooth Low
Energy (BLE) or Wi-Fi connectivity to transmit alerts to a
paired smartphone application developed using platforms
such as MIT App Inventor or Android Studio. The mobile
application not only receives fall alerts but also records
timestamped events and sends notifications to caregivers or
emergency contacts. In addition, the system can log sensor
data for future analysis and provide real-time device status,
including battery level and connectivity health. The
architecture’s modular nature allows future enhancements,
such as GPS integration for location tracking or cloud
connectivity for remote health monitoring. Overall, the
proposed system design delivers a smart, compact, and
energy-efficient assistive device capable of providing both
hearing support and real-time fall protection for elderly and
hearing-impaired users.
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4. PROPOSED METHODOLOGY

The block diagram shown above illustrates the overall
architecture of the proposed integrated fall detection hearing
aid system, which combines audio processing, motion
sensing, and wireless communication capabilities. The design
revolves around the ESP8266 microcontroller, which serves
as the central processing unit responsible for managing sensor
inputs, processing data, and controlling wireless
communication. Each component in the system works
collaboratively to ensure accurate fall detection, real-time
alerts, and reliable hearing assistance without compromising
power efficiency or comfort.
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Fig:1: Block Diagram Integrated Real-Time Fall Detection
in Hearing Aid

The accelerometer is the primary sensing component
responsible for detecting motion and orientation changes of
the user. It continuously monitors acceleration values along
three axes (X, y, and z) to identify unusual movements that
may indicate a fall. The accelerometer transmits this data to
the ESP8266 for further analysis. The microcontroller
processes the incoming data using predefined threshold
algorithms or machine learning models to differentiate
between normal activities (walking, sitting, bending) and
critical events such as a fall. This ensures timely detection
while minimizing false alarms.

The Bluetooth module enhances device connectivity by
enabling short-range wireless communication between the
hearing aid and external devices such as smartphones or
tablets. This feature allows real-time synchronization of fall
alerts or device status without relying solely on Wi-Fi
connectivity. It also facilitates firmware updates and user
control through mobile applications. By combining Bluetooth
with Wi-Fi communication, the system offers flexible and
redundant communication channels, improving reliability in
various usage environments.
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The audio section of the system consists of a microphone
amplifier, audio amplifier, and an earphone. The microphone

amplifier captures and enhances ambient sound, which is then
processed by the ESP8266 before being amplified and
transmitted to the earphone through the audio amplifier. This
section ensures that the device maintains its primary function
as a hearing aid while simultaneously running background
fall detection and communication tasks. Proper gain control
and filtering in the amplifier circuits help maintain clear and
distortion-free audio output.

The Wi-Fi module, integrated into the ESP8266, plays a
crucial role in long-range communication. When a fall is
detected, the ESP8266 uses Wi-Fi to send an alert message
through the Telegram Bot API, which connects directly to the
Telegram App on a caregiver’s smartphone. This allows
caregivers or family members to receive instant notifications
with optional GPS location data, ensuring quick assistance in
emergencies. The use of Telegram’s cloud-based API
provides a secure and low-cost communication channel
without the need for complex server infrastructure.

Finally, the GPS module and Li-ion battery complete the
system design. The GPS module provides real-time location
tracking during an emergency, which can be embedded in the
alert message sent via the Telegram app. This ensures that the
caregiver knows the exact position of the user when a fall
occurs. The Li-ion battery powers all components efficiently,
ensuring long operational life and stability. Its connection to
the ESP8266 also allows for battery status monitoring and
low-battery alerts through the mobile application. Together,
these components form a compact, intelligent, and
multifunctional hearing aid capable of enhancing hearing
performance while safeguarding the user’s health and safety
through real-time fall detection and notification.

5. HARDWARE IMPLEMENTATION

The hardware system is centered around the ESP8266
microcontroller, which acts as the main processing and control
unit, as shown in the block diagram. It receives motion data from
the accelerometer, which detects sudden changes in movement
to identify fall events. A microphone amplifier and audio
amplifier are connected to process sound signals and drive a
small speaker for hearing aid functionality. The ESP8266 also
interfaces with a GPS module to obtain real-time location data
during emergencies. For communication, the system uses built-
in Wi-Fi to connect with the Telegram Bot API and send alerts
to the Telegram app. Additionally, a Bluetooth module enables
short-range communication with nearby devices for monitoring
and configuration. The entire system is powered by a
rechargeable Li-ion battery, ensuring portability and long-term
use. Overall, the integration of sensing, communication, and
power components creates a compact, efficient, and real-time
smart hearing aid system.

6. SOFTWARE IMPLEMENTATION

The software implementation of the smart hearing aid
integrates embedded firmware, a caregiver-friendly mobile
interface, and robust communication protocols to ensure
smooth functioning of the system. The software serves as the
backbone, enabling decision-making, protection
mechanisms, and real-time alerts.

1.ESP8266 Firmware (Main Logic)
The ESP8266 firmware serves as the central controller,
handling real-time sensing, processing, and communication
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using C/C++ in the Arduino IDE. During initialization, it
connects to Wi-Fi and configures peripherals such as the
accelerometer (via 12C), GPS module (via serial), and
Telegram Bot API for alerts. In the main loop, the system
continuously reads acceleration data (ax,ay,az)and
computes the Signal Vector Magnitude (SVM) to monitor
motion: SVM=ax2+ay2+az2.

The fall detection algorithm uses a two-stage threshold
method, where a sudden drop below a low threshold
followed by a sharp rise above a high threshold indicates a
potential fall. This is further wvalidated by checking
immobility and orientation over a short time period to reduce
false detections.

Once a fall is confirmed, the communication module
retrieves GPS coordinates and prepares an emergency alert
message. After a short delay for user cancellation, the
ESP8266 sends the alert via Wi-Fi to the Telegram Bot API,
including a Google Maps link with location details. The GPS
module continuously updates latitude and longitude,
enabling accurate tracking, which can be expressed as
distance estimation if
needed:=Rcos—1[sin¢g 1singp2+cosgp1cosp2cos(A2—11)].
Additionally, the firmware manages Bluetooth and audio
modules to support hearing aid functions such as volume
control and audio playback. This integrated system ensures
fast emergency response while maintaining -efficient
everyday operation.

2. Cloud and Mobile Application Software (Telegram
Bot)

The Cloud and Mobile Application Software implementation
is primarily handled by the Telegram Bot API, serving as the
secure, real-time bridge between the ESP8266 and the
caregiver's Telegram App. This process begins with the
caregiver setting up a bot using Telegram's BotFather to
acquire a unique Bot Token and then obtaining their personal
Chat ID; both credentials are hardcoded into the ESP8266
firmware. When the ESP8266 confirms a fall, the
Communication Module initiates a direct outbound HTTPS
POST request (transmitted over the Wi-Fi link) to the
Telegram API servers. This request acts as the core software
service, using the Bot Token to authorize the message and the
Chat ID to target the recipient. The API server software then
instantly parses the incoming data—which includes a text
alert, the timestamp, and a crucial Google Maps URL
generated from the GPS coordinates—and pushes it as a new
notification to the caregiver's Telegram App. This
lightweight, cloud-based interaction bypasses the need for a
custom mobile application, leveraging Telegram's robust,
secure messaging service to ensure immediate and reliable
emergency alerts.

The Cloud and Mobile Application Software component,
centered on the Telegram Bot API, serves as the vital, real-
time communication link between the low-power ESP8266
and the caregiver's mobile device, effectively replacing a
custom, battery-draining mobile app. This process is initiated
after the caregiver registers for a unique Bot Token and
obtains their personal Chat ID, which is then configured into
the ESP8266 firmware. Upon confirmed fall detection, the
ESP8266's Communication Module executes an immediate
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targeted HTTPS POST request over the Wi-Fi network to the
secure Telegram API server. This request, authorized by the Bot
Token and addressed by the Chat ID, contains the formatted
emergency data: a text alert, the timestamp, and, crucially, a
Google Maps URL dynamically generated from the GPS
coordinates. The API server instantly processes this request,
utilizing Telegram's high-reliability messaging infrastructure to
push the geo-tagged fall alert as an immediate, distinct
notification to the caregiver's Telegram App. This
implementation is highly efficient, minimizing on- device
computation and power consumption while ensuring the rapid
delivery of actionable, location-specific intelligence required for
timely emergency intervention.

7. RESULTS AND DISCUSSION
The integrated system effectively delivered its primary
functions, yielding significant results in both real-time fall
detection and the simultaneous operation of the hearing aid
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Fig:2: Result of Patient Monitor Connected to Telegram

features. The fall detection system achieved high sensitivity
and specificity through its multi-stage software
implementation on the ESP8266. The core result was the
reliable differentiation between a true fall and Activities of
Daily Living (ADL) like sitting or running. This was
accomplished by combining a threshold-based analysis of the
Signal Vector Magnitude (SVM) from the accelerometer
(detecting the signature freefall-impact sequence) with a
subsequent immobility and orientation check . The GPS
module successfully provided accurate location coordinates,
and the system demonstrated a low latency in transmitting the
alert. The seamless operation of the Wi-Fi module and
Telegram Bot API ensured that a caregiver received an
actionable alert including the exact map location— typically
within 5-10 seconds of a confirmed fall, significantly
improving the potential for a rapid emergency response.

Discussion of the results highlights the successful integration
of complex functionalities onto a single, low-power platform
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suitable for a wearable device. The main discussion point
revolves around the power efficiency and computational trade-
offs of using the ESP8266. While the ESP8266 effectively
manages the real-time sensor processing and communication,
the chosen threshold-based fall detection algorithm (rather than
a computationally intensive machine learning model) was a
necessary compromise to ensure low power consumption and
acceptable battery life from the Li- ion battery. Furthermore, the
system demonstrated successful modularity, where the fall
detection logic operated independently from the simultaneous
audio signal processing controlled via the Bluetooth and
amplifier modules. The integration of GPS further extends the
system's utility beyond indoor environments, which is a major
advantage over Wi-Fi fingerprinting or indoor-only solutions.

Patient monitor connected to Teiegram

Unknown command: Test

Patient monitor connected to Telegram

Patient connected to earphone, Fall
detection sensor initdone
Patient location available
Nocation 2.43pm
PATIENT LOCATIONIS -

Find local businesses, view maps and get
driving directions in Google Maps

Fig:3: Result of Patient Location Tracking.

Future improvements and system constraints form the final part
of the discussion. A known constraint is the potential for false
positives if the device is removed and dropped, which could be
addressed by incorporating a proximity or pressure sensor to
confirm the device is being worn. For higher accuracy, future
implementations could discuss incorporating a gyroscope or
implementing a lightweight machine learning model (TinyML)
on a more powerful MCU. However, the current system
successfully validated the core concept: a single, compact
wearable can provide both essential hearing assistance and life-
saving fall detection with instantaneous, geo-tagged notification
via the ubiquitous Telegram platform, offering a practical and
affordable solution for elderly care.

Advantages of the Proposed System

e Increased Efficiency and Productivity
A well-designed proposed system often delivers significant
gains in efficiency and productivity by automating routine,
manual, and time-consuming tasks. By replacing outdated
workflows, bottlenecks are minimized, and processes are
streamlined. For instance, in an organizational context, an
automated invoicing system eliminates the need for manual
data entry, drastically reducing the time spent on administrative
overhead. This allows employees to focus their energy and
expertise on higher-value activities that directly contribute to
the organization's core mission, leading to a measurable
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increase in overall output and a better return on investment
(ROI) for labor resources.

Enhanced Data Accuracy and Security

A key advantage of modern proposed systems is the enhanced

data accuracy and security they provide. Replacing paper-
based records or disparate spreadsheets with a centralized,
digital database minimizes the risk of human error, data
duplication, and inconsistencies. Furthermore, these systems
typically incorporate robust security protocols, such as end-
to-end encryption, multi-factor authentication, and granular
access controls, to protect sensitive information from
unauthorized access or breaches. This adherence to higher
data integrity standards is crucial for regulatory compliance
and building trust with both internal stakeholders and external
clients.

¢ Improved Decision-Making Capabilities

The proposed system often includes powerful analytics and
reporting features that lead to improved decision-making
capabilities. By aggregating and processing large volumes of
real-time data, the system can generate clear, actionable
insights through customizable dashboards and reports. This
shift from relying on intuition or historical, delayed data to
data-driven insights enables management to identify trends,
predict future outcomes, and pinpoint areas of success or
concern much faster. Consequently, the organization can
make more informed, timely, and strategic choices, leading
to competitive advantages in the marketplace.

e  Better Scalability and Future-Proofing
Modern system architecture inherently provides better
scalability and future-proofing for growth. Unlike legacy
systems that are rigid and expensive to modify, a new
system—especially one based on cloud infrastructure—can
easily handle an increasing workload, more users, and
expanding data volumes without a major overhaul. This
agility ensures that the system can adapt as the organization
grows, merges, or pivots its business model. By adopting
current standards and technologies, the system is positioned
to integrate with future innovations, thus protecting the initial
technology investment from rapid obsolescence.

e  Superior User and Customer Experience

Finally, a well-implemented proposed system significantly
enhances the user and customer experience. Internally, a
modern, intuitive user interface (UI) and user experience
(UX) reduce the learning curve, lower training costs, and
increase employee satisfaction. Externally, customers benefit
from faster service, more personalized interactions, and
increased self-service options, such as an online portal for
tracking orders or submitting support tickets. This
improvement in service quality translates directly into higher
customer retention rates, stronger brand loyalty, and a
positive reputation within the industry.

8. Conclusion

The preceding analysis has comprehensively explored the
core advantages of the proposed system, demonstrating its
capacity to fundamentally redefine efficiency, data integrity,
and strategic foresight across an organization. By integrating
modern automation techniques, the system moves past
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incremental improvements to offer a transformational shift, allowing
labor resources to be reallocated from repetitive administrative duties
to critical, high-value tasks that directly impact growth and
innovation. Furthermore, the enhanced security protocols and
centralized data architecture not only mitigate major operational risks
but also establish a foundation of reliability and trust essential for both
regulatory compliance and strong stakeholder relationships.
This synthesis confirms that the system is not merely an expense, but
a strategic investment that maximizes organizational output

The significance of these findings extends far beyond internal metrics,
positioning the adopting entity as a leader in market responsiveness
and client service. By leveraging the system's ability to process real-
time data into actionable intelligence, decision-makers can navigate
complex market dynamics with unprecedented speed and accuracy,
turning predictive data into a key competitive differentiator. In an
economy increasingly defined by rapid change, the inherent scalability
and future-proofing of this modern architecture guarantee sustained
relevance, ensuring the organization can seamlessly absorb growth and
integrate future technological advances without disruptive overhauls,
thereby solidifying its long- term viability.

However, a complete assessment requires acknowledging that no
system is without its challenges or unplumbed depths. The transition
phase itself presents certain limitations, particularly concerning the
initial investment in training personnel and migrating legacy data,
which require meticulous planning to minimize organizational
friction. These challenges, while manageable, open up critical avenues
for future research, including developing more adaptive, self- learning
integration modules and studying the long-term cultural impact of
automation on employee roles and satisfaction. Such continued
investigation will be necessary to fully optimize the symbiotic
relationship between advanced technology and human capital.

In conclusion, the proposed system represents a crucial pivot point,
moving the organization from a reactive maintenance model to a
proactive, insight-driven strategy. The cumulative effect of increased
efficiency, fortified security, and predictive capability is the creation
of a resilient and agile enterprise uniquely equipped to thrive in the
complex landscape of tomorrow. Ultimately, success will be measured
not just by the immediate cost savings or productivity spikes, but by
the organization's newfound capacity to anticipate change and
leverage technological momentum a testament to the enduring power
of well-conceived innovation to shape a definitive and successful
future.
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