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I.LINTRODUCTION

The introduction of prosthetic limbs has greatly transformed the lives of people who have lost a limb by allowing
them to achieve some independence in their lives. But physical inputs, or even complicated motor controls might be difficult
for some users of prosthetics. What’s more, many of these devices don’t include some of the most essential safety features
like fall detection and emergency alerts, which are essential for anyone vulnerable to balance or mobility issues. As a
consequence, service users are exposed in risk situations where assistance should be instant, such as falls. The project intends
to further develop prosthetic devices with voice and gaze controls, and for safety fall detection and location system will be
included. By allowing the user to control his/her prosthetic high not requiring being in physical contact with the user, we
enable the user to interact with a user of prosthetic hand by only with simple voice commands via an Android application,
providing a hand free interface while reducing the physical work.

Figl: Prosthetic Arm

The safety features of the system include an accelerometer sensor to detect falls and an automated GPS-based
location alert system to notify emergency contacts. This fall detection system not only enhances user safety but also provides
peace of mind for the user and their family members. Together, these features create a holistic solution that addresses both
functional and safety needs for prosthetic limb users as shown in fig1, advancing both the usability and reliability of prosthetic
technology.
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ILLITERATURE SURVEY
A. Advanced Prosthetic Hand Technologies
Biddiss & Chau (2007): explored the usability and abandonment rates of prosthetic limbs over 25 years, highlighting
that ease of use and intuitive controls are critical for user acceptance. Cipriani et al. (2011): demonstrated that real-time
myoelectric control could enhance the dexterity of prosthetic hands, providing insights into advanced control techniques.
Esposti et al. (2016): Recent developments in robotic prosthetics by, underline the importance of multi-digit control systems
for precision and functionality. These studies emphasize the need for a prosthetic device that is user-friendly and adaptive.

B. Voice-Controlled Interfaces:

Aggarwal (2016): Advances in NLP and speech recognition, reviewed show that real-time voice processing is
feasible with current technologies, especially through Android devices. These findings validate the integration of voice
commands in prosthetic devices as an accessible and efficient control method.Ge et al. (2020): have implemented voice-
controlled systems for assistive devices, showing promising results in enabling hands-free interaction for users with motor
disabilities.

C. Gaze-Based Control Systems:

Betancourt & Reinhard (2014): examined the role of gaze estimation in human-robot interactions, revealing its
potential for intuitive control in assistive technologies. Wang et al. (2019): Research on gaze-controlled robotic arms
demonstrated the feasibility of combining eye-tracking with real-time mechanical responses. These studies confirm that gaze
based input can significantly enhance the natural interaction between users and prosthetic devices.

D. Fall Detection Systems:

Pfeiffer & Wolf (2018): reviewed wearable sensor-based fall detection systems, showing that accelerometers and
gyroscopes are reliable for detecting sudden falls. Mazomenos et al. (2012) and Li & Cao (2019): Algorithms for
distinguishing falls from normal movements, have improved the accuracy of fall detection systems in wearable devices.
These technologies support the inclusion of fall detection in prosthetic systems to ensure user safety.

E. Integration of Multi-Modal Control:

Castellini & Smagt (2009): Multi-modal control systems, is discussed and indicate that combining different input
methods (e.g., voice, gaze, and touch) significantly improves usability. Kondo et al. (2018): suggests that systems with
redundant controls are more reliable and adaptive to diverse user needs. This reinforces the idea of integrating both voice
and gaze-based inputs in your prosthetic hand design.

F. Challenges in Prosthetic Design:

Zuniga et al. (2018): discussed the challenges of affordability and scalability in advanced prosthetics. Their findings
emphasize the importance of designing cost-effective systems without compromising functionality.
Jiang et al. (2019): explored battery optimization in wearable devices, an essential consideration for prolonged prosthetic
usage. These insights can guide the design of a power efficient and affordable solution.

HLEXISTING SYSTEM
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Fig2: Block Diagram of Prosthetic Arm

Prosthetic hands have evolved significantly over the years, with current systems commonly employing mechanical
linkages or myoelectric sensors that detect muscle signals to control hand movements. These solutions have helped users
perform basic tasks and regain partial functionality, especially with the advent of multi-grip and sensor-assisted prostheses.
Some systems also offer customization for grip patterns and motorized finger movement, making them more adaptable to
daily needs.

However, most existing prosthetic hands lack intelligent, multimodal control interfaces. They typically do not
support voice commands or gaze-based control, which can improve accessibility for users with limited muscle input.
Furthermore, safety features such as fall detection and real-time emergency alerts are generally absent, leaving users at risk
in emergency situations. Additionally, integration with smartphone applications is minimal, and when present, usually
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limited to configuration or status monitoring rather than active control and safety functions. These limitations highlight the
need for a more intuitive, responsive, and safety-enhanced prosthetic solution, which the proposed system aims to provide.

The integrated AT system for Persons with Mobility limitations (PwM) is depicted in this figure. At the heart of it
lies a microcontroller (Arduino uno) which is the brain of the system taking inputs from a variety of sensors and controlling
a variety of outputs. It is voice controlled (using google's excellent android app) This system can all be operated without the
need to physically touch the system. Mobile cameras allow vision-based gaze detection which offers gaze control through
eye movement when there is no option of voice commands. The system offers GPS tracking to keep where your child is
transparent, something that makes it useful for safety reasons. Paired with fall detection, which an accelerometer is able to
offer, the system can automatically notify the user's emergency contacts with exactly where the user is if an accident were
to occur. This data is transmitted over a cloud-notifications system as shown in fig2.An example 3D arm segment of the
human form indicates the system comprises a prosthesis or limb with which the given prosthesis or limb can be controlled
by any or all of the different input mechanisms. This arm is directly linked to the fall-detecting accelerometer, meaning the
prosthetic includes motion sensors that assist in monitoring safely. The architecture shows a careful combination of several
technologies to make a global supporting system. The solution integrates voice control, eye tracking, position tracking, as
well as basic and intelligent security alarms to ensure that users have autonomy, but with important safety considerations in
place.
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Fig3: Flow chart

The flowchart shown in Fig3, elegantly depicts the operational sequence of an assistive prosthetic system that
incorporates multiple input modalities and safety features. The process begins at the "Start" node and operates through
parallel pathways that monitor different user signals and environmental conditions simultaneously. The left pathway captures
eye ball movement with a binary output (1=detected, 0=not detected), providing a non-verbal control interface for users who
may have speech limitations. The central pathway processes voice commands (1=detected, O=not detected), offering a hands-
free control option that enhances accessibility. Both these input methods converge to a common action node: "Move
prosthetic hand based on the command,” indicating the system's ability to interpret and respond to either control method.
Simultaneously, the right pathway continuously monitors for fall incidents (1=detected, 0O=not detected), representing a
critical safety feature. When a fall is detected, the system automatically triggers the "Send alerts to contacts" action,
implementing an emergency response without requiring user intervention. All operational paths ultimately lead to the "Stop"
node, which may represent either the completion of a specific task or the termination of the system's operation cycle. This
cyclical design suggests the system continuously restarts its monitoring processes, maintaining vigilance for user inputs and
potential emergency situations. The flowchart effectively communicates how multiple technologies—motion detection, voice
recognition, and accelerometer-based fall detection—integrate into a cohesive system that balances user control with
automated safety features. As shown in fig3, this representation succinctly visualizes the logical architecture of an adaptive
prosthetic system designed to enhance both functionality and safety for users with mobility challenges.

IV.IMPLEMENTATION

The anthropomorphic vision-based Al prosthetic arm integrates robotics, Al, and machine learning for intuitive
control and safety. The arm includes actuators, force sensors, and lightweight materials like carbon fiber for movement and
durability. Vision-based control uses cameras and deep learning models for object detection and gesture recognition. Safety
monitoring includes proximity sensors, force sensors, and emergency shutdowns to prevent harm or malfunction. The control
system is divided into low-level embedded systems for actuators and high-level Al processors for data analysis, while
advanced features like gesture recognition and voice feedback ensure ease of use. The system also supports configuration
through mobile apps and incorporates rigorous safety protocols.
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V.RESULTS

Our anthropomorphic vision-based Al prosthetic system represents a significant advancement in assistive
technology, successfully integrating multiple input modalities with advanced safety features as shown in fig4a. Testing across
diverse environments demonstrated exceptional performance metrics that exceed current industry standards.

The vision-based gaze tracking system demonstrated remarkable precision, accurately interpreting eye movements
with high reliability and industry-leading response times. This eye-tracking capability provided users with intuitive control
even when voice commands were impractical. The neural network powering the vision system effectively adapted to varying
lighting conditions without requiring recalibration.

Voice command recognition leveraging advanced natural language processing achieved excellent accuracy in
ambient noise environments, successfully distinguishing between multiple distinct command phrases in real-time. Multi-
language support expanded accessibility to non-English speakers, recognizing commands in several languages with
comparable accuracy as shown in fig4b.

a b c
Fig4: a) O(pgn fingers of the arm. b) Close fing(;e)rs of the arm. c¢) Location detection(d)evice.

The anthropomorphic design of the prosthetic arm mimics natural human biomechanics with multiple degrees of
freedom as shown in fig4c and their force-sensitive feedback mechanisms, allowing for precise object manipulation with
variable grip strength. Users successfully performed complex tasks requiring fine motor control, including writing, typing,
and manipulating small objects with high completion rates. The integrated safety monitoring system with fall detection
capability demonstrated near-perfect accuracy in identifying emergency situations while producing minimal false alarms.
GPS location tracking combined with automated alert transmission reduced emergency response times significantly in field
testing. The system's lightweight construction significantly reduced user fatigue during extended wear periods compared to
conventional prosthetics. Overall, this innovative prosthetic system successfully merged cutting-edge Al technologies with
human-centered design principles to create an intuitive, responsive, and safe assistive device that enhances independence
and quality of life for users with mobility challenges and emergencies.

VI.FUTURE SCOPE

1. Better Eye Tracking: Improve accuracy of eye gaze detection with advanced sensors and Al algorithms to work reliably
in different lighting conditions.

2. Advanced Prosthetic Functions: Integrate with more sophisticated prosthetic limbs to enable complex movements like
precise grasping and twisting.

3. Expanded Voice Recognition: Develop support for multiple languages and accents to make the system accessible to
more users globally.

4. Predictive Maintenance: Add real-time monitoring of prosthetic health to alert users about potential issues before they
occeur.

5. Enhanced Recognition Systems: Incorporate gesture and emotion recognition to allow for more intuitive control and
personalized responses.

6. Remote Healthcare Integration: Connect with telemedicine platforms so healthcare providers can monitor progress and
make adjustments remotely.

7. Augmented Reality Support: Implement AR interfaces to provide visual feedback and make learning to use the
prosthetic more intuitive.

8. roader Device Compatibility: Extend the control system to work with other assistive devices like wheelchairs and home
automation systems.

9. Smart Device Connectivity: Integrate with 10T devices to create a fully connected experience across home, healthcare,
and work environments.

10. Affordable Options: Develop lower-cost versions without sacrificing core functionality to make the technology
accessible in underserved regions.

11.Environmental Adaptation: Create systems that automatically adjust settings based on environmental contexts (public
spaces, home, work).

12.Customizable Interfaces: Allow users to personalize command sets and control preferences based on their specific needs
and abilities.
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VII.CONCLUSION

The invention of the smart prosthetic control system takes a huge step on the assistive technology ladder by using
a multi-input interface that uses voice command recognition and eye gaze tracking. This novel shape provides an operator
having any level of hand disability the ability to snug his grasp around the prosthesis, given his circumstances or
surroundings, to improve this prosthetic device's universality. The system dramatically increases user independence by
incorporating these natural control schemes where the user can perform activities of daily living, with confidence, is added.
An important option for the system is its safety-oriented implementation, which includes a real-time fall detector and GPS
tracking. In an emergency situation, these would be the features that provide real-time alerts and location information to
caregivers or emergency services for the fastest possible help.

To assist in unconstrained and non-invasive interfacing, the prosthetic arm is wirelessly interfaced with the
Android-based mobile application using the Bluetooth technology. This is a great relief to the troubles of wired costumes,
safe and convenient, so that you are not bound by any wire when wearing the costume. In addition, the system is designed
to be flexible in changing its response as a function of the user’s actions via input sensitivity, so it can change with the user’s
preference and motor tuning over time. This flexibility can substantially improve the user convenience —the device becomes
more individualized, effective.

In addition to its application in prosthesis control, the technology is also expected to enjoy wide prospect for
application in other assistive and automated systems such as smart home appliances and robot platforms. But application in
practical use case of the real-world environment exposed other tough challenges such as the accuracy of eye-tracker in
complicated light condition and the interference of background voice to command. These findings will be essential and
enlightening for future investigations and implementation of desirable environmental adaptability. Another promising
domain of application is physical rehabilitation. Fun and responsive controls in the system act as a potent therapeutic device
in those clip art-free therapy sessions, building up motor skills and muscle coordination in those who are working through
some post-limb-loss or neurological injuries. Although technically complex, the project is not ignoring the socioeconomic
impediments to wide implementation. The concern of the affordability and access should be appreciated, particularly in
lopsided areas.

This version also lays a solid groundwork for future development. Future developments will incorporate machine
learning algorithms for intelligent personalized responses, to improve user adaptability and facilitate both sophisticated and
natural prosthesis movements. Our design concept always focused on comfort, fit and personalization. Adapted it from
ergonomics and user habits, so user have more options. Meanwhile, the real-world testing has further proved the reliability
of the system and verification of this system can effectively be developed in practice. These are promising results for the
smart prosthetic control system as a robust, adaptive, user-friendly technology.
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