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Abstract—This  research  describes the  design,
conceptualization, and experimentation of a Shape
Memory Alloy (SMA)-powered exoskeleton for the
rehabilitation of lower limbs with the aim of enhancing
mobility in patients afflicted with physical disability as a
result of neurological, muscular, or age-related diseases.
The key innovation lies in the use of Nitinol-based SMA
actuators, which replace traditional mechanical motors,
thus making the system extremely compact, lightweight,
and less noisy during operation. To enable convenient
intuitive, hands-free operation, a voice recognition
module has been incorporated, ensuring friendly user
interface with the device. Additionally, a thermal
feedback system has been incorporated, making use of a
MAX6675 module coupled with a K-type thermocouple,
to track and control the heating cycles of the SMA and
ensure safety while avoiding the risk of material fatigue.
Empirical evidence confirms the efficacy of the system in
providing dynamic support across different loading
conditions, holding the promise of a promising platform
for its potential use in clinical rehabilitation, geriatric
care, and industrial support. The research concludes by
defining possible areas of future development, including
the incorporation of artificial intelligence and
sophisticated cooling systems.

Index Terms—Exoskeleton, Shape Memory Alloy, SMA
Actuators, Nitinol, Voice Control, Wearable Robotics,
Thermocouple Feedback

[. INTRODUCTION

Mobility is a primary requirement that significantly
influences the quality of life, autonomy, and social
integration of individuals. For those with physical
disability resulting from musculoskeletal injury, spinal
cord injury, or progressive neurological disease, loss
of mobility results in extreme restrictions in daily
functioning. Conventional aids like walkers, crutches,
and wheelchairs are useful; however, they offer little
support and tend to fail to address the individual needs
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of users. The development of wearable robotic
exoskeletons presents a paradigm shift in the idea of
mobility assistance since they offer adaptive support
that is customized to an individual's movements and
muscular capacity.

Amongst the numerous actuation technologies that
have been considered for wearable robots, Shape
Memory Alloys have been one of the most popular
options based on the novel property of shape change
with thermal stimulation. Nitinol, a nickel-titanium
alloy, is particularly noted for its biocompatibility,
strength-to-weight ratio, and quiet actuation. The
properties of these make it an ideal candidate for
applications where space, weight, and noise demands
need to be minimized to the maximum extent possible.
This paper describes the design and development of a
lower limb wearable system that is actuated purely by
Nitinol SMA springs, which shrink upon heating and
return to their original shape upon cooling, thus
replicating muscle-like behavior in supporting the
user's movement. Voice commands are used to power
the system, and operation is controlled by real-time
temperature feedback to facilitate safe, effective
actuation.

II. SYSTEM DESIGN OVERVIEW

The exoskeleton of the proposed system employs a
combination of mechanical and electrical systems
within an integrated user-centered design. The Nitinol
shape memory alloy spring acts as the major actuator
placed at the knee joint to provide bending and
extension motion of the lower limb. Contraction is
achieved by providing electrical current to heat the
spring, thereby providing muscular action simulation,
while cooling the spring returns it to its original length
through stretching.
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A voice recognition module (Elechouse V3) provides
the capability to input commands like "activate" or
"deactivate," thereby enabling hands-free user
interface and particularly useful for users with limited
upper-body  mobility. The  Arduino UNO
microcontroller is the central control unit, decoding
voice commands and sensor readings to drive the relay
switch that supplies current to the shape memory alloy
(SMA). Thermal feedback comes from the MAX6675
thermocouple interface, which constantly reads the
SMA temperature through a K-type sensor. In case the
SMA temperature goes beyond safe operating levels,
the system automatically disconnects current supply to
avoid overheating and material degradation.

The hardware is constructed on the premise of a simple
ON/OFF control strategy using real-time data, thus
ensuring secure and stable operation under cyclical
repetition. Modular construction also allows for
scalability and future integration of other advanced
sensor networks or predictive control algorithms with
machine learning

III. PROPOSED METHODOLOGY

The methodology that is proposed entails a series of
operations that start with voice command recognition.
When a user makes a command, the signal is received
by the Arduino UNO that verifies the temperature
readings from the thermocouple module. If the
temperature is within the specified safe limit, the
microcontroller powers the relay, and current flows
through the SMA spring. The passage of current
causes heating, contracting the spring and mimicking
the movement of a joint. While the SMA is performing
its role, constant monitoring of the temperature is
done. When it reaches the specified upper limit, the
relay is turned off to prevent the heating process. This
ensures that the SMA does not stay active for a long
time, resulting in overheating or degradation of the
material.

This is done by software that is coded with the Arduino
IDE, which contains built-in logic that values safety
over responsiveness. The code contains a loop that
continuously searches for new voice commands and
sensor information. The embedded decision-making
process in the microcontroller makes actuation
precise, voice command synchronized, and thermally
controlled to avoid mechanical stress.
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IV. HARDWARE FABRICATION AND MODULE
TESTING

Hardware was designed with minimal cost, high
responsiveness, and ease of prototyping. Voice
recognition module training was done utilizing sample
code of the manufacturer with the aid of the Arduino
IDE, where voice commands were programmed to
digital signal outputs. Voice commands were
translated to switching the SMA actuator on or off.
Voice recognition training was carried out in a quiet
setting in order to get high accuracy, and the module
was capable of recognizing commands with a success
rate of more than 95 percent.

The SMA springs were tested under laboratory
conditions. Three springs with varying diameters and
free lengths were tested for their contraction
capability, heating time, and cooling times. The third
spring with the largest diameter and free length
showed the most consistent performance in
contraction range and thermal response. It could lift a
moderate weight with a good cooling time and was
thus appropriate for repeated cycles of actuation in an
exoskeleton application.

V. RESULTS AND DISCUSSION

Table 5.1.Spring load test

Time Taken for
Contraction (sec) Temp of Spring | Temp of Spring T2
O

SNe | Load(® o

T1 T2

100 6.81 6.56 34.9976 35.0024

110 777 6.94 35.0975 35.1002

120 899 816 35.3739 35.5024

130 924 9.63 35.2261 35.0120

150 8.12 8.48 3465 3512

160 8.57 8.61 35.637 35.772

170 9.03 933 3427 3511

1
2
3
4
5 140 9.43 9.27 35.6074 35.6642
6
7
8
9

180 9.83 9.94 33.8912 34.7152

10 190 10.47 1055 353236 35.7724

11 200 1647 16.77 37.5841 37.6412

Experimental outcomes indicated that SMA actuator
performance is highly sensitive to size, applied load,
and thermal characteristics. In a series of load tests
from 100g to 200g, the chosen SMA spring
demonstrated uniform contraction times, with longer
times at greater loads due to greater thermal mass and
reduced heat dissipation. The thermal feedback system
was discovered to be important in such a case, keeping
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the SMA spring within operational temperature ranges
to avoid failure.

Table 5.1 gives the experimental data, indicating time
to actuate at various loads and the corresponding
temperatures under each test. The results affirm that
the system can effectively deliver dynamic movement
assistance with minimal user effort while providing
safe thermal management. Moreover, the prototype
demonstrated rapid response to voice command and
effectively demonstrated hands-free operation, which
is essential for real application among elderly or
physically disabled individuals.

Although these encouraging results were found, there
were some limitations. The intrinsic cooling lag in
SMA spring restricts the actuation cycle frequency,
and the system is not ideal for high-speed motion
applications. The actuation stroke of SMA is also
extremely minute, and mechanical amplification is
necessary for use in applications involving large joint
motion. Power consumption during actuation is also
an issue, particularly for portable battery-powered
applications.

VI. CONCLUSION

This paper demonstrates the feasibility of developing
a compact, SMA-powered exoskeleton for the support
of lower limb mobility. The use of Nitinol as an
actuator enables a light, quiet system with human
muscle-like performance. Voice control enhances the
usability, and thermal monitoring provides the
necessary safeguards against overheating. The
experiments demonstrate that such a system can be
employed to lift and support lower limb movements
with adequate accuracy and safety. The exoskeleton
prototype demonstrates a shift away from traditional
motor-powered systems towards more biologically
inspired, efficient, and wearable solutions for mobility
support.

VII. FUTURE WORK

Although the present prototype provides a critical
milestone in wearable assistive technology, several
advancements are anticipated in future development.
The inclusion of machine learning-based adaptive
control algorithms would probably enable the
exoskeleton to predict user intention and respond with
enhanced intelligence. The addition of active cooling
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systems would significantly minimize the SMA reset
time, thus enhancing the responsiveness of the system.
The employment of an array of SMA springs in parallel
would possibly enhance the total actuation force and
range, making the system more versatile. The addition
of biometric feedback, such as muscle activity or fatigue
monitoring, could also make the system more
personalized, tailoring the support to the physical
condition of the user. Such advancements would not
only broaden the application of SMA exoskeletons in
industrial and defense domains but also in physically
demanding industrial and defense settings.
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