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Enhancing Hand Rehabilitation Through Interactive Design

Xiaotian Sun', Sitong Lu' *, and Jiaqi Fan™?

ABSTRACT

The demand for hand rehabilitation services is increasing currently, and there are many choices of hand rehabilitation products
available on the market. Here, we report a flexible curvature sensor-based data glove, equipped with a built-in light trigger system,
which is expected to provide active signal feedback for better human machine interface experience. By analyzing user needs and
leveraging advancements in human-computer interaction, this new design not only facilitates physical recovery but also fosters a
sense of ownership and motivation among patients. The incorporation of real-time feedback mechanisms further amplifies the
efficacy of the rehabilitation process, propelling patients toward greater independence and self-assurance. Specially from an
emotional point of view, the elements, such as functionality, design, color, material, and human-computer interaction, based on
user needs, would be analyzed to summarize some core requirements. Then the performance of hand movements is integrated
into the rehabilitation process through visual feedback to address the problem of monotony during training. This design can
leverage the feedback mechanism between visual cues and hand movements, enhancing the sensory interaction experience
between individuals and the product. Finally, it is proved by experiment this proposed design is very potential to help improve
patients’ motivation and self-efficacy in training, thereby enhancing the effectiveness of rehabilitation. By combining these
elements, we believed that the design is expected to make up some emotional support for better human machine interface

experience.

KEYWORDS

comfort; engagement and empowerment product design; finger angle sensing; visual feedback; effectiveness of

rehabilitation; training initiative

broader realm of medical rehabilitation, Hand

rehabilitation is not only a critical step in many brain
rehabilitation processes, but also in cases where hand movement
disorders or injuries are involved. As such, effective hand
rehabilitation strategies are critical for restoring optimal hand
function and improving overall well-being. Current treatments for
hand movement disorders include range-of-motion exercises
(exercises performed without weight bearing to improve joint
mobility and relieve finger stiffness), Intensive training (weight
bearing and use of rehabilitation equipment, bearing weight and
using rehabilitation equipment to build muscle strength to
support and protect the joints) and endurance training (to ensure
the health of the cardiovascular system and reduce joint
swelling)", The intervention methods can be roughly divided into
two categories: central intervention and peripheral intervention.
Traditional rehabilitation training cannot effectively meet the
needs of hand function rehabilitation, so the application of
emerging technology-assisted rehabilitation has attracted more
and more attention.

Cao" developed an upper extremity exoskeleton rehabilitation
system using motion bionics theory, incorporating sensors like
angular displacement sensors, Flex Sensors, and accelerometers at
joints to collect kinematic data of the healthy limb. This data is
analyzed and processed using STM32, controlling the affected side’
s movement to mimic the healthy side’s trajectory, facilitating
rehabilitation. Li” developed a stroke rehabilitation device guiding
the affected limb with data from the healthy limb’s curvature,

l l and rehabilitation is an essential component within the

controlled by an inflatable airbag and a single-chip
microcomputer to train hand movement. Liu" created a wearable
device monitoring hemiplegic patients’ hand movement,
designing rehabilitation programs optimizing forced use and
restriction-induced exercise therapy, setting a standard for future
clinical trials. Wang"” explored central nervous system
rehabilitation mechanisms and limb motor function based on
cross-transfer effects, proposing criteria for hand rehabilitation
aids. These innovations collectively enhance stroke rehabilitation
methodologies, from passive imitation to active training, aiming
for comprehensive recovery and setting standards for future
research and clinical applications.

We can also see the research results of other outstanding
scholars on hand function rehabilitation gloves™. In these
research, the biggest feature of this rehabilitation aid is the
combination of virtual reality technology and hand function
recovery, and the use of sensors for motion capture. In this way,
the hand movements in the virtual reality scene can be controlled,
and the patient training can be assisted in multiple dimensions.

Moital et al"’ developed a portable myoelectric feedback
system using healthy forearm signals to drive hand rehabilitation.
Cempini et al"" designed an exoskeleton targeting spastic hand
contractions, adjusting finger movements via motor control.
Pichiorri et al."” created a virtual hand training system using EEG
feedback to stimulate brain neurons. Pust et al.’’ designed a
sensor array to locate stroke patients with motor dysfunction.

However, being in a virtual environment for a long time will
easily cause visual fatigue. In addition, some rehabilitation medical
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institutions have started using hand function rehabilitation devices
to replace physicians in providing rehabilitation treatment to
patients. However, these types of rehabilitation devices mostly
employ rigid structures', which have disadvantages such as
poor flexibility, bulky structure, high cost, and the potential for
causing secondary injuries to patients during use!”™.

To address the aforementioned issues with rigid rehabilitation
devices, researchers have introduced flexible materials into the
field of hand function rehabilitation® . Studies have shown that
hand function rehabilitation soft robots possess a certain degree of
motion flexibility, allowing for better fit with the patient’s hand.
This meets the demands of patients for a soft, comfortable, home-
based, portable, and cost-effective hand function rehabilitation
robot. However, existing hand function rehabilitation products
have issues with their mechanical configurations being unable to
meet the flexible movement requirements of the hand’s multiple
degrees of freedom and lack of effective perception”*.

To sum up, a user interview outline is developed from three
perspectives: the severity of the patient’s illness, the progress of
rehabilitation training, and the user’s opinions on data products.
Offline user interviews with patients, their family members, and
caregivers are then conducted, and the obtained information is
summarized in Fig. 1.

In this paper, we develop a redesigned and innovative hand
rehabilitation product aimed at helping patients improve the
aforementioned concerns, enhancing visual feedback effects,
increasing training motivation, and accelerating the rehabilitation
process for stroke-related hand conditions.

1 Related Work

The core target user group for this product design is hand
rehabilitation training patients. We collect their core needs and
opinions on existing hand rehabilitation products through direct
communication. At the same time, we conduct research on
caregivers and family members to understand the patients’ daily
life conditions, the implementation of rehabilitation exercises,
common rehabilitation methods during training, and
psychological changes. Based on identified issues, we propose our
own innovative ideas and corresponding improvements.

1.1 Analysis of product functional factors

According to the core needs of users, we found each requirement

is mapped to the functional elements of the product. To
summarize, the types of functions include wearable function,
rehabilitation function and feedback function, as shown in
Table 1.

Based on the above content, the product function is generally
planned: this product will quantitatively detect the patient’s hand
joint mobility, and transmit the test results to the processor
through electrical signals, and the results are given visual feedback
on the screen, as shown in Fig. 2. In this paper, we define the
patient’s hand activity as two levels (bending angle > 45°
and < 45°), and use different colors of Light-Emitting Diode
(LED) lights to correspond them (Green: bending angle > 45%
Red: bending angle < 45°). When using this product, users could
know the stage their hand activity level through the color change
of the light on the screen, and directly feel the feedback on the
degree of finger bending.

1.2 Analysis of product design factors

According to the core needs of users, we found each requi
Appearance design is the key point in product design, which
directly affects users’ most intuitive and basic experience with
products. When designing the appearance, we should not only

[ User core requirement ]

Sensing needs Feedback needs

» Comfortable and safe to » Real-time recovery degree
use feedback
« Single person operated + Encourage patients in time

« Easy operation
« Flexibility (reduced pain)...

* Actively participate in
rehabilitation activities...

Fig.1 Core product requirements based on literature and user research.

Table1 Functional factors.

Wear?ble Rehabilitation function Feedback function
function

Single person Standardlzeq r'ehablhtatlon Visual feedback
operated training _
Portable Easy operation Real-time recovery degree

feedback

Easy storage  Flexibility (reduced pain) -

LED (Color
change
from red to
green)

Fig.2 The fabricated hand rehabilitation product integrated with curvature sensors and visual feedback element (LED).
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provide functional requirements, but also consider the emotional
experience of users when using it.

For rehabilitation products, the simple, soft and streamlined
shape can provide patients with active participation and peace of
mind, making the product more friendly, shortening the distance
between the product and the patient, and reducing the patient’s
natural rejection of medical products.

Secondly, the hand rehabilitation product is directly worn on
the hand and arm, and its appearance should match the patient’s
physiological structure and conform to the laws of ergonomics, at
the same time avoid sharp corners or other protrusions, to ensure
that patients can have a pleasant, safe and efficient rehabilitation
training. The product use process should be simple, smooth and
logical, avoid repeating wrong operations against the patient’s self-
confidence, and affect the enthusiasm of rehabilitation training.

In modern business competition, the appearance of a product
plays a crucial role in attracting consumers. Industrial design
Color, Material, Finishing (CMF) is an important design concept.
In this regard, this article will also employ the design concept of
CMEF to create a product appearance that closely aligns with the
aforementioned user needs.

A good CMF design can enhance the aesthetics of the product,
prolong the service life of the product, and sublimate the value of
the design. From the user’s point of view, the emotional and user-
centered design of the product will be displayed more clearly.

Color factor: Color elements have an important impact on the
user’s visual, mental and emotional experience and play a key role
in the communication of information. Using the right color could
help the product to perfect its function, improve the product’s
recognition and usability.

In the field of medical rehabilitation product design, products
usually use black, white, gray, orange, green, blue and other colors,
among which white, gray or black is the main color, and other
colors are supplemented. Different colors will bring different
psychological feelings and influences to users. For patients, the
color design should try to choose low-brightness and low-
saturation colors to bring patients a warm and natural feeling and
soothe their emotions. Warm colors can also be used to bring
optimism and positive feelings to patients. Or choose a neutral
color that can produce a healthy, stable, and comfortable mood to
reduce the patient’s negative emotions.

Material factor: Material is the basic carrier for the product to
realize the basic and even emotional function, among which color,
texture, texture and other aspects are important considerations for
material selection. In the design of hand rehabilitation products,
the materials selection should follow the following points:

(1) Try to use materials with soft visual experience to give
patients warm and calm feelings and improve the affinity of the
product.

(2) Choose the materials that provide warm qualities, such as
cloth, leather, plastic, or rubber, to enhance the comfort of the
product when in contact with the skin.

(3) Choose a variety of materials to avoid the negative
experience brought by only using a single material.

(4) Due to the weak hand strength of the patient, we need to
choose drop-resistant, wear-resistant, high-toughness materials, to
prolong the service life of the product.

Surface design: Plastic, silicone and other materials are usually
used in the design of rehabilitation products. In order to ensure
the safety of patients, it is recommended to use frosting and other
processes on the surface to improve the friction, skin-friendly and
anti-skid properties of the product surface. This design strategy
can not only improve the product experience, but also increase the
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layering and visual effects of the product, thereby improving the
overall product quality.

Interaction factor:

(1) Interactive action setting.

This product is designed for rehabilitation training of hand
grasping function and flexion and extension function.

According to the core user needs, the training movements need
to be simple and effective, and can be done alone at home.

Therefore, this project sets the simple clenching, bending and
stretching movements of simulating the hand grasping objects as
the designated rehabilitation training movements.

Through repeated fisting/grasping exercises, patients can
increase hand muscle strength, improve finger joint mobility, and
improve overall hand coordination.

(2) Other interactive factors.

The process of hand rehabilitation is generally very long. If the
training method is boring and lacks feedback, it may lead to low
motivation of patients in rehabilitation.

Therefore, the use of visual feedback provides patients with
more psychological and emotional support, allowing patients to
intuitively understand their level of hand mobility when using the
product, and to better feel the process of their own rehabilitation
progress. In the subsequent design phase, the simple LED light
feedback will be upgraded to a more attention-grabbing and
emotionally positive experiential design, such as animations on a
screen.

2 Design Prototype

Following comprehensive user research, design factor analysis,
and functional prototype verification evaluation, this chapter will
embark on the practical design implementation of hand
rehabilitation products.

Concept development: Post finalizing the product prototype
design, a structured brainstorming session will be conducted to
foster divergent thinking and explore various design aspects
encompassing style, modeling features, function realization,
structural components, and other essential elements related to
hand rehabilitation products.

The product’s prototype design is segmented into two parts,
specifically the hand device and the wrist device, with a detailed
sketch scheme depicted in Fig. 3. This design alignment is
intricately linked to the product’s functional requirements and
prototype structure.

Upon completion of the prototype design phase, a thorough
discussion will ensue to select a suitable sketch scheme,
considering factors like product function, shape, CMF, interaction,
and other pertinent aspects. Subsequently, a detailed design
description of the chosen sketch scheme will be provided.

The hand device predominantly comprises plastic components
supplemented with fabric, housing a storage compartment
intricately connected to four bending sensors enabling
unrestricted movement aligned with the joints.

Likewise, the wrist section, composed of plastic and fabric
elements, integrates electronic components such as development
boards and LEDs. It is equipped with wire connection openings
and power ports for enhanced functionality.

Moreover, the sensors transmit signals to the development
board, enabling control over feedback lights to generate multi-
color changes. Patients can monitor the recovery progress of
specific fingers based on the feedback light signals.

Structural refinement: The design scheme will be further
refined based on the initial sketch, focusing on enhancing
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Fig.3 Prototype sketch.

functional integrity, structural rationality, and detailed in-depth
design considerations, as illustrated in Fig. 4.

3D modeling: Following the refinement of the sketch,
SolidWorks software will be utilized to construct a comprehensive
3D model, showcasing each part intricately, as depicted in Fig. 5.

Visualization: Post finalizing the product design plan, the final
model will be imported into Keyshot for rendering, where design
factors like materials, colors, and craftsmanship will be fine-tuned
to produce realistic renderings, as presented in Fig. 6.

3 Removable Embedded Sensing Module

The user interface is designed to be user-friendly, featuring clear
and concise information display that is easily understandable by
patients of varying ages and technological proficiency levels.
Visual cues, such as color changes in the LED lights, are
accompanied by accompanying audio cues for a multi-sensory
feedback experience, catering to different learning preferences and
accessibility needs.

Fig.4 Product details sketch.

& &

Fig.5 Product details preview.

In the future, the product incorporates gamification elements to
make the rehabilitation process more engaging and motivating for
patients. By setting achievable goals and milestones that are
represented through visual feedback on the device, patients are
encouraged to actively participate in their rehabilitation journey.
This gamified approach not only increases patient motivation but
also fosters a sense of accomplishment and progress tracking
throughout the rehabilitation process.

We will also design richer animation effects in interactive
design for customization and personalization options, enabling
patients to set their preferences for feedback intensity, color
schemes, and goal settings. This level of personalization empowers
patients to take control of their rehabilitation experience and tailor
it to their individual needs and preferences, thereby promoting a
sense of ownership and autonomy in their recovery journey.

Overall, through the integration of interactive design principles,
gamification elements, and user customization features, the
rehabilitation product aims to revolutionize the patient experience
by not only facilitating physical recovery but also nurturing
emotional well-being and motivation throughout the
rehabilitation process. This holistic approach to design not only
enhances the effectiveness of rehabilitation but also creates a more
positive and empowering experience for patients on their road to
recovery.

3.1 Finger curvature measurement

&
%
&

=

(]

Fig.6 Product rendering.
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The assigned rehabilitation training exercise in this paper involves
simulating the grasping and flexion/extension movements of the
hand. Therefore, it is necessary to select a bending sensor to
quantitatively measure the degree of hand flexion and provide
data feedback. Here the chosen model is the Flex2.2 uniaxial
bending sensor, as shown in Fig. 7, with its technical specifications
listed in Table 2. Flexible bending sensors in this product serve as
devices that provide feedback on the degree of finger bending.
Since finger bending involves shape changes, rigid sensors are not
suitable for this scenario. The bending sensor can be affixed and
fixed on the back of one finger, and the output resistance value of
the sensor will increase when the finger is flexed and extended, as
shown in the right in Fig. 7.

3.2 Signal acquisition system

In order to provide real-time feedback for the rehabilitation
effectiveness in this paper, a variable color LED light array is used
to convert the data signal into different colors of light, conveying
feedback information through the change in light color. The
chosen model is the ROBOMAKE bi-color LED common
cathode sensor module, as shown in Fig. 8. The bi-color LED (bi-
color light-emitting diode) refers to a module that can display two
colors, typically red and green, and can have three different states:
off, red, and green. Of course, depending on the combination of
colors, it can be categorized as red-blue bi-color, yellow-blue bi-
color, red-green bi-color, and so on. In this paper, however, we
only use red and green for application.

Using visual feedback provides patients with added
psychological and emotional support, enabling them to have a
visual understanding of their hand’s activity level while using the
product. It also enhances their perception of the progress made
during the rehabilitation process.

Resistive signal

Bending angle

Fig.7 Flex2.2 sensor and its sensing signal changing trend with the increase
of finger bending.

Table2 Typical properties of Flex2.2 sensor.

Property Typical value
Initial resistance 25kQ
Resistance change 10-125 kQ

Flexible life >1 million times
Working temperature -35'C-+80C
Size 77 mm x 6.35 mm (length x width)

Fig.8 (a) Image of bi-color LED and (b) circuit schematic diagram.
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3.3 Interactive function implementation

The visual feedback functional prototype is completed based on
the Arduino Leonardo development board to construct the
hardware system, and the hardware completion effect can be
shown in Fig. 9.

This product quantitatively measures the patient’s hand joint
mobility and transmits the test results to a processor through
electrical signals. The processor controls LED lights on the
product to provide visual feedback in the form of bright lights
corresponding to the results. The patient’s hand mobility level is
defined in different stages, and each stage is associated with a
different color of LED light. When using this product, users can
determine their hand mobility level based on the color changes of
the lights, directly experiencing the recovery effects of
rehabilitation.

The final functional prototype of the product is built using the
Arduino Leonardo development board. The schematic diagram of
the prototype is shown in the figure. The motion feedback of the
functional prototype is achieved by providing corresponding LED
color changes based on the values of the flex sensors during stroke
patients’ rehabilitation training. During rehabilitation training, the
flex sensors continuously sense the bending angle of the patient’s
finger joints. The resistance of the sensors changes accordingly,
and the Arduino UNO development board converts it into a
voltage signal representing the corresponding intensity of change.
This signal drives the LED lights to change colors accordingly.
When the bending angle of the patient’s hand joints reaches the
normal range during training, the LED lights change color,
allowing the patient to understand their hand mobility level. The
functional prototype achieves hardware control through Arduino
IDE, as shown in the figure.

1/O ports P1-P4 of Microcontroller (Arduino Leonardo) are
linked with every bending sensor put on every finger. Assistant
I/O ports are connected to the data acquisition card (PCI-1710,
Taiwan) in order to receive control commands. Port VIN
(unregulated power in) and port VSS (system ground) is

\____\_\1 ~ramrmuao
o | FEI R
Q1

1! D
2 i % LEONARDO
o H Arduino ]
(2] H 1 - 1
ol H, Microcontroller
< HEER:
=y | !
=l 1
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c ! H1
Qo | o
xX H POWER  ANALOG IN
oy | H! i T
i 1. T e
1 0, R
H 1 G
| o =
I ﬂl

|

AD converter

Fig.9 Experimental setup of the four flexible curvature sensor imbedded
the hand rehabilitation product.
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connected to a constant voltage source.

The motion performance feedback of the functional prototype
is provided to patients during their rehabilitation training process
based on the changes in values from the flex sensor, which
corresponds to LED color variations, as shown in Fig. 10. During
the rehabilitation training, the flex sensor continuously detects the
bending angle of the patient’s finger joints. As the sensor’s
resistance changes accordingly, the Arduino development board
converts it into a corresponding voltage signal, which results in
color variations in the LED array. When the patient’s hand joint
reaches the normal bending angle during training, the color of the
LED array changes, allowing the patient to understand their hand’
s level of motor ability. The functional prototype utilizes Arduino
IDE as a compilation environment for software development.

4 Performance Verification

To further validate the effectiveness of the interactive design
innovations in the hand rehabilitation product, a pilot program
was conducted with five individuals who were experiencing hand-
related issues and required rehabilitation. These participants were
selected to engage with the product, experience its features
firsthand, and provide feedback through interviews to assess the
impact of the design on their rehabilitation journey.

The participants were guided through using the rehabilitation
product, interacting with the feedback mechanisms, engaging with
the gamification elements, and customizing settings according to
their preferences. Throughout the pilot program, participants
were encouraged to actively participate in their rehabilitation
activities and track their progress using the product’s features.

After a period of engaging with the product, interviews were
conducted with each participant to gather qualitative feedback on
their experience. The interviews aimed to uncover insights into
the participants’ perspectives on the usability, engagement,
motivation, and overall impact of the interactive design features
on their rehabilitation process.

The participants reported overwhelmingly positive feedback
regarding their experience with the hand rehabilitation product.
They highlighted the following key benefits:

Increased motivation: Participants expressed that the gamified
approach and visual feedback motivated them to engage
consistently in their rehabilitation exercises and track their
progress.

Enhanced user engagement: The intuitive user interface design
and interactive features captured the participants’ interest and
encouraged active participation in their rehabilitation journey.

Personalization and control: Customization options allowed
participants to tailor their experience to their preferences,
contributing to a sense of ownership and autonomy in their
recovery process.

Emotional well-being: The positive reinforcement provided by
the product’s feedback mechanisms fostered a sense of
accomplishment and boosted participants’ emotional well-being

Bending angle<45°
LED
Bending angle=45°
+
Data acquisition card

| |

Microcontroller:
Arduino leonardo

Constant voltage source
|

PC —

Finger bending sensing array ~—

Fig. 10 Workflow chart of overall sensing system.

throughout their rehabilitation.

In addition to the positive feedback received from the
participants in the pilot program, valuable insights were also
gathered regarding potential areas for improvement in the hand
rehabilitation product. Based on the participants’ feedback, the
following suggestions for enhancements were identified:

Enhanced data tracking: Participants expressed interest in
more detailed data tracking and progress monitoring features.
Improving the data visualization and providing insights into their
performance over time could further motivate users to stay on
track with their rehabilitation goals.

Greater customization options: While the customization
features were appreciated, participants suggested expanding the
range of customization options available. Providing additional
choices for feedback settings, game difficulty levels, and
personalization features could cater to a broader range of user
preferences and needs.

Interactive  challenges and  rewards:  Participants
recommended incorporating more interactive challenges and
rewards to add variety and entertainment value to the
rehabilitation activities. Introducing different game modes,
achievements, and incentives could make the rehabilitation
process more engaging and enjoyable.

Integration with telehealth services: Some participants
expressed interest in the possibility of integrating the product with
telehealth services to receive remote guidance and feedback from
healthcare professionals. Offering tele-rehabilitation options could
enhance the support and guidance available to users during their
recovery journey.

Accessibility features: Participants highlighted the importance
of ensuring the product is accessible to users with diverse needs,
including those with mobility or sensory challenges. Incorporating
accessibility features such as voice commands, haptic feedback, or
alternative control methods could make the product more
inclusive and user-friendly.

Overall, the feedback from the five participants in the pilot
program underscored the significant positive impact of the
interactive design innovations in the hand rehabilitation product.
As shown in Fig. 11, their experiences highlighted the successful
integration of sensor technology, user interface design,
gamification elements, and customization features in enhancing
the rehabilitation journey and promoting user engagement,
motivation, and empowerment. The findings from these
interviews reinforced the value of the interactive design approach
in revolutionizing the patient experience and fostering positive
outcomes in hand rehabilitation. By incorporating these
suggestions for improvement, the hand rehabilitation product can
evolve to better meet the varying needs and preferences of users,
enhance user engagement and motivation, and further optimize
the rehabilitation experience. Continuous feedback and iterative
design refinements based on user insights will be essential in
advancing the product and ensuring its ongoing relevance and
effectiveness in supporting individuals on their journey to hand
recovery.

5 Conclusion

The field of hand rehabilitation is vital for individuals facing hand
function impairments, as it greatly impacts their ability to perform
daily activites and maintain independence. Traditional
rehabilitation methods often have limitations in meeting the
diverse needs of patients, leading to the exploration of emerging
technologies and innovative designs in rehabilitation products.
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Fig. 11 Output voltage change profile of the four flexible curvature sensors during the different actions.

Existing technologies encompass a wide range of solutions,
from upper extremity exoskeletons to myoelectric feedback
systems and virtual reality-based rehabilitation aids. However,
many of these devices suffer from drawbacks such as rigidity, lack
of flexibility, and passive training methods, which can hinder
patient progress.

To address these issues, this paper introduces a novel approach:
hand rehabilitation training installation through interactive
design. This innovative design integrates curvature sensors to
quantify hand joint mobility and provides real-time visual
feedback through LED lights. By using different colors to
represent various levels of hand activity, patients can easily track
their progress during rehabilitation sessions. This real-time
feedback mechanism enhances patient engagement and
motivation, fostering a sense of ownership and empowerment in
their rehabilitation journey.

The design factors, including appearance, color, material, and
human-computer interaction, are carefully considered to meet
user needs and provide a comfortable and emotionally supportive
experience. The product’s soft and streamlined design aims to
reduce patient rejection of medical devices and ensure ergonomic
fit, thereby enhancing user acceptance and compliance.

Furthermore, the paper outlines the comprehensive design
process, from initial conceptualization to prototype development.
Sketches, 3D models, and functional prototypes demonstrate the
evolution of the product design, ensuring functionality, safety, and
user-friendliness.

Performance verification tests validate the effectiveness of the
proposed design, showing real-time color changes in response to
finger movements. This feedback mechanism enhances the
rehabilitation process, promoting patient independence and
confidence. The real-time feedback mechanism is developed to
integrate into the designed data glove while taking tracking the
participants’ hand moving stages for instance. Light color (red-
yellow-green) could change according to different sensing signal
amplitudes. It is expected to make up some emotional support for
better human machine interface experience.
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