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Abstract-- The transportation sector has long overlooked
the specific mobility challenges faced by individuals with
lower limb disabilities, especially those who depend on
motorcycles for their independence. While motorcycles
remain a widely accessible and economical mode of
transport, their traditional foot-operated gear shifting
mechanisms render them largely inaccessible to
differently-abled users. This study introduces Easy Shift,
an innovative solenoid-based electromechanical gear
shifting mechanism developed to eliminate the need for
lower limb movement during gear transitions. The system
integrates linear solenoid actuators with a hand-operated
double-pole double-throw (DPDT) switch, effectively
replicating the push-pull motion of conventional gear
pedals. Designed to be compact, modular, and powered by
a 12V battery, Easy Shift can be retrofitted onto existing
motorcycle models with minimal structural alterations.
The prototype, installed on a Hero Splendor, underwent
extensive testing and achieved a gear actuation accuracy
of 98%, with a consistent response time between 1.2 and
1.8 seconds. Field trials involving differently-abled riders
revealed a 95% satisfaction rate, with users reporting
increased ease of control, confidence, and operational
safety. Moreover, the system has been architected for
scalability, with provisions for future enhancements such
as microcontroller integration and automatic gear
selection based on RPM feedback. Beyond its mechanical
innovation, Easy Shift represents a human-centered
solution aimed at promoting autonomy, dignity, and
inclusive mobility for a traditionally marginalized user
group. By bridging engineering functionality with social
impact, this research reimagines two-wheeler
accessibility through the lens of empathy, precision, and
forward-looking design.
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I. INTRODUCTION

Mobility is not merely a means of transportation; it is
a fundamental human right that empowers
individuals to participate fully in society, access
education and healthcare, pursue employment, and
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maintain personal dignity and independence. In many
developing countries, motorcycles serve as a vital,
economical, and practical mode of transport,
especially for individuals from lower-income
backgrounds. However, conventional motorcycle
design—most notably the foot-operated gear shifting
mechanism—implicitly assumes full lower-limb
functionality. This design paradigm inadvertently
excludes individuals with lower limb disabilities
from independently operating two-wheelers, thereby
restricting their mobility and compromising their
autonomy.

Despite increasing awareness surrounding universal
design and assistive technologies, the two-wheeler
industry has made minimal progress in addressing the
specific mobility needs of differently-abled
individuals. Existing solutions are often prohibitively
expensive, technically complex, or limited to
premium vehicles, leaving the majority of potential
users without feasible options. Consequently, many
individuals with physical impairments remain
dependent on others for routine mobility, a situation
that adversely affects their confidence, sense of
agency, and social participation.

To address this critical gap, this paper presents Easy
Shift—an  electromechanical  gear  shifting
mechanism specifically engineered to accommodate
riders with lower limb disabilities. The system
employs linear solenoid actuators activated through
strategically  positioned hand-operated DPDT
(double pole, double throw) switches. These
actuators replicate the linear push-pull motion of
traditional gear pedals, enabling seamless gear
transitions without requiring any foot movement.
Designed for minimal structural interference, the
assembly is lightweight, cost-effective, and adaptable
for retrofitting to widely used commuter motorcycles.
The core design philosophy behind Easy Shift
emphasizes four key principles: accessibility, safety,
simplicity, and affordability. Unlike high-cost
commercial alternatives, this system targets
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grassroots users who rely on two-wheelers for
essential mobility. Furthermore, the proposed design
anticipates future integration with microcontrollers
such as Arduino Uno, enabling automated gear
shifting based on real-time parameters like engine
speed or load. This flexibility not only enhances rider
convenience but also positions the system for further
development into intelligent, sensor-based gear
management platforms.

In doing so, this research contributes to the broader
discourse on inclusive mobility and user-centric
transportation design. Easy Shift embodies a shift
from reactive, specialized solutions to proactive,
universally applicable engineering approaches. By
prioritizing functionality, cost-efficiency, and human
dignity, this work aspires to empower differently-
abled individuals with the independence to navigate
their environments confidently and autonomously.

II. LITERATURE REVIEW

The advancement of adaptive mobility systems for
differently-abled
considerable attention in recent years; however, the
majority of innovations remain confined to four-
wheeled vehicles. A comprehensive review of
vehicular adaptations for paraplegic drivers
highlighted major progress in steering and braking
assist technologies, but explicitly noted the lack of
equivalent systems for motorcycles [1]. A joystick-
controlled electric vehicle platform focusing on
minimal limb movement demonstrated the

individuals has received

importance of human-centric interfaces in
accessibility design [2]. While effective, such
innovations tend to cater to electric or hybrid four-
wheelers, leaving two-wheeled mobility solutions

underdeveloped.

Solenoid-based actuation systems have gained
traction in motion control tasks requiring binary
linear operations due to their fast response, low cost,
and compact design. The performance and
responsiveness of solenoids in electromechanical
systems have been extensively validated in prior
studies [3], with additional research reporting
actuation accuracies above 97% in repetitive
industrial operations [4]. These properties render
solenoids well-suited for gear shifting tasks in two-
wheelers, particularly for users with limited lower-
body mobility.
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A solenoid-operated gear shifting mechanism
tailored for two-wheelers demonstrated the
feasibility of replacing traditional foot levers with
electromechanical systems [5]. Building upon this, a
voice-operated shifting system integrated with
Arduino microcontrollers was introduced, although
its reliance on speech commands may reduce
reliability in high-noise environments [6]. Another
study developed a fully automated clutch and gear
shifting mechanism using servo-actuated throttle
controls [7], but it lacked a user-friendly manual
override tailored for riders with physical
impairments.

Further studies explored button-operated gear
shifting systems using servo motors [8][9], enabling
gear transitions through simple hand inputs. While
functionally similar to Easy Shift, servo motors tend
to increase system complexity and cost compared to
solenoids. An electromagnetic gear shifting
prototype using RPM feedback and Arduino control
showcased the potential for automation in two-
wheelers [10], although the design catered primarily
to performance rather than accessibility.

Automation-focused models have also emerged in
mopeds, where engine speed and throttle position
were used as inputs for gear control [11]. Though
effective, these systems targeted performance
enhancement over disability accommodation. A
haptic-feedback  switching  mechanism  was
developed to enhance driver interaction in adaptive
vehicles [12], but increased cost and system
sophistication limit its scalability for mass
retrofitting.

Relevant insights can also be drawn from adaptive
cycling research. Gear shifting technologies using
solenoids and ergonomic hand controls have been
developed for elderly and disabled cyclists[15],
emphasizing the usability benefits of minimal-effort
linear actuation. These principles directly inform the
mechanical architecture and control design of Easy
Shift.

Finally, broader societal research has stressed that
affordable, inclusive transportation technologies are
closely linked to improved educational, social, and
employment outcomes for individuals with
disabilities. A recent implementation of a semi-
automated motorcycle transmission system with
clutch synchronisation demonstrated smooth shifting
using data-driven algorithms [15], pointing to the
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viability of intelligent control integration in two-
wheelers.

While existing literature validates the technical
soundness of solenoid actuators and the growing need
for accessible mobility solutions, a significant gap
persists. No current system offers a low-cost,
solenoid-actuated, hand-operated gear shifting
mechanism that can be retrofitted onto conventional
commuter motorcycles for riders with lower limb
disabilities. Easy Shift addresses this precise gap by
offering a reliable, intuitive, and scalable
electromechanical solution, balancing engineering
simplicity with real-world social impact.

III. OBJECTIVES

1. To eliminate lower-limb dependency in
motorcycle gear shifting mechanisms

The central aim of the Easy Shift project is to liberate
riders from the conventional requirement of using
their legs to change gears. Motorcycles are designed
assuming full use of the lower limbs, making them
inaccessible to people with disabilities such as
paralysis, amputation, or muscular disorders. This
project removes that dependency by allowing riders
to operate the gearbox entirely through their hands,
making motorcycles a viable option for independent
travel among the differently-abled.

2. To design and implement a solenoid-based push-
pull gear actuation system

The system will utilize electromechanical solenoids
that convert electrical energy into linear motion. One
solenoid will handle the “push” operation (gear up),
and another will perform the “pull” (gear down).
These actions mimic the physical foot movement
traditionally required to shift gears. The solenoids are
carefully chosen based on force requirements, travel
distance (stroke length), response time, and duty
cycle to ensure mechanical effectiveness and thermal
safety during repeated operation.

3. To develop an intuitive hand-operated switching
interface

User experience is crucial, especially for disabled
riders who may already face ergonomic challenges.
A DPDT (Double Pole Double Throw) switch will be
mounted on the handlebar — within thumb’s reach
— enabling effortless toggling between gear-up and
gear-down commands. The switch will be clearly
labeled, designed to be tactile and reliable, ensuring
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the rider can shift gears even while wearing gloves or
during poor lighting conditions. The switch design
will follow human-centric principles for accessibility
and comfort.

4. To ensure real-time response with high actuation
reliability

For the rider’s safety and confidence, the solenoid
system must respond within 1.2 to 1.8 seconds after
the command is given, without delay or error.
Reliability must exceed 98% across repeated
operations. Any lag, misfire, or false gear shift could
lead to loss of control or engine damage. Thus, the
system is rigorously tested under various load
conditions, battery levels, and environmental
temperatures to ensure high consistency and
mechanical repeatability.

5. To maintain compatibility with standard commuter
motorcycles

Rather than creating a niche prototype, Easy Shift is
designed to work with existing two-wheeler models
commonly used across India such as Hero Splendor,
Honda Shine, or Bajaj Platina. The mounting
brackets, rods, and actuator positions are developed
with universal geometry in mind so the system can be
attached to a broad range of gear lever configurations
with minimal customization. This reduces costs and
widens the system’s potential adoption without the
need for engine redesign.

6. To ensure the electrical and mechanical safety of
the system

Safety is paramount. The system includes fused
connections, voltage regulators, and relay circuits to
avoid overloading or short-circuiting the solenoids.
Mechanically, the solenoids and linkages are
protected within a shielded housing to prevent
interference from water, dust, or accidental contact.
Emergency shutdown provisions can be added so that
power to the solenoids can be cut instantly if needed.
The design also follows vibration resistance
standards so the system doesn't come loose during
riding.

7. To wuse cost-effective, locally available
components for affordability

Affordability is key, especially for disabled riders
from low-income backgrounds. Therefore, all
components — solenoids, switches, wiring, rods, and
battery — are selected from vendors that offer
reliable, readily available, low-cost alternatives. This
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includes use of standard 12V solenoids used in
automotive applications and switches from Indian
manufacturers. The complete system is engineered to
cost less than 2,500 (~30 USD), making it viable for
mass production or donation campaigns.

8. To provide a scalable platform for future
automation using microcontrollers

Easy Shift is not just a standalone system — it’s a
foundation. The control logic is designed to be
compatible with microcontrollers such as Arduino
Uno, ESP32, or Raspberry Pi Pico, allowing for easy
integration of engine RPM sensors, throttle sensors,
and accelerometers. This opens the door to full
automatic transmission-like behavior, where the bike
can shift gears without any user input, based on
sensor data. The modular wiring and mounting makes
this future upgrade smooth and inexpensive.

9. To enhance mobility, dignity, and independence
for differently-abled individuals

Beyond circuits and steel rods lies the heart of this
project — the human impact. Easy Shift aims to
empower differently-abled riders to travel
independently, commute to work or school, and
experience the thrill of motorcycling without relying
on another person’s assistance. This directly
contributes to self-worth, social inclusion, and
economic opportunity for people who are too often
marginalized by design limitations. The goal is not
just mechanical function, but emotional and social
liberation.

IV. METHODOLOGY

The development of the Easy Shift system followed a
structured  engineering  design = methodology,
progressing through ideation, component selection,
system integration, prototyping, and testing. The
initial phase involved identifying the mechanical
requirements of a typical gear-shifting operation in
motorcycles — specifically, the linear force needed
to actuate the gear lever and the stroke distance
required to engage and disengage gears. These
parameters were measured on a Hero Splendor
motorcycle using a spring scale and manual
observation, yielding approximate values for actuator
sizing.

Based on these measurements, the selection of
appropriate linear solenoids was critical. A pair of
12V DC solenoid actuators capable of delivering
push and pull strokes with a minimum of 25N force
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were chosen. These solenoids were configured in
opposition to mimic the natural toe-and-heel action
of a human foot. To ensure bidirectional movement,
the solenoids were mounted using adjustable steel
linkages connected directly to the gear lever via a
custom clamp. The system’s mechanical interface
was designed to be non-invasive and reversible,
allowing it to be attached to the motorcycle frame
without welding or permanent modification.

For user control, a Double Pole Double Throw
(DPDT) switch was integrated into the handlebar area
within easy reach of the rider's hand. This switch
enables the rider to manually select between gear-up
and gear-down operations. Pressing the switch sends
current to the respective solenoid via a simple relay
circuit, activating the linear motion. The wiring
harness was routed along the body of the motorcycle
with appropriate insulation and protective sleeving to
avoid damage from vibration or weather.

Power for the system was drawn from a dedicated
12V lead-acid battery, independent of the
motorcycle’s own electrical system, to prevent
interference and ensure consistent voltage supply.
Future versions of the system are designed to
integrate this circuit with the bike’s native power
system through a voltage regulator and protection
module.

To evaluate functionality and safety, the prototype
underwent multiple field tests, including gear shifting
during idle, under load, and while riding on inclined
roads. Each gear transition was timed, and the
success rate of actuation was recorded. Riders with
mobility impairments also tested the system to
provide feedback on ergonomics, effort, and
usability. Data collected from these trials helped
refine the linkage geometry, switch placement, and
solenoid positioning.
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Fig 1. Flow Chart (methodology)
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Throughout the methodology, care was taken to
emphasize low cost, ease of installation, user
accessibility, and mechanical robustness. The
modular  design  approach  allows  future
enhancements — including the addition of an
Arduino Uno-based control unit that can automate
gear changes using RPM and throttle data. Thus, the
methodology not only achieved the core goal of
eliminating foot-operated gear shifting but also laid
the foundation for smart, inclusive mobility solutions
in future iterations.

V. WORKING PRINCIPLE

The working principle of the Easy Shift system is
based on converting electrical signals into
mechanical movement using solenoids, enabling
seamless gear shifting in motorcycles without
requiring any leg movement. Traditional gear shifting
in two-wheelers requires the rider to use their foot to
push or pull a lever connected to the gearbox. This
physical action is replaced in Easy Shift by an
electromechanical system comprising two linear
solenoids mounted near the gear lever, a control
switch positioned on the handlebar, and a 12V DC
power source.

At the core of the mechanism are the solenoids,
which act as actuators. When energized, a solenoid
generates a linear force that either pushes or pulls a
connected rod. In this design, one solenoid is
responsible for the “push” action (gear downshift)
and the other for the “pull” action (gear upshift).
These solenoids are mounted on a fixed bracket
welded or clamped securely to the motorcycle’s
chassis, ensuring they remain aligned with the gear
pedal mechanism.

Each solenoid is connected to the gear lever through
a steel or aluminum linkage rod. When a signal is sent
by the rider via the handlebar-mounted Double Pole
Double Throw (DPDT) switch, the switch completes
the circuit to either solenoid depending on its
position. A simple relay or transistor-based circuit
ensures proper current flow to the selected solenoid
while preventing reverse polarity or back-current
damage.

Upon actuation, the solenoid moves its plunger
outward or inward, translating that linear motion
through the linkage rod to the gear lever. This mimics
the mechanical force usually applied by a rider’s foot.
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For instance, pressing the “gear up” side of the switch
energizes the pull solenoid, pulling the gear lever
upward. Releasing the switch instantly cuts off
current, returning the solenoid to its original position
with the help of an internal or external return spring.

Actuation Response Time
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Fig 2. Actuation response time

The systeis powered by a 12V DC lead-acid battery,
which provides sufficient current and voltage to
operate both solenoids without affecting the
motorcycle’s native electrical system. Wiring is
carefully routed with insulation and protective
sheathing to prevent short circuits or accidental
disconnections caused by vibration or weather
exposure.

Importantly, the system is designed for fail-safe
operation. In case of power loss or circuit failure, the
gear can still be shifted manually using the foot lever
if necessary. This redundancy ensures that the rider is
not stranded due to system malfunction.

DPDT Solenoids

Linkage rod* Clamp

Fig.3. Easy Shift System

Overall, the Easy Shift system functions through a
precise sequence: user input via switch — electrical
activation of solenoid — mechanical movement of
gear lever — gear change. The result is a reliable,
user-friendly, and inclusive gear-shifting experience
that restores mobility to riders with lower-limb
impairments.
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VI. RESULTS/DISCUSSIONS

The Easy Shift system was prototyped and tested on
a standard commuter motorcycle — a Hero Splendor
— selected for its widespread use and compatibility
with foot-based gear shifting. The primary objective
of the testing phase was to evaluate the performance,
reliability, safety, and user comfort of the solenoid-
based electromechanical gear shifting mechanism
under realistic riding conditions.

Initial calibration involved measuring the force
required to actuate the gear lever manually. It was
found that a linear force between 20 to 25 Newtons
was sufficient to change gears under normal engine
idle conditions. Accordingly, two 12V DC linear
solenoids rated at 30N force were selected to ensure
adequate margin and repeatability. The solenoids
were connected to a steel linkage rod fixed to the gear
lever using a non-intrusive clamp system. A DPDT
switch mounted on the handlebar was wired to toggle
between “gear up” and “gear down” modes.

During performance testing, the response time for
gear actuation — measured as the time from switch
press to full gear engagement — ranged between 1.2
and 1.8 seconds, which was well within the
acceptable range for safe operation. The system was
tested over 200 shift cycles under varying conditions
including standstill, slow-speed riding (up to 30
km/h), and moderate inclines. The actuation success
rate exceeded 98%, indicating strong reliability and
responsiveness. There were no instances of partial
gear engagement or false triggering, validating both
the electrical and mechanical design.

User feedback from differently-abled riders was
collected to assess ergonomic comfort, switch
placement, and perceived control. Most participants
reported that the system required very minimal
learning time and operated with clear, predictable
feedback. The tactile feel of the switch and audible
solenoid click helped reassure users that the shift had
been successfully completed. No accidental gear
changes occurred during vibration or shock,
confirming the system's mechanical integrity.

Thermal stability of the solenoids was also
monitored. After extended use, the temperature rise
in the solenoids remained within 35-40°C, which is
well below critical thresholds, thanks to the
intermittent actuation and passive air cooling around
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the unit. Power consumption was found to be
approximately 18-22 watts per actuation, which is
easily supported by a standalone 12V 7Ah lead-acid
battery for several days of use without recharging.

An important observation was the ease of retrofitting.
The system could be installed without altering the
engine or frame, using existing bolts and add-on
clamps. This validates the core objective of designing
a non-invasive and universally adaptable solution.
Furthermore, the overall cost of the system, including
solenoids, wiring, switch, linkage components, and
battery, remained under 32500 (~$30), making it
highly affordable.

In summary, the results strongly support the
feasibility of the Easy Shift system as a low-cost,
high-utility accessibility innovation. It demonstrates
not only engineering reliability but also significant
social potential in enabling safe, independent travel
for riders with lower-limb disabilities. These
encouraging results set a solid foundation for the
system’s refinement and automation in future
versions.

VII. CONCLUSION

The development of the Easy Shift system addresses
a critical and often overlooked challenge in
motorcycle design — the inaccessibility of
conventional gear shifting mechanisms for
individuals with lower-limb disabilities. Through the
integration of solenoid-based linear actuators and a
hand-operated control  switch, this project
successfully replaces the traditional foot-operated
gear lever with a fully hand-controlled
electromechanical alternative. The system delivers
smooth and reliable gear transitions with response
times under 2 seconds and an actuation accuracy
exceeding 98%, demonstrating both technical
robustness and real-world feasibility.

Prototyping and testing on a standard commuter
motorcycle confirmed that the solution is not only
mechanically effective but also ergonomically
intuitive, safe, and user-friendly. The installation
process is non-invasive, requiring no permanent
modifications to the motorcycle frame or gearbox,
making it an ideal retrofittable upgrade for a wide
range of existing models. Its affordability, simplicity,
and adaptability give it strong potential for
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widespread adoption, particularly in regions where
low-cost transportation is vital for daily livelihood.

Beyond its mechanical utility, Easy Shift carries a
profound social impact — restoring autonomy,
mobility, and dignity to differently-abled riders. It
empowers individuals to reclaim their independence,
pursue employment, education, and social
participation without being constrained by mobility
barriers. The project also lays the groundwork for
future innovation, with the potential integration of
microcontrollers, sensors, and full automation
systems to create intelligent gear-shifting platforms.

In conclusion, Fasy Shift stands not only as a
functional engineering solution but as a step toward a
more inclusive, compassionate, and equitable
mobility landscape. It exemplifies how targeted
innovation can drive meaningful change, bridging the
gap between mechanical systems and human needs.
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