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ABSTRACT

This research presents the design and fabrication of a solar-powered smart hoverboard,
developed as an eco-friendly and sustainable solution for urban personal mobility.
Addressing the limitations of grid-dependent electric vehicles, the system integrates
a high-efficiency 25W solar panel with a 12V-24V lithium-ion battery bank. This
setup utilizes solar “trickle-charging” to ensure energy independence and a reduced
carbon footprint. To enhance stability and reduce manufacturing costs, the traditional
gyroscope-based balancing system is replaced with a four-wheel mechanical
configuration, featuring two primary drive wheels and two pillar-type rubber castor
wheels. Propulsion is delivered by dual 18V DC geared motors controlled via DPDT
switches for bi-directional movement and a speed governor for precise regulation.
Technical analysis and experimental testing confirm a top speed of 25 kmph and a
range of 30 km under a maximum laden weight of 80 kg. The result is a low-cost,
zero-emission personal transporter that contributes to the development of smart and

sustainable cities.
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I. INTRODUCTION

Personal transportation has undergone
a significant transformation with the
advent of the hoverboard, a two-wheeled,
electric, portable device also known
as a self-balancing scooter. Originally
conceptualized in science fiction, these
devices have evolved into functional
vehicles used for short-distance personal
transit. While many commercial models
utilize complex and expensive gyroscopic
technology for stabilization, there is a
growing need for more accessible, low-cost
alternatives that address modern urban
challenges such as traffic congestion and
environmental pollution The escalating
reliance on conventional fossil-fuel based
transportation is a primary contributor
to greenhouse gas emissions, which
contradicts the principles of sustainable
development for “Smart Cities”.

Furthermore, while traditional electric

mobility devices offer a cleaner alternative,
they typically remain dependent on grid
electricity for charging. This reliance
presents logistical challenges in public
spaces and may still involve non-
renewable energy sources. This research
focuses on the design and fabrication of
an independent, self-sustaining, zero-
emission personal mobility solution:
the Solar Powered Smart Hoverboard.
By integrating a high-efficiency 25W
solar panel with a 12V-24V lithium-
ion battery system, the vehicle achieves
energy independence through continuous
“trickle-charging”. To optimize cost and
stability, this design replaces expensive
electronic balancing sensors with a stable
four-wheel configuration, utilizing two
primary drive wheels and two castor
wheels. This approach provides a practical,
eco-friendly, and highly cost-effective
means of transportation suitable for a
smart and sustainable future.
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II. OBJECTIVES

The primary objective of this research is to design
and develop a cost-effective, eco-friendly personal
mobility solution. The specific objectives are as
follows:

To Design a Sustainable Charging System: To integrate
high-efficiency 25W solar panels with a lithium-ion
battery bank, enabling the vehicle to utilize renewable
energy and reduce dependency on the electrical grid.

To Simplify Mechanical Stability: To develop a four-
wheel chassis configuration using a combination of
drive wheels and castor wheels, providing inherent
balance and eliminating the need for expensive
gyroscopic sensors and complex electronic control
loops.

To Optimize Power Transmission: To implement a
dual DC geared motor system controlled by DPDT
switches, ensuring efficient torque delivery and
reliable bi-directional movement.

To Enhance Economic Viability: To utilize locally
available materials and simplified electronic
components to produce a functional hoverboard at
a fraction of the cost of commercial self-balancing
scooters.

To Promote Green Mobility: To evaluate the
performance of the prototype in terms of speed, load
capacity, and range, demonstrating its feasibility as a
zero-emission alternative for short-distance urban

III. METHODOLOGY
Fig. 1: Solar-powered smart hoverboard

The development of the solar-powered smart
hoverboard was executed through a rigorous

engineering workflow designed to prioritize structural
integrity, energy efficiency, and operational safety.
This methodology transitioned from conceptual
modeling to hardware integration and real-world
performance validation, ensuring a robust and
sustainable end product.

Initially, the mechanical framework was engineered
to address the inherent stability challenges often
associated with traditional two-wheeled scooters.
A robust chassis was constructed using high-grade
materials capable of supporting a maximum payload
of up to 80 kg. To eliminate the technical complexity
and high cost of gyroscopic stabilization sensors, a
four-wheel geometry was adopted. This configuration
utilizes two primary drive wheels at the rear and two
omni-directional castor wheels at the front. This
design choice ensures the vehicle remains balanced
both at rest and during motion, providing a stable
platform for the rider without the need for active
electronic leveling circuits, thereby increasing the
system’s reliability in various urban terrains.

The power system integration focused on creating a
self-sustaining energy cycle to support eco-friendly
commuting. A high-efficiency 25W solar panel was
strategically mounted atop the central frame, linked
directly to a 12V-24V lithium-ion battery bank. A
specialized charging circuit was implemented to
facilitate “trickle-charging,” allowing the battery to
harvest ambient solar energy even while the device is
in use. This system significantly reduces the frequency
of manual plug-in charging and extends the overall
operational range by utilizing renewable energy
during standby periods. The integration of a voltage
regulator ensures that the battery receives a steady
flow of power, protecting the cells from overcharging
and thermal instability.

For propulsion, dual 18V DC geared motors were
selected for their superior torque-to-weight ratio,
allowing for smooth acceleration and hill-climbing
capabilities. The control logic was kept intentionally
mechanical to maximize field reliability; Double Pole
Double Throw (DPDT) switches were integrated to
manage motor polarity for seamless bi-directional
movement. This allows the rider to switch between
forward and reverse modes instantly. Finally, a speed
governor was installed to regulate current flow, and
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the prototype underwent rigorous testing. These tests
focused on battery discharge rates under full load, the
efficiency of solar energy conversion throughout the
day, and the structural integrity of the chassis during
high-speed maneuvers. The results verified a top
speed of 25 kmph and a range of 30 km, confirming
the vehicle’s feasibility as a zero-emission alternative
for modern smart cities.

IV. APPLICATION

The solar-powered smart hoverboard serves as a
versatile and sustainable solution for various modern
transportation challenges. Its primary application lies
in *urban “last-mile” connectivity*, bridging the gap
between public transit hubs—such as metro stations
or bus terminals—and a commuter’s final destination.
In densely populated “Smart Cities;,” where traffic
congestion makes short car trips ineflicient, this
hoverboard provides a swift, compact, and zero-
emission alternative that reduces the overall carbon
footprint of urban travel.

Beyond general commuting, the device finds
significant utility within

Large scale institutional campus, universities,
corporate parks, and industrial complexes often
require personnel to move between distant buildings
quickly. The hoverboard’s stable four-wheel design
and high-torque DC motors allow staff, students,
or security personnel to navigate these expansive
areas with ease, minimizing travel time and physical
fatigue. Its solar-charging capability is particularly
beneficial in these settings, as the device can replenish
its battery while parked in outdoor racks, reducing
the need for indoor charging infrastructure.

In the realm of *logistics and warehousing*, the smart
hoverboard can be adapted for internal transport.
Warehouse staff can utilize the platform to move
across large distribution centers more efficiently than
walking, thereby increasing operational productivity.
Its ability to support a laden weight of 80 kg also
suggests potential for carrying light packages or
equipment in industrial environments.

Furthermore, the vehicle offers substantial
*recreational and eco-tourism* applications. Its quiet
operation and zero tailpipe emissions make it an ideal

choice for sightseeing in parks, botanical gardens, and
pedestrian-only zones where traditional motorized
vehicles are restricted. By providing a low-cost,
easy-to-maintain mobility platform, this technology
promotes the adoption of renewable energy in the
consumer market, serving as both a functional
tool and an educational example of sustainable
engineering in everyday life.

etup

Fig. 2: Project S
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V. FUTURE SCOPE
Whilethe currentprototypesuccessfullydemonstrates
a functional solar-powered mobility platform, several
technological and design enhancements can be
explored in future research to elevate its performance
for commercial and industrial use:

Integration of Smart IoT Diagnostics: Future
iterations could incorporate Internet of Things
(IoT) modules to enable real-time telemetry. This
would allow users to monitor battery health, solar
energy conversion rates, and GPS-based tracking
via a dedicated mobile application, transforming
the hoverboard into a “connected” smart city asset.
Advanced Energy Recovery Systems: To supplement
the 25W solar array, future designs could implement
regenerative braking technology. This system would
capture kinetic energy during deceleration and
convert it back into electrical energy, significantly
extending the vehicle’s range without increasing
battery size.
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Structural Optimization with Composite Materials:
Replacing the current wooden or metallic frame with
advanced carbon fiber or aerospace-grade aluminum
alloys would drastically reduce the dead weight of the
vehicle. This reduction in mass would improve the
power-to-weight ratio, leading to higher top speeds
and reduced energy consumption per kilometer.

Autonomous Navigation and Obstacle Avoidance:
By integrating ultrasonic sensors or LiDAR with
a central microcontroller (such as an Arduino or
Raspberry Pi), the hoverboard could be upgraded
with semi-autonomous capabilities. This includes
automated obstacle detection and speed-limiting
features in high-pedestrian areas to maximize rider
safety.

High-Efficiency Photovoltaic Developments: Future
research may explore the use of flexible, thin-film
monocrystalline solar cells that can conform to the
aerodynamic contours of the hoverboard. This would
increase the total surface area for energy harvesting
while improving the aesthetic and ergonomic design
of the vehicle.

Modular Payload Adaptation: The platform’s four-
wheel stability offers a unique opportunity to
develop modular attachments. Future versions
could be adapted for autonomous last-mile delivery
services, where a detachable cargo module replaces
the rider platform to transport small packages within
industrial or residential complexes.

CONCLUSION

A fingerprint ignition system for electric vehicles
offers a sophisticated combination of biometric
security and user convenience, transforming the
traditional vehicle starting process.

By replacing physical keys with advanced biometric
authentication, these systems significantly reduce the
risk of vehicle theft methods like key duplication. This
technology also enhances the user experience with
swift and secure access. Furthermore, these systems
can integrate with other vehicle functions, potentially
offering features like personalized driver settings
and enhanced security features, demonstrating that
biometric ignition is a valuable advancement for
smart transportation.
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