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I.LINTRODUCTION

Rapid urbanization has intensified challenges related to traffic congestion, fuel consumption, and environmental
degradation, necessitating the development of alternative transportation solutions. Electric bicycles have emerged as a viable
option for short- and medium-distance travel due to their low energy consumption, reduced emissions, and ease of use.
However, many existing e-cycles lack intelligent safety features, adaptive control mechanisms, and real-time monitoring
capabilities required for modern urban environments. Recent advancements in embedded systems, sensor technologies, and
Internet of Things (IoT) platforms provide opportunities to enhance conventional electric bicycles with intelligent
functionalities. Features such as adaptive lighting, real-time telemetry, automated safety responses, and connected
diagnostics can significantly improve rider safety, comfort, and operational efficiency. Despite this potential, the integration
of such systems into a compact, cost-effective e-cycle remains limited.

This project focuses on the development of an loT-enabled intelligent electric bicycle designed specifically for
urban mobility applications. The system incorporates a 250 W hub motor, dual-mode operation, sensor-based accident and
road condition detection, adaptive suspension control, and a digital monitoring interface. 10T connectivity allows continuous
data acquisition and remote access to performance metrics, enhancing theft prevention, maintenance planning, and
emergency response. The proposed design aims to bridge the gap between conventional electric bicycles and fully connected
smart mobility systems by offering a balanced solution that prioritizes safety, efficiency, and user convenience while
supporting sustainable transportation goals.

Objectives

This project aims to design and develop an loT-enabled intelligent e-cycle optimized for safe, efficient, and smart
urban mobility, integrating advanced smart technologies to elevate user comfort, safety, performance, and sustainability. Key
innovations include adaptive automatic headlights that dynamically modulate brightness in response to ambient light
conditions, enhancing visibility while minimizing manual intervention; high-traction, durable tires engineered for superior
grip, stability, and all-weather performance across diverse road surfaces; and a keyless smart locking system leveraging
digital authentication to mitigate theft risks and streamline access. The system further incorporates rider-customizable
adjustable suspension for optimized damping on uneven terrain, a comprehensive digital cluster display delivering real-time
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telemetry on speed, battery state-of-charge, and power consumption to bolster situational awareness, and an accessible
charging port facilitating rapid, reliable recharging for seamless daily commutes. By synergistically combining these
elements with modern ergonomic design, the e-cycle exemplifies a paradigm shift toward eco-friendly, intelligent electric
mobility solutions tailored to contemporary urban demands.

Il. METHODOLOGY

The loT-enabled smart e-cycle exemplifies multifaceted applications across personal and commercial mobility
domains, leveraging its integrated intelligent systems to enhance safety, convenience, and sustainability in urban
transportation ecosystems. For urban and personal commuting, the lightweight 250W hub motor facilitates efficient short-
to medium-range traversal, substantially curtailing fuel dependency and greenhouse gas emissions relative to fossil-fuel
alternatives. Safety paradigms are elevated through synergistic features: adaptive automatic headlights ensuring optimal
luminosity in low-ambient conditions, dual-disc brakes delivering precise modulation and thermal resilience on slick or
irregular surfaces, and a smart helmet interface with real-time biometric telemetry, bidirectional communication, and inertial
fall detection for expedited incident response.Connected mobility is realized via a digital cluster furnishing instantaneous
metrics on velocity, state-of-charge, odometry, and power throughput, complemented by keyless smart locking with
authentication to obviate theft vulnerabilities and an auto turn-signal cut-off algorithm that mitigates operator distraction
while conserving energy. Ride optimization is achieved through tunable suspension dynamics and high-traction tires,
attenuating vibrational perturbations across heterogeneous topographies including pothole-laden arterials thus enabling
prolonged ergonomic operation in peri-urban or rural contexts.

Eco-friendly attributes, underpinned by the motor's high-efficiency electrochemistry and regenerative charging,
position the e-cycle as a viable green alternative for environmentally attuned individuals and fleets. The accident/pothole
detection subsystem, harnessing ultrasonic and IMU sensor fusion, not only safeguards riders via proactive haptic/visual
alerts but aggregates geospatial data for municipal infrastructure diagnostics, fostering smart city resilience. Commercially,
its low operational overhead and fleet-manageable 10T backbone suit last-mile logistics, campus shuttles, and corporate
sustainability initiatives, thereby optimizing cost structures and advancing decarbonized transport paradigms.

2.1 System design

Modern urban transportation faces growing challenges related to road safety, rider comfort, environmental
sustainability, and technological adaptability. Conventional two-wheelers, especially those powered by internal combustion
engines, contribute to increased pollution levels, noise, and maintenance costs. Moreover, many existing electric vehicles
fail to integrate smart features that enhance safety, convenience, and real-time adaptability.Riders often face issues such as
poor visibility during adverse lighting conditions, lack of intelligent road hazard detection, insufficient braking safety, and
inadequate digital monitoring systems. These challenges highlight the urgent need for a more efficient, intelligent, and user-
centric electric mobility solution.

Current vehicles also lack adaptive systems such as automatic headlights, which can adjust to different
environments, or adjustable suspension sets, which can provide comfort based on road conditions like potholes or uneven
terrain. Safety concerns persist due to limited braking efficiency, absence of accident and pothole detection technology, and
manual operations that increase human error. Likewise, the lack of features such as smart locking systems, digital cluster
control, and auto turn signal cut-off mechanisms reduces both convenience and operational intelligence. The unavailability
of integrated accessories and advanced systems further restricts adaptability and user satisfaction.There is also a significant
gap in implementing features like riding modes (Adaptive Pedal Assist and Normal EV Mode) and smart helmet systems,
which could enhance ride quality and safety through real-time connectivity and intelligent control. Additionally, charging
and battery management remain key concerns that affect the practicality of electric vehicles in everyday commuting.

Hence, the problem addressed by this project is the development of a smart electric vehicle equipped with integrated
accessories, intelligent systems, and adaptive features. This vehicle aims to overcome the limitations of current EVs by
offering improved safety, comfort, performance, and sustainability through automation, innovation, and sensor-based
technologies.

111. BLOCK DIAGRAM

The architecture of the proposed loT-enabled smart e-cycle control and drive system, as depicted in the block
diagram, orchestrates a synergistic integration of power electronics, sensor fusion, and adaptive control paradigms to ensure
safe, efficient, and responsive urban mobility. The core power subsystem centers on a high-capacity lithium-ion battery pack,
augmented by precision current, voltage, and thermistor sensors for real-time state estimation. These enable proactive
safeguards against overcurrent, thermal runaway, and undervoltage conditions, while a dedicated State-of-Charge (SoC)
estimator employs Coulomb counting and Kalman filtering to furnish accurate residual energy metrics, dynamically updating
the central microcontroller unit (MCU) for preemptive low-charge alerts and power throttling.

User interaction is mediated through an intuitive interface facilitating mode selection Eco, Normal, or Sport—
wherein rider inputs modulate pedal-assist setpoints. The pivotal control algorithm, implemented on the MCU, assimilates
multimodal feedback from pedal torque transducers, wheel tachometers, and inertial sensors, effecting a closed-loop
proportional-integral-derivative (PID) or model predictive control (MPC) strategy. This minimizes setpoint tracking error by
generating optimal control effort subsequently digitized-to-analog converted via a high-resolution DAC for seamless
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interfacing with the motor driver. The brushless DC (BLDC) hub motor, rated at 250W, receives pulse-width modulated
(PWM) commutation signals, delivering precise torque to the rear-wheel transmission while speed sensors provide odometric
closure for velocity regulation.

Operational sequencing commences with battery health diagnostics at startup, transitioning to continuous feedback
integration upon rider pedal initiation. The controller dynamically arbitrates human-electric power blending, optimizing
efficiency through cadence-responsive assistance and terrain-adaptive torque mapping, thereby yielding a kinesthetically
natural ride experience with enhanced energy economy and fail-safe performance.
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Figure 1. Block Diagram
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Figure 2. Circuit of E-Cycle
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V. HARDWARE

Figure 4. Hardware of E Cycle

These parts together form a complete 24 V, 250 W hub-motor conversion kit that converts a conventional bicycle
into an electric cycle by providing propulsion, control, rider interfaces and safety functions. The large black cylindrical unit
in the center is the brushless DC hub motor, which replaces the normal bicycle hub and is built into the front or rear wheel
so that torque is produced directly at the wheel rather than being transmitted through a chain or belt. Inside this motor, fixed
coils of wire form the stator and strong permanent magnets form the rotor; when controlled electric current flows in the coils,
a rotating magnetic field is produced that drags the magnets with it and therefore turns the wheel under load. Because the
motor is brushless, electronic commutation is required, and this is provided by the silver finned box known as the motor
controller. The controller takes power from the battery, which is not shown in the picture, and regulates both the voltage and
current that reach the motor according to the rider’s commands and the programmed limits, ensuring smooth start-up,
efficient running and protection against over-current or over-temperature conditions.

Emerging from the controller is a harness of color-coded wires and connectors, which form the electrical nervous
system of the e-cycle by linking the power stage to all of the low-voltage sensors and actuators. Among these low-voltage
controls are the twist throttle and the pedal-assist system. The throttle, which resembles a scooter grip, contains a small
Hall-effect sensor that converts the angle of twist into a varying voltage signal; the controller interprets this signal as a request
for more or less power and responds by increasing or decreasing the motor current, allowing the rider to accelerate or cruise
without pedaling.

The circular plastic disc with magnets and the small black pickup mounted close to it together form the pedal-assist
sensor: when the rider pedals, the magnets sweep past the sensor and generate pulses whose frequency is proportional to
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cadence. The controller uses this information to deliver assistance only when pedaling occurs, which preserves the feeling
of cycling while reducing physical effort. For safety, the kit also includes special brake levers with built-in cut-off switches;
when either lever is pulled, a signal line to the controller is opened or closed so that motor power is immediately disabled,
preventing the motor from fighting against the brakes and reducing stopping distance.

A headlamp or combined light-and-horn module is typically supplied so that the e-cycle can be used in low-light
conditions and can warn other road users, and it usually runs from the same traction battery through a regulated low-voltage
output of the controller. Various mounting hardware pieces such as axle nuts, torque washers and brackets, although not all
visible, are essential to lock the motor axle securely in the dropouts and resist the reaction torque that tries to rotate the axle
when the motor drives the wheel. Working together, these hardware elements integrate mechanical mounting, high-current
power delivery and intelligent electronic control so that an ordinary bicycle becomes a reliable, user-friendly electric vehicle
capable of assisted commuting and recreation.

VI. CONCLUSION

The development of the loT-based intelligent electric cycle demonstrates the potential of integrating modern
technology with sustainable transportation to create a smart, efficient, and eco-friendly mobility solution. By combining
features such as automatic headlights, digital cluster control, adaptive suspension, dual-disc braking, and a 250W hub motor,
the proposed system delivers superior performance, comfort, and reliability for urban commuting. The inclusion of loT
connectivity for real-time monitoring, location tracking, and performance analysis further enhances user control and
convenience.

Safety remains a central focus of the design, with the integration of advanced systems like the smart helmet
interface, automatic turn signal cut-off, and accident or pothole detection to ensure rider protection under all
conditions.

Additionally, adaptive riding modes Adaptive Pedal Assist Mode and Normal EV Mode offer flexibility, allowing
users to choose between energy efficiency and enhanced performance as per their needs.

Overall, this project successfully combines mechanical innovation, electronic intelligence, and environmental
responsibility to address current urban mobility challenges. The intelligent e-cycle reduces dependency on conventional fuel
vehicles, lowers carbon emissions, and promotes a smarter and more sustainable transportation ecosystem. With further
refinement and large-scale implementation, this technology could play a significant role in shaping the future of clean,
connected, and efficient personal mobility.

VII.FUTURE SCOPE
The proposed smart e-cycle project provides a robust foundation for the evolution of personal and urban mobility.
Future development avenues are broad and promising, driven by rapid technological innovation, growing smart city
initiatives, and increased demand for sustainable transport options.
- Integration with Smart City Systems: The accident and pothole detection system can be enhanced to share real-time road
condition data with municipal authorities, supporting proactive infrastructure maintenance and improving public safety.
Integration with traffic management systems can also aid decongestion and route optimization.

- Advanced Connectivity Features: The digital cluster control and smart helmet can be further developed to offer GPS
navigation, voice assistants, and real-time rider health monitoring. Future models may sync with smartphones and wearable
devices to provide personalized alerts, fitness tracking, and telematics services.

- Sustainable Energy Systems: Future upgrades may include higher-capacity batteries, ultra-fast charging ports, and
onboard solar charging solutions to extend range and decrease charging time. These improvements would make the vehicle
even more practical for daily use and remote commuting.

- Customization and Modularity: The integration of modular designs will support easy upgrading or replacing of key
components, allowing users to personalize suspension settings, accessories, and safety systems according to individual needs
or market trends. Dual riding modes may be expanded for specialized applications such as delivery, tourism, or mobility
assistance.

- Mass Adoption and Accessibility: User-friendly features such as adaptive pedal assist, auto turn signal cut-off, and smart
locking will position the e-cycle for mass adoption in diverse markets, including urban commuters, elderly riders, and
corporate fleets focused on sustainability and smart logistics.

- Predictive Maintenance and 10T Analytics: By equipping vehicles with loT-enabled diagnostics, future systems may
predict maintenance needs and auto-schedule repairs to avoid breakdowns. This helps increase reliability and reduces lifetime
costs for operators and users.

- Future Advancements: Expanding on these features, future iterations of the project are expected to contribute significantly
to the advancement of electric mobility, enhancing safety, efficiency, and convenience for users while fostering smarter and
greener cities.
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