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SMART LOW-COST RELIABLE HYBRID E- BICYCLE 

ABSTRACT 

This final year project aims to design and develop a 3-way charging for hybrid bicycle that 

can be powered by three different sources of energy, including human pedaling, solar energy, 

and grid electricity. The primary objective of the project is to create a sustainable and eco-

friendly mode of Urban Mobility that is affordable and accessible to everyone. To achieve 

this, the project involves a comprehensive literature review of hybrid bicycle technology, 

solar energy, and energy storage systems. A prototype of the hybrid bicycle is being designed 

and built, incorporating a custom electronic control system that allows for the seamless 

integration of the three power sources. Preliminary testing of the prototype has shown 

promising results, with the electronic speed controller circuit being able to control the motor 

speed and solar charging is done using mppt. Further, pedal assist charging is done through 

a geared motor. The next phase of the project involves the design of a three-way powered 

circuit utilizing renewable resources and pedal-assist charging, with a primary focus on 

enhancing its performance. efficiency, and safety. Overall, the bicycle is capable of 

providing speed of 25kph and with a range of more than 30kph on battery with multiple 

charging sources available. MPPT charge controller is able to produce 2.38 A & pedal assist 

charging system is able to produce 1.5A on light pedaling, enabling it to charge in 5 hours 

from electric source at 4A, in 5 hours from Solar if battery is 40-50%, and 30 minutes of 

pedaling can add 5- 10% of charge on normal pedaling. The outcomes of this project have 

significant implications for the transportation industry, as it demonstrates the potential of 

hybrid bicycles as a sustainable and eco-friendly mode of Urban Mobility. The project also 

contributes to the ongoing research and development of renewable energy systems and 

provides a foundation for further investigation and refinement of hybrid bicycle technology. 
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CHAPTER ONE  

INTRODUCTION 

1.1 Overview  

The target of this project is to conduct experimental research for the development of a low-

cost and durable Electric bicycle that is capable of competing with other commonly used 

modes of traveling. Moreover, the characteristics of a bike will be designed as per the need 

for sustainability and social well-being options. For both options, the proposed E-bicycle 

containing sustainable ways of energy sources can potentially mitigate challenges such as 

accelerating rate of greenhouse emission gases, mobility challenges of disabled & elderly, 

increasing rate of diabetes & obesity, and ease of transportation in congested cities.  

In addition, the recent surge in fuel and gas, the especially import-based economy of 

Pakistan, also demands an affordable and competent mode of travelling.  

 

Figure 1. 1 Trend of Petrol price hike [1] 
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Air pollution caused by motor vehicles is a major environmental issue, responsible for 41% 

of global air pollution. With fuel reserves rapidly depleting and prices increasing, alternative 

transportation solutions are necessary.  

 

Figure 1. 2 Air Pollution Graph according to countries [2] 

Our proposed solution is to design an eco-friendly and economical three resource chargeable 

bicycle including Electric Power, Solar Power, and Regenerative Power. The proposed e-

bike demonstrates a sustainable electric system with the integration of multiple sensors for 

ensuring standard functionality. The end product would be a reliable, secure, and low-cost 

transportation solution with modern features. Moreover, it also contributes towards a more 
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sustainable future, reduction in carbon footprint and will help to ensure a healthier planet for 

generations to come.  

The project aims to develop a sustainable and eco-friendly mode of transportation that 

combine human power with renewable energy sources. The 3-way charging hybrid bicycle 

will be equipped with a solar panel, a regenerative braking system, and a plug-in charging 

system, providing multiple charging options to the user. The project will utilize the latest 

advancements in hybrid bicycle technology, solar energy, and energy storage systems to 

address the limitations of traditional bicycles, such as limited range, lack of power, and 

limited charging options. The project will focus on the design and development of the hybrid 

bicycle, as well as testing and evaluation of its performance. The proposed 3-way charging 

hybrid bicycle has the potential to provide a convenient and sustainable mode of 

transportation that can be used in urban and rural areas. The project aims to contribute to the 

ongoing research and development of hybrid bicycles and renewable energy systems and to 

provide a viable alternative to traditional modes of transportation. 

1.2 Motivation 

The transportation sector is a significant contributor to greenhouse gas emissions, which are 

a major contributor to global climate change. Therefore, the development of sustainable and 

eco-friendly modes of transportation has become a critical concern in recent years. Hybrid 

bicycles are one approach to address this issue, which combines human power with electrical 

energy to reduce carbon emissions and increase energy efficiency. The proposed project 

aims to develop a 3-way charging hybrid bicycle that uses solar energy, pedal assist charging, 

and plug-in charging to provide a sustainable and reliable mode of transportation. The 

current global energy crisis and concerns about the environment have led to a renewed focus 

on sustainable modes of transportation. Electric bicycles, or e-bikes, have become 
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increasingly popular due to their convenience, affordability, and eco-friendliness. However, 

traditional e-bikes are limited by the capacity of their batteries and the range they can travel 

before needing to be recharged. 

1.3 Background  

To address these limitations, this project proposes a smart hybrid e-bicycle that incorporates 

three power sources: solar panels, pedaling power generation, and commercial power. The 

solar panels provide a renewable and clean energy source, while the pedaling power 

generation system allows riders to generate electricity while pedaling, thereby extending the 

e-bike's range. The commercial power source is intended to act as a backup power supply. 

The 3-way charging hybrid bicycle is designed to harness the power of renewable energy 

sources and provide a convenient and eco-friendly alternative to traditional bicycles and cars. 

The hybrid bicycle will be equipped with a lightweight frame, a battery-powered electric 

motor, and a solar panel that will allow it to be charged through solar energy. Additionally, 

the bicycle will be equipped with a regenerative braking system that captures energy from 

braking and stores it in the battery for later use. The bicycle can also be charged using a 

plug-in charging system, providing flexibility and convenience to the user. 

1.4 Problem Statement 

Traditional bicycles have limited range, lack of power, and are typically not equipped with 

multiple charging options. Additionally, reliance on fossil fuels for transportation has 

contributed to environmental degradation, air pollution, and climate change. As a result, 

there is a growing demand for sustainable and eco-friendly transportation options that 

combine human power with renewable energy sources. The problem statement for this 

project is to address the limitations of traditional bicycles and develop a sustainable mode of 

transportation that provides multiple charging options, is equipped with renewable energy 
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sources, and can be used in urban and rural areas. The proposed solution is a 3-way charging 

hybrid bicycle that utilizes solar energy, regenerative braking, and plug-in charging systems 

to provide an eco-friendly, convenient, and reliable mode of transportation. The 

development of the 3-way charging hybrid bicycle will require a multidisciplinary approach 

that integrates the latest advancements in hybrid bicycle technology, solar energy, and 

energy storage systems. The project aims to address the challenges associated with 

traditional bicycles and provide a viable alternative that promotes sustainable transportation 

and reduces reliance on fossil fuels. 

1.5 Project Objectives 

▪ To design & develop a 3-channel charge controller to charge the battery through 3 

different sources efficiently. 

▪ To design and develop an Electronic Speed Controller (ESC) for high power DC 

motors. 

▪ To integrate BMS to charge the battery efficiently. 

▪ To manufacture a complete low-weight durable design of the e-bicycle with 

infotainment system to monitor bicycle state and parameters. 

1.6  Project Benefits  

The remainder of this report will provide an overview of the current state of knowledge on 

hybrid bicycle technology, solar energy, and energy storage systems, as well as the 

methodology and results of the proposed project. The report will also discuss the potential 

applications and benefits of the 3-way charging hybrid bicycle, as well as the future 

directions for research and development in this field. The goal of this project is to develop a 
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sustainable and efficient mode of personal transportation that reduces carbon emissions and 

conserves energy while providing a practical and reliable means of transportation for daily 

use. By incorporating multiple power sources and a three-phase switch circuit, we aim to 

enhance the capabilities and appeal of e-bikes as a viable alternative to traditional 

transportation methods. 
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CHAPTER TWO  

LITERATURE REVIEW 

2.1  Electronic Speed Controller  

An Electronic Speed Controller (ESC) is a device that controls the speed and direction of a 

motor by adjusting the voltage and current supplied to it. ESCs are commonly used in various 

applications, including drones, electric vehicles, and electric bicycles. In this literature 

review, we will discuss the different types of ESCs and their applications. 

One type of ESC is the brushed DC motor controller, which is used to control the speed and 

direction of a brushed DC motor. The brushed DC motor controller consists of a 

microcontroller, a power MOSFET, and a feedback circuit. The microcontroller monitors 

the motor's speed and adjusts the voltage and current supplied to it through the power 

MOSFET to maintain a constant speed. [3] 

 

Figure 2. 1  The system control diagram [3] 
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Another type of ESC is the brushless DC motor controller, which is used to control the speed 

and direction of a brushless DC motor. The brushless DC motor controller consists of a 

microcontroller, a power MOSFET, and a three-phase bridge circuit. The microcontroller 

generates the driving signals for the three-phase bridge circuit to commutate the motor and 

adjust the voltage and current supplied to it to maintain a constant speed. [4] 

 

Figure 2. 2 The overall structure of the system [4] 

ESC technology has also been applied to electric bicycles, where it is used to control the 

speed and power output of the motor. The ESC for electric bicycles usually features a closed-

loop control system that monitors the speed and torque of the motor and adjusts the voltage 

and current supplied to it to maintain a constant speed and prevent overheating. [5] 

In conclusion, electronic speed controllers are essential devices in various applications that 

require precise motor control. Brushed and brushless DC motor controllers are widely used 

in drones and electric vehicles, while ESCs for electric bicycles typically feature closed-loop 

control systems. As technology advances, ESCs are expected to become more efficient and 

compact, enabling even more applications in the future. 

In our project, we have designed ESC for selected PMDC brushed gear motor according to 

our requirement and application. 
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2.2   Three Channel Circuit 

This literature review aims to provide an overview of the current state of knowledge on 

hybrid bicycle technology, solar energy, and energy storage systems, which are the key 

components of the proposed 3-way charging hybrid bicycle. The development of hybrid 

bicycles, which combine human pedaling power with an electric motor, has led to research 

into innovative charging circuits that can harness multiple sources of energy. One such 

circuit is the three-way charging circuit that uses solar power, regeneration through the 

bicycle's wheel, and plug-in charging to charge the bicycle's battery.  

Multi-channel charge control circuits are widely used in battery charging applications that 

require charging from multiple power sources, such as solar panels, USB ports, and AC 

adapters. These circuits are designed to manage the charging process, ensuring the battery is 

charged safely and efficiently from multiple sources. This literature review aims to provide 

an overview of the current state-of-the-art in multi-channel charge control circuits. 

A multi-channel charge control circuit typically consists of a microcontroller or a dedicated 

charge controller IC that manages the charging process. The circuit can detect the presence 

of different power sources and select the appropriate source for charging the battery. In 

addition, it can monitor the charging process, adjust the charging parameters based on the 

battery's condition, and provide protection against overcharging, overvoltage, and 

overcurrent. 

In recent years, various multi-channel charge input circuits have been proposed and 

developed. One such example is a three-channel battery charger for electric vehicles, which 

combines a wireless power transfer system with a DC power input and a photovoltaic 

input[4].The circuit uses a microcontroller to optimize the charging process, ensuring that 

the battery is charged in the most efficient and safe manner. Another example is a multi-
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input battery charger for portable devices, which combines a USB input, a solar panel input, 

and a DC jack input [5]. The circuit uses a power management IC to manage the charging 

process, and a microcontroller to optimize the charging rate based on the available power 

sources. 

 

Figure 2. 3 Structure of the inductive power transfer system [7] 

Despite the recent advancements, there are still some challenges in the development of multi-

channel charge input circuits. One challenge is the integration of different power sources 

into a single circuit, which requires complex power management and control algorithms. 

Another challenge is the need for high efficiency and reliability, as the charging rate can be 

affected by various factors such as temperature, humidity, and input voltage fluctuations. 

Finally, the safety and protection of the battery is also a critical concern, as the battery can 

be damaged or even catch fire if not charged properly. 

2.3  Regenerative Resources For Electric Vehicles  

Electric vehicles (EVs) and electric bicycles (e-bikes) are becoming increasingly popular as 

a means of transportation. One of the challenges of these vehicles is their limited range, 

which is mainly due to the limited energy storage capacity of their batteries. To extend the 
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range of EVs and e-bikes, regenerative braking systems have been developed to recover 

some of the kinetic energy lost during braking.  

Regenerative braking is achieved by using an electric motor as a generator during braking. 

When the vehicle's brakes are applied, the electric motor is used to slow down the vehicle 

and at the same time, it generates electrical energy, which is then stored in the battery. The 

energy recovered through regenerative braking can increase the range of EVs and e-bikes by 

up to 30% [8]. 

In addition to regenerative braking, there are other potential sources of regenerative charging 

for EVs and e-bikes. For example, solar panels can be integrated into the design of the 

vehicles to provide additional charging when parked or during use. Some studies have found 

that solar panels can provide up to 30% of the energy needed to power an e-bike [9]. 

Another potential source of regenerative charging is the use of wireless charging technology. 

Wireless charging allows for the transfer of electrical energy between two coils without the 

need for physical contact. Studies have found that wireless charging can provide up to 90% 

efficiency, making it a promising solution for regenerative charging [10]. 

 

Figure 2. 4 Overview of wireless charging powered by a solar panel [10] 
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Overall, regenerative charging is a promising technology for increasing the range and 

reducing the charging time of EVs and e-bikes. While regenerative braking is currently the 

most common form of regenerative charging, other technologies such as solar panels and 

wireless charging show potential for future development. 

2.4   Renewable Resources to Charge Battery 

The increasing demand for electric vehicles (EVs) and electric bicycles (e-bikes) has created 

a need for alternative charging sources to reduce dependence on the conventional power 

grid. Solar energy has been identified as a promising source of renewable energy for 

charging EVs and e-bikes. This literature review aims to explore the current state of research 

on the use of solar energy as a charging resource for E-bikes.The use of solar energy for 

charging e-bikes has gained popularity due to the convenience and portability of e-bikes. 

Solar charging stations can be set up in public areas such as parks, enabling e-bike riders to 

charge their bikes while enjoying the outdoors. Studies have shown that solar charging for 

e-bikes is a viable and sustainable solution, reducing carbon emissions and promoting a more 

active lifestyle [9]. However, the limited capacity of PV cells and the high cost of solar 

panels are barriers to widespread adoption of solar charging for e-bikes. 

Figure 2. 5  Basic diagram of dynamic wireless electric vehicle charging system. [11] 
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2.5  Hybrid Electric Bicycles – HEBs 

A published paper “Conversation of Traditional Bicycle to E-Bicycle” study that supports 

the use of e-bikes as a sustainable transportation option based on the travel behavior of e-

bikers. E-bikers tend to travel longer distances than traditional cyclists and the cycling 

infrastructure should be expanded to accommodate this demand. The project was based on 

the following block diagram. 

 

Its strengths were, Simple interfacing, convenient and the limitations were, No renewable 

resource, No self-charging feature, No infotainment system. [12] 

Another study of a published literature, “Energy Efficient Hybrid Electric Bike with Multi -

Transmission System” summarizes, The article describes the benefits of a hybrid bike that 

can be powered by both gasoline and electricity, making it more efficient and cost-effective 

than traditional bikes. It is also eco-friendly, causing less pollution, and a good solution for 

hiking fuel costs.  

Figure 2. 6 Block diagram for “conversation of bicycle to E bicycle” [12] 
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Block diagram and technical specifications are shown below: 

 

The limitations were Carbon emission, Complexity and not reliable. And the strengths are 

Dual power transmission Fuel, economy, good power output. [13].  

The outcomes of this project are shown below:  

 

Figure 2. 7 : technical specifications [12] 

Table 2. 1 Technical Specification [12] 

Table 2. 2  BLDC Motor [13] 
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Another literature review of paper “Embedded Based SMART Bicycle” summarizes,  

 

The study highlights that e-bikes can encourage physical activity among individuals who 

typically undertake less exercise or are unable to use a traditional bike due to personal 

physical limitations or geographical location. The availability of e-bikes can significantly 

influence travel behavior and stimulate interest in sport, leading to increased participation in 

physical activity.  

The limitations are low-capacity Battery. The project was based on following block diagram: 

  

Figure 2. 8 : Block diagram for SMART bicycle [13] 

Table 2. 3 Motor [13] 
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And the design methodology is shown below: 

 

framework/structure is not provided, no load management, Simple and inconvenient design 

of Esc No regenerative power source. [14] 

One more literature review “DESIGN A SMART E-BICYCLE WITH THREE WAY 

CHARGING MECHANISUM” summarizes to, The self-charging electric bicycle is a modification 

of the existing electric bike, suitable for short-distance travel on city or country roads. The bike can 

Figure 2. 9 Design methodology [14] 

Figure 2. 10 Block diagram for E bicycle with 3-way charging [14] 
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be charged with an AC adapter and manually pedaled in case of any issues. It's also more economical 

compared to a normal vehicle, as charging costs are lower. The block diagram is shown below: 

The limitations are, No battery management system, no mppt for charging efficiency, smaller 

batteries. [15] 

The last literature review of paper “Overview of the Ways to Design an Electric Bicycle”, 

this summarizes to, this paper presents a classification of approaches to designing an electric 

bicycle, grouped into three categories: system level domain design, electrical engineering 

domain design, mechanical engineering domain design. The main issues and solutions are 

presented. The project design was based on the following methodology. [16] 

Figure 2. 11 Project Design [16] 
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2.6  Battery 

The most common energy storage systems used in hybrid bicycles are lithium-ion batteries, 

which are lightweight, efficient, and have a long lifespan. A detailed comparison chart 

between different types of batteries is given below: 

 

 

Figure 2. 12 Types of batteries according to operating time and efficiency [17] 

 

Table 2. 4 Battery Specifications 
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2.7  Speed Measurement 

The Paper titled "Design and Implementation of an Electric Bicycle with Speed Control and 

Battery Monitoring System" aims to enhance the safety, efficiency, and user experience of 

electric bicycles while optimizing battery usage. The study introduces an innovative speed 

control mechanism that incorporates advanced sensor technology and a microcontroller-

based control system. By continuously monitoring the bicycle's speed in real-time and 

adjusting the power delivered to the motor accordingly, the system ensures a consistent and 

safe speed, thereby improving rider safety and control. The effectiveness of this novel 

mechanism is demonstrated through empirical experiments and comparative analyses. 

Furthermore, the paper discusses the integration of a battery monitoring system that employs 

sensors and algorithms to track important battery parameters, enabling users to make 

informed decisions about charging and maintenance. This optimization of battery usage 

contributes to its longevity and improves the overall efficiency of the electric bicycle. The 

findings of this research provide valuable insights for the development of advanced electric 

bicycles, promoting sustainable and efficient transportation options.[17] 

 

Figure 2. 13 Speed controlling circuit [17] 
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Table 2. 5 Voltage Vs Speed [17] 

 

Another paper titled "Design of Bicycle's Speed Measurement System Using Hall Effect 

Sensor" offers a comprehensive exploration of a novel system developed for real-time speed 

measurement of bicycles. The primary objective of this study is to create a dependable and 

precise system capable of capturing the speed of bicycles, thus enabling applications like 

fitness tracking, performance analysis, and safety enhancement.[18] 

The system leverages the utility of a Hall Effect sensor, renowned for its proficiency in 

detecting magnetic fields. By strategically situating the sensor in proximity to the bicycle's 

wheel, it can detect the passage of magnets attached to the wheel spokes. This interaction 

between the sensor and the magnets facilitates the computation of the bicycle's speed. 

 

Figure 2. 14 System Design [18] 
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The research methodology encompasses an extensive analysis of the Hall Effect sensor and 

its characteristics, ensuring its suitability for measuring speed within the bicycle context. 

The integration of the sensor into the bicycle's framework is accompanied by the 

development of requisite circuitry to process the sensor's output signals. Calibration 

procedures are implemented to establish an accurate correlation between the sensor's 

readings and the actual speed of the bicycle.[18] 

 

Figure 2. 15 Hardware Design [18] 

Table 2. 6 Testing Results of Hall Effect Sensor [18] 

 

Table 2. 7 Detection Time of Hall Effect Sensor [18] 
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2.8  Smart Monitoring System 

The research paper titled "Smart Bike Monitoring System for Cyclist via Internet of Things 

(IoT)" provides a comprehensive overview of an innovative monitoring system that 

integrates IoT technologies to enhance the cycling experience. The primary objective of this 

study is to develop a smart system that enables real-time monitoring and data analysis for 

cyclists, leading to improved performance tracking, safety measures, and overall cycling 

experience.[19] 

The proposed monitoring system utilizes IoT technologies to establish connectivity between 

sensors placed on the bicycle and the cyclist's smartphone or a central server. These sensors 

collect and transmit a wide range of data, including speed, distance traveled, heart rate, GPS 

location, and environmental conditions. 

The research methodology involves careful selection and integration of appropriate sensors, 

development of communication protocols, and design of a user-friendly interface for data 

visualization and analysis. Additionally, data processing algorithms are implemented to 

extract valuable insights from the collected data, such as performance metrics, health 

indicators, and personalized recommendations for training and safety. 

The effectiveness of the monitoring system is evaluated through rigorous experiments, 

demonstrating its ability to provide real-time data to cyclists. By utilizing IoT connectivity, 

cyclists can access and analyze their performance data conveniently on their smartphones or 

through a web-based platform. This empowers them to make informed decisions, set goals, 

and optimize their training routines. The system also incorporates automatic emergency 

notifications to designated contacts in the case of accidents or unusual events. [19] 
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Another study of paper titled "Informatics and Infotainment System for Smart E-Bike Using 

Raspberry Pi" provides an overview of an advanced system designed to enhance the 

functionality and user experience of electric bicycles (E-bikes). The proposed system utilizes 

the Raspberry Pi, a versatile single-board computer, as the central component for processing 

and managing informatics and infotainment functionalities. Various sensors, including GPS, 

accelerometer, and environmental sensors, are integrated into the system to gather real-time 

data on factors such as location, speed, and environmental conditions. 

The research methodology involves the integration of hardware components, development 

of software applications, and user interface design. The informatics aspect focuses on 

providing riders with essential information, such as speed, distance traveled, battery status, 

and navigation assistance. On the other hand, the infotainment aspect offers entertainment 

features such as music playback, voice commands, and connectivity with smartphones or 

other devices. 

 

Figure 2. 16 Raspberry pi connections with sensors [17] 

The results demonstrate that the informatics and infotainment system successfully 

enhances the overall E-bike riding experience by providing riders with valuable 

information and entertainment options. The informatics features enable riders to stay 
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informed about their ride progress, battery status, and navigation, while the infotainment 

features offer entertainment and connectivity options, improving safety, convenience, and 

enjoyment. [20] 

 

Figure 2. 17 Ride metrics dashboard[19] 

2.9  Brake Detection in bikes or bicycle  

The research paper titled "Brake Detection for Electric Bicycles using Inertial Measurement 

Units" offers an in-depth overview of a brake detection system specifically designed for 

electric bicycles. The study focuses on utilizing Inertial Measurement Units (IMUs) 

comprising accelerometers and gyroscopes to capture and analyze the bicycle's motion and 

orientation. By monitoring changes in acceleration and angular velocity, the system 

accurately identifies the unique patterns associated with braking.[21] 

The methodology involves integrating IMUs onto the electric bicycle and developing 

dedicated algorithms to process the sensor data. These algorithms are designed to detect the 

specific braking patterns observed during deceleration and convert them into reliable brake 

detection signals. 
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Figure 2. 18 Flow chart of complete system.[21] 

The system is tested under various real-world scenarios, including different speeds, terrains, 

and braking intensities, to assess its accuracy and reliability. The results are compared with 

ground truth measurements to ensure the system effectively identifies braking events. 

The experimental findings demonstrate the system's high levels of accuracy and reliability 

in brake detection using IMUs. It successfully detects braking events in real-time, enabling 

timely response and control of the electric bicycle. The system proves robust against external 

factors like vibrations and terrain variations, ensuring its practicality in real-world 

situations.[21] 
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Figure 2. 19 Brake detection and brake intensity estimation[21] 

Another paper titled "An Anti-lock Braking System for Bicycles" presents a comprehensive 

overview of a novel braking system designed specifically for bicycles. The ABS utilizes 

advanced sensing technologies and control algorithms to prevent the wheels from locking 

up during braking, thereby improving stability and reducing the risk of accidents. The system 

incorporates sensors that measure wheel speed, acceleration, and other relevant parameters 

to continuously monitor the braking process. The methodology involves the design and 

implementation of the ABS hardware and software components. The hardware consists of 

sensors, actuators, and a control unit, while the software includes algorithms for real-time 

data processing and brake modulation. Extensive testing and optimization are conducted to 

ensure the system's effectiveness and reliability. 

Figure 2. 20 A schematic representation of the ABS system [21] 
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Figure 2. 21 Bicycle equipped with the ABS system [21] 

The results demonstrate that the developed anti-lock braking system significantly improves 

the braking performance of bicycles. It effectively prevents wheel lock-up, allowing riders 

to maintain better control and stability even under challenging braking conditions such as 

wet or uneven surfaces.[20] 

 

Figure 2. 22 ABS block scheme [22] 

 

Figure 2. 23 Wheel deceleration control: cost functions [22] 
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2.10 Battery Information System 

The paper titled "Real-time Battery Capacity Estimation Based on Opportunistic 

Measurements" provides an overview of a study focused on developing a real-time battery 

capacity estimation technique. The objective of this research is to design an accurate and 

efficient method for estimating the remaining capacity of batteries during operation. [21]. 

The technique utilizes opportunistic measurements, such as voltage and current readings, 

obtained during the regular operation of the battery system. By analyzing these 

measurements and employing advanced algorithms, the system can estimate the remaining 

battery capacity in real-time. 

The research methodology involves collecting data from various battery systems and 

developing mathematical models and algorithms for capacity estimation. These models take 

into account battery chemistry, temperature, and discharge characteristics to ensure accurate 

estimations.[23] 

 

Figure 2. 24 Experimental setup for battery testing [23] 

Extensive testing and validation are conducted to evaluate the performance of the battery 

capacity estimation technique. The method is compared with traditional methods and 

validated using different battery chemistries and operating conditions to demonstrate its 

accuracy and versatility. 
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The experimental results demonstrate that the developed real-time battery capacity 

estimation technique achieves high levels of accuracy and efficiency. It provides reliable 

estimations of the remaining battery capacity during operation, enabling users to make 

informed decisions regarding energy management and optimize battery utilization.[23] 

 

Figure 2. 25 C1212 Current profile [23] 

 

Figure 2. 26 C1212 voltage profile [23] 

Another study of paper titled "A Battery Capacity Estimation Method Using Surface 

Temperature Change under Constant Current Charge Scenario" provides a comprehensive 

overview of a study focused on developing a practical and accurate method for estimating 



Chapter 2  Literature Review 

30 

battery capacity. By monitoring temperature variations and utilizing advanced algorithms, 

the proposed method estimates the remaining capacity of the battery. The research 

methodology involves conducting controlled experiments with different battery chemistries 

and charge scenarios to collect data on surface temperature change. Mathematical models 

and algorithms are then developed to establish the relationship between temperature change 

and battery capacity. 

 

Figure 2. 27 Flow chart of the Li-Ion battery SoH estimation technique [23] 

Extensive testing and validation are carried out to evaluate the performance of the battery 

capacity estimation method. Comparisons with traditional estimation techniques and 

validation across various charging scenarios demonstrate the accuracy and effectiveness of 

the proposed method. The experimental results showcase that the developed battery capacity 

estimation method, which utilizes surface temperature change during constant current 

charging, provides accurate estimations. It offers valuable insights into the remaining battery 

capacity, enabling users to assess battery health and make informed decisions regarding 

charging and usage.
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CHAPTER THREE  

DESIGN METHODOLOGY 

3.1 Design Concept & Implementation 

To begin, we will start with the Research & Selection of techniques essential for design of 

electronic circuitry. Our Project is divided into two main steps: 

• To design and develop 3-channel charge control circuitry to insure efficient charging 

of battery with Electric supply, Solar charging & Pedal assist charging. 

• Design & Development of Electronic Speed Controller – ESC. 

Our First step will be to research & development of ESC, & to integrate ESC with bicycle 

and motor to ensure proper functioning of the base model. 

Initially, the designed circuitry will be simulated with different configurations and design 

techniques, after detailed circuit analysis, better simulated approach will be implemented for 

the development of Electronic Speed Controller. Multiple parameters monitoring will be 

done including Current level and Brake detection to ensure safety of motor and ESC. 

After the development of Electronic Speed Controller, simulated techniques for 3- channel 

hybrid charging circuit will be implemented and detailed hardware circuit analysis will be 

performed to ensure maximum output efficiency in order to efficiently charge the battery. 

Further the charge controller will be connected with an infotainment screen to display 

multiple parameters of the bicycle including battery details and speed.  

At last, final product will be tested and improvised as per the standards to ensure the 

successful completion of the project objectives. 
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The design concept of the 3-way charging hybrid bicycle involves the seamless integration 

of human pedaling, solar energy, and grid electricity to create a sustainable, eco-friendly, 

and affordable mode of transportation. This innovative bicycle design incorporates multiple 

energy sources to enhance versatility, reliability, and overall performance. 

The hybrid bicycle retains the traditional pedal-powered mechanism, allowing riders to 

utilize their own physical energy for propulsion. This not only promotes physical activity 

and personal well-being but also serves as a backup power source when other energy reserves 

are depleted or unavailable. 

In addition to human power, the hybrid bicycle incorporates solar energy as a renewable 

energy source. Strategically positioned solar panels are integrated into the bicycle's frame or 

auxiliary components, enabling the capture of sunlight and its conversion into electrical 

energy. Advanced technologies such as Maximum Power Point Tracking (MPPT) are 

utilized to optimize energy conversion, maximizing the efficiency of solar charging. The 

harvested solar energy is stored in a rechargeable battery pack. 

The hybrid bicycle allows for charging from the conventional grid electricity supply, 

providing flexibility and convenience. The power control unit of the bicycle facilitates 

seamless switching between energy sources, automatically managing the charging process 

and ensuring optimal energy utilization. This feature is particularly useful in situations where 

the other energy sources are insufficient or unavailable, allowing riders to rely on grid 

electricity to power the bicycle.  

Furthermore, the hybrid bicycle allows for charging from the conventional grid electricity 

supply, providing flexibility and convenience. The power control unit of the bicycle 

facilitates seamless switching between energy sources, automatically managing the charging 

process and ensuring optimal energy utilization. This feature is particularly useful in 
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situations where the other energy sources are insufficient or unavailable, allowing riders to 

rely on grid electricity to power the bicycle. 

In order to achieve the goal of making a Sustainable Smart-Low-Cost Reliable Hybrid E 

Bicycle different structural approaches have been made. Different designs are suggested in 

which one with more Sustainable is chosen. Firstly, we proposed a 3D model to implement 

our design.  

 

Figure 3. 1 3D model of E-Bike. 

This particular design focuses on achieving a remarkable level of stability and an equal 

distribution of balance when it comes to road grip. To achieve this, a carefully engineered 

configuration has been put in place. Let's delve into the intricate details. 

Starting with the power source, a 24-volt, 20-Ampere hour battery has been seamlessly 

integrated into the structure of the bicycle. This battery is strategically attached to the down 

tube, ensuring optimal weight distribution and overall stability. Moving along, the circuitry 

is securely fastened to the top tube, providing a centralized location for all electrical 

components and facilitating efficient connectivity. 
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Now, let's explore the implementation of renewable energy. A 20-watt solar panel has been 

ingeniously affixed to the seat stay. Through the use of a sturdy stand and nuts, this solar 

panel is positioned to harness sunlight and convert it into usable electrical energy. By tapping 

into this sustainable power source, the bicycle becomes more environmentally friendly and 

reduces reliance on conventional charging methods. 

The next crucial element is the regenerative gear motor, situated on the down tube. This 

motor is specifically designed to work in conjunction with the front derailleur, utilizing a 

chain mechanism. Operating at an impressive 48 volts and 330 revolutions per minute (rpm), 

this regenerative gear motor serves the purpose of generating energy as the bicycle moves 

forward. This innovative feature ensures that the bicycle becomes partially self-sustaining, 

enabling the recovery and storage of energy during rides. 

In addition to the regenerative gear motor, another motor with a power output of 250 watts 

is incorporated into the design. This motor is cleverly attached to the chain stays using a 

robust bracket and nut assembly. The motor is then seamlessly integrated into the system by 

connecting it to the derailleur hanger via a chain mechanism. This setup further enhances the 

overall power and performance of the bicycle, providing an extra boost when needed and 

making uphill climbs or challenging terrains more manageable. 

To provide the rider with crucial information, an OLED display is thoughtfully positioned 

on the stem of the cycle. This display serves as a user-friendly interface, offering real-time 

data such as the cycle's speed, battery performance, and remaining charge percentage. With 

this information readily available, riders can easily monitor their cycling experience and 

make informed decisions during their journeys. 

Lastly, the design incorporates a shifter mechanism that grants riders control over the gear 

motor's activation. This feature allows users to switch the gear motor on or off according to 
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their needs and preferences. By providing this flexibility, riders can maximize the efficiency 

of the electric assistance and optimize their overall cycling experience. 

3.2 Block diagram of SMART Hybrid E bicycle 

Design Block Diagram is shown below. 

 

Figure 3. 2 Block diagram 
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3.3 Workflow diagram of complete project 

Workflow diagram or flow chart for project methodology is shown below, it represents the 

working flow of the project: 

Figure 3. 3 : Workflow (A) 
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Continued, 

 

Figure 3. 4 : Workflow (B) 
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3.4 Electronic Speed Controller Design 

3.5  ESC for Brushless Motor 

Simulation for Electronic Speed Controller for Brushless DC Motor is shown below  

 

3.5.1. Hall Sensors output 

Hall Sensor Output for each simultaneous phase is shown below, according to these output  

phase will be triggered. 

Figure 3. 5 : ESC for Brushless Motor Circuit 

Figure 3. 6 hall sensor result 
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The BLDC motor is 3 phase motor and works according to the following timing diagram 

and the algorithm is based on this methodology. It is based on 6 MOSFETS connected in 3 

Half bridge configurations and each half bridge configuration is used to active each phase 

accordingly. 

The phase is selected according to hall sensor input, and this procedure is done by an MCU.  

3.5.2. Algorithm 

1. Define the pin numbers of the three hall effect sensors, throttle input, six pins connected to 

the motor controller, and a pin connected to an LED. 

2. Create an array of size 8 and initialize all elements to 255. This array will hold the motor 

states that correspond to the hall effect sensor readings. 

In the setup function: 

3. Start the serial communication at a baud rate of 115200. 

4. Set the LED pin as an output and turn it on. 

5. Set the six pins connected to the motor controller as outputs. 

Figure 3. 7 Hall sensor output (3-phase) 
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6. Set the hall effect sensor pins as inputs. 

7. Set the throttle input pin as an input. 

8. Call the identifyHalls function to determine the motor states that correspond to each hall 

effect sensor reading. 

In the loop function: 

9. Call the readThrottle function to get the throttle input value. 

10. Repeat the following steps 200 times: 

11. Call the getHalls function to read the current hall effect sensor values. 

12. Use the hall effect sensor values to determine the current motor state using the hallToMotor 

array. 

13. Call the writePWM function to set the motor controller pins to the correct values based on 

the motor state and throttle input. 

14. Define the identifyHalls function: 

15. For each possible motor state (0-5), do the following: 

16. Determine the next motor state by adding 1 and taking the result modulo 6. 

17. Print a message indicating the current motor state. 

18. Repeat the following steps 200 times: 

19. Set the motor controller pins to the current motor state with a duty cycle of 20. 

20. Set the motor controller pins to the next motor state with a duty cycle of 20. 

21. Call the getHalls function to read the current hall effect sensor values and use the hall effect 

sensor values to determine the motor state that corresponds to those values. 

22. Store the motor state in the hallToMotor array at the index corresponding to the hall effect 

sensor values plus 1. 

23. Set the motor controller pins to 0 and turn off the motor. 

24. Print the contents of the hallToMotor array. 

25. Define the writePWM function: 

26. If the throttle input value is 0, turn off all motor controller pins. 
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27. Based on the current motor state and throttle input value, set the motor controller pins to the 

appropriate values. 

28. Define the writePhases function: 

29. Set the duty cycle for the A, B, and C phases of the motor controller using the analogWrite 

function. 

30. Set the state (high or low) of the A, B, and C phase enable pins using the digitalWrite 

function. 

31. Define the getHalls function: 

32. Create an array of size 3 to hold the hall effect sensor readings for each sensor. 

33. For Hall_Sam number of times: 

34. Read the value of each hall effect sensor and add it to the corresponding element in the 

hallCounts array. 

35. If all three hall effect sensors are high, return 0. 

36. Otherwise, use the hallCounts array to determine which hall effect sensor(s) are high and 

return the corresponding motor state (1-6) by adding 1 for each high hall effect sensor. 
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3.6  ESC for PMDC Motor 

3.6.1. Schematic 

Schematic diagram for implemented ESC for PMDC motor is shown below, schematics 

and PCB designing is done on EasyEDA. 

Figure 3. 8 Smart Hybrid e-bike ESC 
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3.6.2. The hardware of ESC 

 Hardware implementation for ESC with Geared PMDC motor integrated with Electric 

Throttle is shown below. Integrated motor is DC 24V 250 Watt brushed motor, with peak 

current of 13A, it is integrated with 3 MOSFETs in parallel to handle this much current. 

Schottky diode is placed in parallel to motor to remove back emf surges. 

  
Figure 3. 10 Hardware Of ESC (A) 

Figure 3. 9 Hardware Of ESC (B) 
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3.6.3. PCB Design  

PCB design for PMDC Electronic Speed Controller is shown below, it is designed on 

EasyEDA 

3.6.4. 3D model  

Shown below is the 3d model for the same PCB design.  

Figure 3. 11 PCB Design 

Figure 3. 12 3D Model 
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Our ESC design is based on multiple blocks as shown in schematic: 

Controlling Unit: This block consists of microcontroller and essential components that are 

to be integrated to Microcontroller for its functioning i.e.: Xtal, capacitors etc. This block 

controls every peripheral connected to our ESC; it actually commands all other connected 

IOs. 

Voltage Regulator Block: This block in integrated to step down high voltage according to 

our requirement, we require 5v for microcontroller, current sensor, and electric throttle 

integration and 12v to switch MOSFETS. The voltage divider IC works on the following 

circuit configuration. 

 

Figure 3. 14 : LM317 workflow 

And the resister values are calculated through following formula: 

VOut=1.25(1+R1/R2) 

Power Bridge Block: MOSFETS are used to handle power required to drive high torque 

motor, maximum current drawn by motor is 13 amps, to draw this current safely and for a 

long period we are using 3 MOSFETS in parallel to divide the load. 

Figure 3. 13 LM317 
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ICSP block: This block is for SPI communication used to upload code in the Atmega328pu 

microcontroller used. Through these pins we can change firmware of our electronic speed 

Controller. These pins include +5v and Gnd pins to power microcontroller through an 

external source in absence of on board power. 

3.6.5. Algorithm 

The code is an implementation of a controller for an electric bike. The controller reads the 

throttle input and controls the electric motor's speed and current consumption using pulse 

width modulation (PWM). 

Declare and initialize variables and constants 

1. currentMax: maximum current allowed, in amperes 

2. multiplier: voltage-to-current conversion factor for the ACS712 current sensor, in 

volts/ampere 

3. throttleIn: analog input pin for the Electric throttle. 

4. currentIn: analog input pin for the ACS712 current sensor 

5. brakeIn: digital input pin for the brake switch 

6. brakeLight: digital output pin for the brake light LEDs 

7. PWM_inv: digital output pin for the pulse width modulation signal 

8. pwm: current PWM duty cycle value, ranging from 0 to 255 

setup() function: 

1. Set the input/output pins 

2. Enable the hall sensor interrupt 

3. Configure the PWM signal frequency 

4. Set the PWM signal to high to turn off the MOSFET switch 
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loop() function: 

1. Calculate the time elapsed since the last loop iteration 

2. Calculate the motor RPM based on the time elapsed between two consecutive hall 

sensor interrupts 

3. Check if the brake switch is pressed 

I. Turn off the brake light 

II. Read the throttle potentiometer value and map it to a PWM duty cycle value 

III. If the throttle is above a minimum value, read the current sensor value and 

calculate the motor current consumption 

IV. Adjust the PWM duty cycle value based on the throttle and current sensor 

values 

V. If the motor power is enabled, set the PWM signal to the adjusted duty 

cycle value 

VI. If the throttle is below the minimum value, set the PWM duty cycle to zero 

4. If the brake switch is not pressed, turn off the motor power, set the PWM duty 

cycle to zero, and turn on the brake light LED 
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3.7 Three – Channel charge control Circuit 

3.7.1. Schematic  

The Design of 3-channel circuit includes current sensing as well as battery capacity 

monitoring using MAX17043, the schematic is designed on EasyEDA. 

Figure 3. 16 Schematic Figure 3. 15 3- Channel Charge Circuit Schematic 

Figure 3. 17 Three- Channel Charge Circuit Simulation 
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The functioning of the three-channel charge controller is based on a dynamic switching 

principle, allowing for seamless transitions between different inputs as per the user's 

requirement. This intelligent controller utilizes a microcontroller unit (MCU) to generate 

switching signals that trigger relays, enabling the flow of current through the appropriate 

channels to charge the battery. 

To achieve this, the MCU employs a clever mechanism where it alters the relay's state from 

normally open to normally closed, effectively creating a path for the current to pass through 

and reach the battery. This intelligent switching mechanism ensures efficient utilization of 

available power sources and optimizes the charging process. 

To facilitate user interaction and control, a button system has been thoughtfully integrated 

onto the handle of the cycle. This ergonomic arrangement allows riders to conveniently 

trigger the MCU, initiating the switching process between different charging inputs. By 

simply pressing the designated buttons, users can seamlessly switch between power sources, 

enabling them to adapt the charging process according to the availability and priority of each 

input. 

The overall methodology of this charge controller is grounded in a switch mode 

configuration, which provides numerous benefits in terms of efficiency and adaptability. By 

intelligently managing the flow of current, this controller minimizes power wastage and 

ensures that the battery is charged optimally. 

As part of the continuous improvement and refinement of this charge controller, future 

enhancements may involve the integration of voltage and current sensing elements. These 

additional components will allow for accurate monitoring and measurement of the charging 

process, providing valuable information to the user regarding the voltage and current levels 

at different stages. 
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By incorporating these advancements, the charge controller can offer a more comprehensive 

and detailed understanding of the charging process, enabling users to make informed 

decisions regarding their power sources and charging priorities. 

3.7.2. Algorithm: 

I. Include the required libraries for the OLED display, Hall sensor, and Fuel gauge. 

II. Define the pins for the Hall sensor, Solar, Pedal, and Electric outputs and inputs. 

III. Define the wheel diameter, calculate the wheel circumference, and initialize the 

variables for the last time, last revolution, and current speed. 

IV. In the setup function, begin the Wire communication, start the serial communication, 

initialize the Fuel Gauge, and initialize the OLED display. 

V. Set the text size, color, and cursor position for the OLED display. 

VI. Read the inputs for the Solar, Pedal, and Electric outputs. 

VII. If the Solar input is HIGH, set the Solar output to HIGH and the Pedal and Electric 

outputs to LOW. Display "SOLAR" on the OLED display. 

VIII. If the Pedal input is HIGH, set the Pedal output to HIGH and the Solar and Electric 

outputs to LOW. Display "PEDAL" on the OLED display. 

IX. If the Electric input is HIGH, set the Electric output to HIGH and the Solar and Pedal 

outputs to LOW. Display "ELECTRIC" on the OLED display. 

X. Read the Hall sensor value and count the revolutions, Low value will be read as hall 

sensor is interfaced in pull up configuration. 

XI. Calculate the speed once per second by dividing the number of revolutions in the 

past second by the time elapsed since the last calculation. 

XII. Use the formula to calculate the current speed in meters per second and update the 

last time and last revolution variables. 

XIII. Display the current speed on the OLED display. Clear the OLED & repeat the loop. 
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3.7.3. PCB design  

PCB design for relay based Three Channel circuit is shown below, PCB is designed on 

KiCAD. 

Figure 3. 18 3- channel PCB design 

3.7.4. 3D model  

3D model for the same 3d design is shown below,  

Figure 3. 19 3-channel 3D Model 
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3.8 Charging Percentage Calculation 

Charging Percentage is calculated based on the discharge curve given below: 

 

Figure 3. 20 Discharging curve of lithium ion [25] 

to calculate the charge capacity accurately we are using a fuel gauge IC based on I2C 

communication. The IC is named as MAX17043. 

3.9 Speed Measurement: 

Speed measurement is done through hall sensor, a hall sensor is placed on pilar of the bicycle 

and a magnet is attached to one rim support wire and it measures speed based on the number 

of rotation. 

3.10 Energy Regeneration/ Pedal assist charging: 

A 24V geared motor is used along with pedal for energy regeneration and charging through 

pedaling, it is connected with boost converter to provide regulated voltage. We have set 

regulated output at 25.5 to charge battery with maximum efficiency and capacity. Using a 



Chapter 3  Design Methodology 

53 

geared motor enable us to pedal less as compare to gearless, like if a gearless motor require 

3200 rpms to generate 24V, the same motor can go as low as 300 rpm. We need 10.5 volt 

atleast from the motor to produce desired output from boost converter.  

3.11 Project CAD design 

Our proposed design for Hybrid E Bicycle is shown below, this design features a folding 

technique to fold 4 solar panel to improve weight management and balance of the cycle.. 

 

Figure 3. 22 Project Design (B) 

Figure 3. 21 Project Design (A) 
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3.11.1 Motor Holding Bracket CAD Design 

This custom-made design will be used to integrate our dc motor shown in fig. With the E 

bicycle. The CAD Model is designed on Autodesk Inventor. 

Figure 3. 23 Motor Holding Bracket 
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3.11.2 Motor and bracket placement  

Placement for CAD motor holding bracket design on cycle pillars is shown below  

 

 

Figure 3. 24 CAD model  of bracket 
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3.12 Solar Panel Configuration 

We have decided to use 4 panels of 20 watts, with 2s & 2p configuration making it 24v & 

80 watts. Because single panel is of 12v hence, 2 panels are connected in series to add the 

voltage according to our battery requirements. 

Peak charging voltage of panel is 17.9 and the charging current is 1.2 A, hence overall, the 

maximum working voltage and Current are 35.8V & 2.4 A. 

The Solar panel wiring diagram is shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. 25 Solar panel wiring diagram [9] 
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3.13  System Hardware 

3.13.1. Geared PMDC-Motor 

A 250-watt 24-volt geared motor is a type of electric motor used in electric bicycles, 

scooters, and other small electric vehicles. The motor has a maximum power output of 250 

watts and operates on a 24-volt electrical system. 

 

Figure 3. 26 GEARED PMDC-MOTOR [26] 

 

The motor is designed with a gear reduction system that allows it to deliver high torque at 

low speeds, making it ideal for use in electric bicycles and scooters. The gear reduction 

system also helps to improve the efficiency of the motor, allowing it to operate with less 

energy consumption and heat generation.  
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Figure 3. 27 Compound Gear Train [26] 

 

The motor is typically compact and lightweight, making it easy to install on bicycles and 

other small vehicles. It may feature a brushless design for increased durability and reduced 

maintenance needs. The motor may also include a variety of safety features, such as overheat 

protection and speed limiters, to ensure safe and reliable operation.  

Overall, the 250-watt 24-volt geared motor is a popular choice for electric bicycles and other 

small electric vehicles due to its high torque, efficiency, and ease of installation. 

Its general information includes: 

• Rated Speed: 360 RPM. 

• Full load Current: ≤13.4A. 

• No load Current: ≤2.2A. 

• Torque Constant: 0.8 Nm. (8.15 kg-cm). 
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3.13.2. MPPT Charge Controller 

The MPPT charge controller works by constantly monitoring the output voltage and current 

of the solar panel or wind turbine and adjusting the voltage to maintain the maximum power 

point (MPPT) vice. This ensures that the maximum amount of power is transferred from the 

renewable energy source to the battery, which increases the overall efficiency of the charging 

process. 

 

Load Discharge Current: 20A 

Output Power: 300W 

Normally Open: 24 Hours Load Output 

Efficiency: ≥95% 

Figure 3. 28 MPPT Charge Controller 
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• We have decided to use 4 panels of 20 watts, with 2s & 2p configuration making it 

24v & 80 watts. 

• Peak charging voltage of panel is 17.9 and the charging current is 1.2 A, hence 

overall, the maximum working voltage and Current are 35.8V & 2.4 A. 

• MPPT charge controller with output voltage 25.2 will be used to charge 24 v. 

3.13.3. Battery 

• 18650 Li-ion cells will be used, which are of 4.2 nominal voltage and the current 

capacity of the cell is 2500 mAh. 

• 6 cells will be integrated in series to provide 24 v and 8 of these packs will be 

connected in parallel to provide a nominal over all capacity of 20Ah. Also known as 

6s & 8p configuration. 

• The calculated weight of the battery will be approx. 2kg. As, each cell weighs 42gm. 

 

 

Figure 3. 29 batteries 
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3.13.4. Current Sensor 

ACS-712 20A Current Sensor will be used to measure current in different aspects of project, 

in ESC it will be used to measure motor current to ensure prevention of motor burning, in 

charge control circuit it will be used to measure current input to battery to provide details 

about charging time and ensure safe charging of battery. 

3.13.5. Power MOSFET 

The IRZ44N is a type of MOSFET transistor that is commonly used in electronic circuits for 

switching and amplification applications. MOSFET stands for Metal Oxide Semiconductor 

Field Effect Transistor. 

 

The IRZ44N MOSFET transistor is designed to operate with high efficiency and low power 

consumption. It has a low gate threshold voltage, which means that it can be easily controlled 

Figure 3. 30 ACS-712 (Current Sensor) 

Figure 3. 31 Power MOSFET 
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by a small voltage applied to its gate. The transistor has a high switching speed and is capable 

of handling high currents and voltages. 

The IRZ44N MOSFET transistor is commonly used in power electronics applications such 

as voltage regulators, motor control circuits, and switching power supplies. Its high 

efficiency and low power consumption make it suitable for use in battery-powered 

applications, such as electric bicycles and scooters. 

The transistor typically comes in a small surface mount package, making it easy to 

incorporate into electronic circuits. It may also feature various protection features, such as 

overvoltage protection, overcurrent protection, and thermal shutdown, to ensure safe and 

reliable operation. 

3.13.6. Max17043 Lipo Fuel Gauge 

The MAX17043 single-cell Lithium Battery Fuel Gauge employs an I2C interface for easy 

interfacing with microcontrollers. It features an ultra-low operating current with the real-

time tracking of the relative state of charge (SOC) of the battery through Maxim’s patented 

algorithm. This eliminates the need for full-to-empty relearning and offset accumulation 

errors. 

  

                   

Figure 3. 32 Fuel Gauge [27] 
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The module also features a low battery power alert interrupt function. When the battery 

power falls below a specified threshold, the ALR pin generates a falling pulse to trigger the 

external interrupt of the controller. You will find it a great help to estimate the battery life 

by learning the power consumption of the system with this module. The breakout is as 

follows: 

 

Alt pin: 

Alt pin is basically the Alert pin, and it can be used to receive a signal 

for lower battery state of charge. When the battery is low from a 

threshold value it passes a signal to mcu, we can connect it to the 

interrupt pin of the mcu as a indication of low battery as well as it can be 

left unconnected and still the state can be viewed through i2c. 

Figure 3. 33 Schematic MAX17043 [27] 

Figure 3. 34 Fuel Guage ALT 
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3.13.7. Fuel Gauge Specifications 

• Input Voltage (VCC): 3.3V~6.0V 

• Battery Input Voltage (BAT IN): 2.5V~4.2V 

• Battery Type: 3.7V Li-polymer/Li-ion battery 

• Operating Current: 50 uA 

• Precision: ±12.5mV Accuracy to 5.00V 

 

 
Figure 3. 35 MAX17043 Dimensions [27] 
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3.13.8.  Geared DC motor for regeneration 

 

Figure 3. 36 Geared DC motor 

Model NO. BG90-B6D250-24UG-30S-38-1 

Structure and Working Principle Brush 

Type Z2 

Brand Bg Motor 

Noise 65dB 

Power 250W 

Rotation Direction Ccw and Cw 

Product Name 90mm Brushed DC Motor 

Weight  3.7 kg 

Table 2. 8 Motor Specification 
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Gear: Geared motor is used with lower gear ratio, so that it is easier to pedal. 

 

Figure 3. 37 Gear 

S.no  

1 Model 24V 

2 Motor Power 200 W 

3 Ratio 10 

4 Output speed (rpm) 330 

Table 2. 9 Gear Specification 

3.13.9. 18650 Li-ion Lipolymer Battery BMS  

This product is 6 string 24V 6-Cell lithium battery power protection board With Balance 

circuit Split-mouth 40A discharge current. Protection board with overcharge protection, 

Figure 3. 38 BMS Input (A) 
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over discharge protection, over current protection, short circuit protection. The charging 

voltage is 25.2 V, having max 40A current.   

 

Figure 3. 39 BMS Input (B) 

3.13.10. MCU 

We are using two MCUs,  

• For ESC we are using standalone microcontroller Atmega328p. 

• For three-channel Circuit, we are using Esp-32 NodeMCU. 

3.13.11. Atmega328p  

Atmega328p is a general-purpose single chip microcontroller. It was created by Atmel as a  

part of “AVR mega” family of microcontrollers. It have a Harvard architecture 8 bit  

Figure 3. 41 Atmega328p Pinout 

 
 

Figure 3. 40 Atmega328p 
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processor. It’s operating voltages are between 1.8v to 5.5 volts. It can be run on either 

internal oscillator clock (1MHz) or external oscillator clock. 

Table 2. 10 Atmega328p specification 

Parameter Value 

Architecture 8 bit AVR MCU 

Max CPU speed 20 MHz  

Performance metric 20M Instructions/Sec at 20 MHz 

Flash  32 KB 

S-RAM 2 KB 

EEPROM 1 KB 

Package pin count 28 or 32 

Capacitive touch-sensing channels 16 

Max I/O pins 23 

External-interrupt pins 3 

ADC 10-bit, 6 channels 

PWM channel 8-bit 
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3.13.12. Esp32 NodeMCU 

Esp32 is a low power SOC Microcontroller, it has dual mode Wifi and Bluetooth integrated. 

It is integrated with Tensilica Xtensa LX6 microprocessor which comes with both single and 

dual core architecture. It includes a built-in onboard antenna unit for Wireless 

communication. It is designed and developed by Espressif Systems, a China based company.   

 

Figure 3. 42 ESP-32 Pinout 

Table 2. 11 ESP-32 specification 

Parameter Description 

Module ESP32 wroom module 

Wi-Fi Wi-Fi: 802.11 b/g/n 
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Bluetooth v4.2 BR/EDR and BLE 

Operating Voltages 5v – 3.3v 

SPI Flash: 32 Mbit 

Interfaces UART/GPIO/ADC/DAC/SDIO/SD card 

/PWM/I2C/I2S 

Xtal 40MHz 

I/O Ports 30 - 38 

ADC resolution 12bit 

Hall Sensor Yes, integrated onboard 

Touch Input Available 

3.13.13. Relay 

 

  Figure 3. 44 Relay Pinout 

We are using 6v relay for switching purpose, it can switch either DC voltages or AC voltages, 

it is being used in our 3 channel circuit for switching purpose between 3 sources i.e: Solar 

power, pedal power and Conventional Electric supply. 

 

Figure 3. 43 Relay 
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Figure 3. 45 Bc547B Pinout 

3.13.14. Transistor 

Transistors are being used for switching mosfets in 

ESC, and for activating relay in three-channel Circuit. 

Relay and Mosfets could not be activated directly as 

they require more voltage then a microcontroller can 

provide. Lower Voltages relay can be activated 

through microcontroller as well as Logic based 

Mosfets can be activated through microcontrollers. We 

are using a bc547 npn transistor for relay and Mosfet 

switching. 

3.13.15. Diode 

Diodes are Semiconductor device, we are using diodes here for protection from back emf or 

reverse voltages from relay switching and DC motor. For Relay switching we are using 

1n4007 general purpose diode and for blocking motor back EMF we are using Schottky 

diode. Schottky diodes are diodes with specialty of Fast recovery as motor generates back 

emf or reverse voltage more often due to this reason we are using 1N5822 diodes to make 

our Electronic Speed Controller Safe. 
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3.13.16. Boost Converter 

 

 

                   Figure 3. 47 boost Converter Pinout 

Boost Converter is being used to boost the voltages being generated by regenerative motor, 

it is a 150 watt boost converter. It have an adjustable output upto maximum 34v, we will 

require 25.5 volt to charge the battery, additional voltage regulator of 25.5 v will be added 

to insure safe output. It requires a minimum of 10.5v to start generating output.  

3.13.17. OLED Screen 

OLED Screen of 1.3inch is being used. It works on i2C communication and have an i2c 

address of  0x3C, the i2c address can be modified to use and additional screen by connecting 

a resister on given junctions on the backside of the module.  

Figure 3. 46 boost converter 

 

Figure 3. 48 OLED Display 
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This OLED screen is based on a driver SH1106 instead of SD1306 being used in other 0.96” 

and 0.92” Oleds, to used it a different driver library have to be modified according to esp32 

in order to use this library. 

3.13.18. Hall Sensor 

We are using A3144 Hall sensors, 2 for brake detection and integrated with ESC, one for 

speed measurement integrated with 3 channel circuit. It gives low output when a magnet gets 

in range with magnetic field and is interfaced in pullup configuration.  

 

Figure 3. 49 Hall Sensor US1881 
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CHAPTER FOUR 

RESULTS & DISCUSSIONS 

4.1 Simulation & Hardware Implementation of ESC – Electronic Speed Controller  

Simulation for Power bridge circuit and hardware implementation of ESC with integrated 

Electric Throttle and Motor at output is shown below; 

Figure 4. 6-2 Simulation for ESC 

Figure 4. 6-1 Hardware for ESC 
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Connected ICSP pins to update firmware: 

 

ICSP pins are separated to make it easy to update Firmware just with these pins instead of 

dislocating the microcontroller. 

Figure 4. 4 ICSP Pins 

Figure 4. 3 Hardware of ESC Figure 4. 6-3 Hardware Of ESC 

Figure 4. 6-4 ICSP Pins Configuration 
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Analysis of ESC circuit on oscilloscope is shown below, analysis include testing of 

MOSFETs triggering to ensure proper activation of All three MOSFETS which will result 

in proper current handling through MOSFET bridge. It is verified through Gate and Drain 

terminal waveforms shown in fig. 4.5 and fig. 4.6. 

 

Figure 4. 6-6  oscilloscope result of gate waveforms 

Figure 4. 6-5 Oscilloscope results for  Drain Waveform 
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4.2  Three-Channel Circuit 

Three Channel Circuit Controls Switch mode according to supply selected to charge, other 

features are to calculate battery percentage and monitor battery voltage efficiently and 

display important parameters on the infotainment system. 

Simulation Results for switch mode three – channel circuit is shown below. 

Simulation results for three channel circuit with basic functionality of switching. 

 

  

Figure 4. 6-7 Hardware for 3-channel 

Figure 4. 6-8 Simulation 
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4.3 Results for Three-channel Circuit 

Battery percentage and voltage shown in picture below with Mobile app infotainment 

system. 

 

 

Serial Port output for the above running firmware is shown below: 

 

 

  

Figure 4. 6-9 Three Channel Results 

Figure 4. 6-10 Serial Monitor Output 
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4.4 Mobile Application 

Mobile application is designed to control switch mode and monitor necessary parameters 

remotely. 

It is implemented through Firebase real-time database as shown below: 

Figure 4. 6-12 Firebase Console 

Figure 4. 6-11 Mobile App  GUI 
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4.5 MPPT Charge Controller & Solar Configuration 

Mppt charge controller was connected with 2s and 2p configuration from 4 12V 20watt 

panel, making it 24V 80Watt in terms of  size. Solar panel are providing more than 40V on 

maximum irradiation, Oscilloscope analysis and initial testing of mppt output is shown 

below with Solar Configuration: 

  

Figure 4. 6-13 MPPT Solar Charge 
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4.6 Overall Hardware 

Overall Assembled hardware pictures are attached below, solar panel is detachable, it’s 

frame can be attached and detached according to will. 

 

Figure 4. 6-14 Assembled Hardware 



Chapter 5  Conclusion 

 

82 

CHAPTER FIVE 

CONCLUSION 

For the betterment of environmental and economic situation of the country our proposed 

idea is to design and develop a Low cost, reliable and economical electrical transport with a 

properly integrated charge control system to enhance the riding experience of the user by 

providing better performance with better distance range. Our focus is on using renewable 

and regenerative energy sources to create self-sustaining and reliable means of transportation 

through effective and productive strategies. We strive to provide a safe, healthy, and 

enjoyable travel experience for all. The proposed design will be based on standalone systems 

that can be used for different purposes and to make different versions with less or more 

features.  By incorporating multiple power sources, this e-bicycle offers enhanced flexibility 

and reduced reliance on a single energy supply. The option to charge the battery from the 

power grid provides convenient charging capabilities at any location with electricity access. 

The integration of a solar panel presents an eco-friendly alternative, harnessing clean energy 

from the sun and minimizing dependence on non-renewable resources. Furthermore, the 

inclusion of pedaling as a power source not only promotes physical activity but also enables 

the rider to actively contribute to the battery's charging process. The integration of an MPPT 

controller plays a vital role in maximizing the efficiency of the solar charging system, 

optimizing power output from the solar panel and ensuring efficient utilization of available 

sunlight. This feature significantly enhances the overall energy efficiency of the e-bicycle, 

making it an environmentally conscious and cost-effective mode of transportation. 

Additionally, the custom-designed electronic speed controller offers precise speed control 

through a throttle mechanism, enhancing user experience and ensuring rider safety. 
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This smart hybrid e-bicycle, with its diversified power sources, efficient charging 

mechanisms, and user-friendly features, effectively addresses the crucial challenges of 

sustainable transportation. It contributes to reducing carbon emissions, promoting energy 

efficiency, and providing an affordable alternative to conventional transportation methods. 

5.1 Future Works: 

1. Battery Advancements: Investigate advanced battery technologies, such as solid-state 

batteries or improved Li-ion battery chemistries, to enhance energy density, battery life, 

and charging efficiency. 

2. Power Generation and Harvesting: Explore additional renewable energy sources, such as 

wind energy, to diversify the e-bicycle's power generation capabilities. Study energy 

harvesting techniques to capture and utilize wasted energy from rider movements. 

3. Smart Energy Management: Develop intelligent energy management algorithms and 

systems to optimize power allocation among different power sources, considering energy 

availability, efficiency, and user preferences.  

4. Connectivity and Data Analysis: Integrate connectivity features to enable real-time 

monitoring and data analysis of the e-bicycle's performance, energy usage, and charging 

patterns. Utilize this data to gain insights for further optimization, predictive maintenance. 

5. Lightweight Materials and Design: Explore the utilization of lightweight and sustainable 

materials in the e-bicycle's construction to reduce weight and increase energy efficiency. 

Investigate aerodynamic design enhancements to minimize air resistance and extend the 

e-bicycle's range. 

6. Add GPS for Cycle Security and location tracking through GSM module. 



 

84 

REFERENCES 

 
[1] Qureshi, O. (2023, May 16). Component-wise breakdown of petrol price in Pakistan. Brecorder. 

https://www.brecorder.com/news/40242433  

[2] McCarthy, N. (2016, May 25). Infographic: The 20 Worst Cities Worldwide For Air Pollution. 

Statista Daily Data. https://www.statista.com/chart/4887/the-20-worst-cities-worldwide-for-air-

pollution/ 

[3] Gu, W.-L & Zhang, S. & Hu, Y.-F & Chen, Hong. (2017). Nonlinear controller design of brushed 

DC motor. Jilin Daxue Xuebao (Gongxueban)/Journal of Jilin University (Engineering and 

Technology Edition). 47. 900-907. 10.13229/j.cnki.jdxbgxb201703029. 

[4] Jin, H. and Sun, X. (2017) Design of the Brushless DC Motor Driving System Based on 

STM32. Open Access Library Journal, 4, 1-9. doi: 10.4236/oalib.1103703. 

[5] Bui, Van-Tung & Dow, Chyi-Ren & Huang, Yu-Chi & Liu, Pei & Duc Thai, Vu. (2020). A 

Canopen-Based Gateway and Energy Monitoring System for Electric Bicycles. Energies. 13. 

3766. 10.3390/en13153766. 

[6] Lee, S., & Choi, S. (2018). A three-channel battery charger for electric vehicles using wireless 

power transfer and photovoltaic input. Energies, 11(9), 2373. doi: 10.3390/en11092373 

[7] Kumar, S.Pradeep & Krishnakumar, R &, Dr.E.N. Ganesh. (2018). Multi-input multi-output 

converter with battery charger for low power applications. International Journal of Engineering 

and Technology. 7. 10.14419/ijet.v7i2.25.12372. 

[8] C. -C. Hua, S. -J. Kao and Y. -H. Fang, "Design and implementation of a regenerative braking 

system for electric bicycles with a DSP controller," 2013 1st International Future Energy 

Electronics Conference (IFEEC), Tainan, Taiwan, 2013, pp. 641-645, doi: 

10.1109/IFEEC.2013.6687583. 

[9] D, Sreehari & K, Manikandan & K, Pranjith & V, Adithya & Ram, Munga & V, Indu & 

Dharmana, meher madhu. (2020). Design and Analysis of E-Bike with Electrical Regeneration 

and Self-Balancing Assist. 119-124. 10.1109/ICOEI48184.2020.9142889.  

https://doi.org/10.4236/oalib.1103703


 

85 

[10] Kashani, S.A.; Soleimani, A.; Khosravi, A.; Mirsalim, M. State-of-the-Art Research on Wireless 

Charging of Electric Vehicles Using Solar Energy. Energies 2023, 16, 282. 

https://doi.org/10.3390/en16010282  

[11] Gautham Ram Chandra Mouli, Peter Van Duijsen,Francesca Grazian, Ajay Jamodkar,Pavol 

Bauer andOlindo Isabella " Sustainable E-Bike Charging Station That Enables AC, DC and 

Wireless Charging from Solar Energy," 2018 in the European Conference on Power Electronics 

and Applications (EPE-ECCE Europe) . 

[12] Gorakh Choudharia ,Rukmini Jadhavb , Lokesh Mhetrec, Mrityunjay Pattedd “Conversation  of 

Traditional Bicycle to E-Bicycle”, international Journal of Scientific Development and Research 

(IJSDR) 

[13] Arun Eldho Alias1, Geo Mathew2, Manu G3, Melvin Thomas4, Praveen V Paul5 “Energy 

Efficient Hybrid Electric Bike with Multi -Transmission System”, National Conference on 

Recent Advances in Electrical & Electronics Engineering (NCREEE 2015). 

[14] Prof. Bhagya, M.Gurukiran, M. Rakshitha, B.N. Yashwanth, G.V. Yamuna  “Embedded Based 

SMART Bicycle”, International Research Journal of Modernization in Engineering Technology 

and Science. 

[15] Pratiksha P. Dhande , Hemraj N. Banait , Prof. P. V. Raut  "Design A Smart E-Bicycle With 

Three Way Charging Mechanism", International Journal of Science & Engineering  

Development Research (www.ijsdr.org), ISSN:2455-2631, Vol.4, Issue 1, page no.65 - 67, 

January-2019, Available :http://www.ijsdr.org/papers/IJSDR1901012.pdf  

[16] V. Dimitrov, "Overview of the Ways to Design an Electric Bicycle," 2018 IX National    

Conference with International Participation (ELECTRONICA), Sofia, Bulgaria, 2018, pp. 1-4, 

doi: 10.1109/ELECTRONICA.2018.8439456.  

[17] K. Amritha1, Kasoju Mounika, Kasoju Preethi Balakishan. “Design and Implementation of an 

Electric Bicycle with Speed Control and Battery Monitoring System” International  research 

Journal of Engineering and Technology (IRJET), Volume: 07 Issue: 09, e-ISSN: 2395-0056 

[18] Ratna Aisuwarya et al 2019 J. Phys.: Conf. Ser. 1339 012018. “Design of Bicycle’s Speed 

Measurement System Using Hall Effect Sensor” 



 

86 

[19] W. N. W. Muhamad, S. A. b. Razali, N. A. Wahab, M. M. Azreen, S. S. Sarnin and N. F. Naim, 

"Smart Bike Monitoring System for Cyclist via Internet of Things (IoT)," 2020 IEEE 5th 

International Symposium on Telecommunication Technologies (ISTT), Shah Alam, Malaysia, 

2020, pp. 168-173, doi: 10.1109/ISTT50966.2020.9279377. 

[20] Informatics and infotainment system for Smart E-Bike using Raspberry Pi Ramesh Babu K1 

1Ramesh Babu K, Dept. of Mechanical Engineering, NIT Warangal, Warangal, Telangana, 

India. 

[21] J. Schnee, J. Stegmaier, T. Lipowsky and P. Li, "Brake Detection for Electric Bicycles using 

Inertial Measurement Units," 2019 IEEE Sensors Applications Symposium (SAS), Sophia 

Antipolis, France, 2019, pp. 1-6, doi: 10.1109/SAS.2019.8706001 

[22] M. Corno, L. D'Avico and S. M. Savaresi, "An Anti-Lock Braking System for Bicycles," 2018 

IEEE Conference on Control Technology and Applications (CCTA), Copenhagen, Denmark, 

2018, pp. 834-839, doi: 10.1109/CCTA.2018.8511615. 

[23] S. Sundaresan, P. Pillai, B. Balasingam and K. R. Pattipati, "Real-time Battery Capacity 

Estimation Based on Opportunistic Measurements," 2022 IEEE 1st Industrial Electronics Society 

Annual On-Line Conference (ONCON), kharagpur, India, 2022, pp. 1-6, doi: 

10.1109/ONCON56984.2022.10126760. 

[24] J. Yang, Y. Cai and C. Mi, "A Battery Capacity Estimation Method Using Surface Temperature 

Change under Constant-current Charge Scenario," 2021 IEEE Energy Conversion Congress and 

Exposition (ECCE), Vancouver, BC, Canada, 2021, pp. 1687-1691, doi: 

10.1109/ECCE47101.2021.9595207 

[25] Teel, J. (2022). Charging methods for Lithium-Ion batteries. PREDICTABLE DESIGNS. 

https://predictabledesigns.com/charging-methods-for-lithium-ion-batteries/  

[26] United MY1016Z 250W, 24V DC Brushed gear motor, 400 RPM. (n.d.). 

https://www.motiondynamics.com.au/unite-250w-24v-dc-brushed-gear-motor-400-rpm.html 

[27] MAX17043 Datasheet and Product Info | Analog devices. (n.d.). 

https://www.analog.com/en/products/max17043.html  



  Appendix A 

87 

Appendix A 

Code For ESC 

#define Throttle A3 

#define Pwm 3 

#define Hall 8 

#define test 13 

#define ADC_AMP A5 

#define Max 13 

float getAnalogAmp(); 

 

void setup() { 

Serial.begin(9600); 

pinMode(Throttle,INPUT); 

pinMode(Pwm,OUTPUT); 

pinMode(Hall,INPUT); 

pinMode(test,OUTPUT); 

} 

void loop() { 

int Throttlee = analogRead(Throttle); 

int pwm= map (Throttlee, 175, 880, 0, 255); 

analogWrite(Pwm, 255-pwm); 

Serial.println(255-pwm); 

int hall=digitalRead(Hall); 

Serial.println(hall); 

 

if(hall==1){ 

  digitalWrite(Pwm,255); 

  } 

  else{ 

    digitalWrite(Pwm,0);   

  } 

int Amps= getAnalogAmp(); 

if (Amps> Max){ 



  Appendix A 

88 

  digitalWrite(Pwm,255); //Stop motor 

  } 

} 

float getAnalogAmp() 

{ 

  //Measuring Current Using ACS712 

 

  int   sampling = 250; 

 

  double mVperAmp = 100; // use 185 for 5A Module, 100 for 20A Module, and 66 for 

30A Module 

  float ACSoffset = 2470.345; 

 

  double RawValue = 0; 

  double V = 0; 

  double Amps = 0; 

 

  for(int i=0; i<sampling; i++) 

    { 

    RawValue += analogRead(ADC_AMP); 

    delay(1); 

    } 

   

  RawValue /= sampling; 

    

  V = (RawValue / 1023.0) * 5000; // Gets you mV 

  Amps = ((V - ACSoffset) / mVperAmp); 

 

  Serial.print( "Amps:"); 

  Serial.println( Amps ); 

  return Amps; 

} 
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Appendix B 

Code For 3-Channel Circuit 

 

#include <SPI.h> 

#include <Wire.h> 

#include <Adafruit_GFX.h> 

#include <Adafruit_SH1106.h> 

#include "MAX17043.h" 

 

#include <WiFi.h> 

#include <FirebaseESP32.h> 

#include <ESP32Servo.h>  

#define FIREBASE_HOST ""  

#define FIREBASE_AUTH ""   

#define ssid "" //Enter wifi name/ssid                                        

#define password "" //Enter wifi password    

FirebaseData Control1; 

FirebaseData Control2; 

FirebaseData Control3; 

FirebaseData Monitor1; 

FirebaseData Monitor2; 

FirebaseData Monitor3; 

FirebaseData Monitor4; 

FirebaseData Monitor5;  

FirebaseJson json; 

 

#define Hall 32 

#define Solar_Out 5 

#define Pedal_Out 18 

#define Electric_Out 23 

#define Solar_In 12  

#define Pedal_In 27 

#define Electric_In 26 
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#define OLED_SDA 21 

#define OLED_SCL 22 

 

const float wheelDiameter = 0.5588; // in meters 

const float wheelCircumference = wheelDiameter * 3.14159; // in meters 

 

unsigned long lastTime; 

unsigned long lastRevolution; 

float currentSpeed; 

 

Adafruit_SH1106 display(21, 22); 

 

int hall_reads = 0; 

 

#define ADC_AMP = 34;      // pin where the OUT pin from sensor is connected on 

Arduino 

 

void setup()   {   

  Wire.begin(); 

Serial.begin(115200); 

FuelGauge.begin(); 

 FuelGauge.reset(); 

 //FuelGauge.quickstart(); 

 delay(250); 

 

  /* initialize OLED with I2C address 0x3C */ 

  display.begin(SH1106_SWITCHCAPVCC, 0x3C);  

  display.clearDisplay(); 

  //delay(2000); 

  pinMode(Hall, INPUT_PULLUP); 

  lastTime = millis(); 

  lastRevolution = 0; 

  currentSpeed = 0.0; 
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 pinMode(Hall,INPUT); 

 pinMode(Solar_In,INPUT); 

 pinMode(Pedal_In,INPUT); 

 pinMode(Electric_In,INPUT); 

 pinMode(Solar_Out,OUTPUT); 

 pinMode(Electric_Out,OUTPUT); 

 pinMode(Pedal_Out,OUTPUT); 

} 

 

void loop() {  

 

  Serial.println("Loop start"); 

 

FuelGauge.wake(); 

FuelGauge.quickstart(); 

delay(100); 

 

Serial.println(FuelGauge.adc()); 

Serial.println(FuelGauge.voltage()); 

  float volmv= FuelGauge.voltage(); 

  float vol= (volmv/1000); 

  float comp=(vol*6); 

  Serial.println(comp); 

  float SOC= (FuelGauge.percent()/2); 

 

 

//Serial.println(FuelGauge.compensation(), HEX); 

delay(500); 

 

  /* set text size, color, cursor position,  

  set buffer with  Hello world and show off*/ 

  display.setTextSize(2); 

  display.setTextColor(WHITE); 

  display.setCursor(0,0); 
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  display.println(SOC); 

display.println (comp); 

  //display.display();  

   

  delay(200); 

 

  int Sol = digitalRead(Solar_In); 

  int Ped = digitalRead(Pedal_In); 

  int Elec = digitalRead(Electric_In); 

 

    Firebase.getString(Control1,"/Electric/"); 

  Serial.println(Control1.stringData()); 

  String strVal1 =  Control1.stringData(); 

  int Elect=strVal1.toInt(); 

 

  Firebase.getString(Control2,"/Solar/"); 

  Serial.println(Control2.stringData()); 

  String strVal2 =  Control2.stringData(); 

  int Sola=strVal2.toInt(); 

 

  Firebase.getString(Control3,"/Pedal/"); 

  Serial.println(Control3.stringData()); 

  String strVal3 =  Control3.stringData(); 

  int Peda=strVal3.toInt(); 

 

  if (Sol == 1||Sola==1){ 

  digitalWrite(Solar_Out,HIGH); 

  digitalWrite(Pedal_Out,LOW); 

  digitalWrite(Electric_Out,LOW); 

  } 

  if (Ped == 1||Peda==1){ 

  digitalWrite(Solar_Out,LOW); 

  digitalWrite(Pedal_Out,HIGH); 

  digitalWrite(Electric_Out,LOW); 
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   //display.println("PEDAL"); 

  } 

  if (Elec == 1||Elect==1){ 

  digitalWrite(Solar_Out,LOW); 

  digitalWrite(Pedal_Out,LOW); 

  digitalWrite(Electric_Out,HIGH); 

 

   display.println("ELECTRIC"); 

   display.display();  

  } 

  int hallSensorValue = digitalRead(Hall); 

  if (hallSensorValue == LOW) { 

    lastRevolution++; 

  } 

 

  // calculate the speed once per second 

  unsigned long currentTime = millis(); 

  if (currentTime - lastTime >= 1000) { 

    float revolutionsPerSecond = (float)(lastRevolution) / (float)(currentTime - lastTime) * 

1000.0; 

    currentSpeed = (wheelCircumference * revolutionsPerSecond) / 60.0; 

    lastTime = currentTime; 

    lastRevolution = 0; 

 

    Serial.print("Current speed: "); 

    Serial.print(currentSpeed); 

    Serial.println(" mph"); 

 

  }   

display.clearDisplay(); 

float current = getAnalogAmp(); 

Serial.println(ADC_AMP); 

display.println(ADC_AMP); 

display.display(); 
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Firebase.setInt(Monitor1, "/BatteryVoltage/", Comp); 

Firebase.setInt(Monitor2, "/Charge/", SOC); 

Firebase.setInt(Monitor3, "/CyclingMode/", CycMode); 

Firebase.setInt(Monitor4, "/Speed/", currentSpeed); 

Firebase.setInt(Monitor5, "/ModeofCharging/", Mode); 

} 

 

float getAnalogAmp() 

{ 

  //Measuring Current Using ACS712 

  int   sampling = 250; 

  double mVperAmp = 185; // use 185 for 5A Module, 100 for 20A Module, and 66 for 

30A Module 

  float ACSoffset = 2470.345; 

 

  double RawValue = 0; 

  double V = 0; 

  double Amps = 0; 

 

  for(int i=0; i<sampling; i++) 

    { 

    RawValue += analogRead(ADC_AMP); 

    delay(1); 

    } 

   

  RawValue /= sampling; 

    

  V = (RawValue / 4069.0) * 5000; // Gets you mV 

  Amps = ((V - ACSoffset) / mVperAmp); 

 

  Serial.print( "Amps:"); 

  Serial.println( Amps ); 

  return Amps;   

} 
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Appendix C 

List of Components 

List of Components: 
Table 2.12  List of Components 

S.No Component Name 

1 Atmega328pu Microcontroller 

2 ESP32 NodeMCU 

3 16 MHz Crystal Oscillator & 22pf Caps x2 

4 IRZ44N N-channel MOSFETs 

5 LM317 

6 LM7805 

7 BC547 Transistor npn 

8 Electric Throttle 

9 1N4007 Diode 

10 1N5822 Schottky Diode  

11 ACS712  

12 Relays 

13 Electric Throttle 

14 1.3" OLED Screen  

15 LED lights 

16 Terminal Blocks 

17 250Watt 24V DC geared motor 

18 24V geared motor for regeneration 

19 Boost Converter 

20 general and 15A Switches 

21 4x12V 20-Watt Solar panels (24V required) 

22 MPPT Charge Controller 

23 MAX17043 Battery Fuel Gauge 

24 25.2V battery pack (48 Li-ion Cells) 

25 6s 40A BMS  

26 Heat Sink and Thermal paste 

27 Heat shrink tube 

28 Connecting Wires and 15A supported Wire 

29 Freewheel Sprocket 

30 Capacitors 

31 Resistors 
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