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Abstract 

Urban life suffers from traffic congestion especially during the peak hours. Getting from one 

place to the other becomes a troublesome task especially if you face roadblocks on your way. 

Due to increased shifting demand over practices that conserve the environment, an electric 

bike, also known as the e-bike provides a one stop solution to such individuals.  

This project aims to make lives of the people easier by providing them with a durable model 

of autonomous electric bicycle. This bicycle will make reaching destination by effortlessly 

maneuvering between the crowded spaces all the while providing speed. It was made feasible 

due to the application of certain sub-systems such as those of mechanical, power and control. 

It takes care of the problem presented by batteries used in previous models. These batteries 

emit excessive amount of energy which comes in the form of heat. It was catered to by 

supporting these batteries with super capacitors which resulted in the significant reduction of 

heat emission. Due to the usage of the lead acid battery 12 V, substantial increase in battery 

life was monitored. This increase was made possible due to the usage of supercapacitors. It 

will enable the cyclist to cover 10 km if he maintains a speed of 20 
km

h
. The required rpm for 

this project is around 213. This was kept under-control by using a gearbox that turned down 

the rpms of DC brushless motor to our requirements. Ultra-capacitors used have a greater life 

span than the batteries and are much safer and less toxic. This project seeks to test the benefits 

of super capacitors in an electric bicycle unit in order to gain higher regenerative energy. 
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1. Introduction 

 

1.1 Project definition 

To design an electric bicycle that runs on super capacitors and battery. Our project is comprised 

of three subsystems which are mechanical subsystem, power subsystem, and control 

subsystem. The starting current is shared between super capacitors and battery. 

1.2 Project Objectives 

Our project looks to: 

1. Help in the enhancement of battery life 

2. Let people know about the future of super-capacitors in the automobile Industry.  

3. Create Eco friendly system that run on electricity. 

1.3 Project specifications 

 Metrics: 

 Operating voltage = 12 V 

 Desired bicycle speed = 20 km/h 

 Maximum mileage = 10 km   

 DC motor = 300 W, 12 V, 1800 rpm; Gearbox ratio = 8:1 

 2 arrays, each containing 6 series connected super-capacitors. These two 

arrays are connected in parallel. 

 Rating of single capacitor = 2.7 V, 500 F; Rating of full super-capacitor bank 

= 16.2 V, 167 F  

 LCD screen to display the distance travelled and speed.  

 Digital volt meter to display battery level 

 Tricycle weight => {(11.5 kg)} without load} with front and back basket 

 Marketing Features: 

 Automatic 

 Energy efficient 

 Easy usage 

 Long battery life 

 Environmentally friendly 
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1.4 Product Architecture and Components 

 

Figure 1. Functional Diagram of the System 

So, our main target the “Super-Capacitor Electric bicycle” will constitute of three major sub 

systems. Which are as mentioned in the flowchart are  

• Power Source Sub-System 

• Control Sub-System 

• Mechanical Sub-System 

 

The power source system connects directly to a super capacitor bank having capacitors 

connected in series circuit. These capacitors are twelve in number, in which six of these are in 

series and another six of these in series and we connect these two arrays in parallel to increase 

voltage and capacity. This system also leads to lithium ion battery of 12 V, both bank and 

battery respectively connects to a power source switch.  

The second system that is control sub-system is attached to a switch as well as an Arduino 

micro controller. The micro controlled is displayed on an LCD. The main aim of display will 

be to show the distance, speed, and battery level and the second system leads to power source 

switch which also has connections with previous system, the power source Sub-system. These 

two collectively goes from power source switch to a motor driver, which eventually goes to a 

DC motor. 

 

The third system, which is mechanical sub-system, which is the motor and it, will be connected 

to the motor drive and power sources switch. The basic idea is to initiate a flow of current from 
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super capacitor that will be switched up by micro controller to run the motor by utilizing the 

battery. 

 

1.5 Applications 

The proposed system can be used: 

1. In automobiles braking system, to regenerate energy, and not to waste it via heat as is 

done in typical batteries. 

2. Super capacitors are suitable temporary energy storage devices that will make e-bikes 

suitable for longer distances. 

Super capacitors provide backup or emergency shutdown power to low-power equipment. 

E.g., ups. 

 

2. Literature Review 

2.1 Project Background 

One of the largest issues observed in much of the power electronics field today is energy 

storage. Rechargeable batteries have been a simple solution for many years and although their 

technology is improving, a large concern is the amount of energy converted to heat (a waste) 

as a byproduct of the battery’s daily functions. Although super capacitors possess unappealing 

traits for some applications, they do have great potential uses in many situations. One such 

situation is in the regeneration of energy. Super capacitors provide high current capabilities 

compared to conventional lithium-ion batteries, allowing for fast charging and discharging of 

electrical energy. 

 

2.2 Previous Work 

 

 Electric Upgrades- Super-capacitor Electric Bicycle. Polytechnic State 

University, California. June, 2018 [1] 

 

Previous work of the students of Polytechnic State University, California was studied. This 

project was completed in June 2018. They had worked on designing super-capacitor Electric 

Bicycle. Some of their main features included: 

• Design electric bicycle with super capacitor  
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• Use super capacitor as a storage device 

• Use controller to switch between sources 

• Regenerative braking system 

Their prototype super capacitor electric bicycle was a success. Their experiment with capacitor 

and motor was promising as it could be moved towards advancement with further research and 

could be modified to suit the customer’s needs. Their result could be compared to a typical 

battery powered electric bicycle. 

 

 

 Super-capacitor/Battery hybrid Powered Electric Bicycle  

University of Nottingham Malaysia. November 2010 [2] 

 

Another project studied was of the students of Nottingham, Malaysia. This research is of 

November 2010. In this project, via a smart boost converter, a prototype of super capacitor/ 

battery hybrid Bicycle was constructed. Some of their main features are listed below: 

• Design and build bicycle powered by a battery/super-capacitor. 

• Design and install a hybrid combination battery/super-capacitor. 

• Design and install a Smart Boost Converter on the top of combination. 

 

Their project was successful in enhancing the up-hill acceleration. This was made possible due 

to the usage boost convertor that guaranteed extra current from the super capacitor module. 

They were successful in enhancing the battery life and achieving the desired acceleration. They 

had difficulties in recharging the super capacitor with the help of regenerative braking since 

their boost convertor could only work in one direction. 

 

 Design and Development of a Prototype Super-Capacitor Powered Electric 

Bicycle. University of the Witwatersrand. May,2014 [3] 

Another work cited was of the students of the University of the Witwatersrand, which was done 

in May 2014. They worked on designing and developing a prototype of an e-bike that was 

powered through Super-capacitor. Some of its main features were: 

• The design and development of a prototype super-capacitor powered electric bicycle 

(E-bike) 

• Design super-cap bank capable of storing 74 kJ. 
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 They tested the benefits of the energy-storage capability of the super-capacitors. For their 

prototype, they assumed a cyclist weighing 80 kg but tested it on a cyclist that weighed 55 kg. 

They were successful in achieving speed of approximately 1100 m and 23 
𝐤𝐦

𝐡
. However, their 

design had two weaknesses. Their super-capacitors were not charged with balance and the 

thermal fuses used had inadequate response time. 

 

 Design approach for electric bicycle.  

Raisoni College of Engineering, Nagpur, India. October 2013 [4] 

The students of Raisoni College of Engineering, Nagpur, conducted this project in India. It was 

conducted in the October of 2013. They also worked on designing an electric bicycle. Their 

prototype had the following features: 

• Design Approach for Electric Bikes Using Battery and Super Capacitor for 

Performance Improvement. 

• Possible improvements in the extension of the battery life. 

• Increased Range per Charge. 

Their project aimed on creating such a bike that had increased speed, could be charged easily 

and had a longer battery life. They also used super-capacitor modules to provide the initial 

current required for starting the bike. Regenerative braking system was used to charge the super 

capacitor. 

 

2.3 Comparative Study 

 

Project done by the students of Polytechnic State University made use of the control system 

and the power system. Their work designing super-capacitor Electric Bicycle made use of 

Lithium Ion Battery to achieve the desired results. Another cited reference of students of 

Nottingham, Malaysia was quite similar to the work of Polytechnic State University as they 

also made use of the control system, power system and Lithium Ion battery. However, the latter 

used boost convertor that guaranteed extra current from the super capacitor module. 

 

Project done by students of the University of the Witwatersrand had control system and power 

system built inside of it. Therefore, to run their project smoothly, they also used Lithium Ion 

battery. Their design also had an LCD installed in it, which made monitoring the systems 

easier. 

 



11 

 

Last project included for our comparative studies analysis is of the students of Raisoni College 

of Engineering, which is located in India. Like the rest of the projects, they also used Control 

system, Power system and Lithium Ion battery for running their project.  

 

The project done by us on top of using the power system, control system and Lithium ion 

Battery also uses lead Acid battery. The usage of this battery enhanced the life span of the 

battery significantly, as it had larger electrolyte reserve area present above the plates. It was 

more resistant to corrosion and overcharging. It did not self-discharge, resulting in a longer life 

period of the battery. We also used potentiometer close to the grip for speed control, which 

seemed missing in the other projects. LCD screen installed will guide the cyclist with his 

achieved speed and it will show the battery level. 

 

Figure 2. Comparative Study Analysis 

 

3.  System Design  
 

3.1  Design Constraints 

3.1.1 Design Constraints: Environmental 
 

One of the most important constraint we faced is the environment. Environmental constrains 

seeks to create spaces that will enhance the natural and physical environment of particular 

areas. Now a days all new products try to be environment friendly as much as they can. 

However, our product is environment friendly (echo-friendly) because it uses electricity as a 
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power source. We also try to keep in mind the power consumption. Furthermore, Ultra-

capacitors they contain no harmful chemical or heavy metals and are highly unlikely to 

explode.  

 

3.1.2 Design Constraints: Economic 

 

Another constraint we faced is the economic. Since we made our plan for our project, we had 

a budget estimation, we do not want to exceed our budget estimation and we tried to make a 

low budget as much as possible. In order to do that, we needed to calculate the total price for 

all components required for the project, and our plan is to stich with our budget.  

 

3.1.3 Design Constraints: Safety 

 

The 3rd constraint we faced is safety. As an engineer’s we must consider all aspects to design 

a new product. Since we are using a regular bicycle and turning it to an electrical bike, paddles 

must be removed. In addition, replaced with a plank to keep feet for safety.  

Another issue we faced is load on the bicycle. The bicycle driver weight must be between 65-

70 kg in order for the bicycle to reach the desired speed.   

 

3.2      Design Methodology 

We made a plane for out project to get it done over two semesters. This will help us to know 

if we are behind Schedule, and to know our next task.  

Phase 1 (Term 1, Design M.): 

 

 Search and read about the project by searching for similar projects and other 

literature to get more knowledge and collect information as much as needed.  

 Plan for project by identifying the needed resources at PMU and local market. 

 Prepare project management plan with list tasks, time limit and team member 

responsible. 

 Identify project subsystems and the alternatives ways to implement each one.  

 Design subsystem I (motor selection) and identify the needed components to 

implement design.  

 We run the motor using the power source and do some testing on the super 

capacitors.  

Phase 2 (Term 2, ASSE III):  

 

 Design subsystem II (power calculation & code), identify appropriate 

microcontroller, and display speed & battery level. 
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 Design other subsystems (comm./control) and implement using appropriate 

components. 

 Test and analyze each subsystem and make necessary improvements. 

 Integrate all subsystems and perform final testing. 

 Write final report and presentation.   

A block diagram below for the smart system (project architecture) is shown in Fig. 3.  

 

Figure 3 Project Architecture 

3.3  Product Subsystems and Components 

First, we needed to calculate the approximate weight for the bicycle.  

 
 Bicycle Battery Motor Driver 

Weigh (kg) 11 8 3.20 65-70 

 

Total weight = ~ 92kg 

In order to reach the desired speed (20 km/h) we need a high-power motor. We choose to by 

motor with 300 W power.   

 

Alternative options considered for each subsystem:  

Power subsystem: Lithium Ion battery, alternative battery is Lead Acid battery.  

Mechanical subsystem: DC motor 300 W, alternative motor is DC motor 500 W 
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3.3.1 Product Subsystem1: Mechanical subsystem 1 
 

Motor: DC motor 300 W, 12 V, 1800 RPM 
 

 
Figure 4. Our motor 

 
Figure 5. motor dimensions 

Motor specifications: 

 12 V, 30 A, 300 W 

 Weight = 3.20 kg 

 RPM = 1800 

 Dimension as shown in Figure 4 and Figure 5.  
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Mechanical Subsystem 2 

 

Bicycle: For the bicycle, we choose to have three wheels bicycle with front and bask baskets. 

It will provide more space to keep our battery and super capacitors pack plus it is more stable. 

 

 
Figure 6. Our bicycle 

 

Bicycle specifications: 

 Weight = 11.5 kg 

 Front basket load capacity = 7.7 kg 

 Rear basket load capacity = 30 kg 

 Heavy duty iron frame for more stability  

3.3.2 Product Subsystem2: Power Subsystem 
 

Battery: Lead Acid  
 

 
Figure 7. Lead acid battery 
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The batter will be a power source for our project. We are choosing lithium ion battery 

because it serves better performance. And also, because it is lighter.  

Lead acid battery specification:  

 Nominal voltage = 12 V 

 Optimized for discharge = + 20 h 

 Capacity = 27 Ah 

 Weight = 9 kg  

3.3.2    Product Subsystem2: Power Subsystem 2 
 

Super capacitors Array: we will connect 6 super capacitors in series, and we will have 

another 6 super capacitors in series. Then we will connect them all in parallel and in this 

way, we increased voltage and increase the capacity.   

 

 
Figure 8 super capacitors pack (2.7-volt, 500 F) 
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3.3.3 Product Subsystem3: Control Subsystem 

 

Micro controller: Arduino Mega 

 

Figure 9. Arduino 

The Arduino will help us in this project to switch between power systems. Initial current will 

be provided from super capacitors then the micro controller will help to switch to run the motor 

using the battery.  

 

3.4  Implementation 

Due to the circumstances, we are living these days and the spread of COVID-19 All external, 

social and academic activities were suspended indefinitely, and because of that we were not 

able to implement physical work this semester.  

 

We already purchased the bicycle, motor, super capacitors, and Arduino. When we get back to 

work, we have a plan to install the motor in the back (between rear wheels) and have a 

potentiometer on the steering wheel for speed control. 

 

Also connect supercapacitors (supercapacitor array) to the motor to start testing the current 

will be provided from super capacitors and power and measure the time to discharge.  
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Figure 10 Final prototype 

Figure 10 above shows where we installed our motor on the rear wheels and where we have 

the accelerator for speed control. Also, we have tow current meters connected to our power 

sources. We fixed the current meters, LCD, and digital voltage meter on the steering wheel. 

 

Desired speed = 20 
𝑘𝑚

ℎ
 

Measured circumferences = 1.56 m  

Measured Radius of the wheel = 26 cm  

Calculated Radius of the wheel = 248.28 mm  

  

RPM calculation  covert speed from 
𝑘𝑚

ℎ
  to speed (

𝑚

𝑚𝑖𝑛
) = 20 * 

10^3

60
 = 333.33 

𝑚

𝑚𝑖𝑛
 

 Convert speed from 
𝑚

𝑚𝑖𝑛
 to rpm by dividing it by circumferences   

333.33

1.56 𝑚 
= 213.67 RPM.  

 

Because we have a motor with a high rpm (1800rpm) and we need much less than that, we 

will to implement a gearbox connected to the motor in order to reduce rpm’s 
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4. System Testing and Analysis 

 
 

4.1 Subsystem 1: Mechanical Subsystem 

 

  
Figure 11. Mechanical Subsystem 

 

. Objectives: 

 To transform from a bicycle into an electric bike.  

 To make the bicycle speed 20 
km

h
 

. Setup 

 As shown in figures 11, we coupled the gearbox with motor to reduce RPMs and have 

them installed on the bicycle.  

 We removed the pedals and install a foot rest for safety proposes.  

. Results 

 We were able to setup and install the motor on the rear wheels the bicycle and we 

connected the motor to the battery to test it and the results were good.  

 We were able to remove the pedals and install aluminum plate so that the driver can 

keep his feet on.   
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4.2 Subsystem 2: Power Subsystem 

 

 
Figure 12. Power Subsystem 

 

. Objectives 

 To create a supercapacitors bank with rating = 16.2 V, 167 F to provide the initial 

current for the motor to run the bicycle.  

 To keep the bicycle running for 30 minutes using a 12 V, 14 Ah lithium Ion battery. 

. Setup 

 For the super capacitor bank, we connected 2 arrays, each containing 6 series 

connected super-capacitors. These two arrays, connected in parallel to increase the 

voltage and increase the capacity.  

. Results 

 We preformed 3 types of experiments. First one to run the motor using the battery. 

The second one to run the motor using the supercapacitor bank. The third one was to 

run the motor with both sources connected in parallel with the motor. We monitored 

the current shared between sources.  

 

   

 

 

Current shared between sources 20 A S.C + 40 A Battery = 60 A 

 

 

 

     Experiment. Super-capacitors - 

Motor 

Battery - Motor 

Initial current 50 A 60 A 
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4.3 Subsystem 3: Control Subsystem 

 

 

 
Figure 13. Control Subsystem 

. Objectives 

 To use Arduino to control speed, display speed, and display distance travelled.  

 To implement electrical isolation circuit to ensure that Arduino is isolated from 

another circuitry. 

 To implement Totempole circuit to ensure that gate driver receives 12 V.  

 Use a switch to turn ON/OFF the motor.  

 Use digital volte meter to display battery voltage level. 

. Setup 

 We connected our main circuit of control system on a PCB board to make it 

permanent and because it can handle higher current than the breadboard. 

. Results 

 We were able to control the speed of the bicycle, display battery level, display speed, 

display distance travelled 

 We were able to connect all circuits and make the testing and ensure that gate driver 

receives 12 V.  

4.4 Overall result, analysis and discussion 
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For the final results as shown in the figure above, we have successfully managed to integrate 

all subsystems together and made our final prototype ready.    

 

5. Project Management 
 

5.1 Project Plan 

 
In the beginning of the semester we wrote a plan for our project and we are committed 

to our plan. It starts by searching for components and implement and test each 

subsystem, and ends with the final project demo.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Week 1-3 

Searching and acquire components 

in the local market. 

Order the components that is not 

available locally.  

Week 4-5 

Start working on the mechanical 

subsystem and take the bicycle to 

the work shop to couple motor 

with the gearbox and install them.  

Also removing the pedals  
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5.2 Contribution of Team Members 

 

 

Task 

 

Qasim 

 

Noor 

 

Thani 

 

Total Task 

Search & 

acquire 

components 

 

20% 

 

30% 

 

50% 

 

100% 

Design & 

Implement 

System 1 

 

30% 

 

40% 

 

30% 

 

100% 

Design & 

Implement 

System 2 

 

50% 

 

25% 

 

25% 

 

100% 

Design & 

Implement 

System 3 

 

30% 

 

50% 

 

20% 

 

100% 

Test 

Subsystems 
 

33.3% 

 

33.3% 

 

33.3% 

 

100% 

Write Reports 

& 

Presentations 

 

35% 

 

35% 

 

30% 

 

100% 

 

 

 

Week 6-8 

Start working on the power 

subsystem 

Start preforming experiments and 

making the super capacitor bank, 

and test it  

Week 9-12 

Start working on the control 

subsystem 

Start implementing the control 

circuit and writing the code  

Do the testing on the bicycle 

Week 13 
Implement all the components on 

the bicycle and repeat the testing. 

Prepare project demo.   
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5.3 Project Execution Monitoring 
 

. Meetings with Advisors 

 

We were in continuous touch with our advisors, most of the time through WhatsApp channel. 

Here, our advisors constantly keep trach of our project progress, and guide us what to do 

next, and how to do it. However, it there is a major requirement, like if some tests are not 

showing positive results, our advisors often visit us at PMU, and there we troubleshoot 

problems and continue working on. Furthermore, every two to three weeks, we conduct zoom 

meetings, where our advisors ask us about our progress, and advise us what to do next.  

 

. Team Meetings 

 

We students among selves are also in continuous touch with each other through WhatsApp 

channel. We discuss issues, and try to tackle problems as a team. We also distribute tasks in a 

fair manner, so each one of us knows what he has to do, and each one of us is responsible for 

their respective task.  Since our project physical work is progressing at PMU labs, we often 

meet every two to three days at the labs. 

 

. Other Activities 

 

Our activities were that we had to meet together in order test subsystems and make sure that 

it is properly working in the manner that we desire. Nevertheless, this was a major key point, 

as we needed to make sure that we test the subsystem and make sure that we finished or 

found a solution for it before we go to the next required task. Consequently, in this point we 

were lucky that our advisor was with us in the testing phase for subsystems. Another activity 

that we group members did among our self, was that we were looking for components 

wandering around the city together, to ensure that we get the right component that we desire 

to look for to use in our project.   

 

5.4 Challenges and Decision Making 
 

 

. COVID 

 

COVID 19 negatively affected our project, as it delayed time delivery of one our major 

project components (Battery). We were supposed to order the lithium battery way before 

beginning of this semester, in June or July, but the virus was at its peak in that time, so all the 

shipments were closed. Therefore, we ordered the battery in the beginning of the September, 
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but we still did not receive it yet. In the case, if we did not receive the battery, we will use 

lead acid battery, which is locally available in the market.  

 

. Bicycle Entry Issue 

 

Since most of the mechanical work of our bicycle is done at the workshop, we have to take 

bicycle back and forth from PMU to the workshop, due to which the PMU security made an 

issue of bicycle entry to the campus. As a result, we had to get confirmation from security 

department to resolve this issue. 

  

. Chain Alignment Issues 

  

Since our bicycle needs to be automated, we had to remove pedals, and install the gearbox 

coupled with the motor between the rear wheels of the bicycle. When performing this 

mechanical fabrication, mistakenly, the technician soldered the support (place where gearbox 

and motor are installed) not exactly perpendicular to the chain. But since this process only 

effected the rear chain, we made some changes on front gear of the bicycle to ensure that 

whole chain is placed almost perpendicular to the soldered support of gearbox and motor.  

 

. Exchange of front and rear gear  

 

This issue is similar to the chain alignment issue. The front gear we are using currently is 

bigger in size than the rear gear of the bicycle. We need to change their position, put bigger 

one at rear, and smaller one in front. The reason for this exchange is because, if we have 

bigger gear on rear side, there will be less force, since the motor and gearbox are connected 

between the gears of rear wheels. We are still working on this issue.  

 

. Issue about IGBTs’ getting overheated 

IGBTs’ (insulated gate bipolar transistor) were one of the main components of our project. It 

connects our control system to the battery. During our testing phase, we damaged 3 to 4 

pieces of these, during to them getting overheated. Then finally, we came across a decision to 

install two fans close to the main control system circuitry, and keep the sides of the back 

basket opened, to ensure that the these components stay cool while bicycle is in running 

condition.  
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. Removal of the front basket 

As part of our project specifications, we had to install two ammeters, an LCD and a 

voltmeter. The only way to do so, was to removing the front basket and installing a wood 

piece capable of handling all these components. Removing the front basket was easy task, but 

designing a wood piece was a challenging task, since we had to design a piece that could fit 

all these components with their respective dimensions. So, we precisely took measurement of 

the length, width, and height of these components, and fabricated a wood piece, strong 

enough to fit all these components.  

 

5.5 Project Bill of Materials and Budget (cost): 
 

 
Figure 14. Budget Estimation  

 

6. Project Analysis 
 

6.1 Life Long Learning 

 
. Mechanical Fabrication 

 

This project gave us an opportunity to get first-hand experience of aluminum/steel/alloy and 

wood fabrication, as we learned how our foot rest piece, and support where gearbox and 

motor were placed, were fabricated. We also learnt how to fabricate wood for a particular 

application with required dimensions. 
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. Accelerator 

 

This project also gave us an opportunity to know how accelerator can be used as speed 

controlling device for the bicycle. We connected the accelerator to our bicycle via coding in 

our Arduino mega microcontroller. The accelerator that we used was similar to the ones used 

in normal bikes. 

 

. Using super capacitors as power saving device 

 

This project also gave us an opportunity to learn how super capacitors can be used to enhance 

battery lifetime durability. The functionality of super capacitors to supply supporting current, 

helps to enhance battery life. The main reason why we change our car batteries every two to 

three years, is because our DC car batteries do not supply and support higher currents up to 

that time durability. If super capacitors can be used along with battery to run automobiles in 

future, this will increase the battery lifetime, and this is the concept of our project.    

 

. Using gearbox to reduce rpm 

This was our first experience working with gearbox. Now we are familiar with the concept of 

using gearbox as a device used to increase/decrease motor rpm. We also learnt how gearbox 

and motor can be coupled to reduce motor rpm in general, as per our application.  

 

. Installation of electronic components 

Though this point might not be important, considering that we have been working with 

connections of electrical components in many of our previous courses, but what new point we 

learnt here is, how to permanently make the connections on PCB board. PCB board is a kind 

of circuit board where connections are made permanent using soldering, instead of using 

jumper wires on circuit board.   

   

6.2 Impact of Engineering Solutions 

The troubleshooting and different techniques to tackle problems that we faced while 

performing testing, or going through any problem related to our project, will surely help us in 

future. As future engineers, it is our duty to explore new discoveries, or help to enhance 

existing discoveries, and we believe that the experience we are gaining through this project 

can make this possible. As mentioned earlier, using super capacitors in the automobile 

industry, can not only help enhance battery lifetime, but it will also save time and money for 
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end users, as they do not need to change their batteries every two years. If the idea of using 

super capacitors is implemented in existing technologies, or upcoming technologies, this will 

surely help the society.   

 

. Final Budget higher than estimated budget 

Since this was our first time working on a big project, we didn’t have previous experience of 

budget works. At first, we estimated that for all the components that we need, the total will 

stand out to be around 2500 SAR. But as time passed, and we kept progressing through the 

project, we came across situations where we need components that weren’t in our mind first. 

So, this project also gave us a good experience on how to work on budget estimation in 

future. 

6.3 Contemporary Issues Addressed   
 

Apart from the COVID, that delayed our battery shipment, changing the placement of front 

and rear gears is another issue that is still under working stage. It is important to tackle this 

issue, because if we have bigger gear on rear side of the wheel (the place where the motor 

and gearbox are positioned), this will allow less force on the chain, which is safer, as chain 

will not be under more stress, and can rotate smoothly.  

 

 

7. Conclusions and Future Recommendations 
 

7.1 Conclusions 

I would like to say in conclusions, we have learned a lot and experience so many new things   

To designing an electrical bicycle can have challenges stating with the choosing the right  

Bicycle that can be adjust to our vision and then starting to ordering the components we need 

And some of them didn’t arrive so we had to use what available in market as we start to fix 

what we have or choose to Replace, we face challenging station as like how and where and  

What to use to fix them in bicycle and we have made mistakes and fix them and that too a lot  

of time and going back and forth to the university in the other hand programing is not easy  

thing, but with the help of advisors and working hard we made it through so to end this  

Nothing comes easy and you have to plan ahead and have others plans in case you stumble  

Something and always expect delays.        

7.2 Future Recommendations 
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 For future recommendations always plan head try to know what you need in you project and  

Order them as soon as possible and have alternative like when we order lithe ion battery and 

didn't arrive in time so we used lead acid battery  delays s may affect your progress or even 

stopped it don’t Delay today job for tomorrow, don’t think simple jobs can be easy sometime 

simple jobs can have more time and effort you can imagine like building a box in the front for 

the LCD and ammeter and volt meter it took time effort and installing was not easy we had to 

design a special part and fixed it in the bicycle so we can fix the box in the front .always have 

plan b because plan A will not work all The time and didn't work for us so we had to do use 

our second plan for the Arduino so we use to one for the LCD one for the  accelerator and 

that can be avoid by using raspberry pi instead of two . when face challenges try to ask or 

look online you might find your Solution and Other ways to solve your stations. Also, for the 

mechanical sub system if you have to use chine you have to make sure that the chine with the 

motor are alleging perfectly. The performance of our tricycle would be better if we could 

have installed the big gear on the rear wheels, as this would allow the motor to draw less 

current from the power sources. However, completing this process was a complex task, since 

the rear gear was soldered with the chain 
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Appendix A: Progress Reports 

 
Progress Report 1: 
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Progress Report 2: 
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Progress Report 3:  
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Progress Report 4: 
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Progress Report 5: 
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Progress Report 6: 
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Appendix B: Bill of Materials: 
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Appendix C: Datasheets 

Lead Acid Battery 

 

 
Tricycle Datasheet 
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DC Motor Datasheet 

 
 

 
Gearbox Datasheet 
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Speed Sensor Datasheet: 

 

 
 
Super-capacitors Datasheet: 
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A1015 Transistor Datasheet: 

 

 
 
C1815 Transistor Datasheet: 
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F30U20N Schottkey Diode: 

 

 
 
IR2103 IC Datasheet: 
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Ixfb100n50p IGBT Datasheet: 

 

 
 
PC817 Opto Coupler: 
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Appendix D: Program Codes 

 
Code for accelerator 

 

int SensorValue = 0; 

int A = 0; 

int PWMpin=9; 

int pot=A0; 

void setup(){ 

/////////TIMER2///////////////////////// 

TCCR2B = TCCR2B & B11111000 | B00000010; 

  pinMode(PWMpin,OUTPUT); 

  pinMode(pot,INPUT); 

  Serial.begin(9600); 

    

} 

void loop() 

{ 

   A = analogRead(pot); 

  if (A <= 634 && A >= 425){ 

  SensorValue = 1.22*A - 519;} 

  if (A < 425) { 

    SensorValue = 0;} 

    if (A > 634) { 

    SensorValue = 255;} 

  Serial.println(A); 

  Serial.println(SensorValue); 

 //  analogWrite(PWMpin,SensorValue); 

 analogWrite(PWMpin,SensorValue);//-------------DutyCycle Ranges from (0-100%) 

map to (0-1023); 

   

 } 

 

 

Code for generating 4Khz PWM  

 

//////////////////Arduino 4khz Output///////////////////// 

int PWMpin=9; 

int pot=A0; 

void setup(){ 

/////////TIMER2///////////////////////// 

TCCR2B = TCCR2B & B11111000 | B00000010; 

  pinMode(PWMpin,OUTPUT); 

  pinMode(pot,INPUT); 

  Serial.begin(9600); 

} 

void loop() 

{ 

  int SensorValue=map(analogRead(pot),0,1023,0,255); 

   analogWrite(PWMpin,SensorValue); 
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 //analogWrite(PWMin,100);//-------------DutyCycle Ranges from (0-100%) map to 

(0-1023); 

  Serial.println(SensorValue); 

} 

 

Code for hall effect speed sensor on LCD 

 
#include <Wire.h>  

#include <LiquidCrystal_I2C.h> 

// Set the LCD address to 0x27 for a 16 chars and 2 line display 

LiquidCrystal_I2C lcd(0x27, 16, 2); 

// State 

volatile byte rpmcount; 

unsigned long rpm; 

unsigned long timeold; 

// Setup 

int sensorPin = 2; 

int spd = 0; 

float distance = 0.0; 

/* 

 * Interrupt handler called once per revolution as the magent passes the sensor 

 */ 

void rpm_tick(){ 

   rpmcount++; 

} 

void setup() { 

  // Hall effect sensor triggers on FALLING (change from HIGH to LOW) 

  attachInterrupt(0, rpm_tick, FALLING); 

  // Sensor requires pull up resistor 

  digitalWrite(sensorPin, HIGH); 

  // set up the LCD's number of columns and rows:  

  lcd.begin(16, 2); 

  // Print a message to the LCD. 

  lcd.print("Tachometer V1"); 

  rpmcount = 0; 

  rpm = 0; 

  timeold = 0; 

  Serial.begin(9600); 

  Serial.println("Setup complete !"); 

    lcd.init(); 

    lcd.backlight(); 

    lcd.setCursor(0, 0); 

    lcd.print("Speed = "); 

    lcd.print(spd); 

    lcd.print(" km/h "); 

    lcd.setCursor(0,1); 

    lcd.print("Dist = "); 

    lcd.print(distance); 

    lcd.print(" km "); 

} 
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void loop() { 

  //Update RPM every second or so 

  delay(1000); 

  //Don't process interrupts during calculations 

  detachInterrupt(0); 

  // Time between now and previous display update 

  unsigned long now = millis(); 

  unsigned long diff = now - timeold; 

  // Debugging messages 

  //Serial.print(now); 

  //Serial.print(" "); 

  Serial.print(diff); 

  //Serial.print(" "); 

  //Serial.print(rpmcount); 

  rpm = (60.0*1000.0/diff)*rpmcount; 

  spd = (rpm*97.97)/3000.0; 

  distance = distance + diff*spd/3600000.0; 

  //Serial.print(" = "); 

  //Serial.print(rpm); 

  //Serial.print("\n\r"); 

  // Display the result   

    lcd.setCursor(0, 0); 

    lcd.print("Speed = "); 

    lcd.print(spd); 

    lcd.print(" km/h "); 

    lcd.setCursor(0,1); 

    lcd.print("Dist = "); 

    lcd.print(distance); 

    lcd.print(" km "); 

  // Reset 

  rpmcount = 0; 

  timeold = millis(); 

  //Restart the interrupt processing 

  attachInterrupt(0, rpm_tick, FALLING); 

  digitalWrite(sensorPin, HIGH); 

} 

 

Integrated Code 

 

#include <Wire.h> 

#include <LiquidCrystal_I2C.h> 

// Set the LCD address to 0x27 for a 16 chars and 2 line display 

LiquidCrystal_I2C lcd(0x27, 16, 2); 

int hall_pin = 8;  

// set number of hall trips for RPM reading (higher improves accuracy)  

float hall_thresh = 9.0;  

float rpm_val;  

float a;  

int spd = 0; 

int actual_rpm = 0; 
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int min_duty_cycle = 175; 

int SensorValue_actual = 0; 

int SensorValue_old = 0; 

int SensorValue_new = 0; 

int SensorVal_step = 5; 

int init_speed = 250; 

int PWMpin=4; 

int pot=A5; 

double init_val = 420; 

bool run_status = false; 

float distance = 0.0; 

unsigned long start; 

unsigned long end_time;  

float time_passed; 

float on_state; 

float hall_count = 0.0; 

float time_old ; 

float time_new; 

void setup() {  

  Serial.begin(9600);  

  // make the hall pin an input:  

  pinMode(hall_pin, INPUT);  

  // Sensor requires pull up resistor 

  digitalWrite(hall_pin, HIGH); 

  // set up the LCD's number of columns and rows: 

  lcd.begin(16, 2); 

  // Print a message to the LCD. 

  lcd.print("Tachometer V1"); 

  //Serial.println("Setup complete !"); 

    lcd.init(); 

    lcd.backlight(); 

    lcd.setCursor(0, 0); 

    lcd.print("Speed = "); 

    lcd.print(spd); 

    lcd.print(" km/h "); 

    lcd.setCursor(0,1); 

    lcd.print("Dist = "); 

    lcd.print(distance); 

    lcd.print(" km "); 

} 

// the loop routine runs over and over again forever:  

void loop() {  

  // preallocate values for tach  

  hall_count = 0.0;  

    on_state = false;  

    a = 0;  

start = micros();  

  // counting number of times the hall sensor is tripped  

  // but without double counting during the same trip  

  while(true){  
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    a = a+1;  

    if (digitalRead(hall_pin)==0){  

      if (on_state==false){  

        on_state = true;  

        hall_count+=1.0;  

          }  

    } else {  

      on_state = false;  

    }  

if (hall_count>=hall_thresh){ 

      break;     }  

    if (a>=300000){  

      rpm_val = 0;  

      hall_count = 0; 

      //Serial.println(hall_count); 

      Serial.println("Not counting"); 

      break;     }  

  }  

    // print information about Time and RPM  

  end_time = micros(); 

  time_passed = ((end_time-start)/1000000.0); 

  //Serial.print("Time Passed: ");  

  //Serial.println(time_passed);  

  //Serial.println("s");  

  if (time_passed > 0.4) {time_old = time_passed;} 

  else {time_passed = time_old;} 

  rpm_val = (hall_count/time_passed)*60.0; 

  //Serial.println(rpm_val);  

  //Serial.print("Value of hall_count: ");  

  //Serial.println(hall_count);  

  //Serial.print("Value of rpm_val: ");  

  //Serial.println(rpm_val);  

  //Serial.println((rpm_val)/3.0);  

  //Serial.println(" RPM");  

  spd = (rpm_val*97.97)/3000.0; 

  //Serial.println(time_passed);  

  //Serial.println(rpm_val);  

  //Serial.println(spd);  

 distance = distance + time_passed*spd/3600.0; 

  //Serial.println(spd);  

  //Serial.print(int(((rpm_val)/3.0)*2*3.14*0.26*60.0/1000.0));  

  //Serial.println(" Speed");  

  //delay(0.3);        // delay in between reads for stability  

  // Display the result   

  lcd.setCursor(0, 0); 

  lcd.print("Speed = ");  

  lcd.print(spd); 

  lcd.print(" km/h "); 

  lcd.setCursor(0,1); 

  lcd.print("Dist = "); 
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  lcd.print(distance); 

  lcd.print(" km "); 

  //delay(200); 

} 

 

Appendix E: Operation Manuel 
 

1. Make sure both batteries are charged before operation. 

 

2. Make sure to connect battery terminal wires to the battery and the microcontroller 

wires to microcontrollers as well.  

 

3. Reset the microcontrollers before operation.  

 

4. After turning ON the main switch, wait until the meter for both ammeters read 0. This 

delay happens, because battery needs to recharge super-capacitors each time an 

iteration for testing is performed (or any time bicycle is tested), since super 

capacitors, get discharged real quick.  

 

5. Reset the microcontrollers once again. 

 

6. Turn ON the switch on the accelerator, and gradually rotate the throttle, the bicycle 

will start to run gradually. 

 

7. If you want to press brakes, make your accelerator throttle back to steady state, then 

press brakes, the bicycle will slow down. 

 

8. To turn OFF the bicycle, simply turn OFF the accelerator switch, this will stop the 

motor from running, and hence bicycle will stop running gradually. 

 

 

 
 

 

 

 

 


