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Abstract - The present work has the purpose of determining and implementing the optimal design to convert a conventional 

bicycle into an electric bicycle (e-bike) for public transport in order to help people to move around urban areas. The proposed 

e-bike is also affordable and meets the required standards and regulations. The design of the e-bike was carried out based on 

the mathematical model of a regular bicycle with the parameters for urban transport for its conversion into an electric bicycle. 

From this, the selection of components, mechanical upgrades, hardware and firmware designs was carried out. Finally, a data 

acquisition method for the tests was conducted. The results of the design parameters, the maximum motor assistance speed, 

the inclination control and the results against different slopes were obtained from these tests. Our results showed that, based 

on the incorporated control system, the necessary standards and regulations were met, hence, putting forward a low-cost e-

bike as an alternative to public urban transportation. 

Keywords - Electric bicycle (e-bike), Regular bicycle, Transportation, Brushless motor, Mathematical model. 

1. Introduction 
In the current national context, public urban 

transportation is one of the main problems citizens face every 

day. As [1] argues, the deficiency of the urban transportation 

system affects the economy, negatively impacts the industry's 

growth, generates losses in the private sector due to the costs 

of mobilizing its workers and, more importantly, affects the 

condition of lives of people. For this reason, people choose to 

look for other means of transport to cover their needs. 

 

On the one hand, the most considered option is acquiring 

a combustion engine vehicle for personal use to transport 

people. However, this option involves high costs in acquiring 

and maintaining the vehicle due to the high prices of fossil 

fuels. On the other hand, another option is the acquisition of 

a personal non-motorized vehicle, such as a bicycle or some 

type of scooter, but this supposes overexertion for users who 

are not physically active. So, the optimal and most popular 

solution would be the acquisition of an electric vehicle to be 

able to get around the city; however, this new technology, 

which is still in its early years, is very expensive and not very 

affordable for people who mostly use public transportation. 

 

To buy an electric bicycle (e-bike), as [2] mentions, has 

the main advantage in the layout of its parts because it 

provides greater security and performance to the user by 

having a layout designed and calculated in its development. 

However, it has the disadvantage of a high cost, which is why 

users search for a cheaper option, which is to purchase a 

conversion kit from a conventional bicycle to an electric one. 

 

The main advances in electric vehicles for personal 

transport are focused on developing e-bikes, which are 

regular bicycles powered by an electric motor powered by a 

battery. Within these advances, developments such as [3, 4] 

are presented, which are very similar in terms of the selection 

of the most crucial components for the development of e-

bikes, such as the motor, the battery and its controllers. 

However, the technologies of these components find 

variations according to characteristics that are sought to be 

highlighted in a particular way. 

 

The selection of the motor is a very critical process since, 

as stated by [3, 5], it is necessary to take into account the 

forces involved in the movement of the cyclist-bicycle set, 

which is subject to the forces of resistance, wind resistance, 

slope resistance, and ground resistance. These engine 

considerations are very necessary to optimize resources and 

generate maximum efficiency in the power and speed that the 

engine can supply. 

 

On the one hand, [3] mentions the importance of 

implementing a brushless motor (brushless motor) or hub-

type motor to generate the system's movement since these 
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motors are very efficient in supplying the necessary torque 

and the speed they reach. They can favour displacement; 

this is also supported by [6, 7, 8, 9, 10]. Likewise, as [4, 6, 7] 

maintain, implementing the motors in question does not 

imply some type of structural modification of the bicycle 

frame since this motor is fixed to the axle on the wheel, front 

or front or rear. On the other hand, [4] maintains that it is 

necessary to have a central type motor coupled to the pedal 

in order to generate the necessary thrust to move the 

bicycle. 

 

In reference to the selection of batteries for the operation 

of the e-bike, it is a point of debate since a consensus is not 

achieved between technologies of assisted bicycles. In the 

first place, [3] argues that the most suitable battery for the 

purposes of feeding the bicycle must be Lithium-Phosphate 

due to the energy density (Wh/kg) that it can provide to the 

system due to the life cycles or charge. For the useful life, it 

has in contrast to batteries with similar technologies such as 

Lithium-Cobalt or Lithium-Magnesium. Secondly, [6] argues 

that the most appropriate batteries are solid acid batteries 

(Lead Acid Batteries);. However, this type of battery is less 

energetically dense than the batteries used by [3]; these 

batteries are just as safe and allow them to be loaded and worn 

with less worry in life cycles. Likewise, [27] also maintains 

that solid-acid batteries are the most suitable for e-bikes; 

however, it is a bit more specific than [3] since it is argued 

that sealed lead-acid batteries are the best. 

 

The different components of the aforementioned 

developments are the most critical to deal with due to their 

physical characteristics. From this point, the motor speed 

control system that supports [3] and the SPV system that 

supports [6] do not generate a greater physical impact within 

the mechanical characteristics of the bicycle since they have 

a reduced weight. On the other hand, thes e  components' 

electronic and control implications are paramount within the 

study system. First, as [3, 6, 7, 11, 12, 13] argue, considering 

a brushless motor requires a particular control system, which 

is the electronic speed controller (ESC), since this motor has 

3 wires: 2 for power and one to sense the rotor position and 

toggle power and sense wire configuration. This system will 

be in charge of controlling the speed of the motor during its 

operation. Second, as [4, 14, 15] argue, it is a simpler control 

system since the central motor is a two-wire DC motor for 

power supply. This means the control can be by pulse width 

modulation or ON-OFF control. 

 

In view of the above, the option of transforming 

conventional bicycles into electric bicycles with an optimal 

design that helps in moving around urban areas, that is 

affordable, that meets the necessary standards and that 

follows the respective regulations is considered in this work. 

Thus, the optimal design is proposed to convert a 

conventional bicycle into a low-cost e-bike for urban 

transportation from a mechanical design and an electronic 

design. Tests were carried out to improve the bicycle's 

performance and also for the user's safety. 

 

 

2. Methodology 
2.1. Mathematical modelling 

     As the first step in this research project's methodology, 

the mathematical modeling of G. The jasree and R. Maniyeri 

on a conventional bicycle [16] was used, given its similarity 

with the physical behavior of the bicycle used for this work. 

From the model, the main characteristics of the moving 

system, such as torque and, especially, power, were 

determined. 

 

2.1.1. Torque Determination 

In equation 1, the torque formula is provided. For this, it 

was necessary to obtain the forces dependent on the user's 

physical characteristics and the topological characteristics of 

the terrain through which they move. 

 

 

𝑇𝑚𝑜𝑡𝑜𝑟 = 𝑟 (𝑀
𝜕𝑣

𝜕𝑡
+ 𝐹𝑤 + 𝐹𝑟𝑟 + 𝐹𝑎) − 𝑇𝑢𝑠𝑒𝑟     (1) 

Fw is the aerodynamic drag force. To calculate this 

force, the values of the reference area of the cyclist-bicycle 

system and the aerodynamic drag coefficient were taken from 

[17] since this source is a reference when studying fluid 

mechanics. Frr is the rolling resistance force or forward 

resistance force. To determine the mass of the system, the 

information provided by [18] will be used, which indicates 

that the average mass of a Latin American person is around 

67.7 kg; this will be taken as an approximate value of the 

average weight of the inhabitants of the area urban area in the 

city of Lima. Likewise, the average mass of a bicycle will 

have to be added, which is between 7.5-9 kg, so that an 

average value will be taken for the purposes of this study; 

that is, the mass of the bicycle will be 8.25 kg. Therefore, the 

system's mass will be equal to 75.95 kg and considering 

that it carries an additional charge, the mass of the resulting 

system will be 90 kg. The slope of the terrain and the 

characteristics of the area on which the e-bike will travel must 

be considered. Therefore, as [19] maintains, for places with 

flat terrain, the minimum slope must be 0.5% and must not 

exceed 10%, considering 100% as 90. Fa is the gradient 

resistance force. For this is needed the total mass of the 

system, gravity and steepness of the slope is. To estimate 

the rider's torque (Tuser), we focus on what was presented 

by [19, 20], who present a graphical representation of the 

development of torque generated by a cyclist as a function 

of time; this is necessary since it has to be taken into 

account to calculate the necessary torque to be 

complemented by the electric motor. The block diagram 

presented in Figure 1 (developed in Simulink) will be 

responsible for generating the graphical representation of 

the pedaling of the person as a function of time. This block 
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diagram will provide the signal that will be used to input 

the rider's torque signal. This is important for the rider's 

torque, as it must be subtracted from the overall torque to 

determine the motor's torque. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Block diagram of the torque generator for the user 

 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Block diagram of the mathematical model 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Block diagram for the engine power calculation 
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Fig. 4 System block diagram 

Once all the variables are established, equation 1 will be 

represented as a block diagram because it represents the 

motor torque (Tmotor) necessary to generate a certain speed 

at a certain slope, depending on the pedalling of the person. 

In Figure 2, it can be seen that the recreated Simulink block 

diagram was used to determine the motor torque necessary to 

generate the system's movement. Likewise, the system's 

inputs are observed: the slope of the route and the speed at 

which the cyclist moves. 

2.1.2. Determination of Engine Power 

Once having determined the necessary torque for the 

assistance generated by the motor, we proceed to calculate 

the power that is generated by it during its journey. This is 

calculated using Equation 2. 

 

𝑃𝑤𝑎𝑡𝑡 = 𝑇𝑚𝑜𝑡𝑜𝑟𝑊𝑚𝑜𝑡𝑜𝑟    (2) 

 
Where Pwatt is the power in watts of the motor, 

Tmotor is the engine torque, and Wmotor is the angular 

velocity of the motor wheel of the bicycle. In Figure 3, we 

can see the Simulink block diagram to calculate the engine 

power. 

2.2. Block Diagram of the Proposed Hardware 

Once the motor power necessary to generate the 

movement  of  the bicycle and the cyclist has been calculated, 

it was necessary to consider the components of the electric 

bicycle, presented in Figure 4, in which their 

interconnections are observed to guarantee the operation of 

the system. 

 

First, it is observed that the system requires a battery to 

power the system. This battery must have the necessary 

capacity to power both the control and power parts. 

 

Second, it is observed that the addition of a 

microcontroller was considered to carry out the control 

actions necessary for the system's operation; this 

microcontroller would have to guarantee the ability to read 

and generate analog signals and have implemented the basic 

communication protocols, I2C, SPI and UART. Likewise, the 

implementation of sensors that help to control the system was 

considered; for this, the need for a sensor that measures the 

angles of inclination in ordered axes was crucial in order to 

perform situational control of the engine and follow the 

established regulations indicated in [21] and supported by 

[22]. In addition, the implementation of a speed controller 

was considered that would allow the user to regulate the 

speed at which it moves, and, in the same way, a speed sensor 

was implemented, which would help control the speed of 

movement of the system. Third, it was considered to 

implement an HMI screen to be able to interactively visualize 

the characteristics of the displacement of the system and 

observe the parameters to be taken into consideration. 

Finally, it was considered that implementing the power driver 

for the motor and the Hall effect sensors depended directly 

on the selection and implementation of the motor. 

 

2.3. Selection of Components 

2.3.1 Motor Selection 

For the selection of the electric motor, the maximum 

power necessary to guarantee the movement was taken into 

account, as well as the limit power that this device must have 

to comply with the regulations established by [22]. The 

maximum power calculated from the mathematical 

modelling will be taken, which was 275 Watts. On the other 

hand, as mentioned, the maximum power allowed by law and 

supported by [22], 350 Watts, will be respected. Therefore, 

brushless motors with power in the range of 275 to 350 Watts 

were sought for the implementation of the system. The 

brushless direct drive hub motor was chosen due to its 80% 

efficiency, and also it was taken into consideration that the 
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necessary power is within the operating power of the chosen 

motor (Figure 5). 

 

 
Fig. 5 Brushless direct drive hub motor 

 
Fig. 6 The controller shown 

 
Fig. 7 Regulator switching LM2596 

2.3.2. Driver Selection 

Since the application of this controller is for low speeds, 

the controller with sensors will be used. The controller to be 

used is the Gigicloud DC 12V-36V 500W. The controller 

shown in Figure 6 is ideal for high-power motors. Its speed is 

controlled by a potentiometer, which gives the feasibility of 

being controlled by a DAC or a digital-to-analog converter 

generated by the selected microcontroller. 

2.3.3. Battery Selection 

After selecting the brushless type electric motor and its 

respective controller, the necessary batteries were selected to 

control this system as a whole. In the case of the battery, the 

minimum and maximum voltage between the controller and 

the electric motor was taken into account to avoid if a higher 

capacity battery was chosen; the device could break down or 

cause an accident. It is also important to analyze the 

maximum current the motor will consume during its run to 

carry out the respective analysis. It was estimated that the 

battery had to guarantee a capacity of at least 3.75Ah. 

However, for safety purposes and to find commercial 

batteries, it was decided to take the battery capacity at an 

exact value of 4Ah. The selected battery will be a "10s2p 

18650 battery pack" based on the latter. 

 

2.3.4. Microcontroller Selection 

For the selection of the microcontroller, the needs of the 

controller were taken into consideration, that is, the signals 

with which the speed of the electric motor must be controlled 

by means of the controller. In addition, the availability of 

microcontrollers in the local market was considered. 

Additionally, the specifications raised in the development of 

the block diagram raised in the previous section were 

considered, which resulted in the selection of the ESP32-S2 

microcontroller. 

2.3.5. Microcontroller Regulator Selection 

After determining the controller, the necessary 

regulation source was selected to power the controller; this 

source must guarantee the 5 volts necessary for the correct 

operation of the device; therefore, the selection opted for the 

LM2596 adjustable switching regulator that is presented in 

Figure 7. 

 

2.3.6. Selection of Sensors 

For the inclination sensor, the MPU6050 accelerometer 

was selected, which also provides a measurement of the 

acceleration at which the sensor moves and of the inclination 

in the 3 ordered axes. This helped in the control part. The 

aforementioned is desired to guarantee to cut the power to the 

bicycle when the inclination is greater than a certain angle, 

which would indicate a fall or dangerous curve. For the 

measurement of the speed of the system, the GPS NEO-6M 

module was selected because this module has the ability to 

measure the position in which it is located by generating 

longitude and latitude data.  

 

Additionally, it was considered that the system should 

measure the speed of rotation of the motor wheel. It was 

decided to implement a tachometer using a Hall effect sensor. 

For the presentation of data of implemented system, the 

option of implementing a human-machine interface (HMI) 

was considered; this selection was made taking into 

consideration the ease of use of the HMI, as well as the ease 

of the user to interpret the data which will be presented in it. 

 

2.4. Hardware Design 

After selecting the components, the exact hardware was 

designed to implement the electric bicycle system. For this, a 

new block diagram was made where the selected 

interconnected modules are represented (Figure 8).  
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Fig. 8 System block diagram based on components

Figure 8 presents all the selected components in relation 

to the calculations of necessary power, necessary voltage, 

control signals, parameter measurement and established 

regulations. 

 

2.5. Hardware Implementation 

The design presented in Fig. 8 was implemented to carry 

out the tests (Figure 9).  

 

On the other hand, in the power circuit, the selected motor 

controller was implemented together and connected to the 

5200 mAh battery, as shown in Figure 10. 

 

 
Fig. 9 Implementation of hardware on the breadboard 

 
Fig. 10 Implementation of the controller with the battery 

2.6. Mechanical Design 

A conventional Lion's brand bicycle was used and 

represented in the Inventor 2023 software for the mechanical 

design, as shown in Figure 11. This was used as a baseline. 

 

The bicycle conversion kit developed in this work was 

implemented for this regular bicycle. Hence, a referential 3D 

model of the basic used bicycle was obtained to implement the 

electric bicycle to make the necessary structural modifications 

for implementing the system. The brushless motor was 

implemented in the front motor wheel. This representation is 

shown in Figure 12. 
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Fig. 11 Baseline regular bicycle 

 
Fig. 12 Brushless motor bicycle wheel 

As can be seen in Figure 13, the complete conversion kit 

from conventional bicycle to electric bicycle was incorporated. 

It is from this design that we will start to perform the tests. 

In this way, we can see the implemented components of the 

electric bicycle. This referential view helped implement the 

control and power systems of the whole system. In addition, it 

will provide an overview of the layout of the most crucial 

elements of electric bicycle operation. Likewise, the position 

of the accelerator and brake can be observed, these being 

crucial elements for the control and handling of the bicycle. 

 
Fig. 13 Bicycle with brushless motor and with implemented control 

circuit 

2.7. Firmware Design 

After the delimitation of the design components of the 

electric bicycle, the programming of the embedded 

microcontroller within the control system was carried out in 

order to generate the optimal operating conditions during the 

bicycle journey; these considerations will be programmed 

following a logic of the closed-loop control processes, using 

the necessary sensors for feedback and generation of the 

control signal to activate the system. Likewise, the 

programming of the TFT screen was carried out in a modular 

way in order to guarantee better manoeuvrability of the main 

microcontroller, ESP32-S2. 

 
2.7.1. TFT Screen Programming 

Within the programming, or firmware design, of the 

electric bicycle control system, it was considered the most 

appropriate way to guarantee that all the resources of the 

microcontroller focus on the control and monitoring of the 

control variables of the system was to program the TFT LCD 

screen in a modular way, that is to say, that it has an 

intermediary microcontroller in charge of controlling this 

screen and presenting the information coming from the main 

microcontroller. This small modification on the initial 

approach of the screen was made by placing an Arduino Uno 

development board as the control board for the TFT LCD 

screen.  

The programming of the Arduino Uno in charge of 

controlling the TFT LCD screen was carried out in the 

Arduino IDE software. The programming carried out on the 

microcontroller was carried out in such a way that the main 

microcontroller sends only one data frame, and these are 

presented on the TFT LCD screen. The control logic can be 

seen in Figure 14. 
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Fig. 14 TFT LCD control flow chart 

 
Fig. 15 Presentation on TFT LCD screen 

The inclination, the slope, the state of the motor, the 

changes, the linear speed and the revolutions per minute can 

be seen in Figure 15. 
 

2.7.2 Main Microcontroller Programming 

Once the programming of the TFT LCD screen was 

finished, the programming of the main microcontroller, 

ESP32-S2, was carried out. For this, a previous approach was 

made of the sequence that the code should follow to be able to 

perform the necessary measurements to carry out the control 

of the system implemented in the electric bicycle. For this 

reason, it was decided to make a flowchart in which t h e  

operation of firmware implemented to control the system is 

explained (Figure 16). The code was made in the Arduino 

IDE software to work with a familiar and easy-to-manipulate 

environment. 

 

The necessary modules for configuring the GPS module, 

MPU6050 module and serial communication were initialized. 

The code for reading the slope and inclination of the 

MPU6050 was implemented to determine the required angles. 

The bank angles are extremely important; thus, it was 

considered that maximum values of the lateral inclination 

angle should be established to consider that a fall occurred and 

interrupted the power supply to the motor. Maximum and 

minimum bank angles are 25 and -25, respectively—a 

representation of bank angles is shown in Figure 17. 

 

Likewise, it was considered to carry out a control action 

on the slope variation. This is by means of the angle measured 

by the MPU6050 inclination sensor. Thus, a selection of 

"gears" produced on the operation of  bicycle was generated to 

supply more power and be able to overcome the effect of 

slope against it. It should be noted that these gears will be 

applicable in the assisted driving mode, which the user can 

enter with the button incorporated into the ESP32-S2. 
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Fig. 16 Main microcontroller control flow chart

 
Fig. 17 Bicycle side lean 

As observed in Table I, the functionality of up to 5 gears 

within the assisted operation of the electric bicycle was 

considered. This will help the user to be able to move easily 

in environments that have a certain inclination that makes it 

difficult to climb. 

Table 1. Dependence of gears on displacement slope 

Inclination () Gear 

0 0 

3 > i >= 1 1 

6 > i >= 3 2 

9 > i >= 6 3 

9 >= i 4 

 

2.8. Data Acquisition 

For the acquisition of the data required during the 

tests  of the electric bicycle, it was noted that it would 
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be very difficult to extract the data on the same e-bike 

because it needs to be in motion to obtain the required data, 

and the little memory of a microcontroller does not allow 

extract a minimum required data. Thus, remote data 

acquisition was chosen thanks to the characteristic of the 

ESP32 microcontroller that has the bluetooth peripheral. 

From this, the microcontroller was connected to the HC-05 

bluetooth module, and this, in turn, was connected to a 

computer to use the Arduino IDE Serial Plotter tool. 

As shown in Figure 18, the connection of the HC-05 

bluetooth receiver with the USB-TTL module can be seen, 

which transforms the data received by bluetooth to the USB 

protocol so that the computer recognizes them. 

 

 
Fig. 18 Bluetooth and USB-TTL modules 

2.9. Control Circuit PCB Layout 

For PCB design software, there are several options, 

such as KiCAD, EAGLE, Altium and EasyEDA. Of these 

options, EasyEDA was used since it is being used in modules 

and due to its large community of module footprints, it makes 

it very easy to find the footprints. The routing of tracks was 

carried out, as shown in Figure 19. 

 

 
Fig. 19 PCB routing 

Figure 20 shows the PCB ready for system 

implementation and for the respective tests. 

 

 
Fig. 20 Control system PCB 

3. Results and Discussion  
In the design based on the mathematical model, the 

required torque and the power of the brushless motor were 

determined for the characteristics of an urban road 

infrastructure and the requirements of [23] were taken into 

account, which mentions that the maximum speed of an 

electric bicycle is 25 km/h. The maximum torque of 24 Nm 

was obtained. Also, a maximum value of 275 W of maximum 

power required was obtained. Therefore, selecting an engine 

with a minimum of such power was necessary. In the market, 

the power standards of the selected brushless motor are 250 

W and 350 W; given this, the 350 W motor was selected. 

 

The control circuit, having previously surface-soldered 

modules, facilitated PCB design because a multi-layer PCB 

was formed, resulting in fewer traces. Figure 21 shows the 

PCB of the control circuit with all the components soldered. 

In the tests of the interaction of the selected components, 

the first result was that the LM2596 switching regulator 

module provided a constant voltage despite the movement 

and vibrations of the electric bicycle, which is supported by 

[24, 25, 26]. This allows the ESP32 microcontroller to not be 

open to possible failures such as resets or false data due to 

voltage irregularities. In addition, since the microcontroller 

references the input voltage to read the ADC, this enabled 

accurate conversion from analog to digital values for the 

potentiometers. Secondly, the LM2596 regulator, being of 

the switching type, provides an efficiency of 90%, which 

surpasses other e-bike controllers in reducing the voltage 

from the battery to the controller. 

 

 
Fig. 21 Electronic bike control PCB 
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The casing was implemented on the upper part of the 

bicycle, as shown in Figure 22. It fits precisely on the 

handlebars of the bicycle. 

 

 
Fig. 22 Implementation of the control circuit casing 

The wiring of the control circuit to the motor and motor 

controller was placed in areas of non-interference to the user, 

as shown in Figure 23, considering also what was dictated 

by [20], which mentions that wiring must not harm the user 

both when it is moving and when it is not. 

 

 
Fig. 23 General wiring of electronic bike 

The position of the casing allows the user to observe 

important data easily. In addition, the 3.95-inch screen gives 

the possibility of displaying a greater amount of data without 

the need for user manipulations, unlike commercial e-bikes 

that only provide a single piece of data on their screens. 

 

The electric motor's assistance must be stopped 

immediately to obtain an optimal design of the electric 

bicycle in the event of a dangerous malfunction. As explained 

in the previous sections, it is important to control the motor 

when there is an accident and, as [16] argues, to be able to 

turn off the motor automatically to safeguard the integrity 

of the user. Therefore, the tests are carried out under two 

contexts. As the first point, the engine's behaviour on a 

normal route is presented, where the inclinations are typical 

of the cyclist's route. 

 

This first scenario is carried out under the premise that 

the person normally moves for his daily route. From this 

tour, data acquisition of the inclination and the state of the 

motor's operation was carried out using the Arduino IDE 

Serial Plotter tool. Figure 24 shows that the inclination α 

does not exceed the maximum bank angle of  25, supported 

by [8]. As explained, during this scenario, it is ensured that 

the motor works regularly and assists the system's operation. 

 

In Figure 25, we can see the result of the screen of the 

first scenario. In this, it can be seen that inclination is 1, a 

value less than 25, and due to this, it indicates that the 

motor status is "ON". 

 

The second scenario is developed under the premise that 

the person normally moves through his daily route, but at a 

certain moment, an accident makes him lean sharply to one of 

the sides. Like the previous scenario, the data acquisition 

of the inclination and the state of the motor operation 

was carried out in the Arduino IDE Serial Plotter tool. In 

Figure 26, it is observed that the inclination α exceeds the 

bank angle of 25 maximum supported by [16]. As 

explained, during this scenario, it is ensured that the engine 

stops running and assistance to the system is stopped. 

 
Fig. 24 Referential photograph of the first scenario 

 

 
Fig. 25 Referential photograph of the screen of the first scenario 
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Fig. 26 Referential photograph of the second scenario. 

 
Fig. 27 Referential photograph of the screen of the second scenario. 

 

 
Fig. 28 Referential photo of the slope of 0. 

 
Fig. 29 Referential photo of the screen with a slope of 0. 

Figure 27, we can see the result of screen of the second 

scenario; in this, the inclination is 25, a value equal to or 

greater than 25, and due to this, it indicates that motor status 

is "OFF". It is important to note that, from those reviewed in 

state of the art, e-bikes do not usually have fall control. 

 
Figure 28 shows the e-bike moving on a track with a 

slope of 0. During this slope according to Table I, the gear 

in this slope is the number 0. Figure 29 shows how the cyclist 

is informed about the 0 slope scenario, and because it is 

less than 1 the gear that corresponds to it is  0. 

 

Figure 30 shows the e-bike moving on a track with a 

slope between 1 and 3. During this slope according to 

Table I, the gear in this slope is number 1. Figure 31 shows 

how the cyclist is informed about the 2 slope scenario, and 

because it is less than 3  and greater than 1 the gear 

corresponding to it is  1. 

 

 
Fig. 30 Referential photo of the slope of 1 to 3. 

 
Fig. 31 Referential photo of the screen with a slope of 2. 

 
Fig. 32 Referential photo of the slope of 3 to 6. 
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Fig. 33 Referential photo of the screen with a slope of 4. 

Figure 32 shows the e-bike moving on a track with a 

slope between 3  and 6. During this slope according to 

Table I, the gear in this slope is number 2. Figure 33 shows 

how the cyclist is informed about the 4° slope scenario, and 

because it is less than 6 and greater than 3 the gear that 

corresponds to it is 2. 
 

 
Fig. 34 Referential photo of the slope of 6 to 9. 

 
Fig. 35 Referential photo of the screen with a slope of 7. 

Figure 34 shows the e-bike moving on a track with a 

slope between 6 and 9. During this slope according to 

Table I, the gear in this slope is number 3. Fig. 35 shows 

how the cyclist is informed about the 7 slope scenario, and 

because it is less than 7 and greater than 6 the gear that 

corresponds to it is  3. 

 

4. Conclusion 
In determining and implementing the optimal design to 

convert a conventional bicycle into a low-cost electric bicycle 

for urban transportation, the requirements were designed 

based on the mathematical model of a regular bicycle. 

From this, it was obtained that the maximum torque 

requirement is 24 Nm, and the maximum power required of 

the brushless motor is 275 W. For this reason, a motor of 

350W was chosen. 

 

Likewise, the control PCB was obtained by integrating 

the selected components, which provided a robust and 

efficient system thanks to its voltage regulator. In addition, in 

the installation and wiring of the control PCB casing, what 

is dictated by the European Standard NF EN 15194 was 

considered. Also, a large screen was installed compared to 

commercial e-bikes that allow observing all the necessary 

data for the user. On the other hand, for the efficiency of the 

proposed design, the European Standard NF EN 15194 

was taken as a criterion, so the control was carried out 

to limit the motor's assistance when reaching the maximum 

speed.  

 

In addition, the cyclist lean control was performed so that 

the engine is immediately shut down if the cyclist falls. 

Likewise, a gear change system was incorporated in the face 

of different slopes perceived in urban territories 

. 

It was considered important to compare and analyze 

commercial screens that provide better visibility against 

sunlight and have a large size as the screen of the present 

work. In addition, the battery's efficiency can be improved by 

integrating regenerative braking since this would lengthen 

the system's autonomy. Together with the gear system 

proposed in the present investigation, it could further 

improve the autonomy of the e-bike. 
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