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Abstract

Electric Bike

 Douglas Lowén, Ellen Nordén and Oscar Uudelepp

A group project has been made in which the goal was to build an 
electric bike. The main focus of the project was to build the 
surrounding control system of a BLDC motor. A complete BLDC hub motor 
was purchased. The wheel managed to spin forward but it was never 
implemented on a bike due to time constraints. This was a rewarding 
and educational project that can be replicated or improved for future 
students.
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1 Vocabulary 

BLDC - brushless direct current 
PWM - pulse width modulation  
MOSFET - metal oxide semiconductor field effect transistor 
NC - no current 
AC - alternating current 
DC - direct current 
PCB - printed circuit board 
IGBT - Insulated gate bipolar transistor 
 

  



2 Introduction 

2.1 Background 
In today's society, the electric bike is getting more and more popular. Comparing to the car 
and other transportation, it is an environmentally friendly choice and it is also better seen 
from a healthy perspective.  
 
In the year of 2017, the electric bike represented 12 % of the bicycle market. Comparing to 
2016, the number of electric bikes sold has been increased by 50 %.  However, many people 1

still think that the price is too high. In this project we wanted to see if three electric 
engineering students could build an electric bike, considering the limits of time and money, 
that can be comparable to the electrical bikes in today's market. 
 

2.2 Objective  
The electric bike should be able to be driven in a speed of 15-20 km/h whose goal is to 
primarily assist the cyclist when driving uphill and helping when there is a head-wind. The 
battery should be able to power the bicycle for 15-20 minutes. The engine should be 
optimized for the requirements and have a control system. The main goal is to design and 
build a system that can control the speed and drive the engine.  
 

2.3 Limitations 
Limitations were made to our desired goals due to the potential complexity of the project in 
order to complete the project within the time limit. A complete hub BLDC motor with 
built-in hall sensors was bought. The plan was then to mainly focus on designing and creating 
a full control system to drive the motor. Thus, the goal such as building an own battery was 
limited. Instead a battery was to be borrowed from the Uppsalas workshop. 
 
In the final stages of the project, further limitations were made. Due to time limit the tire with 
the hub motor was not assembled on a real bike. This lead to limiting the goal from having an 
operational electrical bike into only having a fully operational hub motor tire. 

1 http://svenskcykling.se/2017/09/28/elcyklar-fortsatter-rekordoka/ 



3 Theory 

3.1 Power calculation 

 
Figure 1: Free body diagram of the bike when driving uphill  

 
orce forwardF f = F  
orce of  f riction and windF f r = F  
orce gravityF g = F  
orce needed to drive uphillF h = F  

elocityv = v  
nclination of  hillθ = i  

 
The total force needed for the bike to drive uphill with an inclination can be calculated with: 

g in(θ)F h = m * s (1) 
 

Total force needed for the bike to drive forward considering inclination, friction and wind 
resistance can be calculated with: 

 F f = F f r + F h (2) 
 

Total power needed can be calculated with: 
P = F f * v (3) 
 

For calculating the power from torque: 
P = ω * τ (4) 



3.2 Motor 
The two most common motors used for an electric bike is a BLDC- and a DC-motor. The 
main function of a DC-motor is to convert electrical energy to mechanical energy. The most 
common design of a DC-motor consists of a stator as a permanent magnet containing a south 
and north pole, and an armature which is placed between the poles. The armature is 
connected to the supply voltage through commutator segments and brushes. The function of 
the brushes is to energize the coils in the rotor which creates a magnetic field that causes the 
rotor to spin due to the magnetomotive force that is being placed on the rotor.  2

 
The main difference between a DC- and a BLDC-motor is that the BLDC-motor does not 
have brushes. A brushless motor has instead in most cases a permanent magnet as a rotor. 
The stator consists of a number of coils which become an electromagnet when energized. The 
coils get energized at different time, thus the north- and south pole is drawn to the coils and 
cause a rotation. The most common method used to determine the position of the rotor is by 
utilizing a hall effect sensor. Hence, you can control the rotor and its rotation with a control 
system that energize specific coils in a sequence which is dependent of the signals coming 
from the hall sensors.  3

 
Another difference between the two motor types is that the brushes in a DC-motor wears off 
over time when being used and has to transfer its energy via the brushes, this means that the 
BLDC-motor has a longer durability and is more efficient.  4

 

 
Figure 2: Components of a BLDC-motor.   5

2 https://www.electrical4u.com/working-or-operating-principle-of-dc-motor/ 
3 
https://www.digikey.com/en/articles/techzone/2013/mar/an-introduction-to-brushless-dc-motor-control 
4 http://www.nidec.com/en-Global/technology/capability/brushless/ 
5 http://www.nidec.com/en-Global/technology/capability/brushless/ 



 
The BLDC motor can contain one, two or three phases. In this project, a three-phase motor is 
used. Fewer phases has a lower cost but a motor with three phases are more efficient.  
 

3.3 Motor controlling  
In order to control the motor, you have to control the current flowing through the different 
phases in the motor. To decide which phase that the current is flowing through, a hall effect 
sensor can be used. That type of sensor is using the method of hall effect. When current is 
transmitted through a metal plate, the electrons in the plate creates a potential difference that 
causes a hall voltage. A hall sensor responds to the magnetic field and sends out the voltage 
difference that occurs, thus knowledge of the motor’s position can be obtained.  With the 6

further help of half-bridges and a microcontroller, one can control the position of the motor 
resulting in a rotational torque. 
 
MOSFET transistor 
The MOSFET is a field-effect transistor which has the ability to alter its conductivity. Its 
conductivity depends on the transistors gate voltage. Depending on the type of MOSFET, 
effect of having an increase gate voltage will differ. If it is an n-type MOSFET, the transistors 
conductivity will increase when the gate voltage is increased. The effect is reversed when it 
comes to a p-type MOSFET.  7

 
Half-bridge 
A one phase half bridge (H-bridge) is built with four switches. In this project MOSFETs were 
used to create the switch which was controlling the current that are flowing through the 
motor. The H-bridge has a lower and an upper switch which is connected by the upper side 
source and the lower side drain. In a one phase bridge with four transistors, one High-side 
and one Low-side MOSFET function as a gate for a phase. To make it work you energize two 
of the MOSFETs, one low and one high in each of the phase.  

6 https://www.electronics-tutorials.ws/electromagnetism/hall-effect.html 
7 http://www.ti.com/lit/ml/slua618/slua618.pdf 



 
Figure 3: The method of a one phase H-bridge.   8

 
A three-phase H-bridge had to be used in this project since the motor that was being used had 
three phases. When creating a three-phase H-bridge, three one phase H-bridges can be 
connected in parallel. The same theory is applied on the three-phase bridge, but since the 
current always must have one way to enter the phases and one way to exit, two of the three 
phases of the transistors must be active at the same time. This means that there are six 
different positions possible instead of two. To be able to run the motor in a correct manner, 
the position of the motor had to be changed in a specific sequence which is corresponding to 
the signal of the hall sensors. This could be done with a microcontroller. 

8 http://www.righto.com/2016/09/sonicare-toothbrush-teardown.html 



 
Figure 4: The method of how the three-phase H-bridge is working with the BLDC-motor.  9

 
NAND-gate 
A NAND-gate is a component which output depends on its inputs. If all the inputs are true, 
the NAND-gate will produce an output that is false (0V). However, if at least one input is 
false, the NAND-gate will produce an output that is true (5V). This means that the 
NAND-gate will have an output which corresponds to the supply voltage that is supplied to 
the component.  10

  
 
 
 
 
 
 
 
 
 

9https://www.digikey.com/-/media/Images/Article%20Library/TechZone%20Articles/2016/December/H
ow%20to%20Power%20and%20Control%20Brushless%20DC%20Motors/article-2016december-how
-to-power-and-fig3-fullsize.jpg?la=en&ts=bd18e708-bf63-4091-964e-9dffa9a41b50 
10 https://www.electronics-tutorials.ws/logic/logic_5.html 



 Table 1: Shows the table of the logical operation of a NAND-gate. 

                Inputs  Outputs 

A B  A NAND B 

0 0 1 

0 1 1 

1 0 1 

1 1 0 

 
PWM 
PWM is a method used to control the applied power and to be able to create a continuous 
signal. The idea of PWM is that an analog signal can be created if a digital signal is applied 
as a square wave. The period in which the signal is active depends on the duty cycle. The 
duty cycle describes the relationship between the pulse width and the period of the square 
wave. The cycle is given in percent were a signal that is turned off is zero percent and when 
the signal is always turned on it represents 100 percent. The voltage generated from the 
Arduino is controlling the PWM-signal and can control the value between 0 and 100.  11

 
This means that the power that is being transmitted to the motor depends on the duty cycle, 
this corresponds to the speed of the motor. 
 

3.4 Arduino 

Arduino is a microcontroller. It contains an Arduino board on which components can be 
placed and be connected to a computer where the programming occurs. The programming 
language used is Arduinos own language which is based on C/C++.  12

 

3.5 Three-Phase Gate Driver 
A three-phase gate driver is an IC component that can create its own floating point for the 
high side transistor of each phase in the three-phase H-bridge. It also manages the gate 
voltage to the all the transistors in the H-bridge. This means that it handles all six signals that 
goes to the gate input of the transistors. The result of making an own floating point to the 
high side transistors source is that the H-bridge can function as intended. This is done by 
utilizing a so called bootstrap operation.  13

11 https://www.arduino.cc/en/Tutorial/PWM 
12 https://www.arduino.cc/en/Main/FAQ 
13 http://www.ti.com/lit/ml/slua618/slua618.pdf 



3.6 Bootstrap Operation 
Bootstrap operation is what makes the phase gate driver work together with the H-bridge. 
The gate voltage of the high side transistor is compared to the floating-point voltage of the 
three-phase gate driver. In order to open the high side transistor, the voltage difference of the 
gate voltage and the floating-point voltage must be high enough. This voltage depends on the 
transistors threshold voltage. To make this work, a capacitor is used. See figure (6). This 
capacitor is called a bootstrap capacitor. The bootstrap capacitor will function as a charger 
and discharger for the floating point, which is charged when the gate voltage is high enough 
to open the transistor. But letting the transistor stay open to long will make the capacitor to 
discharge thanks to the capacitor being connected to a so called bootstrap diode which blocks 
the reversed current. When the capacitor discharges, the voltage difference between the gate 
and source will become obsolete thus the transistor will close itself. To solve this, a 
PWM-signal is needed to be sent to the gate input of the transistor. With the help of the 
PWM-signal the bootstrap capacitor will supply the floating point with a sufficient voltage to 
make the transistor stay open during the time the PWM is on and closed when the PWM 
signal is off. The capacitor will charge and discharge during the different PWM stages. Thus, 
a way of controlling the high side transistor can be achieved.  14

 

  

14 https://www.fairchildsemi.com/application-notes/AN/AN-6076.pdf 



4 Experimental Details 

4.1 Planning process/design 
The first step of the project consisted of planning and making a project plan containing 
purpose, framing of question, method, objective and a time plan. To prepare for the design 
phase, one way to do it was to get inspiration from studying similar projects. Theoretical 
knowledge was obtained as well, and limitations were made considering time and money that 
were given.  
 
To make the design on each component the first step was to decide which speed and under 
what external forces the bike should be able to endure in order to move forward with a 
satisfactory speed. From this information, a calculation could be done to calculate the 
required power that was needed in order to run the motor correctly when the bike is being 
affected by external forces. A free body diagram was made, and the decision was made of 
how much uphill the bike should be able to handle.  
 
After calculations with the formulas (1), (2) and (3), a three-phase BLDC-hub motor was 
bought which properties that matched the calculated values.  
 
Then a control system was theoretically designed, considering which current all the 
components should handle and the goals that was set up at the beginning.  
 

4.2 Electronic assembly 
Motor 
The motor that was bought was a BLDC-hub motor which was mounted on a tire. The motor 
had 3 built-in hall sensors. It was specified for 400W. The hall sensors were tested by 
connecting them to the Arduino and to a breadboard with six LED lights. When spinning the 
tire with the motor, the LED lights lighted up in a specified order, which indicated in which 
order the hall sensors was attached in the motor.  
 
Control system 
The control system consisted of two microcontrollers, a three-phase gate driver, a 
NAND-gate and a three-phase H-Bridge. The microcontrollers were in this case two 
Arduinos.  
 
The subsystems were first built separately. 
 



In order to control the motor, a three-phase H-bridge was needed. It was constructed by six 
MOSFET transistors. The MOSFETs high side drain were connected to a voltage supply and 
the low side sources were connected to ground. Each gate of the three phases was then 
connected to their corresponding phases of the motor. The bridge was set up as figure (5) on a 
breadboard. Tests and troubleshooting on the H-bridge was then made and then the bridge 
was soldered on a stripboard.  
 

 
Figure 5: H-bridge setup when tested. 

 
Due to bootstrap operation a three-phase gate driver was implemented with its bootstrap 
capacitors and diodes. The gate driver and the high-side MOSFETs needed a PWM-signal to 
be able to open the high-side MOSFET in a controlled manner. The MOSFET gate driver had 
28 pins and was set up as figure (6), but with three phases. The circuit with the H-bridge 
connected to the gate driver was then tested and troubleshooted.  
 

 



Figure 6: MOSFET gate driver connected in one phase. 
 

The PWM-signal was created by the Arduino and its duty cycle was controlled with a 
potentiometer, this signal was sent to an input of a NAND-gate. This NAND-gate coupled the 
PWM-signal with another input signal, which came from an output of a second Arduino. This 
output signal was decided by the programming of the Arduino. When the logic was correct in 
the NAND-gate, it would then proceed to send the signal to the three-phase gate driver. This 
way the Arduino could control how the MOSFETs should be opened in a correct manner, 
thus motors rotation could be controlled by the Arduino.  
 
The second Arduino was also connected to the hall sensors which showed the position of the 
motor.  
 
After building all the subsystems and making sure that they all functioned properly, all the 
systems were assembled together. 
 

  
Figure 7: The total assembled control system. 

 
When connecting all subsystems, the phase of testing and troubleshooting began. When the 
assembled system worked properly it was connected to the motor.  
 

4.3 Programming 
The programming was made on two Arduinos. The first Arduino was connected to a 
potentiometer and the NAND-gates which was controlling the PWM-signal. The second 
Arduino was connected to the hall sensors from the motor. The code had to be divided into 
two separate Arduino Uno cards because of how the Arduino works when reading an analog 
value. When the Arduino reads a value with its voltage-meter it exits its loop and causes the 



loop to have a break. This did not work with our motor control code so the PWM code was 
done separately in a separate card in order to avoid this problem. 
 
Main code 
The main code is based on there being six cases for the BLDC motor. Reading from the 
hall-sensors the cases can be easily implemented in some simple if-statements. There is no 
need for the code to step through the different phases since the wheel is constantly propelling 
itself forward into the next state, hence the current is going to the new phase. Illustrated by 
this table. 
 
Table 2: Sequence for rotating a BLDC motor clockwise. 

Sequence 
        # 
  

           Hall sensor input                Phase Current 

       A        B        C        A       B        C 

       1        1        0        1       NC      DC-      DC+ 

       2        1        0        0      DC+      DC-       NC 

       3        1        1        0      DC+       NC      DC- 

       4        0        1        0       NC      DC+      DC- 

       5        0        1        1      DC-      DC+       NC 

       6        0        0        1      DC-       NC      DC+ 
 
 
PWM  
Still after dividing the code into two separate cards the frequency of the PWM was too low. 
Arduinos standard function sent out a PWM around 1000 Hz. This was not enough since the 
bootstrap capacitors seemed to prefer a minimum f of 2500.  To solve this problem, a high 15

and low signal sent from the Arduino was implemented. Because of the Arduino still going 
out of its loop when using the function Analog.read() there was still the problem with higher 
frequencies that the duty cycle became smaller and smaller shown in figure (8).  

15 https://www.silabs.com/tools/Pages/bootstrap-calculator.aspx 



 
   Figure 8: Duty-Cycles during different frequencies. 

 
Since this caused a problem above 2000 Hz, it was decided to only use the analogRead() 
function every 100th loop. The tradeoff being that adjusting the duty cycle is not as smooth 
as it used to be, but the new result is more optimal, since there was need of a much higher 
PWM frequency. 
 

  



5 Results 

5.1 Power calculation 
Calculation of what effect the motor should have using free body diagram and formulas (1), 
(2) and (3): 
Desired speed, 0 km/h , 6 m/sv = 2 = 5 5  

°θ = 3  
10 kgm = 1  

5 NF f r = 1  
 
Force that was needed for the bike to drive with an inclination of 3 degrees: 

10 , 2 in(3) 6,  NF h = 1 * 9 8 * s = 5 5  
Total force needed to move forward:  

6, 5 1,  NF f = F f r + F h = 5 5 + 1 = 7 5  
Total effect: 
P = F f * v 1, , 6 97,  W= 7 5 * 5 5 = 3 5  
The resulting total effect of the motor should be 397,5 W.  
 

5.2 Subsystems 
H-bridge 
The MOSFETs were connected into three one phase H-bridges successfully. 
Gate driver 
The Gate driver was connected in series with the H-bridges and microcontroller. 
PWM  
The PWM was sent from a separate Arduino card to NAND-gates successfully. 
Programming 
Programming was made in ARDUINO code and executed with two Arduino microcontroller 
cards. 

5.3 Assembled system 
The goal of having the tire successfully rotate on its own was achieved. This was achieved in 
laboratory conditions where it was rotating on its own weight and not attached to a bike. This 
was achieved under experimental conditions. with 36 volts, 3 amperes and a duty cycle at 
50%.  

6V A , 4 W3 * 3 * 0 5 = 5  



This results in a power of 54 watts that is being applied to the motor. The wheel was spinning 
at a speed of approximately 15 rpm. 

54
60

15 2 π* * 34 Nm  ≈  
With the use of the formula (4), the estimated torque of motor was 34 Nm. 
 
Pictures of the BLDC hub motor and of the final circuit can be found in the appendix.  
 
 

 
  



6 Discussion 

6.1 MOSFET vs IGBT 
At the early stage when the construction of the H-bridge was made. A choice between using 
MOSFETs or IGBTs as transistors was made. What makes them differ from each other is that 
the IGBT is a bipolar transistor and the MOSFET is a field-effect transistor. Both of them has 
the ability to function properly in a H-bridge circuit. However, there are some advantages to 
use one over the other. When using transistors in a bridge circuit for a motor, the transistors 
must be able to handle current which goes in the reversed direction. The MOSFETs has the 
advantage here due to already having a built-in diode which can handle this problem were as 
the IGBT must have an external diode connected in antiparallel, a so called freewheel diode. 
This leads to MOSFETs being preferred when it comes to high frequency components which 
functions under low to medium power systems. This is due to the fact that they are cheaper, 
easier to obtain and also simpler to use.  
 
However, when it comes to high power circuitry such as car motors and power grids, then the 
IGBTs are preferred over MOSFETs. This is due to the fact that the diodes that can be 
connected to IGBTs can be replaced to handle higher voltage systems compared to the 
built-in diodes in the MOSFET. A much more expensive version of the MOSFET must be 
bought to obtain the same level of a much cheaper IGBT.  
 
Taking all these pros and cons into consideration, the decision was made to choose the 
MOSFET over IGBT due to using a fairly low powered system with a high frequency 
potential and to make the control system less complex. 
 

6.2 Wheel and motor 

Managing to make the wheel rotate in a constant manner became the main objective of the 
project which was then achieved in the later stage of the project. The torque on the motor was 
enough to rotate on its own weight. However, the torque in the testing environment was not 
sufficient enough to make an entire bike with a person and a battery on it to move forward on 
its own. This was mainly due to not having a high enough power applied to the motor. Due 
being limited by time, proper testing of the system could not be conducted. 
 
Theoretically, if a PCB with all the correct components would have been ordered and put on 
a bike together with a battery, capacitor bank and heatsink, a full system would work and the 
original main goal could have been achieved.  
 



Additionally, if the tire was mounted on a regular bike, theoretically it should be able to drive 
in 20 km/h since all the components should handle the current and voltage that was needed to 
create a power of 400 W, which was the desired goal. 
 

6.3 Components 
There was a lack of information in the datasheets of the components on what kind of resistors 
and bootstrap capacitors that were supposed to be used, to find the correct capacitance for the 
bootstrap capacitors, the Silabs website  was used to acquire the correct value of capacitance. 16

In other cases, the dimensions were gauged. Even after the approximations there was still a 
trial and error process to find the optimal solution for the circuit in order to have adequate 
square waves and lower noise. 

6.4 Testing of the system 

The testing of our system was done with a current of 3A which produced a power of 54 W to 
the motor. The maximum rating of power that the motor could manage was 400W and a 
maximum voltage of 36V. This means that the maximum current that can be achieved in 
order to maintain a power output of 400W is around 11A. Having this much current could 
cause noise in the control system, thus counter measures against these noises should be taken 
in to consideration. For example, the cable could be shielded from external noises and the 
entire control system could be placed within a box which separates the system from the 
battery and its noise.  
 
 
 
 

  

16 https://www.silabs.com/tools/Pages/bootstrap-calculator.aspx 



7 Conclusion 
The primary goal was to design and create a control system that could drive the engine. This 
was succeeded. Due to the time constraint that was placed on the project, we never tested the 
engine with the control system on a real bike. This can be vastly improved and a likely a 
project for future students. 
 
To answer the question of framing. Yes, theoretically the engine with the control system 
could be compared to the electrical bikes on the market. The system that was built is a lot 
cheaper than the regular electrical bikes. Considering the time it has taken to build it, the 
appearance and the non-assurance that it will work, a regular electric bike is more likely to be 
preferred. 
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8 Appendix 

8.1 List of components 
Microcontroller Arduino Uno  17

3-phase driver circuit IR2136PBF  18

Mosfets FQP85N06  19

NAND gate SN5400  20

Resistor 
Diode 
Potentiometer 
Capacitor 
 
400 W BLDC motor from Electro mobile, Data sheet does not exist 

8.2 Programming code 
Code for motor control 
int HallPinA = 2; 
int HallPinB = 3; 
int HallPinC = 4; 
 
int PhaseAHigh = 5; 
int PhaseALow = 6; 
int PhaseBHigh = 7; 
int PhaseBLow = 8; 
int PhaseCHigh = 9; 
int PhaseCLow = 10; 
 
boolean HA; 
boolean HB; 
boolean HC; 
 
int HAread; 
int HBread; 
int HCread; 
 
int n; 
int o; 
int p; 

17http://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-42735-8-bit-AVR-Microcontroller-ATmega
328-328P_Datasheet.pdf 
18http://www.farnell.com/datasheets/132152.pdf?_ga=2.11101044.1727744699.1526290507-1668066
947.1517481114 
19http://www.farnell.com/datasheets/2304200.pdf?_ga=2.11101044.1727744699.1526290507-166806
6947.1517481114 
20 http://www.ti.com/lit/ds/symlink/sn5400.pdf 



int q; 
int r; 
int s; 
 
void setup() { 
  Serial.begin(9600); 
  pinMode(HallPinA, INPUT); 
  pinMode(HallPinB, INPUT); 
  pinMode(HallPinC, INPUT); 
 
  pinMode(PhaseAHigh, OUTPUT); 
  pinMode(PhaseALow, OUTPUT); 
  pinMode(PhaseBHigh, OUTPUT); 
  pinMode(PhaseBLow, OUTPUT); 
  pinMode(PhaseCHigh, OUTPUT); 
  pinMode(PhaseCLow, OUTPUT); 
 
} 
 
void loop() { 
  
  HAread = analogRead(A1); 
  HBread = analogRead(A2); 
  HCread = analogRead(A3); 
 
  HA = HAread > 100 ; 
  HB = HBread > 100 ; 
  HC = HCread > 100 ; 
 
if (HA == true || HB == true || HC == true){ 
  
  if (HA == true && HB == false && HC == false) { 
    digitalWrite(PhaseAHigh, LOW); 
    digitalWrite(PhaseALow, HIGH); 
    digitalWrite(PhaseBHigh, HIGH); 
    digitalWrite(PhaseBLow, LOW); 
    digitalWrite(PhaseCHigh, LOW); 
    digitalWrite(PhaseCLow, LOW); 
    n++; 
 
  } 
 
  if (HA == true && HB == false && HC == true) { 
    digitalWrite(PhaseAHigh, LOW); 
    digitalWrite(PhaseALow, LOW); 
    digitalWrite(PhaseBHigh, HIGH); 
    digitalWrite(PhaseBLow, LOW); 
    digitalWrite(PhaseCHigh, LOW); 
    digitalWrite(PhaseCLow, HIGH); 
    o++; 
  } 



  if (HA == false && HB == false && HC == true) { 
    digitalWrite(PhaseAHigh, HIGH); 
    digitalWrite(PhaseALow, LOW); 
    digitalWrite(PhaseBHigh, LOW); 
    digitalWrite(PhaseBLow, LOW); 
    digitalWrite(PhaseCHigh, LOW); 
    digitalWrite(PhaseCLow, HIGH); 
    p++; 
  } 
  if (HA == false && HB == true && HC == true) { 
    digitalWrite(PhaseAHigh, HIGH); 
    digitalWrite(PhaseALow, LOW); 
    digitalWrite(PhaseBHigh, LOW); 
    digitalWrite(PhaseBLow, HIGH); 
    digitalWrite(PhaseCHigh, LOW); 
    digitalWrite(PhaseCLow, LOW); 
    q++; 
  } 
  if (HA == false && HB == true && HC == false) { 
    digitalWrite(PhaseAHigh, LOW); 
    digitalWrite(PhaseALow, LOW); 
    digitalWrite(PhaseBHigh, LOW); 
    digitalWrite(PhaseBLow, HIGH); 
    digitalWrite(PhaseCHigh, HIGH); 
    digitalWrite(PhaseCLow, LOW); 
    r++; 
  } 
  if (HA == true && HB == true && HC == false) { 
    digitalWrite(PhaseAHigh, LOW); 
    digitalWrite(PhaseALow, HIGH); 
    digitalWrite(PhaseBHigh, LOW); 
    digitalWrite(PhaseBLow, LOW); 
    digitalWrite(PhaseCHigh, HIGH); 
    digitalWrite(PhaseCLow, LOW); 
    s++; 
  } 
} 
  
  else { 
    digitalWrite(PhaseAHigh, LOW); 
    digitalWrite(PhaseALow, LOW); 
    digitalWrite(PhaseBHigh, LOW); 
    digitalWrite(PhaseBLow, LOW); 
    digitalWrite(PhaseCHigh, LOW); 
    digitalWrite(PhaseCLow, LOW); 
  } 
 
  Serial.println("----"); 
  Serial.print("A "); 
  Serial.print(HAread); 
  Serial.print(" B "); 



  Serial.print(HBread); 
  Serial.print(" C "); 
  Serial.println(HCread); 
 
} 
 
Code for PWM 
 
int ledPin = 5;      // LED connected to digital pin 9 
int analogPin = 3;   // potentiometer connected to analog pin 3 
int val = 0;         // variable to store the read value 
int periodON; 
int periodOFF; 
int periodTOTAL; 
int f = 4; //fraction wich the period of 1024 microseconds is divided by 
int n = 10; 
 
void setup() 
{ 
  Serial.begin(9600); 
  pinMode(ledPin, OUTPUT); 
} 
 
void loop() 
{ 
  if (n==100){  
  val = analogRead(analogPin);  
  n =0; 
  } 
  
  digitalWrite(ledPin, HIGH); 
  delayMicroseconds(val/f);  
  digitalWrite(ledPin, LOW); 
  delayMicroseconds(1023/f-val/f); 
 
  n++; 
 
    } 



8.3 Pictures of the final product 

 
 


