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Introduction 
 

In this paper I will talk about what concerns the construction of a remote-controlled quadcopter, a kind of 

helicopter that uses four rotors to fly.  

In general multicopters are aircrafts that use different rotors to fly, then there are several possible 

geometries, each with its own strengths and weaknesses.  

Thanks to the affordability of the sensors the community of makers has been satisfied to create more 

complicated configurations, but in principle these are the most used 

 Bicopter: of which there is also a real version used by the military for heavy transport. 

 Tricopter: Y-shaped, with counterrotating propellers in front and the rear able to rotate on its axis 

to stay in balance. 

 Quadcopter: the easiest to implement and the most stable, counter-rotating propellers are in pairs, 

so it doesn’t need special mechanisms to stay in balance. 

 Exacopter, octocopter: very similar to quadcopters, usually used when you need to carry large 

payloads 

Often people confuse the term quadricopter with drone or UAV, but it is a big mistake, in fact the aircraft 

drones are able to accomplish individually different choices needed to the fly. In the drones pilot is 

responsible for choosing the destination of the journey and to enter its coordinates, all the rest is given to 

the various sensors and complex algorithms of the aircraft, which will face obstacles and other problems on 

their own. 

But this is beyond my purpose, which is to build a quadcopter that is controlled through a common remote 

control and that through the use of sensors will allow an use facilitated also to those who have never flown 

a rc model. 
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Commercial realizations 
 

The low cost and the increasing flight stability have allowed quadcopters to invade several specific fields 

sweeping from cinema to agriculture.  

One of the most popular features in fact is the possibility of taking aerial images in a simple way, allow to 

have a vision that before now it was only possible to obtain with the use of helicopters or small planes. 

And so here you go from epic scenes of Hollywood movies to private wedding movies, but the ability to put 

a camera in flight also allows you to apply some algorithms to the images, and then have spread 

surveillance systems, control of cultivation, search for missing in the event of natural disasters and more.  

A new technology that responds to many different needs and that even the most renowned companies 

have not been slow to experiment. 

It all started with TacoCopter, in San Francisco, the first drone that can bring you a taco directly to your 

home, using your smartphone as a "target."  

Later several small companies have done the same with pizza, beer, drugs, defibrillators and so on.  

Even the world's leader in online shopping, Amazon, wanted to push his service with the new Prime Air, 

daily deliveries directly into your garden.  

But all this concerns the drones of course, very similar in terms of hardware to rc quadcopters, but far 

beyond the capabilities of a single student. 

We then step back to see where is the state of the art in “homemade” quadcopters.  

After some research I think one of the best models in circulation is the MikroKopter, German Holger Buss 

invention, who has now achieved worldwide notoriety thanks to the great quality of its copters. 

Rightly, however, a lot of quality is at a high price, so to build it we have to resize the specifications. 
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Goal of the project 
 

In this project I want to show the design and implementation of a low cost quadcopter facing all the 

problems that implies and analyzing especially the electronics needed for its operation.  

The final goal is to obtain an aircraft able to fly and be stable in hover in order to facilitate the use even for 

non-experts. 

Will be given a crucial importance to the cost of the individual components, always trying to choose the 

best compromise quality / price and get the best possible performance by spending about 200 euro.  

Even before thinking about how to build a quadcopter is essential to choose what kind of software we want 

to use.  

Due to its simplicity and versatility my choice falls on MultiWii. 

 

MULTIWII 
 

MultiWii is an open source software for 

Arduino that is used to control a RC 

multicopter model.  

It was initially designed to be able to use 

sensors that are located inside of the Wii 

remotes, Nunchuck and Wii Motion Plus.  

In fact they contain, respectively, a 

triaxial accelerometer and a gyroscope, 

which enables the composition of an 

IMU, Inertial Measurement Units. 

This software allows you to control different types of multirotors and now has a broad compatibility with 

the most popular sensors, allowing you to achieve excellent results even in FPV (first person view). 

The multicopter uses a closed controlled loop to ensure its stability and maneuverability. 

Like most multirotors, it is a Proportional-Integral-Derivative (PID) regulator. 

This controller is translated into software code lines in the Arduino and tries to correct the error calculated 

between a measurement at the controller output (measured by the gyros) and an input set point (position 

of the stick), using appropriate action to adjust the output of the process (command to motors). 
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POWER ELECTRONICS 
 

In order to build a quadricopter we obviously need four engines, four drivers and a battery capable of 

powering everything for at least 10 minutes. The choice of these components introduces us to the world of 

aereomodellers, a market in constant technological evolution that allows you to have an abundance of 

products on the market. In particular, we can notice the typical circuit of a helicopter rc lipo battery, esc 

and brushless motors. It is in this way that we do, adapting to all four rotors. 

 

BRUSHLESS MOTORS 
 

Brushless DC electric motors are a design variation derived from the old brushed electric motors except 

that the relative motion of the rotor and the 

stator is reversed. To understand how this is 

done, one must first understand the basic 

construction and operation of a brushed DC 

electric motor. Typical DC motors imply the use 

of two magnetic field generation systems. One is 

placed on the rotor, or the part that is rotating, 

and the other one on the stator, the part of the 

motor that maintains a relative position. 

The stator generates a magnetic field with the 

help of a pair of permanent magnets, inside which a spinning armature is posted. The armature is powered 

through two electrodes connected to a split ring commutator brushing against a series of brushes 

connected to a DC power supply. As the armature is being powered and current starts circulating through 

the coil, a secondary magnetic field is generated and interacts with the one produced by the permanent 

magnets. 

As a result, the armature is spun by 180 degrees. The brushes then change the polarity of the electric 

current circulating through the coil and the armature is being spun by another 180 degrees, thus 

completing a rotation. Through this extremely simple design, the rotor is being spun continuously until 

power is shut down.  

There is a problem though. The brushes providing the current to the split ring commutator experience 

friction and will eventually wear out, triggering a malfunction. The current commutation between the two 

electrodes posted on the split ring commutator produce sparks as well as both electrical noise and acoustic 

noise. The speed rotation is limited and the fact that the armature is rotating impedes the cooling of the 

coils producing the secondary magnetic field, not to mention the fact that precision is limited to the 

number of brushes. 

All of these disadvantages can be simply resolved by reversing the roles of the rotor and the stator, 

meaning that the construction remains roughly the same, except that you're not using brushes, and the 

stator rotates while the rotor maintains relative position. 
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With brushless DC electric motors current commutation is no longer done mechanically as in the case of 

brushed electric motors. Instead the current polarity alternation is made with the help of special power 

sources using power transistors. 

For motor selection some important specifications are: 

 kV 

 Max current(A) 

 Shaft diameter 

 Thrust 

 Weight 

 Lipo(3S-4S) 

 Suggested prop 

For multirotor application 600-1200kV motors are good. Below 600kV even better. Low kV means you can 

use big prop. Big prop means it can move more air and you will get more thrust. 

Using this simple formula 

   
   

 
 

We can calculate how much RPM our motors will do with no load in ideal conditions. 

Once we have choose the props we can also stimate te thrust of the quadcopter 

                                   

With thrust in ounces, pitch and diameter in inches. 

My choose is KEDA 20-50S 8A 1088KV, that use 8 Amps 

each one. I also take the advised prop 8x4.5 in this way I 

can take advantage of the high RPM.  

We have 1088kV motor and 3S battery to supply power, 

RPM  of motor at NO LOAD would be 

1088 x 11.1(3S battery) = 12077 RPM. 

So we obtain                            

            that is 953 grams per motor and 3,8 Kg in 

total. With this value we can fly with a quadcopter of 

almost 2 Kg. 

These engines cost about € 12 each including all necessary accessories for installation. 
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DRIVER 
 

An ESC, electronic speed control, is an electronic device capable of controlling the speed of an electric 

motor and possibly act as a dynamic brake. The ESC for brushless motors consist in FET, field effect 

transistor, which allow the circuit to achieve a high switching rate. 

The job of an esc is to read the input signal from the receiver of the radio command and produce sinusoidal 

voltages at high power to be supplied to the engine. Although diagrams of the esc on the market are 

covered by copyright is possible to find on the Internet some type of the schematics to understand their 

operation. 

The Atmel provides a description of a 3-phase sensorless esc through the use of their ATMEGA48 

microcontroller (most used one). 

The generally accepted definition of a BLDC motor is a permanent magnet motor with trapezoidal back-

EMF, as opposed to the sinusoidal back-EMF found in permanent magnet synchronous motor.  

In every commutation step, one phase winding is connected to positive supply voltage, one phase winding 

is connected to negative supply voltage and one phase is floating. The back-EMF in the floating phase will 

result in a“zero crossing” when it crosses the average of the positive and negative supply voltage.  

The zero crossing occurs right in the middle of two commutations. At constant speed, or slowly varying 

speed, the time period from one commutation to zero-crossing and the time period from zero-crossing to 

the next commutation are equal. This is used as basis for this implementation of sensorless commutation 

control. 

The motor speed/torque is controlled by pulse width modulation (PWM). It is important to understand how 

the PWM works and how it interacts with the analog to digital converter (ADC) in order to make reliable 

measurements in the noisy environment created by the PWM.  

The PWM is used in what is called phase correct mode. This mode uses a counter in a dual slope operation 

that makes the PWM output symmetrical within one PWM period. Furthermore, the compare value that 

determines the duty cycle of the PWM output is buffered, so it is not updated in the middle of a PWM 

cycle. The figure shows the relationship between counter value, compare value and PWM output. Each 

PWM period is separated by dashed lines in the figure. The figure also shows that an overflow event occurs 

when the timer reaches zero. This event can be used to automatically trigger an ADC sample. Unless the 
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duty cycle is very low, this is a point where the PWM output has been stable for a long time. This is used to 

make sure that the ADC sample of the floating phase voltage is made when the PWM switching noise is 

low.  

 The suggested solution for sensorless control of 3-phase motors consists of six parts:  

• AVR ATmega48/88/168 microcontroller  

• 3-phase motor  

• Motor power stage  

• Back-EMF signal conditioning circuit 

• Speed reference input  

• Current measurement circuit  

The interconnection of these parts is shown in the following figure. 

 

The motor power stage is a standard triple half-bridge setup, often used for 3-phase motors. In the figure 

U, V and W are the three phase windings of the motor. The signals labeled XX_PWM are the control signals 

from the microcontroller. The switches are normally implemented with transistors, or similar 

semiconductors that can act as switches. 

When operating a BLDC 

motor, only one high side and 

one low side switch is open at 

any time, creating a closed 

circuit where the current runs 

into one phase winding and 

out of another phase winding, 

while the last phase winding 

is left floating.  

The diodes across each 

switch, usually called flyback 
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diodes, protect the switches from the high voltage spikes that can occur when switching highly inductive 

loads like a motor. Some transistors include this diode in the package. 

The single shunt resistor between the power stage and ground is used to measure the current consumption 

of the motor. Large currents can pass through this resistor, so the resistance should be as small as possible, 

but large enough to give ADC readings with sufficient accuracy. Also make sure that this resistor is rated for 

the power dissipated at maximum current.  

 Six synchronized PWM signals that can be individually turned on and off are needed to control the power 

stage. The ATmega48 microcontroller can generate six PWM signals, but that requires the use of all 

timer/counter modules. It is desirable to have one timer/counter unit available for commutation timing. 

The solution to this is to generate only one PWM signal, and route this signal to the active switches. This is 

easily achieved by using six external AND-gates. Each AND-gate controls one power stage switch. The 

PWM-signal is routed to one input of the AND-gate. Six general purpose I/O pins from the microcontroller is 

used as enable-signal to each AND-gate. 

 

The transistors are fundamental to this type of application, and we will use for our esc the IRF7832, which 

benefits: 

 Low         at 4.5V     

 Ultra-Low Gate Impedance 

 20V     Max. Gate Rating 

As we can see from his datasheet 
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So I bought the Hobbywing Flyfun 12amp, which allow to control a brushless motors up to 12 amps, more 

than enough for our purposes and it has these specifications: 

 Output:  Continuous 12A, Burst 15A up to 10 Secs.   

 CPU :  SIL F334  

 MOSFETS : International Rectifier IR 7832 Spec sheet  

 Input Voltage:  2-4 cells lithium battery or 5-12 cells NiCd/NIMh battery. 

 BEC:  2A / 5V (Linear mode). 

 Max Speed:  210,000rpm for 2 Poles BLM, 70,000rpm for 6 poles BLM, 35,000rpm for 12 poles 

BLM.(BLM: Brushless Motor) 

 Size:  27mm (L) * 17mm (W) * 6mm (H). 

 Weight: 9g 

Each esc costs 11 euro and in my case also included the card for the programming of various parameters 

such as the brake and the fail-safe. 
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BATTERY 
 

There are different types of batteries on 

the market, but in the world of model 

aircraft has spread immediately the LiPo, 

lithium polymer battery, rechargeable 

high energy density battery.  

The most important feature in a battery 

for a flying model is of course the 

relationship between size, weight and 

amount of charge.  

But beyond that Lipo are also capable of 

delivering very high peak current, 

making them perfect for the electric 

motors. 

The choice of the battery in general 

starts on the type of engine you choose 

and then you have to decide which one 

has the best value for mAh / g for the 

price range.  

I chose the GENS ACE 2200 3S 40C LiPo battery 11.1 V consists of 3 cells in series for a total of 2200 mAh 

and a maximum discharge current of 88 amps, bought at 22 euro.  

For charging a LiPo you need to use a specific charger that regulates the input current, these objects 

generally work at 12V and therefore require a power supply stabilized.  

The common choice in this case is a lead acid battery of a car or, as in my case, a bench power supply. 

For the power part I spent a total of about 114 Euros, a result that can be improved by using components 

with less waste of safety with respect to the declared characteristics. This of course is dangerous when it 

comes to low cost products because you can always run into objects with questionable quality. 
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SENSORS 
 

As per the specifications of our MultiWii, the quadcopter will be controlled by an Arduino board to which 

we combine an IMU and the receiver of the remote control. Everything will be connected via a pcb using a 

technique low cost and homemade. 

 

MICROCONTROLLER 
 

Although at the beginning I wanted to build a personal version of Arduino then I had to buy a commercial 

version to contain the space occupied by the circuit within the nucleus of the aircraft. A valid alternative 

would have been to use SMD components that allow to save much space, but also require different 

equipment of a certain value.  

For this reason I decided to follow the advice of MultiWii and buy an Arduino Pro Mini 5V microcontroller. 

 

Arduino pro mini  

 

The Arduino board is a framework for rapid prototyping invented in Italy by Massimo Banzi in the 2005. Its 

low cost and ease of use has allowed its spread around the world by becoming the most microcontroller 

used by the whole community of the Maker.  

There are several Arduino boards for different types of applications, and for our project I chose the Pro 

Mini card because it has the same computational power of Leonardo (the classic Arduino), but is very small.  

In particular it has: 

Microcontroller ATmega168 

Operating Voltage 3.3V or 5V (depending on model) 

Input Voltage 3.35 -12 V (3.3V model) or 5 - 12 V (5V model) 

Digital I/O Pins 14 (of which 6 provide PWM output) 

Analog Input Pins 8 

DC Current per I/O Pin 40 mA 

Flash Memory 16 KB (of which 2 KB used by bootloader) 

SRAM 1 KB 

EEPROM 512 bytes 

Clock Speed 8 MHz (3.3V model) or 16 MHz (5V model) 

 

Thanks to the Arduino bootloader is possible to program the card by writing a program in C-like on the 

Arduino IDE and then upload it via an FTDI cable (cost: 10 euro). 
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IMU 
 

To obtain measurements of acceleration and 

angular velocity we have to equip our vehicle of 

inertial measurement unit (IMU). 

In particular, to obtain a self-leveling vehicle is 

required that it has at least one triaxial 

accelerometer and a gyroscope, although only the 

latter is necessary for the operation of the aircraft.  

The choice of the IMU is very important in a 

quadcopter because according to the quality of 

these measures will get sensitive differences on 

stable flight.  

Unfortunately, this kind of sensors can really cost you a lot so we must necessarily make compromises 

quality. For my quadcopter I decided to trust the French Drotek and buy a complete IMU, the IMU 10DOF 

LLC. 

This breakout board contains several sensors: 

 Gyroscope ITG3200 

 Accelerometer BMA180 

 Digital compass HMC5883 

 Barometric pressure sensor BMP085 

 Logic Level Converter 

everything will be connected to the Arduino via i2c. (cost: 40 euro) 

 

Gyroscope 

 

The ITG-3200 features three 16-bit analog-to-digital converters (ADCs) for digitizing the gyro outputs, a 

user-selectable internal low-pass filter bandwidth, and a Fast-Mode I²C (400kHz) interface. Additional 

features include an embedded temperature sensor and a 2% accurate internal oscillator. InvenSense has 

driven the ITG-3200 package size down to a revolutionary footprint of 4x4x0.9mm (QFN), while providing 

the highest performance, lowest noise, and the lowest cost semiconductor packaging required for 

handheld consumer electronic devices. 
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The ITG-3200 consists of three independent 

vibratory MEMS gyroscopes, which detect 

rotational rate about the X (roll), Y (pitch), and Z 

(yaw) axes. When the gyros are rotated about 

any of the sense axes, the Coriolis Effect causes a 

deflection that is detected by a capacitive 

pickoff. The resulting signal is amplified, 

demodulated, and filtered to produce a voltage 

that is proportional to the angular rate. This 

voltage is digitized using individual on-chip 16-

bit Analog-to-Digital Converters (ADCs) to 

sample each axis. 
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Accelerometer 

 

The BMA180 from Bosch is an ultra high performance digital triaxial acceleration sensor, aiming for low 

power consumer market applications. The BMA180 allows high accurate measurement of accelerations in 

three perpendicular axes and thus senses tilt, motion, shock and vibration in cell phones, handhelds, 

computer peripherals, man-machine interfaces, virtual reality features and game controllers. 

 
 

The BMA180 provides a digital full 14 bit output signal via a 4-wire I2C interface. With an appropriate 

command the full measurement range can be chosen between 1 g and 16 g. A second-order Butterworth 

filter with switchable pole-frequency between 10 Hz and 600 Hz is included to provide pre-conditioning of 

the measured acceleration signal. Typical noise level and quantization lead – in 2 g mode – to a resolution 

of typically o.5 mg and a typical accuracy of below 0,25° in an inclination sensing application, respectively. 

The current consumption is typically 650 µA at a supply voltage of 2.4 V in standard mode. Furthermore, 

the sensor can be switched into a very low-power mode where it informs the host system about an 

acceleration change via an interrupt pin. 
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Digital compass 

 

The Honeywell HMC5883L is a surface-mount, multi-chip module 

designed for low-field magnetic sensing with a digital interface for 

applications such as low-cost compassing and magnetometry. The 

HMC5883L includes high-resolution HMC118X series magneto-resistive 

sensors plus an ASIC containing amplification, automatic degaussing 

strap drivers, offset cancellation, and a 12-bit ADC that enables 1° to 2° 

compass heading accuracy. The I2C serial bus allows for easy interface. 

The HMC5883 utilizes Honeywell’s Anisotropic Magnetoresistive 

(AMR) technology that provides advantages over other magnetic 

sensor technologies. These anisotropic, directional sensors feature precision in-axis sensitivity and linearity.  

The Honeywell HMC5883 magnetoresistive sensor circuit is a trio of sensors and application specific 

support circuits to measure magnetic fields. With power supply applied, the sensor converts any incident 

magnetic field in the sensitive axis directions to a differential voltage output. The magnetoresistive sensors 

are made of a nickel-iron (Permalloy) thin-film and patterned as a resistive strip element. In the presence of 

a magnetic field, a change in the bridge resistive elements causes a corresponding change in voltage across 

the bridge outputs.  

These resistive elements are aligned together to have a common sensitive axis (indicated by arrows on the 

pinouts) that will provide positive voltage change with magnetic fields increasing in the sensitive direction. 

Because the output only is in proportion to the one-dimensional axis (the principle of anisotropy) and its 

magnitude, additional sensor bridges placed at orthogonal directions permit accurate measurement of 

arbitrary field direction.  

 

Barometric pressure sensor 

 

The BMP085 is a high-precision, ultra-low power barometric 

pressure sensor for use in advanced mobile applications. It offers 

superior performance with an absolute accuracy of down to 0.03 

hPa and using very low power consumption down to 3 µA. The 

BMP085 comes in an ultra-thin, robust 8-pin ceramic lead-less chip 

carrier (LCC) package, designed to be connected directly to a micro-

controller of a mobile device via the I²C bus. 

The sensor consist of a piezo-resistive sensor, an analog to digital 

converter and a control unit with E2PROM and a serial I2C interface. The BMP085 delivers the 

uncompensated value of pressure and temperature. The E2PROM has stored 176 bit of individual 

calibration data. This is used to compensate offset, temperature dependence and other parameters of the 

sensor. 
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Logic Level Converter 

 

The IMU communicates with Arduino through the i2c protocol. The problem is that Arduino is powered at 

5V while the IMU to 3.3V. To prevent the microcontroller to sends the signals  at a voltage too high for the 

sensors we must insert a LLC, which in my case is directly integrated into the IMU. 

A simple way to create a two way converter uses a mosfet and two resistors.. The following circuit will 

allow this to be done bi-directionally 

 

Low Side Control 

When the low side (3.3V) device transmits a '1' (3.3V), the MOSFET is tied high (off), and the high side sees 

5V through the R2 pull-up resistor. When the low side transmits a '0' (0V), the MOSFET source pin is 

grounded and the MOSFET is switched on and the high side is pulled down to 0V. 

High Side Control 

When the high side transmits a '0' (0V) the MOSFET substrate diode conducts pulling the lowside down to 

approx 0.7V, this is also low enough to turn the MOSFET on, further pulling the low side down. When the 

high side transmits a '1' (5V) the MOSFET source pin is pulled up to 3.3V and the MOSFET is OFF. 
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QUADCOPTER PCB 
 

To connect Arduino, IMU and receiver together we must proceed to manufacture a PCB that contains 

everything needed for the functioning of the components. 

 

To keep costs down I decided to build it by myself through the technique of photolithography. 

Using the open source software Eagle I rebuilt the whole circuit and I designed the PCB which will be single-

sided. 

 

PHOTOLITHOGRAPHIC TECHNIQUE 

  

In one of my previous projects, I decided to build a bromograph so I can easily build the circuits I need. 

Is simply a handy case in which I connected four 8 Watt UV neon  using four ballast taken from as many 

energy-saving lamps. That way I can use the presensitized boards of copper with a thin layer of photoresist 

to make a single side pcb. 

 

 



20 
 

The procedure is this:  

1. I print the master made on a CAD on transparent paper  

 

 

2. I expose the board in the bromograph for about 1 minute. 
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3.I  wash it in a solution of caustic soda at 10%  

 

 

4.  I use ferric chloride to erode the copper  
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5. Finally I wash with a little of alcohol to remove the photoresist remained. 

 

 



23 
 

CONSTRUCTION OF THE FRAME 
 

Wanting to save the maximum I decided to build the frame from scratch using 

parts from bricolage. Of course, there are many different frame with a build 

quality far superior. 

First I bought an aluminum profile of 1.5 cm thick and 1 m in length. Then with a 

hacksaw I cut the profile into 4 equal parts of 25 cm. 

Then I took the sheets of not coppered pcb (you can also use wood or aluminum) 

and I cut two squares 10 × 10 cm. 

I assembled it all with 8 screws 3mm with 

their nuts then I drilled the arms at the 

outer ends, making three holes, two for the screws that will fix the 

motors and one for the motor shaft so that it is able to move. 
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GOAL ACHIEVED 
 

This is the result of my work. With a battery I can fly about 15-20 minutes depending on wind and the hover 

time. After a little bit of PID tuning I found a very stable configuration that I will use with my GoPro (a 

compact camera) to make aerial videos. 
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