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ABSTRACT 

This system described in this report is the definition of a mechatronic system since it 

includes a mechanical component, an electrical component, as well as a digital component. 

This work has been supervised by Professor Khallaayoun and will focus on the development 

of a flying projector. The flying module’s mechatronic system is to be prepared; i.e. the 

mechanical component, the electrical component, and the electronics component. The 

mechanical component will be designed and tested using Solidworks, the electrical calculations 

for the necessary equipment will be shown, and a description of the used programmable board 

will be provided. The achieved system would theoretically be able to hover for over thirteen 

minute. It will use a custom-made PCB and will be able to lift a total of one kilogram. 

Keywords: flying projector, mechatronic, mechanical design, electronics 
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I. INTRODUCTION 

The object this capstone will focus on is the development of a stable flying platform 

that would be able to support a micro projector initially, but through minor modifications, could 

be replaced to fit another application. This flying system will be in the form of a quadcopter 

(using four brushless motors). The control part will be through a custom-made joystick which 

will communicate with the quadcopter using Bluetooth. 

The system analysis will be divided into three main parts: the mechanical part, the 

electrical part and the electronics’ part. The system’ components will be determined from the 

latter analyses and should allow for a minimal 10 minutes’ flight time and enough stability. 

The system should be steady enough to output a steady image. The projector mount system 

could also be used for vibration cancellation if necessary.  

The design of such a system can have a great impact on society if taken advantage of. 

The flying support, which will be designed, can later be used for deliveries to remote areas for 

example; the size of the quadcopter will be different though. It should also encourage people 

to build on its results to fit it for different applications. Besides, a projector is a tool which is 

used frequently; the implementation of such a system might grab the public’s attention and 

make people more interested in newer technologies, thus give enough space for change to 

happen. 

II. STEEPLE ANALYSIS 

While developing this project, different considerations known as STEEPE have been 

taken into consideration: 

Societal:  This quadcopter will serve as a starting point for Moroccan students to 

develop their own applications using it. It would also stimulate the students’ creativity and 
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allow them to have a new support on which they can mount their systems to contribute to the 

improvement of society. 

Technical: This system is feasible in the sense that the technologies required for its 

deployment exist and what is needed is to study it with the available components in mind and 

give it a personal touch. 

Environmental: The system does not harm the environment in anyway and would help 

cut the CO2 emissions if used to carry out tasks that usually require transportation. 

Ethical: This system is known to be controversial when it comes to ethics since its 

applications can take a wrong turn. However, this should not stop the technology from 

advancing and being applied in a way which would serve society. 

Political & Legal: The Moroccan government bans the use of drones through a Royal 

decree. Yet, the system proposed here is not a drone since it is not equipped with a camera and 

would only be used indoors. If another application is envisioned, proper paperwork would be 

filled and submitted to the authorities. 

Economic: The economic model has not been envisioned in depth. However, this 

system is thought to have a good impact on the Moroccan society and its economy. 

III. THE PROJECT 

1. PROJECT REQUIREMENTS 

The project requirements for the flying projector are: 

• A compact design (size not exceeding 500mm) 

• A rigid design that will be able to hold all the system components 

• For the parts that will be 3D printed, the design should be exported as a 

“STereoLithography” created by 3D Systems, commonly referred to as an STL file. 
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• For the parts that will be laser cut, their design should be exported as a “Drawing 

Interchange Format” developed by Autodesk, commonly referred to as a DXF file. 

• The battery used should be able to provide power to the system for at least 10 minutes. 

• The flight controller should be a CRIUS All in One Pro (2nd version) “CRIUS AIOP v.2.” 

It is the only one currently available. 

• The device should be controlled using a joystick using Bluetooth as a channel. 

2. SOFTWARE 

The software used this far for the completion of this project are: 

• Solidworks: a solid modeling computer-aided design (CAD) and computer-aided 

engineering (CAE) program developed by Dassault systems 

• RDWorks: a software that allows laser cutting and engraving operations. 

• Z-Suite: an interface that allows to convert 3D model to a 3D printable model on a Zortrax 

3D printer. 

• Arduino: an integrated development environment that allows to code programs and upload 

them to Arduino-compatible boards. 

• MultiWii: a firmware compatible with the CRIUS AIOP v.2. 

• MegaPirateNG: a firmware compatible with the CRIUS AIOP v.2. 

• ArduCopter: a firmware compatible with the CRIUS AIOP v.2.  

• Easus: a software to create the electronic circuit 

• MultiSim: a software to test the electronic circuit 

• PCB Wizard: a software used to create the programmable circuit board.  



 8

IV. THE RESULTS 

1.  THE MECHANICAL DESIGN 

In the process of preparing a design for the flying support of the flying projector, many 

existing designs were observed (mainly from thingiverse.com a website created by MakerBot) 

and a wooden preliminary design was made using the laser cutter in order for the design to be 

observed, this design was based on the design in [1]. The new developed design will be 

uploaded to the thingiverse.com platform to make it available to the platform’s members. Fig. 

1a and Fig. 1b illustrate, respectively, the 3D model on Solidworks and the laser-cut real-life 

result.  

After examining the existing commercialized models, it was decided to adapt an 

existing model to be used for the flying projector. The entire design was prepared from scratch 

using Solidworks as shown in Fig. 2.  

 
Fig. 1a: The wooden chassis assembly 

in Solidworks 

 
Fig. 1b: The wooden chassis assembly  

in real life 
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i.THE ARM  

The Arm is one of the most important parts of the chassis: it is the one that would 

have most of the weight, it will host the motors and would be subject to the highest stresses in 

the system. Hence the importance of the arm’s design to be lightweight, convenient and rigid 

at the same time. This is the reason why a design which focuses on stress points and 

reinforces them, includes holes adapted to the devices that would be mounted and has the 

characteristic be being 3D printable was prepared. The Solidworks design for the arm as well 

as the 3D printed model are shown in Fig. 3a and Fig. 3b respectively. Figure 3.c shows the 

 
Fig. 2: The assembly in Solidworks 

 
Fig. 3a: The arm design in Solidworks 

 
Fig. 3b: The arm design in real life 
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results of a stress analysis performed using Solidworks which shows that each arm could lift 

500 grams without damage. This means that the fours arms could lift a total of 2 Kilograms 

without breaking. This is a safe margin for the current system which would not exceed 1 

Kilogram. The analysis considers the arrows in green as the fixed points (in direct contact 

with the drone’s body), the arrows in red constitute a pressure exerted on the arm. It has been 

calculated using the following equation: 

 

 � � �����
�	�
������� �

���
��� �

����������������
���������� �  !""�#. (1) 

The maximum shear/flexural yield stress exerted on the arm would be $�%!�&"��# which is 

under the threshold for ABS used to 3D print the arms ('"�(�#). However, given that the infill 

used was 50%, the shear/flexural yield stress would consequently decrease to $"�(�#, which 

is still above the maximum shear experiences by the arm [2]. 

 
Fig. 3c: Stress Analysis on the Arm 
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ii.THE PLATES  

In order to bring together the four arms, two plates were used: an upper plate and a 

lower plate. The upper plate was designed in a way to allow for the flight controller to be 

mounted directly on it. It also allows for stacking plates to be added on top of it if needed. The 

plate’s design is compatible with most boards available in the market (50x50mm) and features 

some openings that would allow for wires to be routed in a smart manner. As far as the lower 

plate is concerned, it was designed in order to host the system’s battery and has some opening 

that would allow for mounting the projector or any extra equipment one wishes to add to the 

flying device. Fig. 4a and Fig. 4b represent the Solidworks model for the plate and the the laser-

cut realized model respectively. 

The staking plates described resulted in a weak point on the upper plate’s corners (the 

smaller one). For this reason, a new plate has been laser-cut in order to have a larger surface 

area between the holes and the material’s edge.  

  

 
Fig. 4a: The plates design in Solidworks 

 
Fig. 4b: The plates design in real life 
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iii. STACKING PLATES 

The stacking plates are a solution to a problem many people had while working on 

multi-copters. The problem was that they could not fit all the components in and were obliged 

to stack them one on top of the other, creating a “mess” and a short circuit hazard. The solution 

was to design a plate that would be mounted on top of the top plate which would give another 

surface on which the multi-copter’s logic components could be mounted. Fig. 5a and Fig. 5b 

below illustrate, respectively, the stacking plate’s 3D design and its 3D printed model. 

Since the final prototype did not require the staking plates anymore, they have been dropped.  

  

 
Fig. 5a: The stacking plate design in 

Solidworks 

 
Fig. 5b: The stacking plate design in real 

life 
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iv.THE OTHER ASSEMBLY PARTS 

The other parts which figure on the 

assembly are: the motors: Courtesy of [3] (Fig. 6),  

the propellers: Courtesy of [4] (Fig. 7),  

the CRIUS AIOP v.2 case: Courtesy of [5] (Fig. 8),  

the power distribution board: Courtesy of [6]     (Fig. 

9) and the electronic speed controllers “ECS”: 

Courtesy of [7] (Fig. 10)  

 
Fig. 6: The motor design in Solidworks 

 
Fig. 7: The propeller design in 

Solidworks 

 
Fig. 8: The CRIUS AIOP v.2 case 

design in Solidworks 

 
Fig. 9: The power distribution board 

design in Solidworks 

 
Fig. 10: The ESC design in Solidworks 
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2. THE PROPELLING 

The propelling is defined through two main components: the motors and the propellers. 

In order to understand the lifting capacity of a drone, one must first understand the basic 

nomenclature he might encounter while dealing with motors and propellers. First of all, the 

motors which are to be used for this project are brushless (motors which do not have any 

brushes where the coil is fixed and the magnets are spun) out-runners (where the armature spins 

outside with casing); the absence of coils in brushless motors allows them to have a longer 

lifespan and their out-runner characteristic allows them to have more torque with less RPM 

[8]. For this specific application, in-runners would have been a better choice (higher RPM and 

less torque), but since the available motors are the out-runner type, they are the ones that will 

be used. The KV rating is also important in motors as it defines how fast the motor can spin at 

a specific voltage. For a stable flight, a KV rating of 500-1000 is advised [9]. In order to better 

explain this concept, if a 920 KV motor is used with a 3 cells battery (11.1V), it would rotate 

at an angular speed of % " � &&�& � &" & )�( when no load is applied on it. The motors 

used for this system are indeed 920 KV ones used with a 3 cells battery. This means that the 

maximum RPM one could get from the motors used in the current set-up is 10212RPM. 

As far as the propellers go, they are usually defined through two characteristics: The 

labels read two numbers, the first one is the total propeller diameter while the second is the 

pitch of the propellers. The propellers’ nomenclature comes in inches, not millimeters. There 

are two kinds of propellers: clockwise and counter clockwise and they will both be used in this 

system. The ones used in this system will be the 9047 propellers, i.e. the diameter would be 9 

inches and the pitch is 4.7 inches. 

An excel sheet was used to test different combinations of propellers as well as to create 

a graph to simulate the lift capability with respect to the propellers’ RPM. Equation 3 was used 

to calculate the lift capability given the propellers’ diameter, pitch and RPM [10].  
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If the first set of propellers is used with the 920 KV motors and the 3 cells battery, each motor 

will be able to give 0.94 Kg of static thrust and will consume 164 Watts [11]. This said, the 

whole system will be able to lift 3.76 Kg. A rule of thumb when it comes to thrust, it is advisable 

for the system to be able to lift twice its weight [12]. This means that the system will be able 

to lift 1.88 Kg as shown in Fig. 11. In order to lift the drone, each arm should be able to lift at 

least 500grams. From Fig. 11, using the 9 inch propellers, this lift could be achieved with 7500 

RPM; using the 8 inch propellers, this lift could be achieved with 9500 RPM; using the 6 inch 

propellers, this lift could not be achieved. Given that the best propellers at hand are the carbon 

fiber ones and that the lift characteristics match with the system’s need, these are the ones 

which would be used. 

  

 
 

Fig. 11: Static thrust calculations 
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3. ELECTRICAL COMPONENTS 

The available Electronic Speed Controllers (ESC)s are rated 30 amperes and can be 

used with a 2-cells or a 3-cells battery. The motors output a power of 52 watts each which sums 

up to 208 watts when they rotate at 7500 RPM [11]. The motors have an efficiency of around 

95% which means that the power input to the motors is around  

���
��R �  &% watts.  (4) 

The rest of the system will not use more than 20 watts; this allows a safe estimation of 240 

watts as a total input power which should be delivered by the battery. Considering that the 

battery used is a 3-cells one (11.1V), the current that will be drawn is 22 amperes. The available 

battery is labeled 3300 mAh with a max current discharge of 35C, this means that  

$�$ST � $! � &&!�!S  (5) 

can safely be drawn from the battery. This puts the current system on the safe side. If a constant 

current draw of 21 amperes is considered, the maximum flight time will be 

 
U�UC
�� � '"V+W TX � %�!V+W.  (6) 

This means that the system will be able to have a total of almost nine and a half minutes of 

flight time at full throttle. If a constant draw of around 15 amperes is considered instead (the 

copter will not run at 7000 RPM the whole flight time), the total flight time will be 

 
U�UC
�� � '"V+W TX � &$V+W  (7) 

instead.  
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4. DIGITAL COMPONENT 

i.PCB DESIGN 

First, the components required for the system were identified and tested in a prototype, 

then, a custom PCB (Programable Circuit Board) was designed for this specific need outlined 

in Fig. 12 which represents the system architecture. The number of used pins, in both the 

Arduino and the CRIUS AIOP v2 was observed and adequate PICs were used to create a circuit 

using Easus software. The circuit can be found in Appendix I. Then a simulation was carried 

out using Multisim software to ensure the connectivity between all ports was correctly set up. 

The next step was to create the actual PCB to be printed. For this case, PCB Wizard was used 

and rendered the PCB found in Appendix II as well as its connectivity diagram found in 

Appendix III. All these circuits and PCB were custom made and signatures such as E.M and 

El Kihal have been left as a proof. 

This custom PCB was connected to a Bluetooth module and data is accordingly treated 

to output at the end the signal to be sent to the electronic speed controllers (ESC). This custom 

PCB has not been printed yet.  

ii.CURRENT SYSTEM 

Since the PCB has not been printed and tested yet, an Arduino and a CRIUS AIOP v2 

will be used to test the prototype. The Arduino is used to receive the commands through 

Bluetooth and output a PWM (pulse width modulation) to control the CRIUS AIOP v2. 

 

 

Fig. 12: System Architecture 
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The Arduino will be loaded with Firmata firmware and will allow for the control of its 

digital output ports through PWM signals sent to the CRIUS AIOP v2. This will serve to 

simulate the data received through Bluetooth. The Firmata GUI can be found in Appendix IV 

along with a brief description of the used PWM ports and the ports they are connected to in the 

CRIUS AIOP v.2. The CRIUS AIOP v2 will be loaded with Multiwii 2.4 firmware and the 

data will be observed using the GUI which comes with it. The process of programming the 

CRIUS AIOP v2 starts with configuring the firmware to fit with the precise hardware at hand. 

This includes the type of board used, the frame used, the baud-rates used for the serial, GPS 

and telemetry communication, the PWM settings used, and the specific thresholds for the 

motors used. The adjusted firmware is, then, uploaded to the CRIUS AIOP v2. This step is 

done using the Arduino IDE. The CRIUS AIOP v2 is treated as an Arduino Mega 2560 since 

it is using its micro-controller. Once the upload is complete, the GUI is launched and data 

received from the sensors is displayed. The motor data is also displayed along with the PWM 

values which correspond with the ones sent via Firmata. A screenshot is included in Appendix 

V. 

V. FUTURE WORK 

The main work to be done next is to ensure the quadcopter’s stability. Moreover, a new 

use for this quadcopter is being investigated: as a biomedical device. The idea is to have a 

drone ‘on-call’ which can be called from an application which sends the user’s GPS coordinates 

to it. Then, the drone moves to the user’s reported location and takes his/her biomedical 

diagnostics using for instance an electrocardiogram, a thermometer, among other devices. The 

diagnostic is then sent to a doctor who interprets the data and selects the actions to be taken 

(sending recommendations to the patient via the app, or going to see the patient directly if the 

situation is severe enough). This is one of many other applications this flying support could be 

used to achieve which could have an impact on the Moroccan society. 
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VI. CONCLUSION 

During this capstone project, a drone prototype has successfully been achieved. This 

drone has been made keeping in mind its primary intended purpose: hover with a micro 

projector attached to it. The mechanical, electrical and electronic designs have been completed 

and a flight attempt has been made (not a successful one though). There are two possibilities 

to which the failing of the flight attempt could be related to, either that the Proportional Integral 

Derivative (PID) tuning was not performed correctly for the system, or that the data acquired 

from the gyroscope and the accelerometer is not accurate. The flight’s stability does not allow 

for using the drone for its intended purpose yet. However, minimal requirements have been 

achieved such as determining the estimated flight time and the system architecture. 
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APPENDIX I: CUSTOM PCB’S CIRCUIT 
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APPENDIX II: THE CUSTOM PCB 
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APPENDIX III: THE CUSTOM PCB’S CONNECTIVITY DIAGRAM 
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APPENDIX IV: FIRMATA GUI 

 

5: Roll – 6: Pitch – 7: Throttle – 9: Yaw – 10: Aux1 – 11: Aux2 
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APPENDIX V: MULTIWII 2.2 GUI 

 


