
TEKNOFEST  
AVIATION, SPACE AND TECHNOLOGY FESTIVAL 

FLYING CAR DESIGN COMPETITION 

FINAL DESIGN REPORT 



 
2 

 
UI FLYING CAR  

TABLE OF CONTENT 

	
FINAL DESIGN REPORT ....................................................................................................... 1	

TABLE OF CONTENT ............................................................................................................ 2	

1.	 DETAIL DESIGN SUMMARY ......................................................................................... 3	

1.1.	 System Description ...................................................................................................... 3	

1.2.	 System Final Performance Features ............................................................................... 4	

1.3.	 Final System Architecture ............................................................................................. 4	

1.4.	 Subsystems Summary ................................................................................................... 5	

1.5.	 Flight Envelope ........................................................................................................... 7	

1.5.1.	 Wing Calculations ................................................................................................ 7	

1.5.2.	 Power Required .................................................................................................... 7	

1.5.3.	 Flight Time .......................................................................................................... 8	

2.	 USER AND VEHICLE SAFETY ....................................................................................... 9	

2.1.	 Reliability of Power-Propulsion System ......................................................................... 9	

2.1.1.	 Reliability of Motor and Battery ............................................................................. 9	

2.1.2.	 Reliability of Controllers ..................................................................................... 12	

2.2.	 Noise Reduction ........................................................................................................ 13	

2.3.	 Safety and Security .................................................................................................... 14	

2.3.1.	 Car Safety .......................................................................................................... 14	

2.3.2.	 Cyber Security .................................................................................................... 15	

3.	 SCENARIO AND AIR TRAFFIC MANAGEMENT SYSTEM ........................................ 16	

3.1.	 Urban Scenario Implication ........................................................................................ 16	

3.2.	 Air Traffic Management System .................................................................................. 18	

3.2.1.	 How to get on and off to Vehicle .......................................................................... 18	

3.2.2.	 Airborne Movement Rules ................................................................................... 18	

3.2.3.	 Vehicle-to-Everything (V2X) Communication ...................................................... 18	

3.2.4.	 Route Planning ................................................................................................... 23	

3.2.5.	 Reacting to Non-Ideal Circumstances ................................................................... 24	

4.	 DESIGN AND SCALED MODELS ................................................................................. 25	

4.1.	 Design Figures ........................................................................................................... 25	

4.2.	 Scaled Model ............................................................................................................. 28	

4.3.	 Simulation ................................................................................................................. 30	

5.	 BIBLIOGRAPHY ........................................................................................................... 32	

 



 
3 

 
UI FLYING CAR  

1. DETAIL DESIGN SUMMARY 
1.1. System Description 

 
Figure 1.1 Skylark Flying Car 

Skylark is a hybrid Urban Air-Land Mobility. Skylark combines two different vehicles 
between aircraft and car so this vehicle has the wings of the aircraft and wheels of the car. This 
makes this vehicle can be driven in the air or on the ground. Despite having wings, this vehicle 
is designed to do vertical take-off landing (VTOL). Skylark uses tandem-tilt wings and sixteen 
wing-mounted motors which can be directed forward and also upward. When doing vertical 
takeoff and landing, the wing will face up, while when cruising the wings will face forward. 
When traveling on land, the vehicle is fitted with wheeled parts. The wheeled part is an 
additional part that has its own propulsion system. When using ground mode, the wings of this 
vehicle can be folded. This is intended so that the width of the vehicle can match other vehicles 
on the road. This vehicle can be ridden by two passengers. 

Skylark is designed as a fully autonomous vehicle. This vehicle is equipped with 
various sensors such as cameras, ultrasonic sensors, and radar which are located at various 
corners of the vehicle. With the sensor, it can help the vehicle to define the conditions around 
it and determine the direction to go. This vehicle also uses communication vehicles for 
everything (V2X) systems which can help provide information about other vehicles and other 
things around. In terms of cyber security, this vehicle is also equipped with end-to-end 
encryption, public key infrastructure, and an intrusion prevention system. These three securities 
is used to avoid things that are not desirable such as piracy. So, with these three systems, we 
can create safe and reliable autonomous vehicles. 

With Skylark, various transportation problems can be solved. As described in the rules, 
the city is said to have problems such as traffic jams and pollution. The city has no option to 
reach the city other than by car. Traffic hours that occur can be up to 4 hours during heavy 
traffic. Not to mention the air pollution generated by the surrounding industry which worsens 
the commuting process. Therefore, a flying car can be a solution to overcome this problem. 
Skylark does not move along the road, so the route can be taken quickly. Skylark also uses an 
electric propulsion system so it is environmentally friendly. With the presence of Skylark, 
problems are solved and our daily commute becomes comfortable and fun. 
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1.2. System Final Performance Features 
Table 1.1 Skylark specification and features 

Vehicle Type Hybrid Urban Air-Land Mobility 

Urban Air Mobility (UAM) Type Foldable Tandem Tilt-Wing Vertical Take-
Off Landing (VTOL) 

Take-Off Weight 885 kg 

Maximum Payload 180 kg 

Aspect Ratio 9.17 

Wing Loading 134 kg/m^2 

Airfoil NACA 2412 

Propulsion 8 x 2 Coaxial 28 kW Brushless DC Motors 

Maximum Thrust-to-Weight Ratio 1.4 

Maximum Speed (Vmax) 127 km/h 

Stall Speed (Vstall) 80 km/h 

Flight Time 54.6 min  / 0.91 h 

Maximum Range (Flying Mode) 
Maximum Range (Ground Mode) 

72.8 km 
426 km 

Autonomous System Fully Autonomous with 5 Camera, 2 Wide-
Angle Camera, 1 Telephoto Camera, 8 
Ultrasonic Sensor, and 1 Radar 

Communication System Vehicle-to-Everything (V2X) 
Communication with 5G support 

Safety System Parachute System 
Emergency Button  
Material Selection of Battery Enclosure 

Cyber Security System End-to-End Encryption 
Public Key Infrastructure 
Intrusion Prevention System 

 

1.3. Final System Architecture 
There are three ecosystem components in our system, which is the place of the user, 

Skyport, and the destination of the user. When not in use, all flying cars are parked on the 
Skyport. The concept of using a flying car that we apply is similar to the raid-hailing system. 
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Users who will use the vehicle simply order through the application. After that, the vehicle will 
come to pick up the user. After being with the user, the vehicle will return to the Skyport. 
Arriving at the Skyport, the vehicle will take-off and release the lower part or wheeled part of 
the vehicle. After take-off, the vehicle enters the cruising stage to the second vertipad (closest 
vertipad to the final destination). Arriving at the second Skyport, the vehicle will make a 
landing and will connect to the wheeled part. Once connected, the vehicle will go to the final 
destination by using the land route. After delivering the user, the vehicle will return to the 
nearest Skyport to wait for the next order. 

 
Figure 1.2 Skylark Ecosystem and roof part of Skyport 

Skyport is a building where flying cars can take off and land vertically. The Skyport is 
also used for parking, charging the battery, and maintenance. The Skyport that we design forms 
a multi-story building where the number of floors of the building will be adjusted according to 
the needs of the number of flying cars. Maintenance process will be placed in a place that does 
not interfere with the flow of operation of this flying car. Vehicles that come from the user 
location will go directly to the roof area to take-off. The charging process is carried out while 
the vehicle is parked. So, the vehicle will always be fully charged and ready to use. 

1.4. Subsystems Summary 
 Tandem-tilt wing system is the result of optimization between fixed-wing and 
multirotor. Both fixed wing and multirotor systems have advantages and disadvantages. Fixed-
wing models have the advantage that they can fly fast and use less energy. But on the other 
hand, the fixed wing model requires a long runway to carry out the take-off and landing process. 
The multirotor model has the advantage of doing takeoff and landing in a limited area. 
However, multirotor models are essentially flightless. This model only relies on propulsion to 
fly which makes it inefficient to use energy. From this analysis, by optimizing the advantages 
of both models, we conclude that the tandem-tilt wing model is the best model that can be 
designed. With the use of this model, our flying car can do takeoff landing vertically (VTOL) 
and can cruise like a fixed wing when flying. 
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Figure 1.3 Wheeled part of Skylark (left), Charging process (middle), and Skylar Interior 

(right) 
 The wheels or ground are the part that makes our flying car usable on land. This part 
resembles a car without the frame and cabin. This part has its own propulsion system so it 
doesn't depend on the propulsion system in the flying part. This part is connected using a 
coupling system with the flying part of Skylark. The weight of the battery components is the 
main reason this part becomes separate from the flying part. Given the availability of electric 
motors on the market, it is unrealistic to not separate these two parts. But one day if the battery 
is getting denser and the electric motor is very powerful it can be realistic. Currently the ground 
section uses a 310 kW 3 phase AC induction motor propulsion and a 100 kWh lithium ion 
battery. 
 The charging process is always done when the Skylark is parked at the Skyport so that 
the vehicle can always be ready to use. Skyport can install more powerful connections for 
charging the Skylark. Skyport will also have three-phase circuits, which greatly reduces the 
charging time compared to recharging at home. Flying parts and wheeled parts have their own 
charging ports. There are differences in battery capacity and usage time during flight mode and 
land mode, so they have different charging times. Electric car manufacturers usually provide a 
charging device with a cable for standard sockets. This includes a safety system that lowers the 
amperage to prevent overheating.  
 Users are free to listen to music and enjoy the view while driving. With the use of a 
fully autonomous system, users no longer need to move the steering system while driving. 
Users are free to use multimedia and relax along the way. The interior is presented with features 
of one large screen and two tablets as controllers. The leg room is also made very wide so that 
the user can stretch out. In addition to the automated system from sensors, V2X 
communication, and cyber security that have been used. A mechanical security system is also 
added to increase the user's comfort and sense of security.  
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1.5. Flight Envelope 
1.5.1. Wing Calculations 

 
Figure 1.4 NACA 2412 Profile (top) and Simulation of Skylark using NACA 2412 in 

XFLR5 (bottom) 
 To make this heavy Skylark fly it needs a big lift. Skylark has a net weight of 705 kg 
with a maximum payload of 180 kg so that in total the maximum take-off weight is 885 kg. 
NACA 2412 with a thickness of 12 percent was chosen because it has good lift criteria. This 
simulation of the NACA 2412 airfoil has been carried out using XFLR5. From the simulation 
that was run, it was found that the tandem wing using NACA 2402 has good Cl and Cd 
characteristics. From the simulation that has been done, we choose the angle of incidence on 
our wings of 0.9 degree. At that angle, the Cd value obtained is 1.5 while the Cd value is 0.12. 
The wings we use have an area of 6.6 m^2 with an aspect ratio of 9.17. With this aspect ratio, 
Skylark can maneuver well. 

1.5.2. Power Required 
Our Skylark works in 4 flying conditions namely take-off, hovering, cruising, and 

landing. Each movement has different thrust requirements. In the vertical take-off condition, 
the thrust that comes out must be greater than the vehicle load. Therefore, in this condition, we 
assume that the thrust used is 100% of the throttle. Take-off process is targeted to reach the 
ideal altitude. Adapting to urban conditions that have many skyscrapers, we choose a safe 
altitude of 1000 m. To reach this height it takes 72 seconds and a power of 6.6 kW. The second 
condition is hovering. Hovering is a condition where the vertical thrust is equal to the weight 
of the vehicle itself. Hovering is used when the vehicle is transitioning from take-off mode to 



 
8 

 
UI FLYING CAR  

cruise mode. According to the weight of the vehicle, in this condition we assume the throttle 
used is 80%. In this transition process it takes 15 seconds and a power of 0.9 kW. This transition 
condition occurs twice, namely during take-off to cruise mode and cruise-mode to landing. The 
third condition is at the time of landing. In this condition, the amount of thrust used must be 
smaller than the weight of the vehicle. In this condition we assume the amount of throttle issued 
by the motor is 60%. When the vertical thrust generated is smaller than the weight of the 
vehicle, there will be a decrease in altitude. In this condition it takes 72 seconds and a power 
of 2.2 kW. 

1.5.3. Flight Time 
Table 1.2 Flight Time, Speed, and Range 

Throttle 
(%) 

Power 
(W) 

Cruise Time 
(h) 

Cruise 
Time 
(min) 

Cruise 
Speed 
(km/h) 

Range 
(km) 

50 4451 1.14 68.2 77 87.5 

55 5554 0.91 54.6 82 74.7 

60 6776 0.75 44.8 87 64.9 

65 8117 0.62 37.4 92 57.3 

70 9576 0.53 31.7 97 51.2 

75 11163 0.45 27.2 101 45.8 

80 12859 0.39 23.6 106 41.7 

85 14683 0.34 20.7 111 38.2 
90 16617 0.30 18.3 116 35.3 

95 18678 0.27 16.2 122 33.0 

100 20857 0.24 14.5 127 30.8 
 

In cruise conditions, Skylark can reach a range of 75 km and a maximum speed of 127 
km/h. In these conditions, the calculation of thrust begins to be associated with the calculation 
of lift. We calculated the size of the wing loading and got a Vstall value of 78.9 km/h. Vstall 
is the minimum speed that must be taken before a stall occurs. Speed and distance that can be 
reached are interrelated. The faster the Skylark goes, the faster the fuel will run out. Conversely, 
the slower the Skylark goes, the farther the distance that can be reached. To reach the furthest 
distance, Skylark Skylark uses 55% throttle. By using this throttle, Skylark can reach the 
farthest distance of 74.7 km with a speed of 82 km/h and time of 54.6 minutes (longest). 
Whereas when Skylark wants to reach the maximum possible speed, 100% throttle can be used. 
With this throttle, the Skylark can reach a speed of 127 km/h with a shorter distance of 30.8 
km/h. Considering the vast metropolitan conditions such as Jakarta and Istanbul and the length 
of time it takes to charge, we think the furthest distance is the parameter that must be prioritized. 
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2. USER AND VEHICLE SAFETY 
2.1. Reliability of Power-Propulsion System 

2.1.1. Reliability of Motor and Battery 

Every power-propulsion system in the car is powered by electrical energy. Therefore, 
the car is automatically powered by motors. There are two types of motors that are used by the 
car, which are the Brushless DC motor (BLDC motor) and induction motor. BLDC motor has 
the responsibility to power the car in flying mode. On the other hand, the induction motor is 
used to power the car in ground mode. 

BLDC motor is used to power the flying mode due to its high performance and 
efficiency while maintaining a minimum weight. The BLDC motor also has the capability to 
provide constant power over medium speed. Hence, it is very suitable for intercity transport 
such as the case given in this competition. The BLDC motor used by Skylark is the T-Motor 
U15XXL Combo KV29, which has a mass of 5.3 kg each. Skylark has a total of 16 BLDC 
motors where each of the motors is connected to a single propeller. The propeller used by 
Skylark is the T-Motor P62*24, which has a mass of 526 grams and a maximum thrust of 102.4 
kg each. Every single motor is attached to an Electronic Speed Controller module (ESC 
module), which acts as the controller of the motor. The ESC used by Skylark is the T-Motor 
FLAME 280A HV, which has a mass of 900 grams each. Therefore, there are a total of 16 
BLDC motors, 16 ESC modules, and 16 propellers in Skylark. With that amount of BLDC 
motors, ESC modules, and propellers, Skylark is able to produce the theoretical maximum 
thrust of 1638.4 kg. Due to the coaxial setup used to connect the power-propulsion system, the 
true value of the maximum thrust is 75% of the theoretical thrust which is 1228.8 kg. The total 
mass of the BLDC motors, ESC modules, and propellers is 107.6 kg, which is only 12.15% of 
the maximum total expected load of the flying mode of Skylark. 

Induction motor is used to power the ground mode because of its characteristic of a 
balanced combination of cost-effective and high efficiency. Induction motor also has a 
relatively simple design with a great torque and high reliability. Therefore, it is suitable to give 
a great experience and efficient transportation around the city. The induction motor for the 
ground mode of Skylark is a 283 kW 441 Nm 3-phase AC induction motor. The motor runs in 
alternating current while the battery pack produces direct current electricity. Hence, it needs to 
be attached to an inverter to transform direct current into alternating current. Other than that, 
the inverter also controls the power frequency output which translates into the wheel speed. 
Thus, it results on a consistent basis for frequency output which leads to a controllable and 
comfortable speed for the passenger. 

The electric energy that is needed by both motors is stored in the battery pack. The 
battery for the BLDC motor is placed in the flying mode and for the induction motor is placed 
in the ground mode of Skylark. The battery packs for both motors are a self-configured battery 
pack that is specifically designed for Skylark. The battery pack consists of 16 battery modules, 
where each module consists of Lithium-ion batteries that are connected by both series and 
parallel circuit. The Lithium-ion batteries used in Skylark are the 18650 Lithium-ion batteries 
from Tesla Model S X P100. The series circuit is used to increase the voltage of the batteries. 
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On the other hand, the parallel circuit is used to increase the current of the batteries. The 
multiplication of voltage and current results in power, where the multiplication of power and 
time results in energy. The calculation of the battery configuration is as shown below. 

Table 2.1 Batteries Calculation 

 

The specification of the battery used for Skylark is 91.2 V 94.26 kWh Lithium-ion 
battery pack. It is mandatory to configure the batteries into a battery module before combining 
them into a battery pack because of several reasons. The reasons behind the battery module 
production are the uniformity of battery configuration between each single Skylark, the 
decrease of production cost, to ease the maintenance procedure, and produce better reliability. 
It is determined that the battery configuration of the battery module is 24 series and 19 parallel 
circuits in order to minimize the usage of space by the battery pack. One battery pack consists 
of 16 battery modules, which are placed in 4 levels where every level has 4 battery modules. 
The batteries are configured in the shape of hexagonal in order to reduce the amount of space 
taken by the battery pack. The 4 x 4 battery modules configuration is covered with a plate with 
the thickness of 1.5 mm in order to create a battery pack. Therefore, the dimension of the battery 
pack is 845 x 766 x 35 mm. The total amount of batteries used by a single battery pack is 7296 
batteries. Therefore, the total theoretical mass of the whole battery pack is 342.9 kg. In reality, 
the battery pack needs additional items such as covering, battery holder, Cooling System, 
Charging Port, Converter, and BMS. Therefore, the total true mass of the whole battery pack 
is 368 kg. The dimension of the battery hexagonal configuration that is used in the battery 
calculation and the place of the battery pack in the flying and ground mode are shown in the 
figure below. 
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Figure 2.1 Hexagonal Configuration of Batteries (left) Flow of Cooling System in the 
Batteries (middle) and Placement of the Battery Pack (right) 

From the table below, it is known that each component that is related to the power-
propulsion system has its own possibilities of failures. Each failure has its own measures which 
results in a lower value of importance. Low value of importance means a safer component of 
the power-propulsion system. From the figure 2.2, it could be seen the flow of cooling system, 
which is used to avoid thermal imbalances and overheat, and circuit breaker, which is used to 
avoid overcurrent in both motors and battery. The cooling system utilizes water glycol to run 
within the batteries in every module in order to spread the cooling system evenly throughout 
every battery. Hence, it reduces the possibility for thermal imbalances failure to happen. The 
water glycol also helps to reduce the possibility of overheating. The constant and even flow by 
the water glycol helps to reduce the concentration of heat into a single spot. The other cases of 
failures and its measures are shown in the table below. 

Table 2.2 Table of Importance Levels of Failures and its Measures 
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2.1.2. Reliability of Controllers 

 

Figure 2.2 Skylark’s Control Diagram (top) and Sensors Placement (bottom) 

There are 4 main steps in making an autonomous system. First one is to sense, Skylark 
uses several sensors to sense its own and surrounding objects position and speed. Then it 
perceives where on the existing path is its position, what is the detected surrounding objects, is 
the objects going to block its path and then making plans based on that perception. The plan is 
simple, to follow the route given by the air traffic controller (ATC) and make some adjustments 
if there are obstacles. Then it acts to control the motors to follow the plans. 

We are using several sensors to support the auto navigation system as seen in figure 
2.4. There are Inertial Measurement Unit (IMU), Global Navigation Satellite System (GNSS), 
cameras with different field of views, radar, and ultrasonic sensors. To increase the accuracy, 
each sensor has their own independent components. IMU uses gyroscope, magnetometer, and 
accelerometer to accurately predict pose and acceleration. GNSS uses a combination of 
different position service providers like GPS (US), GLONASS (Russia), BeiDou (China), and 
Galileo (Europe) to correctly estimate position and speed. This performance can be improved 
by regional satellite-based augmentation systems (SBAS), such as the European Geostationary 
Navigation Overlay Service (EGNOS). EGNOS improves the accuracy and reliability of GPS 
information by correcting signal measurement errors and by providing information about the 
integrity of its signals. 

Kalman Filter is an algorithm that uses a series of measurements observed over time, 
containing statistical noise and other inaccuracies, and produces estimates of unknown 
variables that tend to be more accurate than those based on a single measurement alone. In an 
experiment, sensors were used for tracking circular motion of an object. On the left it was using 
a GPS with a frequency of 1Hz and on the right GPS and IMU were used. We can see that the 
right graph was producing more accurate estimation. 
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Figure 2.3 Skylark’s Sensor Fusion 

2.2. Noise Reduction  

Several ways that could be done to reduce noise are weight reduction, selection of 
noise-reducing materials, source noise reduction, active noise control, and flight route 
infrastructure. One of the most effective design parameters for minimizing aircraft noise is 
vehicle weight. The heavier the vehicle, the more lift and thrust it will need to make it fly. The 
noise source reduction strategy relies heavily on the design of the propulsion configuration to 
minimize the distortion of the inlet and outflow to the fan blades like increasing the number of 
blades, optimizing airfoil blade shape, optimizing blade planform shape, etc. Active noise 
control systems are attractive in that they have the potential to provide much better performance 
over a greater frequency range at a much lighter weight. Other than that, flying cars will require 
regulations for vertiports (take-off and landing facilities) for ground and air transitions. A 
design that ensures a careful selection of flight routes and verification location will be very 
helpful in overcoming concerns about the noise generated during the take-off and landing 
phase. 

The resonance of a car could be reduced by using acoustic materials - sound insulation 
materials or sound absorbing acoustic materials inside and outside the car. Fiberglass sound-
absorbing blankets are placed between the fuselage and the trim panels forming a double wall. 
The air gap sidewall panels will increase the total noise reduction of the system. In addition, 
the material used for manufacturing flying car panels use bio-composites with a honeycomb 
core made of PLA (polylactic acid). Honeycombs are used because they have very high 
stiffness perpendicular and exhibit superior noise and vibration insulation. 

 

Figure 2.4  Honeycomb Structural Panel 
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2.3. Safety and Security 
2.3.1. Car Safety 

Designing a flying car system must prioritize the safety of drivers and the surrounding 
community, both in the air and on the ground. In such a system, the user at Skyport enters the 
intended destination before take-off so that the system can determine whether the energy 
available will be sufficient for the trip. Flying cars must ensure that the airworthiness approval 
system has a requirement that all flying cars have a reliable system that will determine whether 
the amount of energy in the system for takeoff, in-air and landing is sufficient. Flying cars must 
also have a system that ensures adequate floatation in the event of a car landing in the water to 
ensure the safety of car passengers in the water until the SAR team arrives.  

The heavier and higher the speed of an object, the more dangerous the impact will be if 
it falls on people or on the roof of a building. There are several things that can be done to 
anticipate and reduce the impact of mechanical failure that may occur. Choose materials that 
are made of durable and very strong components that are able to withstand high impact forces 
on critical parts of the air transportation system without breaking, for example in the battery 
enclosure. The system will start the fire fighting process automatically in case of an emergency 
landing. On the side of the passenger seat, there is a red button that functions to open the car 
door in case of an emergency on the road.  

 In addition, to ensure that the flying car does not suffer a fatal collision, the automatic 
parachute system activates if an unusual maneuver is detected or a system failure occurs. At 
the top of the car, there is a black box containing a parachute that will trigger if the speed and 
maneuver changes significantly. Parachute technology helps ensure that the speed of an object 
reaching the ground is reduced to a safe speed to avoid emergency landings and ensures that 
flying cars do not fall over objects on the ground with high impact energy.  

 

Figure 2.5 Parachute System 

The density of air is assumed to be 1.225 kg/m3, acceleration due to gravity 9.81 m/s2, 
and the drag coefficient of the parachute is 0.75. The parachute must be at least 49,16 m2 to 
give the car a landing speed of 6.26 m/s. The lower the desired speed, the larger the parachute 
area. 
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2.3.2. Cyber Security 

There are some vulnerabilities regarding control systems, driving systems, and V2X 
communications. In the control system, there are some attack possibilities towards the ECU. 
For example, ECU can be controlled by just sending some CAN packets. These CAN Packets 
are sent to the car when the car is connected to the internet for sending and receiving data. 
Besides the ECU, in the control system there are some vulnerabilities based on the vehicle 
inside the network. The attack on the control system is always towards the CAN and trying to 
take control of the ECU. In the driving system components, there are some vulnerabilities that 
can be exploited. Sensors used in the car such as GPS are most likely to be attacked. GPS 
sensors are the most likely sensor to be spoofed. This can make the system think that the car is 
located in some random places. The last possible category attack in the car is the V2X 
communication attack. Some V2X communication includes Bluetooth communication. 
Bluetooth communication can cause some vulnerabilities and can cause hackers to be 
connected with the CAN bus and do damage to the car. 

We build the design of this car to be able to protect against those vulnerabilities. When 
there is a software update for the vehicle, it will be updated via Over-The-Air (OTA). This can 
minimize possibilities of exposing the vulnerabilities that can be exploited. For the 
authentication of Bluetooth pairing, this car will be using a Diffie-Hellman authentication 
algorithm. This will reduce the vulnerabilities of Bluetooth. Because the V2X communications 
are susceptible to some hacking methods such as spoofing and jamming, we propose using an 
Intrusion Prevention System (IPS) to be installed on the vehicle. Intrusion Prevention System 
can detect when there is an anomaly in the vehicle communication. For example, when 
someone tries to hijack by sending a malicious packet to the vehicle, IPS will be notified and 
block the communication.  

For defending against the GPS sensor attack, this car will use a military-grade GPS and 
use Galileo OS-NMA. This military-grade GPS will encrypt the data that is being sent or 
received from the satellite. By using Galileo OS-NMA, there are some authentication needs to 
be done before receiving or sending data from a satellite. The authentication needed to ensure 
the location sent from the vehicle is the real time location and from the vehicle itself. This 
algorithm can reduce the chance of the vehicle to be spoofed to another location.  

All communication between vehicle to vehicle or vehicle to everything will be 
encrypted using asymmetric keys (public and private key). Each vehicle will be getting the 
public and private key for the communication using AES-192 (Advanced Encryption 
Standard). This asymmetric key will be enabling the End-to-End Encryption (E2EE) system 
for the vehicle. E2EE will help the vehicle so the vehicle cannot be hacked. For example, by 
using man in the middle attack or sniffing tools, someone might know the message and maybe 
change the message that is being sent by one vehicle to another. In this case, messages that are 
sent to vehicle 1 will be encrypted using vehicle 2 public key. When the message is received 
by vehicle 2, vehicle 1 will decrypt the message using its private key. 
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3. SCENARIO AND AIR TRAFFIC MANAGEMENT SYSTEM 
3.1. Urban Scenario Implication 

 
Figure 3.1 Urban Scenario Implication Map 

From the city scenario provided there are several key pieces of information. First, the 
city is about 60km square wide and there are 6 main areas in the city: western residential area, 
city center, southern residential area, airport, eastern infrastructure, and train station. These 
areas are places where the majority of the citizens usually commute.  

Second, the only transportation modes in the city are road-based transportation like cars 
and buses. Intercity travel (such as from western residential area to city center or from train 
stations to the airport) takes 4 hours during heavy traffic and there are 2 peak hours a day during 
commute and departure time.  

Third, there are some hindrances to the implementation of a flying car in this city. To 
the south of the city there is an airport where planes are using airspace towards the north of the 
city to land and take off. There is also air pollution from industrial zones and dangerous strong 
winds from mountains on the northern side of the city. This city is also experiencing 4 seasons 
where heavy snow/rain, thunderstorms, and heat waves can also hinder the flying car's 
operation.  

To overcome these problems, we are designing a flying car ecosystem with takeoff and 
landing ports, designated airways, and other features. To avoid chaotic situations regarding the 
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usage of intercity airspace, the station and airways system is implemented. Take-off/landing 
stations named Skyport (depicted by white circle with SP writing) are placed on the vital parts 
of the city. Skylark can only transit from/to land roads via these stations.  

  

Figure 3.2 Vertical Airways Separation (left) and Air Corridor Seen from Above (right) 

These stations are connected by airways that have a fixed amount of lanes and altitudes. 
The International Civil Aviation Organization (ICAO) specifies that minimum vertical 
separation in airspace between the surface and 8.800m should be 300m apart. This reference 
was made considering the smallest plane weight at 7.000kg with speed over 300km/h. Skylark 
however have much lighter weight at 1.000kg and travel at slower speed of maximum 250km/h 
so the separation should be lower. Assuming there is no other use of intercity airspace, the 
minimum separation of 200m, and maximum flight altitude at 1.500m, we can build several 
airways at 1.200m, 1.000m, 800m, 600m, and 400m as seen in figure 3.2 (max altitude is not 
used for safety measure and 200m is not used because of environmental noise). Airspace at 
400m will make faster take-off/landing time hence only be used for emergency situations.  

These airways then further separated to 4 air corridors (lanes) that have different 
functions and also 200m apart. In a normal circumstance these 4 lanes are divided to two-two 
lanes with opposite directions as seen in figure 3.3. One of the two lanes acts as a transit lane 
(violet) that will be used by Skylark that have just take-off or want to land at Skyport. Another 
lane is a high-speed lane (blue) that flies above stations for Skylark that have different stations 
as destinations. With this configuration, Skylark that uses a high-speed lane doesn't have to 
slow down when flying above a station.  

Considering all the conditions mentioned earlier, we can safely propose airways as 
depicted by transparent blue lines in figure 3.1. First it does not fly above the industrial zone 
with air pollution or near mountains on the northern part of the city. Second, the airplane that 
takes-off/landing in the airport can use airways above the forest on the southwest of the city. 
Assuming the forest is 20-30km wide and plane landing/take-off angle of 15°, the plane will 
have an altitude of 5km or more when passing above the Skylark airways near western 
residential area.  

Now, judging only by the map, from western residential area Skyport to the city center 
Skyport has a distance of 25km. Assuming normal circumstances, the time needed to travel is 
just about 10 minutes. It's a lot of an improvement. Of course, there will be some non-ideal 
circumstances, we will provide the explanation in other sub chapters. 
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3.2. Air Traffic Management System 
3.2.1. How to get on and off to Vehicle 

We design the Skylark to be a ride hailing system. For someone who wants to use 
Skylark, they must book it first on the application and choose the destination they want. Skylark 
vehicles will be waiting at the nearest parking spot or going around on the road, waiting for 
someone to make an order. When someone makes an order from some location, the nearest 
Skylark available will be picking up the passenger. 

After Skylark picks the passenger on the ground, it will take the passenger to the nearest 
Skyport and take the passenger to the destination. When Skylark arrives at the nearest Skyport 
from its destination, it will take the ground part of the Skylark and continue the trip. When it 
reaches the destination, Skylark will be going around or going to parking spot and searching 
for another order 

3.2.2. Airborne Movement Rules 

Controlling flying vehicles requires advanced knowledge and certification. We will 
make our flying car fully autonomous so that everyone can ride safely (the option to drive 
manually on land roads is still preserved).  The vehicle can then navigate to the destination 
chosen by the passenger automatically. In-road decision is autonomously decided by using its 
visual perception and awareness of the surrounding while still obeying the rules implemented 
by the Air Traffic Controller (ATC).  

Vehicles will maintain their safe distance to other vehicles, this safe distance is 
proportional to the vehicle speed. During rush hours, ATC can decrease the speed limit on 
airways to make room for more vehicles. Stations are also equipped with a waiting area to 
prevent traffic jams on the outside of the building.  

The system for airborne movement in Skylark, will be using the Autonav system. In 
this system, the movement in the air will be consistent and every Skylark will have their own 
area. Each Skylark movement will be on the track and will not be off track. However, if the 
Autonav system fails, the Skylark will be redirected to the nearest Emergency Point and land 
there.  

3.2.3. Vehicle-to-Everything (V2X) Communication 
Vehicle communication in this flying car design uses the IEEE 802.11p standardization 

or commonly referred to as the Dedicated Short Range Communication (DSRC) standard for 
vehicle-to-vehicle or vehicle-to-infrastructure communication. The frequency used for 
implementing this communication is at 5.85 GHz to 5.925 GHz with a bandwidth of 75 MHz. 
There are three core components in the flying car communication network system, which are 
Nodes, Local Networks, and the Internet of Things. 
 Node is a terminal used to collect and transmit data from sensors and GPS. The local 
network is a network used to transmit data that has been collected where there are two 
possibilities of network configurations, namely the 4G network and the 5G network. 



 
19 

 
UI FLYING CAR  

Meanwhile, the Internet of Things is an important component for implementing vehicle 
communication because there is a cloud system used to connect vehicle with vehicle, vehicle 
to air traffic controller (ATC), and fellow air traffic controllers to facilitate safe, secure, and 
on-time flights. 
 The use of 4G network or 5G network is adjusted to the users’ transfer data needs during 
flights. The 4G network is used for data exchange up to 100 Mbps speed, meaning that the 
need for data exchange is relatively less than the 5G network. Meanwhile, the 5G network is 
used for data exchange usage with speeds of up to 10 Gbps. The more the need for data 
exchange, such as flight traffic information, the use of live streaming from the users, and the 
use of other internet facilities means that the more data transfer speeds needed and will have 
implications for the choice of network usage. 
 

 

 
Figure 3.3 Illustration of a Flying Car Communication System. 

 
However, in terms of the communication concept itself, basically the same between the 

use of the 4G network and the 5G network, where the data obtained will be sent using an 
antenna that functions as a transceiver not only from the vehicle to the ATC, but also from the 
vehicle directly to the cloud system. The Radio Access Network technology used in 
implementing this flying car can be microcell and/or small-cell. Microcell technology allows 
communication with the micro-scope, for example between flying cars and other flying cars. 
Meanwhile, small-cell technology allows communication with a relatively larger scope than 
the microcell, for example between a flying car and ATC. 

 
To transmit data from the sensor, therefore an antenna is needed those functions as a 

transmitter and receiver. The antenna must comply with the IEEE 802.11p standard where the 
working frequency is from 5.85 GHz to 5.925 GHz. In addition, according to Balanis in the 
Antenna Theory: Analysis and Design Ed.3 book, an antenna can be said to function properly 
if it has a Voltage Standing Wave Ratio (VSWR) parameter value close to 1 and a return loss 
value less than -10 dB. 

VSWR is defined as the ratio between transmitted and reflected voltage standing waves 
in a radio frequency (RF) electrical transmission system. In an ideal system, 100% of energy 
is transmitted from the power stages to the load. Therefore, its VSWR is 1.0 (or more usually 
expressed as a ratio of 1:1). Return loss is the loss of power in the signal returned / reflected 
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by a discontinuity in a transmission line. If all the power was transferred to the load, then there 
would be an infinite return loss. 

Figure 3.4 shows an antenna designed for vehicle-to-vehicle communication 
applications, where the left image shows the front section of the antenna to radiate signals and 
the right image shows the back section of the antenna as the electrical ground of the antenna. 
The material used in the patch and ground is copper. While the material used on the substrate, 
the structure between the patch and ground, is FR-4 (epoxy-glass). The dimensions of this 
designed antenna are 24.14 mm x 22.90 mm x 1.67 mm. 

Figure 3.4 (a.) front view of the antenna (patch); (b.) back view of the antenna (ground) 
 
Figure 3.5 shows the simulation results of measuring the VSWR value of the designed 

antenna. For frequencies based on IEEE 802.11p standardization, the VSWR value is close to 
1. At pointer 1 with a frequency of 5.85 GHz, the VSWR value is 1111. At pointer 2 is the 
frequency with the peak VSWR value, which is 5.88 GHz with a VSWR of 1.0007. Meanwhile, 
on pointer 3 with a frequency of 5.925 GHz, the value is 1.1144. Those VSWR values are in 
accordance with the reference in the Antenna Theory: Analysis and Design book by Balanis, 
where the best VSWR value is close to 1. 

Figure 3.5 VSWR Simulation Result of the Designed Antenna. 
 

Figure 3.6 shows the simulation results of measuring the return loss value of the 
designed antenna. For frequencies based on the IEEE 802.11p standard, the return loss value 
is less than -10 dB. At pointer 1 with a frequency of 5.85 GHz, the return loss value is -25.581 
dB. At pointer 2 is the frequency with the peak return loss value, which is 5.88 GHz with a 
return loss of -69,046 dB. Meanwhile, on pointer 3 with a frequency of 5.925 GHz, the value 
is -25,335 dB. Those return loss values are in accordance with the reference in the Antenna 
Theory: Analysis and Design by Balanis book, where the best return loss value is less than -10 
dB. 
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Figure 3.6 Return Loss Simulation Result of the Designed Antenna. 
 

The simulation results of measuring the total efficiency value of the designed antenna 
are as follows. For frequencies based on the IEEE 802.11p standard, the total efficiency value 
is around 72%. At pointer 2, the total efficiency with a frequency of 5.85 GHz is 71.88%. At 
pointer 4, the total efficiency with a frequency of 5.925 GHz is 72.55%.  
 Figure 3.7 shows an illustration of the signal radiation from an antenna designed with 
a frequency of 5.925 GHz. The simulation value of the designed antenna gain measurement is 
4.384 dB. The gain of 4.384 dB means that the signal power sent from the source is given a 
signal amplification of 2.74 times. Figure 3.8 shows an illustration of the signal radiation from 
an antenna designed with a frequency of 5.925 GHz. The simulation value of the antenna gain 
measurement designed is 4.398 dB. The gain of 4.398 dB means that the signal power sent 
from the source is given a signal amplification of 2.75 times. 

Figure 3.7 Gain Radiation Simulation Result of the Designed Antenna at 5.85 GHz. 

Figure 3.8 Gain Radiation Simulation Result of the Designed Antenna at 5.925 GHz. 
 

Figure 3.9 and Figure 3.10 show the radiation angles of the antennas designed with 
frequencies of 5.85 GHz and 5.925 GHz. The ability of the signal beam angle from the antenna 
with a frequency of 5.85 GHz is 107.5 degrees. While the ability of the antenna with an 
operating frequency of 5.925 GHz is a beam angle of 108.9 degrees. To meet the need for 
horizontal signal transmission with an operating frequency of 5.85 GHz or a frequency of 5.925 
GHz, the number of antennas needed is 4 pieces. In addition, to meet the needs vertically, the 
number of antennas needed is 4, so the number of antennas needed to meet the needs vertically 
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and horizontally is 8 pieces. This is to prevent the creation of a blind spot where the signal 
cannot be transmitted.  

Figure 3.9 Angular Width Simulation Result of the Designed Antenna at 5.85 GHz. 

Figure 3.10 Angular Width Simulation Result of the Designed Antenna at 5.925 GHz. 
 

 Figure 3.11 shows an illustration of when a SKYLARK car is operated where there is 
a signal transmitted horizontally. When the SKYLARK car is operated on land, the operating 
antenna is an antenna with a horizontal direction and an upward vertical direction. When the 
car is operated in the air, the operating antennas are all antennas with horizontal and vertical 
directions up and down. As with the previous calculation, which estimates the need for 8 
antennas, taking into account the beam angle from the antenna, a piece antenna will be installed 
each on the front and back of the car, a piece each on the left and right, and two pieces each on 
the top and bottom of the car. Figure 3.12 shows a fabricated antenna where the left image 
shows the front view of the antenna to radiate signals and the right image shows the back view 
of the antenna as an electrical ground. 
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Figure 3.11 Illustration of Emitting Signal Radiation when the Car is Operated. 

Figure 3.12 (a.) Front View of the Fabricated Antenna (Patch); (b.) Back View of the 
Fabricated Antenna (Ground). 

3.2.4. Route Planning 

The route planning of the Skylark is based on the passenger’s choice. The choice for 
the Skylark route system is either using the autonomous system based on the best route or the 
passenger manually choosing the direction they want. For example, if the passenger wants to 
get to the location immediately, they can choose the best route provided by the system. 
However, when the passenger chooses the manual route, they must input the direction to the 
destination manually. 

The vehicle can calculate several most efficient routes based on location data from GPS 
and traffic data gathered by the traffic controller with simple algorithms like Dijkstra’s Shortest 
Path. Passengers can then choose the route based on their personal preferences (less flight route 
for convenience and saving power or any fastest possible route available).  

Passengers can also manually choose the route they want and change the destination in 
the middle of the trip. However, the vehicles are not allowed to turn around mid-flight, the 
airways are fixed and turn around will only be available inside the station area. If the passengers 
want to change the destination, Skylark can change the direction if the directions are not going 
backwards. But, if the new direction that passengers chose is behind the current location, 
Skylark must stop at the nearest Skyport and make a U turn there.  
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3.2.5. Reacting to Non-Ideal Circumstances 
 
There are three emergency stop stations (depicted by red triangles and EP on the figure 

3.1), one on the west side, one on the southeast side of the city center and one on the middle of 
the industrial area. These stations are connected by land road and will be used in case of bad 
weather, vehicle system failure, or when a blackout happens in the city. 

Since there is only one hospital in the city, passengers with an emergency (i.e., heart 
attack/childbirth) are immediately given a new emergency route (above the normal ones) to the 
eastern infrastructure station, from there they will be assisted by the medical crew to the city 
hospital. There are also two backup routes in case airways in the city center are getting too 
crowded. This backup route can also be opened when traffic density is near maximum. 

In our designed system, there will be some geofencing based on the GPS to know if 
there are some non-ideal circumstances such as bad weather. If someone tries to order the 
Skylark within the area of being fenced, Skylark will not accept the order from that area. This 
geofencing system will help to minimize the risk from unwanted cases like bad weather.  

When Skylark is in the air, the first route planned is always on a straight line. But, if 
there is some emergency or some unwanted conditions such as bad weather or strong wind, the 
route can be planned to avoid those conditions. Skylark will dynamically choose the path 
whether it will go swerve for the path that has the best options.  

3.2.6. Fuel/Battery Status 

In this Skylark system, the battery is charged at the Skyport. Because of the differences 
between the ground unit and flying unit, there are some advantages that our system has. The 
battery for the ground unit will be different from the flying unit. This design exists because by 
distinguishing the battery between flying and ground units, Skylark can maximize the flying 
duration. Therefore, the flying unit can be charged when the flying unit and ground unit 
becomes one.  

The charging station for the Skylark will have one each in different areas such as 
industrial areas or residential places. Charger capacity for the charging station will use the 300 
kW DC connectors. This dynamic parallel charging adjusts the charger for the individual power 
demand of each connected car and automatically adapts the charging process to the Skylark's 
battery technology and charging status. As a result, the Skylark can have fast charging 
capabilities and not wait for too long. In DC fast-charging, grid power is passed through an 
AC-to-DC rectifier before reaching the vehicle's battery, bypassing any onboard inverter. The 
type of connector used is a Type 4 connector (fast charge coupler) for special systems such as 
CHAdeMO. Electric car manufacturers usually provide a charging device with a cable for 
standard sockets. This includes a safety system that lowers the amperage to prevent 
overheating.  
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4. DESIGN AND SCALED MODELS 
4.1. Design Figures 

In this section we will include pictures that we have designed, including various views 
of the vehicle, details such as cabin interiors and also the location of passengers. The following 
is a front view, side view, and rear view of Skylark in different modes. 

 
(a) 

 
(b) 

 
(c) 

Figure 4.1 Various Views and Dimension of Skylark on Road Mode (a), Skylark on 
Flight Mode (b), and Wheeled Part of Skylark (c) 

 
 

 



 
26 

 
UI FLYING CAR  

The following is an interior view of the Skylark flying car cabin. The Skylark LCD 
section displays some information related to flights and entertainment. The information 
displayed is divided into two, namely displays that can be changed and those that cannot be 
changed. Display of information that cannot be changed in the form of battery percent, air 
speed, altitude, time, maps, and radar, etc. While the display that can be changed is the display 
of entertainment such as videos and music. Skylark uses the gesture feature to change the 
information listed on the LCD display so that passengers don't have to look down and touch 
the screen. In the passenger hand rest, each has a mini tab that is used to adjust the needs of 
each user, such as the level of the bench upright, air conditioning, etc.  

On the side of the passenger seat, there is a red button that functions to open the car 
door in case of an emergency on the road. The button is designed so that it cannot be used while 
in the air because it can endanger the safety of passengers. 
 

 
 

Figure 4.2 Location of Passenger 
 

 

 
 

Figure 4.3 Cabin Interior 
Skylark uses tandem-tilt wings and sixteen wing-mounted motors which can be directed 

forward and also upward as shown in the figure 4.4. When doing vertical takeoff and landing, 
the wing will face up, while when cruising the wings will face forward. When traveling on 
land, the vehicle is fitted with wheeled parts. The wheeled part is an additional part that has its 
own propulsion system. When using ground mode, the wings of this vehicle can be folded. 
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Figure 4.4 Folding Propeller and Folding Wing Mechanism 

 
Coupling system is used to connect the Skylark with the wheel parts. The system used 

in Skylark is to combine the aerial body and the wheeled part to be used on the road. The 
assembly system uses a coupling system to lock the aerial-based (flying part) and ground-based 
(wheeled part) as shown in the figure 4.5. In addition, when the two systems are combined, 
data transfer also occurs so that the chassis can be controlled by the flying part. 

 
 

Figure 4.5 Coupling System Mechanism 
 

Skylark door parts use hydraulic systems as shown in the figure 4.6. When the door is 
open, the LCD will also go up. This is intended to make it easier for passengers to access 
because the way in and out of passengers is through the front of the seat.  

 

 
Figure 4.6 Hydraulic-Door System Mechanism 
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4.2. Scaled Model 

The scaled model of Skylark is made with a 1:16 scale size from the original model. 
The selection of these sizes has met the requirements contained in the regulations, which are 
more than 10 x 10 x 10 cm. Some components that have motion mechanisms such as folding 
wings, folding propellers, and doors can move on the model by using the concept of hinges on 
each of these components. Making a scale model is done by dividing it into several parts before 
carrying out the assembly process. Here are the sizes we used to create the scaled model as 
well as the exploded view of Skylark. 

 

 

 
Figure 4.7 Dimension of Scaled Model 

 

 
Figure 4.8 Exploded View of SKYLARK 
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The chart shown in the figure 4.9 is a gantt chart of the scaled model manufacturing 
process. The materials we use to make this scaled model are ABS plastic sheet, Scotlet, PLA+ 
3D Printing Filament, Paint, Pylox, Glue, Sanpolac, Sandpaper, Coating, etc. While the 
materials used are 3D printer machines, pen knives, etc. 3D digital model adjustment process. 
In this process, the 3D digital model is tidied up and prepared for 3D printing, such as 
converting to the .stl file and cutting the file to fit and enter the 3D printing machine. all files 
that have been prepared in 3D print, with PLA + material. After finishing printing, the 3D 
printed model is smoothed with sandpaper and Sanpolac putty, this process is quite time 
consuming considering the complex shape of the model. The process of assembling hinges and 
mechanisms, such as making hinges from wire or customized 3D printed shapes. Then the 
manufacture of wings, propellers and so on are adjusted so that the folding mechanism can 
work. After all the model and mechanism parts are neat, then they are painted with Pylox and 
an air brush. Finishing part by coating and adding details. Finally, the assembly of all 
components. 

Unfortunately, the manufacture of our scaled model had to be stopped due to 
Indonesia’s National COVID 19 Lockdown following the increase in positive cases from the 
delta variant. Closures applied to all places including our university. Therefore, we cannot 
continue the progress of our scaled model until the lockdown period ends. Here we attach the 
regulations for the prohibition of activities during the lockdown period: 

https://drive.google.com/drive/u/3/folders/1UsytXSiJE133ZXALqGZNXmgi37-vlPrs 
 

 
Figure 4.9 Gantt Chart of Scaled Model Manufacturing Process 

 

 
Figure 4.10 Manufacturing Process of Scaled Model 
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4.3. Simulation 
 

 
 

Figure 4.11 Road Mode to Take-Off Process 
 

 
Figure 4.12 Take-Off to Cruise/Flight Mode Transition 

 
Figure 4.13 Skylark Ecosystem: User pick-up process in road mode (a), VTOL and 

Cruising Process in Flight Mode (b), and delivery user to specific location in road mode (c) 

(a) 

(b) 

(c) 
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In the figure 4.11 and 4.12, it is explained that the mechanism of wing movement from 
road mode to take off and take-off to cruise mode process. Folding in our system occurs in the 
propeller and wings. In the figure 4.13, explained the schematic or operation of our Skylark 
vehicle. Our vehicle system which adopts the raid hailing system, makes it easy for users to 
use Skylark. For further explanation, you can watch it in the video that we have included the 
link below: 

Link for simulation video:  

- Skylark Operation Scenario and Folding Mechanism 
https://drive.google.com/drive/u/3/folders/1XbBvgYyXLBkE-
xL1y5pxKdj57IIip6H3  
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