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1. PROJECT SUMMARY 

1.1. DESIGN COMPLIANCE 

The Ashwincarra design process for TÜBITAK International Unmanned Aerial Vehicle 

(UAV) Turkey Competition combines linear and iterative approaches. The linear method is 

used during the planning and developing phase. The planning phase includes defining Design 

Requirements and Objectives (DRO) from the competition rules and then carefully analyzed 

and designed to produce a UAV from the DRO. The developing phase covers the fabrication 

and assembly process of the UAV as well as the software development based on the design 

and DRO. After finishing the fabrication process of the UAV, the research follows an iterative 

process of testing, analyzing, and revising/troubleshooting in the refinement phase. The 

iterative approach is employed to optimize the UAV, such as by fine-tuning the design, 

parameters, or algorithms. Figure 1 depicts the flow of the design process.  

 

Figure 1 Ashwincarra design approach 

 Ashwincarra's final UAV design has a high wing design with a conventional single tail 

boom configuration and puller propulsion system. This configuration is chosen because it has 

excellent stability and remains lightweight. The UAV is equipped with a Pixhawk 4 Flight 

Controller (FC) to provide a stable autonomous flying capability. Moreover, the UAV is armed 

with a fuse and a current breaker to protect the electronic components in case of an 

emergency. Furthermore, a Raspberry Pi 4 Single-Board Computer (SBC), equipped with a 

camera, is used to detect the dropping target zone and trigger the payload release. 

 The designed UAV has a Maximum Take-Off Weight (MTOW) of 4.2 kg, with an aircraft 

mass of 3.2242 kg. It can reach a climb rate of 3.5 m/s with an average cruise speed of 10 m/s 

and a stall speed of 7 m/s. The recommended payload mass is 210 g. However, it has a 
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maximum payload mass of 1 kg. Moreover, the UAV can fly up to 15 minutes and is designed 

to be hand launched. The plane is operated with a wind disturbance tolerance of 4 m/s and a 

temperature between 10 to 55 °C. 

1.2. TEAM 

The Ashwincarra UAV Team's team organization consists of an academic advisor, a 

team captain, a manager, two mechanics, two electricians, and a programmer. The academic 

advisor, Bakhtiar Alldino Ardi Sumbodo, S.Si., M.Cs., supervises the team during report 

writing, UAV development, and the overall process leading to the TÜBITAK International UAV 

Turkey Competition. The team captain (Muhammad Hashfi Jilani) leads and the manager 

(Aimmatul Yumna Arivatul Azra) coordinates the team to ensure the progress of the UAV 

development and the completion of non-technical matters. Muhammad Ashif Nazih and 

Muhammad Hashfi Jilani, the mechanics, are responsible for the design and fabrication 

process of the airframe used in the competition. Yonathan Aryanda Wijaya and Ardaya 

Pratama, the electronic experts, are in charge of selecting and assembling the electronic 

components. Muhammad Verdy Rizaldi Noorghifari, the programmer, is responsible for 

developing the software and algorithms needed for mission completion. The team diagram in 

Figure 2 shows the team's job description and hierarchical structure. 

 

 

Figure 2. Team diagram and job description 

 

1.3. WORK SCHEDULE 

Table 1. Ashwincarra work schedule   
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2. DETAILED DESIGN 

2.1. DIMENSIONAL PARAMETERS OF THE DESIGN 

Table 2. Fixed-wing UAV parts and total weight table 

No. Part name Weight (g) Qty. Total weight (g) 

1 Pixhawk 4 40.3 1 40.3 

2 Hobbywing Platinum 80A ESC 83 1 83 

3 Futaba R7008SB Receiver 10.9 1 10.9 

4 T-Motor AT3520 KV850 207 1 207 

5 Onbo 4S 6200mAh 564 1 564 

6 Pixhawk 4 GPS Module 49 1 49 

7 Raspberry Pi 4 Single Board Computer 60 1 60 

8 Raspberry Pi Camera Module V1.3 3 1 3 

9 Telemetry 433 MHz 63 1 63 

10 Power Module 70 1 70 

11 Flaps Servo ES08MD 17 2 34 

12 Aileron Servo ES08MD 17 2 34 

13 Rudder Servo ES08MD 17 1 17 

14 Elevator Servo ES08MD 17 1 17 

15 Dropping Servo ES3054 22 1 22 

16 Payload 100 2 200 

17 Propeller 13x6.5 53 1 53 

18 Current Breaker 85 1 85 

19 Fuse 61 1 61 

20 Mainframe Fuselage 1001 1 724 

21 Wing 310 2 620 

22 Empennage 207 1 207 

TOTAL 3224.2 

The all-up weight (AUW) of the UAV is one of the essentials to produce an optimal 

design. Weight distribution will affect the balance of the UAV, which in turn, will affect stability 

and control. Another critical factor in the stability of the UAV is the Center of Gravity (CoG) 

location. Based on the calculation, the UAV's CoG location should be 317.7 mm from the front 

of the fuselage or 937.5 mm from the wing leading edge. The CoG location becomes the X-

axis reference. Meanwhile, the Y-axis reference is located along the horizontal axis or XY 

plane. Furthermore, the Z-axis reference is determined based on the placement of the motor, 

which is 67.2 mm from the bottom of the UAV.  

 
Figure 3. Visualization of (a) X-axis and Z-axis references and (b) Y-axis reference 
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Table 3. Fixed-wing UAV material weight and balance table 

No. Part name Weight 
(gram) 

X distance 
(mm) 

Y distance 
(mm) 

Z distance 
(mm) 

1 Pixhawk 4 40.3 -100 0 -60 

2 Hobbywing Platinum 
80A ESC 

83 -200 -50 -35 

3 Futaba R7008SB 
Receiver 

10.9 -90 -90 -102 

4 T-Motor AT3520 KV850 207 -312 0 -53 

5 Onbo 4S 6200mAh 564 -145 0 -116 

6 Pixhawk 4 GPS 49 144 72 29 

7 Raspberry Pi 4 Single 
Board Computer 

60 115 0 -58 

8 Raspberry Pi Camera 
Module V1.3 

3 115 0 -142 

9 Telemetry 433 MHz 63 4 72 0 

10 Power Module 70 -200 50 -60 

11 Flaps Servo ES08MD 17 ±75 ±335 0 

12 Aileron Servo ES08MD 17 ±24 ±645 0 

13 Rudder Servo ES08MD 17 588 -20 -55 

14 Elevator Servo ES08MD 17 588 20 -55 

15 Dropping Servo ES3504 22 40 0 -89 

16 Payload 100 0 ±415 -85 

17 Propeller 13x6.5 53 -351 0 -53 

18 Current Breaker 85 20 10 20 

19 Fuse 61 26 20 -23 

20 Mainframe Fuselage 1001 -34 0 0 

21 Wings 310 -18 0 0 

22 Empennage 207 635 0 -55 

2.2. BODY AND MECHANICAL SYSTEM 

2.2.1. Fuselage 

The fuselage is designed to consider aerodynamic performance by optimizing the 

shape and materials, sized to fit all avionic, electronic, and structural compartments. High-

density foam is used to manufacture the master mold of the fuselage, while CNC hot wire 

method is used to obtain a precise shape. The airframe is constructed primarily from 3 layers 

composite of 130 gsm fiberglass using epoxy resin. The vacuum bagging method is used to 

minimalize air cavity and produce a lighter product weight. The inner side part of the fuselage 

is reinforced by Lantor Coremat to maintain the rigidity of the inner structure. Each component 

is housed within a compartment built from plywood to avoid dislocation and maintain the CoG 

during flight. 
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Figure 4. Design of the fuselage 

2.2.2. Wing 

High-density foam is used as the primary material of the wings to maximize rigidity. The 

foam is cut using CNC hot wire method according to the airfoil shape to maintain aerodynamic 

accuracy and consistency. Furthermore, the foam is laminated by a composite layer of 40 gsm 

fiberglass and reinforced with epoxy resin using hand lay-up method to enhance the rigidity 

and increase the stability of the wings. A carbon stripe is attached parallel to the lateral axis of 

the wing at the upper and lower side to strengthen the structure, hence avoid deflection and 

crack. Airfoil-shaped plywood is constructed at the root chord of the wing to lock the wings in 

place, with two joining bolts mounted at the right and left sides. Moreover, a 12-mm-diameter 

carbon tube is installed through the fuselage as a wing spar. The wing spar prevents wings 

from flexing, especially rotation on the lateral axis. 

 

Figure 5. Design of the wings 
2.2.3. Empennage 

As previously mentioned in the Conceptual Design Report (CDR), a conventional single 

tail boom configuration is chosen to minimize the aircraft's weight and satisfy directional 

stability [1]. A 22-mm-diameter carbon tube is selected as the primary material for empennage 

jointer because it has high stiffness and good vibration damping while remaining lightweight. 

The empennage is constructed from high-density foam, cut by CNC hot wiring method to 

remain precision and accuracy, then laminated by a 130 gsm fiberglass and epoxy resin layer 
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to increase strength. Plywood is cut by a CNC laser cut machine to mount the empennage to 

the empennage jointer. The plywood is then arranged into an elongated hollow block, which 

has a dimension that is the same as the empennage jointer diameter to fit precisely. A bolt 

locking system is constructed to avoid disconnection and movement in all directions to connect 

the empennage jointer to the fuselage. 

 

Figure 6. Design of the Empennage 

2.2.4. Technical Drawing 

 
Figure 7. Airframe technical drawing 
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Figure 8. Technical drawing of electrical components layout 

 
Figure 9. Technical drawing of structural configuration 
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2.3. AERODYNAMICS, STABILITY, AND CONTROL FEATURES 

2.3.1. Airfoil Selection and Analysis 

Airfoil is a crucial part of UAV design because it affects the aerodynamics performance, 

especially the lift generated across the wing. A comparison of aerodynamics performance 

between NACA 4412 and NACA 6412 is conducted for airfoil selection. Furthermore, a 2D 

analysis using software XLFR5 from MIT is performed to determine the aerodynamic 

characteristics of each airfoil during cruising conditions at 225,000 Reynold number. The 

analysis is performed at varying Angle of Attack (AoA) ranging from -10 to 30 degrees. The 

result shows that NACA 6412 has a higher Clmax of 1.658 at an AoA of 11°. 

Cl/Cd ratio is used to measure the aerodynamics efficiency of the airfoils. Figure 10 

shows the graphical plot of Cl/Cd vs. AoA of each airfoil. As shown in Figure 10, NACA 6412 

has a higher value of Cl/Cd (Coefficient of Lift per Coefficient of Drag) of 84.454 which means 

it has a higher aerodynamics efficiency than NACA 4412. It is also categorized as an under-

chambered airfoil, which generates high lift at low velocity, which is vital to avoid UAV from 

stalling. Based on these comparisons, NACA 6412 is selected as the airfoil used in the UAV 

based on its characteristics and analyzing results [2]. 

 

Figure 10. Cl/Cd comparison between NACA 6412 and NACA 4412 at 
the various AoA 

2.3.2. Wing Aerodynamics 

To determine the aerodynamics characteristic of the wings, computational fluid 

dynamic analysis is conducted using ANSYS Fluent 19.0. The geometry of the wings is created 

using the software Autodesk Inventor based on the actual dimension, then imported into 

ANSYS Design Modeler to be used during the meshing step. Figure 11 represents the flow 

separation around the surface of the airfoil section during the cruising phase. It can be seen 

that there is a velocity contour difference between the upper and bottom surface which 

produces lift. This analyzing method was also conducted to figure out the aerodynamics 

characteristics of the wing. It gives in the Cl value of 0.42344 at the cruising speed of 10 m/s. 

Based on the results, 4° Angle of Incidence (AoI) is applied when installing the wings to the 

fuselage to achieve sufficient lift. In this case, the airfoil section will have a Cl value of 0.69076. 
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As calculated by using Equation 1, the lift produced across the wing is 20.3084 N or 2.03 kg. 

If a higher lift is needed, a higher AoI is required. However, from the calculation, 4º AoI or 

above is enough. 

𝐿 =  
1

2
 ×  𝐶𝑙 ×  𝜌 × 𝜐2  ×  𝐴 ............................... (Equation 1) 

 

Figure 11. Velocity contour of NACA 6412 airfoil 

2.3.3. Airframe Aerodynamics 

A Computational Fluid Dynamics (CFD) analysis using ANSYS Fluent 19.2 is also 

carried out to obtain the aerodynamic characteristics of the whole airframe. The analysis is 

performed at a steady-state condition with the incompressible fluid model. It is computed using 

the k-omega model with an upstream velocity of 10 m/s at various angles of attack of 0, 3, 6, 

9, 12, 15, 18, 21, 24 degrees. Moreover, the pressure contour map is presented in Figure 12 

to visualize the pressure distribution along the surface of the UAV. Each value of the pressure 

is represented by a different color, with blue representing the lowest pressure and red 

representing the highest pressure. The pressure contour map implies that the bottom surface 

experiences a higher pressure than the upper side. Therefore, It can be concluded that the 

airframe of the UAV generates lift. Moreover, the pressure contour map may also be used to 

determine which parts of the UAV experience the most drag force to minimize it during 

manufacture. 

 

Figure 12. Pressure distribution contour of UAV at AoA 15° across (a) the top  
surface of UAV and (b) the bottom surface of UAV 
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Figure 13. (a) lift coefficient, (b) drag coefficient, and (c) pitching moment coefficient at 
various AoA 

UAV aerodynamics properties such as lift coefficient (Cl), drag coefficient (Cd), and 

pitching moment coefficient (Cm) are also computed during the simulation. The aerodynamic 

parameters in various AoA are plotted graphically in Figure 13. At AoA of 15 °, the UAV has 

the highest lift coefficient of 1.0906, while the drag coefficient of the AoA is 0.1657. A value of 

44.40129 N for the maximum lift generated by the airframe is calculated using Equation 1. 

Figure 13.c shows the correlation between the pitching moment coefficient and various AoA. 

As the AoA increases, the pitching moment coefficient decreases. This correlation indicates 

the pitching stability of the UAV.  

2.3.4. Stability and Control Features 

Control surfaces are installed in the form of ailerons on the wings and rudder and 

elevator on the empennage. The control system facilitated by the flight controller provides 

lateral, longitudinal, and directional stabilities for the UAV by controlling the control surfaces 

via the attached servo motors. Lateral and longitudinal stability is controlled based on roll and 

pitch response in maintaining a stable state using a Proportional-Integral-Derivative (PID) 

control method. PID coefficients need to be configured to get stable control and avoid 

oscillation. Meanwhile, the L1 cross-track error method is employed to maintain directional 

stability during autonomous navigation. The output of the navigation is the actuator on the UAV 

called bank angle. A safety limit is applied on the bank angle to prevent stalls from occurring. 
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2.4. MISSION MECHANISM SYSTEM 

2.4.1. Mission 1 

Many flight parameters in the mission planner are tested to optimize the completion of 

the first mission. The maximum throttle is set to perform autonomous take-off in the take-off 

phase to reach the ideal condition quickly. In the cruising phase, the UAV will fly autonomously 

following the specified path. The UAV can do autonomous cruising with an airspeed target set 

to 15 m/s. In the loiter phase, the UAV will circle the point autonomously while holding the initial 

altitude. The UAV will continue to follow the path and landed safely. 

2.4.2. Mission 2 

For the second mission, the UAV needs to carry two rubber balls as payload. The 

payloads are contained within a compartment. The compartment is built primarily from balsa 

wood, cut by a CNC laser cutting machine then arranged into two connected square 

containers. It is laminated by a layer of fiberglass at the outer surface and carbon fiber at the 

inner surface to avoid cracking during a hard landing. Then, it is placed perpendicular to the 

fuselage's lateral axis. The compartment's dimension is designed to fit the payloads to keep 

the payload from being shaken to maintain the stability of the aircraft while also leaving enough 

space to avoid friction between the payload and the compartment. Figure 14 shows the 

technical design of the payload dropping mechanism. 

 
Figure 14. Payload dropping mechanism technical drawing 

The compartment's door is constructed from balsa wood, with a trapezoid shape cut by 

CNC laser cutting machine, laminated by carbon fiber at both sides. It is joined using a bolt to 

a servo. The servo has three states: door closed, left compartment opened, and right 
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compartment opened. Moreover, the servo will move the compartment's door and release the 

payload after receiving a signal from the flight controller, as depicted in Figure 15.  

 

Figure 15. Payload dropping mechanism 

 The second mission also requires the UAV to be able to drop payload autonomously 

towards the target. The autonomous payload dropping system uses an onboard computer 

integrated with a camera. The target will be detected from the image in real-time as the UAV 

flying towards the dropping target. The algorithm for target detection and target horizontal 

distance estimation is described in Chapter 2.6. A rudder-based target centering control 

algorithm is employed to direct the plane towards the target and improve the dropping 

accuracy. The algorithm uses the difference between the detected target horizontal coordinate 

(𝑥𝑇) and the center of the camera (𝑥𝐶). The error is scaled by the image width resolution (𝑊) 

and then multiplied by a conversion constant (𝑘), as described in Equation 2. 

 𝑃𝑊𝑀𝑟𝑢𝑑 = 𝑘
(𝑥𝑇−𝑥𝐶)

𝑊
 ...................................... (Equation 2) 

The target horizontal distance estimation will then be compared with the ball's 

horizontal travel distance (𝑥) if dropped in the latest state of the UAV. The horizontal travel 

distance is calculated from the horizontal velocity/groundspeed (𝑣𝑥), altitude (ℎ), and 

gravitational acceleration (𝑔) by using the parabolic free fall equation [3]. With an assumption 

that the plane does not accelerate forward, the trajectory can be described by Equation 3. 

𝑥 = √
2ℎ

𝑔
 ................................................... (Equation 3) 

Ultimately, the final decision for the payload release is taken based on the 

comparison between the horizontal travel distance and the estimated target distance. The 

flow of the payload dropping program is fully depicted in Figure 16. 
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Figure 16. Flowchart for the payload dropping program 

 

2.5. ELECTRICAL, ELECTRONIC, CONTROL, AND POWER SYSTEM 

UAV, which is designed to fulfill the mission given, is equipped with electronic 

components, as shown in Table 4. 

Table 4. Electrical components specification 

No Component Specification Description 

1 Pixhawk 4  
1. Redundant power 

supply   
UAV's primary control system and an 
access hub. 

2 Pixhawk 4 GPS 
1. 72-channel u-blox M8N 

and supports all 
satellite  

Gives the UAV Positioning and heading 
awareness. 

3 Telemetry  
1. Frequency 

433 Mhz Band with 
20dBm (100mW). 

To send the UAV's flight data to the GCS. 

4 R7008SB Receiver 
1. 2.4GHz and output 

Long Range RC 
Receiver. 

Used to issue commands to the UAV.  

5 
Emax ES3054 
Digital Servo  

1. Stall Torque 3.5kg.cm. 
2. Metal gear. 

Actuators for the aircraft's control surface. 

6 Emax ES08MD 1. Stall Torque 2.0kg.cm Actuator for the payload dropping 

7 
Hobbywing 80A 
ESC  

1. Input: 2-6S Li-Po.  
2. Adjustable BEC. 

To allow electronic speed control of the 
motor. 

8 
Raspberry Pi 
Camera 1.3 

1. Resolution up to 5 
Megapixels. 

Recording of objects and color. Input 
image processing.  

9 
T-MOTOR AT3520 
850KV   

1. Li-Po cell: 3-6S. 
2. Max Continuous Power: 

1300W. 
Motor for the propulsion system. 

10 Onbo Battery   
1. 6200mAh capacity. 
2. 14.8V typical capacity. 

Power supply for the aircraft's  
propulsion and control systems. 

11 UBEC   
1. 3A current output, 5V, 

and 6V output voltage.  
2. Input: 5.5V-26V. 

A power regulator that steps the 
aircraft's battery down to an acceptable 
level for other electrical systems. 

12 Raspberry Pi 4  
1. 4GB RAM 
2. Quad-core Cortex A72 

Used to process image information for the 
image processing system. 
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 Pixhawk 4 is used as the flight controller because it has robust features such as a 

redundant power module to ensure that the autopilot is still working if one of the two power 

modules fails to work. Moreover, this flight controller has a powerful microcontroller so that it 

can process more data simultaneously. Besides having robust features, it also has an 

affordable price. 

 A Global Positioning System (GPS) module is used to percept the current UAV position 

and allow the UAV to fly. A set of waypoints must be determined before flight using ground 

control station software such as Mission Planner to direct the autonomous flight. The flight 

controller and the ground control station communicate wirelessly using radio telemetry.  

 Aside from the flight controller, this UAV is also equipped with a companion computer 

to complete the mission autonomously. The companion computer onboard the UAV is 

Raspberry Pi 4B 8GB. This computer is used to process the image captured from the camera 

to determine the drop zone location, send a command to move the rudder servo for aligning 

the UAV with the drop zone, and open the payload door. 

 

Figure 17. Electrical wiring diagram 
Three different regulator modules are used to power the servo, Raspberry Pi, and flight 

controller. A power module is used to power the flight controller, while two Universal Battery 

Eliminator Circuit (UBEC) is used to power Raspberry Pi and servo rail. Furthermore, a 

dedicated UBEC is used to power the servo, although the ESC has a built-in Battery Eliminator 

Circuit. The use of dedicated UBEC is to maintain control capabilities when there is a problem 

on ESC, which may cause the motor to stop spinning. When this problem happens, the UBEC 

can still power all the servo without losing control of the movement so the UAV can land safely. 



 

Ashwincarra Detailed Design Report | 15 

 
Figure 18. Power wiring diagram 

As a safety measure, a current breaker and fuse are installed on this UAV. The current 

breaker and fuse have the same current rating, which is 100A. It is recommended to pick a 

higher current rating than the maximum current usage of all electronic components in this 

system. Since the current draw from this UAV can reach above 70A, we decide to use a 100A 

fuse to make sure that it would not blow when the motor run at full power. 

2.6. TARGET DETECTION AND RECOGNITION SYSTEM 

An SBC, equipped with a camera, is used to detect and recognize the dropping target. 

Raspberry Pi 4 8GB is chosen because of the performance and comprehensive software 

support within its Linux-based operating system. This SBC is powered by a quad-core 1.5 GHz 

Cortex A72 processor. Pi Camera revision 1.3 camera module, which can capture an image 

with a resolution of up to 5 megapixels, is used to assist the Raspberry Pi. 

Images are captured at 20 fps from the camera. Each image is converted to CIELab 

colorspace. In the CIELab colorspace, the perceived difference between two colors could be 

represented mathematically by their Euclidean distance. This property allows the CIELab to 

give the best result for Canny edge detection [4]. A Canny edge detector is then applied to the 

image. Furthermore, a morphological dilation transformation is also used on the edge detection 

result to smoothen the mask. An ellipse can then be detected on the preprocessed image. 

Contour is extracted from the preprocessed image. The program then loops through 

each contour and calculates its elliptical error. The elliptical error consists of the weighted 

absolute error of the perimeter and the area of the ellipse. The ideal ellipse perimeter and area 

would need to be estimated to calculate the error. The calculation of the perimeter and area 

could be done by fitting a rectangle on the contour, extracting the major and minor axis of the 

contour. The ideal area (𝐴𝑖𝑑𝑒𝑎𝑙) and perimeter (𝑃𝑖𝑑𝑒𝑎𝑙) can then be calculated from the major 

and minor axis. The ideal area and perimeter are then compared to the contour's area 

(𝐴𝑐𝑜𝑛𝑡𝑜𝑢𝑟) and perimeter (𝑃𝑐𝑜𝑛𝑡𝑜𝑢𝑟) to get the absolute error. Equation 4 shows the formula to 

calculate elliptical error (𝐸). 
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𝐸 = 𝑤|𝐴𝑖𝑑𝑒𝑎𝑙 − 𝐴𝑐𝑜𝑛𝑡𝑜𝑢𝑟| + (1 − 𝑤)|𝑃𝑖𝑑𝑒𝑎𝑙 − 𝑃𝑐𝑜𝑛𝑡𝑜𝑢𝑟| .................. (Equation 4) 

 As the program loops through each contour, the contour with the least elliptical error is 

stored. The ellipse with the least elliptical error in then would then be passed on as the detected 

object. Figure 19 depicts the flow of the ellipse detection algorithm. 

 

Figure 19. Flowchart for the ellipse detection algorithm 

An estimation of the horizontal distance between the UAV and dropping target is 

needed to calculate the release point. Since the actual width of the dropping target is known 

to be 2.5 m and the camera's focal length could be obtained through camera calibration, an 

algorithm based on triangle similarity between the digital image and the actual dimension could 

be used to estimate the distance from the dropping target from the image [5]. Equation 5 

describes the relationship between the camera's pixel focal length (𝑓), the object's actual width 

(𝑊𝑅), the object's image width (𝑊𝐼), and the object's distance from the camera (𝑑𝑐). 

𝑓

𝑊𝐼
=

𝑑𝑐

𝑊𝑅
 .............................................. (Equation 5) 

 Since the distance calculated is not perpendicular to the ground, the Pythagorean 

theorem is used to calculate the horizontal distance (𝑑𝑥) between the plane and the dropping 

target from the object's distance from the camera (𝑑𝑐) and UAV's altitude (ℎ), as shown in 

Equation 6. 

𝑑𝑥 = √(𝑑𝑐)2 − ℎ2 .................................... (Equation 6) 
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2.7. FLIGHT PERFORMANCE PARAMETERS 

Based on the DRO, performance criteria for the UAV are defined. The performance of 

Ashwincarra's UAV, based on the result of the flight tests, is shown in Table 5. 

Table 5. Ashwincarra's UAV performance 

Parameters 
Target Result 

Mission 1 Mission 2 Mission 1 Mission 2 

UAV weight (without electronic) (g) 1050 1250 1205 1405 

UAV weight (with electronic) (g) 2800 3000 3273 3473 

Cruise Speed (m/s) 12 12 12 10 

Stall Speed (m/s) 7 6 

Turn Radius (m) 15 15 

Climb Rate (m/s) 5 3.5 

Mission-1 Loiter speed (m/s) 8 12 

Mission Completion Time (s) 150 100 180 120 

Mission-2 Target Dropping Detection 
Accuracy (%) 

100 90 

Mission-2 Drop Ball Accuracy (%) 100 60 

Mission-2 Drop Ball Percentage (%) 100 100 

Roll Angle Maximum (º) 45 45 

Pitch Angle Maximum (º) 20 20 

Flight Altitude (º) 15 15 20 20 

Maximum Thrust (g) 3600 3600 

Battery Usage (%) 20 20 20 20 

Telemetry Range (m) 200 1000 
 

2.8. AIRCRAFT COST DISTRIBUTION  

Table 6. UAV cost distribution 

No. Part name Unit Price (TL) Qty. Total Price (TL) 

1 Pixhawk 4 Set 2033 1 2033 

2 ES08MD Servo 77 6 462 

3 ES3054 Servo 119 1 119 

4 Hobbywing Platinum 80A ESC 765 1 765 

5 T-Motor AT3520 850KV 773 1 773 

6 Current Breaker 87 1 87 

7 ANL Fuse 100A 21 1 21 

8 Raspberry Pi 4B 8GB 897 1 897 

9 Pi Camera 1.3 5MP 51 1 51 

10 Futaba R7008SB Receiver 1020 1 1020 

11 433MHz Telemetry Radio 1020 1 1020 

12 UBEC 5V 3A 33 2 66 

13 ONBO 4S 6200MAh 25C 499 1 499 

TOTAL 7813 
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2.9. NATIVENESS 

A few components are developed locally, including telemetry system, airframe, and 

software (which consists of a few algorithms). The telemetry antenna was built using a copper 

rod as the primary material. The module is based on HM-TRP, which uses a Si1000 8051 

microcontroller and Si4432 radio module with 433 MHz frequency. The amplifying power of 

this radio module is up to 100 mW. With this module and custom antenna, the maximum range 

is up to 40 KM on optimal condition. 

 

Figure 20. Soldering process of the telemetry 

The airframe design is made using Autodesk Inventor Professional 2021 by considering 

the simulation result from Ansys Fluent 2019 described in Chapter 2.3. The complete design 

of the airframe is specified in Chapter 2.2. Moreover, the fabrication process is described in 

Chapter 2.2. Finally, all the components described in Chapter 2.5 are assembled by hand to 

form a fully functioning UAV.  

 

Figure 21. Hand lay-up process of wings manufacture 

The mission mechanism system software is developed by using the OpenCV 4 library 

and Python 3.7 programming language. The codes are written on Visual Studio Code text 

editor. Furthermore, Git software is used for version control and code synchronization between 

development machines. The algorithms used in the program are disclosed in Chapter 2.4 and 

2.6. Some algorithms used in the program are either fully developed locally, such as target 

centering control and ellipse detection algorithms, or by adapting algorithms from various 

journals and online articles, such as object distance calculation and release point calculation 

algorithms. 
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