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1. PROJECT SUMMARY 

1.1 Method Followed in Design 

  In order to complete both missions, a UAV with good maneuverability and 

stability is required. Therefore low-wing with Y-tail configuration is used to achieve the 

requirements. The UAV consists of 3 main parts which are the fuselage, wings, and tail. The 

fuselage is designed to carry the electronics and payloads. The fuselage is supported by a 

chassis. Inside the fuselage there is a drop ball mechanism that uses servo motors, which is 

very important for the second mission. The wing is designed with medium aspect ratio so it 

will give good maneuverability while still producing enough lift for a stable flight. The wing is 

supported by a carbon spar. The tail configuration is Y-tail which is very good for maintaining 

altitude while maneuvering with a steep angle.  

  The electronic components used are the basic components for UAV (such as 

LiPO battery, ESC, BLDC Motor, receiver, flight controller, and servos) and components for 

the image processing (camera, raspberry pi). 

  

1.2 Team Organization 

  Below this is the organization tree of the Narayana ITS team.

 

 Figure 1. 1. The Organization Tree 



 

1.3 Milestone Chart: Planned and Realized 

  Below this is the milestone chart of the planned and realized activity. 

Table 1.1 Milestone chart 

WORK PACKAGES AND ACTIVITIES 1 2 3 4 5 6 7 8 9 

1 Literature Study                    

2 Design Process                   

2.1 Concept design                    

2.2 Computer Aided Design                    

2.3 Design Analysis and Simulation                   

2.4 Fix Design                   

3 Manufacturing Process                   

3.1 Preparation Material                    

3.2 Laser Cutting                   

3.3 Body Manufacturing                   

3.4 Wing Manufacturing                   

3.5 Placement of Drop Ball Mechanism                    

4 Electronics Installation                   

4.1 Electronics Component Preparation                   

4.2 Electrical Components Placement                   

4.3 Wiring Set Up                   

4.4 System Set Up                    

4.5 System Simulation Testing                   

5 Programming                    

5.1 Opencv Detection                   

5.2 Installation on mini PC                   

5.3 Image Processing Simulation Testing                   

5.4 Drop Ball Mechanism Ground Testing                   

6 Flight Test                    

6.1 Maiden Flight Manual Mode                    

6.2 Autonomus Flight Test                    

6.3 Mission 1 Trial                   

6.4 Mission 2 Trial                   

  

 Planned Realized Planned and realized 

  



 

2. DETAILED DESIGN 

In this section, the detailed design will be discussed comprehensively in every part of the 

UAV based on the analysis of the preliminary design process. This includes the detailed 

dimensional parameters in the UAV and the characteristic behavior of the UAV according to 

the analysis that has been conducted.  

2.1 Dimensional Parameters of the Design 

The dimensional in every section of the UAV will be illustrated by the following 

tabulation with the detail configuration.  

Figure 2. 1. Fuselage, wing and tail technical drawing. 

 

1. Wing Configuration 

Nomenclature Dimension 

Wingspan     1.49 m 

Chord root       0.30 m  

Chord tip       0.15 m  

Wing platform area     0.32725 m2 

Wing aspect ratio       5.99 

 

2. Horizontal Stabilizer Configuration 

Nomenclature Dimension 

Horizontal stabilizer span     0.457 m  



 

Chord root       0.189 m  

Chord tip       0.11 m  

Horizontal stabilizer platform 

area     

0.07086 m2 

  

3. Vertical Stabilizer Configuration 

Nomenclature Dimension 

Vertical Stabilizer span 0.214 m 

Chord root       0.225 m 

Chord tip       0.11 m 

Vertical stabilizer platform area 

    

0.0228915 m2 

 

4. Fuselage Configuration  

Nomenclature Dimension 

Nose Distance 0.25 m  

Height 0.08 m 

Width 0.09 m  

Length  1.05 m 

 

 For the weight and balance of the UAV, the component is tabulated and recorded 

with the given information.  

Table 2.1. Components and total weights for fixed-wing UAV (empty looad) 

No Component Weight (gram) Quantity Total Weight (gram) 

1 Fuselage + Tail 204.2 1 204.2 

2 Wing 422.6 1 422.6 

3 Servo 13.4 8 107.2 

4 Camera 30 1 3 

5 Gimbal bracket 15 1 15 

6 Mini PC 45 1 45 

7 Receiver 12 1 12 

8 GPS Module 34 1 34 

9 Telemetry 21 1 21 

10 Flight Controller 250 1 42 

11 Lipo Battery 2200 255 1 255 



 

Mah 4s 

12 Circuit breaker 150 1 150 

13 ESC 63 1 63 

14 Motor 167 1 167 

15 Propeller 25 1 25 

TOTAL 1566 gram 

 

Table 2.2. Weight and balance chart for fixed-wing UAV 

No Component Weight 

(gram) 

X 

distance 

(mm) 

Y 

distance 

(mm) 

Z distance 

(mm) 

1 Wing (CoG) 422.6 0  + 310 -43.254 

2 Servo (ailerons) 13.4 +- 360 + 385  -40 

 Servo (Rudder) 13.4 - 17 + 773 27.5 

 Servo (Elevator) 13.4 + 28 + 855 27.5 

3 Camera 3 0 + 460 -75 

4 Gimbal bracket 15 0 + 460 -65 

5 Mini PC 45 0 + 530 +5 

6 Receiver 12 0 + 456.5 +5 

7 GPS Module 34 0 + 405 +41 

8 Telemetry 21 0 + 480 +38 

9 Flight Controller 250 0 + 380  +5 

10 Lipo Battery 2200 

Mah 4s 

255 0  + 262.5 +5 

11 Circuit breaker 150 + 25 + 100 0 

12 ESC 63 0 + 100 -25 

13 Motor 167 0 -25 0 

14 Propeller 25 0 -65 0 

 

2.2 Body and Mechanical Systems 

 As explained in 1.1, the UAV consists of the fuselage, wings, and tails. The fuselage 

outer body is made out of thin balsa wood and supported by a chassis made out of plywood. 

The chosen material for chassis is plywood because it has greater modulus of elasticity than 

balsa wood as shown in Figure 2.2 while it still has relatively low weight. The chassis has a 

smaller dimension than the outer body because it is designed to support only the critical area 

of the fuselage. It only covers the front and middle part of the fuselage to absorb the vibration 



 

from the motor and light impact from the wing while landing. It is also designed with some 

topology, such that the chassis will break when dealt with a big impact instead of transferring 

it to the electronics. It also has another advantage where the weight of the chassis will be 

reduced. The chassis design is shown in Figure 2.3.  

 

Figure 2. 2. Mechanical Properties of Plywood (left) and Balsa Wood (right). 

 

 

Figure 2. 3. 2D Structural Design Frame 

 

 The wings are made out of styrofoams, formed into wings with a hot wiring process. 

The wings are supported by a spar made out of carbon strip and laminated by transparent 

tape. The tails are made out of balsa wood thicker than the fuselage outer body. The drop 

ball mechanism is located below the fuselage and wings (at the center of gravity). The balls 

will be placed in the cylindrical chamber and held by two servos. When the ball is about to be 

dropped, the servo will move and the ball will be released. The technical drawing is provided 

below. 



 

Figure 2. 4. Technical drawing of UAV. 

 

Figure 2. 5. Exploded view technical drawing. 

 



 

2.3 Aerodynamic Features 

In the aspect of aerodynamic features, we expect that the UAV has good 

maneuverability performance for the first mission and  good stability for the second mission. 

In order to achieve that, we designed the UAV with medium aspect ratio (5.9893) so it will be 

able not only to do steep maneuvers but also create enough lift for stable flight. To increase 

stability, a dihedral angle is applied to the wings. The UAV also has flaps to provide more lift 

while flying with low velocity which is good for the second mission. The airfoil used is the 

same as in conceptual design (NACA 2312). For more comprehensive analysis, we simulate 

the designed UAV using Ansys Fluent analysis. The simulation boundaries are wind velocity 

20 m/s and angle of attack 0 degree. The turbulent model used in this simulation is K 

Omega-SST. Below this are the results of the simulation 

 
Figure 2. 6. Pressure Distribution Front View. 

 

 
Figure 2. 7. Force distribution front view. 



 

 
Figure 2. 8. Pressure Distribution Upper View. 

 

 
Figure 2. 9. Pressure distribution lower view. 

 

 

 
Figure 2. 10. Lift and drag (   ) 

 
As shown in figure, the pressure distributions match our expectation where the 

maximum pressure occurred at the frontal area (stagnation point). The pressure distribution 

at the upper wing is lower than the pressure distribution at the lower wing. In Figure 2.7, we 

can see that the force vector distribution generates lift to the UAV. At the nose of the UAV 

there are forces facing positive and negative vertical direction with relatively equal 

magnitudes so the nose considered doesn’t produce lift. From the simulation we also get  the 



 

information about lift (12.324 N) and drag (2.57 N) forces which can be used for lift and drag 

coefficient calculation. 

 

2.4 Task Mechanism System  

For the first mission, the UAV will take-off automatically using the auto take-off 

command in mission planner. The UAV will take-off by hand launch method and the auto 

take-off will be activated before the UAV is launched. The UAV will fly following the waypoint 

that has been set before the flight. The waypoint is adjusted to the track given from the rules. 

After completing all the waypoints, the UAV will be landed manually by the pilot using 

stabilize mode. 

For the second mission, the UAV will perform similarly to the first mission on the first 

lap. On the second lap, however, a payload drop-off mechanism is added. The payload drop-

off mechanism utilizes area detection systems that are developed based on color-filtering 

object detection, which allows detection of an object based on its color. The system will 

detect color that has been determined before the mission starts. When the camera detects 

an object with the same color as the specified color, the system will validate the detected 

object by calculating the area to get the size of the area. If the detected object area and 

distance from the UAV meet the requirements, based on the real object you want to detect, 

the UAV will perform a drop ball mechanism and will repeat the entire process. 

2.5 Electrical Electronic Control and Power System 

 
Figure 2. 11. Electronics Configuration 

 
 Movement control of the UAV used some components with the Pixhawk as a “brain” 

or the central controller. Pixhawk will control other components such as servo to move UAV 

when flying and ESC that control motor to adjust the speed of UAV. Telemetry is used to 

send data received by Pixhawk which come from Pixhawk’s sensor itself and other sensors 

such as GPS  to a computer connected to Mission Planner in real time. The receiver used to 



 

receive commands from remote control to control the UAV and choose the flight mode (auto 

mode, manual mode, or stabilize mode). 

 

Figure 2. 12. Wiring diagram. 

 

 The UAV is powered from LiPo battery connected to fuse to protect other 

components if the battery broke and generate high current. The fuse is connected to ESC 

which will control the voltage output before supplying it to Pixhawk. Pixhawk will distribute the 

power to all components connected to Pixhawk. Motor power supplied directly by ESC, 

because the motor needs different voltage power than other components. 

 Autonomous flight mode mechanisms for the UAV are when toggle to change flight 

mode at remote control change to auto mode, Pixhawk will take over whole components 

control and control them according program at Pixhawk. Pixhawk gets an additional program 

from Raspberry Pi to read the target and action the UAV needs to finish the full mission. 

Components characteristic: 

1. Pixhawk Cube Orange 

It has dual processor Cortex-M7 and Cortex-M3. From the sensor it has an 

ICM20948, an ICM20649, an ICM 20602, and 2 MS5611. It will work at input voltage 4.1-5.7 

V and input current 2.5 A. It also has shock absorption and temperature control to make the 

sensor always work at best performance. 

2. GPS Here 3 

The GPS has 3 satellite constellation, GPS L1C/A, GLONASS L10F, BeiDOu B1l; 

with accuracy 2.5m for 3D Fix and 0.025 m for RTK, the update rate is 8Hz, it has MPU9250 

IMU and MS5611 and have operating temperature between -40oC and 85oC. It also has a 

function as a safety switch for the UAV. 

3. ESC Hobbywing 60A 

It will supply constant burst current 60A with peak current 80A, work at input voltage 



 

2-6S LiPo battery, 5V switch mode BEC, refresh rate 50Hz to 432 Hz, and max speed 

210000rpm for 2 Poles BLM, 70000rpm for 6 poles BLM, 35000rpm for 12 poles BLM 

4. T-Motor AT2826 900 KV 

The UAV is designed to be around 1.5 kg in weight. It needs to have a thrust of about 

1.5 kg or more to maintain its cruise speed. T-Motor AT2826 900 KV is chosen, which has a 

typical thrust of 2992 gr at 685.84 W with a propeller of APC 12x6. 

5. Servo Tower mg90s 

The servo has torque 1.8 kg-cm with speed 0.1 sec/60 at 4.8V DC; and 2.2 kg-cm 

with speed 0.08 sec/60 at 6V DC. The work voltage for the servo is between 4.8 V and 6 V 

DC. 

6. Fuse 100A 

The fuse will stop current when it passes 100A to protect other electrical components.  

7. Raspberry Pi 4 

Raspberry pi 4 has quad core Cortex-A72, 8GB SDRAM, Bluetooth 5.0, Wireless 

module 802.11ac, USB port, header GPIO, HDMI ports, Micro SD Card slot. It works at 5V 

DC with minimum 3A.  

8. Raspberry Pi Camera  

It has 8 megapixel resolutions and a Sony IMX219 image sensor. It’s also capable of 

3280 x 2464 pixel static images, and also supports 1080p30, 720p60 and 640x480p90 video.  

9. Power Brick Mini 

Power brick mini have specifications to work at maximum input voltage battery 8 cell, 

maximum continuous current sensing 30 A, and maximum burst current 100 A. Power brick 

mini uses connector XT-60, has weights about 14 gr and size 53x18x14 mm. 

10. Battery 2200 mAh 35C 

The battery has a specification as 3 cell LiPo battery with voltage output 11.1V and 

discharge rate 35C. It use connector XT-60 for discharge and connector JST-XH for balance. 

 

2.6 Target Detection and Recognition System 

Method that was used for drop-off area detection is color-filtering object detection. 

This method allows us to detect an object based on its color. This method is really useful if 

the object that we want to detect has a color that is different from other objects and 

backgrounds. But it tends to fail if the object that wants to be detected has a similar color to 

another object in the scene. Method that is used, other than color-filtering object detection, is 

contours, for detecting the shape of the object. This system is developed with Python 

language, OpenCV, Dronekit, and uses hardwares, such as Raspberry Pi 4 and Raspberry 

Pi Camera Module.    

The system is divided into two main processes, Object detection and UAV control 



 

mechanism. In the detection process, we determine the color that wants to be detected at the 

beginning before the mission is executed. The color space that is used is Hue, Saturation, 

Value (HSV). First, the image will be blurred and change the color space into HSV. After that, 

the color is masked based on the color that wants to be detected. To clear the noise of the 

color, the method that is used is called Erode and Dilate. The next step is to find the contour 

of the object that has been detected. The largest contour will be processed to get its center 

and radius. In this process we can estimate the distance of the detected object based on 

pixels and altitude of the UAV. That process to be expected can obtain an actual distance of 

the detected object. The detailed object detection process is shown in flowchart below: 

 

Figure 2. 13. Payload dropping area detection process flowchart diagram. 

 

The UAV Control Process will receive distance data from the object detection 

process. If the distance reaches the drop distance, UAV will perform a drop ball mechanism. 

The system will give a pulse to the servo for dropping the ball. 

 



 

 

Figure 2. 14. Control Process Illustration. 

 

All the process is done on-board in Raspberry Pi. Application that is used to run the 

mission is Mission Planner. This application allows us to monitor and prepare the mission. 

There is also a preflight process, color calibration and mission preparation. Color Calibration 

is the process to determine the color that wants to be detected and also set Raspberry Pi 

camera brightness, contrast and iso. This process is required to adjust based on the 

circumstance. The waypoint is set before the flight with Mission Planner. 

2.7 Flight Performance Parameters 

To achieve a good UAV performance, there are several parameters that are required 

to be calculated to adapt the constraints in each mission. These calculations are based on 

theoretical data that are obtained from several sources and measurable variables from the 

UAV components.  

2.7.1 Velocity to Lift and Drag Force 

By using the simulation data obtained in section 2.3, we obtained the lift and drag 

force generated at wind velocity of 20 m/s with 0 degree angle of attack by 12.324 N and 

2.57 N. With the obtained data, we can calculate the lift and drag coefficient using the lift and 

drag force equation as shown below. 

   
 

       
      (2.1) 
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Using that value of Cl and Cd, we can calculate the lift and drag force with different 



 

variations of velocity. Shown below  is the plotted graph of velocity to forces at 0 degree 

angle of attack. 

 

Figure 2. 15. Velocity to drag and lift force graph 

 

2.7.2 Stall Speed 

 Stall occurs when the lift force can’t support the weight of the UAV. The stall speed is 

the minimum speed of the UAV before stalling. In this case, the mass of the UAV is 

approximately 1800 grams, so the weight of the UAV is 17.658 N. Using the data used to 

build the graph in Figure 2.15, we know that the velocity that produces 17.658 N of lift is 

approximately 24 m/s. This is a high value for a stall speed. However, the calculation is done 

for a 0 degree angle of attack. In real condition, the UAV will have a higher angle of attack 

while flying at low speed to increase the lift coefficient.  

2.7.3 Maximum Speed 

The maximum speed of the UAV will be the speed where the drag force is equal to 

the maximum thrust force. We can find the information of maximum thrust force from the 

motor datasheet shown in Figure 2.16. 

 

Figure 2. 16. Datasheet of T-Motor 2826 KV900 



 

 

Figure 2.16 shows that at maximum throttle, the generated thrust is 2992 grams or 

equals to 29.35 N. With data from the graph in Figure 2.14, we know that the velocity which 

produces drag force of 29.35 N is 67.55 m/s. That value is the maximum speed. This result is 

achieved by theoretical calculation and simulation so it may be different in actual condition. 

For the 

2.7.4 Power Calculation 

 The power calculation is based on the power consumption of 3 flight trials as shown 

below. 

 

Table 2.3 Flight test data. 

Mission 1 

Parameters 1st test 2nd test 3rd test 

Duration (second) 79 s 82 s 75 s 

Battery before flight 16.8 V 16.8 V 16.8V 

Battery after flight 16.1 V 16.1 V 16.0 V 

Mission 2 

Parameters 1st test 2nd test 3rd test 

Duration (second) 98 s 100 s 95 s 

Battery before flight 16.1 V 16.1 V 16.0 V 

Battery after flight 15.2 V 14.9 V 15.0 V 

  
Based on Table 2.3, the longest flight duration possible is 182 s. The required power 

can be calculated by multiplying voltage with current. In this case, the voltage is the voltage 

difference before and after the flight. The current assumed to be maximum current, which is 

75A as the used ESC maximum capacity is 75A. We can calculate the biggest power 

consumption using this equation. 

      

                             

To calculate required battery capacity, the working current is multiplied by the 

duration of the flight. The duration is the longest duration which is 182 s divided by discharge 

of the battery. Below this is the calculation of the required capacity 

               

                                     



 

2.7.5 Turning Radius 

In order to achieve better results for the first mission, the turning time is an important 

parameter. To achieve lower turning time the turning radius must also be low. The target of 

the turning radius is about 5-10 meters so the turn time can be lowered. Below this is a graph 

of aircraft velocity to turn time with radius of 5, 10, and 15 meters. 

 
Figure 2. 17. Velocity to turn time graph 

 

The formula used to build the graph is the formula of angular kinematics. From the 

graph we can conclude that the bigger the radius the longer the turn time is. But it is not easy 

to achieve a small turning radius because the UAV has to produce a bigger centrifugal force 

and also turn with steeper angle. So the target is to achieve a small turning radius while 

adjusting with the capability of the UAV. 

Table 2.4 Calculated UAV variables. 

Parameter Mission 1 Mission 2 

Weight (kg) 1800 1980  

Wing loading (kg/m2) 5.5 6.05 

Power loading (kg/watt) 0.03 0.02 

Key Target Time Attack Payload Drop 

Payload  - 2 ball 

Required  Power 120 Watt 120 Watt 

Required Battery Capacity 2200 mAh/16.8 V 2200 mAh/16.8 V 

Maximum Speed (α=0) 67.55 67.55 

Stall Speed (α=0) 24 24 

Turning Radius 5-10 m 5-10 m 

 



 

2.8 UAV Costs Distribution 

Below this is the table of UAV costs distribution 

Table 2.5 UAV costs distribution. 

N

o 

Part Unit Cost 

(TL) 

Quantity Total Cost (TL) 

1 Li-Po Battery 2200 Mah 280 1 280 

2 Flight Controller and GPS 2750 1 2750 

3 Motor T-Motor AT2826 900 

KV 464.4 1 464.4 

4 ESC Hobbywing 60A 137.5 1 137.5 

5 Servo Tower Pro mg90s 12.25 8 98 

6 Fuse 100A 76.45 1 76.45 

7 Raspberry Pi 4 430 1 430 

8 Raspberry Pi Camera 57.45 1 57.45 

9 Camera Servo Bracket 7.5 1 7.5 

10 Balsa Wood  47.5 1 47.5 

11 Plywood 30 1 30 

12 Polystyrene Foam 19.5 1 19.5 

13 Tape 3.25 1 3.25 

14 Plastic Ball 0.6 2 1.2 

15 Laser Cut Services 70 1 70 

16 Glue gun sticks 0.5 5 2.5 

Total 4475.25 TL 

 

2.9 Originality 

The concept of our UAV, from the chassis to the wing, came from the minds of our 

team’s designers. The design itself was an innovation and improvement of previous designs 

that were in the team’s archive and were created by our predecessors. You can see the 

similarity of the chassis design with our previous year’s design. Our originality, however, is 

limited to mechanical design of the UAV. All the electronics are purchased and not produced 

by our team. 
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