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1. PROJECT SUMMARY

1.1. Method Followed in Design

The summary of vehicle system parameters is given on table 1. The parameters

given on the table based on testing and evaluation of design process in this vehicle.

Parameters Value Parameters Value

Take-off Weight 1,5 Kg Maximum load weight 400 grams

Take-off Distance 2 meters Flight time +3 minutes

Wing span 1.2 meters Maximum velocity 20 m/s

Wing area 0.282 𝑚2 Stall speed 7,8 m/s

Fuselage length 0.9 meters Stall angle 12°

Battery size 4S Maximum thrust 2300 gram

Table 1 Vehicle System Parameters

1.2. Team Organization

The diagram below is a divisional division chart and a team member information

table.
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Figure 1 Organization Chart

Table 2 Information of Team Members Role and Program

1.3. Milestone Chart : Planned and Realized

Table 3 Gantt Chart for Work Schedule, Planned, and Realized Preparation of Vehicle
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2. DETAIL DESIGN

2.1. Dimensional Parameters of the Design

In this section shows the parameters of the design in the form of components used,

weight, quantity, and total weight of components from vehicle.

No. Part Name Weight (grams) Pieces Total Weight (grams)

1. Motor 150 1 150

2. ESC 30 1 30

3. Battery 400 1 400

4. Payload 105 2 210

5. Camera 5 1 5

6. Odroid 60 1 60

7. Pixhawk PX4 20 1 20

8. Receiver 10 1 10

9. GPS 31 1 31

10. Telemetry 5.8 1 5.8

11. Aileron Servo 11 2 22

12. Elevator Servo 11 1 11

13. Rudder Servo 11 1 11

14. Body and Chassis 600 1 600

15 Payload Servo 11 2 22

Total 18 1587.8

Table 4 Fixed Wing UAV Part and Total Weight Table

No. Part Name Weight
(grams)

X distance
(mm)

Y distance
(mm)

Z distance
(mm)

1. Motor 150 0 0 60

2. ESC 30 234 21 84

3. Battery 400 137 0 70

4. Odroid 60 335 -34 88
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5. Pixhawk PX4 20 311 0 85,5

6. Receiver 10 500 30 102

7. GPS 31 265 0 115

8. Telemetry 5.8 498 -34 102

9. Aileron Servo 1 11 460 -360 10

10. Aileron Servo 2 11 460 360 10

11. Elevator Servo 11 714 -17 102

12. Rudder Servo 11 714 17 102

13. Body and Chassis 600 490 0 56

14. Payload Servo 1 11 272 0 50

15. Payload Servo 2 11 352 0 50

16. Camera 5 560 0 47

17. Payload 1 105 272 0 43

18. Payload 2 105 352 0 43

Total 1587,8

CG Location 314,43 -0,82 61,79

No. Part Name Weight
(grams)

X distance
(mm)

Y distance
(mm)

Z distance
(mm)

1. Motor 150 0 0 60

2. ESC 30 234 21 84

3. Battery 400 137 0 70

4. Odroid 60 335 -34 88

5. Pixhawk PX4 20 311 0 85,5

6. Receiver 10 500 30 102

7. GPS 31 265 0 115

8. Telemetry 5.8 498 -34 102

9. Aileron Servo 1 11 460 -360 10
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10. Aileron Servo 2 11 460 360 10

11. Elevator Servo 11 714 -17 102

12. Rudder Servo 11 714 17 102

13. Body and Chassis 600 490 0 56

14. Payload Servo 1 11 272 0 50

15. Payload Servo 2 11 352 0 50

16. Camera 5 560 0 47

Total 1377,8

CG Location 314,80 -0,94 64,65

Table 5 and 6 Fixed Wing UAV Material Weight and Balance Table Loaded (Up) and Empty

(Down) Configuration

2.2. Body and Mechanical Systems

This section will explain the analysis and study of the chassis, body, and mechanical

system of the UAV.

2.2.1 Chassis

This UAV chassis uses the type of monocoque chassis used on most airplanes. The

recommended measures for the frame design are: It is 1) lightweight, 2) strong enough to

protect avionics in the event of a UAV crash, and 3) able to withstand landing forces. For a

satisfactory frame design, we have decided that the weight should not exceed 600 grams.

The reason is that the total mass of the avionics is 900 grams, and the take-off mass does

not exceed 1.5 kg. It is estimated that the weight of the body coated with other materials

increases by about 150 grams, so the frame should not exceed 600 grams to meet the

design requirements.

The materials considered when designing the frame are plywood, balsa and

fiberglass. Decisions are based on several aspects, including weight, cost, and manufacture.

Use Pugh matrix to determine the material. First of all, we want the ease of manufacture.

This doesn't seem to be correct, as the factor that influences the score is weight. Second, we

prioritize durability not only to protect avionics, but also to protect low-strength materials that

need to be re-manufacture each time a test flight fails. If the UAV crashes beyond repair we’ll

have to start from zero, which takes a lot of time. The factor following those two is weight and

cost. The Pugh matrix for material selection is shown in table 6.
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Figure of Merit FOM Value Balsa Plywood Fiberglass

Weight 3 5 3 1

Strength 4 1 3 5

Cost 2 3 5 2

Manufacture 5 5 5 3

Total 50 56 42

Table 7 Pugh matrix for chassis material selection

Figure 2 3D Model of the fuselage chassis

The chassis is designed using Autodesk Inventor, shown in figure 2. As mentioned

before, the chassis will use a monocoque type to use the least amount of material, which

reduces the weight and maintains the strength of the structure. All of the chassis structure

will be given a hole to reduce the overall weight of the aircraft. The dimension of the hole is

sized so that the bulkhead still has the strength to absorb all the impact during a crashed

condition. The wing structure on this UAV uses hotwired with medium polystyrene. This gives

a very low-cost wing structure and can be easily manufactured. And for reinforcement the

wing which is used especially in performing sharp maneuvers, we use fiber and epoxy to give

additional strength to the wing but only in certain parts to reduce the weight of the wing.

2.2.2 Body

Three materials are considered for the covering of the chassis and the wing. These

are monokote, polyfoam, and thin balsa sheet. In making the decision of the material

selection we will again use the Pugh matrix. The aspects that are considered in this selection

includes the following: 1) Strength, 2) Weight,  3) Cost, and 4) Manufacture.
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At first we considered polyfoam as the best deal for covering material. However,

plywood does not provide enough strength to protect the avionics, thus making it out of our

consideration. That is also the case for thin balsa sheets, with both high cost and low

strength. Thus, we selected polyfoam as our covering material.

2.2.3 Mechanical System

Figure 3 Mechanical system of the control surfaces

All of the actuators of the control surface and payload dropping mechanism uses

servo. For control surfaces, the servo is then connected to a rod that is bolted with a control

surface horn, shown in figure 3. The horn is then connected to the control surface with a hot

glue.

2.2.4 Technical Drawing

Figure 4 System layout drawing
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Figure 5 Technical drawings

Figure 6 Structural configuration drawings

2.3. Aerodynamic, Stability and Control Features

2.3.1. Aerodynamic Features

Aerodynamic features primarily concerned with the forces of drag and lift, which are

caused by air passing over and around solid bodies. Drag is the force that opposes an

aircraft's motion through the air. In order to overcome drag forces and reach the required

cruise speed, an aircraft must generate enough thrust that is accomplished with a
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motor-driven propeller. Lift is generated by an aircraft wing that keeps an airplane from

falling. Greater lift and drag allow the plane to fly slower without stalling, to ensure accuracy

in payload dropping mission.

The aircraft’s maximum take-off weight based on the previous table including the

fuselage weight is approximately 1587.8 gram. In order to provide a practicality in wing

structure yet able to maneuver in such obstacles, we estimated that the aspect ratio must be

around 4-8; it is the same as a typical jet trainer aircraft. We calculated that the wingspan at

1.2 meter and the projected area around 0.282 square metres could achieve the aspect ratio

at 5.11.

Table 8 CL-CD graph and CL-Alpha graph

A modified S7075 airfoil was used for the main wing while simple flat plywood was

used as vertical and horizontal stabilizer. With properly calculated wing and stabilizer size, it

was found that this configuration was suitable either for maximum speed required (top speed

at 19.7 m/s) or slow flight (stall at 7.8 m/s).

2.3.2. Stability Features

Stability is the ability of an aircraft to correct for conditions that allow aircraft to

maintain uniform flight conditions, recover from disturbances, and minimize pilot or flight

controller workload. It is determined by three main points of stability, including CG (Center of

Gravity), CP (Center of Pressure), and NP (Neutral Point).
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(a) Static Stability. (b) Dynamic Stability for Longitudinal Axis.

(c) Dynamic Stability for Lateral Axis. (d) Dynamic Stability for Vertical axis.

Table 9 Static Stability Graph (a) and Dynamic Stability Response (b, c, d)

The center of gravity is located in front of the center of pressure and neutral point so

that the aircraft has stable characteristics as indicated on the Cm-Alpha graph, the curve

shows balance Alpha at -0.01 degree (trim AoA) and the curve has a negative slope which

means the aircraft can achieve good static stability (tendency to return to original position).

Dynamic stability response was inviscidly analyzed on XLFR5 software. The results of

the analysis show a fairly satisfactory graph. They can withstand various excitation forces

from software, ranging from longitudinal, lateral, and vertical axes. Longitudinal stability is the

tendency of an aircraft to return to the trimmed angle of attack. Lateral stability is the

tendency of an aircraft to resist roll. The vertical stability is the tendency to resist yawing.
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2.3.3. Control Features

The aircraft is equipped with three control surfaces; 2 ailerons, a large elevator, and a

rudder. By using the rule of thumb formula to get an estimate of the required area, the area

we use for each aileron, elevator and rudder is 14,400, 16,064, and 7,700 square millimeters,

respectively. We chose not to use trailing edge flaps as an additional high-lift device. with low

stall capability, this aircraft is suitable for both mission two and for landing.

2.4. Task Mechanism System

UAV are designed to achieve the best of two missions that require. On the first

mission, a fast and maneuverable UAV usually has a lot of thrust on the motor or low AR

wings, but both have to fly at low speeds, which makes them suitable for the second mission

two. Motor with high thrust are not competitive enough due to their larger weight. Low AR

improves handling, but slow flight of UAV needed from this aspect, because UAV have to

flight slowly for accurate payload dropping. For best results in both missions, the UAV has a

higher AR and higher T / W than the required T / W needed to allow the drone to reach high

speeds in a straight line. In order for it to be lighter, the compromise is made on the battery

size, with a smaller 4S battery. This will reduce the flight time, but it will still be able to

complete the mission. The next mission will use different types of batteries. Large AR will

surely decrease the maneuverability because of its high inertia.

The selection of electrical components and the propulsion system is based on the

specifications and characteristics needed to complete the mission. The minimum thrust

requirement is to create a T / W> 1. A minimum thrust of 2.3 kg based on the take-off weight

is required for the aircraft to maintain its speed and have sufficient maneuverability. From this

requirement, a BLDC motor with a 2.3 kg thrust capability was used. It takes ESC with 50A

maximum current and a 4S battery with a capacity of 2800 mah. For the payload dropping

mechanism, the system used an image-based target. It takes a camera and a single board

computer to run computer vision algorithms so that the vehicle can detect targets accurately.

To carry out the mission properly, a library framework ROS and the MAVROS software

package were installed on the computer. The use of this software is intended so that the

computer can give commands to flight controller to prepare waypoints for dropping and move

the servo to release ball at those position.

12



Figure 7 Manufacture and Assembly Process of the UAV

Figure 8 Design and Realization Comparison of the UAV

2.5. Electrical Electronic Control and Power Systems

Figure 8 Electrical electronic and power system circuit diagram

To control this UAV we use electrical components, such as Pixhawk 4 as a flight

controller, Odroid XU4, RC Receiver Frsky X8R, ESC Hobbywing 50A, etc. These

components are integrated together to control the UAV so that it can perform the mission.

Electrical schematic is shown in figure 8.

To give power to electrical components, we use LiPo battery as main power. The

battery is connected to a power module, and then connected to ESC. From ESC we can give

power and control the motor’s speed. We also use switch and circuit breaker for safety

reasons. We also connect UBEC to give power to small electronic devices like servos and

Odroid XU4. To monitor the battery's energy level, we use a power module. UBEC is

connected to Pixhawk’s AUX pin and then distributed to other devices like servo, telemetry

radio, GPS, etc.

The flight controller controls the attitude of the UAV by controlling speed of the motor

and position of the servo arm. The servo arms are connected to control surfaces like rudder,

elevator, and aileron, and also connected to the dropping payload mechanism. To detect
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color, we use Mini USB 2.0 camera connected to Single Board Computer (SBC) Odroid XU4.

SBC processes the image to acquire the position of the drop zone. If the drop zone is

detected, SBC will calculate the coordinate of the drop zone and send dropping waypoint

sequence to the flight controller. Other than sending command, The SBC also receives UAV

position from the flight controller, which connected to a GPS module. The characteristics of

each electrical component will be explained below:

1. Pixhawk is an open-source microcontroller widely used for variety of autonomous

vehicles. We use Pixhawk 1 as a main hub of electrical control. This version of

pixhawk has 2MB flash memory and 512KB RAM. The reason why we chose this

specific controller is because it has active community support, great documentation in

setup and troubleshooting. Pixhawk will work together with Odroid XU4 to as lower

level control.

2. Odroid XU4 is a SBC (Single Board Computer) with octa-core processor which runs

Linux. Odroid XU4 will work as target detection processor and waypoint sequence

control. Small form factors and high performance of XU4 is the reason why we

choose this SBC.

3. SQ11 camera is a camera which we used to give an image of the ground under the

UAV. This camera is small which easily fits into fuselage and has a great resolution,

720p. This camera will serve as target sensor which tracks the position of drop zone.

4. Electronic Speed Controller (ESC) is used to control the speed of the motor with the

expense of PWM signal from Pixhawk. We use Hobbywing 50A ESC because it has a

safe current rating for our motor.

5. LiPo battery is used as the main power source that gives power to all electronic

devices. We use a 2600 mAh 4s battery because it h as enough energy for the

mission and also has a perfect weight for the UAV.

6. RC receiver is used to give information from remote to flight controller. We use the

Frsky X8R because it has enough channels to control the UAV.

7. UBEC (Universal Battery Eliminator Circuit) is used to regulate the voltage from the

battery so that the power can be used by small electronic devices.

8. Switch and circuit breaker are used to separate/unseparate the flow of the current.

9. The Motor is used as a propulsion system.

10. We use Sunnysky X2814 1100kV to give thrust to the UAV. It has 600W of power. The

motor combined with a 10x5 propeller gives enough thrust for the UAV.

11. Servo used to control the control surfaces and also dropping mechanism. We use 9 g

metal gear digital servo because it has good precision, fast-response, and

cost-effectiveness.

When conducting automated flight, the following steps occur continuously until a manual
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override is in place

2.6. Target Detection and Recognition System

The method we choose for target detection and recognition system is image based. In

the mission, the drop zone has two properties: circle shaped, and has red color. The camera

we use is Mini USB 2.0 camera with Odroid XU4 single board computer. We use that

information to create the detection system, with shape detection and color filtering, to obtain

the position of target. The image processing is performed with these steps:

1. Reducing image details using Gaussian blur

When using color based detection, one of the problems it has is the color

distribution in images. Hard edges in image will results in reduced ability of detection,

because the color filtering may emit some pixel in the edge of target, and result in

failed detection of target. To prevent this, we use Gaussian blur as a pre-process.

Gaussian blur is one of the blurring techniques in image processing to reduce noise

and detail by using gaussian formula. By calculating each image pixel with gaussian

formula, we can get the kernel values of each block of pixel depending on kernel size.

The kernel will be convolutionally calculated with input image, and produces resulting

image with blurred effect and reduced detail. Gaussian blur is chosen because we

need the blur distribution focused around the center of the image.

2. Conversion to HSV color space with threshold
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After the image is blurred with Gaussian, the color filtering process can be

performed confidently because of uniform-like color distribution of target. But filter

process in RGB color space is quite complex because we need to tune all the values

to get color according to condition. To make things simpler, we use HSV color space

for filter process. HSV stands for Hue, Saturation, and Value. With HSV color space,

the colors is expressed in single value, which is hue. The brightness is expressed in

saturation, and the darkness expressed in value. This simplifies the threshold tuning

process very much because we can tune the hue one time only, and just adjust S and

V according to condition. The color filtering process then performed by converting

color in those HSV range to be white, and color outside those HSV range to be black.

3. Conversion to grayscale

The black-and-white image which produced by HSV thresholding will be

compared by the blurred image to produce the RGB image but with the filtered pixels

only. This RGB will be converted to grayscale for the next processing step.

Figure 9 Testing of target detection and recognition system

4. Edge detection with Canny edge and dilatation

Because of the non-uniformity of the RGB value inside target exist, the whole

pixel of the target could not be used to determine the detection. To avoid this problem,

we can determine by using the contour of target. To produce contour, we process the

image using Canny edge detector. Canny edge detector will produce the contour of

the image, which will be dilated to make the contour bigger, so detection cannot fail

easily.

5. Circle shape detection using circle Hough transform
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All the 4 steps above will result in color filtered image which is tuned to the

color of the target. But other objects could have red color, and this could affect the

detection if the shape detection is not used. Since the target has a circle shape, we

use circle Hough transform to find which pixel has a circle-like shape. If circle is

found, then the circle hough transform will produce the pixel coordinate of circle

center and the radius of circle.

2.7. Flight Performance Parameters

In this section, flight time, thrust, and thrust to weight ratio calculation will be

explained. We use ecalc.com, which is a website that utilizes empirical data for RC plane

thrust sizing. The estimation result is presented on table 9. The data is then used as the base

for thrust testing, which will be the based of our propulsion system component selection. The

parameters given on ecalc are shown below, with the configuration explained in section.

Battery Parameters Value

Load 16.88 C

Voltage 13.85 V

Rate Voltage 14.80 V

Energy 39.96 Wh

Used Capacity 2295 mAh

Motor Parameters Value

Current 45.57 A

Voltage 13.65 V

Efficiency 86.2 %

Propeller Parameters Value

Static Thrust 2062 g

Revolutions 13611 rpm

Total Drive Parameters Value

Power to Weight 450 W/kg

Thrust to Weight 1.37 : 1

Table 10 Important electrical parameters based on Ecalc.com
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Then for the analysis of UAV performance based on the characteristics of the motor

at full throttle, a minimum flight time of 3 minutes is obtained with a mixed flight time of 6

minutes. It is also known that the mechanical power and electrical power are 536.1 W and

621.8 W. The resulting motor temperature is 66 degrees Celsius and the resulting pitch

speed, tip speed, and specific thrust are 98 km/h, 652 km/h, and 3.32 g/W, respectively.

Figure 10 Graph of Motor Characteristic at Full Throttle

Next in this section the estimated value of the task performance based on each

mission is determined. This section provides the theoretical calculation based on equations

and theory from references.

Parameters Value (Unit)

Score Related

Weight without payload 1587.8 g

Mission 1 time of completion 2 minutes

Mission 2 time of completion 2.5 minutes

Non Score Related

Maximum Flight Time 6 minutes

Maximum (theoritical) payload weight 400

High speed attained 20 m/s

Time taken for 180 degree turn 3 s
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Time taken for 360 degree turn 6 s

Take-off distance 1.5 m

Table 11 Task performance of the final design

2.8. UAV Cost Distribution

No. Component Name Unit Price (TL) Quantity Total Price (TL)

1. CA Glue 2.46 20 49.2

2. Medium Foam 69.93 1 69.93

3. Polyfoam 5 mm 35.26 1 35.26

4. Plywood 3 mm 35.86 4 143.44

5. Laser Cut Service 17.93 4 71.72

6. Fiber Tape 11.95 1 11.95

7. Fiber Glass Adhesive 66.34 1 66.34

8. Propeller 11x4.7 47.81 1 47.81

9. Push Rod + Connector 107.58 1 107.58

10. SQ 11 Camera 43.78 1 43.78

11. Sunnysky X2814 1100 kv 226.05 1 226.05

12. Gemfan Propeller 1050 20.93 3 62.79

13. RC Horn 18.06 1 18.06

14. Kain Peles 63.09 1 63,09

15. Power Module 44.85 1 44.85

16. Radiolink M8N GPS SE100 243.81 1 243.81

17. Polyfoam 3 mm 11.96 4 47.84

18. Fuse Circuit Breaker 56.81 1 56.81

19. Print A1 + Proposal 54.42 1 54.42

20. Antena Receiver 37.32 1 37.32

Total 1502.09

Table 12 UAV Cost Distribution
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In terms of cost, we choose materials and components based on the specifications

that will be used in our UAVs. Considerations such as ease of manufacturing, costs incurred

are very important for budget efficiency and also using easy manufacturing methods with

good materials, especially in terms of reliability. In buying electrical components for the UAV,

we also do research in advance, do calculations, and analyze what components need to be

purchased and what specifications are suitable for use in missions 1 and 2 of the

competition, so that the functions and budgets spent are appropriate.

2.9. Originality

In this section because our team did not create programs or components from the

scope of originality, therefore we do not provide an explanation regarding this section. Thank

you from our team especially for institutions and committees Teknofest UAV Competition

2021, this is the end of our detailed report section.
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