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-EXPLANATION- 

TEAM NAME: Sadewa 

VEHICLE TYPE: ROTARY WING 

UNIVERSITY: State University of Surabaya 

TEAM CAPTAIN: Hisyam Muhammad Fuad Al Azka 

Al Azka  

1. PROJECT SUMMARY 

Sadewa is a research team in the field of UAV, especially in the rotary wing division of 

the State University of Surabaya, Indonesia. The beginning of the formation of this team 

on the basis of participating in a national competition organized by the Ministry of 

Research and Technology of the Indonesian government. This team has good team 

members, diligent, disciplined, thorough, working hard and mastering knowledge in their 

respective fields. This team is guided by people who are smart, have leadership qualities, 

are critical in guiding, and have good analytical skills, and are responsible for the financial 

needs of this research. 

1.1 The method followed in Design 

In participating in this year's Tubitak competition, the Sadewa team used a quadcopter 

type UAV. By design method: 

• The main structure material for the airframe is Pertinax Ebonite with specifications 

for the vehicle diameter of 960 mm, height of the vehicle 400 mm, weight of 3,851 

grams with a weight of MTOW (Maximum Take-Off Weight) Kg.  

• The structure of the propulsion system uses 4 electric motors with specifications for 

the Brushless Motor Sunnysky UAV X2814 900 KV, diameter x pitch propeller 11 x 

5 mm with a plastic base material.  

• The electronic system structure uses a Pixhawk Flight Control Board and a 

Raspberry Pi mini pc, for a telemetry frequency of 433 MHz, an ESC capacity of 30 

Ampere, with a 12000 mAh Lithium Polymer battery capacity of 14.8 V 20 C. 

• With the capability of Take-off Method, Object Detection Method, Air Pick and Drop 

Method, Autonomous Landing Method, and failsafe method using Return to Launch. 

With these materials and designs, it makes it easier for the quadcopter to maneuver so 

that it can quickly move in all directions and be able to transport water according to its 

mission, as well as efficiency in battery life. In addition, it is also equipped with an 

autonomous mode. 

. 
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1.2 Team Organization 

There are 5 divisions in our teams, there are: 

• Academic Advisor 

Academic Advisor is responsible for being an advisor in the team and also 

helping students prepare and plan the design for making rotary wings that will be 

made in the UAV competition. 

• Captain 

The Captain job is to be responsible for the team and oversee/control the 

team's performance to keep the spirit and solid. 

• Pilot 

Duty to operate the vehicle properly and safely according to the mission that 

has been determined by the rules and success. 

• Aerodinamics dan CAD 

This division is responsible for analyzing and simulating rotary wing body 

designs, using software, then making 2D and 3D designs with CAD applications to 

determine lift. 

• Design Report 

This division is in charge of compiling reports to make the information 

conveyed clear and understandable by readers/recipients, examples of report 

results that can be reported are vehicle design, manufacturing, mechanics, 

software/programs. 

• Programming System 

This division in charge of hardware installation technician. Their job is to 

program the hardware to suit the condition of the vehicle. For the antenna system, 

a tracker antenna is used by utilizing a microcontroller so that vehicle radio 

communication with GCS is better and minimizes signal loss that can cause fatal 

damage. 

• Manufactur 

This division is in charge of implementing designs into ready-to-fly vehicles, 

starting from making body molds, fiberglass coating, and designing loading and 

unloading mechanism systems. In addition to vehicles, this division also designs 

the construction of tracker antennas. 
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1.3 Business Timetable Planned and Actual 

 

SADEWA, ROTARY WINGS / STATE UNIVERSITY OF SURABAYA 
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1. Registration 20th January 15rd Maret  
         

1.1 Choosing team members 40 
         

1.2 Registration 1 
         

1.3 Proposal making 20 
         

2. Vehicle Designing 5th January 29th April  
         

2.1 Choosing vehicle type 35 
         

2.2 Weight analyzing 20 
         

2.3 Airfoil analyzing 20 
         

2.4 Wingloading 20          

Academic Advisor

Fendi Ahmad

Aerodynamics and CAD

1. Hisyam Muhammad 
Fuad Al Azka

2. Daniel Ezra Prasojo

Design Report

1. Hisyam Muhammad 
Fuad Al Azka

2. Mohamad Syamsul 
Huda

System Programming

1. Mohamad Syamsul 
Huda

2. Khonsa Aziza 
almash

Manufacturing

1. Daniel Ezra Prasojo

2. Johan Efendi Firdaus

Captain

Hisyam Muhammad Fuad 

Al Azka

Pilot

Mohamad Syamsul Huda
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2.5 Vehicle size 15          

2.6 Vehicle construction 60          

3. Electrical Design 20th April 20th Juli  
         

3.1 Analyzing electrical system 20 
         

3.2 Analyzing propulsion system 30 
         

3.3 Maiden flight 15 
         

4. Practice 5th Februari 10thSeptember  
         

4.1 Pick up and drop mechanism design 15 
         

4.2 Trial and error pickup and drop 60 
         

4.3 Full trial mission competition 70 
         

4.4 Pilot practice 200 
         

4,5 Test of maximum distance of the radio antenna 20 
         

4.6 Competition week 5  
         

 

2. DETAILED DESIGN 

In this year's Tubitak competition, the Sadewa team used a quadcopter type UAV. 

Quadcopter is an Unmanned Aerial Vehicle (UAV) which belongs to the micro UAV 

category and is widely used by several institutions or agencies. Quadcopter is a UAV 

that has a special characteristic that is easily recognizable, namely it has four motor 

blades that are used as its propulsion. 

2.1 Dimensional Parameters of the Design 

For design specifications we have a frame diameter of 960 mm and a frame height of 

400 mm. In terms of design, the dimensions of our quadcopter are simpler than standard 

quadcopters, namely in terms of manufacture, maintenance and repair. In addition, the 

quadcopter also has the ability to lift loads quite well despite its small size. The reason 

we use the quadcopter design is because it is light, durable, fast and easy installation. 
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Table A. Rotary Wing UAV Parts and Total Weight Table 

No Name Weught (grams) Quantity 
Total weight 

(grams) 

1 

Motor 
Brushless 
Sunnysky 
X2814 900 KV 

200 4 800 

2 
PIXHAWK 2.1 
Cube Black 

300 1 300 

3 
Baterai Lipo 
12000 mah 
14.8V 4S  

933 1 933 

4 
Rasberry pi 3 
Model B+ 

43 1 43 

5 

HobbyWing 
Platinum PRO 
V4 60A ESC 
(3S-6S) 

49 4 196 

6 
Cup Plastik 
500 ml 

17 1 17 

7 
Rectifier Frsky 
X9d Taranis 
Plus 

28 1 28 

8 Gps here 2 33 1 33 

9 
Propeler 
11x5.5  

14 4 56 

10 Telemetri  433 33 1 33 

11 Servo GS 90 12 1 12 

12 Fuse 25A 8 1 8 

13 
Selang 5 ml 
250 cm 

88 1 88 

 TOTAL   2.547 

 

Tabel A. Rotary Wing UAV Material Weight and Balance Table                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

No Nama Weight (grams) 
X 

distance 
(mm) 

Y 
distance 

(mm) 

Z 
distance 

(mm) 

1 Pertinax ebonit 
phenolic ,tebal 4mm 
40 x 50 Limited 

146 150 210 2 

2 hollow tube stainless 282 1880 20 2 

3 Printed Circuit Board 
Single Layer FR4 
Fiber 

15 15 10 2 

4 Baut + 7 30 3 3 

 TOTAL 450    

 

2.2 Body and Mechanical Systems 

The main materials for making this vehicle are Partinak Ebonite and Hollow Aluminum 

to get maximum strength with a light load. The reason we choose these materials is 
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because they utilize domestic materials and components, besides being easy to obtain 

and also cheap. While the shape of the rotary wings is a quadcopter type X with 

consideration of the maximum load of the flying vehicle and the load is 4 kg. for the 

driving motor of the UAV itself using a sunnysky 900kv brushless motor using an 11x5 

propeller and a 12000mah battery which will produce a lifting power of 2.3kg per motor. 

 

 

 

 

 

2.3 Aerodynamics, Stability and Control Features 

A quadcopter is a multirotor that is lifted and propelled by four rotors. Quadcopters are 

classified as rotorcraft, because their lift is generated by a set of vertically oriented 

propeller rotors. By changing the speed of each rotor it is possible to produce the desired 

thrust, find the center of thrust both laterally and longitudinally, to determine the desired 

total rotating force, or twisting force. 

In performing a hover flight, known as a hover, the quadcopter must move all four 

propellers at the same speed (ΩH). Each pair of propellers has a thrust direction that has 

a different function, one pair as a pusher and one pair as a puller. With the movement 
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that produces a thrust and a pull that opposes the force of gravity, the quadcopter can fly 

in the air stably. Some of the movements that can be carried out by a quadcopter are: 

a.  Up and Down Movement 

To move up and down, the quadcopter needs to increase or decrease the rotational 

speed of each propeller by the same amount. Increasing the speed will cause the 

quadcopter to fly up, and lowering the speed will cause the quadcopter to fly down. 

 

Picture 2.3.1 Up/Down Movement. 

b.  Movement on the X-Axis (roll) 

To perform this movement, it is necessary to change the rotational speed of the 

propellers on the left and right propeller pairs. The figure shows that the rotational speed 

of the right propeller is reduced and the speed of the left propeller is increased. Then the 

right propeller will function as a puller and the left propeller as a pusher. So the quadcopter 

will move to the right. 

 

Picture 2.3.2 Roll Movement (right – left). 

c.  Movement on the Y-Axis (pitch) 

To rotate on the y axis (pitch) changes in speed are carried out on the front and rear 

propeller pairs. In the picture it is shown that the rotational speed of the front propeller is 

reduced and the speed of the rear propeller is increased. Then the rear propeller will 

function as a pusher and the front propeller as a puller. So the quadcopter will move 

forward. 
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Picture 2.3.3 Pitch Movement (front– back). 

d.  Movement on the Z-Axis (Yaw) 

This movement is done by lowering the speed of one pair of propellers, front-rear or 

left and right, and increasing the speed of another pair of propellers. Later, the quadcopter 

will move around in the direction of rotation of the propeller pair which is slower than the 

other pair. In the picture it is shown that the rotational speed of the front and rear 

propellers is reduced while the right and left propellers are added, then the quadcopter 

will rotate counterclockwise towards the right side of the front. 

 

Picture 2.3.4 Yaw Movement. 

2.4 Mission Mechanism System 

The water tank is placed at the bottom center of the UAV for good balance. The UAV will 

take off automatically from the starting line to the pool/water collection and the method of 

taking water is using a hose and assisted by a water pump that will lift water into the 

container. After getting enough water from the pool, the UAV will move to a place to put 

water in the place provided and how to drop water from the container by opening a valve 

assisted by a servo. 
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2.5 Electrical Electronic Control and Power Systems 

• Flight Control 

We are using pixhawk 2.1 Cube is an advanced autopilot system designed by PX4 

project. This controller features advanced processor and sensor technology as well as 

the NuttX real-time operating system. The Pixhawk module comes with new peripheral 

options, including an airspeed sensor, support for external multi-colored LED indicators, 

and an external magnetometer. 

• Global Positioning System (GPS) 

We use GPS type GNSS Here which has high accuracy because it has used satellite 

navigation systems from Glonass, BeiDou, and Galileo and is equipped with HMC5983 

MAG and LIS3MDL Mag sensors. With these features, making GPS accuracy better 

than before. 

• Radio Frequency 

We are using FrSky Taranis X9D Plus 2019 2.4G 24CH ACCESS ACCST D16. 

Advanced Continuous Channel Shifting (ACCST) technology can cover an area of 

about 1.5 km to 2.5 with precise servo response. This technology has Failsafe 

programmable channels for fast and easy performance. 

• Battery System 

The batteries we use are 4 Lithium Polymere (Li-Po) with a voltage of 14.8V 20C with a 

capacity of 12,000 mAH. This battery is paralleled with an ESC, Power Module and 

Power Distribution Board (PDB), PDB is an electronic circuit that takes power from a 

battery pack or other DC source, and lowers it to 5V and 12V voltage levels. 

• Power Module 

The power module we use is the XT60 with an onboard switching regulator that 

produces 5.3V output and a maximum of 2.25A from a LiPo battery. Overload can be 

given a maximum input voltage of 20V, the maximum current that can be measured is 

90A. 
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2.6 Target Detection and Recognition System 

The design of the target detection and recognition system will be explained in the block 

diagram of the system designed below. 

Software 

 

In the process of detecting and recognizing targets on this UAV using a Graphical User 

Interface (GUI). GUI is an application from OpenCV that contains tasks, commands, or 

program components that function as a media controller to make it easier for users or 

users to operate a program. 

1. Capture 

The first process in this detection system is capturing or taking pictures of the target 

and its surroundings, this process is the beginning of the next process where the 

captured image will be processed using image processing methods to recognize the 

color and pattern of the target, the image quality of the capture process is very 

important for detection system because the image quality can affect the whole 

process. If the resulting image quality is not good, the system can detect targets other 

than objects or in other words there will be a lot of noise that is detected by the system, 

therefore the camera used must have good quality so that the resulting image is of 

good quality as well. 

VEHICLE ELECTRONIC SYSTEM 
Camera 

Battery 
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2. Color Extraction 

Color extraction is a process to separate the color components contained in the 

captured image, in this process the color component of the captured image will be 

separated into three main color components, namely red, green and blue (RGB), this 

aims to be able to recognize the color of the target detected, this color extraction 

process is the initial process in the color recognition process. 

3. Thersholding 

At this thresholding stage the extracted image is then given a threshold value where 

this threshold value serves to determine the degree of gray of the image pixels 

contained in the target, so that the color that can be detected is the color with the 

pixels that have been set, for the threshold value. The maximum of the 3 main colors 

extracted ranged from 222-255. 

4. Filter 

After the image is at the threshold, the next process is to perform a filter process 

where this process serves to refine the image resulting from the threshold. 

5. Morphology 

After filtering, the next process is to perform morphology, operations morphology 

performed on this detection system is filling where the function of this operation is to 

fill in the inside or center of the target so as to produce a target segment that is not 

hollow and solid. 

6. Determination of the Midpoint of the Target 

Determination of the midpoint is done based on the pixels that have been connected 

each other through a morphological process where the pixels have the number of 

columns and rows, from the number of columns and rows then look for the mean or 
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midpoint of each column and row, this process is very important for the next process 

because from this process the coordinates or location of the target. 

7. Segmen Division 

The segment division process is very necessary because it serves as a reference in 

which direction the UAV will move, as shown in the figure below.  

 

In this process the frame is divided into 9 segments where each segment has its own 

command, if the target is in one of the segments, the UAV will move in the direction 

where the target is located. Commands for each segment on the picture above is as 

follows : 

1. Command for the UAV to move to the left. 

2. Command for the UAV to move forward. 

3. Command for the UAV to move to the right. 

4. Command for the UAV to move left. 

5. Command for the UAV to stop. 

6. Command for the UAV to move to the right. 

7. Command for the UAV to move to the left. 

8. Command for the UAV to move backward. 

9. Command for the UAV to move to the right. 

8. Metric Target Determination 

In the process of determining the metric or value of the target's roundness, this is a 

pattern recognition process from the target, where this process is needed to be able 

to recognize the target whether the target is an object or another object that has the 

same color, so the system will not detect objects other than objects, in this process 

the reference metric value will be the comparison value with the target metric value, 
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if the target metric value is equal to or greater than the reference value then the target 

will be recognized as an object marked with a plus sign and a box around the object. 

2.7 Flight Performance Parameters 

The lift required by a quadcopter to fly (hover). A force equal to F (lift) on the four motors 

is required for the plane to fly, the force required to increase the height (climb) must be 

greater than mass times gravity and the force required to make the quadcopter descend 

(decline) must be less than mass times gravity. Where the equation used is: 

F = (m x g) / 4 ( fly ) 

F > (m x g) / 4 ( move up ) 

F < (m x g) / 4 ( move down) 

Where : 

F = lift (kg m/s2)  

m = massa quadcopter (kg)  

g = grafitasi bumi (9.8 m/s2)  

• Motor Current Relationship with Quadcopter Flight Duration Durasi  

The duration of flight time that can be achieved by the quadcopter is affected by the 

battery capacity. Where from the size of the battery capacity it can be seen the current 

consumption of each motor so that the duration of the quadcopter's flight time can be 

calculated. The duration of the flight time can be used by the quadcopter for take off, 

hover and landing. The equation that can be used is :  

Max Current = Ah x C 

Where:  

Ah = nominal capacity of the battery (Ah) 

C = continuous discharge current capacitance (C) 

• Thrust Motor Measurement 

To make a quadcopter fly (hover) required thrust or force that can lift into the air. Where 

it can be assumed that a force of F (thrust) is required for the aircraft to fly, a force of 

2F can increase the height (climb) and a force of 0.5F can make the quadcopter 

descend (decline). To make the quadcopter fly, a force of F unit is needed:  

4*F = 3.9*9.8 

F = 9.555 kg m/s2 

To make the quadcopter higher than the previous position, it takes F equal to (in the 

beginning it was assumed that to be able to go up a force of 2F was needed) :  

4*F > m*g  

4*(2F) > mg  

8F > mg 

F > 4.7775 kg m/s2  
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So it can be analyzed that for that position the required force F must be greater than 

1.5925 kg m/s2 . To make the quadcopter lower down from the previous position it 

takes F of (at the beginning it was assumed that to be able to go down a force of 0.5F 

was needed) : 

4*F < m*g  

4*(0.5F) < mg  

2F < mg  

F < 19.11 kg m/s2  

So it can be analyzed that for that position the required force F must be less than 6.37 

kg m/s2. 

• Quadcopter Flight Time Calculation  

The duration of the flight time that can be achieved by the quadcopter is about 10 

minutes. This value is a safe value so that the quadcopter still has enough power to 

land perfectly. From the estimated time given, the analysis can be calculated to 

compare the estimated time with the calculation time. The equation that can be used 

is :  

Max Current = Ah x C  

= 12 Ah x 20  

= 240A  

From the calculation of the max current above, the current consumption of each motor 

can be calculated.  

I motor = Max. Current / 4  

 = 240A / 4  

 = 60A  

From the current calculation above, it can be seen how long the quadcopter will take 

to air.  

Flight Periode = Ah/Acc  

= 12 / 60 x 60  

= 12 minutes  

 

 Long time in the air = Flight periode – (2 x flight duration) – spare (10%)  

= 12 - 0.593 - 1.2  

= 10.207 minutes 

• Motor Efficiency Calculation to determine the efficiency of this motor, it is 

necessary to calculate the loss produced by each material. Motor efficiency is 

the ability of the motor to determine how well the device functions. Of course, 

the higher the efficiency, the better. 
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Copper Loss = I2 x Rm  

= 602 x 0.052  

= 187.2 W  

Iron Loss = V x Io  

= 14.8 x 0.7  

= 10.36 W  

Total Loss = copper loss + 

iron loss  

= 187.2 W + 10.36 W  

= 197.56 W  

Power in = V x I  

= 14.8 x 60  

= 888 W  

Power out = Power in – total 

loss  

= 888 – 197.56  

= 690.44 W  

Efisiensi = x 100%  

   = x 100%  

   = 77.8 % 

• Calculation of Motor Start Torque and Motor Synchronous Speed The initial 

torque required by the motor so that it can rotate:  

T = k x F x r  

T = k x 9.555 x 0.035  

T = 0.3344k Nm 

 

 

 

2.8 Aircraft Cost Distribution 

No Tools and Materials Unit/Amount Cost Per-unit 

(TL.) 

Total 

(TL.) 

1 Brushless motor 

Sunnysky 

4 unit 

         322.77  

    12,910.70  

2 Pixhawk 2 cube 1 unit    32,230.00       32,230.00  

3 Esc 60 A 4 unit      6,153.00       24,612.00  

4 GPS 1 unit      5,860.00          5,860.00  

5 Holo Tube 6 meter          131.85             791.10  

6 Ebonit Pertinak  3 unit          586.00          1,758.00  

7 Proppeller 11 x 5 4 unit          293.00          1,172.00  

8 Battery 12000 mah 1 unit    13,478.00       13,478.00  

9 Water pump 1 unit      2,051.00          2,051.00  

10 Logitec Camera 1 unit      8,790.00          8,790.00  

11 Telemetry 433 1 unit      4,688.00          4,688.00  

12 Remote Taranis FrSky 

x9D 

1 unit 

   23,440.00       23,440.00  
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13 Plastic Cup 1 unit            29.30                29.30  

14 Water hose 3 Meter            23.44                70.32  

15 Servo 1 unit          205.10             205.10  

16 Ubec 12v, 5v 2 unit          234.40             468.80  

17 Relay 1 unit          117.20             117.20  

18 Rasberry Pi 3 1 unit      3,516.00          3,516.00  

19 Arduino Nano 1 unit          298.86             298.86  

20 Fuse 25A 1 unit            58.60                58.60  

TOTAL    136,526.28  

 

2.9 Nativeness 

In this year's Tubitak competition, the Sadewa team used a quadcopter type UAV. Our 

quadcopters are made from local materials, where the parts we use are easily available 

domestically, here are some parts that we use within the scope of the locality. 

1. Frame Manufacturing Process. 

for the beginning of making the frame, we made a quadcopter design in AutoCAD, 

then the design was printed/printed on sticker paper, then sticker paper was affixed to 

the partinak ebonite as a printed design, after it was all pasted, then cut the partinak 

according to the design that was pasted with a hand saw, after being cut into several 

parts, then drilled to make bolt holes to unite each other between the other parts until 

they become a complete frame.  

 

 

 

2. Arm Manufacturing Process 

For the drone arm, we made it from a holo tube, then we cut it with a grinder into 4 

arms according to size with the same length, then the holo was drilled according to the 

design for the brushless motor mount and joined the arm with the frame. 



20  

 

3. Board Micro-controller 

For the microcontroller board, we make it from PCB Viber, that is, by printing the 

mica silica that has been designed and printed and then pasted on the PCB Viber which 

is heated with an iron, wait a few minutes until the design sticks to the PCB, then the 

PCB is drilled according to the design for component installation. 

 

4. Water Container 

The container we use is a 500 ml plastic cup which is usually used for food. 

 


