
1 
 

   

  

TEKNOFEST ISTANBUL 

AEROSPACE AND TECHNOLOGY FESTIVAL 

  

 

FIGHTER UAV COMPETITION 

CRITICAL DESIGN REPORT (CDR) 

 

TEAM NAME: GAMAFORCE 

 

ADVISOR NAME: 

GESANG NUGROHO, S.T., M.T., Ph.D. 

Dr. ANDI DHARMAWAN, S.Si., M.Cs. 

DANI ADHIPTA, S.Si., M.T. 

 

 

 

 

 



2 
 

1. Team Diagram  

Team Gamaforce has six members and three academic advisors with specific 

responsibilities in a hierarchy as shown below.  The team members always collaborate 

extensively to share ideas, define working targets, plan the project timeline, and 

execute it accordingly. Each team member learns various disciplines to produce a UAV 

that can carry out the intended mission properly for the Teknofest Fighter UAV 

Competition. 

 

 

Figure 1. Team diagram 

 

2. Preliminary Design Report Evaluation / Differences  

There are some modifications in the wiring diagram, especially in the diagram 

of First Person View (FPV) camera, On-Screen Display (OSD), and video transmitter 

(Figure 13). In the Preliminary Design Report, there were inputs from the camera 

transmitted by the video transmitter and there was an OSD connected to the flight 

controller. In this Critical Design Report, the OSD gives the output to the FPV camera 

and then transmitted by the video transmitter. Previously the OSD features were 

insufficient for the competition. For this revision, the OSD already has a variety of 

excellent features that are able to meet the needs in accordance with the competition 

requirements. The detail will be discussed in the Hardware and Software section of 

the report. The change in revised OSD features costs more to support the system. The 

final budget is shown in Table 1.  
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Table 1. Budget Planning  

Budget Category Cost (USD) 

Control and Radio System $ 1,139 

Power System $ 574 

Propulsion System $ 1,303 

FPV System $ 1,663 

Control Surface System $ 163 

Target Detection Module $ 298 

Airframe $ 408 

Total Cost $ 5,548 

 

3. UAV Mechanical Properties and Production  

3.1. The Final Design of the UAV 

The first prototype aircraft for preliminary testing to retrieve data sampling and 

locking algorithms uses foam board material as shown in Figure 2. Next is Figure 3,  

the expected final design rendered by the Autodesk Inventor 2020 for 3D Modelling 

software. 

   

Figure 2. Prototype 

 

Figure 3. Post production UAV 
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Figure 4. Technical drawing 
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3.2. The Final Design Election 

The selected airframe is the HTOL type with pusher propulsion system. HTOL 

aircraft requires to accelerate horizontally along a runway or strip in order to achieve 

takeoff speed follow by flight speed [1] . 

The selected configuration is based on consideration of the mission that requires 

a front camera for target detection and locking. The dimension and technical 

specification of the final design will be shown in section 3.5 and the analysis of the 

final design will be discussed in section 6. 

3.2.1 Fuselage Consideration 

The size and shape of the fuselage follow the maximum capacity constraint by 

the type, amount, and volume of the electronic configuration used while attempting to 

minimize the profile surface area. The fuselage is also designed to conform thrust 

angle, wing location, and empennage. The electronic bay and components placement 

is shown in Figure 5. 

 

 

Figure 5. Electronic Bay and components placement 
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Table 2. Annotation for Figure 5 

No. Name Quantity Weight (g) 

1 Camera 2 6 

2 Raspberry Pi Zero OSD Module 1 13 

3 On-Board Computer 1 142 

4 Battery 3 1650 

5 Receiver 1 5 

6 GPS 1 49 

7 Video Transmitter 1 9 

8 Flight Controller 1 74 

9 Telemetry Module  1 13 

10 ESC 1 110 

11 Motor 1 234 

Total Weight 2305 

3.2.2 Wing Consideration 

Selection of the wing planform is the most significant design decision with 

regard to the aircraft performance emphasizing on speed and agility. Wing geometry 

such as wingspan, aspect ratio, taper ratio, etc., is an improved version based on well-

proven design already in the market. The open software XFLR5 from MIT was used 

to analyze the 2D and 3D aerodynamic performance using vortex lattice method 

(VLM). The result is shown in Figure 6. 

 

Figure 6. Simulation of the airflow around the wings 



7 
 

At angle of attack (AOA) of 2 degrees, the speed of cruising is 30 m/s resulting 

in Cl of 0.366 with Cl/Cd of 30.228. Vortice produced by the chosen parabolic wing 

tip is also relatively small.  

3.2.3 Empennage Consideration 

The UAV employes V-tails configuration that combine functions of horizontal 

and vertical tails. Furthermore, the V-tails is chosen because of their increased ground 

clearance, reduced number of surface intersections, or novel look. V-tails  require 

mixing of rudder and elevator controls and often exhibit reduced control authority in 

combined yaw and pitch maneuvers [2] . 

Using a V-tail in place of a conventional tail with no horizontal-stabilizer 

dihedral has the potential for reducing tail weight by about 5%, based on required area 

alone. On the other hand, the control mechanism for a V-tail is more complex than that 

for a conventional tail. The added complexity may add more weight than it is saved by 

the reduction in tail area. Another advantage commonly given by the V-tail is a 

reduction in interference drag due to the fact that a V-tail requires only two fuselage-

tail junctions rather than three, which are required for a conventional tail [3] . 

3.3. UAV Production Materials 

The UAV uses carbon fiber material, carbon tube, fiberglass, balsa wood, 

Polyethylene Dyneema Braided (PE), epoxy resin, and monokote. The innovation lies 

in the use of PE yarn, which is the yarn originating from polyethylene with Dyneema 

type woven, therefore shall exhibit high tensile strength. The PE yarn is employed  as 

a substitute for Kevlar yarn which is difficult to obtain and relatively unaffordable.  

3.4. The Vehicle Production Methods 

There are several methods utilized for UAV manufacturing. The UAV fuselage 

manufacturing uses carbon fiber as base material and high pressurized by vacuum 

bagging method. The wing part consists of several components, i.e. spars, d-boxes, 

ribs, sub ribs, carbon strips, and film covering. The spar manufacturing utilizes carbon 

fiber sandwich system with balsa wood N-grain core so that it strenghten and able to 

withstand the load of the wing. D-box is made of carbon fiber which is formed so that 

the shape is the same as the airfoil used. Furthermore, the sub ribs are assembled with 

the spar to fit the jig and then enclosed by the D-box. The ribs are assembled with the 

D-box based on the distance from the jig and the Trailing Edge (TE) part is laminated 
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with the carbon strip. Then the ribs are coated with thin carbon strips to strengthen the 

wings. When all components have been completed, the final step is to cover using 

monokote to provide further strength to the wings assembly. 

To unify the wings, carbon tube 10 mm which is filled with inner carbon tow is 

employed. The result is a strong and lightweight joint. 

3.5. The Vehicle's Dimensions and Technical Spesification 

 

Table 3. Vehicle’s dimension 

No. Name Magnitude 

1 Length 1100 mm 

2 Wing LE X Location 50 mm 

3 Wing CG X Location 66 mm 

4 Wing Span 2130 mm 

6 Wing Aspect Ratio 4.6 

7 Wing Area 0.63 mm2 

8 Stabilizer Area 0.24 mm2 

 

Table 4. Technical specification  

No. Name Magnitude 

1 Max. Take-Off Weight 4 kg 

2 Max. Speed 150 km/h 

3 Peak Thrust 4.2 kg 

4 Stall Speed 28.75 km/h 

5 Wing Loading 6.3 kg/m3 

6 Power Loading 300 W/kg 
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4. Hardware and Software  

4.1. Task Administration and Locking System Design  

4.1.1. Hardware Components used in the Task Management and Locking System  

 

 

Figure 7. Locking System Hardware Diagram 

The hardware for locking system consists of the following components: 

1. Locking Camera 

The camera used to detect the target UAV. The camera is 

connected to the On-Board Computer using CSI. 

2. On-Board Computer 

The computer utilized to manage the locking and control the 

movement of UAV is a high-performance Single Board Computer with 

an AI accelerator. The On-Board Computer Operating System is running 

Ubuntu 18.04 with ROS Melodic. 

3. Flight Controller 

The flight controller connected to the On-Board Computer using 

UART to communicate the telemetry data and to send movement 

command. 

4. SiK Radio Telemetry Module 

SiK Radio Telemetry module utilized as the communication 

bridge between the On-Board Computer and the Custom Ground Control 

Station, The telemetry module connected to the On-Board Computer also 

by UART. 
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5. FPV Camera 

The camera used for pilot view and monitoring. Identical with 

the locking camera but connected to the OSD module. 

 

Figure 8. On-Screen Display (OSD) Interface 

6. Raspberry Pi Zero On-Screen Display Module 

The module that functions to show the locking bounding box of 

the target and the UAV telemetry information. The data shown in the 

OSD screen acquired from the On-Board Computer via UART 

communication. 

7. Analog Video Transmitter 

The video transmitter is used to send the FPV Camera signal 

stream to the ground pilot FPV goggles and monitoring screen. 

4.1.2. The Algorithms and Software Components Developed for Locking and Escape 

Software 

 

Figure 9. Locking System Software Diagram 
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Robot Operating System (ROS) simplifies the design and implementation 

process of the program than the conventional approach. Therefore, hardware utilization 

is maximized due to the integrated multithreading and parallelization feature of ROS. 

In ROS the program is divided into several modules/nodes where each node is a separate 

process and can communicate with each other. The Locking System Software consists 

of the following modules: 

1. Target Detection 

The function of this module is to detect the target UAV based on the input 

image from the locking camera. The output from this module is bounding box data 

of the detected target as shown in Figure 11. 

2. Flight Trajectory 

The function of this module is to determine the UAV flight trajectory based 

on detected target bounding box data and determine the countermeasure maneuver 

to use. The flight trajectory module is also calculating the target movement 

estimation based on the target detection so the UAV is still able to follow target 

even if the target is not visible in camera. 

3. Drone Control 

The drone control module functions as a communication bridge between the 

Flight Controller and the On-Board Computer. The drone control module send 

movement command to the flight controller and controls the waypoint function such 

as takeoff and landing. 

4. Telemetry 

The telemetry module functions as a communication bridge between the 

On-Board Computer and the Ground Control Station (GCS). The telemetry module 

handles the packeting and parsing process of telemetry data. 

A. Locking Algorithm 

 

Figure 10. Locking System Algorithm Step 
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Steps of locking algorithm are as follows: 

1. Image Acquisition 

Obtain image from locking camera. The acquired image is in RGB 

color format. 

2. Target Detection 

 

Figure 11. Target Detection 

a. Object Detection Algorithm 

To automatically detect the bounding of the target UAV, a deep 

learning based object detection algorithm is employed. A Single Shot 

Detector (SSD) with MobileNetV2 architecture is implemented because it 

is lightweight in processing and has high accuracy [4]. 

 

Figure 12. Training Image Dataset Samples 
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b. Model Training 

The dataset sampled for training the object detection model consisting 

of ~5.000 images of various model UAV with a different color. The 

variation of the images ensures the robustness and accuracy of the object 

detection model. 

c. Model Quantization 

Due to the limited computational speed of the On-Board Computer, 

the model is quantized to make it capable of running in real time. The 

quantization process significantly reduces the computational need for 

model inference while still preserving accuracy [5]. 

3. Trajectory Calculation 

A motion model of the target trajectory is created based on the bounding 

box information from the object detection model. The usage of the motion 

model ensures the target locking is robust even when the target is off camera. 

The UAV attempts to follow the target based on the last movement of the 

target. 

4. UAV Movement 

Maneuvering UAV, the drone control module will send movement 

commands to yaw, pitch, roll, and throttle of the UAV to center the target 

bounding box in the locking frame. A PID controller is used to make the UAV 

movement accurate. 

B. Locking Counter Measure 

While following a target, the UAV will do a countermeasure movement 

to make it harder to lock by another UAV. The countermeasure consist of two 

type movement, the first is  by randomizing speed. The throttle of the UAV will 

be randomized at a certain range while still maintaining a safe distance with the 

target.  The second is randomize movement, the yaw, and pitch of the UAV will 

be randomized at a certain degree while still maintaining visual lock of the 

target. 
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4.2. Flight Control System and Algorithm  

4.2.1. Hardware Components used in the Flight Control System 

The selected hardware components for the flight control system are described as 

follows.  

1. On-Board Computer (OBC), the module consists of a single board computer 

with high computational speed and low power consumption of 5-10 W. 

2. Locking Camera, an 8-megapixel sensor camera, with dimensions of 25 mm 

x 23 mm and power consumption of 1.25 W, is employed to produce high-

quality images that meet the needs of the target detection system. 

3. Flight Controller Pixhawk 2nd Edition, Pixhawk 2 has a size of 81.5 mm x 

50 mm x 15.5 mm. 

4. Electronic Speed Controller (ESC) 100 A is selected and has the specification 

of high-efficiency value, stable current output, and can be programmed. 

5. Telemetry 433 MHz, the maximum telemetry range is up to 40 km from the 

Ground Control Station with 100 mW of transmission power in a small form 

factor. 

6. GPS Module, the GPS has 2 meter accuracy so that the resulting data fulfills  

the requirement when auto locking the target. 

7. First Person View (FPV) Camera, the camera has FOV 165° at 1080@60fps 

resolution hence able to produce high-quality video streaming and has power 

consumption of 3.25 W. 

8. Video Transmitter (VTX) 5.8 GHz, the channel and transmission power can 

be adjusted between 0.025 – 1 W. The VTX has smart audio setup via OSD 

and includes a full digital video recorder solution to record the video feed of 

the FPV cam directly on board. 

9. Radio Control with External Module 868-915 MHz, the radio control has 

been added with an external module, an adjustable transmitting power up to 

1 Watt. The radio control supports many features such as Receiver Signal 

Strength Indicator (RSSI), real-time flight logging, audio speech outputs, etc. 
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Figure 13. Revised Flight Control Hardware Diagram  

4.3. Ground Station and Communication System  

4.3.1. The Hardware and Software Components of the Ground Control Station 

The Ground Control Station (GCS) consists of two terminal, Mission Planner 

for the flight control, and a Custom GCS (CGCS) for telemetry data communication to 

the competition server. The Mission Planner monitors the UAV via telemetry data, for 

example diagnostic information and live map location of the craft. The Mission Planner 

will be running on a Laptop running Windows Operating System. Mission Planner also 

used to configure the UAV system and manages the safety feature of the UAV.  

 

Figure 14. Mission Planner GUI 
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 The Custom GCS (CGSC) is utilized to fulfill the mission requirement in 

sending telemetry data to the competition server. The CGCS will be running on a Laptop 

running Linux Operating System. To utilize the CGCS the operator must connect the 

computer terminal to the competition server by using an ethernet cable and then use the 

CGCS to login to the competition server. 

 

Figure 15. CGCS GUI  

4.3.2. The antennas used in Communication, Data Links, Communication Devices, 

Communication Frequency Ranges and Communication Protocol  

There are four communication links in the UAV, Remote Control, Mission 

Planner Telemetry Link, CGCS Telemetry Link, and FPV Video Transmission. The 

specification of each communication link described in Table 5. 
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Table 5. Communication Link Specification 

Usage Frequency 
Transmit 

Power 
Antenna Protocol 

Remote Control 2.4 GHz 100 mW Monopole ACCST 

Mission Planner 

Telemetry Link 

433 Mhz 100 mW Monopole UART – MAVLINK 

Custom GCS 

(CGCS) 

Telemetry Link 

900 Mhz 100 mW Monopole UART – Custom 

Protocol 

FPV Video 

Transmission 

5.8 GHz 600 mW Cocktail 

and Patch 

Analog Video 

 

A custom protocol is implemented to send and receive data from the UAV to 

the Custom GCS. The custom protocol consists of three packets, telemetry information 

and Locking information from the UAV to CGCS and server time from the CGCS to 

the UAV. The telemetry information and the server time will be sent at 10 Hz rate, and 

the locking information will be sent every time the UAV locking a target. The detail of 

the packet structure described in Table 6, Table 7, and Table 8. 

 

Table 6. Telemetry Information Packet Structure 

Field Size 

Packet Header 2 Byte 

Telemetry Payload 62 Byte 

Packet Footer 2 Byte 

 

Table 7. Locking Information Packet Structure  

Field Size 

Packet Header 2 Byte 

Locking Payload 12 Byte 

Packet Footer 2 Byte 
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Table 8. Server Time Packet Structure 

Field Size 

Packet Header 2 Byte 

Server Time Payload 4 Byte 

Packet Footer 2 Byte 

 

4.3.3. Telemetry and Video Transfer between the UAV System and the Competition 

Server 

A. Telemetry Transfer 

According to the committee's provided communication configuration, the 

CGCS will act as a relay for the telemetry transfer between the UAV and the 

competition server. The CGCS will receive the information packet from the UAV 

via telemetry link then convert it to the JSON format and sent it to the competition 

server by using the POST Method. The CGCS will also receive server time 

information from the competition server using the GET Method and sent it to the 

UAV via the telemetry link, i.e. adhere to communication compliancy. 

B. Video Transfer 

For the live video monitoring from the FPV, an analog video receiver will 

stream video output to the competition server. A recording of the video from the 

UAV will also be sent to the judges using an FTP or flash disk after a round has 

ended. 

4.4.  Power Management and Propulsion System  

4.4.1. Propulsion and Movement System 

4.4.1.1. Propulsion System 

A. Motor, Propeller, and Battery 

To meet the specifications of the aircraft according to the mechanical 

specification data, an analysis of the combination of motor specifications, 

propeller size, and the battery is carried out to produce optimum performance. 

The analysis uses the propCalc commercial web application from Ecalc.ch[6] 

with the result as shown in Table 9 and produces 2 alternatives. 

 



19 
 

Table 9. Final propulsion option 

Motor KV 
Battery 

(cells) 

Current 

(A) 

Best 

Propeller 

Static 

Thrust (kg) 

Power 

(W) 

Brushless 

Motor 

5010-810 

810 
4 

(14.8 Volt) 

70 13x8 4.3 1179 

80 14x7 4.4 1138.5 

 

B. Electronic speed controller (ESC) 

The electronic speed controller that will be utilized must has high 

efficiency, stable current output, and can be programmed. From Table 9, the 

motor requires a constant current output of 70A and a burst current at the 

maximum performance is 70-80A. The safe value for the ESC is 10-20% 

below the motor’s maximum rating: 

ESC = 80 + (80x20%) = 96A 

Therefore, an ESC with constant current output of 100A is used in the system. 

C. Battery 

The Lithium Polymer Battery 15 Ah 14.8V 65C, the battery has a power 

density of 200 Wh/kg. The battery weighs 1.65 kg to produce power of 200 x 

1.65 kg = 330 Wh. 

4.4.1.2. Movement System 

A. Servo  

The aircraft control surface servos are able to deliver 3-3.5 kg.cm of 

torque at speed of 0.13 sec/60° no load while weighing only 17 g each. Also, 

each servo is high precision and operating at low power of 1.25 W. 

4.4.2. Power Management System 

The battery used has a power of 330Wh, to supply the entire UAV system 

with a total power of 715.5W, the estimated flying time of the UAV is about half 

an hour or 27.6 minutes at 75% maximum power. 
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Table 10. Power Consumption 

Components Power (Watt) 

Propulsion 694 

On-Board Computer 10 

Flight Controller 2 

Locking Camera 1.25 

Servo 5 

FPV Camera 3.25 

Total 715.5 

 

5. Security  

The measures and solution methods for meeting the strict security requirements 

mentioned in section 9 of the competition specifications are given below:  

1. The UAV design is in accordance with the technical drawing in this report has 

undergone various prototype flight tests and expected to be able to complete the 

competition mission. In case if a modification is required, then it shall be only a 

minor changes, therefore the overall design will still comply with the technical 

drawing in this report and guarantees the structural soundness. 

2. Before performing a flight, a standard detailed pre-flight operating procedure 

checklist is carried out to examine the vehicle safety in terms of construction, visual, 

and control. 

3. To ensure the components and cabling are secured, each connection is safe-guarded 

using commercially available fastener. Locktite and locknut is used for all critical 

points including the wings connection while industrial-strength epoxy glue is used 

for tail connection. 

4. The propeller assembly is mounted to the motor using part provided by the motor 

manufacturing company as designed. However, this will become among the most 

critical components that are always be double-checked thoroughly during pre-flight 

procedure. Furthermore, the selected propulsion system is a push mode which is 

expected to significantly reduce the chance of propeller detaching from the motor.  

5. The safety of the electronics wiring is ensured by utilizing the strong connectors 

and supplemented by connectors’ fastener.  It is of the essence that no wiring comes 

loose during flight due to the airframe vibration, all must be mounted securely. 
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Figure 16. Electrical connectors and fasterner 

6. Part of the critical checklist is the examination of radio range control and the 

potential of frequency channel collision, motor start and kill switch, including 

double-check the remote mode, radio channel, switch mode, movement control 

surface, and propulsion system, etc. 

7. The UAV control mechanism by design has already a safety factor provided by the 

above required torque of the servos. This is also very critical to prevent control 

surfaces blowback; a simple test will always be performed during pre-flight for 

example by hand-test pushing all the control surfaces which shall be able to hold 

their positions for normal operation, i.e. pre-flight ground static testing.  

8. The UAV is expected to carry a total load of 4 kg. Therefore, the overall structural 

integrity of the aircraft must always be assured in airborne worthiness by visual and 

quick movement test during pre-flight check.  

9. If a remote control loose the radio signal then the telemetry system of the UAV will 

automatically activate the long failsafe according to the time set. The command 

executed by the long failsafe is the return to lunch followed by auto landing on 

specified area. 

10. The primary power fuse is located in the middle outer of fuselage which is an easily 

accessible location in case of emergency. 

 

Figure 17. Fuse module 
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11. If the UAV flies beyond the specified competition area then the UAV shall 

automatically return by activating the failsafe geofencing setting that limits the 

flying area. In case the UAV exits the area during the specified time interval, it will 

automatically activate the guided flying mode and goes to the defined set point, and 

do the loiter, then the pilot can take over the flight manually. 

12. Communication Loss  

a) Auto mode : If a communication loss occurs for 20 seconds then the UAV will 

automatically run failsafe which will activate the UAV flight to RTL mode 

followed by auto landing at the specified landing point. 

b) Manual mode : If a communication loss occurs then the UAV will 

automatically carry out flight termination according to the Fighter UAV 

Contest Conditions and Terms. 

 

6. Test and Simulation 

6.1. The Test and Simulation Scenario Applied to the System 

6.1.1. Computational Fluid Dynamic (CFD) and Structure Analysis  

To achieve flight stability and structural rigidity, the material suitable for the 

fuselage and wing has been selected carefully. The consideration of the structural 

configuration is important because of the various loads distributed along the UAV 

airframe. Therefore, CFD study is performed in order to predict the load exerted by the 

lift generated across the wing. After the simulation, prediction of pressure on the wings 

will be used to calculate the spar thickness and diameter of joints required. 

The analysis is carried out at a speed of 150 km/h by neglecting air friction on 

the vehicle surface. The maximum pressure is at the point where the front looking-

forward camera is located, hence a robust camera mounting structure is required. The 

minimum point of pressure is at the top of the wings therefore it will result in a lift. 

The Von-Misses analysis is carried out based on the results of the CFD analysis. 

As seen in Figure 19, the wings need a jointer and spar that is stronger in the root to half 

of the wings. Therefore, the structure explained in section 3.4 is selected. 
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Figure 18. CFD Analysis : Pressure  

 

 

Figure 19. Von-Misses Stress Analysis  

 

6.1.2. Propulsion System Simulation 

During the static aircraft conditions, measurements of current, voltage, and 

power are measured using a Digital Watt Meter (DWM). The measurement for normal 

average operating flight result is shown in Figure 20.  
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Figure 20. Measuring result by DWM 

6.2. The Compatibility of the Test Result with the System 

 Based on the results of the analysis in section 6.1, the UAV with a weight of 4 

kg will be safe to fly at the speed of up to 150 km/h.  Furthermore, the selected structure 

reinforced airframe and wings, will have an estimated normal average flying time of 

27.6 minutes at 75% maximum power (refers to section 4.2.2.).  

 

7. Originality  

1. Core material (reinforcement) in the fuselage uses 1.5 mm x 1.5 mm balsa wood 

which is arranged crossed with a distance of 6 cm. The material cores will be arranged 

between two layers of carbon fiber in the fuselage. The use of 1.5 mm x 1.5 mm balsa 

wood makes it easily formed adjust the fuselage contour. The core of balsa wood 

material only covers partially at the critical areas to make it lighter yet rigid and 

structurally strong.  

2. The joining of the left and right fuselage mold employs a layer of carbon fiber on the 

inside of the fuselage. Therefore, the integration will be neater and stronger. In detail, 

each part of the fuselage mold is glued then cut to the lid to ease the joining of the 

carbon fiber layer on the inside of the fuselage.  

3. Implementation of SSD Mobilenet V2 object detection algorithm for computing the 

calculation to detect the target in real-time. 

4. Utilization of motion model to estimate target flight trajectory. 

5. Locking countermeasure manuever by randomizing the UAV movement while still 

maintaining a visual lock with the target. 

6. Target movement estimator that enables to predict the target flight path trajectory 

even if the target is off camera.  
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