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Executive Summary 
 
The product of the 2010 California State University, Northridge’s (CSUN) Aero Design Team has been the result 
of over three years of accumulated work. The three-year project started with funding from the National Science 
Foundation (NSF), and has been in response to the Student Unmanned Aerial Systems Competitions as well as 
interests and desires within the Department of Mechanical Engineering at Cal State Northridge. The objective of 
the 2010 Aero Design Team has been to meet all the requirements of the 2010 Student Unmanned Aerial 
Systems Competition, compete in the competition, all the while demonstrating the needs of CSUN’s College of 
Engineering and Computer Science.  
 
The Aero Design Team has successfully piloted a total of three prototype aircraft, two of which have been 
manufactured at the CSUN engineering facilities.  A Procerus 60 aircraft was purchased to serve as mechanical 
platform to test the autopilot and image recognition systems developed by the 2010 team. The team 
experienced success by witnessing the aircraft being able to navigate the predetermined waypoints all the while 
transmitting the desired information to our Mobile Ground Station (MGS).  
 
A first cut prototype was successfully manufactured from polystyrene and carbon fiber. The process 
encompassed separate manufacturing of the wing unit and fuselage that were then combined using Nylon 
fasteners. The propulsion system utilized a DC brushless/Lithium Polymer electric system, and includes 
supplementary solar power. The system without solar cells had been perfected at this time and implemented 
into the first cut prototype. The maiden flight of the prototype showed the team several improvements of the 
aircraft that could be implemented into the next generation prototype. Some of these improvements included 
endplates for the wing, a stronger front landing gear, and improved canard design/integration.   
 
The last and current aircraft produced by the 2010 CSUN Aero Design Team was the engineering prototype. This 
model underwent the same type of manufacturing process as the first cut prototype with minor differences 
including increased balsa wood integration. The propulsion system had been successfully integrated into this 
prototype including photovoltaic capabilities. The prototype successfully utilized a forward imaging system, a 
BTC-40 camera, and an undercarriage imaging system, a gimbaled BTC-88 camera system. The autopilot 
successfully pilots the craft for image search and information transmission to the MGS. The solar system has 
been successfully shown to have the capability to power the craft and charge the battery when operating at 
cruise conditions. 
 
The Aero Design Team sought to promote a completely safe aerial observation system. This was accomplished 
by successfully integrating the MGS with the aerial system. The MGS is provided with back up measures to 
provide power to the system in the event that the main power system failure so that the aircraft can be piloted 
properly home without losing the link to the aircraft. The team’s pilots have been trained to be able to pilot the 
aircraft in the event that the autopilot system experiences a loss of power. The MGS is equipped with a weather 
station to monitor the ambient conditions to better predict the behavior of the craft in the flight environment.  
 
Overall, the objective of constructing a solar powered aerial observation platform was met. This objective was 
completed without sacrificing safety or performance. The 2010 CSUN Aero Design Team has learned the value of 
a systems engineering design project that AUVSI has sought to promote. 
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1. Overall Design Requirements 
 

The following section outlines the 2010 Aero Design Team’s interpretation of the AUVSI objectives for the 
2010 Student Unmanned Aerial Systems Competition as well as California State University, Northridge’s 
Department of Mechanical Engineering objectives for this Student Senior Design Project. 
 
1.1. AUVSI Objectives 

The purpose of this competition is to build an autonomous aircraft for aerial observation. The aircraft 
must be able to recognize alphanumeric targets while navigating waypoints within specified airspace. 
The aircraft must maintain a certain level of variability in terms of being able to identify target and 
target locations that are not predetermined. The idea was to create an intelligent aerial vehicle to 
complete surveillance and reconnaissance tasks within a specific amount of time (40±20 minutes), 
including not only the collection of data but interpretation of that data as well. Certain safety 
requirements were also proposed by AUVSI such as on board fail safe measures to ensure teams remain 
in complete control of their respective vehicles. Although not required by AUVSI, extra recognition is 
given to teams who demonstrate autonomous take-off and landing. The entirety and minute technical 
details of AUVSI’s rules were reviewed by the CSUN Aero Design team; however, for sake of brevity not 
included here. 
 

1.2. CSUN Aero Design Team Objectives 
 

The design team sought to complete all of the objectives and desirables set by AUVSI; however, certain 
characteristics of the UAV were also required by CSUN’s Department of Mechanical Engineering. The 
team needed to demonstrate a certain level of manufacturability including ease of manufacture and 
interchangeability. It was also necessary to create a system that could record in-flight data. This data is 
reserved for future reference when generating flight models and simulations. The team desired to 
integrate a photovoltaic system that would have the potential to theoretically extend the UAV’s flight 
time indefinitely.  
 

2. Team Organization  
 

The following section outlines the overall organization of CSUN’s Aero Design Team including subgroup 
organization as well as the schedule that was followed by the team. It should be noted that the 2010 team 
consisted of a multidisciplinary background including mechanical, electrical, computer, and aeronautical 
engineers. Also the team sought much advisement from distinguished individuals with computer science 
backgrounds and human factor individuals with experience in psychology.  
 
2.1. Subgroup Organization 

 
Figure I: Outline of Subgroups and Subgroup Task 
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2.2. Project Schedule 

 
Figure II: Project Timeline 

3. Design and Rationale 
 

This section encompasses the design process behind the principle components of the UAV system including 
the subsidiary systems of the aircraft, data transmission, and ground station. 

 
3.1. Avionics 
 

3.1.1. Autopilot Subsystem 
 

The Kestrel Autopilot from Procerus Technologies was selected as an off-the-shelf control system 
capable of meeting mission requirements.  The system features interfaces to our surveillance system 
allowing the aircraft to lock-on and zoom onto ground targets.  The Kestrel Autopilot has a variety of 
fail-safes in order to meet safety requirements listed in the scope of work.  

  

 
Figure III & IV: Autopilot and Gimbal Camera System 
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3.1.2. Surveillance Subsystems 
 

In order to achieve the resolution requirements with the required flight profile a camera with an 
optical zoom was required.  The BTC-88 gimbaled system came with a Sony FCB-IX capable of 10x 
optical zoom which met our targeting requirements for a vertical flight envelope of up to 650 feet 
which is over the maximum altitude required for recognition during the competition. 

 
3.2. Software Architecture  
 

In order to meet the requirements for both in-flight navigation and computer vision the software 
architecture was divided into two major systems respectively.  The approach was to create an 
Autonomous Navigation System (ANS) as a high-level application with a straight forward graphical user 
interface for updating mission parameters.  The Target Recognition System (TRS) was designed to handle 
the throughput of our incoming video signal and recognize targets in real-time.  It was also designed to 
be easy to interface with the ANS in order to synchronize and coordinate video and telemetry.  In order 
to ensure interoperability and ease of integration all lower-level libraries, used by both the ANS and TRS, 
were designed using Microsoft Visual C# and all user interfacing was implemented through National 
Instruments LabVIEW front panels leading to a powerful and scalable system. 
 
3.2.1. Autonomous Modules 
 

The autonomous modules are a set of libraries that contain the backbone of the entire software 
system.  The development process was a bottom-up approach starting from the design of a socket 
class to send and receive data packets to Virtual Cockpit.  A packet driver class was implemented 
to send waypoint as well as gimbaled commands.  A packet parser class was designed to organize 
packet data into a usable form.  A unifying class called UAV was designed to hold an instance of a 
driver and parser and effectively act as the object that both drives and receives data from the UAV. 
 
A state-machine pattern was used to organize the transition logic in terms of parameters and 
methods available in the UAV class.  It has the capability for autonomous takeoff, navigation, 
search and landing. 
 

3.2.2. Autonomous Navigation System 
 

The ANS was designed in LabVIEW using the managed .NET dynamic link libraries implemented as 
the autonomous modules.  Essentially the application used two threads for commanding the state-
machine while simultaneously interacting with the graphical user interface.  The application also 
used global shared variable in order to interface with the target recognition and classification 
system. 
 

3.2.3. Target Recognition System 
 

The computer vision system was developed using the NI Vision development module.  The 
interfacing with the frame-grabber was straight forward and greatly reduced testing and 
development time.  Since computer vision is difficult to generalize we used in-flight footage to do 
most of our development.   Essentially the algorithm for vision used canny edge detection along 
with pattern matching with a set of shape templates.  The recognized targets are sent to a target 
classification program which allows the user to save mission data. 
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3.3. Aircraft Design 
 

3.3.1.  Configuration Trade Study 
 

The Aero Design Team analyzed several different overall plane configurations and synthesized a 
trade study assessing the strengths and weaknesses of each design. For our particular 
requirements, the design of the aircraft was to maximize endurance by minimizing drag. The 
following table summarizes the parameters examined for each design and rightfully, a design was 
selected thereafter. 

Table I: Configuration Trade Study 

Criteria  Weight  Conventional  Canard  
Flying 
Wing  

BWB  
BWB 
w/ 

Canard  

Joined 
Wing  

Aerodynamics 0.25 2 3 5 5 5 3 

Fabrication  0.25 5 5 3 3 3 2 

Performance / Stability  0.15 4 4 2 2 4 4 

Structure / Weight  0.15 3 3 4 4 4 5 

Payload Integration  0.1 4 4 2 3 3 4 

Propulsion / Power  0.1 2 4 5 4 5 3 

Total  1 3.4 3.85 3.6 3.6 4 3.3 

 
Table I highlights the trade study results. The weights associated with each criterion were assigned 
according to CSUN’s desired performance characteristics of the UAV (high endurance via low 
drag). Table I suggests that the optimal configuration for the UAV is the blended wing body with a 
canard and winglets. The team realized that elevators on the canard could be used to control 
pitch, ailerons on the wing could be used to control roll, and trailing winglets could be used to 
control yaw; at this time all of these devices had the possibility to be used in the final aircraft.   
 

3.3.2.  Airfoil Selection 
 

Since the aircraft is limited to a specific airspace to conduct its image search and recognition, the 
time spent during each search pass needed to be maximized. This means that less time would be 
spent maneuvering within the search zone and more time could be allotted for object search. 
Therefore, low Reynolds number airfoils were considered because the craft could gain the 
increased search time desired while maintaining sufficient lift. The seven airfoils outlined in Table II 
were considered to be most suited for this application. 

 
Table II: Airfoil Trade Study 

 

Criteria Weight 
E193MOD-

PT 
S2091B-PT S4061B-PT S4233-PT SD7032D-PT SD7062-PT 

SB96MU 
8.5/1.73 

CDmin 0.15 2 3 3 1 3 1 4 

CL@CDmin 0.3 2 1 1 2 2 3 1 

CLmax 0.23 2 4 3 2 4 4 2 

Cm 0.22 1 3 2 4 2 3 5 

Angle 
of 

Attack 
0.1 5 5 5 4 5 4 3 

Total 1 2.08 2.83 2.38 2.49 2.91 3.03 2.76 

mailto:CL@
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The airfoil selected was the SD7062-PT. 
 

 
Figure V: SD7062-PT Airfoil 

 
Table III: SD7062-PT Properties 

 

Properties Value 

CLmax 1.4 (Re= 300,000) 

CLmin drag  0.499 

CDmin 0.0095 

Cmac -0.08 

Max Thickness 
13.98% at 27.2% of the 

cord 

 
Table IV: Parasitic Drag Characteristics 

 

Parasitic Drag Summary 

Wing 0.0121 61% 

Fuselage 0.0034 18% 

Canard 0.0009 4% 

Landing Gear 0.0034 17% 

CDo 0.02 

 
3.3.3.  Parasitic Drag Characteristics 
 

We expect the parasitic drag characteristics outlined in Table IV to be an under estimate so for all 
the analysis we used .025 to allow a 25% margin of unaccounted drag. 
 

3.3.4.  Take-Off Model 
 

This section summarizes the UAV’s take off performance characteristics. 
 
Figure VI below illustrates the take-off performance of the aircraft. It is apparent from this plot 
that the lift-off speed for the UAV is 33 ft/s and the take-off runway length is 75 ft. With this take 
off velocity, it was determined that the UAV would have a desired 20% stall margin represented by 
the green line on Figure VI.  
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Figure VI: Take Off Model Plot 

 
3.3.5. Stability and Control Surfaces 
 

The design team realized that a blended wing body type of configuration inherently has stability 
issues; because of this realization we addressed these issues with appropriate control surfaces. 
These control surfaces consisted of a front canard as well as ailerons, elevators, and winglets. The 
models and parameters developed for these surfaces are outlined below. 
 
The control surfaces selected for roll stability were the ailerons.  The ailerons needed to have a 
span of 50% of the wing and a width in the range of 15% to 20% if the wing chord. The width was 
limited due to the location of the solar cells. The resulting ailerons had the following 
characteristics: 
 
Span (b) = 2 Feet (50% of Wing Span) Width = 2.5 inches (18% of Wing Chord) 

 
It was decided not to have a traditional vertical tail to avoid shadowing on the solar cells. Instead, 
trailing winglets were implemented for yaw stability because of the fact that they increase the 
apparent aspect ratio of the wing providing stabilization by reducing the amount of induced drag.  

 
Table V: Canard Characteristics 

 

Canard Characteristics 

Properties Value Units 

Volume Coefficient 0.13 n/a 

Aspect Ratio 7 n/a 

Planform 1 ft2 

Span 2.6 ft  

Mean Chord 4.25 in 

Forty Percent Elevator 
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Figure VII below highlights the moment coefficient values for various angles of attack. The control 
surface selected for pitch stability is the canard. The canard was designed with the requirement of 
having a volume coefficient greater than or equal to 0.10. Also, as can be inferred from Figure VII, 
the UAV’s stall margin was determined to be approximately .014; an expected result. 

 

 
 

Figure VII: Canard (Pitch) Stability Characteristics 
 

3.3.6.  Overall Wing Characteristics 
 

Table VI below simply is a summary of the wing characteristics of the final prototype UAV created 
by the 2010 team. 
 

Table VI: Overall Wing Characteristics 
 

Overall Wing Characteristics  

Properties Value Units 

Wing Loading 1.07 Lb/ft2 

Aspect Ratio 7 n/a 

Planform 9.33 ft2 

Span 8 ft  

Mean Chord 14 in 

Taper 1 in 

Dihedral 3 Degrees 

 
3.3.7.  Fuselage Design  
 

The design of the interior of the fuselage was based around the idea of wanting to have easy 
access to all of the components while maintaining enough air flow through the body to cool the 
systems. For the fuselage the team used polystyrene foam for the interior of the plane and a 
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carbon fiber skin for the exterior.  The foam allowed the complex shapes of the interior and the 
sharp lines of the exterior to be crafted with a hand mill machine, while the carbon fiber skin 
protects the body as well as helps with the rigidity of the overall structure.  The fuselage also 
consists of a removable lid which allows easy access to the compartments in the interior.   
 
To help with the cooling of the internal electrical components of the plane there are vents cut into 
the lid of the fuselage as well as in the base of the fuselage body.  This allows for air flow to pass 
into plane and through all the electrical components to prevent overheating. 

 

 
 

Figure VIII (Left): Empty fuselage. Figure IX (Right): The fuselage with the 4 cell Li-Po batteries inside. 
 

3.3.8. Landing Gear Design 
 

The landing gear for the plane utilized a tricycle style design with one retractable front wheel and a 
rigid two wheel gear in the rear.  The design and placement of the landing gears allowed the plane 
to maintain a 15-85% weight distribution, which aided in the take-off and landing performance of 
the plane.   
 
The nose wheel is made out of carbon fiber while the front landing gear is made out of 6061-T6 
aluminum and polytetraflouroethylene mounts.  The rear landing gear is mounted directly to the 
fuselage in-between the main body and the fuselage cover. 
 
The front landing gear is mounted to the front of the plane using stiff balsa wood and 
polytetraflouroethylene.  Additionally, the front landing gear has one servo motor and one linear 
actuator inside to allow the plane to be steered while taxing and retracted during flight to reduce 
the drag coefficient of the plane and reduce forward looking video footage. 

 

 
 

Figure X (Left): Front landing gear mounted to the fuselage. Figure XI (Right): Front and rear landing gears 
mounted the fuselage. 
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3.3.9.  Power/Energy 
 

This section outlines the propulsion system components of the UAV as well as the power/energy 
consumption spectrum. Solar-power demonstration will also be discussed with emphasis on flight-
time extension. The information outlined below is not in a specific chronological order rather the 
final components selected were an optimized selection based on specific tests. The following table 
summarizes the major components of the UAV system and their energy requirements for a 60 
minute flight time.  

 
Table VII: Energy Consumption Specifications 

 

Component Energy Draw Units 

AXI Motor 6396 mAh 

Kestrel Autopilot 70 mAh 

Servos 160 mAh 

Eagletree Seagull 34 mAh 

BTC-40 160 mAh 

BTC-88 175 mAh 

 
3.3.9.1. Battery 
 

The battery was chosen using the energy consumption information summarized above. 
Attention was also given to battery geometry in order to ensure proper weight 
distribution in the fuselage. The following table summarizes the battery and its 
characteristics. It should be noted that two of these batteries were used in order to 
meet (and exceed for safety purposes) the energy requirement of the system. The two 
batteries provide 68 minutes of operational flight time. 
 

Table VIII: Battery Specifications 

ThunderPower ProLite MS (4-Cell Li-Po) 

Parameter Value Units 

Vmax 16.7 Volts 

Vnom 14.8 Volts 

Vmin 12 Volts 

Energy  4000 mAh 

 

3.3.9.2. Motor/ Ducted Fan Selection 
The propulsion subgroup compared utilization of a conventional motor/propeller 
combination against ducted fan propulsion evaluating characteristics such as power 
draw, thrust output, and weight. It was concluded that for the given application, the 
motor/propeller combination was the ideal choice; the ducted fans are optimized for 
high speed applications. The motor/propeller combination selected was utilized due to 
its high efficiency and satisfactory thrust output for the operating range encountered. 
The following plot summarizes the motor/propeller performance for a 4-cell lithium 
polymer battery system.  
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Figure XII: Thrust vs. Current for AXI 2820 w/APC-E 11 x 5.5” Propeller 
 

Table IX: Motor Characteristics 
 

AXI 2820/14 Brushless Motor with APC-E 11"x5.5" Propeller 

Parameter Value Units 

Kv 860 Volts 

Max Efficiency 86 Volts 

Cruise Current Draw 6 Volts 

Max Thrust 3.6 mAh 

 
3.3.9.2.1. Motor Control Components 
 

Since the motor is brushless, a brushless electronic speed controller (ESC) must 
be used in order to invert the DC power obtained from the battery/solar to the 
AC power the motor requires. The team used a Castle Creations Phoenix 45 to 
accomplish this task. The ESC has a built-in voltage regulation circuit to power 
avionics/servos, but since our battery cell count for the system was higher than 
the suggested limit for ESC voltage regulation, an external voltage regulator (aka 
external battery eliminator circuitry) was used. The following table highlights 
the ESC and BEC used and their respective characteristics. 
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Table X: ESC and BEC Characteristics 

 

Regulatory Components 

 Castle Creations Phoenix-45 ESC Dimensions Engineering ParkBEC 

Parameter Value Units Parameter Value Units 

Max Lipo Cell Count 5 n/a Input Voltage Range 6-33.6 Volts 

Continuous Max Current 45 Amps Continuous Output Current 1.25 Amps 

Low Voltage Cut-off Programmable n/a 60-second Peak Output Current 1.5 Amps 

Resistance 0.0026 Ohms Output Voltage 5 Volts 

 
3.4. Solar Demonstration 
 

This section highlights the solar-power components and their characteristics. The main goal of solar-
power integration is to extend flight time. Ideally, solar power addition should be able to extend flight 
time indefinitely, but due to limited resources/time, the solar-power system integrated into the UAV is 
only for demonstration purposes. The knowledge gained from this demonstration will be utilized in 
future CSUN UAV development. Our current solar demonstration system consists of six parallel 
modules with ten solar cells per module totaling an output of 48 watts. The solar cell chosen for this 
demonstration is the Spectrolab Gallium-Arsenide Dual-Junction cell. Our power regulation component 
used to integrate the solar with the entire power plant is the GenaSun GV-4 Maximum Peak Power 
Tracker (MPPT). 

 

 
 

Figure XIII (Left): Ga-As Dual Junction Solar Cells. Figure XIV (Right): Maximum Peak Power Tracker 
 

3.5. Weight Breakdown 
 

During the beginning of the design process, a rough weight summary was developed in order to 
calculate the UAV aerodynamic performance characteristics. It was concluded that the UAV would weigh 
around 10 pounds. After all the hardware required for proper UAV operation was selected and 
manufactured, an accurate weight breakdown of all components was developed. It is worthwhile to 
note that the actual weight was very close to the estimated value. Table VIII summarizes the resulting 
weight breakdown for all components included on the UAV. 
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Table XI: UAV Weight Breakdown 

 

 

 Weight 

Qty oz 
lbs per 

unit 
Total (Lb) 

P
o

w
e

r 

Batteries 2 11.92 0.75 1.49 

BEC & ESC 1 2.6 0.16 0.163 

GV4 2 1 0.06 0.125 

Motor 1 10.2 0.64 0.638 

Solar Cells 1 8 0.5 0.5 

Wires n/a - - 0.25 

A
vi

o
n

ic
s 

Kestrel (autopilot) 1 0.7 0.04 0.044 

GPS 1 0.5 0.03 0.031 

Video Transmitter 2 0.4 0.03 0.05 

Canard Servo 1 1.4 0.09 0.088 

Aileron Servos 2 1.4 0.09 0.175 

micro Servo 1 0.9 0.06 0.056 

Search Camera 1 12.8 0.8 0.8 

Forward Camera 1 1.8 0.11 0.113 

Antenna Video 2 0.8 0.05 0.1 

Antenna Autopilot 1 0.8 0.05 0.05 

Voltage regulator 2 0.1 0.01 0.013 

St
ru

ct
u

re
 

Main Gear 1 6.1 0.38 0.381 

Nose Wheel 1 8 0.5 0.5 

Wing 1 52.8 3.3 3.3 

Fuselage 1 8.8 0.55 0.55 

Canard 1 4 0.25 0.25 

 Total 9.667 

 
4. Data Acquisition Systems  
 

4.1. Data Link 
 

There are two types of data link channels between the ground station and the UAS.  The first channel is 
a 900 MHz RS-232 signal which is used for data acquisition and mission control. The second is a video 
broadcast signal with a carrier frequency of 2.4 GHz originating from the UAS and picked up by the 
frame-grabber on the ground.   
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Figure XV: Data Transmission Schematic 
 

4.2. Eagle Tree Systems-Seagull (In Flight) Data Acquisition System 
 

The Eagle Tree Seagull system allows for the team to record and view live data that is being measured 
from the plane’s various systems while in-flight.  The system allows has recorded and transmitted the 
RPM of the motor, barometric pressure, temperature of the onboard systems, current going to the 
electronic speed controller (ESC), airspeed, and the voltage levels of the batteries.   The Seagull system 
also has the capability to measure altitude, range from the MGS, and heading. This data can be viewed 
live from our ground station as well as recorded to our ground station to be analyzed for later use. It is 
important to note that the properties being monitored can be displayed on the video feed of the UAV’s 
forward looking camera. The HUD type flight data overlay gives a sort of “out-of-the-cockpit-window” 
view for the Team’s UAV. Figures XVI and XVII show the Seagull system itself as well as a still of live video 
display. 

 

 
 

Figure XVI (Left): In Flight Data Display. Figure XV (Right): Seagull System Hardware. 
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4.3. Mobile Ground Station 
 

The ground station was designed to record and monitor data for flight assessment and modification. 
The Seagull sends in-flight data to the ground station; this data is compared to ambient condition data 
obtained from the weather station set up on the ground that monitors barometric pressure, 
temperature, solar incident energy, and wind speed. This data can be used for future model 
development. In addition to air/ground data comparisons, the mobile ground station is also capable of 
image recognition; it takes real-time video feeds from the plane and runs the target recognition 
software. The components associated with the ground station include a custom-built, water-cooled 
Intel Quad-core computer with a generator and two UPS’. The following table highlights the 
specifications for the UPS and generator utilized. 

 
Table XII: Generator and UPS Characteristics  

 

Honda EU2000iA Generator Cyber Power CP1500AVRLCD 

Parameter Value Units Parameter Value Units 

Max Power Output 2000 Watts Input Voltage 90-140 Volts 

Output Voltage 120 Volts Input Frequency 57-63 Hz 

Noise Level 55 dB Output Power 900 Watts 

Run Time Per Tankful 4 hours Runtime @ Half-Load 11 minutes 

 
 

5. Testing & Evaluation 
 

5.1. Simulation 
 

5.1.1. Virtual Cockpit 
 

Virtual Cockpit is the software companion to the Kestrel Autopilot. Virtual Cockpit interfaces with 
the RS-232; it collects all the telemetry data from the autopilot and sends data packets to the 
autopilot via the RS-232. The software also has “Safety Flags” for, among other things: 
Communication Loss, and camera position during landing. Additionally, terrain data can be 
uploaded into the autopilot by Virtual Cockpit, providing the autopilot with needed data relating to 
minimum elevation. Finally, the PID Control on the Autopilot was calibrated using Virtual Cockpit 
during test flights. 
 

5.1.2. Aviones 
 

Aviones is an open-sourced simulator that served two principle purposes. Firstly, Aviones was used 
to provide Simulated GPS coordinates. These simulated coordinates were then fed into Virtual 
Cockpit. Aviones also provided feedback to Virtual Cockpit output. Essentially, this allowed the 
team to simulate entire missions as we developed the software. 
 

5.1.3. Solidworks & FEA Analysis 
 

A SolidWorks add-in, SimulationXpress, was used for FEA. The front landing gear for the plane was 
designed and built in-house so a computer analysis of the device was needed to show that it could 
withstand the loads that will be acting on it. The front landing gear was modeled in SolidWorks. 
Using SimulationXpress (a FEA add-on to SolidWorks), a ten pound axial load was simulated on the 
device and through our analysis we determined the design was strong enough to maintain its 
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structure without deforming.  The ten pound load was used because it is the maximum force 
expected to act on the device during a heavy landing scenario. Lastly, SimulationXpress was used 
to compare different methods of reenforcing the EPS wings, leading to our current channel spar 
method. 

 

 
 

Figure XVI (Left) & Figure XVII (Right): FEA Analysis of UAV’a Nose Gear Assembly 
 

5.2. Testing 
 

5.2.1. Motor/Propeller Testing 
 

In order to determine the correct motor/propeller combination to use, a number of different 
motor/propeller configurations were tested for current draw, thrust output, and RPM. After 
testing was concluded, it was determined that for a 4-cell LiPo battery configuration, the AXI 
2820/14 motor with the APC-E  11”x5.5” propeller produced sufficient thrust with minimal current 
draw. The following figure visualizes the test data obtained for this motor/propeller combination. 

 

 
 

Figure XVIII: AXI 2820/14 & APC-E 11x5.5” Test Data 
 

5.2.2. Maximum Peak Power Tracker/Battery/Motor 
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To ensure that the GenaSun GV-4 was able to regulate the variable voltage encountered from the 
solar to a voltage that can be used to charge the batteries as well as run the motor during low-load 
conditions a test was administered for the following schematic. 
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SPEED CONTROLLER
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CIRCUIT
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MOTOR

 
 

Figure XIX: Power Plant Schematic 
 

5.3. Solar/MPPT/Battery 
 

Since solar was simulated using the power supply in the previous test, another test was administered in 
which the solar cells were connected to the battery via the charge controller to ensure proper 
operation. The test verified that everything was working correctly. 
 

5.4. Flight Test 
 

The CSUN Aero Design Team successfully has flown three different aircraft; a purchased Procerus 60 
craft, a first cut prototype manufactured in the CSUN Aerodynamics Laboratory, and the final 
engineering prototype depicted in this report. The Procerus 60 was used as platform to test the 
autopilot system and of the many flight tests completed it can be concluded that the autopilot 
successfully met the objectives of the team. The first prototype was a means of testing the 
manufacturability and integration capabilities of the team to successfully construct a functional UAV. 
The UAV completed manual missions and revealed some minor details that needed to be addressed in 
future versions of the craft. The final prototype successfully addressed said issues and demonstrated the 
manufacture and integration capabilities of the design team.  
 

6. Safety  
 

Safe operation of the UAV is an imperative measure for the CSUN Aero Design Team. The team has taken 
many precautionary steps to make sure the UAV does not endanger anyone. Some of those measures are 
outlined in this section.  
 
The CSUN Aero Design Team pilots have performed many failure simulation runs when piloting the 
prototypes created. The pilots conduct this experiment by cutting the power to plane and trying to pilot the 
craft safely to the ground. These simulations prepare our pilots for the worst case scenario if it may occur. 
The battery eliminator circuitry allows the control surfaces to maintain power so the pilot can still control 
the plane.  
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The team also maintains safety by following the safety precautions dictated by AUVSI. This includes the 
proper color coding of vital components like batteries and aircraft undersurfaces. The team also has 
included the proper tools to make sure the UAV can be deactivated if the radio signal is lost and the UAV is 
no longer under manual or autopilot control.  
 
There are also safety measures built into the mobile ground station. The UPS’ are a failsafe in case the 
generator fails; they allow 10 minutes of backup power time so that the UAV can be guided to land and all 
data can be saved. This backup is especially important to have, should the generator fail so that 
communication with the UAV can be kept. 
 

7. Final UAV Specifications 
 

 
 

Figure XX: Final UAV Model 
 

7.1. Aircraft Specifications: 

 Nine pound canard configured blended wing type aircraft 

 Polystyrene core fuselage with carbon fiber shell 

 Polystyrene core wing with fiberglass shell 

 Eight foot wingspan 
o SD7062-PT Airfoil 

 Fixed lifting canard 

 Tricycle style landing gear 

 Retractable front landing gear 

 Carbon fiber rear gear 
 

7.2. Avionics Specifications 

 Kestral autopilot v2.2x 

 Kestral GPS 

 EagleTree Seagull data acquisition with HUD overlay 
o In-flight  

 
7.3. Targeting System Specifications 

 Forward viewing BTC-40 camera 
o EagleTree HUD overlay 

 Gimbaled BTC-88 targeting camera 
o 10x optical zoom 
o 650 foot vertical flight envelope 
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7.4. Aircraft Propulsion and Power 

 3ϕ Electric AXI motor w/ APC 11”x5.5 
o 3.6 lbs thrust maximum 

 Dual ThunderPower 4-cell 4000mAh LiPo batteries 
o Provides 68 min flight time 

 Dual Genasun GV-4 MPPT charge controllers 

 Dual 3-module 10-cell gallium arsenide solar arrays 
o 48 W maximum output 
o Provides an additional 50% flight time 

 Castle Creations Phoenix 45 ESC 

 Dimension Engineering ParkBEC 
 

8. Summarization 
 

CSUN’s yearlong mechanical engineering capstone project has truly been an enlightening experience. The 
project utilized aspects from every core Mechanical Engineering course while applying those concepts 
through a Systems Engineering approach. The team set out to design and build an aircraft capable of 
meeting the AUVSI competition requirements. CSUN’s aero design team has met all aspects of the 
competition, including autonomous flight, object recognition, and manual override; beyond the competition 
requirements, the UAV is capable of autonomous takeoff and landing, and incorporates an advanced 
electronics system providing photovoltaic solar energy to extend flight time. The design team acknowledges 
the UAV will be an admirable opponent at the June 2010 competition. 
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