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ABSTRACT  
 
This journal paper overviews the whole design process as well as the 
characteristics of the unmanned aerial vehicle of the Université de Sherbrooke 
(Quebec, Canada) that will participate in the sixth annual AUVSI Student UAS 
competition. At this event, the UAV has to perform an autonomous 
reconnaissance on a defined path. While in flight, the airplane needs to find and 
identify targets, as fast as possible. VAMUdeS is very proud to present a UAV 
design using a TwinStar II and a Paparazzi autopilot. The UAV is completely 
autonomous and includes takeoff and landing. It is able to fly in a search area of 
several square km, following a designated flight plan, which can be modified 
before and during flight. It is equipped with a pan and high tilt resolution camera 
system in order to identify and locate targets in the mission area. 

In its fifth year of existence, VAMUdeS has grown impressively, in terms of 
knowledge and experience of its members. The team now has 7 active members, 
studying in various fields of engineering at the Université de Sherbrooke. The 
group has kept the same profile composed of undergraduate students only.  

 

Figure 1: UAV presented to AUVSI student competition 2008 
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1. INTRODUCTION 
 
VAMUdeS, which means “Véhicule Aérien Miniature de l’Université de 
Sherbrooke” (Micro Aerial Vehicule of the Université de Sherbrooke) is an 
innovative extra-curricular project in aeronautics and avionics, that takes place at 
the Université de Sherbrooke. This project is entirely managed by undergraduate 
students, motivated in learning more than what they are taught in the classroom 
and thrive for more. 

Developing such a complex vehicle requires many efforts and initiatives. Since its 
foundation, the team grew both in size (there were only 4 members when the 
project started) and in skill. This year, the team is composed of 7 motivated 
undergraduate students in mechanical, electrical and computer engineering. 
Again, as it has always been, the team is fully independent and is composed of 
undergraduate students only. Powered by their recent successes, the team is 
growing closer together, becoming stronger and more experienced.  VAMUdeS is 
now ready for many more challenges. 
 

2. MISSION SCENARIO 
 
For the 2008 Student UAS Competition, we are placed in a situation where we 
support the United States Marine Corps. For this competition we must enter a 
simulated combat zone where civilians and hostile forces are present. Our 
mission will start by an autonomous takeoff and will go to the combat zone by a 
predefined path in order to avoid manned airplanes or enemy air defences. Since 
new information can be received at any time, we will be able to modify the flight 
plan in real time to avoid any arising danger. On the way to the combat zone, the 
airplane will identify and get the location of targets that have been previously 
detected by officials. The plane then scans the search area, detects, identifies 
the targets and retrieves the location and orientation of these targets. During the 
transition to the search area, we will identify a target at a known location and 
determine the location of another target. Finally we will modify the search area to 
examine a pop-up target. To finalize it all, we will go back to the operating airfield 
where we will perform an autonomous landing. 
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3. AIRCRAFT CHARACTERISTICS  
 
The aircraft is a modified TwinStar II from Multiplex. It has a wingspan of 56 
inches and is made of ELAPOR® foam and weighs 5.51 lbs this including 
payload. This UAV platform was found very suitable since the foam structure can 
easily be modified to accommodate payload and is also very easy to repair using 
Cyanoacrylate glue. It is a twin electric motor foam model. 
 
 

 
Figure 2: Twinstar II 

 
The Original brushed motors were replaced with two AXI 2808/20 brushless 
outrunners combined with two (8X5) propellers. This increases motor 
performances and allows more payload, and more flexibility; especially in gusty 
conditions. 
 

 
Figure 3: Axi Outrunner 

 
The battery used on the VAMUdeS prototype is the Thunder Power 8000 mAh 3 
cell 11.1V lithium-polymer. This battery is used to provide electric power to: 
aircraft control, motor and autopilot. It has been tested that this battery has 
sufficient capacity to allow flight duration of at least 60 minutes in normal flight 
conditions. 
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4. FLIGHT PERFORMANCE  
 
The Multiplex TwinStar II turned out to be an excellent aircraft for its versatility 
and its flight performances. The UAV has a stall speed of 40km/h and a 
maximum level speed of about 90km/h. The glide ratio is approximately 10. Its 
wings are able to lift the overweight created by all the electronics and telemetry 
instruments onboard. Even with this entire load, the TwinStar II is still a very 
manoeuvrable and stable aircraft to perform this mission. The gust effects are 
negligible to this airframe. 
 

5. VIDEO SYSTEM 
 
The video system is one of the critical elements needed to achieve a successful 
mission. An effective observation system must combine reliability, energy 
efficiency and must provide the best resolution possible while keeping the cost 
low. All those criteria must respect the weight constraint fixed by our design. After 
implementing and testing several configurations and equipments, the following 
parts where adopted for the whole system. 
 
Table 1 : Video equipement 

Video system parts 
Equipment Device part 

number 
Video transmitter and 
frequencies  

2.410 ; 2.420 ; 2.450 ; 
2.470 GHz 

TM-240500 

Camera 550 TVL horizontal 
resolution 

Future Hobbies    
KX-191H  NTSC 

System chassis and 
weight  

50g (with the camera) Pandora Pan & 
Tilt 

Video receiver and 
frequencies  

2.410 ; 2.420 ; 2.450 ; 
2.470 GHz 

Future Hobbies 
FH-DVR100 

Servo and vertical angular 
motion 

50 degrees Hitec Micro HS-55 

Servo and horizontal 
angular motion 

180 degrees  Futaba S9252 
(modified) 

 
The plane’s body (TwinStar II) is one of the most limiting factors in terms of 
possibilities for the system’s design. In order to keep the plane’s body integrity, 
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the right place to install the system appears to be right over the nose of the 
plane. This location offers many advantages. The first one is the very width view 
angle that the system covers. It makes piloting through the video easy for the 
pilot. Another factor to consider is the electrical noise induced by other 
equipments like the motors. Isolating the video system feed increases the quality 
on the transmission.  
 
Table 2 : Components 

TM-240500 Video Transmitter  KX-191H NTSC Camera 
- RF output power: 500mW 
- Transmission range: 200-500m 
- Dimensions: 24x28x7mm 
- Weigh: 10g 

- Resolution: 550 TVL horizontal 
- Dimensions: 35x35mm  
- Weight: 46g 

 
 

 

Figure 4: Video system location 

 
Mounted on the Pandora Pan & Tilt chassis, the video system allows a 
considerable field of view. The horizontal rotation covers nearly 180 degrees and 
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the elevation is 90 degrees. For high altitude recognition missions, the camera 
lenses are interchangeable in order to obtain zoomed images of the targets. The 
heaviest elements on the system are the servos. They provide enough torque to 
maintain the camera on the needed position when facing strong wind resistance 
or very tough landing.  
 
 
 

       
Figure 5: 2 axis mounted camera and video receiver 

The video transmitter and the receiver on the ground are both equipped with 
omni-directional antennas. The video output from the receiver is connected to a 
15 inches television making the target recognition much easier than an LCD 
screen.  The video can also be recorded for future analyses.  
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6. AUTOPILOT 
 
Our airplane is equipped with the Paparazzi autopilot. Over the last 3 years the 
team has gained a lot of experience using and developing this autopilot.  
Paparazzi was first developed as an open source project by professors at the 
ENAC (École nationale d’aviation civile), in France. Now teams of researchers, 
students and enthusiasts from all around the world bring their efforts together to 
improve Paparazzi’s flight performances. 
 
What’s good about the Paparazzi autopilot is that it is fully open source. Software 
has been developed under GPL (General Public License) and hardware 
schematics are available on their websites, making it absolutely free. The only 
cost for using Paparazzi comes from PCBs and electronic parts. A complete 
avionic system can be purchased for less than 500 USD, which is a major 
argument in the choice of an autopilot system for a low budget student team. 
Furthermore, Paparazzi being an open source, it can be modified without 
limitations or restrictions, allowing modifications in order to make it 
accommodating to competition requirements. 
  

6.1 Attitude determination 
 
Paparazzi’s attitude determination is based on heat difference between sky and 
earth. Generally, the ground is significantly warmer than the sky. There is a very 
sharp temperature change at the horizon which is easy to find even with wide 
angle detectors. On a clear summer day with blue sky, a non-contact infrared 
thermometer measures a difference of above 40 degrees between sky and earth. 
Modern high sensitivity thermopiles are able to detect 0.05 degrees of difference. 
The autopilot uses pairs of IR thermopile sensors to measure the temperature 
around the aircraft. If the roll and pitch axis are parallel with the thermal horizon, 
both sensors receive equal energy and the difference in measured heat will be of 
zero. A third pair of IR thermopiles is mounted in a zenith and nadir configuration 
to measure the maximum contrast which is equal to a 90 degree bank. From this 
relationship a linear regression is made and angles are calculated during flight. 
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Figure 6 : Attitude determination 
source : http://paparazzi.enac.fr/ 

 
The principal advantage of this kind of system is that no heavy computer power 
is required. In fact, compared to inertial systems, the onboard computer does not 
have to do many calculations to figure out the plane’s attitude. Furthermore, the 
refreshment rate does not have to be as fast as in inertial systems. This is due to 
the fact that the sensed information is not related with acceleration and velocity 
but is directly related to attitude. 
 
A disadvantage of thermal horizon sensing systems is that they are influenced by 
the environment. For example, on a very foggy day, the infrared thermopiles can 
not measure any temperature difference but in those conditions, even the video 
wouldn’t work well. Prior to flight, our team uses a non contact Infrared 
thermometer from the shelf to measure the contrast between earth and sky 
ensuring that the temperature contrast is high enough. 
 
This environmental influence is less important than some may think. For 
example, our system is capable of accurate attitude determination in sun set or in 
Quebec’s winter conditions. This can be explain by the fact that the IR 
thermopiles used in the attitude determination sensors, are sensitive to a very 
narrow range of the infrared spectrum, known as LWIR (long wavelength 
infrared, 8–15 µm). Most of the objects having a temperature in a common range 
on earth emit on this range. The frequency of the infrared emitted by materials 
depends on this temperature. Objects at higher temperatures such as summer 
emit in frequency ranges other than LWIR. 
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6.2 Hardware 
 

There are many different versions of Paparazzi hardware available; our team is 
currently using the new tiny 2.11.  This version’s principal features are: 
 
Table 3 : Autopilot features 
 
ARM7 microcontroller 
Integrated GPS receiver and patch 
antenna (4Hz update) 
5V/2.5A switching power supply & 
3.3V/1A linear regulator 
8 x Servo outputs 
8 x Analog inputs 
 

 
1 UART 
1 SPI bus 
1 i2C Bus 
1 USB 
Small dimension (71mm x40 mm) 
Low weight (28g) with integrated GPS  
 

 
The Figure 7 : Avionic system bloc diagramshows a bloc diagram of the complete 
avionic system. 
 

 
Figure 7 : Avionic system bloc diagram 

source : http://paparazzi.enac.fr/ 
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Figure 8 : Tiny 2.11 top view  
source : http://paparazzi.enac.fr/ 

Figure 9 : Tiny 2.11 bottom view 
source : http://paparazzi.enac.fr/ 

 

6.3 Ground Control Station 
The Paparazzi ground control station (GCS) runs under a Linux laptop. As 
showed in Figure 10 : Paparazzi Ground Control Station the ground control 
station displays a variety of crucial information in regards to the mission status.    
 

 
Figure 10 : Paparazzi Ground Control Station 

source : http://paparazzi.enac.fr/ 
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First, on top of the windows there is a 2D map on which important navigation 
information is displayed. The background can either be loaded directly from 
Google Earth or from any other prior scaled picture. The current position of the 
aircraft is displayed and combined with a track of previous positions. Blue 
diamonds are waypoints used by the autopilot to compute the desired trajectory. 
 
On the bottom left of the window, there is the console, which is used to display 
notices of critical events like warnings, changes in flight plan and switch to safety 
pilot mode.  
 
Next to it, the notebook contains a lot of information sorted by tabs.  As show on 
Figure 10 : Paparazzi Ground Control Station there is a PFD. The Tab Flight plan 
is used by the ground control station operator to force the airplane to execute a 
block in the flight plan. The setting tab is useful for the calibration of the control 
and guidance PID gains. The GPS tab displays the signal strength of each 
satellite captured and the position accuracy. In the misc tab, wind estimation can 
be found. 
 
On the bottom right, there is a set of shortcut buttons and quick display, to 
facilitate the work of the ground control station operator. 
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7. SYSTEM OVERVIEW 
 
Some systems might be too complicated to explain simply by words, so a system 
overview schematic is presented below 
Figure 11. This flux diagram explains the role and interaction of each component 
inside the aircraft and on the ground. 
 
 

 
Figure 11: System overview 

The system uses several frequencies. They are resumed in the table 4. 
 
Table 4 : Used frequencies on the VAMUdeS project 

System Frequencies 
Autopilot downlink (Aerocom 4490) 900 MHz (200mW) 
Video* 2.4 GHz(500mW) 
RC remote Control  72 MHz 
*The design is also available with a 900 MHz transmitter. The final decision will 
be taken according to the performance results.  

Inside the UAS 

On the Ground 
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8. SAFETY 
 
Safety has always been the primary concern for VAMUdeS in the development of 
UAVs. Using a low weight foam aircraft obviously reduces the risk for injury in 
case of accidental crash.  
 
Using electric motors instead of nitro engines also increases safety and reliability.  
The nitro engines require more field equipment and more preparation. They need 
a close preventative maintenance to become relatively reliable.  
 
Field test hours are the primary factor on which the VAMUdeS team can tell that 
the system is completely safe. Intense tests and validation of the system made it 
more reliable. The crew flew the UAV for about 60 hours in autonomous mode as 
they developed confidence in the Paparazzi autopilot. The system complies with 
all safety requirements. It is always possible to override the autopilot using the 
remote control, passing to manual control. Using a switch on the remote control, 
the safety pilot can also activate the flight termination system: Throttle closed, full 
up elevator and full right rudder and ailerons.  
 
The UAV is pre-programmed to return home after loss of signal for 30 seconds. It 
terminates flight after loss of signal for 3 minutes.  
 
Another factor increasing safety is that the same person always has the same 
role when operating the UAV. There is the safety pilot, the ground station 
operator and the video system operator.  
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CONCLUSION 
 
VAMUdeS, Micro Aerial Vehicle of the Université de Sherbrooke, mostly based 
their experience by designing and competing with other UAVs. Using a 
commercial electric foam aircraft simplified the iteration process, increasing time 
for autopilot tune-up and mission rehearsal on the field. The design has however 
been iterative, mostly to maximize multidirectional video surveillance capability. 
The high definition CCD camera displayed on a television was found to give high 
video quality, making target identification child’s play. Also, the team already 
competed in Canada and France with the Paparazzi autopilot and found it to be 
reliable at all times. Doing autonomous take offs, flights, navigation and landings, 
we are confident that the Paparazzi autopilot is a key to success. 
 
The final system was found to be very safe and reliable, while giving a good 
overall performance at identifying ground targets. Because we already 
successfully rehearsed the mission at home, we, VAMUdeS, are very confident 
in achieving a safe and effective UAV surveillance at AUVSI 2008. 
 


