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Abstract

This paper describes the approach undertaken by VAMUdeS to design an Unmanned Aerial System (UAS)
which fulfills the requirements of the 2015 AUVSI student competition, through three major phases:
Analysis of the situation, design of systems able to overcome the challenges and testing of the systems.
Security of the systems is the priority in every phase. Artemis, VAMUdeS’ custom aerial system, is a fixed
wing aircraft powered by lithium-polymer batteries. The system was designed to provide fully autonomous
flight sessions, from takeoff to landing. For safety reasons, the system can be manually controlled via a
Remote Control. Custom high-resolution imagery and cartography solution enables real time data
transmission to allow real-time, high precision target localization and identification. The integration of all
the subsystems forms a highly effective solution that can provide crucial intelligence, surveillance and
reconnaissance (ISR) information to a ground based coordination center.
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2 PRESENTATION
W T VAMUdEeS is a research group from
the  University of  Sherbrooke,
composed of undergraduate
engineering students. The group was
founded in 2004, which makes it the
one of the oldest UAV groups in
Canada. Since its  beginning,
VAMUCdeS has accomplished multiple
types of missions around the world
and acquired a high level of expertise
in the use of fixed wing aircraft, high
resolution imagery systems and
autopilot systems. The multidisciplinary team combines the knowledge and the skills of 20
students in mechanical, electrical and computer engineering. This report presents the approach the
group used to design the system which will be used to accomplish the mission while keeping a
safety first mindset.

Figurel VAMUdeS Team

3 ENGINEERING APPROACH

3.1 Design Rationale

The VAMUdeS group recently celebrated its 10" year of existence and has much experience
dealing with the particulars of a student led group. The philosophy of our leaders is geared
towards providing the best experience for our members, without compromising their academic
performance. As such, it is required that we make the best use of our time. One of the main pillars
of our approach to engineering is to avoid redesigning existing systems, unless they are limiting
us. For example, the autopilot we use can seem rather outdated by current standards. However, it
has accumulated thousands of hours of autonomous flight time and it is considered battle proven.

Another pillar of our engineering approach is the use of as many off-the-shelf solutions as
possible. This cuts down drastically on design time. We can then focus our efforts on integrating
and testing the solution. For example, the camera we use is a standard, consumer grade digital
single-lens reflex camera. Although it is not designed for UAV use, it has consistently provided
us with aerial pictures of tremendous quality (see section 4.3.1.2 for more information), for a
fraction of the price of a specialized solution.

The last pillar is sub systems parallelisation and decoupling. Our vast experience with UAVS has
shown us that many things can go wrong on any given flight, and the time available to fix our
equipment is rather limited. Our first line of defense against a subsystem failure is having
backups at hand at any time. Our second line of defense is having subsystems that do not rely on
each other. For example, our imaging data link is extremely useful to start processing pictures
while flying. However, if this link is not working for some reason, the pictures will still be
available on a memory card for processing after landing. Lastly, parallelisation allows our flight
team to work on different objectives at the same time, saving processing time and maximising the
use of our resources.
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3.2 Management Strategy

A rigorous approach is required with any long-term project, particularly one involving UAVs
because of the safety implications. Our planning starts with an adapted V-model flowchart, as
shown on Figure 2. The first step is, of course, mission analysis. We can then determine the
functional requirements from this analysis. Based on these, we can then start working on the
subsystem design. This subsystem is then validated. In case of failure, we are back to the drawing
board on that design. Once all subsystems are approved, we can proceed to test the fully-equipped
aircraft. Once this phase is successful, we can proceed to the competition operation.

Mission concept

analysis Operations
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- Unmanned
Functional .
> 2 - +aerial system ——»<§
requirements s
validation

|
S

Subsystem Susbsystem
> : - . IR o
design validation

T |

V-maoadel flowchart

Figure2 V-model flowchart

3.3 Schedule Management

Since one year, the group decided to change its method to do schedule management. Before, we
used Gantt diagram to schedule what will be done during a complete year, but it has the
disadvantage of being enormously inflexible and it needs to be readjust at each session depending
on how many members were in the group because of internships of many members outside the
city of Sherbrooke. It’s for this reason that we started using Agile method. We created a backlog
of tasks needed to be done. After that, we evaluated the time to do the task and the risk to fail to
achieve this. With that information, we set a priority on each task. Finally, we have been planning
sprint each month to choose more important tasks needed to be done and we assign someone on
each of them. This method is more flexible and allows us to reassess the priority of each task and
create another one during the year to constantly focus on important tasks. Moreover, each task is
tested unitarily and is integrated with the rest of the system before closing it ensuring that all
systems always work together.

3.4 Risk Management

The risk of each task is evaluated during the planning phase, but it is always useful to evaluate
global risk. We use a risk matrix to do that. An example is shown on Figure and Table 1. By
using two dimensions, the risk matrix tells much more than any other tool. With a properly made
matrix, it is easy to plan for risky items and allow more time to mitigate the effects of the
problems that can occur. The main risks in the activities of the group are listed on Table 1, while
the relationship between impact and probability is listed in the matrix in Figure 3.
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We can see from Figure 3 that the

inexperience of the team and the crash —  Castrophic 3

risks are the two worst point of failure

that the group must act upon. In orderto s severe 1 ..
reduce to the maximum the impact of K

these risks and the probability that they
happen the group has taken strict

-

measures. First off, the team has in the 4
months before the competition done over 4
25 flight practices to ensure the
profenciency of the flight team during 6
flight operations. The team has also
Low Possible High Very High  Definite

between 2 and 4 back-up for every piece Risk Probability

of hardware in the plane and the ground Figure3 RiskMatrix

station. The team also used the USC

competition as a practice for the flight team to test how it function has a group. The group also
plan to do 3 major simulations before the competition. The first one will take place two weeks
prior to the competition, while the second one will take place three days before the departure of
the team. The last one will take place the day before the competition. The time between each
simulation will be useful to correct any mishap that could occur.

Table 1 Risks description and mitigation
Number Risk description Risk mitigation strategy
A list is made by all the members when first reading
Not meeting the requirements = the conops. A mid-year review in which we check
of the competition. the advancement on each project and verify if we
meet each requirement will occur in mid-January.
Every deliverable has a due date and all derogation
2 Delay on the critical path. to these is highly followed. A 3 weeks buffer has
been introduced in the schedule.
The team has at least one back-up of every system.

A crash causes significant Systems more vulnerable to crashes (like airframes,

3 damage to kev svstems wings, tails, autopilots and such) have more back-
g ysy ' ups. We are able to rapidly produce and repair any
mechanical pieces.
New software features could ) ) )
4 be incompatible with some We still use the previous version of software to
ensure that no compatibility problem follows
systems.
The flight team is not We have extensive flight sessions and will make
5 experienced enough for the more tests than usual in order to ensure our flight
mission. team capacities.
) ) Simulations are made whenever a new feature is
Thereis no time leftforan  ayailable, and the team also participated in the USC
6 AUVSI simulation before the  competition and had the occasion to practice there,
real competition. making a lack of AUVSI simulation less
problematic.
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3.5 Mission Requirements analysis
All requirements refer to the 2015 AUVSI SUAS rules.

This year, the VAMUdeS team planned to attempt every task. The details of all sub-systems will
be explained in the system description section.

3.5.1 Primary task

For this mission, all primary tasks are planned to be accomplished. The autonomous takeoff,
flight and landing will be achieved with the Johnny autopilot. For the search area task, the same
standard payload as last year will be good enough to meet all requirements for this task. Only the
GPS has been upgraded to have better positions.

3.5.2 Secondary task

All secondary tasks concerning visible targets without the off-axis (auto detect, localize, and
classify (ADCL), actionable intelligence and emergent target task) will be done with the payload
used for primary search area task. The airplane is equipped with a second camera on the side and
a third one for the infrared targets to perform the tasks 7.5 (off-axis target) and 7.8.6 (infrared
tasks). The camera could have some difficulty to find the active infrared target (task 7.8.8). An air
drop system is added to the airplane to accomplish the air-drop task. The system for SRIC task
was changed a little bit by choosing a patch antenna to communicate to the SRIC computer. Due
to the risk of cancellation of interoperability and sense, detect and avoid (SDA) tasks, a late
development of system obligates us to do a manual part of SDA task for more safety.

4 SYSTEM DESCRIPTION

To be able to perform this mission, many sub-systems have been developed. Each of these sub-
systems is built and tested independently of the other ones to insure a high quality. They will be
presented in detail in this section. However, all sub-systems still need to be integrated with each
other to become a complete and functional system like it was mentioned in section 3.2.

4.1 Aircraft

The aircraft to be used for this
competition is a  proven
platform, Artemis, which has

already  participated in 4 o il
competitions, winning 2 of —
these. Artemis is the aircraft that s

used for all of VAMUdeS’ flight l
tests over the last 2 years,
representing over 250 hours of
flight. The fabrication of one

aircraft requires about 70 hours Figure4 Artemis CAD
of work. The short time needed to build one aircraft allows for the production of multiple
iterations to perfect the platform.

Artemis is a traditional fixed wing plane with an inverted T-tail propelled by an electrical mono
motor EFlight 2000. The engine and the rest of systems are powered by two 6 cells lithium
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polymer batteries. The empty weight of this aircraft is 15.4 Ibs, but it increases up to 25 lbs with
normal payload, respecting the weight limit set by requirement 9.3.2. The cruise speed of Artemis
is 37 mph and its top speed is at 56 mph, or 49 knots, respecting requirement 9.3.3.

411 Design

Artemis was designed using a 3D modeling software to be as aerodynamic and as light weighted
as possible while maintaining a very accessible and spacious cargo bay. This large cargo bay,
with a second stage of floor, is perfect to contain different types of payload as required for a
particular mission. The design of the wings was made using specialized software, to give the
aircraft great agility, while not reducing the maximum flight time too much. With an 8.8 ft
wingspan, the aircraft has a good maneuverability to facilitate the autopilot control and has a
good stability to enhance the performances of the payload package. Artemis is also equipped with
a tricycle landing gear which allows for easier takeoff and landing.

4.1.2 Fabrication

The fuselage is made using a mold, by the infusion of high quality fiberglass with localized layers
of core cell to maximise the resistance of the most solicited parts of the fuselage. It is light, yet
very resistant to impacts which occurred in flight situations, and can easily be repaired by the
team. To create the second floor in the aircraft, fibreglass covered core is used. The floor is fixed
in a semi-permanent way inside the aircraft, which gives it more structural rigidity.

4.2 Autopilot and Ground Control System

In the next part, “ground control station” means the subsystem responsible for displaying the
aircraft position, the waypoints, its speed, etc. The “autopilot” is the embedded computer located
in the aircraft, acquiring information on its current state, controlling it and relaying the flight
information to the ground control station (speed, altitude, etc.).

4.2.1 Ground Control Station

When the plane is in the air, it is controlled by the ground control station, which consists of
computer relaying information through a wireless modem (an “Xtend”) to the autopilot located
inside the plane.

The software used on the ground
control station is the open source
software Paparazzi. It is a very
versatile system allowing the user to
adapt to different situations and
scenarios. It is easy to add features
into the code. The security measures
and failsafe are also very adaptable
and can be set up to ensure a safe
flight in a huge variety of situations.
Much  critical information s
displayed on the ground control

Figure5 Ground control system by paparazzi
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station: Battery level, air speed, altitude, telemetry and RC links, as well as the position of the
aircraft in regard to the boundaries of the flight zone. The flight plan can be modified from the
ground control station in order to redirect the plane or modify its behavior.

A second computer will be connected to the principal ground control station. This second ground
control station will act as a redundant interface and will allow a second team member to modify
the flight plan without interfering with the principal ground control station.

The Xtend relaying the information between the ground and the airplane is described in more
details in the section 4.4.1. It satisfies the RF communications requirements in section 5.3 of the
AUVSI SUAS 2015 rules.

4.2.2  Autopilot

The autopilot used by VAMUdeS this year is the Johnny. It is a modified system of the Tiny
autopilot”. The modifications done to the original design are a separate GPS module, stronger
connectors, better electric isolation and some ruggedness for the harsh environments the airplane
is subject to.

The Johnny autopilot sensors are the GPS receiver (more information in section 0) and two
infrared sensors on the tail of the airplane. It is able to determine its position and its heading with
the GPS information and its roll, pitch and yaw with two pairs of infrared sensors. These work by
measuring the difference in temperature between pairs of opposite sensors (the sky and the
ground have different temperatures). A third pair of infrared sensor is used to determine if the
plane is upside down. The autopilot is directly connected to the motor controller and all the
Servos.

In order to enable autonomous take-off, an additional gyroscopic sensor has been added. It allows
precise adjustments in heading for this critical part of the flight because the other sensors are not
accurate enough.

423 GPS Table 2 LEA-M8S Overview

The GPS module used in the aircraft is the U- = Refresh rate (Hz) 10
BLOX LEA-M8S. We chose this module Position accuracy (m) 2.0
because it offers great performances, a suitable = GNSS providers GPS + GLONASS
form factor in a ruggedized package and a Yelocity accuracy (m/s)  0.05
reasonable price. Main specifications for this G SEEIRES oy
Interface UART and USB

module are presented in Table 2.

The module is soldered on a custom breakout board. This board provides UART connectivity for
the autopilot, USB connectivity for testing and programming, power management and a Taoglas
Limited CGGP.25.4.A.02 patch antenna. The Taoglas antenna was chosen for its good gain (5
dBi typical), its suitable form factor in a ruggedized package and because its bandwidth covers
both GPS and GLONASS spectrums.

* https://wiki.paparazziuav.org/wiki/Tiny/v2.11
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4.2.4  Drop mechanism

The drop mechanism can be activated from the ground control station at any moment. A
confirmation will be asked to the GCS operator to ensure that the drop mechanism is not
accidentally triggered. The mechanism is a commercial mechanism adapted to the egg drop. The
egg is attached to the drop mechanism by three “claws” which, upon confirmed release, will
move backward, letting the egg fall down to its target.

4.2.5 Interoperability
As specified in section 4.2.1, there is a second ground control station to help the main operator in
his mission. Keeping with the third pillar of our design rationale, it has been decided to keep the
interoperability software in the second station to eliminate potential interference to the main
operator and its computer.

To further decouple these subsystems, the interoperability program will run on different software,
on a different monitor. This way, the information from requirement 7.10 will be readily available
for the second operator and the judges.

The same software will capture the messages broadcasted on the local area network by the
autopilot and the ground control station, and send them back to the competition server.

Because the performance of this program is not critical at all, Java has been chosen as the
programming language for this task. It is also easy to run a Java program on any platform,
simplifying testing and deployment.

4.2.6 Sense, Detect and Avoid

During the risk assessment of this mission requirement, it has been determined that this task was
at high risk for failure because of its complexity. While this is normally not a problem for the
group, notice 7.11.1 in the AUVSI SUAS 2015 states that “[...] this task may have to be modified
or removed from the rules.” As such, a low priority has been given to automatize the obstacle
avoidance and the functionality it is not implemented yet.

However, the ground control station assistant still has the possibility to read the obstacle
information being displayed by the interoperability program and manually input the obstacle
coordinates on his workstation. We then expect to be at least able to reach the threshold for
stationary obstacle avoidance.

4.3 Payload System

43.1 “Standard” Payload

The standard payload put in airplane is composed of a digital camera, a payload controller, a
GPS, an IMU and a Ubiquity module for communication between ground and air. It is the
minimal payload that is necessary to take picture in flight and transfer it in real-time and no more
payload is needed to accomplish task 7.2 (search area task), 7.3 (auto detect, localize, and classify
(ADLC) task), 7.4 (actionable intelligence task) and 7.6 (emergent target task). To save space and
weight in airplane, the same GPS is used by the autopilot and the payload. The communication
module will be described thoroughly in section 4.4.2.
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4.3.1.1 Payload Controller

The payload controller is a modified Tobi Gumstix
module with an Overo AirSTORM COM computer-
on-module. Power over Ethernet and power supply
were added on the Tobi Gumstix to power it with
LiPo batteries and to power Ubiquity communication
module over Ethernet. The Overo AirSTRORM
COM module is based on ARM Cortex-A8 processor
1 GHz with 512 MB of flash memory. Those
modules offer low power consumption and pretty
good performance to run our homemade Mapus Air software. This embedded software extracts
data from GPS and IMU and merges it with photos taken by the camera in Exif format before
sending them to the ground through communication module in “real-time”. The real-time
transmission allows us to achieve the task 7.4 during the flight. The analysis of these photos is
done on the ground and it will be explained in detail in section 4.5.1.

Figure6 Payload Controller

4.3.1.2 Digital Camera

Table 3 Nikon D3200 Technical Specifications The camera used by VAMUdeS

Resolution 24 Mpx :ﬁam Sli\ln'cke a Co[u)glsogf ye[f;lgsL:;
: . e Nikon
Spatial resolution o o .
P 65° (H) x 45° (V) camera. This camera was

with 13mm lens
Optimised aerial mode Shutter Speed Priority
Computer communication = Through USB 2.0

ISO sensitivity, white
balance, noise reduction, etc.
Weight 800¢g

Price 600 $

chosen for its characteristics list
presented in Table 3. Even
though the price and the weight
are relatively high, the shutter
speed priority and the automatic
calibration of some settings
insure clear photos with small
pixel. The quality of photos taken from this camera makes this device the ideal choice to achieve
all imagery tasks because it is easy to see all details of targets describe in section 7.2.8 and 7.2.9
of “2015 Rules for SUAS Competition Rev.1.1”,

Auto calibration settings

4313 IMU

The VN-100 Rugged IMU by VectorNav is used to give attitude of the airplane. It is attached to
the camera and calibrated in this configuration to maximize the precision of measurements. The
pitch and roll accuracies are 1.0° RMS and the heading accuracy is about 2.0° RMS with this
setup. At 300 ft. of altitude, the accuracy of coordinates is about 12 ft. if the GPS position is
exact.

4.3.2 Additional Payload

This mission requires more than only a “standard” payload to achieve all tasks. Tasks 7.5 (off-
axis task), 7.7 (simulated remote Information center (SRIC) task) and 7.8 (infrared search tasks)
need more resources to be accomplished. For this reason, some module is added to accomplish
those tasks.
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4.3.2.1 Off-Axis Task

Due to the size of the camera used to take pictures of the ground, it is impossible to put a gimbal
onto it to take the off-axis target and a knife edge pass has a high risk of causing a crash. For
these reasons, another camera is needed. The GoPro Hero 3 represents a good choice because of
its low weight, its small size and the possibility to position it easily with desired angle and on the
right side of the airplane depending on the flight plan.

To be able to see the target, the GoPro - .

Hero 3 offers two possibilities: video in
very high quality or high quality photo in Reso_lutlon : : 20T 0D D
time-lapse mode. The first solution is S.patlal resolution with
problematic because the quality of video fisheye lens ;
is not high enough to clearly see the target | Pixel size at 500 ft. 3.0 (H) x 4.0 (V) inches
at this distance. Moreover, the computer used to analyse this video needs a good graphic card to
avoid bugs. For these reasons, the second option is the best choice to fulfill the task 7.5. The
Table 4 shows some specs about field of view and pixel size at long range.

167° (H) x 161° (V)

4.3.2.2 Simulated Remote Information Center (SRIC) Task

To create a bridge between ground station and SRIC passing by the airplane, a second Ubiquity
module connected in bridge with the first one is needed. With this setup, a computer in the
ground station can access directly to the SRIC to download and upload files from computer of the
SRIC. A cropped picture of current target will be used to minimize the size of the file while
respecting 7.7.6 requirement. The system will be describe more in detail in section 4.4.2.

4.3.2.3 Infrared Search Tasks

In order to fulfill rEQUirementS 7.8.6 (lnfrarEd Table 5 Flir A65 Technical Specifications

Search Task, primary) and 7.8.8 (secondary), = Resolution 640 x 512 pixels
VAMU(deS has upgraded its infrared system this Spatial resolution  45° (H) x 37° (V)

year to a Flir AB5 camera. It has great pijxe| size at 260 ft. 3.8 (H) x 3.9 (V) inches
performance and has a low weight. Refer to  |mage frequency 9 Hz

Table 5 for pertinent technical specifications on  \ejght 200 g

this camera.

This camera fulfills the requirements of the IR tasks because it is a long-wave thermal imaging
device. More specifically, for 7.8.6 (Static IR target), the camera is adequate because its
resolution is more than enough to handle a 7-segment of the specified size. Additionally, we have
successfully picked up similar static IR targets during previous competitions with our previous
camera, which had had a quarter of the resolution of this one.

Moreover, for 7.8.8 (Active IR target), the Flir A65 is able to capture images at a frequency of
9 Hz. While the refresh rate of the active target is not specified, 9 Hz is enough for a video-like
display and will cover any kind of moving target. Although the Flir A65 camera does not operate
in the Near-Infrared region, it is expected the emitters will produce enough heat to be detectable.

The software used to analyze the images captured by the infrared camera will be Flir Tools (more
details in section 4.5.2). It is able to record in real time and easily provide stills. Keeping in line
with the third pillar of our engineering philosophy, the infrared camera is independent of the other
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imaging devices. It is directly connected to the network, has its own IP Address and is thus
directly addressable from the ground video station. A dedicated computer and operator will be
used for the analysis of the data.

4.4 Data Link

44.1 Autopilot Data Link
This data link plays 3 main roles.

The first role is getting telemetry |RHGLLSSRRI BT UON I EN]

in real-time, which is crucial for = Transmitting

the GCS operator. The second role ' frequency 900 MHz

is performing modifications to the FHSS (902 — 928 MHz),

flight plan in real time, which Transmitting modulated in FSK, using 10 hop
provides a way to change the  technology sequences totaling 50 discrete
aircraft’s flight plan, getting it frequencies

back home or, in certain Transmitting power 1 W

circumstances, kl“lng it. The last Line-of-sight range 22 km (14 miles)
main role is to provide a heartbeat SErE e 57.6 kbps

to the aircraft, enabling essential
failsafe that should occur when datalink is lost. This datalink is provided by a Digi X-Tend 900
module.

We chose this particular module for its high power (1 W), which allows an excellent range. This
is as powerful as we can get without a licence being required. Its excellent form factor gave us the
opportunity to easily integrate the module in custom breakout boards, which is a great asset when
using a custom autopilot board. Finally, this module uses external antennas for a better range and
ease of replacement. The RF module is directly mounted on a custom breakout board that
provides power management, USB and UART connectivity, and signal intensity readings. The X-
Tend on the aircraft is connected directly to the autopilot board using UART interface. The
module on the GCS is connected on the computer’s USB port. Finally, the team has a lot of
experience with this module and it has been reliably working for many years. This is extremely
important for a link as crucial as this one.

4.4.2 Payload Data Link

The payload connectivity is provided by two wireless \
bridges: one on the aircraft and one on the ground. AR ,
Ubiquiti equipment has been chosen for this subsystem
because this company offers excellent, reliable and
powerful  point-to-point  wireless communication
equipment. The Ubiquiti equipment uses its
proprietary airMAX protocol, which is optimized for
outside, line of sight wireless connectivity. The y
maximum theoretical data flow is 100 Mb/s. The Z
airplane uses an Ubiquiti Pico Station M2 with an
omnidirectional antenna to communicate with the base
station. This solution is compact and efficient because

C —

Figre ‘

7 frci(ing Antenna
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the Pico Station has a small size, good range and speed. However, it only provides about 500m of
range. The solution to this problem is the ground antenna.

The secret to our payload link is the ground e P o P PP e T
station antenna. It uses an Ubiquiti Bullet 'Gan _____ 24dBi

connected tq a large Vostek Electronics PT- Beam Width 8 degrees
24I6Iparabolll(_: antenna, mounted Io:n a hea\;y, Size 100 ¢m x 60 cm
St?. e_ tracking mount (see Figure 7). Whole setup weight 25Kg
Directional antennas offer three advantages -

e . Maximum tested range
— greater power, sensitivity and interference 6 km

resistance. The AUVSI SUAS 2015 rules (Outback competition 2014)

specify that any team can emit on the 2.4 GHz band at any time but we do not expect this to be a
problem for us because of this setup. A computer that is networked with the ground control
station with an Ethernet cable enables the tracking functionality. Custom software written in C++
continuously reads the data sent by the autopilot and corrects the antenna direction and angle.
This antenna setup has been tested to up to 6 km, compared to the maximum range required at the
AUVIS SUAS 2015 competition, which is 2km.

443 RC (Safety) Data Link

The aircraft has RC connectivity in case the safety pilot needs manual control over the aircraft.
The pilot uses a Spektrum DX-8 remote control with 600 mW of transmitting power. The receiver
on the aircraft is a Spektrum DSM-X with two redundant satellite receivers. Both use 2.4 GHz
frequency band with frequency hopping.
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4.5 Data Processing
The data processing is done using two programs. The software used to analyze pictures is
MapusGround, and the software used for IR imaging processing is Flir Tools.

451 MapusGround
MapusGround has been entirely written by members of the VAMUdeS team. The main reason for
writing custom software for this task is that no off-the-shelf software is able to provide us with
the level of integration that was required. The programming language and framework used had to
answer to these criteria:

1. The group is not able to provide a laptop to each member. They must use their personal
computers, which are not all running on the same platform, thus the software must be
multiplatform (at least Windows, Mac OS and Linux);

2. Performance shall be excellent;

3. The software should be easy to deploy.

The final decision was to use QT, together with C++, as the framework and the programming
language.

MapusGround enables the team to
process the search area efficiently by
providing an easy-to-use tool for
recording the characteristics of targets
(requirement 7.2.8.3). The software can
be run in manual or automatic mode,

Images

satisfying requirement 7.3. MapusGround [

. . B 1364461204.jpg
determines the GPS coordinates of targets SIS
using a combination of the aircraft FESSREREES

B 1364481220.jpg

position and its yaw, pitch and roll. RS

Figure9 Mapus Ground

Another essential feature of MapusGround is work parallelization. All instances of the software
are synchronized to a server, which receives the pictures from the UAV and redistributes them to
the clients. This is a new feature for this year and great results have been achieved with this
technique, thanks to a better repartition of the workload between members of the flight team. For
example, while someone may be working on the main targets, someone else can spot and read the
QRC targets, satisfying 7.2.9, while someone else can work on the Emergent Target Task (7 6)
This work parallelization is the key to the
team’s success.

4.5.2  Flir Tools

Flir Tools is the software provided with the IR
camera used by the team. It connects directly
to the camera through the payload data link
with a protocol called GenlCam. This protocol
is responsible for transporting the image data
stream and controlling the hardware. Flir

FigurelOFlir Tools
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Tools provides an interface to the camera and, in addition to recording the live stream, provides
easy controls for the settings of the camera. The most important setting is the temperature range.
With Flir Tools, the operator is able to calibrate the range while flying, adjusting for the different
temperatures of the pavement and the grass, for example. Previously, this step had to be done on
the ground and if the calibrations were wrong, then the results would be useless!

Flir Tools displays and record a video-like stream from the camera for the active target (7.8.8)
and has the capability of extracting a still from the video stream, satisfying 7.8.6. Apart from
these capabilities, this software is also a reporting tool, offering text annotations and report
generation features, future proofing this solution in case missions require more advanced reports.

4.6 Mission Planning

Flying a UAV is a very complicated and dangerous matter. Such a thing should never be done
without a detailed procedure. VAMUdeS’s detailed procedure is explained in the following
section.

46.1 Pre-flight Briefing

Before any flight it is very important that every team member knows the objectives and goals of
the flight. In order to ensure that, the VAMUdeS team always perform a pre-flight Briefing in
which the general flight plan is shown to each member, as well as all primary and secondary
objectives and every safety concerns. The team captain then makes sure that each team member
knows what his role is during the flight as to ensure that the flight is fluid. The forecasted weather
is also analysed in order to confirm that the wind, temperature and precipitations do not exceed
the system’s limitations. At the end of the meeting, each member must confirm that he is ready
and set for the flight.

4.6.2 Deployment

Before reaching the flight line, all of the components needed for the flight are packed into “ready
to use” flight boxes in order to minimize the deployment time. At this point it is the captain’s
responsibility to inform the team of any change made to the mission plan. Checklists are then
completed while respecting the radio limitations. In order to reduce the risks of connectivity
problems it is important to verify the functionality of each subsystem. After everybody is done a
final review is done by the team captain to ensure nothing is forgotten.

4.6.3 Mission

When the mission clock is started the team immediately starts emitting and makes the last safety
check before take-off. The team captain gathers the “Go” of every team member and once
everybody has given it, he gives the signal for take-off. The pilot should have verified that the
take-off zone is cleared and should have faced the plane in the right direction according to the
wind. The GCS operator than launches the plane in autonomous take-off while the pilot watches
it closely, ready to take back control at any mishap. The plane will than do a circle to calibrate
before being sent toward the waypoints. Once the aircraft has completed the waypoint it will
direct itself toward the search zone, looking for the QR codes, the IR and regular targets. This
will give the time to the GCS assistant to enter the coordinates of the emergent target. Once the
plane is done with the search zone it will be sent toward the last known positions to find the
emergent target. The plane will than ascend before going to the SRIC at high altitude in order to
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have the time to connect itself. The GCS operator will then send the aircraft toward the drop area
and ensure a safe drop. Once all of this is done, and if the off-axis target hasn’t already been seen,
the plane will do one or two passes in the flight zone near the off-axis target to get it. After that,
and only once the pilot will testify that the landing area is clear, the GCS operator will land the
plane autonomously under the watchful eye of the safety pilot.

Once the data report is finished, the USB stick will be given to the judges and the team will pack
and leave.

4.6.4 Post-flight Briefing

The goal of this meeting is to identify points the team must improve. To do this, the replay of the
mission is analysed and each point of failure identified is written down and must be acted upon
before the next flight. The checklists are also verified and readapted.

5 TEST AND EVALUATION RESULTS

5.1 Mission Task Performance

5.1.1 SRIC

Multiple tests have been made to find the best way to acquire the SRIC message. These tests
revealed that two strategies must be taken into account: “fly around” the SRIC or “fly over”.
According to the results, with a circle of 300 ft of radius, the reception was way better with the
“fly over” strategy. At these altitudes, the UAV was able to retrieve the files at every time.

Altitude va Slgnal

=10 200 W 40 LK i o] T i I 1000

-30 B Aol
& er

iBignal (db)
i
(=]

L L
|
L
L

100

Alftude ACL M)

Figurell SRIC performance test chart
5.1.2 Search Pattern
To make sure every single square inch is covered, a good overlap on the pictures is required.
With calculations and tests, it was determined that the good ratio is 50 % in front overlap and 30
% in side overlap. Also, it was determined by test that with a focal length of 18 mm, the
maximum altitude to find and identify a human shaped target is 500 ft.
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5.1.3 Air-drop

The first concern to air-drop is the UAV’s stability after the drop. More than 6 drops have been
executed to make sure the stability is acceptable after the drop. The drop of a 1-lb bottle filled
with water never affected the stability of the aircraft, which is much heavier than the AUVSI drop
package.

5.1.4 Interoperability task

The design of the program has been completed and implementation is partially completed. We
expect to test it at the full 10Hz update rate with the source code provided by the AUVSI
competition.

5.1.5 Auto-detect, localize and classify

At the time of this writing, the software used for this task was in the middle of a rewrite and as
such we are not able to provide test results yet. We expect to test the software with pictures that
have been taken in past competitions.

5.2 Payload system performance

5.2.1 Geolocation precision

The maximum precision the VAMUdeS team was able to obtain is 1 meter, which was verified
during the USC 2015 competition. The exact position of the targets had been determined
beforehand by accurate, specialized equipment. Unfortunately, the team needs extra processing
time to reach this precision. As such, for AUVSI 2015, MapusGround will be improved and
tested with information acquired during the USC 2015 competition. For now, this is the
maximum precision our software can attain quickly (tested in the previous years):

Table 8 Target precision test results

Nb of targets = Average precision Standard deviation = Best precision = Worst precision

31 A8ft 30ft 6ft 120ft

5.2.2  Visible light camera
The camera we are using (Nikon D3200) has been used in many competitions over the years and
always delivered sharp, detailed, high-resolution pictures.

5.2.3 Infrared equipment

As we do not own IR emitting equipment, our tests have focused on the system functionality. The
main concern about the IR camera is the lack of wireless bandwidth to transmit the stream. The
equipment has been tested at up to two kilometers with successful results. If frames from the
stream are dropped, it is possible to lower the acquisition frequency or stop the infrared stream
completely.
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5.3 Autopilot System Performance

5.3.1 General specifications

Many tests have been done to ensure the performance of the autopilot and the aircraft in stabilized
and autonomous mode. Please refer to Table 9 and 10 for the details of the specifications of the
flight in those two modes.

Table 9 Autopilot attitude

Maximal roll angle 30°

Maximal pitch 30° (up) and 20° (down)
Minimal turn radius 45 m

Stall speed 12 m/s

Maximal height incertitude + 10% with crosswind of 25 km/h
Maximum wind 25 km/h

Impermeability No

Table 10 Communications and precisions

Maximal ground distance of datalink 2,5 km
Maximal air distance of datalink 9km
Maximal RC link in the air 3,5 km
Maximal RC ground distance in range test mode 39m
GPS precision £5m

5.4 Likely mission accomplishment

The VAMUCdeS team has a vast experience in competition environments. In 2015, the group has
already been to one competition, USC. We won first place in that competition. As such, the team
is ready for AUVSI 2015, thanks for its fast setup time, excellent teamwork and communication,
vast experience and great organization.

54.1 Timing

Our average setup time during a competition is 6 minutes, from aircraft power on to take off. This
time was obtained with all radios off, so we expect a slightly better time at AUVSI because we
are allowed to emit on the 2.4 GHz band before the mission clock starts.

The cruise speed of Artemis (37 mph) enables quick coverage of the search area and speedy
dispatch to the secondary objectives. Processing of the data starts as soon as the aircraft reaches
the search zone. Many members can work on the data at the same time.

5.4.2 Conclusion

This mission proved that the Artemis UAV is safe to fly autonomously, take pictures with a good
precision and transfer them in real time. The mission also confirmed that the team is ready to
setup the system very quickly.
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6 SAFETY CONSIDERATIONS/APPROACH

6.1 Li-Po batteries precaution

Li-Po batteries are used by the team to power the aircraft and the systems it contains. These
batteries are inspected before each charge or use and they are always stored in LiPo-Safe bags.
Our team uses the battery charger recommended by the battery manufacturer, i.e. the TP820CD
model from Thunder Power RC. This battery charger is equipped with built-in balancers to
prevent over-charging that could potentially result in fire causing damage or personal injury.
Moreover, a sealable sandbox which contains non-reactive sand is always available for battery
disposal in case of malfunction or damage. These batteries are also wrapped in coloured tape in
order to find them easily, especially after a crash. Besides, the aircraft was built in such a way
that the batteries would be expulsed from the plane after a crash. This would prevent the system
from suffering damages caused by battery explosion, for example.

6.2 Workspace precaution

Team members use security glasses and masks rated for organic particles while performing risky
operations. A proper ventilation of the workspace is also provided whenever the team has to work
with solvents or other volatile substances. Combustive and fuel chemical products are separated
in fireproof lockers and tools are locked and are not available for those without a convenient
training.

6.3 Training

Within the team, safety roles are assigned to some of the flight crew members and each teammate
is involved in trainings to ensure the safe execution of all flight operations. Indeed, training is
provided to members who play an important role during flight operations. For example, the safety
pilot must undergo hours and hours of flight practice prior to any competitions. A flight simulator
is also available to get these hours of practice. Moreover, the team takes advantage of a
professional pilot to help them to tests their systems. This allows to mitigate the risk of crash due
to pilot inexperience.

6.4 Pre-flight precautions

VAMUdeS must always go through complete checklists prior to any flight. Regarding this, a
physical inspection of the aircraft and a verification of flight-termination procedures are initiated
before allowing the plane to leave the ground. Moreover, the aircraft undergoes a communication
status check performed by the GCS operator in order to ensure communication is properly
established between the aircraft and the GCS. Furthermore, critical systems are thoroughly
inspected in order to reveal any bad connection that could eventually result in late failure of the
aircraft. To facilitate check-up, each system has been designed to make cables accessible from the
top of the plane.

6.5 In-flight precautions

When performing a flight mission, the team always chooses a site located far away from cities
and villages. This practice helps to prevent any injury or damage that could be caused by a crash.
The aircraft is always kept in the safety pilot's and GCS operator's line of sight. By proceeding
this way, maneuver such as manual override (if necessary) are easier to perform. Good
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communication between each flight crew member is of paramount importance in order to
properly achieve the mission. Considerations about communication abilities between teammates
are brought forward during each flight test session performed by VAMUdeS.

Table 11 UAS Failsafe Procedures legend

Code green

Mission continues with autonomous flight

Code orange Mission compromised or manual flight engaged

Code red

Mission aborted, aircraft goes into spiral descent

Table 12 UAS Failsafe Procedure

Failure
Mode

Telemetry
link loss

RC link
failure

Outside
mission
boundary

Autonomous
return
failure

Unsafe
battery level

Image
acquisition
system
failure

Unstable
Flight

VAMUdeS

Effect Analysis
Step 1

Quickly try to
troubleshoot
communication system

Autonomous return
home, visual

warning displayed on the
ground

control station

Reach the nearest
waypoint or
return to the previous one

Switch to manual flight if
the pilot

is able to take over the
autopilot

Battery voltage low: try
to finish
the mission

Try to troubleshoot via
computers

in the ground control
station

In-flight PID tuning

Step 2

After 30 seconds:
autonomous return home

After 6 minutes : Mission
abort,
spiral drive

Near 30 seconds:
autonomous
return home

If the pilot is unable to take

over

the autopilot, kill the
aircraft

5 minutes of flight left:
manual

overdrive, force return
home

After 2 minutes : recycle
the

transmitter and receiver
power

If unable to hold altitude
autonomously and behave
properly, shift to manual
overdrive
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Step 3

After 3 minutes:
Mission stops, spiral
drive

More than 30 seconds:
mission stops, spiral
drive

Very weak batteries :
motor is turned off,
emergency landing

If unable to restore the
image acquisition
system,

return home
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