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Abstract

Headquartered in Montreal, a great Canadian tech hub, Dronolab benefits from a lot of partners, advisors
and especially a creative talent pool which is vital for success. Our multidisciplinary team consists of
engineering students having a wide range of skills. We have always believed that such contribution of each
helps the team to deliver safe and professional flight operations. As a scientific club, Dronolab has one
vision: supporting civil applications of drones while contributing to sustainable development and drone
community. Over the years, Dronolab has acquired the capability to design safe custom-made unmanned
aerial vehicles (UAVs). Our efforts resulted in the award for the “Best Overall Rotary Wing Award” achieved
at the 2016 edition of the competition. Dronolab is ready to reach the next level this year by unveiling a
brand-new prototype, our 10th iteration. It is the safest drone we ever have designed. This year, we are
introducing an improved photo acquisition system and also a special design, allowing us to reduce
significantly mechanical stress in the arms and many more improvements. This paper is summing up our
efforts and dedication to meet the expectations of our customer.
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Systems Engineering Approach

Mission Requirement Analysis
Task priority

Our approach it to prioritize tasks, and therefore we apply a series of simple heuristics which are:

- Give a higher priority to the task we are the most confident to complete.

- Give a higher priority to the task that minimize the risk of having a problem with the UAV.

- Give a higher priority to the most rewarding task

- Give a higher priority to the task in which we succeeded the most over the last years.
Will accomplish: Full autonomous flight with autonomous takef and landing and tatic obstacle
avoidance, live photo transfer during flight, ability to drop probes,aypoints capture and hiker
geolocation.
Will attempt: Off-axis target, moving obstacle avoidance, air delivery.

Drone type choice

Over the years, Dronolab chose to stick with the high reliability and flexibility of multirotors. The fact of using
such a drone facilitates a lot the mission process, but we must deal with a limited flight time due to multirotor
aerodynamics. To be able to complete all missions, we must carefully plan our exploration area.

Autopilot capabilities

The autopilot must be able to offer a great reliability while flying. This translates to being able to apply an
in-flight mission modification, easy configuration of failsafe, flight termination and multiple way to trigger a
flight mode change, such as switching from mission mode to manual mode (allowing the safety pilot to
securely operate the drone).

Payload module

Payload must take photos and send them to the ground station. Each photo must be geo-tagged to give
accurate coordinates for each target. It must be able to drop an object safely on the ground without
damaging it.

Software integration

Our setup must be able to communicate at a rate of 1hz or faster to the interoperability system. It must
receive and upload the drone telemetry successfully. Also, it must send objects (off-axis, ground target) to
the interoperability system using Json format.

Security

All the communications, whether it's telemetry or other data must be encrypted. Drone hijacking is a reality
and we must do what it takes to mitigate any hacking risk. Each network endpoint is carefully checked.

l|Page
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Design Rational

In term of design possibility, we are not limited by our budget. Our large number of sponsors gives us the
possibility to buy the best parts that meet our needs. This great potential helps us to explore new concepts
each year by putting a lot of resources in our R&D program. The process of drone design at Dronolab is
simple. We made a list of each limitation or design problem we had with our last drone. Last year, we built
our first octocopter. It gave us a good redundancy. It was very stable. The downsides of our conception
were about the mechanical stress around attachment between arms and the body. Also, our V9 was hard

to repair and tedious to transport. Those are the points we addressed in this new iteration.

Table 1: Rationale related to each drone module

Module

Frame structure

Possible solutions

Carbon
Carbon + 3D printed parts

Solution and justification

Sandwich design, carbon only
(lighter and more resistant)

Camera

Sony QX30 / $340
Sony QX100 / $515
Sony A6000 / $780
Sony A7R 11/ $3999

A6000 (High shutter speed,
good against vibrations, 24.3MP,
programming API, best value for
money)

Flight controller / autopilot

Pixhawk (with PX4 firmware)
DJI Naze32
ARA Robotics Skymate

Pixhawk (Open-source, great
community, great cost /
performance ratio)

On-board computer

2x Raspberry Pi 3 cluster
Intel NUC Core i5

Intel NUC Core i5
High writing/processing speed

Ubiquiti bullet M5
Ubiquiti bullet M2

GPS Ublox Neo-M8N Series Ublox Neo-M8N GPS faster
Adafruit ultimate GPS Breakout cold start, up to 10hz, better
Ublox Neo-7 Series sensitivity (-167dBm)

Data link XBee Ubiquity bullet M5 High

transfer speed, more resistant,
more reliable than XBees.

Programmatic Risks & Mitigations

Based on our experience with UAVs, we were able to determine the major risk of designing and building a
drone. Each year, we try to reduce the likelihood of each event. This year, we noticed a huge improvement
in UAV’ stability, so crashes are unlikely to happen. Our higher risks are easy to deal with, so this year we
have a greater trust into our UAVS.

Table 2: Risks and mitigations methods

Likelihood ‘ Impact ‘ Mitigation method

Risk

Not enough workforce Rare Medium | Marketing efforts, more events, targeted ads
Money shortage Rare High More financial events, business partnerships
Fail to have a flying Rare High Repairing last prototype and use it for the new
prototype season

UAV crash Rare High Use the backup UAV (same model)
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Intellectual property issue Rare Medium | Use open source code and cloud repository
Damage to UAV Medium Low Lots of spare parts, easy to repair design
Payload system failure Medium High Use working payload module backup

System Design

Aircraft

As of last year, our UAV is an octocopter. Following sections
approaches the differences between our newest system and
last’'s year model.

Reversed motors =

Reversing the motors brings the point force by the propeller
closer to the center of gravity (CG). This way, the UAV does
not have to compensate a lot to influence its pitch or roll. This
decision was worth considering the great numbers of arms it
has.

Foldable arm design

One of the problems noticed last year was that our drone risked
damaging itself during transport. We fixed the problem with a
spiral design. If we want to fold the arms, we only have to
remove 8 butterfly’s screws. The larger contact area of the arm
with the body help to reduce arms vibrations and improve
stability.

Interchangeable payload

The drone is separated in two main pieces: the body,
containing flight structure (arms. flight controller, batteries)
and the payload (specific module mounted on leg structure).
So, whenever we want to change the payload, we only have
to remove 3 butterfly’s screws.

Improved Propulsion system

The propulsion system is composed of eight motors. This configuration
brings us a lot of redundancy. By doing so, we are able to fly easily without
up to 3 non-consecutive non-working motors Compared to last year, our
batteries (lithium ion polymer battery) also have a higher capacity per cell
for the same weight. It is to our advantage to use the best batteries due
to their critical role in the flight process.
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Table 2: Octocopter performance and characteristics

UAV Dimensions Propusion system Operation performances

Diameter | 39.37 in | Motor size Speed Metrics Operation
Height 11.81in | Propeller | 15.5x 5| Average Ascending 8.95 mi/h Autonomy 30 min
Size Speed
Weight 154 1b Batteries | 22.2V | Maximal Ascending| 13.42 mi/h Minimal Crew 2
Speed
Core 9.84 in 20 Ah Descending Speed| 1.5 mi/h Maximum Rangdg 1.24 mi
Diameter
Arm Length| 19.68 in Motor 8 Maximum 22.37 mi/h | Min. Operating 5°F
count Horizontal Speed Temp.
Core Height| 7.874in Esc 35A Cruise Speed 8.95 mi/h Max. -40°F
Operationa
Temp.

Figure 4: Electrical schematic
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Autopilot

The Pixhawk is an open source autopilot, which allows our team
to develop new functions and tasks with great ease. With its
great community, we are sure to find support when we need it.
The navigation architecture is designed for multirotor drones.
Our flight controller, running the PX4 firmware is capable of
changing the motor’s layout through the signal mixer. The
MAVLink protocol makes it easy to send missions to the drones
and it support “hot mission swapping” so we can adapt rapidly
if we change our mission priority during the flight. It integrates
well with QGroundControl, our current ground station software.
Our ground station software is also open
source and is evolving fast. Based on QT C++
framework, we can design custom modules to
suit our specific needs. It is also cross-platform
and can run on Linux, macOS, i0OS, Windows
and Android. We are very satisfied by the nice
user interface. The ground station operator
always has the necessary information to
perform any flight-related tasks.

Obstacle Avoidance

As of last year, we developed our application in
order to interact with the interoperability
servers. Due to last year’ success of our application, we only add some functionality based on the required
functionality for the competition. The interoperability operator and the ground station operation will be in
communication at all times. In order to avoid obstacles, the operator supervisor will communicate the
position of the obstacle and the operator will manually correct the flight path. We currently do not perform
dynamic avoidance of moving obstacles.

Imaging System

The octocopter will be mounted with an Intel NUC and a Sony A6000 camera that
will provide 24.3-megapixel imaging. Our drones will be collecting images at a rate
of 0.5 to 2 pictures per second and will be sending them to the ground station
using Ubiquiti wireless transmission. Despite a great wireless connection speed,
the high quality and frequency of imaging exceeds the wireless speed limit,
especially when the UAVs get farther from the ground station. To work around this
bottleneck, we added on-board image processing. Using the high processing
power of the Intel NUC, each image will be scanned and weighted by the
probability of it containing a target. More detail will be added on target detection
on the designated section. We chose the Sony A6000 because it has a much
better resistance to flight vibrations. The high shutter speed was the main concern
and this camera is renowned for his insanely fast burst mode.

Object Detection, Classification, Localization

Imagery console

Pictures taken by the UAV are automatically shared through our network by Peer

to Peer (P2P), it allows our team to process the data. The target selection operations are fully automated
and supervised by an operator. The software can retrieve and processing all the pictures and their metadata
sent by the UAV in real time. You will find main user interface of our ground target designation software in
the picture bellow.
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Imagery processing

Target detection results from our two-step image processing. First, onboard post imagery processing is aim
to prioritize image transmission to the ground. Indeed, due to limited bandwidth, we need to prioritize
sending to the ground per quality and interest criteria. By interest we mean the probability to have a target
on it. Then, the second step happens on the ground with our imagery software solution. According to their
priority arrival, photos go through our detection algorithm which extracts the target location. With a minimum
60% overlay between photos, we ensure targets will not be split and thereby we’ll be able to locate its
precise locations. After target extraction, our software computes geolocations and offers to the operator the
ability to review each results and label each detected target in order to send them to the interoperability
server or, if necessary on the USB drive at the end. When targets are labeled, our software can predict the
label of the next located target. As we have to map all the field in a given time, our automated target
detection system linked with supervised classification is offering one of the best location process possible.
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Communications

Data link

Data link telemetry will use the MAVLink protocol and the Xbee 900 Pro HP’s modem. This modem allows
high speed (200 kbps) long range (3,10686 miles) on the 900 MHz band, with built-in security features (AES
crypto) and mesh capability. MAVLink protocol is an open source data link protocol, used by various UAV
controllers, tested and rugged which allow fast and reliable link. Since Xbee uses Frequency Hopping
Spread Spectrum (FHSS), it is very resistant to jamming and interference.

Frequency sum-up list

The UAV will be using a frequency of 433 MHz for its radio controller, 900 MHz for its telemetry system, 5.8
GHz for its data link and its onboard computer has an integrated 2.4 GHz Wi-Fi modem. The complete list
and specification for each modem can be found below.
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Table 4: Communication device characteristics
- RC Controller Flight telemetry Photo transfer OBC connectivity

Model

Immersion RC EzUHF | XBee 900 proHP Ubiquiti bullet M5 | Integrated wifi modem

Sisellsnes | 433 MHz 900 MHz 5.8 GHz 2.4 GHz

Tx power 600 mwW 250 mw 600 mwW 100 mW

Tested 2,48 mi 2,48 mi 2.17 mi 328 ft
range

Data rate N/A 200 kbps 50 Mbps 30 Mbps

Security FHSS FHSS + 128-bits FHSS + WPA2 FHSS + WPA2
AES

Antenna tracking

Our in-house antenna tracking system has been in development for 2
years. It helps us maximize our incoming photo transfer rate. Each photo
taken has an average size of 5-10MB so we must be sure that we have
the best connection at any time, even if the drone is far. In the best case,
we are able to transfer photos at a rate of 30 Mbps. Most of the time, we
achieve a 10-15 Mbps rate. To ensure a successful tracking, we use
drone telemetry and we apply a pulse width modulation (pwm) to match
the desired pitch and yaw angles. If needed, we can override the
autonomous tracking and it can be controlled manually.

Air Delivery e
The bottle of water dropped by the release system is controlled Gswwimms
by servo motors. It weighs less than 10 oz (without the bottle Caluaie o
of water). In order to assure the physical integrity of the bottle, T

we plan to protect it with bubble plastic wrap. While testing, we

didn’t have trouble by dropping the bottle without breaking it Gompute ontvectr

but as we want to improve our odds to deliver the water bottle
professionally and safely. Detine arbivary | g Ves—>| Calculate drecton

We expect a significant improvement from last year system
due to a better logic on the programming side. We took in
account different variables in order to drop without stopping
the drone and waste useful time. Our algorithm is built into our
flight controller so we have a real-time access to data. Creata mission tem
¥

Drop

Compute flight vector
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Cyber Security

We took a major leap into security this year. We consider this problem very seriously. We read a lot about
drone security and identified a few different security issues, serious enough to steal data or take down our
drone. We can’t trust anybody for air-related operations. If we crash the drone, we have some security

mechanism such like disk encryption to prevent physical stealing of our data.

Exploit type

Electromagnetic
jamming

Impact: medium

Description

Action of finding the network id in order to
perform a man-in-the-middle attack. This
MAVLink exploit allow to sniff telemetry data and
send commands. This is a total control of the
uav.

Solution

Secured telemetry data link
using strong AES encryption
and change the default
network id

Action to deliberately blocks, jams or interferes
with authorized wireless communications. In
the United States, jamming is illegal. We still
need to prevent it.

Use Frequency-hopping
spread spectrum on all our
communications. Use a more
efficient pseudo-random
generator.

If someone is able to have access to our ground
station network, he can sabotage our operations
since it's very easy to access every data link.

Update our router firmware to
the latest version. Use a
super-strong password

Similar to transmission jamming, it can take down
a drone if its stabilized mode only rely on GPS.
Mostly dangerous in BVLOS (beyond visual line
of sight) flights

Use Frequency-hopping
spread spectrum on all our
communications. Use a more
efficient pseudo-random
generator.

Can happen if we download PX4 firmware over
an unencrypted server, which could lead to an
infected drone.

Monitor firmware download
over a proxy and confirm the
SHA checksum at the end.

Can happen if someone successfully connect
using SSH communication protocol, or gain
physical access by stealing the drone obc in the
case it crashed.

Use private/public key
certificates using a high
enough level of encryption
(like RSA-2048) on both
communications and data
storage.

The deliberate radiation, reradiation, or reflection
of electromagnetic energy for the purpose of
preventing or reducing a drone effective use of the
electromagnetic spectrum, and with the intent of
degrading or neutralizing the drone flying
capability (mostly heading capabilities).

There is nothing we can do. In
the case of the AUVSI SUAS
competition, it is unlikely to
happen in the air since most
electromagnetic disturbances
happens on the ground
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Test & Evaluation Plan

Developmental Testing

Payload structure

Our tests with the new drone demonstrated a lot
of stability and reliability. We decided to modify
our UAV payload system to reduce our weight.
On the left of the photo, you can see the first
iteration, a heavy payload, containing a gimbal for
our Sony A6000. On the right, we removed that
gimbal and reduced significantly the weight of the
drone. This modification can allow us to gain 8
minutes of flight time. Depending of the task we
will use one system or the other. For shape
characterization, we achieved good results even
if we didn’t have a gimbal. If we are not satisfied
in competition by our 2nd iteration, we will
sacrifice a bit of flight time to deliver quality data.

Log analysis

At the end of each flight, we do a post-analysis of our telemetry data. It allows us to discover invisible
anomaly, such as ESC (electronic speed control) failure.

On-the-field testing

To improve the UAVs performances, we perform multiple mission tests on open field (with authorization
coming from competent authority) in multiple weather condition (wind, light snow ...) to verify the
performance of our autopilot along with the platform’s stability. Using the results of those tests, we establish
a clear table of condition in which the UAV can fly. Due to calculation and past experiences, we know our
multi-rotor can fly in rough condition (up to 30 km/h of wind) and still be able to follow the wanted path.

The best way to test the safety plan is to first simulate the potential risks and observe the behavior of the
UAYV in a control environment. Since we have been using this autopilot for more than a year, we know how
it should react. If the reaction of the autopilot isn’'t what it should, we will take planned action to correct the
problem. After all the tests in a controlled environment, we will conduct real tests in mission situations.
Those tests will include, low battery, loss of the radio controller, loss of the data link and one or two motor
stop working. After those tests, we will be sure that the UAV will perform as desired in any emergency.
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Individual Component Testing

Aircraft structural tests

Computer simulations have been made for all the structural parts. Then, through the winter season we are
performing tests to confirm the structural reliability of our platform. These tests consist of emergency
landings, high velocity passes and rapid loss of altitude. Furthermore, the redundancy of our drone is
evaluated by shutting down up to three motors.

Static thrust tests

In order to choose the optimal propulsion configuration, static thrust
experiments were conducted on different pairing of several propulsion
parts (propellers, motors and batteries). We then compared them based
on thrust, weight, reliability, cost, performance and heat to best fit our
needs based on this year's mission requirement.

Weather resistance

Due to our closed and well integrated design, our drone is able to fly in a lot of harsh weather. Low rain
condition, windy conditions and practically any winter condition. Our drone can also sustain hot weather.
Our platform has been tested in practically any weather throughout the year.

Payload performances

The payload was first tested separately, then to acquire inflight data while staying on schedule, it was tested
on last year’s platforms. These tests allowed us to solve a couple of issues we had and provided satisfying
results with both the camera and the stabilization system. Since the camera sensor is stabilized by a gimbal,
the drone can be operating in harsh weather conditions without altering the quality of image. While testing
the payload, we confirmed the chosen transmission system was able to send the payload dataset without
any delay even when the drone is 1.5 kilometers away.

Autopilot and mission tasks performances

We will do multiple mission tests on open field (with authorization coming from competent authority) in
multiple weather condition (wind, light snow, etc.) to verify the performance of our autopilot. Using the
results of those tests, we will establish a clear table of conditions in which the UAV can flight. Our multi-
rotor should be able to flight in rough condition (up to 30 km/h of wind speed for example) and still be able
to follow its designated path. In addition, after correcting calibration, our autopilot will be able to manage to
fly even with an uneven mass distribution or balance of power.

Antenna tracking testing

The antenna tracking system is able to execute specific health checks. If a problem happens, our error
messages are very precise and we can remediate and fix the issues. The initial startup sequence will check
the following things:

- If there is drone telemetry (GLOBAL_POSITION_INT MAVLIink packet)

- If the antenna internal GPS is getting values

- If the antenna IMU is getting coherent values

- If the power distribution is enough to power pitch and yaw servos of the antenna.

- If our networking setup is valid

Router and communications testing

Each device connected to the router has been added to MAC address whitelist so we can get consistent IP
address and a replicable environment. We have a sheet containing each authorized device. Before flight,
we launch an ARP command and we validate all connected MAC address. After that, we ping each device
to confirm the connection.
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Battery testing

We perform a physical inspection of our batteries. We check for physical
anomalies, like swelling happening when the battery's maximum amps are
exceeded either during discharge or charging. It could also be the result of a
short or other physical damage. If the battery shape is good, we perform a
voltage testing. We verify each battery cell and validate its internal voltage. In
our case, our batteries must remain above 4.2V per cell.

Payload testing

We carefully test our payload system. The first thing we do is a visual check-up

to see if each payload component (camera, onboard computer and drop system) is securely attached to
the drone. After that, we check the connectivity to see if everything is powered correctly. We power on our
camera and the obc and we check if photos are taken and geotagged.

Flight controller testing

The Pixhawk is the central part of the drone. If needed a test script can be run. It will test led, integer and
float precision, sensors, gpio connectivity, heartbeat emitting, ppm, servo output, adc, jig_voltage, eeproms,
UART, tone, time and global performances. After those tests, we open up MAVProxy and we pipe Pixhawk
data into it and we confirm if the needed modules are loaded. We check if the right configuration file resulting
from our tests flights has been imported correctly into the drone. We also check if the flight controller cables
are well connected.

Manual @ AR AX), 0B Stabilize

RC testing

Using QGroundControl, we test RC connection with the Pixhawk. We also do a motor test without propellers
to confirm the RC mapping.
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Mission Testing Plan

This year, we took the opportunity to bring more structure into our mission testing process. Here is a list of
different improvements we brought.

Adaptability

We varied our flight test sites so we can adapt to various environments (forest, lake, field). We also tested
our drone with high winds and a little rain.

Extreme weather

Our meteorological situation is forcing us to build a drone able to fly in a range of -20°F to 100°f. Canadian
winter is pretty harsh sometimes but we must deal with it if we want to be ready for our competitions. This
is why we test our UAVSs in all seasons of the year.

Accumulate hours

We have got permanent SFOC (Special Flight Operation Certificate) from Transport Canada. This allows
us to fly more often every time we need. This is critical since we have 2 competitions each year and our
main focus is reliability and professional service.

Mission flight report automation

Each flight operation is followed by a series of reports. The safety pilot log each flight into his logbook. We
perform a dump of our flight controller telemetry data (MAVLInk log file). We also do a briefing and a
debriefing of our tests so everybody in our team can learn and help improving our flight process.

Deployment strategy

Each case contains a sheet with the
needed material. We wanted to
maximize our effectiveness for our
tests flights but also for the
competition. This normalization
helps us to have a replicable
environment. No more excuse like
‘It worked on my machine”. You
open the case and that’s it you are
almost ready to fly.
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Mission plan

Following our individual component testing, we perform a series of integration tests. Those are domain
related.

UAV setup Pilot checkup

All battery connected Failsafe configuration

All propellers are safely attached Mapping of each flight mode on the controller
UAV general condition Arming / disarming

Ground station Propeller rotation

Voltage above 24,6V Throttle 0-15%

Telemetry link Yaw / Pitch / Roll direction

Live feed video link Kill switch test

More than 6 gps connected Flying day checkup

Run antenna tracking Healthchecks Wind condition are less than 50km/h

Expected performance at the AUVSI SUAS competition 2017

We evaluated our capacities to deliver and we are confident to offer a much better performance this year.
We will do this mission by following our task execution priority (see Task priority). Between each task, the
team captain will be consulted in order to decide if we continue to the other task or we land the drone. If
unexpected external factor happens, we may alter the original task order always by prioritizing security and
professional execution.

Timeline (10%)
Predicted results: 10/10

- Mission time: 8/8
- Timeout: 2/2

Discussion: We plan to take all the necessary time to produce a quality data and execute each tasks the
best as we can in a safe et professional way.

Autonomous Flight (30%)

Predicted results: 28/30
- Autonomous flight (40%): 11/12
- Waypoint capture (10%): 3/3
- Waypoint accuracy (50%): 14/15

Discussion: Autonomous flight has always been our area of expertise. Using a drone is perfect to capture
waypoints since it can correct his position without having to execute a U-turn like a plane.

Obstacle Avoidance (20%)

Predicted results: 15/20
- Stationary obstacle avoidance (50%): 10/10
- Moving obstacle avoidance (50%): 5/10

Discussion: Last year, we easily avoided each stationary obstacle. We also did not try to avoid any moving

target. This year, we plan to try avoiding the easiest moving obstacles by doing a strategic mission planning.
This strategic planning will minimize our points losses.
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Object Detection, Classification, Localization (20%)

Predicted results: 13/20
- Characteristics (20%): 3/4
- Geolocation (20%): 3/4
- Actionable (10%): 1/2
- Autonomy (20%): 1/4
- Interoperability (30%): 5/6

Discussion: This is the hardest part of the competition for us. By changing our camera for a better one,
we increase our odds to find, geolocalize and characterize most objects. Depending of our imagery system,
we will try to submit autonomously our objects but it may not work totally. Our interoperability system is
working well so we are confident to gain most of the points for it.

Backup strategy: If we can’t autonomously do this task, we will switch to a supervised, manual operation
in-flight if possible. If the flight operation is over and we didn’t parse all photos, we will submit them over
USB but we hope not.

Air Delivery (10%)

Predicted results: 7/10
Discussion: Last year we lost all our points due to a mission assignment issue. We fixed that problem this
year and we plan to do much better and with a better precision.

Operational Excellence (10%)
Predicted results: 7/10

Discussion: We put a high priority to have a flight team ready to operate each tasks. In the preparation
time, each member will have a briefing reminding him about his tasks. We also enhanced our deployment
speed by organizing our storage cases and assigning to each a team member who is accountable for its
completeness and readiness. As this is our 4th competition with this team, we know how to behave for each
tasks and step of the flight operation.

l4|Page




PR -
DRONOLAB ﬁﬁ

Le génie pour I'industrie

Safety, Risks, & Mitigations

Developmental Risks & Mitigations

Design safety

Our flight controller has been programmed in order to warn the ground station if any abnormal situation
happen. Our UAV redundancy propulsion system increase the overall safety.

Pre-flight checklist when doing flight tests

Before take-off, the safety pilot should make sure that all of our fail safes and security systems are
operational. A full hardware checklist will be done in order to check battery’s power for damages and to
insure correct linkage, transmission, motor reliability and connection, payload components and propellers.
As always, we will take in account of the current weather condition, especially wind intensity. This will allow
us to adapt, if necessary, our flight plan (adjust speed or altitude for example). Thanks to this checklist, the
team can ensure that each flight is safe and goes according to the plan.

Inflight safety considerations and ground crew assignments

During each flight, every member of our crew is assigned a specific role according on everyone’s
competencies. To ensure the safety of every crew member, a minimal security distance from the drone is
mandatory. The pre-flight checklist is essential to maximize inflight safety and prevent possible damages
due to hardware failure.

Electrostatic discharge

Electrostatic discharge (ESD) events can harm electronic components inside our drone. Under certain
conditions, ESD may build up on the body or the drone itself, and then discharge into another object. To
prevent ESD damage, we discharge static electricity from our body before interacting with any of our
electronic components, such as flight controller. We put an attention into manipulating our electronic
material safely because the Pixhawk is very sensitive against electrostatic short circuits.

Drone and ground station transportation

Our foldable arms allow for easier transportation. It avoids us to break drone connectivity. Last year, we
had a lot of cable problems. Also, each ground station computer is stored in a secure case.
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Mission Risks & Mitigations

No-fly zone transgression

PX4 firmware support natively no-fly zone. We programmed a failsafe if the drone transgresses accidentally
the bounds. The drone will perform a RTH (return to home) and return safely on the flight zone. We will
notify the judges of the situation and will do everything possible to minimize the consequences.

Collision risk with another aircraft

We know this is a little risk but it could happen that an aircraft needs to use landing runway because of an
emergency. We will perform a vertical landing and if possible, we will land the drone outside the landing
path, such as on the grass. We will remain vigilant while flying.

Bad weather

Our drone can deal with bad weather, but if it's getting too windy or to rainy: we’ll use our judgement and
we’ll perform what is necessary to avoid crashing the drone. If flight conditions are not adequate, we will
land the drone vertically so we don’t take more risk of crashing our UAV.

Drone crash

It can happen. We didn’t have any crash while testing our new platform but we must be prepared to face it.
When a crash happens, we will have to get the latest telemetry and move to the impact site. Following that,
the first priority will be to locate our batteries and disconnect them or deal with any fire caused by the crash.
LiPo batteries are made with lithium, so we need a special fire extinguisher to cut the oxygen intake. After
that, we will take photo and produce an accident report. A diagnosis of the problem will be submitted to the
relevant authority (at this moment it will be the judges).
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Operational Risks & Mitigations

Description

Probability =~ Severity & Mitigation

UAS loses GPS | The UAS cannot know its Rare Major

signal position. The pilot takes full control of the UAS
Base cannot know the
b1 {Qa LRaAada

Motor/ESC One or two motor stop Rare Moderate

malfunction functioning or do not The UAS can fly with more than 6 moto
operate at the correct The UAS will continue his mission.
speed.
More than two motors Rare Major
stop functioning or do not The UAS will not enough power to lift by
operate at the corect will go down slowly until it performs a
speed landing.

Battery LiHPo battery can burn or Rare Catastrophic

malfunction explode if the casing of thq The battery explosion can burn people
battery is exposed to air. and material.
LiPo battery can also
explode if notcharged
correctly.

UASs trajectory | The UASSs fly on a path th3 Rare Catastrophic

interference interferes with each other. 1 {Qa O2ftftAarz2y oN

(collision) of equipment which bring could bring

platforms to crash. Exposed personnel
could suffer injuries.
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Conclusion

We are thrilled to attend this 2017 edition of the AUVSI SUAS and this paper summarizes the work done
by our team from our office in Montreal at ETS. We have attached great importance to last year feedback.
2016 was for us a big challenge due to the fact we were a new team. Each successful project has at its
core a supporting team and this is what 2016 was all about: recruiting a talented team of undergraduate
engineering students. We seriously think our enthusiasm and our dedication to the project will make a
difference this year. Our team has matured and is able to prove its effectiveness by providing a professional
and safe service. With added security features, various improvement over the payload performances, a
brand-new drone design, and more important that everything else, our team vibe, we are confident to
accomplish a lot this year. We hope our passion will translate into an excellent execution to meet your
needs.

References and other interesting links
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[4] Pixhawk specifications: https://pixhawk.org/

[5] Path planning paper: http://www.seas.ucla.edu/coopcontrol/papers/02cn04.pdf

[6] MAVLink protocol messages documentation: http:/mavlink.org/messages/common
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