Version 2.00 December 2019

Official Rules for the International Aerial Robotics Competition
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The primary purpose of the International
Aerial Robotics Competition (IARC) has been
to “move the state-of-the-art in aerial robotics
forward” through the creation of significant and
useful mission challenges that are ‘impossible’
at the time they are proposed, with the idea that
when the aerial robotic behaviors called for in
the mission are eventually demonstrated, the
technology will have been advanced for the
benefit of the world.

Mission 9 will build on past missions to demon-
strate both enhanced Mission 8 behaviors as
well as new aerial robotic behaviors unique to
Mission 9.

TECHNOLOGIES TO BE DEMONSTRATED
Beyond those technologies and behaviors that
have been demonstrated during past missions
(full autonomy, obstacle avoidance, tracking,
etc.) the following are emphasized:

Manipulation of large objects

Fast outdoor operations over long distance
Interaction with moving frames of reference
Aerial robotic repair of mobile platforms
Optical recognition

Navigation using GPS/Optical/Magnetic
only (no other aids)

7. Use ONLY onboard computing (no data
links except for kill switch and safety pilot
override).

S e

VENUES AND INTERNATIONAL TEAMS
The International Aerial Robotics Competition
Mission 9 will be conducted at two venues: The
American Venue and the Asia/Pacific Venue.
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The locations of these venues will be announced
at the Official IARC website. Instructions about
how to enter this competition are given later in
these rules. Teams must designate at which of
the two venues they wish to compete. Once a
venue is selected, teams will continue to com-
pete at the selected venue unless they choose to
re-register and start over by paying the up-front
one time Application Fee.

Each venue has visa and customs requirements
that are dictated by the host country and are
beyond the control of the IARC Organizer and
Staff. It is recommended that international
teams requiring visas, begin the visa acquisition
process several months in advance of the IARC.

Check customs procedures and in some cases it
may make more sense to ship equipment ahead
by international courier than attempting to carry
it as carry-on or checked baggage.

NARRATIVE

You live in a world controlled by artificial in-
telligence (AI). All super powers are now gov-
erned by machines for the benefit of mankind.
The AI overlords maintain order in society
without emotion, bias, or compassion. Robot
armies enforce order and conformity. Humans
who express opinions that are contrary to the
State are eliminated. The only relatively free
people in the world live in human-governed
island nations without electronic surveillance--
but many see the control of the super powers
encroaching. It is only a matter of time before
the Al overlords demand allegiance from these
island nations.

Swift lethal ocean-going Hunter-Killer vessels
able to traverse thousands of kilometers over
open seas for months at a time, without a sin-
gle crew member aboard, patrol the oceans to
maintain control of shipping lanes and oceanic
commerce.
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A group of island nations have secretly band-
ed together to overthrow the Al overlords. A
serious flaw has been discovered in the weap-
ons systems used by the Al overlords to main-
tain control over humanity. A communications
module has been developed that will disable
all types of weapons systems by causing them
to fail to function when commanded. A co-
vert campaign has been instigated to replace
as many Al overlord weapons systems with the
new communications module as possible over
the next 9 months. Unfortunately due to the au-
tonomous nature of the weapons systems, the
only way to gain control is to physically replace
the communications module and its antenna.

Your team has developed a new communica-
tions module that is common to all AT overlord
weapons platforms. If this module is surrepti-
tiously replaced in any weapons platform, that
platform will no longer respond to the Al over-
lords, but will instead come under the control of
the International Al Rejection Coalition (IARC)
of which your team is a member.
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Your team is located in a small island nation
that frequently observes Hunter-Killer vessels
operating outside the system of barrier reefs
lying 2.5 km (1.6 miles) off the coast. Your
team has developed an autonomous sea-skim-
ming aerial robot than can track a Hunter-Killer
vessel and rapidly approach it below its radar
detection pattern (an altitude of less than 15 m
(49 ft)). Once within 100m, the Hunter-Killer’s
sensors can not detect the presence of the aerial
robot regardless of position due to range-gate
limitations.

The critical module targeted by your design
team is located on the main mast of the Hunt-
er-Killer vessel. It can be removed and replaced
with a “hot swappable” replacement module at
which time, the Hunter-Killer vessel will come
under the control of your team.

Your team has prepared a prototype aerial robot
to perform this mission on the next Hunter-Kill-
er vessel encountered. If successful, the JARC
campaign to replace as many weapons systems
communications modules as possible will begin.

OBJECTIVE

Your autonomous aerial robot will receive as
a payload, one replacement communications
module. Upon command, your aerial robot will
take off and fly at less than an altitude of 15 m
(49 ft) to a distance of approximately 3 km (1.9
miles) to apprehend a Hunter-Killer vessel. The
aerial robot will then remove the communica-
tions module from the Hunter-Killer (dropping
it on site) and replace it with the communica-
tions module payload that it is carrying. Upon
completion of the module swap, the your aerial
robot will return to its point of origin and land.

Speed is critical. Due to fuel and energy con-
straints, as well as the expected time that the
Hunter-Killer vessel is within range, the entire
mission must be completed in 9 minutes.
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Your design team’s task is to create an aerial ro-
bot that can:

1. Fly fully autonomously

2. Use ONLY onboard computing
(no data links except for kill switch
and safety pilot override)

3. Avoid obstacles including
a. other aerial robots
b. physical obstacles

4. Conduct the mission successfully
(replace the module and return home) in
under 9 minutes.

COMPETITION ADMINISTRATION
During any competition year, each team will be
allowed 3 attempts to demonstrate that it can
perform the mission. Before attempts begin,
each team must demonstrate that its vehicle can
fly autonomously (including takeoff and land-
ing), and can physically carry the designated
payload. This is “qualification”. Teams unable
to meet this minimum qualification require-
ment, will not compete. Once a team has qual-
ified, it will then be allowed to compete. The
team conducting the mission successfully in the
least time will be declared the winner.

The attempt will begin upon the signal of the
Judges.

Teams must be ready to begin their attempt
when called. Each team will have one “pass”
allowing them to move to the rear of the attempt
queue. Teams that are absent or not ready when
their turn in the attempt queue arrives, shall for-
feit that attempt.

A monetary prize will be awarded to the team
successfully performing the mission in the least
amount of time. It is possible that no team will
successfully complete the mission in the first
year, in which case, the competition will start
over in the following year and the prize money
will be increased. More than one team may suc-
cessfully perform the mission in a given year,

BB S 2 Gl — A LS
j\’ EfU'

L. 584 HE AT

2. AENL 5

(BR2e 4 ®AT s — B oemifs 246, &
A H AR YR RS

3. B[RS, G

a. HAhZS LA A

b. PR

4. JRINPATAES

CEH AR IR D 995N .

bt 2R 2

FERFEEI R, BEABUR B Fe VRS ik
WRESE AT DS . FEIEELTIT G2/, &
A BIAASHIE ] & 1 kAT & 7T BLE £ 8T
CEFER RAERD , JF H AT DAy 4%
AR E A R . IXFRA “HERET o A
REIL B AR AR BEAR 2R 1 AR A Z N 15K
tegg. —EB—SZBMEEH, miral LSt
B (EIRKEIT 18] A LD 58 R 55 1 T BICRE
PCEATNIRK -

HEBRAE AR S 5 R TR

SRR P\AERE I Y LU FE I 06 U5 TF 46 L 3%
RIHER . BEAHIBAVEA — ik “8e” L
=, SeVFATIRE Sh B AR R L 10 T
2 B L TR BB BORA e I, H
REARHIE.

e T E i R 8] A RS T A 55 (1A A AL
KMo A AT RELE S — A BMELAE 5¢ &
155, MERXMHOLT, HIORAES 9k
2, RGN, aRA L —SCBMETE
RIS RAEST, R i 8] 58 T
55 (M BAATURE B A5 K2

Page 5 of 14



but the one doing so in the least amount of time
at either venue will win the grand prize. Since
the American and Asia/Pacific Venues will be
identical, whichever team at whichever venue
can complete the entire mission successfully in
the minimum time, will be the sole winner of
the grand prize. Determination of the final win-
ner will be announced once both the American
and Asia/Pacific Venues have been completed
in any competition year.

The grand prize will begin at $10,000 and will
increase by $10,000 for each year that the mis-
sion continues.

AERIAL ROBOT DESIGN DETAILS

Your aerial robot must be fully autonomous and
capable of performing all aspects of the mission
without human intervention. The only control
involving a human is to command the launch of
the vehicle.

The vehicle is to be self-contained (no off-board
computing). The aerial robot must have an en-
durance exceeding the 9-minute run time.

Obstacle avoidance must be incorporated into
the design. Obstacles could be physical items
on the ground or other aerial robots operating
in the arena.

The aerial robots must be able to self-navigate
using GPS, visual cues, or magnetic headings.

Your aerial robot can be of any configuration
(rotary wing, fixed wing, lighter than air, etc.)
and can be comprised of a “mother ship” and
expendable air-launchable subvehicles if de-
sired. Propulsion can be electric or fossil fuel,
but rocket propulsion or ballistic propulsion is
prohibited. The complete aerial robotic system
must weigh less than 90 kg (198 1bs).

The aerial robot must be able to find the mod-
ule based on its bright blue color and the
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words, “mMoAaynuM UpPTUOOT” written above
the module, grasp the existing module, replace it
by pulling it off of its mount, and install the new
communications module on the same mounting
point. Upon completing those tasks, the aerial
robot must return to its launch point and land us-
ing its original 3km ingress path.

The module is located on a triangular tubular mast
in proximity to a rotating radar antenna and var-
ious obstacles such as whip antennas and flags.
General details of the mast are known to you,
but everything will be moving semi-randomly as
the ocean waves cause the Hunter-Killer vessel
to pitch and roll. The Hunter-Killer vessel will
be stationary in the water at the time your aerial
robot arrives.

A safety pilot can override the aerial robot’s au-
tonomous flight, but doing so will terminate the
run. In addition, an independent “kill switch”
must be supplied to the judges. Only a judge
will decide when to terminate the flight (usually
catastrophically), not a team member, although
in less critical circumstances, the judge may call
for the team’s safety pilot to bring the vehicle
down safely before resorting to the use of the kill
switch as a last resort. The kill switch will be
able to render the aerial robot completely ballis-
tic (dropping from the air instantly). “Indepen-
dent” means that the kill switch will have its own
transmitter and not use the vehicle’s onboard
computer to process the kill command (therefore
bypassing the flight computer should it fail). The
kill switch will have to be demonstrated to the
judging staff before teams are allowed to fly.

THE RUN

A run lasts 9 minutes. A run begins upon the

command of a judge. A run ends when either:

(1) The module is successfully replaced and
the aerial robot successfully lands at its
starting point,

(2) When 9 minutes has expired,

(3) When there is a collision between the team’s
aerial robot and any other object,
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Figure 1. Arena layout details.
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and the mounting point for the
module to be replaced.

(4) When a team’s aerial robot lands in the arena,

(5) When the judges call for the aerial robot to
be manually controlled or the kill switch has
been operated.

THE ARENA

The arena will be large outdoor area of unde-
fined length and width. Within the arena, there
will be the communications/surveillance mast
of the Hunter-Killer vessel, and upon that mast
the communications module is mounted. See
Figure 1.

The launch point will be a 3 m (9.8 foot) diam-
eter white circle approximately 10 m (32.8 feet)
to one side of the simulated Hunter-Killer mast.

To compress the linear distance of the arena,
two pylons separated by approximately 0.4 km
(0.25 mile) will serve as a “loop back™ point.
The approximate 3 km (1.9 mile) course will
be broken into 8 laps between the two pylons.
Figure 1 shows the configuration of the arena.
Team aerial robots will takeoff near the Hunt-
er-Killer mast, make 8 orbits of the pylons,
complete the communications module replace-
ment at the Hunter-Killer mast, and return by
making 8 orbital laps of the pylons to land at the
takeoff location.
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Blocks ground to a tolerance of 0.0001" ROD ALLIGNMENT HOLES =A, B, C, D

5 holes tapped to 3/8"-16 TPI mAFFX AL

18 untapped 0.350" holes

Squareness of all sides is within 0.0002"

Block weight: 1.0 Ib (0.45 kg)

Available at Amazon.com or Alibaba.com
(search term: “1-2-3 Blocks 23 holes”)
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(MODULE SENSOR)
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sy |\
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Figure 2. Communications Module interface specification.
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In Figure 1, dotted lines show the return path
of the aerial robot from the launch area or the
Hunter-Killer mast to pylon number 1.

The communication modules weigh approx-
imately 2 kg (4.4 pounds) and are defined in
Figure 2. The module installation location will
have “mogynu npTnboT” written above it.

ENTERING MISSION 9

The official web pages for the competition are
your source for all information concerning rules,
interpretations, and information updates regard-
ing the competition. In anticipation of the up-
coming event, the official rules and application
form will be obtained from the official web pages
and will not be mailed to potential competitors.

If you have received these rules as a hard copy
from some other source, be advised that the of-
ficial source of information can be found at:
http://www.aerialroboticscompetition.org/

The application form is available electronically
at:
http://www.aerialroboticscompetition.org/en-
tryform.php

All submissions must be in English. The com-
pleted application form is not considered an of-

ficial entry until an Application Fee (1500 U.S.
Dollars - American Venue, or 10,800 RMB - Asia/

Pacific Venue) is received on or before June 1 of
the current year for which a team officially en-
ters the Competition and each subsequent year
that the team participates (this fee is NON-RE-
FUNDABLE if a team is either unable to attend
or chooses not to attend).

On the final day of the competition, each team
captain will receive a rebate (500 U.S. Dollars
- American Venue, or 3,600 RMB - Asia/Pacific
Venue). Teams failing to show up to the com-
petition, or leaving prematurely, agree to forfeit
their rebate.
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Teams must be based at a university and must
have an identified academic faculty advisor.
Only one team per university unit is allowed to
compete, and each team must have uniquely-de-
veloped aerial robotic hardware (no sharing of
aerial robots).

TEAM QUALIFICATION

Teams may be comprised of a combination of
students, faculty, industrial partners, or govern-
ment partners. Students may be undergraduate
and/or graduate students.

Interdisciplinary teams are encouraged (EE, AE,
ME, etc.). Members from industry, government
agencies (or universities, in the case of facul-
ty) may participate, however full-time students
must be associated with each team. The student
members of a joint team must make significant
contributions to the development of their entry.
Only the student component of each team will
be eligible for the cash awards.

Since Mission 9 of the International Aerial Ro-
botics Competition will run until the mission is
complete, anyone who is enrolled in a college
or university as a full-time student (as defined
by their university) any time during or after the
calendar year that the team originally made ap-
plication for Mission 9, is qualified to be a “stu-
dent” team member.

To qualify, a team must submit an acceptable
Application Form and Application Fee. If upon
arrival at the TARC and prior to the competi-
tion, the Judges determine that a team is NOT
capable of demonstrating intelligent fully au-
tonomous flight, the team will not be allowed
to compete and the $500/3,600RMB rebate will
not be refunded. The definition of “intelligent”
autonomous flight will be the ability to avoid
a 0.3m x 0.3m obstacle while in autonomous
flight. Further, aerial robots that do not meet
safety criteria or which have no remote mech-
anism for disabling the aerial robot, will not be
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allowed to compete. Prior to the beginning of
the IARC, the Judges will make these preliminary
determinations. Those teams found to be in com-
pliance will be allowed to compete in that com-
petition year’s event and will receive their rebate.

MAINTAINING OFFICIAL
COMPETITOR STATUS

To continue to be considered an Official IARC
team, teams must submit an updated online
Application and their Application Fee, a list of
expected attendees, and submit a Journal Paper
(see below). All four of these items are due by
June 1. To advertise your team, and as an aid
to gaining sponsors, we recommend that each
team maintain a website about their [ARC team
and its entry (this is not a requirement). Teams
that do not comply with these requirements will
lose official IARC team status and will be del-
isted on the TARC competitor web page, but can
be reinstated in subsequent years of Mission 9
by meeting these requirements. Unofficial or
delisted teams will not be allowed to compete
until their status is restored.

JOURNAL PAPER

Each team is required to submit a journal-qual-
ity paper (written in English) documenting its
project. This paper will be ranked by the Judges
on a scale of 0 to 100 points depending on tech-
nical quality (0 points minimum for submitting
a credible paper or for those not submitting a
paper by the deadline). Papers are limited to 12
pages (including figures and references, if any).
The format shall be single-sided with text oc-
cupying a space no greater than 9 inches tall by
6.5 inches wide centered on each page. Font size
shall be 12 point (serif font) with 14 point lead-
ing. The example format is provided as an adden-
dum to the rules (see: Paper Format). Topics to
be covered are detailed in a printable document
found at: Paper Content. A file (<50 MB in size)
in PDF format of your paper is due by June 1 of
each competition year. Papers are to be uploaded
by the due date via the website uploader.
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http://www.aerialroboticscompetition.org/assets/downloads/paperformat.pdf
http://www.aerialroboticscompetition.org/assets/downloads/papercontent.pdf

All papers will become part of the IJARC Sym-
posium proceedings for that year and will there-
fore serve as a publication reference on team
member resumés. Just prior to the IARC per-
formance days will be a symposium where se-
lected teams will make a 10 minute PowerPoint
presentation of their journal papers to the Judg-
es and other assembled team members.

COMPETITION DAYS

Upon arrival in the city hosting the American or
Asia/Pacific Venues, teams must register their
presence online (the IARC website will open a
link to the registration page several days prior
to the event at each venue). This registration
is a final confirmation of a team’s presence and
notification of the team’s contact information in
case last minute change information needs to be
relayed to the teams by the Organizers.

Since some teams travel great distances and
must disassemble their equipment for shipping,
a period will be announced when aerial robotic
systems can be reassembled and aligned. This
is NOT a “practice time”, but is a time and place
where teams can verify the correct operation of
their reassembled systems. The location may or
may not be the same as the IARC arena. Teams
are expected to come ‘ready to compete’ and all
‘practice’ should have already occurred back at
their respective universities.
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For additional specific information, Teams are advised to
consult the “MISSION 9 Arena Props Design Manual”
found at the official IARC website under the Team Re-
sources menu item

(TEAM RESOURCES > MISSION 9 ARENA INFORMATION)

HAth BAAfZ R, i52% “MISSION 9 Arena Props
Design Manual” . %A AETARCIK i,
Team Resources — T3k

(TEAM RESOURCES > MISSION 9 ARENA INFORMATION)
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INTERPRETATIONS

You Are Responsible for knowing all of the information contained in the Official Rules. This page is provided as a place to find inter-

pretations that may be added for clarity (nothing found here will be a change in the Official Rules, only clarifications or interpretations).
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ABOUT THE AERIAL ROBOTS

Only one aerial robot (assumably the “mother ship” if carrying a second drone) needs to return by the 3 km path. The “mother ship” (if one
is used) can proceed home while a deployed sub vehicle works on or around the mast. Catapult-launch takeoff methods are acceptable.
No rocket launched or explosive means of propulsion (e.g. cannon launch) can be used. Pneumatic/hydraulic piston, sling-shot, electric
rail gun, gravity-assisted launchers are all acceptable. Of course traditional takeoff methods are acceptable.

FLIGHT RULES IN CONTROLLED AIRSPACE

At the American Venue, teams must comply with FAA regulations; at the Asia/Pacific Venue other rules will apply and specific
questions should be addressed to the organizer of the Asia/Pacific Venue using the IARC Website Inquiry form. At the American
Venue, there is no requirement to use an aerial robot weighing in excess of 55Ibs, however should a team decide to do so, it must
register the vehicle accordingly. American Venue team vehicle operators should be FAA Part 107 licensed. It is recommended that
all teams should have the knowledge and skills of an FAA Part 107 certified operator as well as all other visual line-of-sight crew
normally required to maintain line-of-sight with the aerial robot for safety. For flight in FAA-controlled airspace, foreign-registered
small unmanned aircraft are allowed to operate under part 107 if they satisfy the requirements of part 375. Also, until international
standards are developed, foreign-certificated UAS pilots will be required to obtain an FAA-issued remote pilot certificate with a
small UAS rating.

ABOUT THE SIMULATED HUNTER-KILLER MAST

The movement of the mast will simulate natural wave motion (< Sea State 3, being mostly sinusoidal in both pitch and roll). Neither
heave (vertical component of motion) nor forward motion will not be implemented for simplicity. Nonetheless, noise will be introduced
so that the pitch and roll are not entirely predictable. Putting a motion tracker (electronic or optical) on the mast is acceptable, but the
follow are not acceptable: (1) to modify the mast (drill into it, paint it, or damage it in any way), (2) grab the mast to inhibit its motion,
(3) collide with any part of the mast (as opposed to intelligently “docking with the mast”), (4) to adversely affect the movement of the
mast by overpowering the motion table (for example, grappling a massive inertial load to the mast— like having a 90 kg aerial robot land
on the mast). Though the Official Rules do not address this, it is expected that when the Communications Module is replaced, nothing
substantial** is left on the mast. (Note: to protect the existing Communications Module after it is removed and discarded, that module will
be attached to the mast with a bungee cord so that it does not fall to the ground (sustaining subsequent damage) as we need to be able to
reuse it for future runs by other teams.). The mast’s motion table will have to be able to handle not only the weight/inertia of the mast, but
an additional 2kg Communications Module, insertion and extraction load forces, wind loads, and the weight of any vehicle (sub vehicle)
landing on/grappling to the mast. Some of these loads are unknown (e.g., wind load), but for consistency across the teams and Venues, the
mast-supported grappling weight limit allowed, shall be no greater than 10% of the maximum aerial robot weight, or 9kg (19.8Ibs). Just
like a ship at sea, the orientation of the mast could change from run to run. The orientation of the mast relative to North can be any angle
and could even change between runs, so don’t design for a specific orientation.

** “Substantial” means that nothing (beyond the replaced Communications Module) is to remain on the mast at the end of the run. The
above reference to anything “substantial”” remaining on the mast, is in the context of sub vehicles (if used) continuing to hang on the mast
at the end of the run as well as any location/motion aids that might have been placed on the mast— these too should either be removed or
self-jettison before the end of the run. Extra things remaining on the mast after the conclusion of the run, will invalidate the run.

ABOUT THE COMMUNICATIONS MODULE

Information has been provided at the Official IARC website showing teams how to make a Communications Module for testing at home.
The actual Communications Modules to be used during the competition runs will be CNC machined to the specifications shown in the
RESOURCES section of the Official IARC website. Note that the Communications Modules are part of the arena and will be issued to
the teams for use during their runs. The existing communications module on the mast can be dropped after removal (it does not have to
be returned to the launch point).

ABOUT INTELLIGENCE/COMPUTING

All aerial robotic intelligence for behavior and navigation must be carried by the aerial robot. Off-board telemetry-linked computing
resources are not allowed. Aerial robots can release markers of beacons at the mast to aid in local positioning, but if used, those must be
removed from the mast prior to the end of the run. Control data links are not allowed with the exception of a link to command launch of
the aerial robot (“LAUNCH NOW” command). To keep the Venues equal in capability, GPS (or similar satellite systems) should be the
only artificial navigation aid.

ABOUT PYLONS

The pylons are simply there for the Judges to use to determine that the aerial robot is completing the 3km course without taking a
“short cut”. The GPS locations of the pylons will be accessible to the teams so that they can be programmed into the aerial robots.
Those GPS coordinates will be determined on the day of the competition.
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