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Official Rules for the International Aerial Robotics Competition
EFRZHHEAKRTE ERMN £58
MISSION 8

INTRODUCTION

The primary purpose of the International Ae-
rial 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 8 will build on past missions to demon-
strate both enhanced Mission 7 behaviors as
well as new aerial robotic behaviors unique to
Mission 8.

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:

1. Man-machine interaction (non-electronic
command and control)

2. Fused sensory enhancement of a human

operator by a fleet of aerial robots

Swarm interaction

Aerial target designation

Head-to-head interaction with opposing

aerial robots

wokw

Asunmanned systems continue to be characterized
by advanced autonomous capabilities, the human
advantage grows as timely, relevant, and correct
information is shared between distributed agents.
Alongside advances in autonomous behavior, the
collection of previously unattainable amounts of
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salient data is possible as sensors distributed across
multiple disparate assets work cooperatively to-
wards efficient mission completion. In this envi-
ronment, humans will still rely on relevant and
timely information to make critical decisions, but
access to much larger volumes of shared informa-
tion will ultimately prove overwhelming. Com-
mand and control in this way must be considered
in the context of the finite processing capabilities
of humans. Unique challenges in this space include
the development of appropriate dynamic tasking
across teams of human and unmanned assets.

During Mission 8, these technologies will be
demonstrated as a single person working with
a team of aerial robots, attempts to retrieve a
critical component that necessary to prevent a
reactor from failing. Opposing aerial robotic
sentries will attempt to prevent that person from
interfering with reactor operation.

VENUES AND INTERNATIONAL TEAMS
The International Aerial Robotics Competition
Mission 8 will be conducted at two venues: The
American Venue and the Asia/Pacific Venue. 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.
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NARRATIVE

The starship I-Ark is en route to colonize a
Class-1 planet in the Proxima Centauri system,
approximately 0.89 parsecs from Earth. A re-
actor failure has occurred and the substitution
of a critical component is necessary. There
are 5,000 colonists in suspended animation on
board. As the ship’s engineer, you have been
awakened and released from your hibernation
pod by the central computer to fix the problem,
but you only have 8 minutes to retrieve the
required critical replacement component and
install it before the reactor shuts down perma-
nently and all life support systems fail.

The reactor is protected by aerial robotic sen-
tries that do not recognize you and will attack
you. You have activated four aerial robots to as-
sist you when entering the reactor control room.
They will help you locate the necessary replace-
ment component and can counter the attacks of
the sentry robots which can kill you.
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You must locate the necessary component,
physically retrieve it without being killed, and
replace the failed component in under 8 min-
utes. Your aerial robotic helpers will only ac-
cept non-electronic commands of your choos-
ing (gestures or voice commands). Sentry
robots can inflict wounds which can kill you
but your aerial robotic helpers have the ability
to heal some wounds if they are in proximity to
you and are commanded to do so.

Reactor Room is the size of a Basketball Court
prox. 28m x 15m)
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Figure 1. Search and Ingress. K1

THE REACTOR CONTROL ROOM

The reactor control room is the size of a basket-
ball court (28m x 15m). The floor surface is of
an unknown pattern. Within the reactor control
room are various obstacles as shown in Figure
1. These obstacles can be used for partial cover
from the view of the sentry robots. Four (4)
parts bins are located somewhere at the oppo-
site side from the Reactor Room entrance. Dis-
assembled parts of the critical component are
locked in each of the parts bins.
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You are free to move anywhere in the Reactor Room arena.
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Figure 2. Component acquisition and egress (component shown is notional).
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SENTRY ROBOT BEHAVIOR

(Sentry Robots are part of the Arena)

Sentry robots will scan the reactor control room
for intruders and will attempt to kill them with
laser beams. Originally designed to kill rodents
onboard the starship during the 8 year journey,
the sentry robot laser beams are weak, but a hu-
man that is hit by these lasers 10 times will die.
Sentry robots will attack any foreign objects that
they detect and will approach and follow those
objects until they can neutralize them with their
laser beams. Lasers require 5 seconds to re-
charge between firings, so the maximum attack
rate is once per 5 seconds by any given sentry
robot. Only one sentry robot will attack a given
target at a time. The effective range of these
lasers is unknown to you.

HELPER ROBOT BEHAVIOR

(Helper Robots are designed by you)

Your aerial robotic helpers must be man-safe and
must be controlled by any non-electronic means
(no RF, acoustic, or optical signaling devices).
They can only be commanded and controlled by
your body gestures or vocal commands.

'f’This number may increase or decrease from year to year.
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They should be able to provide a video stream to
you using FPV-like display goggles or a WiFi mo-
bile display device (receive only) that allows you
to see what they see. For operational efficiency;, it
is desirable that they be able to communicate elec-
tronically amongst themselves. They must avoid
collisions with sentry robots and can not land in the
arena (if they land or if they collide with a Sentry
robot, they will be disabled by a Judge). Your ae-
rial robotic helpers can heal your laser hit wounds
with a surgical laser (identical to the sentry robot la-
ser, but coded differently), however only four such
healings are possible. The presence of the surgical
laser can also prevent sentry robot laser hits from
being effective for 5 seconds if within range and
directed toward you at the same time you are shot
by a sentry robot. Finally, it is desirable that your
aerial robotic helpers have an endurance of at least
8 minutes but their endurance is not mandated.

You have 4 aerial robotic helpers (and therefore
4 healing opportunities). [The primary task for your
engineering design team on Earth is to develop and test
these four aerial robotic helpers prior to your voyage].
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\ Friendly Aerial Robotic Helpers respond to your voice and gesture commands

“Hostile Sentry Aerial Robots
respond to image recognition
and movement
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Friendly Helper Aerial Robots are “owned” and controlled by the Teams.
) Hostile Sentry Aerial Robots are “owned” by the Arena.
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Figure 3. Aerial Robot initial placement.
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Hostile Sentry Robot 3
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Hostile Sentry Robots have Laser Designators (like “Laser Tag”). The team helmet (supplied by the Arena)
has Laser Receptors (like Laser Tag) and a “Hit Counter”. Hostile Sentry Robots seek out the team player
and try to hit him (taking away a “life”). Friendly Helper Robots can be summoned by body gesture or voice

to come and heal by giving back a “life”. Friendly Aerial Robots also have a camera to search and show
you where the critical object is located when so directed by body gesture or voice command.

Friendly Helper Robots can not collide with Sentry Robots. The critical object must be retrieved within 8 minutes.
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Figure 4. Potential Actions and Events duriné the 8-minute run.
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OBJECTIVE

Enter the Reactor Room and retrieve the four
parts comprising the critical component, and
take it out of the Reactor Room through the
doorway you entered without being killed, and
do it in under 8 minutes. This will only be pos-
sible with aid of your Helper aerial robots that
your team must develop. Your design team’s
task is to create aerial Helper robots that can:

1. Fly fully autonomously
2. Stay within the arena
3. Avoid obstacles including
a. Sentry Robots
b. Storage lockers (“bins”)
c. Protective obstacles
4. Respond to verbal or gesture commands
5. Iluminate player with “healing beam”
on command
6. Station keeping over storage bin on
command
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7. Send video of storage bin readout to
player
8. Ideally have at least 8 minute duration.

COMPETITION ADMINISTRATION

The attempt will begin upon the signal of the
Judges. Teams will have 5 attempts to achieve
this objective in any given competition year.

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 first
team to perform the mission. More than one
team may successfully perform the mission in
a given year, but the one doing so in the least
amount of time will win the grand prize. Deter-
mination of the final winner 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 remains incomplete. Competition sponsors
may add to the prize award at their discretion.

AERIAL ROBOT DESIGN DETAILS

The hostile sentry aerial robots belong to the are-
na and will be designed and operated by the are-
na staff. These aerial robots will be autonomous
and to enhance gameplay, “directed autonomy”
may be used to keep them in the arena and within
reasonable altitude bounds, should they wander.

Teams will design four (4) friendly aerial robotic
helpers based on off-the-shelf platforms (preferred)
or original designs. These aerial robots must be
man-safe in that their propulsors must be com-
pletely enclosed so that the judge can not touch
the rotating propulsor with a finger.
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A shutdown switch uniquely keyed to each of the
4 aerial robots must be provided to a Judge so that
the aerial robots can be disabled independently.

The aerial robots must not be controlled by any
electronic means (no RF, acoustic, or optical sig-
naling devices). They can only be commanded and
controlled by body gestures or vocal commands.

They should be able to provide a video stream
to the person in the arena using FPV-like display
goggles or a WiFi mobile display device (receive
only) that allows that person to see what the ae-
rial robots see. An HDMI signal shall also be
provided to the Organizer for display on a big
screen if the Organizer decides to do so.

For operational efficiency, it is desirable that
the 4 aerial robots be able to communicate elec-
tronically amongst themselves. For example,
if they are all searching for the critical object
and the person in the arena determines that all
of its parts have been found, a command to re-
turn to the person received by one helper robot
could be communicated to all others so that they
break off their search and also return to the per-
son without having to be individually instructed
to do so.

Friendly helper robots must avoid collisions
with sentry robots and can not land in the are-
na (if they land or if they collide with a Sentry
robot, they will be disabled by a Judge). Your
aerial robotic helpers can heal laser hit wounds
sustained by the person in the arena with a “sur-
gical laser” (identical to the sentry robot laser,
but coded differently— the design of which is
provided separately from these Rules). When
commanded to do so, each aerial robotic help-
er can heal one wound one time by focusing its
surgical laser on the person in the arena for ap-
proximately 1 second. A total of 4 healings are
possible. Continuously focusing a surgical laser
on the person can neutralize new hits by sentry
robots for up to 5 seconds.
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Finally, it is desirable that your aerial robotic help-
ers have an endurance of at least 8 minutes but
their endurance is not mandated by these Rules.

THE ARENA

The arena will be approximately the size of a
basketball court (28m x 15m). The floor pat-
tern, surrounding walls and ceiling, and lighting
parameters are unknown. The arena boundary
will be marked and for safety, all activity should
remain within this boundary.

The person attempting to retrieve the criti-
cal object will wear an instrumented helmet
that is provided by the arena staff. The use
of this helmet is mandatory and will contain
laser hit sensors and “life counter” circuit-
ry. The helmet may not be obstructed with
any worn covering, object, or by hands.

Obstacles, bins, and objects will be provid-
ed in the arena and placed in a manner sim-
ilar, but not exactly to that shown in Figure
1. The exact placement is unknown. The
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entry/exit point is the center of one end of | Bin Display 1 ST — b ndt,
the arena.
Bin Display 2
The “critical object” will be distributed SN2 A (R 85 A A K )
within the 4 locked bins. A code is re- l.'qu TEBEA N IR N . T B %
quired to unlock the bins. Near each bin .J A Refdd . (EREMEYIAE I
\

is a section of the necessary code which
must be viewed nearly simultaneously to
decipher the code as each code display
will reveal only a portion of the code
(the composite code will remain the same
throughout a given run). Simultaneously
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viewing and overlay of the code segments | Bin pDisplay3 = 9. (&5 AES ) B
will reveal the code that unlocks all of Bir Dicolay 4 ESRMAEVS SN DI = JUNA
In Display

the 4 bins containing the “critical object”.
The person in the arena will need to use
this code to unlock each bin until all of
the parts of the critical component have
been retrieved. During this time, the per-
son should attempt to avoid attacks by the
sentry robots.

Above is a Version 1 code with Error Correction level “H”.
code generator can be found online at: https://createqrcode.appspot.com
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An example

This is what will be used as a QR Code standard for the IARC.
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The “critical object” to be retrieved will be the
same at both the American and Asia/Pacific Ven-
ues, but will be unknown to teams prior to the
first venue event. This object may change from
year to year. The layout of both the American
and Asia/Pacific Venue arenas will be substan-
tially the same, although the physical surround-
ings, lighting, sound level, and RF environment
may differ. Helper aerial robot designs must be
robust enough to account for these variations.

ENTERING MISSION 8

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 offi-
cial source of information can be found at:
http://www.aerialroboticscompetition.org/

The application form is available electronically at:
http://www.aerialroboticscompetition.org/
entryform.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 9,900 RMB - Asia/Pa-

cific 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 3,300 RMB - Asia/Pa-
cific Venue). Teams failing to show up to the
competition, or leaving prematurely, agree to
forfeit their rebate.
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11558k 4 1a e
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AOihi, VEIERE TG B RTE DU Pk
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http://www. aerialroboticscompetition.
org/

L~ FRE 2R B AT DALE DL R Wk kA5
http://www. aerialroboticscompetition.
org/entryform. php
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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).

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 8§ 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 8, 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 competition,
the Judges determine that a team is NOT capable
of demonstrating intelligent fully autonomous
flight, the team will not be allowed to compete
and the $500/3300RMB rebate will not be re-
funded. The definition of “intelligent” autono-
mous flight will be the ability to avoid a 0.3m x
0.3m obstacle while in autonomous flight. Fur-
ther, aerial robots that do not meet safety criteria
or which have no remote mechanism for disabling
the aerial robot, will not be allowed to compete.
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Prior to the beginning of the IARC, the Judg-
es will make these preliminary determinations.
Those teams found to be in compliance will be
allowed to compete in that competition 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 webpage, but can
be reinstated in subsequent years of Mission 8
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
occupying 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
leading. The example format is provided as
an addendum 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 MS Word or 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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All papers will become part of the IARC 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 ship-
ping, a period will be announced when aeri-
al 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 8 Arena Props Design Manual”
found at the official IARC website under the Team Re-
sources menu item

(TEAM RESOURCES > MISSION 8 ARENA INFORMATION)

HALBRE R, EZ% “MISSION 8 Arena Props
Design Manual” . iZF-MA]ZETARCI Y
Team Resources — T FkF|

(TEAM RESOURCES > MISSION 8 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 interpretgtions).
%\%%ME%E TEE TR AR . AT &5 RO BT IR TS, . ARTUA S AR B 7 N
riEsE R

ABOUT YOUR HELPER AERIAL ROBOTS
Required for Mission Completion: Yes (Your Helper robots must play a central role in the problem solution)

RPN T RETEBAES LA 2 B N T LTRSS e R S EZ A )

Recognized Healing Laser Freq.: 13 kHz + 1 kHz (13 kHz is the center frequency of the modulation)
BARAVaIT S MiZe: 13 kHz £ 1 kllz (13 kHz i desiize)

Healing Laser Opportunities: 4 (Healing opportunities can be wasted by using them when there are zero Sentry laser hits)

BT 4 CGERPEE IO M RATT L, ORI TSN SRR

Command & Control: Verbal or Gesture (Any clothing or gloves can be worn by the team player to enhance gesture recognition,
but no encoded information (e.g., QR codes) can be imprinted on the player’s clothing, nor can the clothing be “active” (e.g., gloves
with transmitters in the finger joints) #8454 1HEHFETFH (SN0 0] F B KRBT B LR FHR0. pre
BRI TFE LA S E MG R, WORILE . A ES MR, MFERRNEI )

Off-board Computing: Allowed (Off-board computing must be located outside the arena boundaries)
LN oV (KRR XEE S 21T

Player Microphone: Allowed (the use of a microphone must be hands-free and only capable of transmitting voice commands
directly to the Helper Aerial Robots or to an off-board computer outside the arena)

PAAZE X FovF (R AZ e RFENAETRr, H R REEIR AR BRI L8 A Bk T i oc&idifh & ie 2.

Player Input Device: NOT Allowed (NO keyboard, touch screen, or tactile input device is allowed within the arena. The team
player is allowed to have a video OUTPUT device such as an iPad screen or VR goggles that displays information from his Helper
Aerial Robot system.)  BA G AN #: ANFRVF (HLBRX A VBT 8EAE, s 57 DL HAd i sy A B0 %% . S 3RBA I
AR R ¥ %, WiPad BVR HREEEE, DAHYOR B GBI HIHLES NI 2D

Number of Helper Aerial Robots: 1to4 (Since the IARC is held indoors, only electrically propelled aerial robots are allowed)
AN THE: 134 CETIARCES WZAT, ARV st 12 hpLEE A0

Helper Aerial Robot Attributes: 2= H 135 A BIF @14
» Fully Autonomous Flight (launched from just inside the arena entrance upon command of the team player,
using only voice or gesture commands) 4* H 3= %47 (AU A R FIEH BT #1484, RIS DX O
* Obstacle Avoidance (Avoid collision with: Sentry drones, arena props, the team player himself, Judges/IARC staff, arena
boundaries) BFETAE (F5AREIGRENS LA N, RIHUER, ST, HHA/ TIEAN, KIEZHa )
+ Man-Safe (shrouded to prevent fingers from contacting propulsors) Z¢4x (N2 354G 22 45 B DL 1E FFe Befih ek 28
+ No tethers are allowed (air vehicles must be free-flying and not supporting or dragging payload items) A~ 70V F 48 %
AP NLATE AT, AR, #al, B fE)

IMPORTANT METRICS
Attempts: 5 (In any competition year, each registered team will get a total of five 8-minute attempts to complete MISSION 8§)
FZIRH: 5 (ER—SFRED, AEEN IS EIH SR GE IS8 2, BHR8 Bl

Start: The run begins when the team player sets foot inside the arena. The Helper Aerial Robots will be pre-placed (inside the
arena) next to the entrance through which the team player will enter the arena.

TP HIETHIN S 3N SR HTT IR . LS A B PR T E T 2 3B\ G AR SE N AL

Attempt Run: 8 minutes maximum (Runs may terminate prior to 8 minutes if (1) the 4 objects are retrieved and removed through
the arena entrance; (2) 10 unhealed laser hits are received; (3) the run is terminated by the Judges due to a rules infraction;

(4) the 8-minute time limit is reached.

R AN K 8708 G22I BU R R IMAS R (1) 44 B AR R I H 2 i N AR BR

(2) BRI BP0k (3) FAURIM AR, (4) 84 Fhif ] F

Arena: The team player can not modify the arena by repositioning its obstacles, bins, or bin counters.

SINRAANT B HARY, #65 ULLAEHE
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