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Objectives

Teams will use basic programming and robotic navigation skills to control an uncrewed vehicle through
an obstacle course to safely deliver supplies to firefighters and return to their starting point. This simu-
lates some of the challenges NASA teams currently face as they integrate drones into existing real-world
scenarios including helping to mitigate wildland fires and assist firefighting crews on the ground.

This team-based challenge can be utilized in the classroom or as the foundation for a larger-scale
challenge based on NASA's ACERO Wildfire Project. Criteria, rules, a suggested playing field and other

logistics can all be adapted to meet individual needs. Two competition levels are provided for the chal-
lenge, which is designed for teams of 2-3 participants. Rules, scoresheets, challenge logistic sugges-
tions, background information, and a sample playing field layout are all included.

While the UAS challenge reflects the real-world work being done with aerial vehicles, the challenge
utilizes ground-based spherical robots that can be maneuvered via a remote control or coded to auton-
omously navigate the playing field. Spherical robots best represent the three dimensions of flight while
still being ground-based because of their ability to move more like a quadcopter or similar vehicle.

Background Scenario

A major wildfire has broken out in a mountainous backcountry area. Smokejumpers and other firefighting
personnel are on site, fighting to contain the blaze from spreading into adjacent ranchlands. However,
their location is not accessible via roads so no resupply vehicles can reach them yet. The crew is run-

ning low on essential supplies and materials to continue operating their equipment such as fuel, oil, extra
chainsaw chains and other small parts, along with batteries for communication devices. These relatively
lightweight items can be delivered quickly with unpiloted aerial systems (UAS), often called drones, without
risking human lives.


https://www.nasa.gov/directorates/armd/aosp/acero-wildfire/

Challenge Description

Each team’s mission is to identify the best route to deliver wildland fire supply items while avoiding haz-
ards and airspace reserved for crewed aircraft within a limited timeframe. Dangerous flight areas, rugged
terrain hazards, and other obstacles will be in the team’s way. Once teams have identified the safest yet
quickest route, they will guide their cargo-carrying vehicle to the designated landing zone (LZ) and return
safely back to their home zone (HZ).

Teams will all have one practice round where they will use a standard remote control to move their vehicle
through the course in order to better understand their task. From there teams will select one of two levels
to compete in. Level One asks team members to communicate closely with one another, with the vehicle
only being visible to one person (not the pilot). Level Two requires the team to program their vehicle to
navigate the course autonomously. Level One teams compete against other Level One teams; Level Two
teams compete against other Level Two teams.

Materials

e | aptop computer, tablet, or similar device for e Painters tape or other non-damaging
the remote control to operate the spherical tape
robots. It is also needed for teams who will be - Posterboard for Home Zone, Supply Drop
programming their robots for the Level Two Zone, and three Obstacle areas
challenge (see below). - (Optional): Obstacles to represent a
e At least two spherical robots and chargers wooded area; a communications tower;
¢ Materials for two playing fields (one competi- and a mountainous area
tion field and one practice field) e Measuring tape, rulers, or other
- Pool noodles for perimeter of competition measuring devices
area (cut in half lengthwise to allow for a e Timers for judges
flat surface) - (Optional): larger timer visible
e 28 linear feet per playing field—if cut- to participants
ting pool noodles in half lengthwise, e Scoresheets

14 linear feet of noodles



Playing Feld Layout

Flight Zone/Playing Field Description

Set up a 6’ x 8’ playing field. Physical obstacles are placed within the playing field area, along with a
Home Zone and a Drop Zone with multiple point options based on accuracy of the supply drop. Ob-
stacles are staggered within the playing field with some areas being more difficult to maneuver through
than others (more difficult areas earn teams more points). A simulated geofenced No Fly Zone runs
along the length of each side of the playing field where the vehicle cannot enter.

Teams navigate their vehicle, starting from the Home Zone, through a course that contains three obsta-
cles. They will then “land” their vehicle within a supply drop zone set up with three concentric circles
with the most points available in the smallest center ring. The third obstacle, the mountain area, should
be the most difficult to maneuver around and should be fairly close to the drop zone.

Playing Field Logistics
Total Size: 6’ x 8’
UAS FLIGHT ZONE PLAYING FIELD

Two (or more) areas are set up to allow for a chal-
lenge field and a practice field (more practice fields
can be set up if desired).
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than the other to make it more difficult for the vehicle

to pass through one side/checkpoint than the other
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(earning more points if successful).
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¢ The geofenced areas should be marked with
painter’s tape about 1’ in, lengthwise, from the

longer perimeter (see image)
e A Home Zone can be created with a posterboard
rectangle approx. 6” x 12”

¢ Three obstacle areas should be created from

posterboard taped to the floor to make for easier &



judging. If desired, 3-dimensional obstacles can
be added.

Obstacles:

1.) Trees,

2.) Communications tower, and

3.) Mountains.

One side should be easier to navigate through
than the other, with the third and final obstacle,
the mountain area, containing the most difficult
checkpoint. The mountain area should be fairly
close to the supply drop zone. As the vehicle
passes each obstacle, they earn points based on
which side of the obstacle they pass (more points
for the more difficult or narrower area).

Point areas should be marked using painters tape
or similar

Loss of points for obstacles can be marked either

on the posterboard areas or using 3-dimensional
tent-style signs for increased visibility

For the Level One challenge area, either a visual barrier needs to be set up to prevent the pilot from
seeing the area or a chair can be used facing away from the challenge field.

Rules

Team size: 2 — 3 members
All teams will work through the practice level, then choose one of two challenge levels to participate in:
Practice Level (not scored): A remote control is used to direct the vehicle through the mapped
course and back.

- Level 1: A Pilot navigates the vehicle from a ground control station with no direct line of sight to
the course (Beyond Visual Line of Sight, or BVLOS). A teammate who has a direct view of the
course relays instructions to the Pilot.

- Level 2: Teams create a block-based code to successfully navigate their vehicle through the
course and back, avoiding obstacles in their way.

*Note: teams do not have to navigate the same path to the drop zone and back to their home zone.
The challenge is points-based. The winning team from each level will be the team with the most points.
- Points are awarded based on completion and accuracy—time or points will be lost if vehicle en-

ters off-limit areas.
- Loss of points: Crashing into or entering Obstacle areas



¢ Points lost depends on which obstacle is breached
- Trees (-10 points)
- Communications Tower (-20 points)
- Mountains (-30 points)
- Time penalties: Crossing into Geofenced Area (-10 seconds each breach)
¢ Inthe case of a tie, the fastest time will be used as the tie-breaker
¢ If ateam does not finish within the designated time, they are disqualified

Competition Guidelines and Procedures

All teams will have the opportunity to practice navigating the course using a remote control to directly
move their vehicle through the course on the practice field. Teams will then decide which level challenge
to complete.

Teams who are completing the Level 1 challenge will have 30 minutes to complete all tasks, including
practice and two opportunities to complete the challenge. Suggested timing:

¢ 4 minutes for practice run (on practice field)

¢ 10 minutes for planning and strategy

e Two seven-minute challenge attempts with a one-minute break in-between (on challenge field)

Level 2 challenge teams will have 60 minutes total to complete their tasks. Suggested timing:
e 4 minutes for practice run (on practice field)

e 20 minutes for initial preparations and coding (on practice field)

e 5 minutes to practice on the challenge field

e 7 minutes for first challenge attempt (on challenge field)

¢ 10 minutes for adjustments to code

e 7 minutes for second challenge attempt (on challenge field)

Cﬂtena oy Level
All levels: Teams will first practice the course with a remote control, keeping their robot within visual
line of site.

e All levels: Teams must complete all course challenges within the designated time period.

e Level 1: With the team’s Pilot beyond visual line of site of the course, teammates will direct the pilot
to steer the robotic vehicle through the course. To keep the pilot from seeing the playing field, they
will be located either behind a visual barrier or seated in a chair facing away from the playing field.

e Level 2: Teams will use block programming to create a program that directs their vehicle to com-
plete the challenge.



Supplementary Materials

Practice Level Instructions

1. Your team will have four minutes to complete your practice mission, which includes delivering a
simulated payload to a supply drop zone and safely returning to your starting location. A 30-second
wait time at the drop zone is also a part of the 4-minute window to allow for supply drop-off.

2. For the Practice Level, someone from your team will serve as the pilot and use the hand-held remote
to guide the vehicle through the course, avoiding any obstacles and staying within the pre-defined
geofenced area.

3. Once the timer starts, navigate through the course, avoiding the three obstacle areas and stay-
ing away from the geofence on each side of the course. Depending on where your team chooses
to navigate around each obstacle, your team can earn more or less points (note: you can only pass
through each points area once to the drop zone and once when returning to the home zone—you can-
not move back and forth to earn more points). Use caution—the narrower checkpoints on either side of
the obstacles are worth more points but are also more difficult. Crossing into the Geofenced areas will
result in a time penalty each time (ten second penalty) and crossing into an obstacle area results in a
loss of points for each infringement (loss of points depends on which obstacle area is crossed).

4. Navigate to the Supply Drop Zone, which is shaped like a bulls-eye. Each of the three rings are
worth a different amount of points, with the center being worth the most. You only have one
chance to land in the Drop Zone; once your vehicle stops within that zone, where it stops de-
termines the number of points earned for that stage of the challenge.

5. Once your vehicle is within the Supply Drop Zone, your team will wait for 30-seconds to allow for a
simulated supply drop. This is a part of your seven-minute time.

6. After the 30 second wait at the Supply Drop Zone (which will be announced by one of the judges),
your team will then maneuver back to your starting point. You do not have to follow the same
route you took to get to the Supply Drop Zone. You will again earn points based on your route.

7. Returning to the starting point within your seven-minute window, minus any time lost if your
vehicle breached the Geofence, will earn you additional points.



| evel One Instructions

Your team will have seven minutes to complete your mission, which includes delivering a simulated
payload to a supply drop zone and safely returning to your starting location. A 30-second wait time
at the drop zone is also a part of the 7-minute window to allow for supply drop-off.

For the Level One competition, someone from your team will serve as the Pilot and use the remote
to guide the vehicle through the course, avoiding any obstacles and staying within the pre-defined
geofenced area. Your pilot will not be within visual line of sight of the vehicle and a Communi-
cator from your team will need to help the pilot navigate the course. The pilot will either be lo-
cated behind a visual barrier, out of the line of sight for the course, or will be seated in a chair facing
away from the challenge field, depending on how the challenge is set up.

Your team will work out your strategy and practice using the practice field.

Once the timer starts, the pilot will navigate through the course, avoiding the three obstacles
and staying away from the geofence on each side of the course, following verbal commands
from the Communicator. Depending on where your team chooses to navigate around each obsta-
cle, your team can earn different points. Use caution—the narrower checkpoints on either side of the
obstacles are worth more points but are also more difficult.

Navigate to the Supply Drop Zone, which is shaped like a bulls-eye. Each of the three rings are
worth a different amount of points, with the center being worth the most. You only have one
chance to land in the Drop Zone; once your vehicle stops within that zone, where it stops
determines the number of points earned for that stage of the challenge.

Once your vehicle is within the Supply Drop Zone, your team will wait for 30-seconds to allow for a
simulated supply drop. This is a part of your seven-minute time.

After the 30 second wait at the Supply Drop Zone (which will be announced by one of the judges),
your team will then maneuver back to your starting point. You do not have to follow the same
route you took to get to the Supply Drop Zone. You will again earn points based on your route.
Returning to the starting point within your seven-minute window, minus any time lost if your
vehicle breached the Geofence, will earn you additional points.

Notes:

Your team will have time to practice your communications strategy with one another and how you
want to maneuver through the course using a practice course. Since communications and following
one another’s direction will be important for success, we recommend spending time deciding how
you want to communicate with one another. If helpful, you will also have access to measuring devices
when practicing to help your team. You will also have two attempts at the course. The highest score
will be used.

You cannot cross back and forth through each points area to accumulate more points.



Level Two Instructions

1. Your team will have seven minutes to complete your mission, which includes delivering a simulated
payload to a supply drop zone and safely returning to your starting location. A 30-second wait time
at the drop zone is also a part of the 7-minute window to allow for supply drop-off.

2. For the Level Two competition, you will pre-program your vehicle to autonomously navigate the
course. Your team will be given time to see the course, take any desired measurements, and develop
a code for your vehicle. Your team will prepare using the practice field and will have the opportunity
for 5 minutes to practice on the actual playing field.

3. Once the timer starts, you will navigate your vehicle through the course, avoiding the three ob-
stacles and staying away from the geofence on each side of the course. Depending on where
you choose to navigate around the obstacle your team can earn different points. Use caution—the
narrower checkpoints on either side of the obstacles are worth more points but are also more difficult.

4. Navigate to the Supply Drop Zone, which is shaped like a bulls-eye. Each of the three rings are
worth a different amount of points, with the center being worth the most. You only have one
chance to land in the Drop Zone; once your vehicle stops within that zone, where it stops de-
termines the number of points earned for that stage of the challenge.

5. Once your vehicle is within the Supply Drop Zone, your team will wait for 30-seconds to allow for a
simulated supply drop. This is a part of your seven-minute time. It is up to your team if you want
to pre-program the 30-second wait time into your code or if you’d rather have two separate codes,
one that navigates to the drop zone and another to return to the home zone.

6. After the 30 second wait at the Supply Drop Zone (which will be announced by one of the judges),
your team will then maneuver back to your starting point. You do not have to follow the same
route you took to get to the Supply Drop Zone. You will again earn points based on your route.

7. Returning to the starting point within your seven-minute window, minus any time lost if your
vehicle breached the Geofence, will earn you additional points.

Notes:

¢ Your team will have two attempts to complete the course within the timeframe while earning the
most points. The highest score will be used. You will have the opportunity to edit your code prior to
your second attempt.

* You cannot cross back and forth through each points area to accumulate more points.



Scoring Instructions: Level One

Recommendation of 2-3 judges per round
Timekeeper (x1), Spotters (x1 or 2)

1. One judge will be the timekeeper for each team. The timekeeper will track time of completion and
also announce the start, finish, along with the 30-second hold at the Supply Drop Zone. They will
also calculate total time at the end of each round based on any time deductions by other judges, if
applicable.

2. Each team has seven minutes to complete their mission, minus any points deductions if they
breach an obstacle area, each time, which will be calculated at the end. They will also have a
time penalty of 10 seconds for each time they breach the geofenced areas. A 30-second wait
time at the drop zone is also a part of the 7-minute window to allow for supply drop-off.

3. For the Level One competition, someone from the team will serve as the pilot and use the remote
to guide the vehicle through the course, avoiding any obstacles and staying within the pre-defined
geofenced area. The pilot will not be able to see the course or the vehicle on the playing field
and will rely on the Communicator to provide verbal instructions. The pilot will be behind
either a visual barrier or seated facing away from the playing field depending on how the
challenge is set up.

4. During each round, Judge Spotters will keep track of which checkpoint teams drive their vehicle
through and note points accordingly. They will also note any breach of the vehicle into either an ob-
stacle area or a geofenced area. A breach occurs when any part of the vehicle crosses the line
of that area. Points or loss of time is noted for EACH breach.

5. Teams will navigate to the Supply Drop Zone, which is shaped like a bulls-eye. Each of the three
rings are worth a different number of points, with the center being worth the most. Teams only have
one chance to land in the Drop Zone; once their vehicle stops within that zone, where it stops
determines the number of points earned for that stage of the challenge.

6. Teams will wait for 30-seconds to allow for a simulated supply drop. This is a part of your sev-
en-minute time. The timekeeper makes note of that time and gives each team a 5-second
warning prior to the end of the 30 seconds.

7. Teams will then maneuver their vehicle back to the starting point. They do not have to follow the
same route to get to the Supply Drop Zone. They will again earn points based on their route,
with any deductions also noted.

8. If the team returns within their seven-minute window, minus any time lost if the vehicle
breached the Geofenced No-Fly Zone areas, they earn additional points noted on the score-
sheet.

9. Once the team places the robotic vehicle on the course they cannot touch/reposition the vehicle
until the challenge is complete.



Level One: 200 points

Team:

Checkpoints

Checkpoint One
Trees

Checkpoint Two
Communications
Tower

Checkpoint
Three
Mountains

Supply Drop
Zone

Return
Checkpoint
Three
Mountains

Return
Checkpoint Two
Communications
Tower

Return
Checkpoint One
Trees

Return to
Starting Point
(within allotted
time)

Points
Earned

Points

Possible

+10 or +20

+10 or +20

+10 or +30

+10, +20 or
+30

+10 or +30

+10 or +20

+10 or +20

TOTAL:

Deductions:

-10 points trees

-20 points comms tower
-30 points mountains

-10 seconds for geofence

breach EACH TIME Comments?



Scoring Instructions: Level Two

Recommendation of 2-3 judges per round
Timekeeper (x1), Spotters (x1 or 2)

1. One judge will be the timekeeper for each team. The timekeeper will track time of completion and
also announce the start, finish, along with the 30-second hold at the Supply Drop Zone. They will
also calculate total time at the end of each round based on any time deductions by other judges, if
applicable.

2. Each team has seven minutes to complete their mission (minus any deductions if they breach an
obstacle, which will be calculated at the end). A 30-second wait time at the drop zone is also a part
of the 7-minute window to allow for supply drop-off.

3. For the Level Two competition, teams will pre-program their vehicle to maneuver through the course,
avoiding any obstacles and staying within the pre-defined geofenced area.

4. During each round, Judge Spotters will keep track of which checkpoint teams drive their vehicle
through and note points accordingly. They will also note any breach of the vehicle into either an
obstacle area or a geofenced area. A breach occurs when any part of the vehicle crosses the line of
that area. Points or loss of time is noted for EACH breach.

5. Teams will navigate to the Supply Drop Zone, which is shaped like a bulls-eye. Each of the three
rings are worth a different amount of points, with the center being worth the most. Teams only have
one chance to land in the Drop Zone; once their vehicle stops within that zone, where it stops deter-
mines the number of points earned for that stage of the challenge.

6. Teams will wait for 30-seconds to allow for a simulated supply drop. This is a part of the seven-min-
ute time window. The timekeeper makes note of that time and gives each team a 5-second warning
prior to the end of the 30 seconds.

7. Teams have also programmed their vehicle to maneuver back to the starting point. They do not have
to follow the same route to get to the Supply Drop Zone. They will again earn points based on their
route, with any deductions noted.

8. If the team returns within their seven-minute window, minus any time lost if the vehicle breached the
No-Fly Zone, they earn additional points noted on the scoresheet.

9. Once the team places the robotic vehicle on the course they cannot touch/reposition the vehicle
until the challenge is complete.

Note: Level Two teams will have two opportunities and will be given 10 minutes to fix their code in-be-
tween each round. Highest score will be counted.

Deductions: -10 seconds each
Geofenced Area: -30 points



Level Two: 300 points

Team:

Checkpoints

Checkpoint One
Trees

Checkpoint Two
Communications
Tower

Checkpoint
Three
Mountains

Supply Drop
Zone

Return
Checkpoint
Three
Mountains

Return
Checkpoint Two
Communications
Tower

Return
Checkpoint One
Trees

Return to
Starting Point
(within allotted
time)

Points
Earned

Points

Possible

+10 or +20

+10 or +20

+10 or +30

+10, +20 or
+30

+10 or +30

+10 or +20

+10 or +20

TOTAL:

Deductions:

-10 points trees

-20 points comms tower
-30 points mountains

-10 seconds for geofence

breach EACH TIME Comments?



National Aeronautics and Space Administration

Millions of acres of land are impacted by wildfires
each year. Coordinating response efforts to these
fires involves complex challenges that include
airspace management, information sharing
between response agencies, and continuous

fire suppression.

NASA’s ACERO program improves the response
process through drone usage. Here are a few of
the problems ACERO solves:

¢ Airspace Management — An air safety pro-

gram provides constant monitoring of drone

and crewed aircraft positions to increase the

www.nasa.gov

situational awareness of operators, reducing
airborne hazards.

Information Sharing — A new cell-tower like
system has improved ground and air crew ra-
dio communication providing timely updates of
fire behavior. This allows operation leaders to
make more informed decisions quickly in these
emergency operations.

Awareness capabilities — Crewed aircraft may
not be able to fly when the smoke causes low
visibility, and complicated terrain becomes too
dangerous for them to navigate.

Advanced Capabilities for Emergency
Response Operations (ACERO)



Registration Form Sample

UAS Wildland Fire Drone Supply Delivery Challenge Registration Form

Submit the form to at . Deadline:

Team Name:

Team Captain Contact Email:

Team Captain Contact Phone:

Team Members (teams must include 2-3 members):

Name Contact Info

Challenge Level Selection (Level 1 or 2):
Level 1 requires 30 minutes to complete. Level 2 requires 60 minutes.

Please type or print legibly. Teams may be two or three individuals.

No prior robotics experience necessary.






Aob eseu

peeT uonelbalul NT LS Sonneucisy
snoue |udy

Joronaisu|

e1eQ

‘obus|leyD Bunybyeii4 pue|plip SOROGoY JNo Ul
Punedioiped pue sonneuosay YSYN YlM BudIom Jop NOA Muey |

:0] paiussald Ajpnoid si e1eoiiuso siy |

Uoneloslddy JO syeolisn)

uonessiuiwpy 2oedg pue SoiINeUoIaY [BUOEN







National Aeronautics and Space Administration

NASA Headquarters
300 E. Street, SW
Washington, DC 20546

nasa.gov

EP-2025-06-672-HQ
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