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Every NASA mission has
several parts leading to its
success. When leading a
remote mission on another
planet or moon, NASA
scientists and engineers

must plan every step of the

mission carefully. When
using robots or rovers, each mission team must calibrate and
program these machines to accomplish the mission objective,

such as to travel to certain locations on that planet or moon.
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The Challenge:

Your team has been chosen to operate a robotic Discovery
Mission on the surface of the Moon. You will be given

a specific starting location, and your robot must move
through a lunar landscape to the location of the “lunar

ice” without bumping into any “lunar boulders” or other
obstacles. To successfully complete the Discovery Mission,
your robot must retrieve a piece of “lunar ice” for analysis.

Before your robot begins to move on the lunar surface, you will
have to complete the following activities:

1. Designate your robot - One student per team must volunteer

to be the robot. The robot is the person who actually walks
through the course, blindfolded, following the instructions of
her/his team. Select a name for your robot.

2. Map the landing site — Using the enclosed chart on page 53,
create a map of the landing site, making sure to accurately
measure the distances between objects.

3. Learn to communicate with your robot — Each team must
develop commands for your robot. You will practice these
commands until you and the robot are comfortable with
them. These will be the commands that you will give the
robot to travel through the path you have drawn on the map.

4. Calibrate your robot - After practicing a set of commands
with your robot, you must measure the distance the robot
travels with each step or command sequence.

5. Program the robot - Use the commands you developed to

successfully direct the robot through the predetermined route

based on the calibrations you made of how far your robot
travels with each step.
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ASK
IMAGINE
PLAN

What questions do you have about today’s challenge?

STEP 1 - Designate a team member to be your robot and create a name
for your robot.

STEP 2 - Map the landing site. Produce a map of the lunar
“landing site” to plan your robot’s route. Observe the site, measure the
distance between objects

and accurately replicate their
positions in the grid on the

next page. Think about the
units you need to use for your
measurement and what strategy
you will use to make your
measurement. For example, can
you use floor tiles?




Create your map below. Each square represents a DESIGN
unit of .
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STEP 3 - Communicate with your robot

When you program a robot, you must use simple words and be specific
in your directions. If you want your robot to go forward, how many steps
should the robot go? Practice the words below with your robot and see if
your robot follows the commands correctly.

Sample Command for Robot Action by robot

MOVE FORWARD TWO STEPS Walk forward two steps.

MOVE BACKWARD ONE STEP Walk backward one step.

TURN RIGHT 90° Turn to the right.

TURN LEFT 180° Turn to the left to face the
opposite direction.

BEND AND GRAB Bend at the waist and pick
up the lunar ice sample.

As a team, decide on the type of commands you want to use to program
your robot. You may use the ones suggested above and create your own,
but once those vocabulary terms are designated on your list, you may not
use any other new commands once your robot has landed in the starting
position.



Additional commands to use:

STEP 4 - Calibrate your robot

Practice delivering forward commands to your
blindfolded robot. Measure the distance traveled by
the robot for each command. Repeat three times and

calculate a mean. Graph your results.

Trial 1 Trial 2 Trial 3 Mean
Forward 1 step cm cm cm cm
Forward 2 steps cm cm cm cm
Forward 4 steps cm cm cm cm
Forward 6 steps cm cm cm cm
Forward 8 steps cm cm cm cm
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Distance (cm)

Number of steps

Can you predict how far your robot will travel in 10 steps?
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STEP 4 - Program your robot

Review the map with your team and plan a route for
your robot. Based upon the calibration results, create
commands for your robot to match your route. Write
down one command for each slot below.

Command Sequence

1. 11.
2. 12.
3. 13.
4. 14.
5. 15.
6. 16.
7. 17.
8. 18.
9. 19.
10. 20.
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Execute the Discovery Mission!

It is time to let your Robot explore the Moon! You
planned your route and practiced your commands. Now
let’s complete the mission. Take the complete command
sequence your team designed and cut each command
out of the page as separate strips of paper. Designate
two team members to deliver the commands to the Robot
and divide those strips of paper among them. Another
team member, using a stopwatch, should time how long
it takes for the Robot to reach the Lunar ice sample and
successfully complete the mission. Don’t forget that the
Robot must be blindfolded! If the Robot makes a
mistake or runs into an obstacle, the team must stop

the mission, return to mission control to reconvene

and discuss the issue, then modify the command
sequence and resend the radio signal (strip

of paper with command) to the Robot.



Record each team’s time in the table below to compare
how long the mission took for each team! Afterwards, pair
up with another team to complete your Quality Assurance
assessment.

Discovery Mission Data Table

Team Name Time (seconds)

1.

2.

3.

4.

5. .
Prepare for a Mission
Student page

&

TwosireReus TWOBITCIRCUS.ORG 59



uuuuuuuuuu




|

| )

{EER2E

(;

R

61

tciReus TWOBITCIRCUS.ORG

)
O BITC
FOUN




62

__ o (I)?L )
TwosITeReus TWOBITCIRCUS.ORG

nnnnnnnnnnnnnnnnnnn



National Aeronautics and
Space Administration

QUALITY ASSURANCE FORM

Each team is to review another team’s design and model, then
answer the following questions.

Name of Robot and team reviewed:

Did the team deliver commands to the Robot one sequence at a
time? (only one radio signal per command sequence)

Did the Robot execute commands correctly?

Did the Robot reach its destination with the original set of
commands?

If not, how many times did the team have to reprogram the
Robot to reach the lunar sample?

List 2 or 3 recommendations you have for this team: L
Prepare for a Mission
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Today you conducted a simulated, robotic Discovery Mission.
You practiced many of the very same activities that NASA
scientists and engineers do when planning and executing a
remote exploration mission, such as mapping, calibrating,
communicating and programming. Learn more about the
efforts to develop a Lunar robotic rover prototype to further
study the Moon:

www.frc.ri.cmu.edu/projects/Iri/scarab/index.html

CHALLENGE: Recruityourfamily memberstotry aDiscovery
Mission at home! Rearrange some furniture or household
items to set up the Lunar Landing Site. Demonstrate to
everyone the steps needed to accomplish the mission — ask
your teacher for new worksheets from the activity to give to
your family to use. If you have a big family or are doing this
with lots of friends, you could break into teams and race to
the end. Just be careful and considerate of your robot, who
is blindfolded. Be creative with an item to collect as a Lunar
ice sample, and have fun!

YOU BE THE TEACHER! Explain to your family why it is
important to map the site prior to sending a rover to retrieve a
sample. Emphasize why engineers must repeat an exercise
before getting repeatable results.
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