STEM SATELLITES
Mission: Mars
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Introduction to STEM Satellites
Purpose
Orlando Science Center, in partnership with the University of Central Florida (UCF), will
engage chronically ill children—along with other underrepresented youth ages 9 and up—with
unique NASA-themed aeronautics, space exploration, and space science mobile exhibits. The
Science Center has partnered with planetary science experts and education researchers from
UCF in developing this content.

These mobile STEM (Science, Technology, Engineering, Math) exhibits provide chronically ill
children with meaningful science and mathematics resources and activities. This document will
be a resource to assist hospital facilitators with use of the mobile exhibits and as a guide for
delivering the Mission: Stars content. Project goals align with NASA’s education goal of engaging
Americans in NASA’s mission through strategic partnerships and linkages with STEM education
providers in order to promote STEM literacy and awareness of NASA’s missions.

STEM Satellites addresses the following goals through these activities:
● Provide experiential authentic STEM opportunities;
● Develop educational strategies to improve STEM instruction to interest youth in STEM
professions; and
● Motivate youth to seek STEM careers.

Mission: Mars
Participants will use the Mission: Mars landing page at https://satellites.osc.org/mars to navigate
all tasks and supplemental resources. They are encouraged to go beyond the activity pages to
explore as much as they’d like about the topics presented.
The landing page orients the participant to how the task pages are set up and how to use the
information provided.

LEGO Mindstorms
Full User Guide: https://le-www-lives.legocdn.com/ev3/userguide/1.4.0/ev3_userguide_enus.pdf
Get to Know the LEGOⓇ Mindstorms EV3
Display
The display shows the EV3 Brick interface which allows you to maneuver around the software.
To navigate around the interface use the Brick Buttons. These buttons may also be used as
activators in programming.
There are four main tabs on the interface:

The Brick Status Light indicates the current status of the EV3.
● Red – Start-up, Updating, Shutdown
● Orange – Alert, Ready
● Green – Ready

Ports
The EV3 uses multiple ports to connect to the various motors
and sensors.
It is important to note which ports are used for each external
component. The numbered ports (1-4) are input ports that are
used to connect sensors. The alphanumeric (A-D) ports are

output ports used to
connect motors. There is
one micro USB port used to
connect the brick to a
computer.
The EV3 comes with a
rechargeable battery pack.
The battery pack is charged
via a power adapter cord
plugged into the circular
charging port on the battery
pack.
To turn on the brick, press the center dark grey button. The status light will glow green when
the brick is ready to use. Turn the brick off by pressing the large gray button under the left side
of the display, a shutdown screen will appear. Select the check and press the center button.

Connecting the EV3 to Wi-Fi and the iPad
For the brick to work successfully with a tablet it will need to
have Bluetooth and Wi-Fi access.
Making a Bluetooth connection
1. Scroll over to the setting tab (wrench icon) on the brick.
Highlight and select the Bluetooth box. If the participant
is using an iPad, iPhone, or iPod, they will also need to
select the iPad/iPhone/iPod box.
2. Make sure Bluetooth is enabled on the participant’s
device. Open the LEGO Programming app and open a
new program
3. Tap on the top right “No Device Connected” icon.
4. Tap the large blue “Connect” button.
5. A list of nearby EV3 device names will appear.
6. Select the brick you would like to use.
7. Accept the connection on the brick manually.
Making a Wi-Fi connection
1. Select Wi-Fi in the settings tab on the brick.
2. Press the center button for OK.
3. A secondary box will appear; select the check and press
the center square button.

File Navigation
There will come a time when each brick will have a number of unnecessary programs stored on
it. Follow these steps to delete the files from the bricks:
1. Scroll to the file navigation icon (2 stacked pages).
2. Select the unneeded file and press okay 2 times.
3. A secondary box will appear. Highlight the trashcan and select.

LEGO EV3 Classroom App
The LEGO EV3 Classroom App is where participants will be
able to create and upload their own EV3 programs, run
through tutorials, and explore all the robot has to offer.
Consult the app’s help screen for more complete
information on how to use it. In general, it has five main
areas:
1. Home
a. Access all other areas of app.
2. Start
a. Has links to tutorials to get participants
started with the robot and the app.
3. Units
a. Gives students many jumping-off points and project ideas.
b. Many STEM Satellites missions build on the skills gained under the Robot Trainer
sub-menu.
4. Build
a. Gives building instructions for many types of robots.
b. The Driving Base is the recommended starting point for most STEM Satellites
projects.
5. My Projects
a. Stores projects for participants to come back to later.
b. It is a good practice to delete projects between users. Select unwanted projects
and press “delete” to remove them from the device’s memory.

The Launch Pad
Goals
•
•

Build a model of the Missile Crawler Transporter Facilities, also known as the “crawlertransporter”.
Transport the model spacecraft and rocket safely across the crawlerway to the launch
pad in time for launch.

Materials
•
•
•
•

LEGO® Mindstorms EV3 robotics set
iPad with EV3 Classroom app installed
Model Space Launch System (SLS) rocket
Crawler-Transporter Testing Platform

Setting Up
1. Turn on the testing platform by sliding the toggle switch on the back of the piece that
has the LCD screen.
2. Connect the two halves of the testing platform together.
Facilitation Tips & Tricks
•
•

The Driving Base robot is a great starting place for this build.
About the Testing Platform
o The two halves of the testing platform fit together like a jigsaw puzzle.
o We replicate the behavior of the real crawler with some electronic trickery. The
custom crawler platform detects two things: the type of LEGO piece contacting
the platform and the speed at which the robot moves across the platform.
o There is an arrow etched into the acrylic surface of the platform, as well as two
parallel lines that stretch across its length. This indicates the area where the
robot should drive. The top track on the panel with the read-out display is on
top of the detector that identifies the treads and wheels.
o The first thing you see when you turn on the platform is a message stating:
“Please drive your vehicle over the testing platform for analysis. Testing will
begin when vehicle is detected.” As soon as the platform detects an RFID tag, it
will begin timing how long the tags are in contact with the surface.
o If the participant built their crawler using tires, the display will change to say,
“Testing… Please continue over the entire platform.” This message will remain
until the RFID tags are no longer present. No matter how quickly it moves across,
the display will give the same error message: “Your crawler sank into the gravel on
the Crawlerway. Improve your design and try again.” This should get them
thinking about why their crawler might have sunken into the gravel.
o If they used treads, the platform will check speed. If they go too fast, they will be
told that their crawler’s velocity exceeded safety guidelines and it may fall over

•

•

during transport. If they are too slow, they will be told they did not arrive at the
launch pad within the correct launch window.
o Only if they use treads and move at the proper speed will they get the message
reading, “Congratulations! Your crawler has arrived safely to the launch pad in
time for launch. Success!”
This sample code is one possible way for children to reach their goal. Do not share it
right away; it is placed here as a
guide so you have an idea of what
might work.
This code says that when the
program starts, the movement
motors connected to ports B and
C move straight at 30% of their
maximum speed. Participants may
need to increase or decrease this
speed depending on how they
designed their robot.

Breaking Down
1. Clean and sanitize all materials per
hospital procedures.
2. Charge the testing platform by placing
the corner of the platform with the
charging coil on top of the charging disc.
The charging coil is located in the area
marked in this image. Wait for the
indicator to ensure proper charge.
3. Return materials to the Mission: Mars
cart once charged.

Getting to Mars
Goals
•
•

Build a stationary launching device to send a model rocket to Mars.
Generate and analyze data from launch tests to evaluate design.

Materials
•
•
•
•
•

LEGO® Mindstorms EV3 robotics set
iPad with EV3 Classroom app installed
Model Space Launch System (SLS) rocket
Rocket Launch mat
Ruler

Setting Up
1. Identify an area on the ground where you may lay out the Rocket Launch mat.
2. Lay out the Rocket Launch mat and place the rocket on the indicated space.
Facilitation Tips & Tricks
•
•

•

This activity is very open-ended. Children are free to design any type of robot they
would like to accomplish the task. Robots often are placed on the floor behind or next
to the rocket and work by giving it a push.
Because this activity involves work on the floor, facilitators may be required to help
participants who are unable to easily move around their room.
o In this case, try to let participants do as much of the “thinking work” as possible.
For example, when you measure how far the rocket is from the center of Mars,
indicate the place on the ruler where the child should measure from, but let
them tell you what the measurement is.
This activity includes an extension for participants to make a box and whisker plot of
their data. Watch the video on the Getting to Mars activity page for details on this.

Breaking Down
1. Clean and sanitize all materials per hospital procedures.
2. Roll up Rocket Launch mat and store in tube.
3. Return materials to the Mission: Mars cart once charged.

Planetary Orbits
Goals
• Model the orbits of Earth and Mars with Ozobots.
Materials
• 2 Ozobot EVO robots
• iPad with Ozobot EVO app
• ruler
• Planetary Orbits mat
• pen/pencil and paper
Setting Up
1. Turn on Ozobots by tapping the side twice.
Facilitation Tips & Tricks
• Unplug Ozobots when they are done charging. Keeping them plugged in for too long can
lead to the battery losing its ability to hold a charge.
• Follow instructions on the EVO app for calibrating and loading programs onto Ozobots.
Help participants find these instructions when they’re trying to load their programs!
• Ozoblockly has 5 levels for coding. Level 4 (“Advanced”) has the blocks necessary to
solve the problem the way we solved it.

•

•

Help participants play with the RGB values between –127 and 127 to make Mars a rusty
reddish orange color. The best colors have relatively high reds, medium-low greens, and
next to no blue (i.e. blue = –127)
There is a lot of math involved with calculating the orbital speed the Mars Ozobot. The
best way to figure out how fast the Ozobot should move is:
Goal (from station card) → complete one orbit in 68 seconds
So, we know it must go around the entire circumference in 68 seconds. How far is that?
Circumference

Circumference

=

2 × π × radius

=

2 × π × (265 mm) measurement may vary

≈

1665 mm

Now that we know the distance, we can divide by the total time to calculate speed.
Speed

Speed

•

=

distance / time

=

1665 mm / 68 sec

≈

24.5 mm / sec → 25 mm / sec (integer)

This is a sample code
that a participant may
have written. Note that
the linefollowing speed
and follow line
blocks are found in the
Line Navigation
toolbox, and the set
light color block
is found in the Light
Effects toolbox.
The Earth Ozobot’s
speed should be 29.7
mm / sec, but the Ozoblockly editor restricts us to an integer input. So, we rounded to
the nearest whole number. The light colors shown here will make the top and 3 front
lights blue and two front lights green.

Breaking Down
1. Clean and sanitize all materials per hospital procedures.
2. Charge Ozobots via micro USB cord.
3. Roll up Planetary Orbits mat and store in tube.
4. Return materials to the Mission: Mars cart once charged.

Surveying the Land
Mars Orbiter
Goals
• Gather 25 satellite images of
potential landing sites.
• Create composite images of
the surface of Mars.
Materials
• iPad or tablet
• handheld CubeSat orbiter
• Surveying the Land – Mars Orbiter
mat
Setting Up
1. Pull up the Surveying the Land web
page on the iPad’s web browser:
https://satellites.osc.org/mars/surveying-the-land.
2. Turn on the CubeSat and wait for a green light to appear.
3. Open the iPad’s wireless network settings and connect to the MarsOrbiterTelemetry
Network. It may take up to a minute to appear.
4. Go back to the Mars map and tap one of the dots. It should open a new tab with the
Mission: Mars badge.
Facilitation Tips & Tricks
• The iPad will not have internet access while it is connected to the CubeSat’s network.
• The Surveying the Land dust storm Mat has 100 RFID tags embedded within it. The
CubeSat reads these tags and displays data on the iPad.
• You can access each site manually by typing the following into the web browser:
Color Web Page Link Corresponding Site on Mars
Blue
mars.local/blue
Meridiani Planum, Opportunity landing site
Brown mars.local/brown South Pole "ice spider", eroded by warmed gas
Green
mars.local/green
Jezero Crater, Mars 2020 landing site
Red
mars.local/red
Amazonis Planitia, a smooth Martian plane
White
mars.local/white
Acidalia Planitia, featured in the book and film The Martian
Yellow mars.local/yellow crater dune field
* Hyperlinks in the right column above go to HiRISE information pages on each site.

•

These are the full photos the activity images are taken from. All photo credits to NASA,
JPL-Caltech, and the University of Arizona.
o Blue

o Brown

o Green

o Red

o White

o Yellow

•
•
•

Encourage participants to search the locations they reveal on the internet. What other
information can they find out about these areas of Mars? You may point them to the
links from the table above if they are interested in looking at those sources.
The CubeSat must be kept away from the mat when turning on or loading a page.
Errors may occur if it is too close. If this happens, move the CubeSat, refresh the page,
and try again.
The slide puzzles do not snap in place. Guests should look carefully at the border
between squares for parts that line up seamlessly.

Breaking Down
1. Clean and sanitize all materials per hospital procedures.
2. Reconnect iPad to hospital Wi-Fi network. Charge it if needed.
3. Charge CubeSat on wireless induction charger with the handheld portion resting on top
of the pad. A light will come on the orbiter to indicate it is charging.
4. Roll up Surveying the Land – Mars Orbiter mat and store in tube.
5. Return materials to the Mission: Mars cart once charged.
Mars Rover
Goals
•
•

Program a model Mars Rover.
Collect data about
surface features of Mars
using the LEGO Color
Sensor.

Materials
•

•
•

LEGO® Mindstorms EV3
robotics set (with color
sensor)
iPad with EV3 Classroom
app installed
Surveying the Land –
Mars Rover mat

Setting Up
•

No special setup is required beyond laying out parts.

Facilitation Tips & Tricks
•
•
•

The Color Sensor Down – Driving Base from the “Build” menu is an excellent design
choice for this activity. If someone gets stuck, recommend that they start with this
model and make small changes if they’d like.
The color sensor should stay about 2-3 cm (approx. 1 inch) above the surface of the
mat. Changing this distance could affect its ability to recognize the colored dots
accurately.
The dots on this map of Mars are the same dots from Surveying the Land – Mars Orbiter.
They are in the correct geographical locations on Mars.

•

This selection of sample codes provides some ideas of how children might decide to
indicate their robot has found a particular color.

o When the program starts, the rover drives forward at 30% of its maximum
speed. The robot reacts differently when it identifies different colors.
o For example, it says the word “Blue!” when it identifies a blue region.
o It writes the words “Jezero Crater” on its screen for 5 seconds when it locates
the green dot. Take a moment to review the sample codes here and predict how
the robot will behave when it reaches each location.
o This is not intended to be an ideal solution, but rather to give you some idea of
what possible solutions exist.
Breaking Down
1. Clean and sanitize all materials per hospital procedures.
2. Roll up Surveying the Land – Mars Rover mat and store in tube.
3. Return materials to the Mission: Mars cart once charged.

Cleaning, Sanitization, and Inventory
Follow your hospital's sanitation protocols to clean items between participants. The following
tips may help but are no replacement for your site's guidelines:
•
•

•

Larger materials (such as the EV3 IntelliBrick, tablets, and mats) may be wiped down
with purple-top Super Sani-Cloth wipes as needed.
LEGO pieces: Collect into mesh bag and place in a dishwasher. Run on a high temp
heavy cycle with a no heat, air dry only setting. Heat dry settings may damage pieces.
o Alternatively, the mesh bags may be dunked into a dilute bleach solution and
allowed to air dry.
Check with your hospital whether Sani-24 germicidal spray may be used for small parts
instead of a dishwasher or bleach dunk. Follow manufacturer instructions.

As you are cleaning, please complete the Mission: Stars sign-out and sign-in sheets and
inventory forms linked on the STEM Satellites Facilitator Resources webpage. Please also fill out
a technology troubleshooting ticket whenever something does not function as intended.

