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1. INTRO TO MARS ROVERESCENDING INTO A @GHER

Goal: Towina competition by having your un -powered rover roll the farthest  after coasting
down the side of a Mars crater

Main Themes:
1 Gravity as a means of propulsion
1 Investigating the LEGO kit
1 Building familiarity and confidence with construction

Theory: Gravity pulls the rover into the crater , and it gains speed as it rolls down. Then it rolls
as farasitcan into the crater , until friction eventually stops it.

Pre - Activity Preparation : Build a gentle -incline ramp. Cardboard pieces taped together work
well. The ramp only needs to be 6 or 8 inches tall to make this work. Make the ramp shorter if
you dondét have much room for the rovers to roll

Ramp:

Construction Tips:

1 Make sure that the students build a vehicle of some sort. While a single wheel roll ed down
the ramp could win, in theory, that wono6t hel
1 The NXT is not required since there is no need to power the rover. The extr a

make the rover roll more or less, even if you add it.

Discussion Questions:
91 Do the rovers roll further when released higher up the ramp? Why?
0 Yes. The rover has longer on the ramp to gain more speed. Put in another way,
gravity has more distance to pull the rover down.
1 How would your rover be affected by the weaker gravity on Mars?
0 Since the gravity on Mars is weaker than on Earth, the rover builds up less speed
and would travel slower on Mars.
1 How would your rover be affected if it were on different surfaces, such as the dust and
sand on Mars?
o The loose dust and sand causes more friction, which slows the rover down more
than a smooth hard surface.
1 Was there a certain type of rover that went further than others? Any noticeable patterns?

0 There may be no pattern. Patterns may only emerge after each rover has been run
5 orsotimes, and the distances are averaged.
1 Next, have them do 5 runs down the ramp and record the distance their rover travels for
each.
0 Why are the distances different from run to run for the same rover ?
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1 Many factors that affect the distance can change slightly f rom run to run: air
currents, how it is released, dust bunnies, etc.
0 Average the distance for each rover acrossthe5 runs. Comparethe roversé6 aver ag

distances. Are there any patterns for what types of rovers go the furthest?
1 Rovers with bigger wheelst endtogo alittle further
1 The weightofthe rover doesné6t i nfdistaecace t he

Activity Variations (optional):
1 Letthe rover rolldown theramp5 times with rubbert reads on your wheels. Then do 5

runs with no rubber on the wheels (just the hard plasti ¢ hub). Record the distance that
the rover travels for each run. Average the distances for the rubber wheels and the non -
rubber wheels.

0 Which type of wheel rolls further? Why?
1 The wheels without rubber should roll slightly further. The rubber wheels
produ ce slightly more friction because the rubber slightly deforms at the
point touching the ground. This extra friction causes the rubber wheeled
rover to slow down and stop sooner than the non -rubber wheeled rover .
T This activity could be repeated on differen t surfaces, such as on top of cardboard, on
carpet, linoleum, or pavement outside.

Additional Mars Rover Resources:

http://marsrovers.jpl.nasa.gov/gallery/video/challenges.html

Video Title: Testing the Rovers for the Treacherous Martian Terrain (third item on the page)
This video shows NASA engineers determining the limits of the rovers. They build a ramp, and see how
steep of an incline the rovers can ride over.
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2. REMOTE CONTRQIED ROVER

Goal: Understand why the Mars rovers need to be autonomous, rather than operated by remote
control.
Build a rover with motors that are controlled by 2 touch sensors. The students will use the
touch sensors to drive the rover first without a delay, as if it is directly remote controlled.
Then the students will use the provided program to try driving the rover with a delay
between command and response. The students will discover that this makes the rover very
difficult to navigate.

Main Theme s:
i Rover construction with touch sensors
1 Gaining familiarity with different Lego parts
9 Distance between Mars and Earth

Robotics Theory: Sensors can be used to give input to
can tell the rover to respond to that input in a particular way. This is similar to how humans
use their senses and respond to their environment.

Astronomy Theory: A signal takes several minutes to reach Mars from Earth because of the
great distance between planets. By the time a command reaches the rover, it might be too
late for the rover to respond correctly. Therefore, the rover must be able to navigate on its
own.

Construction Tips:
9 The students should follow the instructions in the book that came with the LEGO Kits,
starting on page 8. Thi s will lead them through constructing a rover.

1 The left motor should be connected to port B and the right motor should be connected to
port C

1 Then take the 2 touch sensors, and connect one to port 1 and the other touch sensor to
port 2

9 Hold the touch sen sor from port 1 in your left hand and the port 2 touch sensor in your
right hand. Walk along with the rover as it drives forward. Pressing the right sensor will
make the rover turn right, and pressing the left sensor will make the rover turn left.

Sample Code:
1 First, u se the provided program without the delay to practice driving the remote controlled
rover.
9 Then, use the provided program with the built in delay. This simulates controlling a rover

from a greater distance.

Discussion Questions:
1 Was it ha rder to control the rover with or without the delay? Why?

f Now i magine the delay to control the rover
for NASA scientists and their Mars rover?
0 The scientists would have to send only 1 movement every few minutes , and it

would take too long to get anywhere on Mars.
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o Also, there would be no way to respond in time to obstacles that were previously
unknown.
o Therefore, the rover needs to be able to navigate on its own (autonomous rover).

Picture of Rover with 2 touch sensors connected
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3. TEACHER LED: DEMONKRATENXT PROGRAMMING

Goal: Show students the basics of NXT programming

Background : The NXT is the computer for the rover . The NXT also provides power to the

motors and sensors.

Programming overview:
1 NXT programming uses icons to repres ent actions your robot can take

Move 8 Choose these icons to activate motors

Record/Play drecord movements and then replay them

Sounddplay sound files or tones

Display 8 Change the display on your robot (i.e. show an image or text)

Wait For 8 Wait for a change in light readings, a distan ce to an object, or a button push

Loop duse loops to create indefinite behaviors

Switch d choose from 2 different actions (i.e. do one action if the touch
sensor is pressed in, do a different action if the touch sensor is not pressed)
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9 Each programming icon you select from the menu panel on the left of the screen has
many properties you can edit. These properties are reflected on the icon.

Motors:

f Port:On this AMoveoOoO icon
pointing at the letters (C,B) which indicate which
motors will be turning.

9 Duration : The purple arrow shows how long the
motors will be turning.
symbol is shown because the motors are set
turn an unlimited amount.

1 Power : The blue arrow points to the power level.
On this icon, it is shown at about % power.

9 Direction and Stee ring : The yellow arrow
shows the direction the motors are set to turn.
This icon shows that the motors will move
forward.

C .
o
rﬁ'

There are 2 ways to tell the motors to turn the wheels:
1 To tell the rover to turn to the right, the easiest

slight variation is to turn on the left motor going
forward, while the right motor is on going
backwards. This causes the rover to rotate to the
OR right in place. This is similar to how some

, t

to

way is to turn on the left motor (C) while telling
the right motor (B) to stop . This causes the left
wheel to rotate, turning the rover to the right. A

vehicles, such as tanks and wheelchairs, navigate

and turn.

use the steering slider in the motor properties to
tell it to turn right.

Distance Sensor
T Port : On this fAWait for
k arrow points to the port number that the dis
sensor is connected to, in this case, port 1.
- T Wait 6 Un t: The IBlue arrow points to a visual
' representation of the distance selected. In this

-
case the slider is show about half full, indicating
& that it will wait for an object to be about half of
th e distance that the sensor can detect. This is a
value of 50 inches.
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Light Sensor:

T Port: On this AWai't for Light
points to port  number for this  sensor .

T Wait O Uiheipdrgle arrow points to a picture
of the value of lightth e NXT will wait for. In this
case, it shows the bars about half full, indicating
that the robot will be waiting for a light level
about halfway between dark and very - bright.

1 Function : The purple arrow points to a image
indicating that the light sensor wil | generate its
own light. ( This is useful for reflecting off of
nearby surfaces to sense them. See activity 8)

9 String the icons together in linked in a chain to form more complex series of behaviors
for your robot.

The NXT will execute each command or action in order.

When the NXT gets to the end of the program, it is done executing commands, but the
motors will stay on unless you explicitly stop them.

= =4

Construction Demo :
9 Use a wire connector to hook up a motor to one of the NXT outputs (use eithe rthe AorC
ports on the NXT)
9 Attach a wheel to the motor to make the spinning more visible

Sample Code:
1 Write a simple program that turns on the motors for 5 seconds.
0 The code would look like this:

1 Download this program to the NXT and demonstrate tha t it causes the motor to turn on
and spin the wheel.
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4. DRIVE FORWARD

Goal: Build a motorized rover that drives forward

Main Themes:

M Rover construction
1 NXT Programming

Robotics Theory: Generally, mobile robots are designed with 2 motors in the bac k, one for
each wheel, and a centerun  -motorized pivot wheel in the front. This allows the rover to turn
easily by having only one motor on, and drive in a straight line by having both motors on. It
can also pivot in place by turning on one motor forward a nd one motor backwards.

Construction Tips:
M The most basic LEGO rover consists of:

(0]

(0]

2 motors under the back of the NXT, with wires connected to the lettered ports,

which provide power output.

Reinforce the motors (so they stay on the rover ) with LEGO stri ps connecting both
motors

Attach wheels to the = motors using axles
A front wheel is not necessarily needed
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