Project Overview
Project Description and Structure
In the WaterBotics project, students engage in the engineering design process (EDP) to build and refine
a remote-controlled underwater robot—also referred to as a remotely operated vehicle (ROV)—using
LEGO® MINDSTORMS® kits and other LEGO® materials. They learn core science and engineering ideas
and practices and a variety of potential engineering careers.

E

Students are not required to have had any prior experience with robotics, engineering, programming, or
even LEGO® materials. To accommodate diverse learners, the project unfolds gradually and in phases,
giving them time to absorb the many new ideas and techniques. They engage in a series of either three or
four missions, each of which builds on the previous one and increases in complexity. By the end of the
third mission, students have created a fully functional underwater robot. By the end of the optional fourth
mission, they have given their robots enhanced capabilities.
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Each mission presents a simulated scenario that is based on an actual, real-life application of underwater
robotics:

Mission 1: Rescue! Use a single motor to build a robot that can travel in a straight line—both forward
and backward—on the surface of the water and save a drowning swimmer. Optimize gearing to
improve speed and/or control.

Mission 2: Clean Up! Use a second motor to enable steering and two-dimensional movement.

M

Maneuver the robot on the surface of the water to clean up a spill of hazardous pollutants.

Mission 3: Mine Sweep! Use a third motor to dive under the water. Combine high-density and low-

SA

density materials to achieve good buoyancy and stability, making the robot controllable underwater.
Detonate or disable underwater “mines” to make a shipping lane safe.

Mission 4: Collect! Combine the products of previous missions to produce a vehicle that can collect

samples from a sunken ship and deposit them in various underwater collection bins. A fourth motor
may be used to create a mechanism to grab and release the balls.

These mission contexts may be customized by each organization that runs the project to reflect a theme
of their choosing.
Within each mission, students are guided through a complete design cycle, with a strong emphasis on
testing and redesign. Time is built into the WaterBotics instructional design to allow and encourage
numerous test-evaluate-redesign loops within each mission. This tends to result in well-built and reliable
robots. Furthermore, rigorous testing helps students to overcome their fear of failure, since it is an expected
part of the process and ultimately results in better robots.
At the end of each mission, a showcase is held in which students show off their ROVs. This helps focus the
students on a concrete milestone, gets them interested in what their peers are doing, and adds an element
of excitement to the project.
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Project History

M
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WaterBotics was developed by the Center for Innovation in Engineering & Science Education (CIESE) at
Stevens Institute of Technology in Hoboken, New Jersey. It was adapted from the curriculum component
of a National Science Foundation ITEST (Innovative Technology Experiences for Students & Teachers)
Scale-Up grant, known as the Build IT Underwater Robotics Scale-Up for STEM Learning and Workforce
Development Project (Award #0929674). The goal of this program is to provide middle and high school
students and youth with an intensive science and engineering experience based on a series of underwater
robotics design and programming challenges.
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Both the Build IT Scale-Up (BISU) project and NSF’s ITEST program are responses to the growing need to
encourage and support greater numbers of youth—particularly those underrepresented in STEM fields—
to pursue study and careers in science, technology, engineering, and mathematics. The United States is
challenged to meet the growing demand for a skilled technical workforce that possesses the knowledge,
skills, innovative spirit, and creative spark needed to fuel a high-tech, global economy. The WaterBotics
curriculum has been demonstrated to both increase student learning of science and engineering concepts,
and to increase awareness of and interest in engineering careers.
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Implementation Considerations
Recommended Prerequisite Knowledge
The WaterBotics curriculum is designed to be flexible so that educators with different levels of experience
in the science and engineering concepts involved can all create successful and fulfilling projects for their
students. That said, background knowledge in any of the following can help make things easier.

Camp Implementation
Student recruitment
Budgeting
Staff management
Program logistics

E

•
•
•
•

•
•
•
•
•
•

Gears and gear ratios
Action/Reaction Forces
Drag
Buoyancy
Mass, Volume, and Density
Stability

The Engineering Design Process
Iterations and Design Cycles
User Interface Design
Troubleshooting

SA

•
•
•
•

M

Engineering Practices

PL

Science Concepts

Programming Experience
•
•
•
•
•

Common Programming Concepts: Loops, Switches (Conditionals), Data Types
Flow Charts
Troubleshooting
MINDSTORMS® NXT Software
National Instruments Labview

As in any endeavor, practice and reflection improves performance. Motivated educators will be able to
learn the skills they need from this curriculum, go on to run a successful first project, and increase the
effectiveness of additional implementations.
We have found that when two educators with different backgrounds share the teaching, their experiences
complement one another. This has the additional benefit of enabling team teaching and will often make
implementation smoother and more fun for both instructors.
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Recommended Resources
In addition to the knowledge necessary to run the project, educators will need to have the proper
environment and resources. Below are some of the most important requirements.

Environment:
• Enough room for 5 student workspaces, each large enough to hold the building materials, the robot,
its controller, and perhaps a computer
• About 12’x12’ of space for a pool and enough room to walk around it
• Easy access to water and a drainage system
• A secured storage room or closets

E

• Availability of numerous electrical outlets

Resources:
• At least 1 instructor computer

PL

• If using programming software or online resources, either one computer per team or one computer per
student, depending on availability
• A projector, speakers, and screen (optional, but recommended.)
• Internet access and a modern web browser
• A photocopier

Objectives

M

More details will be provided in later chapters, but these are the most critical items.

WaterBotics project has several primary goals:

SA

1. Expose students to key science, engineering, and programming concepts.
2. Give them an understanding of and experience with the Engineering Design Process.
3. Spark their interest in engineering careers.

The more closely these goals align with those of your school or organization, the more rewarding it will
be both for you and for the students. For example:
• If your school or group is near or partners with an engineering college, you could arrange for a campus
visit and follow-up information on engineering majors and application information.
• If you have connections to or work frequently with engineering or technology companies, you could
arrange for visits from practicing engineers to present your students with real-world perspectives on
engineering careers and companies.
• If you specialize in providing STEM-based summer camps to students, WaterBotics could help attract
them and pique their interest in other engineering or science courses you offer.
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Organization of this Book
Part 1 - Planning and Preparation
The next two chapters explain the tasks that must be completed prior to implementing the project. This
includes important planning and organization requirements, project customization, resources you will
need to acquire, and preparation and setup of equipment and workspaces.

E

• Chapter 2 helps you to plan what your particular implementation will look like and provides guidance
on creating a schedule, determining staff requirements, handling logistics, arranging for possible
role models and/or field trips, and coming up with strategies to optimize the experience for your
participants.

Part 2 - Implementation

PL

• Chapter 3 describes how to set up the pool, prepare the equipment, configure any computers you use,
and install and set up any required software.

The next five chapters guide you step-by-step through complete implementation of the project. Each
chapter includes detailed activity plans, which are designed to ensure success even if you have minimal
experience with the engineering, robotics, or science concepts involved.

M

• Chapter 4 walks you through the project kickoff, which includes: providing participants
with an overview of the project; engaging in
a discussion of teamwork and expectations;
reviewing program logistics; and introducing
the engineering design process.

SA

• Chapters 5-8 cover each of the four missions in
the project. The activity plans in these chapters
include mission descriptions, programming
lessons, engineering and science activities, and
guidance on gradually building the robots.

Part 3 - Additional Resources
Chapter 9 provides extra resources for educators that can be used to enhance the project, such as
troubleshooting tips, achievements checklists, inventorying suggestions, and activity plans for using
optional online survey and evaluation tools.
Chapter 10 contains all of the student handouts referenced in the curriculum. These may be printed out
and distributed to students or they may be viewed online.

6
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Choosing an Implementation Track
Track Options: Programming vs. Non-Programming
Although programming is typically an integral part of a robotics project, in WaterBotics it is completely
optional. Your implementation of WaterBotics can either include programming as a critical component
or avoid it altogether. The option you choose will affect the length and depth of your implementation, the
difficulty for your students, and the cost of the equipment.

P

E

The programming and non-programming options are represented in the curriculum as implementation
tracks. Each of these tracks is described below so that you can consider its benefits as well as its drawbacks.
As you go through the rest of the curriculum, information that is specific to one track will be tagged with
a symbol: P for the programming track and N for the non-programming track.

P r o g r a m m i n g Tr a c k

PL

In this track, your students will be introduced to the LEGO® MINDSTORMS®
system, which includes the NXT “brick” microcontroller, all of its sensors, and
the NXT-G visual programming interface. They will use these components to
design, build, and program a unique IR remote controller for their robot. Since
students are not assumed to have had any prior programming experience,
programming lessons are included that are thorough yet approachable.

M

This option will provide your students with the richest robotics experience.
However, there are some issues to be aware of.

• Because of the additional instructional material, significant extra time will need to be allocated.
• The required MINDSTORMS® kits and software will roughly double the equipment costs.

SA

• If you do not have any programming experience, you will need to devote extra preparation time to
gain enough proficiency to run the project with confidence.
This track is appropriate for high school age students as well as patient middle school age students.
N

N o n - P r o g r a m m i n g Tr a c k

In this track, rather than use the MINDSTORMS® NXT or sensors, students will use a
pair of simple Power Functions IR remote controls. Each remote has two 3-way levers—
one for each motor. With two of these controllers, all four motors of a complete robot
may be controlled, typically by two students.
This option is much simpler to implement and takes less time than the programming
track. And since the equipment costs are much lower, schools and organizations
can more easily afford to run the project, or they can purchase extra materials and support additional
students. The main downside of this track is that students will miss out on the chance to learn and develop
programming skills, which are increasingly valuable in today’s workplace.
This track can be used with upper elementary through high school age students.
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Time Requirements
The track you choose will have the most significant effect on the length of your WaterBotics implementation.
Additionally, since some of the activities in this curriculum are optional—including the entire fourth
mission— your choices of which to include or drop will further affect your project’s length. Finally, the
actual timing of each activity will likely vary from one educator to the next due to scheduling constraints,
student grade level and background knowledge, and adjustments or customizations.

Programming Track
P

Programming

N

Non-Programming

Typical Duration

PL

20-26 hours

E

To get a sense of how much time your project will require, it helps to first consider how long a full
implementation of WaterBotics—including all missions and activities—would take for each programming
track. The table below provides typical ranges. (Note that these estimates only address implementation
time and do not take into account pre-project planning and setup nor post-project cleanup and reflection.
These will require additional time, the specific amount depending on circumstances and experience.)

14-18 hours

The following subsections provide a detailed breakdown of all time requirements, including setup
and cleanup. Special attention will be given to differences between classroom and week-long camp
implementations.

M

Project Implementation Timing Details

A WaterBotics implementation begins with a Project Kick-Off that consists of preliminary activities that
introduce the project to students. After that, the project is broken up into three or four Missions that build
on one another and lead to the development of a fully functional underwater robot.

SA

In-class Project

When implementing in a classroom, time is often thought of in periods rather than hours. With that in
mind, here is a breakdown of the typical implementation time for each track in 40-minute periods:
Project Phase

P

Programming Track

N

Non-Programming Track

Project Kick-Off

80 minutes
(Two 40-minute periods)

80 minutes
(Two 40-minute periods)

Mission 1

300-360 minutes
(7-9 periods)

200-260 minutes
(5-7 periods)

Mission 2

240-260 minutes
(6-7 periods)

210-220 minutes
(5-6 periods)

Mission 3

240-350 minutes
(6-10 periods)

210-310 minutes
(5-8 periods)

Mission 4 (Optional)

160-200 minutes
(4-5 periods)

160-200 minutes
(4-5 periods)
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Since your instructional period length may be different than 40 minutes, use the information in the table
to make a rough estimate of the number of classes you will need to have available for the project. This
estimate will likely be revised as you go through the activity plans in the curriculum and make decisions
about how to handle lessons that do not begin or end neatly within a period.

We e k - l o n g C a m p

E

If you are planning to run a week-long camp, then the timing is handled differently. You already know that
you have five days available, and each day may consist of 4-5 hours of activities. This gives you a total of
20-25 hours, which is certainly enough time for the project. However, it will be much more concentrated
than an in-class project that is typically spread out over weeks. Therefore, you will need to plan carefully
in order to keep participants fully engaged, to have a meaningful culmination each day, and to provide a
smooth transition from one day to the next.

SA

M

PL

To help you get started, sample camp schedulesare provided on following pages—one for each track. The
schedules assume 6 or 7 hours of contact time per day, depending on the track, and include suggested
setup, lunch, and clean-up times. Depending on your situation, you may wish to adjust the start and end
times of each day, change the length of certain activities, drop Mission 4, move lunch, etc. You will have
a better feel for this after you have fully reviewed the curriculum.

10
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Time Requirements for Daily Tasks
In addition to the time required to implement the various activities within the project, you will need to
plan for several recurring daily tasks. The checklists below will help you to get a sense of what those tasks
will be for your project and to estimate how much time you will need to set aside for them.

S e t U p a n d C l e a n U p Ta s k s
Establishing a routing at the beginning and end of each day will help ensure preparedness as the camp
progresses. A daily task list like the example below will help minimize problems that could arise throughout
the camp day, such as dead batteries or missing LEGO® pieces. (Note: Tasks that only apply to certain
tracks are flagged with the corresponding track symbol.)
Set Up Tasks

Clean Up Tasks
P Remove batteries from low-powered NXTs

N Distribute charged AAA batteries

P Plug NXT batteries into chargers

E

P Distribute charged NXT batteries

Distribute charged AA batteries

N Collect Power Functions IR remote controllers and remove

any AAA batteries that need recharging

Organize materials needed for that day’s
activities
Turn on computers if using

N Plug AAA batteries into charging station

PL

Set out check-in sheet

Turn off all battery boxes, remove any AA batteries that require
recharging, and plug them into charging station

Ensure computers, projectors and cameras
are working properly

Pick up any loose pieces

Uncover the pool

Cover pool

Take apart any demos

M

Shut down computers

Set up for next day (materials, print handouts, etc.)

C a m p - S p e c i f i c Ta s k s

SA

While students are at the camp, they are your responsibility. Check with your organization and the camp
facilities to make sure you know the rules and regulations necessary to host a summer camp. Make sure
you cover the basics and come up with a plan for each of the items below.
Camp Tasks

Check-in and check-out of students: Do their parents need to sign them in and out of the camp?
Lunch: Do students bring their own lunches or will they be provided? Are there any food allergies or restrictions
that you need to be aware of?
Health: Do you need to have an agreement with a local hospital in case of emergency? Do any students have
health problems that require your attention or preparedness?
Safety: Do you need a first aid kit at camp? Are any staff members CPR certified? Do you need sunscreen for the
students during outside pool use?
Media: Do you need signed media releases for your organization? Will you have any media representatives from
your community visiting?
Visitors: Do volunteers, Role Models or other visitors need to be signed-in at the site? Are there legal or
organizational regulations requiring background checks on volunteers/interns or Role Models?
Materials: Do you have a safe place to store materials? Will the classroom be locked over night? Will the pool be
covered when not in use?
© Copyright 2013 - All rights reserved.
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Equipment
To implement WaterBotics, you will need LEGO® and non-LEGO® components. The most essential items
are listed and described in the tables that follow. Note that certain items and quantities are specific to an
implementation track, and these are marked with the corresponding track symbols: P Programming and
N Non-Programming.

LEGO ® Materials

E

This list of equipment is also provided on the WaterBotics website, along with information on how to
purchase what you need. Please visit http://waterbotics.org/curriculum/equipment for details, and be sure
to do so well ahead of your project run.

Item

Description

MINDSTORMS®
Educational Base Set

Includes the NXT, sensors, connectors, USB cable, battery pack,

0

N

1

P

0

N

This kit consists mostly of LEGO® Technics pieces, which favor

3

P

beams and pins over bricks. (Note: MINDSTORMS® Education
Base Sets may be substituted for these if already on hand.)

5

N

PL

This is the software that is used to program the NXT. Having the site
license allows you to install it on as many computers as you need.

This motor is durable and works well in the water. It has an internal
planetary gearing system which slows the rotation speed slightly
and provides good torque. (*See note after table.)

25

This sensor sends out infrared signals to a receiver in order to control
the robot wirelessly.

5

P

0

N

0

P

10

N

SA

HiTechnic IRLink Sensor

P

M

Education Resource Set

Power Functions Motor*

5

charger, and Technics-style LEGO® pieces.

MINDSTORMS® Education
NXT Software and Site
License

Power Functions IR Remote
Control

Quantity

These remotes are used to control the robots. Each can control up
to 2 motors.

Power Functions IR
Receiver

This is powered by the battery holder and channels that power to
the motors on the robot, depending on the signals it receives from
the IR remote control.

10

Power Functions Battery
Holder

This battery pack holds six AA batteries, providing 7.2 Volts with
rechargeable batteries, and 9 Volts with regular alkaline batteries.

5

Power Functions Extension
Wire, 8-inch

These wires pass through the lid of the Pelican cases, carrying the
power from the inside of the containers to the outside.

20

Power Functions Extension
Wire, 20-inch (optional)

These wires can help when there is difficulty connecting the motors
to the power supply, or when there is intense IR interference.

20

16
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Non-LEGO ® Materials
Description

Quantity

Pelican Micro Cases

These rugged, airtight and water-resistant containers house the battery
holder and IR receivers, which provide power and control to the robots.

5

J-B Water Weld Epoxy Putty

This is used to help keep the Pelican micro cases water-tight.

4

10-Bay AA Battery Charger
and Batteries

AA batteries are placed in the battery holder and supply power to the
robots.

1

Extra Rechargeable
Batteries

These extra batteries bring the total number of AA batteries to 34,
which is enough for 5 teams plus four spares.

24

Model Boat Propeller

This is a basic model boat propeller that fits easily on LEGO® axles.

Hot Glue Gun and Hot
Glue Sticks

6-foot Snapset Pool

The plastic propeller on this toy is used for the robots’ vertical motion.

12

Hot glue is used to secure propellers to LEGO® axles and to attach
plates and bricks to the Pelican cases.

1 gun
30 sticks

This pool is very easy to set up and can accommodate 3 or 4 groups
testing their robots at once.

1

M

5.5-foot Diameter Inflatable
Pool

20

PL

Flying Dragonflies

E

Item

The pool above is placed inside of this slightly wider pool. This allows
any leaks or spills to be caught.

1

The vinyl bottoms of the pools can tear easily if dragged on a rough
surface. To prevent this, the tarp is spread out on the ground, and the
pools are set up on top of it.

1

Pool Noodle

One of these can be cut up into many small pieces and attached to
robots to help adjust buoyancy.

1 large
noodle

Washers

These are used to provide weight and ballast for the robot and can
conveniently be mounted on axles. They are also used to weigh down
wiffle balls as well as the floating “mines” in Mission 3.

300

Wiffle Balls

These are used as objects to pick up or manipulate.

8

Ping-Pong Balls

Like the wiffle balls, these are used as objects to pick up or manipulate.

50

3-meter NXT Connector
Cable

In some environments, excessive light interference can weaken the
IR communication. This custom-made cable allows teams to hold the
IRLink sensor much closer to the IR receiver in order to overcome this.

5

P

0

N

SA

Tarp

Super Lube Oil

The Power Functions motors are not water-proof, so they will
accumulate rust over time. This lubricating oil is clear, non-toxic, and
contains a water-resistant grease that is great for cleaning and repairs.
© Copyright 2013 - All rights reserved.
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A Note About the Power Function Motors
The motors used in this project were not designed to be put in the water; they are not water-proofed
in any way. They will work quite well initially, but they will slowly accumulate rust over time and will
eventually fail. How quickly this happens depends on how often they are used, as well as how effectively
they are dried out in between uses. Most motors should be able to get through at least two or three project
implementations with proper care. As a precaution, it is recommended to have one extra motor per group.
Once the motors begin to fail, you have two options. You can simply replace them at approximately
$8 per motor. Alternatively, we have developed a viable repair and maintenance procedure, which is
documented in a video on the WaterBotics website in the “Instructor Tools” area. This procedure requires
a special type of lubricating oil that is described in the previous table.

PL

Other Materials

E

The procedure takes some time to learn. The actual repair time is approximately 30-60 minutes for a set
of 10 motors. We recommend that you watch the video to be able to determine if this procedure will be
feasible for your situation or whether it would be better to purchase replacement motors instead.

In addition to the items listed above, you will need a few other materials, which are assumed to be onhand or are easy to acquire. For example:

M

• In the process of water-proofing a robot’s power supply, you will need to cut a large, rectangular hole
in the Pelican micro case lid. A Dremel tool—which is a hand-held rotary tool that can be fitted with
plastic cutting discs—works best for this, but if one is not available, a drill and small saw combination
can work as well. (Details for this task are provided in the next chapter.)
• For filling and draining the pool, you will need a garden hose. If you don’t have one, be sure to
measure the length you will need before you buy one. They typically come in 25-foot increments.

SA

• Once the project is over, if you don’t have a drain in the floor or cannot simply dump the water from
the pool, you will need a utility pump or sump pump to remove the water. Make sure the pump you
use has the proper connection type for your hose.
• A leaf skimmer can come in handy for recovering LEGO® pieces that detach from the robot and sink
to the bottom of the pool.
• An air pump or air mattress inflator may be used to inflate the rings of the inflatable pool. You may
also use your breath to inflate, but if you find that inconvenient, this can help. Be sure to get a pump
whose output matches the pool’s inflatable ring opening.
• Rubber bands can be used to help attach pieces of pool noodle to the robot and can also be used to
bunch up excess wires.

These and other materials you may or may not need are listed in the following two tables. Please refer to
these lists when preparing for your project to ensure you have all the necessary materials.
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Additional Mandatory Supplies
The following supplies are necessary for a WaterBotics project and are assumed to be on hand or easily
obtainable. Note that *starred* items are consumable and must eventually be replaced.
Activity
(If Applicable)

Quantity

Programming

5 (minimum)

3 oz Plastic Bathroom Cups (Preferably White)

Mission 3

5

9 oz Plastic Cups (Preferably Red)

Mission 3

5

Small (3/4-inch wide) Binder Clips (Preferably Colored)

Mission 3

40

Description

E

P Computers

Rubber Bands (around 6-inch perimeter) (Preferably Matching Clip Color) Mission 3

15

Pie Tins or Other Low-Edge Container

Mission 4

2-3

All Missions

10

All Missions

5

Setup and Cleanup

1

Dremel Tool; Large and Small Cutting Disks for Polycarbonate/Plastics
Power Supply Prep
 OR
Drill and 3/8” Bit; Jab Saw, Electric Body Saw or Other Small-Blade Saw

1

Marker

Power Supply Prep

1

Battery Holder

6 per holder

IR Remote Control

3 per control

General Cleaning

6

* Handouts (Media Release, Lesson Handouts, Fliers, etc.) *

All Missions

1 each

* Sticky Notes *

Brainstorming

10

Bowls or Other Clear Containers

Buoyancy and Stability

5

Scissors

Cutting Pool Noodle

5 (min)

PL

Towels
Stopwatches

M

Hose

* Extra AA Batteries *

N * Extra AAA Batteries *

SA

* Paper Towels *

© Copyright 2013 - All rights reserved.
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Additional Optional Supplies
These materials are not necessary, but they can help improve the project and make it more fun for
participants. Again, *starred* items are consumable and must eventually be replaced.

Description

Activity
(If Applicable)

Quantity

Computers

Online Resources

1 per team

Digital Camera

General Purpose

1

Underwater Camera

General Purpose

1

Pool Setup

1

E

Air Pump
Utility Pump

Pool Drain

1

Laptops, batteries

1-5

General Purpose

As Needed

General Purpose

20

Camp

100

Camp

100

Camp

100

Camp

100

Camp

100

Notes/brainstorm

As Needed

Notes/brainstorm

5

Brainstorm, Marking, Mission 1

5

* Tape (Duct, Masking) *

General Purpose

1 roll

Pool Leaf Skimmer

General Purpose

1

Extension Cords

PL

Decorations (room, pool)
Journals
* Snacks *
* Lunch *

* Napkins *
* Utensils *
* Scratch Paper *

SA

* Flip Charts *

M

* Cups *

* Markers, pens, or pencils *

20
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Location Considerations
WaterBotics can be implemented in a variety of locations as long as a few essential requirements are met.
Workspaces for participants, an area for the pool, computer availability, and environment decorations will
be discussed in this section, along with suggested room configurations for various situations.

How Much Space Will You Need?

E

The location you use for your camp or program can consist of one or more rooms and should provide a
large, accessible area for your participants. Each team will need their own workspace, where they can
work on their robot and try out ideas. The teams will also need access to shared materials, which will be
held in a separate area apart from the workspaces. The pool will require additional space. You will also
need an instructor station with your own equipment, computer, projector, and screen.

Wo r k s p a c e s

Typical Workspace Materials

PL

You will likely have a maximum of five teams that will each need a workspace. You can distribute the
materials as they are needed and have students organize their spaces periodically. Each workspace must
have enough room for students to move around, spread out their materials, and build their robots. Below
is an example list of materials a team might have at their workspace halfway through the project.

A desktop computer or laptop (either for one of the programming tracks or for using online resources)

M

A large variety of LEGO® materials
P An NXT and its sensors

N One or two IR remote controls

An infrared (IR) receiver case with connecting wires

SA

A few motors and propellers

Foam pieces for floats and washers for ballast
Rubber bands
Scissors

A flip chart for brainstorming
Pens/markers

One or more large towels
Sticky notes
Tape

Th e Po o l
A section of at least 12’ x 12’ should be reserved for the pool area, which will allow for the pool itself
plus extra room for participants to be able to gather around it. Also make sure there is plenty of space
between the pool and any electronics, such as computers or outlets, that are in the same room. Specific
pool requirements and setup instructions are provided in the Pool Setup section in the next chapter.
© Copyright 2013 - All rights reserved.
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Location Requirements Checklist
To aid you in finding an optimal location for your project a checklist of the most important considerations
is provided below. Depending on your particular situation and on how you ultimately decide to customize
your project, you may come up with additional requirements. Consider this list a starting point and make
adjustments as necessary as you go through the rest of the curriculum.
General Location Requirements

One large desk or table per team, large enough to hold materials and (if needed) computers
P

At least 5 student desktop computers compatible with NXT software (or space for laptops)

A teacher station, optionally with a computer, a projector, screen, and speakers

E

Indoor or outdoor location for 6-8’ diameter pool and 3-4’ of walking space on each side
Hose hookup for water resource

PL

Electrical outlet near pool (or long extension cord) for utility pump, if used

Room space flexibility (can accommodate 20 students in teams, decorations, store materials bins, etc.)
(Optional) Internet access

(Optional) A separate computer work area, with several to many computers

M

Camp-Specific Requirements

Drop-off/pick-up location
Restrooms nearby

SA

Student lunch location

Copy of building liability insurance

Signed contract between parties involved
Building security

Room space flexibility (can accommodate 20 students in teams, decorations, store materials bins, etc.)
(Optional) Internet access

(Optional) A separate computer work area, with several to many computers
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Pool Setup
Considerations

PL

E

Having enough water for the robots to maneuver in is an essential element of this project. However, setting
up a large pool or tank can be difficult in certain environments. We therefore recommend using an
inflatable kiddie pool that provides enough room for the robots, yet is small and relatively easy to set up.

This is an Intex Sunset Glow kiddie pool. It has an outer diameter of 66 inches and may be filled to a height
of 18 inches, which is just enough depth for the robots to be able to maneuver vertically. This type of pool
is readily available and inexpensive, making it easy to replace a damaged one or to add more if desired.

SA

M

The pool will require about 150 gallons to fill, and while that is not a large amount compared to other
pools, it can still be a problem if there is a leak or a spill. This is especially true if the pool is set up in a
room above the ground floor or with electronic equipment nearby. To help guard against water leaving the
pool area and getting on the floor, a we strongly advise you obtain a second larger pool.

This is an Intex Snapset pool with somewhat rigid walls. It is set up by simply spreading it out. With a
diameter of 72 inches, it is meant to serve as a safeguard container for the main pool, which will fit snugly
inside of it, as shown above. Note that when set up, no water will actually be placed in the Snapset pool,
and so the only water it will contain will come from captured leaks or spills.
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Setup Procedure
Setting up the pool area requires some time and space. The process is described below, but it may be
necessary to make some modifications depending on your environment.

Setup Time
Approximately 1 hour. (15-20 minutes for the pool setup, and 30-45 minutes for filling it with water.)

Take-Down Time
Approximately 1 hour to drain, deflate, and lay out pools. May take up to a day to fully dry.

E

Space Requirements
• At least 12 feet x 12 feet

• Level ground or floor that can support at least 1200 pounds

Material Requirements

PL

• Accessible to a water supply and electrical outlet (optional)

• 66-inch diameter inflatable pool
• 72-inch diameter Snapset pool
• Hose

M

• 1 large tarp

• Air pump (optional, but highly recommended)
• Pool cover or additional tarp (optional)
• Sump or utility pump (optional)

SA

• Decorations (optional)

When to Set Up

It is highly recommended that the pool area be prepared before the start of the project. If that is not
possible, then you should try to have it ready by Mission 1, Activity 2. Students use the water in this activity
to test the flotation of their robots. If the pool cannot be set up in time, a smaller container of water may
be used for this activity only. However, the pool must be in place by Mission 1, Activity 3, when students
perform the first complete tests of their fully functional robots in water.

Procedure
1. Set a tarp on the ground where the pool will be located. (Once the pool is filled it cannot be moved
without draining the water, so choose your location wisely.) The tarp will protect the vinyl bottoms
of the pools from scratches and tears, and it will also protect carpets and wood from moisture. We
recommend an extra large tarp to accommodate a variety of pool sizes—it can always be folded to
save floor space if necessary.
2. Unfold and lay the inflatable pool on the tarp. Do not drag any part of it across the ground as you
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move it, or it will likely become damaged and develop leaks.
3. Use an air pump or your own breath to inflate the four rings.
4. Move the pool out of the way to make room for the larger Snapset pool. If there is not enough room
on the tarp for both pools, then lift up the inflatable pool, turn it upside-down, and very gently
place it on the floor.
5. Place the Snapset pool on the tarp, carefully unfold it, and then spread it out. While keeping it
spread out, lift the inflatable pool, turn it back over, and place it inside the Snapset pool. This is
easier to do with 2 or more people.

E

6. Gently pull the bottom sides of the Snapset pool outward to flatten some of the creases on the
bottom. Carefully smooth out creases on the bottom of the inflatable pool using flat hands to spread
it out. Do not pinch or tug the vinyl. You will not eliminate all of the creases, but even a small
reduction helps.

PL

7. Attach a hose to the water supply and run the free end to the inner pool. Begin filling with water. As
the water flows into the pool continue to attempt to smooth out the creases. The increasing weight
of the water will help at first. However, after the water has risen a few inches, its weight will make
any further progress difficult, at which point you should stop. Again, complete elimination of the
creases is unlikely, but any reduction is beneficial.
8. The pool may take up to an hour to fill, depending on the water flow rate. If you are filling the pool
right before it will be used, try to make sure the water is close to room temperature or even warm
if possible. (For example, if your water supply is a janitor’s sink, use both the hot and cold faucets.)
9. If your pool area is outdoors, use a pool cover or tarp when not in use. This will prevent leaves,
bugs, and animals from polluting the pool.

M

10. (Optional) Add decorations to the pool to mimic the real-world environments the participants are
designing their robots for. Suggestions can be found in Chapter 2: Planning Your Project.

SA

11. (End of project) If you are in an area where you can drain water directly into the ground, simply
push the upper sides of the pools inward and down and let the water flow. If you are not able to do
this, connect a hose to a sump or utility pump, place it at the bottom of the pool, run the hose to
a drain, and plug the pump in. For more detail, follow the instructions that came with the pump.
12. (End of project) Lay the tarp(s) and pools out to dry before storing. It could take a day for them to
dry, so plan accordingly.
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Alternate Pool Setups
If you are unable to use the pool(s) mentioned in the previous section due to space, weight or other
limitations of your location, then you must seek out an alternative option. Below are several suggestions.

Alternative Option 1: A Larger Pool

E

Even though a small kiddie pool provides enough room for the relatively small robots in WaterBotics, a
larger pool can make the aquatic environment feel much more open, especially when more than one robot
is in the water at the same time. Furthermore, many participants find the extra water depth compelling, as
it allows them to more easily envision their robots operating in real-world environments, such as a lake
or the ocean.

SA

M

PL

One recommendation for a larger pool is the Intex Easy Set 8-foot diameter pool. It provides a depth of 30
inches and has been used successfully in past implementations of this project.

This pool holds a significant amount of water – around 700 gallons! Therefore, along with its larger size
comes an increased need to protect against spills and leaks. The Intex Frame Set 10-foot diameter pool is
perfect for this task, and it has also been used successfully in past runs of this project.
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Pros
• Extra space for robots to move around, allowing more of them to comfortably fit in the pool.
• More depth, allowing taller robots to be built for the last two missions.
• With a larger outer pool, excellent protection against leaks or spills.
Cons
• Large amount of water needed. (Approximately 700 gallons.)
• Much heavier than a filled kiddie pool.
• More difficult to set up, especially if using the outer frame set pool.
• Significantly more expensive, especially the outer frame set pool.

E

• Due to the large volume of water, uncontained spills or leaks have potential to cause more damage.

Alternative Option 2: An In-Ground Swimming Pool

Pros
• A very large amount of space.

PL

If your school or camp location has a full-sized swimming pool for swim lessons or competitions, you may
be able to receive permission to use it. One issue to consider is that these pools are chlorinated, and that
may affect the performance of your motors. Test them out in the pool before committing to this option.

• All teams could use concurrently.

Cons

M

• Leaks and spills are not an issue.

• Setting up for the missions in this project could be complicated, due to the large area.

SA

• Potential for mischief is high. Plus, there is the possibility of a participant falling in by accident.
• Ask yourself how comfortable you would be with the computers and NXT electronics around this
much water.
• Retrieving LEGO® pieces that fall off the robots may be difficult.

To Acquire

Discuss the possibility with location administrators and/or physical education department head.
Recommendation
Do not underestimate the challenges associated with using a full-sized, chlorinated swimming pool. That
said, this could be a fun solution if properly managed.
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Alternative Option 3: A Large Tub
You may have seen large plastic tubs in the storage section of some large stores. Some of these may be used
for this project, provided that they are large enough (over two feet deep) and the walls are thick enough.
There are also slightly larger ones that are used for agriculture that work quite well, but are expensive.
Pros
• Rigid and mostly leak-proof. Making spills is quite difficult.
• The agricultural versions have plugs at the bottom for easy draining.
• Good depth, so that the vertical movement is not too limited.
Cons

E

• If the walls are thin, the tub may bulge outward when filled with water, making it somewhat unstable.
• Though the vertical space is good, the horizontal area may feel a bit confined compared to the pools.

PL

• Can be expensive, with high shipping costs if ordered online.
To Acquire

Recommendation

M

Search online at websites such as Amazon or Google, or look in the storage section of a large retail
or hardware store. Previous educators have used an agricultural stock tank sold by Rubbermaid, which
you can find at http://www.rubbermaidcommercial.com/rcp/products/categorylist.jsp. (Scroll down to the
Agriculture section at the bottom and select “Stock Tanks”.) The 300-gallon model can work well, though
it is a bit expensive.

SA

If space is limited, and if leaks and spills are a concern, then a large, rigid tub or tank may be the best
solution for you, as long as you can work with the restricted horizontal space and afford the potentially
high cost, especially for the 300-gallon Rubbermaid stock tank.

Alternative Option 4: A Home-Garden Artificial Pond
Artificial ponds are typically installed in a garden or lawn, and they often include fish, fountains, or
waterfalls. The pond itself is typically made from a large piece of plastic that is put in the ground. However,
some of these plastic ponds could conceivably be used for this project, as long as they possess enough
horizontal space and depth.
This option was discovered by an educator who found one at a Lowes hardware store on sale for about
$50. Normally, these are priced significantly higher – usually over $150.
Pros
• Rigid and leak-resistant.
• Sizes are available that offer enough width and depth.
• Can come in interesting, unconventional shapes, which may allow for some creative twists to the
project.

50

© Copyright 2013 - All rights reserved.
Stevens Institute of Technology

Cons
• Can be expensive, just as with the tubs.
• Can be difficult to find. Stocks vary.
• The unconventionally-shaped models can have non-uniform depth. This means that if you don’t
stabilize shorter sections of the pond, it may tip over. (The educator mentioned above had this problem,
but he dealt with it by stacking old, unused textbooks under the short sections.)
• The unconventional shapes may also hinder movement of the robots. Consider possible difficulties
with each mission when evaluating a pond.
To Acquire

E

Try searching online for phrases such as “artificial ponds”. Search out hardware stores that have landscaping
sections, such as Lowes or Home Depot. Or simply visit a local home gardening or landscaping store.
Recommendation

SA

M

PL

Given the variability in models, the potential cost, and possible setup issues, this is not a solution you
should start with. However, if you find an appropriate one for a good price, it may work with this project.
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Equipment Preparation
Some of the items used in WaterBotics must be specially prepared. Below is a summary of necessary tasks,
with suggested completion times. They are described in more detail in the following sections.

Equipment Preparation Tasks
Glue propellers onto LEGO® axles. (30 min)
Create infrared (IR) receiver cases. (20-40 min per box, depending on experience)

E

Propellers

PL

The propellers that are used in WaterBotics are not LEGO® pieces. However, they have been chosen so
that they will slide comfortably on a LEGO® axle. All that needs to be done is to secure them in place,
which is accomplished easily with hot glue.

M

It is recommended to use a relatively small axle, about 1.5 to 2 inches long, since it can be extended with
an axle connector. This gives students the flexibility of deciding how far away from the robot they would
like each propeller to be.

SA

To attach the small propeller to an axle, put a little bit of hot glue around the middle of the axle and then
slide the propeller onto the axle and over the glue. Do this over a newspaper or paper towel, and be
careful not to touch the hot glue.

The glue will pile up on one side of the propeller. Add a little to the other side.
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To set up the large propeller, first take a flying dragonfly and separate the handle and blade.

PL

E

Cut a 3/4-inch segment from the handle, and insert it into the handle as deeply as it will go.

SA

M

Lay the blade down flat with the handle segment sticking up, fill the shaft about half way with hot glue,
and insert a 1.5-inch LEGO® axle into the shaft.

Allow a few minutes for the hot glue to dry. Then cut each blade in half.

This will reduce the undesirable side effect of the robot spinning in the opposite direction whenever the
large propeller spins. (Think of a helicopter without a tail rotor.) Don’t worry about reducing the pulling
and pushing power of the propeller – even at half its original size, it is still very strong.
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IR Receiver Cases

IR Remote Control

IRLink Sensor with NXT

PL

IR Receiver

E

The robots in WaterBotics are controlled using infrared (IR) technology. Specifically, they use the LEGO®
Power Functions IR receiver and battery pack, and either the HiTechnic IRLink sensor ( P programming
track) or the Power Functions IR remote control ( N non-programming track).

The battery pack supplies power to the IR receiver, which then waits for signals from the IRLink sensor or
IR remote control. Upon receiving an IR command, the receiver directs power from the battery pack to
one or both of its two outputs plugs. This will cause any motors attached to the plugs to rotate one way or
the other, which can then be used to spin propellers and move the robot in the water.

M

There is one problem, however—the receiver and battery pack must remain dry or they will not work.
Therefore, since they need to be attached to the robot and remain dry at the same time, the IR receiver and
battery pack are held in a water-resistant case.

SA

Below is a basic diagram of the setup. (Note that an NXT with an IRLink sensor is shown as the controller.
For the non-programming track, the Power Functions IR remote control would replace the NXT.)

IR Receiver Case

IR Signal

NXT Controller

Robot

Ground

The case, which is referred to as the “IR receiver case” throughout this curriculum, is not a standard
LEGO® component and will need to be built for each team.
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Technology Setup
The amount of technology your project will use—and how much of it you will need to set up—depends
on the implementation track you choose.
P

For the programming track:
• Computers will be used for the programming software and for using the optional online resources
on the WaterBotics website.
• The LEGO® MINDSTORMS® NXT bricks and their sensors will be made into remote controllers.
• The HiTechnic IRLink sensors will allow the remote controllers to communicate with the robots.

E

All of these materials will need to be set up and configured properly.
N

Overview of Tasks

PL

For the non-programming track, you only need to consider whether to use the optional online resources.
If you do, then you will need to make computers available and set them up.

Below is a summary of the technology setup tasks that will need to be completed prior to the start of your
project. Note that tasks specific to the programming track are flagged accordingly.

Technology Setup Tasks

M

P Install the MINDSTORMS® programming software on the computers. (5-10 min per computer)
P Install the IR Motor Block in the programming software. (5 min per computer)
P Update the firmware on each NXT to support long cables (2 min per NXT)
P Switch the IRLink Sensors to High Power mode (1 min per sensor)

SA

P Create team folders on the computers to store files. (2 min per computer)

Install a web browser and required plug-ins, if not already done. (5-10 min per computer)
Bookmark the WaterBotics website on all computers. (2 min per computer)
On the WaterBotics website, create a course and add student accounts. (30 min)
Enable the appropriate online resources, logs, and surveys for your course. (5 min)

These are described in more detail in the following subsections. If you are following the programming
track, be sure to go through all of these subsections carefully. If, on the other hand, you are following the
non-programming track, then you can skip to Web Browser Configuration and WaterBotics Website Setup.
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4) Everyone should have a blank workspace and see controls and panels along the sides.

The Program Workspace

Palette
Menu

E

Work Area

PL

NXT Control
Panel

Info Panel

Step 3: Make the Computer Talk to the NXT

M

1) Direct the students to the lower right hand corner of the workspace. This is the NXT Control
Panel. There are five buttons, each of which is used to communicate with the NXT module.

SA

NXT Window

Download
Program

Download and
Run Program

Download and
Run Selection

Stop
Program

2) Instruct students to click the upper left button of the Control panel. This brings up the NXT
Window, which has two tabs – Communications and Memory.
a) Side note: The Memory tab shows how much Memory the NXT has left. For now, we will
concentrate on the Communications tab.
3) In the Communications tab, there is a list of NXT devices that have been connected to the
computer at various times. It shows the name of the NXT, as well as the connection type
(Bluetooth or USB) and the status.
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The Communications
tab shows NXTs
that are available
for connections or
that have previously
connected.

PL

E

Click on the
“NXT Window”
button.

4) Instruct students to turn on their NXTs and look for its name to appear in the NXT list. Brand
new NXTs will show up as “NXT”. The connection type will be “USB” and the status will be
“Available”.

M

a) Side note: If the NXT name doesn’t appear immediately, the Scan button will make the
computer look for any connected NXTs.

SA

Select your NXT
and hit “Connect”.

Once connected and turned
on, the NXT should show
up as “Available” on the
list. If not, hit “Scan”.

5) Instruct students to select their NXT and hit the Connect button. The circle in front of the name
will be filled in when connected, and the NXT Data side panel will go from grey to active.

NXT Name
(To change, type fast
and hit enter button!)

The NXT is now
connected.

Battery Level

Hit “Close” to finish.

6) In the Data area, they can edit the name of their NXT and see the battery level.
a) Side note: Sometimes if you take too much time entering the new name, it won’t change.
If this happens, type more quickly.
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3) Tell them to place it into the top branch of the Switch Block and select it.

Drop the IR
Motor Block in
the top branch.

PL

E

Use port “1”, channel “1”, and
the “Blue” motor output.

a) Explain to students that the way this block works is to take the settings in the control panel
and then use the IRLink sensor to send them to an IR receiver, which then carries out the
instructions and powers any attached motors.

M

The IRLink Sensor

SA

Infrared Signal

Channel Select

The IR Receiver

Power
Cable

b) In the control panel, the Port selection area shows which port the IRLink sensor is plugged
into. Keep it at “1”.
c) The Channel selection area tells the IRLink sensor which channel the IR receiver is listening
to. Keep it at “1”.
d) The IR receiver has two places where motors can attach, and they are colored blue and red.
The Motor selection area in the control panel tells the IR receiver which output to send the
instructions to. Set it to “Blue”.
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e) The Direction of the motor may be set to forward (up arrow) or backwards (down arrow).
Set it to forward.
f) The Power area contains a slider that sets the percentage of available power the motor
should get. Due to the way the IR receiver works, there are only 8 possible power options:
0, 14, 29, 43, 57, 71, 86, and 100. Keep it at 100, which is full power.
g) Now when the program reaches this Block, it will cause the motor that is attached to the
blue plug of an IR receiver set to channel 1 to spin forward at full speed when the IRLink
sensor is pointed towards it.

E

4) Instruct students to copy the IR Motor Block into the lower branch of the Switch Block and
change its direction to backwards (down arrow).

PL

Copy the IR Motor Block
to the bottom branch...

SA

M

...and change the Direction
to backwards (down arrow).

5) Have students detach the pair of IR receivers from each other. Then have them look at the
backs of the receivers and note the orange slider switches. Explain that these sliders select the
channel that the IR receiver listens on, and at least one of them should be set to channel 1. The
other receiver should be left alone with its channel unchanged.
6) Instruct the students to connect their motor to the blue output of whichever IR receiver is set to
channel 1, and then turn the battery pack on if it isn’t already. Note that the battery pack has
two possible on positions, but when used with the IR receiver, there is no difference in which
position is chosen. Just make sure the light on the battery pack is on.
7) Have the students connect the IRLink sensor to Port 1, then download and run the program.
When they point their IRLink sensor toward their IR receiver, the motor will spin one way
while the Touch sensor is pressed and the other way when it is released.
a) You can recommend that the students insert an axle into the motor and attach an object,
such as an orange piece found in some kits. This will make the motor’s spin direction clear.
b) Note that since everyone is on the same channel, if someone points their IRLink sensor
at another group’s IR receiver, they will interfere with that motor. So students need to be
careful where they aim the IRLink sensor, and they may need to keep it close to the receiver.
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Procedure
Pa r t 1 : H u m a n G e a r s
1. Divide participants into two groups: one large and one small. Try to get a whole-number ratio at
first, such as 2:1 or 3:1.
2. The larger group creates a circle with each person facing to the left. Then each person places their
right hand on the shoulder of the person in front of them and holds their left arm out and away from
their body.
3. Repeat this process for the remaining small group. They should be close enough to the larger circle
so that one arm of one wheel will fit between two arms of the other wheel.

5. Try different numbers of teeth on each wheel.

E

4. Ask the large gear to walk slowly once around their circle, making sure that each tooth (arm) fits
between two teeth of the other wheel.
6. Discuss the following questions with the whole group as they are still in their gear formation.
a. How many times did the small wheel turn when the large wheel turned once?

PL

b. What did it feel like being in the big wheel? Small wheel?

c. In which direction did the wheels turn? (clockwise/counterclockwise)

d. How could you use gears to speed up or slow down rotation? (Clarifying question: If you had
the motor attached to the big gear and the propeller attached to the small gear, would you
speed up or slow down the robot’s speed?)

Pa r t 2 : L E G O ® G e a r s

M

1. Direct students to return to their team workspaces and each pair of students to take the following
materials from their kits:
a. 1 long beam (at least 7 holes)
b. 1 large gear (40 teeth)

SA

c. 1 small gear (8 teeth)
d. 2 bushings

e. 2 axles of slightly different sizes
f. 2 large orange teeth with axle hole

2. Ask the students to fit the gears together on the beam, as the student “gears” fit together. Instruct
them to put the axles through the middles of the gears. The axles can then be put through the holes
on the beam and secured with the bushings. Have them put an orange tooth on the end of each
axle so they can observe the relative speed of the gears.

© Copyright 2013 - All rights reserved.
Stevens Institute of Technology

141

3) Another useful tool is the flow chart, which is a diagram that shows all the possible paths a
program can take. Below is an example flow chart for our program so far. Walk through it with
your students to help them understand how it works. It may help to display it on a large screen,
have the students refer to it in their handout, or have them write it on a piece of scratch paper.
Inner Switch

Yes

Is port
2 sensor
pressed?

Inner Switch
Is port
3 sensor
pressed?

Yes

PL

No

No

Branch
1
Branch
2

E

Outer Switch

Is port
3 sensor
pressed?

Yes

No

Branch
3
Branch
4

Step 4: Use the Nested Switch Structure

1) Inform students they will now use this structure to make the following program:

M

a) If the Touch Sensor in Port 2 is pressed, but the one in Port 3 is released, show a smiling
face on the NXT screen.
b) If the Touch Sensor in Port 2 is released, but the one in Port 3 is pressed, show a frowning
face on the NXT screen.
c) If both Touch Sensors are pressed or both are released, display a blank screen.

SA

2) Begin by having them discuss how they would change the flow chart from before to make this
program work. Here is what they should come up with:

Outer Switch

Inner Switch

Yes

Is port
2 sensor
pressed?

No

164

Is port
3 sensor
pressed?

Yes

Clear
Screen

No

Smile

Inner Switch
Is port
3 sensor
pressed?
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Yes

No

Frown

Clear
Screen

3) Once students are comfortable with the flow chart, have them modify the program. With the
Switches already in place, they just need to put the appropriate action into each inner branch.
4) Start with clearing the screen. Put a Display Block into the top and bottom inner branches; set
it to show text; make sure the Clear box is checked; and erase any text in the text box.

PL

M

Set them to
“Text”, ensure
the “Clear” box
is checked, and
erase everything
in the text box.

E

Add Display Blocks
into the top and
bottom branches.

SA

5) Next, instruct students to put another Display Block in the second branch and to set this one
to show the smiling face.

Set this Display
Block to show a
SMILING face.
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PL

E

iii. Build a frame according to the diagram below. (Colors are added for clarity.) This frame is
slightly different than the one in the video to allow it to fit within smaller containers.

SA

M

iv. Cut a piece of foam to be approximately 1½ inches wide. It should be able to fit inside
your structure snuggly.

v. To make the weight, combine the 2x6 flat plates and push 5 pins into the holes, coming
from the bottom. Then slide a penny into the groove of the part of each pin that sticks out.
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PL

E

e. Pull each section of rubber band on the first cup up and over the handle of each clip on the
second cup. Then flip the inner handles of the clips on the second cup down over the rubber
band sections.

SA

M

f. Turn the assembly over. Wrap one or two more rubber bands around the top cup to increase
the visibility of the mine underwater and to generate more friction when a robot touches it.

g. Test the mine underwater.

i. Keeping it in the orientation from the previous step, bring it into the water so that air is
trapped in the cup.
ii. Carefully place it on the bottom of the underwater testing area. It should settle easily.
iii. The mine should remain stable when pushed lightly. However, with a slightly larger push
it should topple over and release the trapped air, thus “exploding”.
iv. If the mine is too sensitive in your opinion, add one or more washers. Conversely, if it
takes too much force to activate, remove one or more washers. Measure and record the
total number or mass of washers that works best.
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What is Engineering?
In this project, you are going to build a robot that will be able to go underwater, move around, and pick up
objects. To do this, you will use a combination of science, planning, design and trial and error. In a basic
sense, this is engineering, and you are going to be an engineer!

Creating Technology and Enhancing Lives

The Engineering Design Process

E

There is nothing mysterious about what engineers do. They simply create or improve things that make life
easier, such as cell phones, computers, books, cars, watches, and even musical instruments. Engineers are
very similar to inventors and designers, and they all use a similar method to come up with their products.

PL

The Engineering Design Process (EDP) is a series of steps that engineers typically go through as they make
things and solve problems. It sounds complicated, but it’s actually very simple and straightforward. There
are different versions of the EDP, but here are the steps to the one we are going to use for this project:
1. Identify the Problem
What problem are you trying to solve? Are you
trying to make a certain task easier, to make
something possible that wasn’t before, or to
improve upon something you have already
made?

Redesign

SA

M

2. Research and Brainstorm
In this step, you may need to learn a
few new things to better understand
the problem. Once you have that
information, you can then start to come
up with ideas for a solution.

Identify the
Problem

3. Design and Build
Test and
After you have a few ideas, you should
Evaluate
pick the one you think is the best and start
to design and build a first version of it. This is
called a prototype.

Th e
Engineering
Design
Process

Research and
Brainstorm

Design and
Build

4. Test and Evaluate
Once your prototype is complete, you need to test it out in the real world to see how it does.
5. Redesign
Almost nothing works perfectly the first time. After your tests, you will likely have noticed several
problems with your prototype. Work on these problems until you get the prototype working.

By the time you finish step 5, you will have a working product. However, you will also probably have
ideas about how it could be better. That takes you back to step 1, where your problem is to improve your
invention. Each full cycle of the EDP is called an iteration, and going through the EDP over and over to
keep improving a product is called iterative design.
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Mission 1
Rescue!

Goal: Create a Robot That Can Rescue a
Distressed Swimmer
The Problem

E

A person is enjoying a nice day at the beach. However, while swimming in the ocean, this unlucky individual is
caught in a riptide and carried far away from the shore and the lifeguard station. If help doesn’t arrive soon, the
person will be in danger of drowning due to exhaustion.

REAL-LIFE ROBOT

Your Mission

EMILY (Emergency Integrated Lifesaving Lanyard)
is a swimming robot that can rescue people faster
than a human lifeguard. It can zoom along at 22
mph, provide flotation, deliver life jackets and even
pull a person back to the shore.

PL

Create a robot that will be able to go from the beach to
somewhere near the swimmer. Once the swimmer grabs
onto the robot, it should back up and return to the shore, all
the while holding the swimmer securely.

Procedure

For more info real rescue robots, check out:

M

A ping-pong ball will be used to simulate the drowning
http://waterbotics.org/real-robots/rescue
swimmer. It will be placed at one end of the pool, and your
robot will be placed at the opposite end. The robot will go
as straight as possible towards the swimmer, and when the robot reaches the other side and is somewhat close, the
swimmer will be placed onto a holder or platform attached to the robot. This will simulate the person grabbing onto
the robot. Finally, your robot will back up to the start, carrying the person with it to safety.

Mission Constraints

SA

Robot must float on the surface of the water
Move forward and backward in a straight line
Use only 1 motor

Include as many small boat propellers as necessary
Experiment with gears to change the robot’s speed
Allow each teammate to control the robot

Mission Achievements
SUCCESSFUL SAVE

ROOM FOR MORE

RAPID RESCUE

ALL ABOARD

CHEETAH OF THE SEA

HEAVY LIFT

Perform a complete rescue

Rescue 5 or more ping-pong balls in one trip

Perform a complete rescue in 20 seconds or less
Perform a complete rescue in 10 seconds or less

Rescue 10 or more ping-pong balls in one trip
Rescue 1 “elephant” (a heavy wiffle ball)

PACHYDERM PACKING
Rescue 2 “elephants”

ENGINEER YOUR CAREER
Mechanical Engineer

Works on the development of many
kinds of machines—engines, tools,
power systems, robots and more.

264

Naval Architect

Designs and builds marine vessels,
such as boats, submarines, yachts,
ferries and cruise ships.
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Biomedical Engineer

Creates technologies and tools that
help to improve medical diagnosis,
monitoring and treatment.

Mission 2
CLEAN UP!

GOAL: CREATE A ROBOT THAT CAN CLEAN UP
FLOATING POLLUTION
The Problem

E

A large ship carrying hazardous materials is traveling across the ocean when it hits some unseen rocks, causing a
major spill. Now pollution is floating all over the water’s surface, and if it isn’t cleaned up soon, it will sink down to
the ocean floor, potentially affecting local marine life.

REAL-LIFE ROBOT

Your Mission

Seaswarm is a large pack of autonomous floating
robots that can be deployed to clean up oil spills.
It is being developed by MIT and makes use of oilabsorbing nanomaterials, solar power, wireless
communication and group-behavior programming.

PL

Create a robot that will be able to head out to the floating
pollution, gather some or all of it up, and bring it back
to a secure collection area. The robot may need to make
multiple trips to clean up a satisfactory amount.

Procedure

For more info on real cleaning robots, check out:

M

The pollutants in this mission will be simulated by floating
http://waterbotics.org/real-robots/cleanup
ping-pong and wiffle balls, which will be scattered around
the pool. Your robot may be placed at any location by the
edge of the pool—this will be its home base. From there, it will head out to the balls, gather some up, and bring
them back to its home base. Once the robot touches the edge of the pool, the balls it has gathered may be removed.
Depending on how much cleanup is desired, the robot may go back out to collect more balls.

Mission Constraints

SA

Robot must float on the surface of the water
Move forward, backward, left and right
Use 2 motors

Include as many small boat propellers as necessary
Try different ways to turn or move sideways
Allow each teammate to control the robot

Mission Achievements
CAPABLE CLEANER

GRAB ‘N GO

SPOTLESS

BIG GULP

QUICK SWEEP

CRAZY CAPACITY

Collect 3 or more balls

Collect at least 1 ball in 5 seconds or less

Collect all the balls in the pool

Collect 10 or more balls at once, in one pass

Collect 5 or more balls in 10 seconds or less

Collect 20 or more balls at once, in one pass

PARTICULAR ABOUT POLLUTION
Collect just the wiffle balls

ENGINEER YOUR CAREER
Environmental Engineer

Develops devices and processes
that help improve, protect and
clean up the environment.

Chemical Engineer

Uses chemistry to solve many types of
problems, such as creating medicines,
producing food and fighting pollutants.
© Copyright 2013 - All rights reserved.
Stevens Institute of Technology

Materials Engineer

Develops and improves many types
of materials, which are the basis of
all devices, structures, and products.
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Common Piece Names
PLATES

PLATES WITH HOLES

1 x 2

2 x 4

1 x 4

2 x 6

1 x 6

2 x 8

BRICKS WITH HOLES

BEAMS

E

1 x 8

3

PL

1 x 2

5

1 x 4

7

1 x 8

SA

1 x 12

M

1 x 6

9
11

1 x 14

13

1 x 16

15

ANGLE BEAMS
2 x 4
Liftarm
Bent 90

4 x 4
Liftarm
Bent 53.13

3 x 7
Liftarm
Bent 53.13

3 x 5
Liftarm
Bent 90

4 x 6
Liftarm
Bent 53.13

3 x 3.8 x 7
Liftarm
Bent 45 Double
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Building Tips

ANGLED BEAMS
Need to create an angle? These make
it easy! They can also be used to
attach floats, weights, and motors.

M

PL

BEAMS & BRICKS WITH HOLES
Often used for the core structure
of a robot. Connect together with
pins or by stacking the bricks.

E

Star Players

AXLES AND AXLE CONNECTORS
Axles are great for connecting
pieces that are far apart or for
things that need to spin. Use the
axle connectors to combine axles.

CROSS BLOCKS
Used for connecting many types of
parts together in unusual ways.
With a little creativity and tinkering,
these pieces are extremely useful!

ANGLE CONNECTORS
These are great for connecting
axles together at angles. Plus, they
each have a hole so that they can
connect to other pieces using pins.

SA

PINS
These fit into most holes. Use
them to connect pieces together,
to reinforce side-by-side beams,
to attach weights and floats, etc.
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NXT Programming Lesson 3
Nested Switches
In this lesson, you will learn how to use Nested Switches to allow multiple sensors to control something
without interfering with each other. You will also see how you can use Nested Switches to allow one
sensor to trigger a variety of different actions.

E

Step 1: A Switch Experiment

Add a Switch Block
to read a Touch
Sensor on port 2.

M

Add another one
to read a Touch
Sensor on port 3.

PL

Add a Loop Block.

SA

Add a Display Block
to the top branch of
each Switch Block.
This Display Block
should show a
SMILING face.

This Display Block
should show a
FROWNING face.
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Science Lesson: Gears
Rotational Speed Effects

PL

E

A basic gear is simply a circle with special bumps around the edge called teeth.

A gear by itself doesn’t do anything, but when you take two with different numbers of teeth and put them
together so that the teeth interconnect, some interesting things can happen. Consider a situation where
there is one gear with 40 teeth connected to another smaller gear with 8 teeth. By turning the big gear
counterclockwise, its teeth will push on the teeth from the smaller gear, causing it to turn clockwise.

SA

M

The gears
start off
lined up

How do the
new angles
compare?

Each gear
turns only
ONE tooth

328
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1 tooth

2 teeth

3 teeth

4 teeth

E

Not only do the gears turn in opposite directions, but the rate at which each turns is different. Keep moving
the big gear counterclockwise until a total of 8 teeth have been moved.

6 teeth

M

PL

5 teeth

SA

7 teeth

8 teeth have gone by, and
the large gear hasn’t even
completed 1 /4 of a turn...

...but the small gear
has already finished
ONE FULL TURN!

Since the small gear has 8 teeth, this has caused it to rotate one full turn. But since the big gear has 40
teeth, it hasn’t even moved a quarter of the way around yet.
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How many turns will the small gear go through by the time the big gear has reached one full turn? Let’s
see.

TWO full turns

M

The large gear finally
makes ONE full turn...

SA

THREE
turns

E

PL

The small gear
has gone through
ONE full turn.

FOUR
turns

...while the small gear
just finished FIVE turns!

For each turn of the big gear, the small gear turns 5 times. This means that as the big gears spins continuously,
the small gear spins 5 times faster. Notice that this is the same as the ratio of the number of teeth in the big
gear to the number in the small gear.

Big gear teeth
Small gear teeth
330

=

40
8

=

5

= Speed multiplier from big to small gear
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Back to the Propeller
How does Newton’s 3rd Law explain how the propeller gets the robot to move?
As the propeller spins, it pushes the water either forward or backward. Let’s consider what happens when
it pushes the water backward.

E

The propeller
pushes BACKWARD
on the WATER...

PL

...causing the water
to push FORWARD
on the ROBOT.

M

By pushing the water backward, the propeller is applying a force on it. This causes the water to flow
backward, but also creates a force from the water back onto the propeller. This, in turn, moves the boat
forward. (Notice how the water spreads out after the propeller has pushed it. This will be important later.)

SA

If the propeller spins the other way, then the opposite will happen.

The propeller
pulls FORWARD
on the WATER...

...causing the water
to pull BACKWARD
on the ROBOT.

In this case, the water flows forward, pulling the boat backward. Once you get the idea, seeing Newton’s
3rd Law in action is easy.
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To test that the connector and weights would balance along a line through the CM, simply place it on a
finger.

Try this!

What if we had tried to balance the connector at a different point?

E

When we try
to balance the
object away
from the CM...

PL

...then whichever
side from the
finger has more
mass falls
down!

M

This should be no surprise. Thus, the middle of the connector really is the CM, and the setup won’t balance
at any other point.

SA

Take the current connector with the weights at each end and add two more weights, each placed equally
far from the center as well. Where will the CM be now?

The CM falls along a line through the middle again.

The axle again
balances on a
finger placed at
the center...

350

...so the center
of mass is
still located
along that line.
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E

However, when they are put in the water, the penny sinks, while the piece of foam floats.

SA

M

Why does this happen? Try to visualize the forces on each object when they are in the middle of the water.
Since they each have the same weight, the buoyant force on the foam must be much greater than the
buoyant force on the penny. That would explain why the foam goes up and the penny sinks.

Different buoyant
forces

Same gravity
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The system is now in a stable equilibrium. If it is turned, it will come right back to this position instead of
flipping over. To see why, observe the forces as it tilts.

This time, when the
structure is tilted, the
BRICK still wants to go
DOWN, and the FOAM
still wants to go UP.

E

But that will cause each
of them to go BACK to
where they just were!

PL

This time, the net force on the foam will cause the system to rotate counterclockwise. So will the net force
on the brick. Together, they will make the system twist back to its stable position. If it were turned the other
way, the result would be the same.

M

The same thing
happens even if
we twist the
structure in the
other direction!

SA

The forces will cause a clockwise rotation this time, again bringing the system back to its stable position.
For the object’s original position to be stable, start off with the foam on the top and the weight on the
bottom rather than the other way around.

If we had started out
with the FOAM on
TOP and the BRICK
on the BOTTOM...

...the structure would
have been stable from
the beginning!
This is a stable structure, and if the object is twisted, it will snap right back to this position!
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