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LEGO® Robot Vehicle Lesson Plans for Secondary Education
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2. Module Summary

A. Overview of Module

Robotics is a great way to get kids excited about science, technology, engineering,
and math (STEM) topics. It is also highly effective in stimulating development of
team-work and self-confidence. This project will present transportation-related
Lesson plans for middle school-aged students utilizing LEGO® Mindstorms NXT
robots to foster interest in the transportation engineering profession as a career
choice.

Language in the Lesson plans will introduce the students, at their level, to the
congestion mitigation solution research priority for recurrent congestion,
describing the importance of modeling and assessment of advanced technologies
and Intelligent Transportation Systems (ITS) with respect to congestion
mitigation; and improvements of traffic signal systems to reduce delays in urban
corridors.

Students will be exposed to computers, basic computer programming, mathematics
as it relates to the tasks, and robots as tools. During these lessons, students will
learn some fundamentals of transportation engineering and how the use of
advanced technology is integral to solving current and future transportation
problems. They will also learn how much transportation affects the quality of life
in our society. Students will hopefully become excited about the field of
transportation engineering and become interested in pursuing this field as a
career.

B. Primary Career Cluster
Science, Technology, Engineering
Transportation Distribution and Logistics

C. Primary Career Pathway
Mathematics: Engineering and Technology
Transportation Systems/Infrastructure Planning, Management and Regulations
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D. Related Occupations

Application Engineer, Automotive Engineer, Chemical Engineer, Civil Engineer,
Computer Engineer, Computer Programmer, Industrial Engineer, Mechanical
Engineer, Systems Engineer, Transportation Engineer

E. Recommended Subject Areas
Transportation Engineering, Computer Programming

F. Scenario Problem Statement

Traffic congestion has many negative effects on driver and passengers as they
waste time with traffic delays. Delays result in loss in time at work, increase fuel
costs, air pollution, stress and frustration, and negative impacts to emergency
vehicle travel times.

The problem is how an intelligent vehicle can help mitigate congestion through the
use of sensors and computer programming. Participants are to build, program and
conduct activities using the intelligent vehicle to solve congestion issues on our
roadways.

6. National Learning Standards Florida Standards
8A SI 11-8 SC.6.N.11-5
8BPS2.1-3 SC6.P.12.1
8BPS 3.4 SC.7.N.11-5
8EST 1.1-5 SC.7.N.3.2
8EST2.1345,6 SC8.N.1.1-6
8FSPSP3,2-3 SC.8.N.3.1
8FSPSP4.1-4 SC.8.N.4.1-2
8FSPSP5.3,5,6,7 8C.8.E.5.10
8GHNS1.1-2

8GHNS2.1-3
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H. Course Goal

Introduce students in grades 5-8 to Transportation Engineering as a potential
career path using LEGO Robots as an Intelligent Vehicle.

What I Want Students to Know What I Want Students to be Able to Do

e What a transportation e Define fransportation engineering in
engineer does their own words

e What congestion and e Define congestion mitigation and travel
congestion mitigation is and time concepts
the cause and effect e TIdentify examples of congestion
relationships involved mitigation

e What an intelligent vehicle o Describe possible components of an
can do and the basics of intelligent vehicle
programming one e Construct basic software programs for

e How to calculate travel intelligent vehicle
distance and travel time of e Run and test intelligent vehicle software
an intelligent vehicle for programs constructed
specific routes containing o Demonstrate travel distance and travel
elements of congestion time calculations

e Calculate travel time of intelligent
vehicle for given route

e Program an intelligent vehicle for given
route

e Run and test intelligent vehicle route
program

e Evaluate, refine and solve programming
problems, as necessary

Copyright © 2012 University of Florida, Transportation Research Center
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Objectives

Course Objectives

1. Discuss in student's own terms what fransportation engineering involves and give
examples of congestion mitigation.

2. Describe several features of an intelligent vehicle and perform basic programming
exercises.

3. Calculate travel distance and travel time of an intelligent vehicle for specific routes
containing elements of congestion.

Session Objective
Lesson 1- What does a Transportation Engineer do?

1. Define transportation engineering

2. Define congestion mitigation and travel time concepts
3. Identify examples of congestion mitigation

4. Describe possible components of an intelligent vehicle

Lesson 2 - LEGO Education Software Tutorials for an Intelligent Vehicle

1. Construct basic software programs for intelligent vehicle
2. Run and test software programs constructed
3. Evaluate, refine and solve programming problems, as necessary

Lesson 3 - Detect Emergency Vehicle and Calculate Travel Distance Exercise
1. Program sound sensor on intelligent vehicle to mitigate congestion
2. Run and test intelligent vehicle programs constructed
3. Demonstrate travel distance calculations and programming
4. Evaluate, refine and solve programming problems, as necessary

Lesson 4 - Following a Route and Calculating Travel Time Exercise

1. Demonstrate travel time calculations

2. Calculate travel time of intelligent vehicle for given route

3. Program an intelligent vehicle for given route

4. Run and test intelligent vehicle route program

5. Evaluate, refine and solve programming problems, as necessary

Copyright © 2012 University of Florida, Transportation Research Center
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Lesson 5 - Pedestrian and Vehicle Detection Exercise
1. Program ultrasonic sensor on intelligent vehicle to mitigate congestion
2. Run and test intelligent vehicle programs constructed
3. Evaluate, refine and solve programming problems, as necessary

I Measurement Criteria

A pretest will be conducted in the first Lesson plan. A post test will be
administered at the end of the last Lesson plan. Mini assessments will be given to
students at the end of each day or lesson regarding the main idea of the activities.
Teams may be awarded points for activities completed. Team with the most points
awarded at the end of the course win the class competition.

J. Time required to complete Problem (Estimated):
e Lessonl-15 hours
e Lesson 2 -15 hours
e Lesson 3 - 1.5 hours
e Lesson4-15 hours
e Lessonb5-15 hours
Total = 7.5 hours

K. Module Support Materials Summary

Introduction fo Transportation Engineering PowerPoint
Laptop for every 2-3 students

LEGO Education Software for each laptop

Model Vehicle for every 2-3 students

LEGO Education Kit 9797 for every 2-3 students
Teacher Guide

Student Guide

# inch black electrical tape

Optional white poster board

Stop watch or timer

Copyright © 2012 University of Florida, Transportation Research Center
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Video files

Video #1  Design Your Future (4:12)

Video # 2 Erin Fletcher, a Civil Engineer (1:56)

Video # 3  Red Light Runner (0:15)

Video # 4 Intelligent Transportation Systems, Your Road to the Future (10:14)

Video # 4A Short Version Intelligent Transportation Systems, Your Road to the
Future (2:50)

Video #5 Ford Intelligent Vehicle Technology (2:47)

Video # 6  Move to the Right for Sirens and Lights (0:30)

Video # 7  Pull Over for Emergency Vehicle

Video # 8  School Bus Route

Video #9 Kiva Robots (0:33)

Video # 10 The Dance of the Bots (1:24)

Video # 11  Volvo Pedestrian Detection (2:08)

Tutorial programming files Lesson 4
Lesson 2 16. Detect Dark Line
1. Play Sound Follow a Line- travel fime
2. Use Display 17. Follow a Line
3. Drive Forward Lesson 5
4. Reverse 14. Detect Distance
5. Accelerate Detect Distance Extra
6. Curve Turn Pedestrian Detection
7. Point Turn
8. Drive in Square

10. Parking Bay: Park-Display-Stop
Lesson 3

12. Detect Sound

Siren Pull Over

Bus Route
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3. Module Teaching Materials

Lesson 1 Outline | What does a Transportation Engineer do?

Time Estimate: Day 1 - 1.5 hours

Objectives

1. Define transportation engineering

2. Define congestion mitigation and travel time concepts
3. Identify examples of congestion mitigation

4. Describe possible components of an intelligent vehicle

Materials & Resources

PowerPoint Presentation
Laptop

Videos # 1-4

Teacher Guide

Pretest Questionnaire

Mini Assessment 1 worksheet

Agenda

Step | Time Activity

1 15 min Complete the pretest questionnaire

2 50 min Introduction to Transportation Engineering PowerPoint with
embedded videos

3 10 min Mini Assessment 1

4 15 min LEGO Mindstorm NXT Intelligent Vehicle Demonstration

Copyright © 2012 University of Florida, Transportation Research Center
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Lesson 2 LEGO Education Software Tutorials for an Intelligent Vehicle
Outline - Playing Sound, Use Display and Movement

Time Estimate: 1.5 hours

Objectives

1. Construct basic software programs for intelligent vehicle
2. Run and test software programs constructed
3. Evaluate, refine and solve programming problems, as necessary

Materials & Resources

Laptop with LEGO Education Software

Video # 5 - Ford Intelligent Vehicle Technology

Pre-built LEGO NXT Intelligent Vehicle

Teacher programming example files

Cable to connect robot to computer USB laptop connection
Teacher Guide

Student Guide

Review Lesson 1 worksheet

Mini Assessment 2 worksheet

Agenda

Step | Time Activity

10 min Review Lesson 1 Worksheet

15 min Introduction to LEGO Education Software-Getting Started

15 min Training Activities 1 and 2 - Play Sound and Using Display

40 min Training Activities 3-8, 10- Making your Intelligent Vehicle Move

O |bhjwin|—

10 min Mini Assessment 2

Copyright © 2012 University of Florida, Transportation Research Center
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Lesson 3 Outline | Detect Emergency Vehicle and Calculate Travel Distance
Exercise - Sound Sensor

Time Estimate: 1.5 hours

Objectives

1. Program the sound sensor on the intelligent vehicle to mitigate congestion
2. Run and test intelligent vehicle programs constructed
3. Demonstrate travel distance calculations and programming

4. Evaluate, refine and solve programming problems, as necessary

Materials & Resources

Laptop with LEGO Education Software
Video # 6-8

Pre-built LEGO NXT Intelligent Vehicle
Cable to connect robot to computer USB laptop connection
Teacher Guide

Student Guide

Teacher programming example files

% inch black electrical tape

Optional white poster board

Review Lesson 2 worksheet

Mini Assessment 3 worksheet

Agenda

Step | Time Activity

1 10 min Review Lesson 2 Worksheet

2 10 min Training Activity 12 - Detect Sound
3 20 min Pull Over for an Emergency Vehicle
4 40 min Follow a School Bus Route

5 10 min. Mini Assessment 3

Copyright © 2012 University of Florida, Transportation Research Center
9



LEGO® Robot Vehicle Lesson Plans for Secondary Education
A Recruitment Tool for Transportation Engineering

Lesson 4 Outline | Follow a Route and Calculate Travel Time Exercise - Light
Sensor

Time Estimate: 1.5 hours

Objectives

1. Demonstrate travel time calculations

2. Calculate travel time of intelligent vehicle for given route

3. Program an intelligent vehicle for given route

4. Run and test intelligent vehicle route program

5. Evaluate, refine and solve programming problems, as necessary

Materials & Resources

Laptop with LEGO Education Software
Pre-built LEGO NXT Intelligent Vehicle
Videos #9-10

Cable to connect robot to computer USB laptop connection
Teacher Guide

Student Guide

Teacher programming example files

% inch black electrical tape

Stop watch or timer

Review Lesson 3 worksheet

Mini Assessment 4 worksheet

Agenda

Step | Minutes | Activity

1 10 min Review Lesson 3 Worksheet

2 15 min Training Activity 16 Detect Line - Stop at an Intersection Stop
Bar

3 25 min Training Activity 17 Follow a Line - Follow a Route

4 15 min Calculate travel time

5 15 min Calculate travel time for a route

6 10 min Mini Assessment 4

Copyright © 2012 University of Florida, Transportation Research Center
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Lesson 5 Outline | Pedestrian and Vehicle Detection Exercise - Ultrasonic
Sensor

Time Estimate: 1.5 hours

Objectives

1. Program ultrasonic sensor on intelligent vehicle to mitigate congestion
2. Run and test intelligent vehicle programs constructed
3. Evaluate, refine and solve programming problems, as necessary

Materials & Resources

Laptop with LEGO Education Software

Pre-built LEGO NXT Intelligent Vehicle

Video # 11

Cable to connect robot to computer USB laptop connection
Teacher Guide

Student Guide

Teacher programming example files

Review Lesson 4 worksheet

Mini Assessment 5 worksheet

Post Test Questionnaire

Agenda

Step | Minutes | Activity

1 10 min Review Lesson 4 Worksheet

2 20 min Training Activity 14 Detect Distance - Stop for a Pedestrian
3 35 min Stop for a Pedestrian and then continue

4 10 min Mini Assessment

5 15 min. Post Test Questionnaire

Copyright © 2012 University of Florida, Transportation Research Center
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4.  Assessment Materials

A.  Final Evaluation Criteria

The pretest questionnaire focuses on vocabulary definitions, prior knowledge
regarding engineering and transportation engineering and experience with robotics.
The posttest questionnaire will demonstrate terms learned, and interest in

engineering and transportation engineering.

Final Evaluation Scoring Guide

Scoring Sheet Lesson

Student or Student Group Name:

Mini Assessments Scoring

1 2 3 4 5

1. Write down 2 examples of causes of traffic congestion.
Write down 3 examples of negative effects of traffic
congestion.

2 What else would you want o program your intelligent
vehicle to say or display that could reduce traffic
congestions?

3. How can an intelligent school bus reduce roadway
congestion? How would an emergency vehicle detector improve
roadway safety?

4. Solve the travel time word problem.

5. What other ways can an ultrasonic sensor prevent
congestion on roadways?

Total Score

Copyright © 2012 University of Florida, Transportation Research Center
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5.  Appendix

A. Glossary of Terms
Glossary of Terms
Circumference - one wheel rotation or ™ X diameter

Congestion Mitigation - providing a way for traffic to flow efficiently to maximize
the use of the roadways and minimize traffic jams

Distance traveled = circumference x wheel rotations
Engineer - person who applies science, math and creativity to solve problems

Intelligent Transportation Systems (ITS) - using technology to make the
roadways in a city or town operate more efficiently and safely

Traffic congestion - overcrowded or clogged roadways that prevent people and
goods from moving efficiently

Transportation engineer - person who works to move people and goods safely and
efficiently

Travel time - how long it takes to get from A 1o B

B. Other Items you choose to include

Teacher Guide
Student Guide

Copyright © 2012 University of Florida, Transportation Research Center
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Appendix B
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Teacher Guide

Lesson 1: What does a Transportation Engineer Do?

Objectives in this session

1. Define transportation engineering

2. Define congestion mitigation and travel time concepts

3. Identify examples of congestion mitigation

4. Describe possible components of an intelligent vehicle

What You Need

One set for entire class:

e Lesson 1 PowerPoint presentation

Videos #1 - Design Your Future (4:12)

Video # 2 - What does Engineering mean to you? (1.:25)

Video # 3 - Erin Fletcher, a Civil Engineer (1:56)

Video # 4 - Red Light Runner (0:15)

Video # 5 - Intelligent Transportation Systems, Your Road o the Future (10:14)
Shorter version of video #5A (2:50)

One for each student:
e Pretest
e Mini Assessment 1 worksheet

Copyright © 2012 University of Florida, Transportation Research Center
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Agenda

Step Time Activity

Day 1

1 15 min. Complete the pretest

2 50 min. Introduction to Transportation Engineering PowerPoint with embedded
videos, slides

3 10 min. Mini Assessment 1

4 15 min LEGO Mindstorm NXT Intelligent Vehicle Demonstration

Total |15 hrs

Getting Ready

Assemble copies of worksheets for each student, a model vehicle for each group and the
PowerPoint presentation for the class. Verify if videos are embedded in the PowerPoint or if
they may need to be accessed via the internet, plan accordingly.

It is suggested that students not have the student guide for lesson 1 to avoid students looking
ahead and finding answers to questions on the slides. Lesson 1 is provided in the student guide
for reference in future lessons.

Copyright © 2012 University of Florida, Transportation Research Center
2



LEGO® Robot Vehicle Lesson Plans for Secondary Education - Lesson 1

Introduction to
Transportation

Engineering

UF FLORIDA

The organization of the instructor notes is summarized as follows:
Key Message: Slide title
Additional Info: Additional information the instructor should know, say, or do.

Questions/Interactivity: Any special supportive comments, cues to questions, or interactivity to stimulate
conversation and check for session objective comprehension.

Possible Problems: Anything that might create a problem that the instructor should be prepared to forestall.
Also, a place for the instructor to make any notes on problems not already addressed.

Slide Activity: The signal should change from red, yellow and green in slideshow mode. Source:
http://commons.wikimedia.org/wiki/File:Traffic_light.gif

Copyright © 2012 University of Florida, Transportation Research Center
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Design Your Future — A Fun
Job in Engineering

I

Click on
image for
video

Key Message: Design Your Future — A Fun Job in Engineering

Possible Problems: Video file is imbedded in slide and will start by clicking on image. This only works if
PowerPoint file and video file are in the same folder. Video file #1 is also included in the Lesson 1 file folder on
the laptop desktop. The file can also be viewed at http://www.youtube.com/watch?v=Qnul12hl_XeE.

Copyright © 2012 University of Florida, Transportation Research Center
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What is an Engineer?

An engineer
applies science,
math, and creativity
to solve problems.

Key Message: What is an Engineer?

Copyright © 2012 University of Florida, Transportation Research Center
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What is a civil engineer?
+

= A civil engineer
could design, build,

and maintain things
like bridges, roads,
canals, pipelines,
and buildings.

Key Message: What is a civil engineer?

Questions/Interactivity: Ask students to name a favorite bridge.

Copyright © 2012 University of Florida, Transportation Research Center
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Erin Fletcher, a Civil Engineer

+

Click on
image for
video

Key Message: Erin Fletcher, a Civil Engineer

Possible Problems: Video file is imbedded in slide and will start by clicking on image. This only works if
PowerPoint file and video file are in the same folder. Video file#2 is also included in the Lesson 1 file folder on
the laptop desktop. The file can also be viewed at http://www.youtube.com/watch?v=SuQitT804bl

Copyright © 2012 University of Florida, Transportation Research Center
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Civil Engineering
+

Civil Engineers might study:

m Construction

m Soils

m Structures

= Land Development
= Water Supply

= Environment

m Transportation

Key Message: Civil Engineering

Additional Info: Questions/Interactivity: Instructor may have students try listing areas prior to advancing slide
material. Intent is not to go into details of each area of civil engineering, but to get students to start thinking
about engineering and their surroundings. If instructor is knowledgeable in the field, each area can be
discussed in detail or advance to the next slide.

Copyright © 2012 University of Florida, Transportation Research Center
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Many Jobs of Civil Engineering

How many different jobs can you see?

b

Key Message: Many Jobs of Civil Engineering

Additional Info: Photo Source: http://commons.wikimedia.org/wiki/File:Elbe Water Bridge.ipg

Questions/Interactivity: Get students to look at the photo and identify the different jobs that would be
related to civil engineers. It might be necessary to write the list of professions on a board or flip chart so
students could review as they examine the photo.

Construction engineer —challenges of dealing with construction over water, coordinating what is built first, and
last

Soils engineer —design of towers holding up the bridge. How deep must the towers go down into the soil for
proper support

Structural engineer —how far apart to place towers in order to support, water, bridges, and people

Land development —how much land will need to be purchased to construct and maintain the bridge, what kind
of government permits will need to be obtained

Water engineer —how much water will the boats displace and raise the level of water in the canal
Environmental engineer —how to construct the towers in the water without disturbing the river bottom and
endangering water quality

Transportation engineer —how to transport the boats and people across the bridge efficiently without long
wait times

As a lead-in to the next slide, emphasize that transportation engineering is only one of many jobs that a
person could choose in civil engineering.

Copyright © 2012 University of Florida, Transportation Research Center
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Role of Transportation
Engineer

To move people
and goods safely
and efficiently

Key Message: Role of Transportation Engineer

Additional Info: Photo Source:
http://commons.wikimedia.org/wiki/File:Transportation_Bangladesh_%283%29./PG

Copyright © 2012 University of Florida, Transportation Research Center
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Types of Transportation

Key Message: Types of Transportation

Additional Info: Photo Sources http://commons.wikimedia.org/wiki/File:Bicycle_trial.jpg
http://commons.wikimedia.org/wiki/File:Ukraine_International_Airplane.jpg

Questions/Interactivity: Ask the students how many different types of transportation they can see in the
photos. Did we miss any? Bus, car, RV, horse, moped, jet ski, truck

Copyright © 2012 University of Florida, Transportation Research Center
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Transportation Engineers
+Move People Safely

Mistakes made *
by drivers
(driver error)

ISAMUEHA 01

% Click on image for video

Key Message: Transportation Engineers Move People Safely
Additional Info: Click on photo for animation or watch Video #3, Red Light Runner
Possible Problems: Video file is imbedded in slide and will start by clicking on image. This only works if

PowerPoint file and video file are in the same folder. Video file #3 is also included in the Lesson 1 file folder on
the laptop desktop.

Copyright © 2012 University of Florida, Transportation Research Center
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Transportation Engineers
+Move People Efficiently

Key Message: Transportation Engineers Move People Efficiently

Additional Info: Discuss the definition of efficient —performing effectively with least waste of time, materials,
and resources.

Copyright © 2012 University of Florida, Transportation Research Center
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Traffic Congestion

Traffic congestion is over crowded or clogged roads
that prevent people from moving efficiently.

Almost half of traffic congestion in America is from
too many cars on the road

Other causes for congestion might be traffic crashes,
road work, or weather events.

Key Message: Additional Info: Photo Source: http://commons.wikimedia.org/wiki/File:Lightning_Strike.jpg;
www.freefoto.com

Questions/Interactivity: Ask for examples of bad weather that would cause congestion.

1. Fog

2. Snow

3. Too much rain
4. Hurricane

5. Tornado

6. Sleet

Copyright © 2012 University of Florida, Transportation Research Center
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Traffic Congestion Results

Wasted time and gas

Late arrival for work,
meetings, and school

Increased air pollution
Wear and tear on vehicles

Stressed and frustrated
drivers

Problems for emergency
vehicles to get to
emergencies
Congestion wastes
billions of dollars.

Key Message: Traffic Congestion Results

Additional Info: Photo Source: http://commons.wikimedia.org/wiki/File:Dhaka traffic.jpg

Copyright © 2012 University of Florida, Transportation Research Center
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Travel Time and Congestion
+

= Travel time - how long it takes to drive
fromAto B

= Congestion increases travel time
because drivers must drive slower

SPEEDI, TRAVEL TIMEI

J
I miles_
travel time (hr) = distance (miles) = speed(- ; )
+ i

Key Message: Travel Time and Congestion

Copyright © 2012 University of Florida, Transportation Research Center
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Transportation Engineers Can
Manage Congestion
+

= Plan for the future
= Design new

_— m Expand existing

" was - . roadways
o ;-'-—;‘,1'3&_ = Manage traffic

> ] efficiently

Key Message: Transportation Engineers Can Manage Congestion

Additional Info: Picture is a traffic management center in Madrid, Spain.

Copyright © 2012 University of Florida, Transportation Research Center
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Intelligent Transportation
Systems (ITS)

+
m ITS is using technology to make the

roadways in a city or town operate
more efficiently and safely.

Key Message: Intelligent Transportation Systems (ITS)

Copyright © 2012 University of Florida, Transportation Research Center
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Intelligent Transportation Systems
(ITS) Video

5

Click on
image for

video
Lauren Pederson

Student

Key Message: ITS Video

Possible Problems: Video file is imbedded in slide and will start by clicking on image. This only works if
PowerPoint file and video file are in the same folder. Video file #4 is also included in the Lesson 1 file folder on
the laptop desktop. The file can also be viewed at

Video #4Long Version http://www.youtube.com/watch?v=WcdoOUHBb9c

Video # 4A Short Version http://www.youtube.com/watch?v=XNBIRwyigGM&feature=player embedded

Copyright © 2012 University of Florida, Transportation Research Center
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Design Your Intelligent
Vehicle

m What features would your intelligent
vehicle of the future have to help
prevent congestion on the roadway?

Key Message: Design Your Intelligent Vehicle

Questions/Interactivity: Discuss as a group, answers can include existing technology or future technology.

Copyright © 2012 University of Florida, Transportation Research Center
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Examples of ITS in
Vehicles

+
m Rear video camera and driver display

- car beeps at driver when backing up
and getting close to object

= Automated parallel park
= Driving lights automatically turn on

= Car automatically breaking before a
crash

= Blind spot detection

Key Message: Examples of ITS in Vehicles

Questions/Interactivity: Do they remember what ITS stands for?

Copyright © 2012 University of Florida, Transportation Research Center
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Review

+

= Transportation engineer — moves
people and goods safely and efficiently

m Traffic congestion — is over crowded
or clogged roads that prevent people
from moving efficiently

= Travel time — how long it takes to
get from A to B, congestion increases
travel time because drivers must drive
slower

Key Message: What did you learn?
Additional Info: Questions/Interactivity: After discussion, hand out mini assessment 1.

Teacher may choose to provide a demonstration of the LEGO Mindstorm Intelligent Vehicle at the end of
Lesson Plan 1.

Possible Problems:

Copyright © 2012 University of Florida, Transportation Research Center
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Lesson 2: LEGO Education Software Tutorials for an Intelligent

Teacher Guide

Vehicle - Playing Sound, Use Display and Movement

Objectives in this session

1. Construct basic softfware programs for intelligent vehicle
2. Run and test software programs constructed
3. Evaluate, refine and solve programming problems, as necessary

What You Need

One for entire class:

e Example programming files located on laptop desktop

01.
02.
03.
04.
05.
06.
07.
08.

10.

Play Sound

Use Display
Drive Forward
Reverse
Accelerate
Curve Turn
Point Turn
Drive in Square
Parking Bay:

Park- Display - Stop
e Videos #5 - Ford Intelligent Vehicle Technology

One for each robot group:

e Laptop with LEGO Education Software

e LEGO Education Kit 9797

e From the LEGO Education kit, pre-built robot vehicle

e From the LEGO Education kit, USB computer to robot cable
e Student Guide
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One for each student

e Lesson 1 Review
e Mini Assessment 2

Agenda

Step Time Activity

Day 2

1 10 min Review Lesson 1 Worksheet

2 15 min Introduction to LEGO Education Software-Getting Started

3 15 min Training Activities 1 and 2 - Playing Sound and Using Display

4 40 min Training Activities 3-8, 10- Making your Intelligent Vehicle Move
5 10 min Mini Assessment 2

Total |15 hrs

Getting Ready

Build each of the LEGO robot vehicles ahead of time. Allow an hour to an hour and a half for
each robot build. Make sure batteries are fully charged for robots and laptops. Building
instructions are available in the Lego Education Software, on the laptop desktop and the booklet
in the kit. (NOTE: For this course, the robots do not need the touch sensor and motor operated
arm for striking a ball, so the last portion of the build should be skipped.) The other three
sensors (light, ultrasonic and sound) will be installed but are not needed for Lesson 2 and will
not be in the way.

Teachers should review the LEGO Mindstorm User Guide located on the laptop desktop prior to
class.

Number the laptops and robots prior to class, assign them to a student pair. For example, first
student pair would have laptop number one and robot number one. If the students save files on
either the laptop or robot, they will use the same equipment for each lesson.
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Make sure the brick memory has space for the students to download their files.

Managing NXT Brick Memory

The NXT brick has a limited amount of memory. When the memory is full, click on the "NXT

Window Button” (upper left hand corner of the controller) to manage files. The NXT Brick
must be on and connected to the computer.

Controller

my |
verey R T 0at:

Show System Files [

Your cement NXT &:

i
i

SN T o

0.6 KB Battery:
14 35KB

_: 1.9 KB Conmection: &56|
Dema'y 15 KB Free Storage; 5 KB

Frmwane version: 1.28

b

rFam

[ oeeat ] | [ opeed ) [ Domaiond J [k ]
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Step 1. Review Lesson 1

Hand out Review Lesson 1 Worksheet as students enter the classroom. Worksheets are located
at the end of this document.

Definition Review

Congestion mitigation - providing a way for traffic to flow efficiently to maximize the use of
the roadways and minimize traffic jams

Engineer - person who applies science, math and creativity to solve problems

Intelligent Transportation Systems (ITS) - using technology o make the roadways in a city or
town operate more efficiently and safely

Traffic congestion - overcrowded or clogged roadways that prevent people and goods from
moving efficiently

Transportation engineer - person who works to move people and goods safely and efficiently
Travel time - how long it takes to get from A to B

For review of an intelligent transportation system, the entire class may either watch the
following video online from the following link or each group may view it on their laptop from the
desktop in Lesson 2 folder.

Video #5 - Ford Intelligent Vehicle Technology
http://www.youtube.com/watch?v=TFfy LNyt-¥Y
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Step 2. Introduction to LEGO Education Software

Open the LEGO Education Software program, NXT 2.1 Programming.

1

TR
O O =1 e L _______——
Fite Edit Tooks Help
S0 e 3 e Pt [ E] [ ¥ ®
= T

Robot Educator

&

&
§

w®
& oatatog

®
B common ealette

Getting Started

Teacher and students should watch both the "Getting Started” and "Software Overview"
clips by clicking on the arrow to the right of each. You will need to continue to click on the
arrow button when prompted to finish the video. This can be done either individually or on

overhead screen as a class.
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: Getting Started
\". Start here with a quick introduction to the basics
—_—

U -]

+%  Software Overview
A quick overview of the

LEGO MINDSTORMS Education NXT Software

2

D

To turn on the NXT brick or select “ON" option on the screen, press the orange button. To
turn the brick off, press the gray rectangular button below the orange button and hold. The
gray arrows are for scrolling through selections.

Step 3. Training Activities 0O1. Play Sounds and 02. Using Display
Now students will begin programming their intelligent vehicle.
An intelligent vehicle will need o communicate with the passengers riding in the vehicle. The

first activity students will learn is to program the vehicle to say "Stop". Students will then
program the vehicle to show "Stop"” on the dashboard.
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Each training activity will have a Challenge Brief, Building Guide, and Programming Guide. The
Challenge Brief will demonstrate the activity; the Building Guide is not needed since we are
using pre-assembled intelligent vehicles; the Programming Guide will guide you through the
programming activity.

Training Activity 01. Play Sound

A. Begin by starting new program file by clicking "GO" in the "Start New Program” area.

B. Click on “"Common Palette” on the top right corner of LEGO Education Software screen to
access the training activities.

Home » Com

Robot Educator

©

B Common Palette

=4
L @ o1. Play Sound fhﬂ
e

m

— @ 02. Use Display

= @ 03. Drive Forward

o @ 04. Reverse

— @ 05. Accelerate s ? 4

C. Click on Activity 01. Play Sound
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D. By default, the Challenge Brief will be shown. Click on the Play Button to view the activity.

Home » Common Palette = 01, Play Sound

Play Sound

| =Back |
@ o1. Play Sound ﬂ
Challenge E

Building Guide
Programming Guide

E. Click the "Programming Guide" bar (you may need to use the scroll bar on the far right to
find it) and watch the tutorial that shows how to drag the desired icon(s) into the proper
window.

‘ Programming Guide

Eile Edt Tools Help

.
%
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F. Complete the program as illustrated, but instead of selecting the "Error” file from the
configuration panel, select the "Stop” file.

el e,
e Action: ) Mb|sound File (0 Ji= Tone 'y Fe :
System Oryeroad
= | - z = -
| 8 Control: 0] h- Plany o] E Stop T
Temperswns
alll Vokeme: sl o — il | 75 Thank You
P Function: (172 Repeat 3 Wait: ] ﬁ Wit for Completion
.

Configuration Panel

6. Connect the USB cable to the computer and the intelligent vehicle. Download and run the
program by clicking the "Play” button in the center of the controller.

P

|D|:rwr1I|:rad and run

) [l

H. Did your intelligent vehicle say "Stop"?
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I. To save your programming file to use again, click “File Save", name the file and find the
location to save files using the browse button. Teachers may want to pre-determine a

naming convention and location for students to save files.
|ﬂ| (Bl I :.-_.3"5-'| S Eau

. ; T Frog ramming -
| Eile Eat Tools Help

ErEDED $ 00~

[ [5]] Save As lmj

Please name the program

**To return to the Common Palette, click the "Back” button in the upper right hand
corner of your window.**

Training Activity 02. Use Display

A. Open a new programming file.
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B. Click on Activity 02. Use Display in the Common Palette

Home ~ Common Palette = 02, Use Display

Use Display <Back
@ 03. use Display {x/

L 1

Building Guide

Programming Guide

C. Click on the "Programming Guide" bar and recreate the program from the guide (use the
left and right arrow buttons to navigate). Instead of selecting "LEGO Minifig Head"
from the configuration panel, select "Stop".

Mgy Wy Acton: @) [image | 1 Postion:

[ l Diisplzy &) Clear
I} Fie - Kl 24)¥ :I'E'

D. Connect the USB cable to the computer and the intelligent vehicle.

E. Download and run the program by clicking the "Play” button on the controller.

Did your intelligent vehicle screen or dashboard show a "Stop" sign?

To save your programming file to use again, click "File -> Save", name the
file and find the location to save files using the browse button.
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Step 4. Training Activities 3-10 Making your Intelligent Vehicle Move

Training Activity 03. Drive Forward
A. Open a new programming file.

B. Click on Activity 03. Drive Forward in the common palette.

C. Click on the "Programming Guide" bar and recreate the program from the guide (use
the left and right arrow buttons to navigate).

This time instead of download and run, download the program to the
intelligent vehicle. Since the vehicle will be moving, it is best to
download the program, disconnect the vehicle from the computer,
place on the floor, and run the program from the vehicle.

You do not want the vehicles rolling of f of the tables.

- P
FLD I

Download

D. Connect the USB cable to the computer and the intelligent vehicle.
E. Download the program to the intelligent vehicle.
F. Disconnect the USB cable from the vehicle.

G. Place the vehicle on the floor.
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H. Press the orange button on the NXT brick once to select "My Files” and again to
select "Software Files".

nxXT nxT

I. Use the left and right arrow keys to find your file (the last file you downloaded to the
NXT brick will appear first on the screen).

J. Press the orange button to select the file and again to run the file.

*MAKE SURE YOUR VEHICLE IS ON THE FLOOR PRIOR TO RUNNING THE FILE!™

Copyright © 2012 University of Florida, Transportation Research Center
35



LEGO® Robot Vehicle Lesson Plans for Secondary Education - Lesson 2

K. Continue with common palette activities 4 through 8 and 10 ("Reverse”, "Accelerate”,
"Curve Turn”, "Point Turn”, "Drive in Square”, and "Parking Bay"). Skip Activity 9. My
Block.

Home :» Commi

Robot Educator

@ e I
B Common Palette f

|
L @ 01. Play Sound

@ &Y

— 02. Use Display §\‘;/
e @ 03. Drive Forward m
e

o @ 04. Reverse

| 8
— @ 05. Accelerate 5 "

o~
c:ﬂ
L B e s Teien e

L. Once you have completed training activities 1-8 and 10 you have completed Lesson 2
and are ready for the mini assessment.
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Additional Challenge 1 - Program to "Park”, "Display”, and say "Stop” Using Display

Now that you have mastered how to make your intelligent vehicle move, program your vehicle
to "Park”, "Display” and say "Stop”.

Example program, see Park-Display-Stop.rbt for details of each block.

Additional Challenge 2

What else can you program your intelligent vehicle to say or display that could reduce
traffic congestion? Program and run, be prepared to explain how your program reduces
traffic congestion.

Step 5.Mini Assessment 2

Hand out mini assessment 2 for the students to complete.
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Teacher Guide

Lesson 3: Detect Emergency Vehicle and Calculate Travel Distance
Exercise - Sound Sensor

Objectives in this session

1. Program the sound sensor on the intelligent vehicle to mitigate congestion
2. Run and test intelligent vehicle programs constructed
3. Demonstrate travel distance calculations and programming

4. Evaluate, refine and solve programming problems, as necessary

What You Need

One set for entire class:

Example programming files located on laptop desktop
12. Detect Sound

Bus Route

Siren Pull Over

Videos # - 6. Move to the Right for Sirens and Lights
7. Pull Over for Emergency Vehicle
8. School Bus Route

# inch black electrical tape

Optional white poster board

One for each robot group:

Laptop with LEGO Education Software

LEGO Education Kit 9797

From the LEGO Education kit, pre-built robot vehicle and USB cable
Student Guide
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One for each student

e Lesson 2 Review
e Mini Assessment 3

Agenda

Step Time Activity

1 10 min Review Lesson 2

2 10 min Training Activities 12 - Detect Sound
3 20 min Pull over for an Emergency Vehicle

4 40 min Follow a School Bus Route

5 10 min. Mini Assessment 3

Total |15 hrs

Getting Ready

Using the pre-built LEGO robot vehicles, make sure batteries are fully charged for robots and

laptops. Teachers should review the LEGO Mindstorm User Guide located on the laptop desktop
prior to class.

Teachers may want to pre-determine a haming convention and location for students to save
files.

The school bus route for step 4 should be taped out on the floor or on a piece of white poster
board prior to class. Use black electrical tape. The route is a 15 inch wide and 24 inch long
rectangle for this Lesson plan.

=>

Bus Stop 1 Bus Stop 2

0

15inches

24 inches

{t

Start at School Bus Stop 3

<~
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Step 1. Review Lesson 2

A. Hand out Review Lesson 2 Worksheet as students enter the classroom. Worksheets are
located at the end of this document.

Definition Review

Congestion mitigation - providing a way for traffic to flow efficiently to maximize the
use of the roadways and minimize traffic jams

Engineer - person who applies science, math and creativity to solve problems

Intelligent Transportation Systems (ITS) - using technology to make the roadways in a
city or town operate more efficiently and safely

Traffic congestion - overcrowded or clogged roadways that prevent people from moving
efficiently

Transportation engineer - person who works to move people and goods safely and
efficiently

Travel time - how long it takes to get from A to B

B. Open the LEGO Education Software program, NXT 2.1 Programming.

C. Using the NXT Brick

To turn on the NXT brick, press the orange button. To turn the brick of f, press the gray
rectangular button below the orange button and hold for 3 seconds. Use the gray arrows
to scroll through selections on the screen.

nxT
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D. Saving Files

{;&f '@] Save As e e
f Please name the program
‘ >3 Sl m—

(2 i FilLeslie workiLEGO Robot Vehids Lesson
4y g Plars e Prograttoniin !
D|| goisalo =

—| O = [oovse | [ seve | [ cowsl |
EI et

To save a programming file for later use, click "File -> Save", name the file, and choose a
location to save the files using the browse button.

E. Downloading to the Brick

Since the vehicle will be moving, it is best to download the program, disconnect the
vehicle from the computer, place on the floor, and run the program from the vehicle.
You do not want the vehicles rolling off of the tables.

: = _,j
< _‘J i
\ |Downlc|ad and run
Download EJ =J.J

F. Locate Downloaded Files

Press the orange button on the vehicle once to select "My Files” and again to select
"Software Files".
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nxT nxT
T EEeETEETE——

The last file you downloaded to the vehicle will appear on the screen. Use the left and
right arrow keys to move to different downloaded files. Press the orange button to
select the file. Press the orange button again to run the file. Make sure your vehicle is
on the floor prior to running the file.

6. Opening LEGO Education Tutorials

Click on "Common Palette” on the top right corner of LEGO Education Software screen
to access the training activities.

@ [

E Commaon Palette

—
I— @ 01. play Sound ‘uﬂ

Each fraining activity will have a Play Button, Building Guide and Programming Guide. The
Play Button will demonstrate the activity: the Building Guide is not needed since we are
using pre-assembled intelligent vehicles. The Program Guide will walk you through the
programming activity.
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Step 2. Training Activity 12. Detect Sound (Stop for an Emergency Vehicle)

The entire class may either watch video #6 online from the following link or view them in
groups on each laptop on the desktop in Lesson 3 folder.

Move to the Right for Sirens and Lights
http://www.youtube.com/watch?v=wX2mqUpP5gY&feature=related

A. Open a new programming file by clicking "6O" in the "Start New Program” area.

B. Click on "Common Palette” on the top right corner of LEGO Education Software screen to
access the training activities.

C. Click on Activity 12. Detect Sound

D. Scroll through the "Challenge Brief" using the right and left double arrows.

E. Click the "Programming Guide" bar and use the right and left double arrows to view the
programming tutorial.

F. Complete the program as illustrated.

6. Connect the USB cable to the computer and the intelligent vehicle. Download and run the
program by clicking the "Play” button in the center of the controller.

If the intelligent vehicle stops from other noises in the room,
increase the frigger value in the "Wait" configuration panel. You
may use your voice or clap to simulate a siren.
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Sound Sensor

VFait

S Contral: Sensor (=) B pai: @) 11 o 3 0 4
Saund; &0
L;EJ
-
Step 3. Pull over for Emergency Vehicles

Source http://en.wikipedia.org/wiki/Image:Losangelesfiredepartmentambulance.jpg)

Program your intelligent vehicle to detect an emergency vehicle,
pull off the road and stop. An emergency vehicle siren is loud and
we cannot program here for a specific frequency. Students may
need fo try different trigger values. Watch the demonstration
video #7 on each laptop or as a class entitled, "Pull over for
Emergency Vehicle" in the Lesson 3 folder.

Try to program the exercise first. If you need help, review the
example file named "Siren Pull Over.rbt” in Lesson 3 file folder.
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A. Using the programming file from Step 2, Activity 12. Detect Sound, click the last move
block and open the configuration panel.

'f' -L-‘JI. £ k? . 2 1.“
gossdmlc 2ok
O HGres 1

B. Change the "Direction” to straight, set the "Duration” to 2 rotations, "Next Action” to
coast, and move the "Steering” slider slightly right to maneuver the vehicle out of the

way.

O a B c B Powsn: By () L EE)
of oL 08 =2 Dwston: | 2 | [Rotabons ]
7 e Nes Adion: O | Brake & b Coast

g O—=

C. Drag another move block to the workspace.

O [~ 2N 2 [
EOES r’_';% @’ [o
O |res a lpe gl |

D. Straighten the vehicle out by moving the "Steering” slider to the left to align with the
roadway, reduce the "Power" to slow the vehicle, and set the "Duration” to 2 rotations,
and "Next Action" fo coast.

Oa BB (e [ Poweri e —————— @] 26
Gt O OQ 4 Duston: | 2 | [Retations =

[c & ) (8 [0 i Neamen  ObllEske O b Coms
s i

This is only an example. Students may come up with several variations.
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Step 4. Follow a School Bus Route

(Source:http://commons.wikimedia.org/wiki/File:School_bus. jpg)

A school bus follows the same route every day. Students will program the intelligent
vehicle to act as a bus on a route. For this exercise, the route is a 15 inch wide by 24
inch long rectangle.

=>

Bus Stop 1 Bus Stop 2

O

15 inches

24 inches

{

Start at School Bus Stop 3

<~

Watch the demonstration video # 8 in the Lesson 3 folder titled "Bus Route” in groups
on each laptop or together as a class. Try to program the exercise first. If you need
help, review the example file named "Bus Route.rbt” in Lesson 3 file folder.
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MATH MOMENT!

Calculating Travel Distance

In order to program the bus to travel 15 inches, students can choose a duration of “unlimited”, “degrees”,
“rotations”, or “seconds” from the “Move" configuration panel. To provide an accurate travel distance, we will
program the number of wheel rotations.

OA BB Bc ) Power: b, Y] Unlimized
r— D@g‘eeﬁ
Of O OQ ¥/ Duaton: | 1]
— Seconds
(c &) 1 B [-)| ¢ NetAon OYlBake O by Com

e ; -
¢C¢ -_-_;’_(—_;-~ -

One wheel Rotation = Circumfermgpgqufimhﬁﬁle;s 2.25 in
What is the circumference of the intelligent vehicle wheel?
C=nxd=314x225in=7.065 inches

The distance traveled in inches is the number of wheel rotations multiplied by the circumference of the wheel. In
this case we already know the distance traveled and need to calculate the number of rotations.

Therefore:
Distance traveled = circumference x wheel rotations

15 inches = C x rotations
To calculation the number of rotations to travel a certain distance is

# rotations = Distance traveled + C

= (15 inches) = (7.065 inches) = 2.12 rotations

Calculate the number of rotations to travel 24 inches.
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Program the Bus Route

A. Open a new programming file.
B. Select the move block, drag and drop.

C. Inthe "Move" configuration panel, select rotations for duration and enter 2.12 rotations
to travel 15 inches.

D. Reduce power to 50.

E. Insert a wait block for 5 seconds to pick up passengers.

=
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In order to turn accurately on the black line, the right wheel (port B on brick) will
need to remain stationary and the left wheel (port C on the brick) will need to rotate
350 degrees to turn the intelligent vehicle 90 degrees to the right. In order o move

only one wheel, the Complete Palette menu will need to be used. The complete palette
menu provides more options for more complicated programming. We will only be using
the move block to isolate one wheel. Once the move block for turning is finished,
switch back to the Common Palette.

F. Switch to complete palette by clicking the "Complete Palette” tab.

L

G. Click on the "Common” button (green, round circle) and drag and drop a "move” block to
the workspace.

H. Uncheck port "B" (right wheel) from the "Move" configuration panel (we only want the
left wheel of port “C" to move).

I. Reduce the "Power" to 50.

J. Set the "Duration” to 350 Degrees.

i LE Pom: Oa OB BGc @y Canal; O #) Motwr Power
'. ' f Direction; oir O & O {F% Duration: | 350 | [I}egeE (=]
L Acson: | Constant = 5 wai: @ % wsit for Completion

1 0l

lﬁg C_‘___,'I- Power: u.:_._,J'-_D— g.g =0 !%"‘r Mext Acton: =) ?‘ﬂ Brake o b’h‘ Coast

Copyright © 2012 University of Florida, Transportation Research Center
50



LEGO® Robot Vehicle Lesson Plans for Secondary Education - Lesson 3

K. Switch back to the "Common Palette”

L. Calculate the number of rotations to travel 24 inches.

M. Repeat steps A - D and change the number of rotations to 3.4 to make the bus travel the

24 inches to the next stop.

LF Port: O oA 8 c ST — B
cp Drecon. O O O (% Durstion: | 3.4 | [Rotations =)l
B &) Sweenng: P [t Nex Acton: () Bl Brake O B Cosst
4 0 £
N. Program the bus to stop for 5 seconds to pick up passengers.
Common [ | Bes Rou =

Time B
Seconds: s

—_—

=) |

e

O (%
ECkSs
I"(:/ e

O. Finish the program by repeating a turn (steps F - K), travel 15 inches (steps B - D), wait 5
seconds (step E), turn (steps F - K), travel 24 inches to return to the starting point

(steps B - D).
The complete bus route should look like the illustration below.
=

g
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P. Once your program is complete, downloaded it to your intelligent vehicle and run on the
bus route.

Did the vehicle follow the bus route?

The fravel distance is based on the wheel rotations. Where should the wheel be placed
at the starting point?

You program to turn right pivoting on the right wheel. Should the right wheel or left
wheel be on the black line?

Q. Additional Challenge
For an additional challenge (if time allows), create your own route with pedestrians and
other vehicles to avoid (creating an obstacle course on the floor). Create your route on
the floor using objects in the room such as a water bottle fo avoid. Create a program for

your route and run.

Step 5. Mini Assessment

Hand out mini assessment 3 for the students to complete.
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Teacher Guide

Lesson 4: Follow a Route and Calculate Travel Time Exercise - Light
Sensor,

Objectives in this session

1. Demonstrate travel time calculations

2. Calculate travel time of intelligent vehicle for given route

3. Program an intelligent vehicle for given route

4. Run and test intelligent vehicle route program

5. Evaluate, refine and solve programming problems, as necessary

What You Need

One set for entire class:

e Example programming files located on laptop desktop
16. Detect Dark Line
17. Follow a Line
Follow a line-travel time

e Videos # - 9. Kiva Robots
10. The Dance of the Bots
e % inch black electrical tape

e Stop watch or timer (for additional challenge)

One for each robot group:

e Laptop with LEGO Education Software

e LEGO Education Kit 9797

e From the LEGO Education kit, pre-built robot vehicle

e From the LEGO Education kit, USB computer to robot cable
e Student Guide
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One for each student

e Lesson 3 Review
e Mini Assessment 4

Agenda

Step Time Activity

1 10 min Review Lesson 3

2 15 min Training Activity 16. Detect Dark Line - Stop at an Intersection Stop
Bar

3 25 min Training Activity 17. Follow a Line - Follow a Route

4 15 min Calculate Travel Time

5 15 min Calculate travel time for a route

6 10 min. Mini Assessment 4

Total |15 hrs

Getting Ready

Using the pre-built LEGO robot vehicles, make sure batteries are fully charged for robots and
laptops. Teachers may want to pre-determine a naming convention and location for students to
save files.

Using black electrical tape, make a line 5 feet long. The line will be used in steps 2-5.

Step 1. Review Lesson 3
A. Definition Review

Congestion mitigation - providing a way for traffic to flow efficiently to maximize the
use of the roadways and minimize traffic jams

Circumference - one wheel rotation or ™ X diameter

Distance traveled = circumference x wheel rotations

Engineer - person who applies science, math and creativity to solve problems

Intelligent Transportation Systems (ITS) - using technology to make the roadways in a
city or town operate more efficiently and safely

Transportation engineer - person who works to move people and goods safely and
efficiently

Traffic congestion - overcrowded or clogged roadways that prevent people from moving
efficiently

Travel time - how long it takes to get from A 1o B
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Intelligent vehicles of the future may use sensors in the pavement or roadways to
maneuver. The following videos show a robot developed to automate a catalog
warehouse distribution center. The robots use sensors in the floor to move
products around the warehouse. Intelligent vehicles in the future may work in a
similar fashion. Similar systems could be developed to distribute people and goods
safely and efficiently.

http://commons.wikimedia.org/wiki/File%3APort SaTos.ipq

B. The entire class may either watch the following videos online from the following link or
view them in groups on each laptop (video file #9 and #10 can be found in the Lesson 4
folder on the desktop).

Kiva Robots
http://www.youtube.com/watch?v=4kl6PhWfwjA
The Dance of the Bots
http://www.youtube.com/watch?v=Vdmtya8emMw
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Step 2. Training Activity 16. Detect Dark Line (Stop at an Intersection Stop Bar)

Open the LEGO Education Software program, NXT 2.1 Programming.

Refer to past lessons for managing memory, saving files, downloading to the brick
and other basic skills.

A. Begin by starting new program file and clicking "GO" in the "Start New Program” area.

B. Click on "Common Palette” on the top right corner of LEGO Education Software screen to
access the training activities.

C. Click on Activity 16. Detect Dark Line

D. By default, the Challenge Brief will be shown. Click on the double arrow buttons to view
the activity.
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I [ o
Home - Common Palette » 15, Detect Dark Line

Detect Dark Line <gack |

= 3
@ 16. Detect Dark Line \g

Building Guide

Programming Guide

E. Click the "Programming Guide" bar (you may need to use the scroll bar on the far right to

find it) and watch the tutorial that shows how to drag the desired icon(s) into the
workspace.

Ele Edt Tooks Help
D & QO + ~

I -]
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In step 4 of the "Programming Guide”, the light sensor is programmed fo wait to
be activated by a certain intensity of light.

_J a/10 -

If your intelligent vehicle is running on a surface of any color other than white
before detecting the black line, an adjustment to the trigger value may be
needed. The orange arrow on the left above is the feedback box which displays
the current light reading (0-100%). You can use it to try out different trigger
values.

) T compuen:

; Funstion:

_J 6/10 _]

Select the left radio button (step 6 of futorial) o program the block with light
levels lower than the trigger value. If you check the "Generated Light" checkbox,
the light sensor will turn on its own small light source and detect this light if it is
reflected back to it.
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Complete the program as illustrated to make the intelligent vehicle stop at an intersection
stop bar (represented by the black tape).

F. Connect the USB cable to the computer and the intelligent vehicle. Download the program
by clicking the "Download” button in the bottom left corner of the controller.

149y
~ .

G. Disconnect the vehicle from the computer and place on the floor (you do not want the
vehicles rolling off of the table).

H. Place the vehicle a short distance from the stop bar (black tape) and run the program.

The last file you downloaded to the vehicle will appear on the screen. Use the left
and right arrow keys to move to different downloaded files. Press the orange
button to select the file, press the orange button again to run the file. Make sure
your vehicle is on the floor prior fo running the file.

I. Press the orange button on the vehicle once to select "My Files” and again to select
"Software Files".

(femie)

nxT nxT
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J. To save your programming file to use again, click "File -> Save", name the file and find the
location to save files using the browse button. Teachers may want to pre-determine a
naming convention and location for students to save files.

1 [ o1, Play Sound | Untitied-1

Aie ¢

.;;?:}'} @J Save As l"_"""'J
— Please name the program

s
‘ - Fleters | DEE=EEE | T ==

———— e [ | Path Filleslie workLEGO Robot Wehide Lesson
\ — % mads‘E‘hla“-lml Walﬂlﬂ-g

L
B

| .r;.
Ll ]

]B-rowse] ] Sawve J ] G:—ncel]

**To return to the Common Palette, click the "Back" button in the upper right hand
corner of your window.**

Step 3. Training Activity 17. Follow a Line (follow a route)

A. Open a new programming file.
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B. Click on the back button in the Common Palette.
C. Click on Activity 17. Follow a Line in the Common Palette

D. Complete the program as illustrated, to make the intelligent vehicle follow a route (a

black line.)

Loop Blocks and Switches

Loop block - any programming blocks inside the loop block will repeat in a loop (in

this exercise, forever).

Leop @) Coeerot
) ey
\> orrg
L1 show: 0 #2] Counter

Switch block - in this program the light sensor switch block is used. If the light
sensor detects a dark line, motor C (left wheel) will stop and motor B (right wheel)
moves forward. If the light sensor then detects a lighter road surface, the right

wheel stops and left wheel moves forward.

N 4
, C j,\.);‘}_:-"

J

o

——t

s ||||é_‘ w 5
lg]

|

**For additional information on the loop and switch block, see the help tab**
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. Connect the USB cable to the computer and the intelligent vehicle. Download the program
by clicking the "download” button in the bottom left corner of the controller.

. Disconnect the vehicle from the computer and place on the floor (you do not want the
vehicles rolling off of the table).

. Place the vehicle at the beginning of the black line.
. Run the program from the NXT brick (refer to Step 2, letter H for help).

. Save the program for use in Step 5 (see Step 2, letter J for help).
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Step 4. Calculate Travel Time

MATH MOMENT!

Calculating Travel Time

Have you ever used a mapping application to find out how long it will take you to drive
from one destination to another?

If you travel from Gainesville, Florida to Orlando, Florida, the distance is 120 miles.
How long will it take to drive 120 miles (or what is the travel time)? Travel time is a
function of distance and speed.

distance(miles)

t lti h =
ravel time (hours) speed (miles per hour)

Therefore if you travel at a constant 60 miles per hour,

120(miles)

travel time (hours) = 60 (miles per hour)

travel time = 2 hours

-, g Heystone Heights o
o Vermont Heights Crescent Beach
Putriam Hall Florahome |
o o Hastings
e ] DS\.m\mor Haven
_ ainesville Palatha o
is City. Interlachen Marineland
O'Frcmon 9 San Mateo
oHaMhorne [+ Palm Coast
Satsuma
oArcher a
Orange Springs T
A Pomaona Park
othleﬂand P Yratuk g i : Bunnell @ Flagler Beach
Bronson o \ O
=3 Crescent City
O Korona
Williston o
el OEufel a cs"" Springs ofavomna
nnee Seville
=
Crmond Beach
ocaiA Fiersan e
ot Daytona Beach
e Ocala OL‘“"' FOR e oamberwlle
ebanon or
Cedar Ke; o 2 Astor Park .o Q port
o L GS:lver Springs Shaores o South Daytana AL
o
5
= Dunnelton f Ballayieg, b ;r)ﬂus
S, o Samsula
2 Olawaha Forest Hills S0% o New Smyrna Beac
o Edgewater
i Orange Cit;
Beverly Hils Lady Lake b SR
Crystal RJUHO O De Bary L Deltona
Wildwood 9,
Inverness *.
Homosassa S;nrlngsO © 0“‘5"“'9 DTavares osmmu
O CANAVERA
Lake F':m:nsolﬂeeo L;IQM:K 3 NATL
o % (417) SEASHORI
Floral City ’
} ,
05“5"‘”9“ m:)‘po; % Atamerte Springs OMI ms
Forest City O‘I’-Iuswlle
- o
Brooksville ascomeo Clerthg Bithio
o = e o
Ridge Manor Groveland
o

Spring Hill Port St,
O | o

sl
Co‘c‘oa L

@2011 MapQuest - Portions S21%, TRy

i
Dade City Lal¥ Buena \fj_ﬂq/
=]

ABayonet Point

Copyright © 2012 University of Florida, Transportation Research Center
63




LEGO® Robot Vehicle Lesson Plans for Secondary Education - Lesson 4

Step 5. Calculate Travel Time for a Route

A. Using the five foot long route of tape on the floor, calculate the time for the intelligent
vehicle o travel from one end to the other.

distance(feet)

t L ti ds) =
ravel time (seconds) speed (feet per second)

The constant speed for the intelligent vehicle following a route at 50% motor
power (fully charged battery) is 0.19 feet per second.

5(feet)
.19 (feet per second)

travel time (seconds) =

travel time = 26.3 seconds

B. Use the program from Step 3 to make the intelligent vehicle stop after the calculated

travel time.

C. Click on the existing "Loop Block". Change the loop control from forever to time, insert
the travel time (in seconds), calculated above.

Loaop @3 Control: [_:n'.e |Z||
-,I:FH') :: Lnil: Secont-| |
LN <]

m Shanw: I:Ii.‘!- (Coaenter

D. Download your program to the NXT brick.

E. Place your intelligent vehicle on the floor at the one end of the five feet of roadway
(black tape).
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F. Run the program (refer to Step 2, letter H for help).

Did your intelligent vehicle stop after 5 feet at the end of the roadway (black
tape)?

6. Additional Challenge

For an additional challenge (if time allows), calculate the travel tfime for the bus route in
Lesson 3. To encourage the students to tackle the challenge, make it a competition.
Which team gets the calculation correct first?

15 inches +15 inches+24 inches+24 inches = 6.5 feet

Using the average speed of 0.19 ft/sec,

6.5 feet divided by 0.19 ft+/sec = 34.2 seconds

But what about the bus stops?

=>

Bus StOp 1 Bus S‘top 2

0

15 inches

24 inches

{

Start at School Bus Stop 3

</
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Using the average speed of 0.19 ft/sec and converting to inches equals 2.28 in/sec for speed.

Starting at school traveling 15 inches | 6.58 seconds
. 15 inches
travel time = ————=
2.28in/sec
Bus Stop 1 = wait 5 seconds
travel time = —2ches 10.52 seconds
2.28in/sec
Bus Stop 2 = wait 5 seconds
travel time = ——1<es - 6.58 seconds
2.28in/sec
Bus Stop 3 = wait 5 seconds
travel time = —=1ches 10.52 seconds
2.28in/sec
Total travel time 492 seconds

Run the program and time the route using a timer or stopwatch to test your
calculations. Do the travel time measurement and calculations match? Why not?

Was your speed constant? (Answer: No, the acceleration and deceleration over a
short distance made the average speed inaccurate.)

Step 6. Mini Assessment

Hand out mini assessment 4 for the students to complete.
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Teacher Guide

Lesson 5: Pedestrian and Vehicle Detection Exercise - Ultrasonic
Sensor

Objectives in this session

1. Program ultrasonic sensor on intelligent vehicle to mitigate congestion
2. Run and test intelligent vehicle programs constructed
3. Evaluate, refine and solve programming problems, as necessary

What You Need

One set for entire class:

e Example programming files located on laptop desktop
14. Detect Distance
Detect Distance Extra
Pedestrian Detection

Videos #11 - Volvo Pedestrian Detection
e % inch black electrical tape

One for each robot group:

e Laptop with LEGO Education Software

e LEGO Education Kit 9797

e From the LEGO Education kit, pre-built robot vehicle

e From the LEGO Education kit, USB computer to robot cable
e Student Guide
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One for each student

e Lesson 4 Review
e Mini Assessment 5
e Post Test Questionnaire

Agenda

Step Time Activity

1 10 min Review Lesson 4

2 20 min Training Activity 14 Detect Distance - Stop for a Pedestrian
3 35 min Stop for a Pedestrian and then continue

4 10 min Mini Assessment 5

5 15 min. Post Test Questionnaire

Total |15 hrs

Getting Ready

Using the pre-built LEGO robot vehicles, make sure batteries are fully charged
for robots and laptops. Teachers should review the LEGO Mindstorm User Guide
located on the laptop desktop prior to class. Teachers may want to pre-determine
a naming convention and location for students to save files.

Step 1. Review Lesson 4
A. Definition Review:

Circumference - one wheel rotation or ™ X diameter

Congestion mitigation - providing a way for traffic to flow efficiently to maximize the use of
the roadways and minimize traffic jams

Distance traveled = circumference x wheel rotations

Engineer - person who applies science, math and creativity to solve problems

Intelligent Transportation Systems (ITS) - using technology o make the roadways in a city or
town operate more efficiently and safely

Transportation engineer - person who works to move people and goods safely and efficiently
Traffic congestion - overcrowded or clogged roadways that prevent people from moving
efficiently

Travel time - how long it takes to get from A to B
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Step 2. Training Activity 14. Detect Distance (Stop for a Pedestrian)

The entire class may either watch video #11 online from the following link or view
them in groups on their laptop on the desktop in Lesson 3 folder.

Volvo Pedestrian Detection
http://www.youtube.com/watch?v=wPUGwbpfVhQ

A. Open the LEGO Education Software program, NXT 2.1 Programming.

7l

RS 2k

B. Begin by starting new program file by clicking "6O" in the "Start New Program” area.

C. Click on "Common Palette” on the top right corner of LEGO Education Software screen to
access the training activities.

D. Click on Activity 14. Detect Distance
| Haime -+ Cammon Palsite

Detect Distance ik

J 14. Detect Distance i J

» ¥

Building Guide

Programming Guide
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. By default, the Challenge Brief will be shown. Click on the Play Button to view the activity.

. Click the "Programming Guide" bar (you may need to use the scroll bar on the far right to
find it) and watch the tutorial that shows how to drag the desired icon(s) into the proper
window.

. Complete the program as illustrated to make the intelligent vehicle stop short of the
"pedestrian”.

. Connect the USB cable to the computer and the intelligent vehicle. Download the program
by clicking the "download” button in the bottom left corner of the controller.

~ § ™

. Disconnect the vehicle from the computer and place on the floor (you do not want the
vehicles rolling off of the table).

. Place the vehicle in front of the "pedestrian” and run the program from the intelligent
vehicle. Rather than using a tower structure like the picture in the Challenge Brief, you may
use your hand, a doll, or a LEGO structure to simulate a pedestrian in the path of the
vehicle.

In the video, the car uses a camera and radar (electromagnetic waves) system.
Our intelligent vehicle uses an ultrasonic (sound waves) sensor. The ultrasonic
sensor sends out a sound wave. When the wave hits an object, it is reflected back
to the sensor. The ultrasonic sensor calculates the distance of the object based
on the time it takes for the wave to return to the sensor.
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K. To save your programming file to use again, click "File -> Save", name the file and find the
location to save files using the browse button. Teachers may want to pre-determine a
naming convention and location for students to save files.

i T 5n MAT Programming . -
-EI*E Eot Tools Help

=0 4 D0 -

cmm .....................
{Eéﬁr} [ [5]] Save As l"*""-J

Please name the program

File Nama;

|“ Jo =
e N T Path: Frilasiie workILEGO Robot Vahide tesson
Dl @calo

—| O M [oowse ] [ 5ove ] [_cone |
=

**To return to the Common Palette, click the "Back" button in the upper right hand corner of
your window.**

Step 3. Stop for a Pedestrian and then Continue

Challenge the students to program the vehicle to stop for a pedestrian and then

continue when the pedestrian moves out of the way without using the following
tutorial.

A. Open a hew programming file.
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B. Drag a "Loop" block onto the workspace.

B
-

C. Drop a "Switch" block inside the "Loop" block.
&F

D. Change the settings in the "Switch” block configuration panel from the default (*Touch
Sensor") to "Ultrasonic Sensor” and set the "Distance” to 15 inches.

) Conrol: | Sensor (=) | & Por Ci1 ©z2 ©O3 G4

Switch
_\1“3 ERd| Sensar 1 | Ultrasonic Sensor (]| 5%} Comparet () g -l ———— @O
NIE

E] Diisplay: 22% Flat visw EI Show Inehl [Enci'-E |:_||
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E. Drop a "Move" block on the bottom row of the "Ultrasonic Sensor” "Switch" block.

F. Inthe "Move" configuration panel, change the "Power" from 75 to 50.

LE pom Oas ©s c () Poweri ¢
Foesen Of OF 09 -
) Swerng: i L, T Tecihe b

v B 9 =

Copyright © 2012 University of Florida, Transportation Research Center
73



LEGO® Robot Vehicle Lesson Plans for Secondary Education - Lesson 5

G. Drop another "Move" block on the top row of the "Ultrasonic Sensor” "Switch" block.

H. Change the "Direction” to "Stop” in the "Move" configuration panel.

0OAa EHB MHC {8 Power M P
oL 0@ 4 T R
ke Neox Acion: ) Bl Brske ) B Coast
i ¥

I. Connect the USB cable to the computer and the intelligent vehicle. Download the program
by clicking the "download” button in the bottom left corner of the controller.

J. Disconnect the vehicle from the computer and place on the floor (you do not want the
vehicles rolling off of the table).
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K. Place the vehicle at a starting point greater than 15 inches away from an object.
L. Run the program from the NXT brick.

Did the vehicle stop 15 inches away from the object? Move the object and the vehicle
should begin to move forward again.

M. Place another object in the vehicles path.
Did the vehicle stop 15 inches away from the object?

N. Save the program.

O. Additional Challenge 1

For an additional challenge, program the intelligent vehicle similarly to the video. Add a
sound and display a warning for the driver when a pedestrian is at a pre-determined
distance and then have the vehicle stop when the pedestrian is closer.

Additional Challenge 2

Which student team can get as close as possible to another vehicle without touching it?
Use any available object to simulate the other vehicle as long as the object is tall enough to
be sensed by the ultrasonic sensor. A wall can also be used.

Step 4. Mini Assessment

Hand out mini assessment 5 for the students to complete.
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Lesson Reviews
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Lesson 1 Review
O e 5

Pelivery

How many different types of vehicles do you see in the above
picture?

Can you name any other types of transportation?

What would happen if there were too many vehicles in one area?

List some problems that could occur.
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Lesson 2 Review

If you were to design an intelligent vehicle, what
would it need to do in order to avoid traffic
problems or, in other words, mitigate congestion?

What features would you want your intelligent
vehicle of the future have to mitigate
congestion?

Use the LEGO robotics car and any other
vehicles you have seen, or ridden in, to list
features that you would put in your car.
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Lesson 3 Review

I X &3'\‘:'\‘;‘ Il |
\ I‘-. ., ,"‘I y /
\\ { \ /;:’

N

N

Diameter of wheel is 2.25 in

One wheel Rotation = Circumference = m X diameter

What is the circumference of the intelligent vehicle wheel?
C=rnxd=
Distance traveled = circumference x wheel rotations

If you program you intelligent vehicle fo move 3 rotations, what
is the distance it will travel?
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Lesson 4 Review

Match the words with their definition.

Circumference
circumference x wheel rotations
Congestion mitigation
person who works to move people
and goods safely and efficiently
Distance traveled
one wheel rotation or TTx diameter
Engineer
overcrowded or clogged roadways
that prevent people from moving
efficiently
Intelligent Transportation
Systems (ITS)
how long it takes to get from A to B
Transportation Engineer
providing a way for traffic to flow
efficiently to maximize the use of
the roadways and minimize traffic
jams
Traffic congestion
person who applies science, math
and creativity to solve problems
Travel time
using technology to make the
roadways in a city or fown operate
more efficiently and safely
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Mini Assessments
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Mini Assessment 1

Write down 2 examples of causes of traffic
congestion.

Write down 3 examples of negative effects of
traffic congestion.

What does it mean to “mitigate congestion”?
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Mini Assessment 2

An engineer applies , and
to solve problems.

Traffic Engineer’'s work to move and
efficiently.

ITS stands for

What else would you want to program your
intelligent vehicle to say or display that could
reduce traffic congestions?
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Mini Assessment 3

Give 3 examples of how an intelligent school bus
reduces roadway congestion?

Would an emergency vehicle detector improve
roadway safety?

If so, why?

If not, why not?
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Mini Assessment 4

A bus driver is driving students to school. It takes
her 1 hour to cover the whole bus route (which is 15
miles long). What is the bus’ average speed?

If this same bus added another stop to the route
that was 5 miles away but kept the same average
speed, how long would the bus route now take to
complete?
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SHOW YOUR THINKINGwith drawings or
equations.

Mini Assessment 5

List 2 things that can cause congestion. For each of
those things, list how an ultrasonic sensor might be
able to mitigate (or prevent) that congestion.

Cause of Congestion Way to use ultrasonic
sensor to mitigate
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Questionnaires
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LEGO® Robot Intelligent Vehicle Lesson Plans
An Introduction to Transportation Engineering

Pre-Course Questionnaire

I have a computer at home.

I like or used to like playing with LEGOs.

What grade are you in?

Instructions:

O Yes 0 No
O Yes 0 No

Read the sentences carefully.
Circle one best answer for each sentence.

Strongly Agree Neutral Disagree Strongly
Agree Disagree
5 4 3 2 1 1. Tlike math.
5 4 3 2 1 2. Tlike science.
5 4 3 2 1 3. I canprogram a LEGO Mindstorm Robot.
5 4 3 2 1 4. T know what a transportation engineer does.
5 4 3 2 1 5. I understand what traffic congestion is.
5 4 3 2 1 6. T will consider going to college and becoming an
engineer.

5 4 3 2 1 7. T will study hard at math and science.
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Instructions:

LEGO® Robot Intelligent Vehicle Lesson Plans
An Introduction to Transportation Engineering

Post-Course Questionnaire

Read the sentences carefully.
Circle one best answer for each sentence.

Strongly Agree Neutral Disagree Strongly
Agree Disagree
5 4 3 2 1 1. T like math.
5 4 3 2 1 2. Tlike science.
5 4 3 2 1 3. I canprogram a LEGO Mindstorm Robot.
5 4 3 2 1 4. T know what a transportation engineer does.
5 4 3 2 1 5. I understand what traffic congestion is.
5 4 3 2 1 6. I will consider going to college and becoming an
engineer.
5 4 3 2 1 7. T will study hard at math and science.
4 3 2 1 8. Learning to program the robot by thinking
logically will help me solve other problems.
5 4 3 2 1 9. The Lego Mindstorm Robot is easy to use.
5 4 3 2 1 10. The course helped me understand the use of
math, science, and technology.
5 4 3 2 1 11. Learning about a fransportation engineer was
interesting.
5 4 3 2 1 12. T had enough time to complete the exercises.
5 4 3 2 1 13. The Lego robotics lessons were hard.
5 4 3 2 1 14. The Lego robotics lessons were fun.
5 4 3 2 1 15. T would like to take another robotics course.
Please read and answer the questions on the back. >
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Please write a brief answer to the next four questions.

1. What I will remember the most about this Introduction to Transportation Engineering

Course is

2. What is an engineer?

3. What would you like about being a transportation engineer?

4. What would you NOT like about being a transportation engineer?
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