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ABSTRACT | The importance of mathematics and science
education in today’s modern, technology-driven society cannot
be understated. This paper describes the history of and
ongoing efforts in curricular and educational technology
development for the Infinity Project, a joint effort between
educators, administrators, and industry leaders to establish an
engineering curriculum at the high school level. Several issues
are considered, including the choice and design of the
technology platform used in the curriculum, the curricular
and technology development timeline, and the design exam-
ples chosen to illuminate important engineering concepts
within the curriculum. We also provide a list of key best
practices and challenges in developing novel pre-college
engineering curricula for future engineers.
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I. INTRODUCTION

We live in a technology-driven society. The capabilities of
computational devices have grown at an exponential rate
over the past four decades, to the point where informa-
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tion processing by electronic devices is central to almost
every aspect of modern society. These gains are largely
due to the activities of engineers, mathematicians, and
scientists who continue to explore new way to design,
build, and test computational systems. According to
Moore’s Law, these gains are likely to continue at their
current rates for the near future.

Who benefits most from such technological change?
Clearly, those who study an engineering or technology
discipline in their college careers will benefit throughout
their lives from these advances because of their knowl-
edgeable positions. It is becoming increasingly clear,
however, that everyone in modern society requires a basic
understanding of technology and how it is created. To
reach the widest possible audience, this education must
occur at the primary and/or secondary school levels.
Much of current engineering and technology education at
the pre-college levels is focused on familiarity training
with common technological devices, e.g., word processing
with computers. What is needed is a broader focus on the
design principles behind technology in a structured
curriculum. A well-designed, exciting, and relevant engi-
neering curriculum at the pre-college level is also likely to
increase the numbers of students who enroll in college
engineering and technology programs.

This paper describes the history of and ongoing efforts
in educational technology development for the Infinity
Project, a joint effort between educators, administrators,
and industry leaders to establish a viable engineering
curriculum that is taught within the regular high school
day. The curriculum teaches students about the design of
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technology-driven systems and motivates them to learn
fundamental concepts of mathematics, science, and
engineering. While some of the development of the
Infinity Project curriculum and its extensions have been
documented in various technical papers [5]-[12], careful
consideration of the historical development of the
curriculum has not been given. Several issues related to
the implementation of the curriculum technology are
emphasized in this paper, including the choice and design
of the technology platform used in the curriculum, the
curricular and technology development timeline, and the
design examples chosen to illuminate important engineer-
ing concepts within the curriculum. We conclude by
discussing key best practices and challenges in developing
novel pre-college engineering curricula for future engi-
neers as well as extensions of the curriculum to both
college and middle-school audiences.

I1. DESCRIPTION OF THE INFINITY
PROJECT

The Infinity Project consists of several key elements:

1) A textbook with example problems that contains
the core content of the course [1];

2) Asetof laboratory exercises that are integrated with
the textbook content and that are performed by the
students in a computer laboratory setting [2];

3) A low-cost software/hardware laboratory kit that
each student uses to perform their experiments
and gain immediate feedback;

4) Daily lesson plans, a teacher’s manual, and in-class
lecture slides to support the day-to-day teaching
activities of each instructor;

5) Summer training institutes for high school math-
ematics, science, and career and technology
teachers to learn how to teach the curriculum; and

6) A Web-based portal that allows teachers to
interact with other instructors and the curriculum
designers during the school year and address any
day-to-day and week-to-week concerns about their
particular course.

During the 2000-2001 pilot school year, 14 schools
from the Dallas, Houston, and San Antonio, Texas, metro-
politan areas taught the first version of the Infinity Project
curriculum to approximately 500 total students. At the
time of this paper’s writing during the 2007—2008 school
year, the curriculum has been offered in over 350 schools
in 34 U.S. states with international interest in several
countries outside the United States. Demand for the
curriculum remains strong, as evidenced by information
requests and applications received at the Infinity Project
portal and from educational conference presentations.

The Infinity Project curriculum has undergone change
over the eight years that it has been offered. A brief
description of each component and its development
history is now provided.
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A. The Textbook

The textbook for the course, entitled Engineering: Our
Digital Future [1], is effectively the third textbook
developed from the course. Its predecessor, entitled
Multimedia and Information Engineering [3], was developed
from spiral-bound notes used in the first two years of the
course offerings [4]. All of the textbook versions, including
the current one, focus on the design and implementation
of information-based technology. While any one of a
number of core topics could be chosen for a high school
engineering course, we have used multimedia and
information technology as the core subject areas for three
main reasons.

1) Everyone is likely to benefit from having general
knowledge of these areas in later life, no matter
what their profession might be.

2) Engineering design principles for these devices
can be taught without the need for senior- or
college-level calculus.

3) Most students are familiar with and enjoy one or
more aspects of these areas, whether they listen to
music, go to the movie theater, or communicate
using cellular telephones or the Internet.

The textbook has been written with a Btop-down[ focus

on particular problems in the following areas:
technology projections;
digital music, audio synthesis, and sound effects;
digital image analysis and manipulation;
digital information representation, storage, and
encryption;
communication systems,
Internet;
engineering design challenges across a broad range
of engineering fields.
Each chapter contains problems to be solved by hand and
calculator as well as Bjust-in-time[ in-text pointers to
relevant laboratory exercises, to be described shortly. The
mathematical prerequisites for the course are Algebra Il
and one science course with laboratory. No calculus is used
or needed.

The 528-page textbook is the result of a multiyear design
process. In January 2000, a meeting was held between the
textbook authors, twenty high school teachers from across
Texas, and members of an advisory board consisting of
university faculty, industrial partners, high school adminis-
trators, and educational advisors from across the U.S. At that
meeting, detailed parameters of the curriculum were
specified, including the level of mathematics and science
to be taught, the technology for and scope of the laboratory
component of the curriculum, and the topics to be covered.
During a second follow-up meeting in January 2001, the
initial impact of the curriculum was assessed, and a complete
redesign of the text was fashioned to better meet all students’
needs [7]. In 2003, a revision of the textbook was completed
in partnership with Prentice-Hall, resulting in the current
textbook version [5].

networks, and the
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B. The Laboratory Exercises

Integrated within the course textbook are laboratory
exercises that illustrate and apply important engineering
design principles concerning the topic at hand. The
textbook contains call-outs to these individual exercises
in a Bjust-in-time[ presentation approach.

The delivery of the laboratories has undergone change
since the inception of the Infinity Project. In the first
instantiation of the laboratories used until 2003, each
laboratory exercise was given in the form of: 1) an HTML
Web page that describes the task(s) to be completed and
2) a software-based design instrument that contains a
functional block diagram of the system to be designed and
tested or the blocks needed to build such a design from
scratch. Thus, no hard copies of the laboratory exercises
were specifically created, although the HTML Web pages
could be printed easily. In 2004, the laboratory exercises
were redesigned to allow the production of a softbound
student laboratory manual [8]. The questions for each
laboratory exercise are part of a worksheet on which
students can Bfill in the blanks[ to address important
issues about their design.

The software environment used for the design instru-
ments is LabVIEW for the Infinity Project, a product of
National Instruments (NI), Inc. It is a special instantiation
of NI's LabVIEW virtual instrumentation software that is
in widespread use in a wide range of industries for test,
measurement, control, and monitoring. As a number of
laboratories leverage real-time digital signal processing
capabilities, it also contains critical software components
of LabVIEW DSP to allow the programming of embedded
DSP hardware contained in the Infinity Technology Kit.
LabVIEW is a flexible software design environment
involving only icons as software modules, and students
need not learn programming to run existing design
instruments nor to build new ones. The programming
methodology involves simple rules regarding signal flow
graphs that the students quickly master.

The design instruments within LabVIEW for Infinity
were originally developed in a software design environ-
ment called Visual Applications Builder (VAB), made by
Hyperception, Inc. Hyperception was acquired by National
Instruments in December 2003, and VAB was maintained
as part of the Infinity Technology Kit until 2006, at which
point the laboratory design instruments were migrated to
the LabVIEW software platform. One of the reasons for the
continued success of the Infinity Project is its close part-
nerships with technology partners, particularly National
Instruments and Texas Instruments, who have provided
funding or technical design assistance for creating and
maintaining laboratory technology and capabilities.

Examples of laboratory worksheets that the students
design or build include:

a waveform synthesizer with a visual Bsketchpad[
for drawing the sound signal to be heard while it is
being played;

a musical instrument that plays notes from a MIDI

file using sinusoids as the instrument sounds;

a visual object tracker that tracks moving objects in

a video stream;

a coin counter that counts the number of a certain

type of coin in a fixed or moving image;

a Bblue-screen[ imaging system that allows one to

replace colors within a Webcam video stream to

mimic the look and feel of a televised weather

report; and

an audio transmitter and receiver that commu-

nicates text messages across the room in real time.
Additional details regarding several of these design
examples are provided in Section 11l of this paper. From
the above examples, it is clear that the laboratory designs
have been chosen to illustrate important real-world appli-
cations that most pre-college students have either observed
or experienced. We believe that incorporating real-world
applications into pre-college engineering curricula is criti-
cal to their success. The ease of implementation of such
applications depends significantly on the type of technol-
ogy platform chosen for the designs.

C. In-Class Laboratory Technology

At the time the Infinity Project was conceived, its de-
signers felt it important to bring hardware and software
design tools into the classroom that reflected the complex-
ity and richness of the design environments that engineers
use in creating technological solutions in companies.
Numerous challenges quickly arise in incorporating such
tools within pre-college curricula.

1) The design tools have to be easily learned by both
student and teacher alike.

2) The design tools have to reflect a complex design
process while still being easy to use.

3) The design tools have to be easily maintained,
with little to no technical expertise required for
this maintenance.

4)  The design tools have to be of low enough cost to
allow a laboratory station implementation within
a school environment, in which:

5) The design tools have to be upgradable as new
designs become available.

It was clear that the above concerns necessitated a joint
discussion amongst the curriculum designers, pre-college
educators, technology experts, and school administrators to
obtain an adequate solution. During the January 2000 de-
sign meeting, the above issues were considered and dis-
cussed, and example technology solutions were explored.
The design team quickly settled on a technology solution
that has come to be known as the Infinity Technology Kit.
The Infinity Technology Kit is a collection of hardware
and software that allows students to implement all of the
designs in the regular portion of the Infinity Project curri-
culum. Just as in the case of the course text, the Infinity
Technology Kit has undergone change over the lifetime of
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Fig. 1. The first version of the Infinity Technology Kit.

the curriculum, although the basic components of the kit
have remained the same throughout its lifetime. Fig. 1
shows an early version of the Infinity Technology Kit, and
Fig. 2 shows the latest version. The kit includes the
following.
A prebuilt electronic circuit board containing a digital
signal processing (DSP) chip, computer ports, audio
input and output ports, and power ports: The first
version of this board was a Texas Instruments
TMS320C31 Evaluation Module (EVM) that used a
parallel port connector for computer interaction and
an ac power adapter. This board has since undergone
several designs that have improved the processor
speed and memory, allowed microphones to be
incorporated onto the board, and enabled power to
be delivered by the USB data connection. The DSP
board is mainly used for audio and data processing
experiments involving real-time interaction and was
chosen to avoid the variability caused by different
computer setups that are likely to be encountered in
a classroom setting from one school to another.
Later versions of this board added several novel

Fig. 2. The current version of the Infinity Technology Kit.
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Fig. 3. Summer training institutes.

features, such as the ability to flash program the
board and use it away from a computer setting with
outboard power, the addition of a microphone
preamplifier, and the addition of LED status lights
that are programmable and accessible through the
software design environment.

A pair of powered loudspeakers: As several of the
engineering designs within the curriculum involve
precise audio processing, these loudspeakers pro-
vide a way to listen to the audio signals produced in
these experiments. The audio amplifier within the
loudspeaker is also useful as a headphone amplifier
if the associated headphone port is used with a pair
of headphones.

A Web camera: Several of the engineering designs
involve the processing of images and video. The
Web camera allows students to apply and better
understand image and video processing methods
through direct experimentation with objects and
scenes in their own environment.

An optical disc containing the design software and
laboratory exercises: The design software is installed
onto each computer once, at which point it is used
by the students to complete their designs.

The Infinity Technology Kit requires a computer to
work with the software and hardware. Schools that adopt
the Infinity Project curriculum are required to have a
computer laboratory available for classroom instruction,
and access to this lab is expected to be frequent, as about
50% of the instruction is expected to occur while using the
Infinity Technology Kit in a laboratory setting.

The software design paradigm used in both VAB and
LabVIEW can best be described as graphical programming,
in which creating graphs replace writing text as the coding
method. Graphs are visual aids that engineers and others
use to understand relationships, predict behavior, and
deduce outcomes. It is natural to consider graphs as devices
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to represent instructions, enforce control dependencies,
and allow information flow. Graphical programming is
represented in a number of software projects and products,
among them LabVIEW, VAB, SIMULINK by the Math-
Works, the audio processing language MAX, and GraphEdit
within the DirectShow SDK from Microsoft. Both VAB and
LabVIEW offer rich input and output options for manipu-
lating signals with or without human interaction in real time,
from sources such as audio from microphones, video from
Web cameras, and stored images. It is this ability to
immediately see and hear the results of the program, along
with the ability to establish functionality by the study of the
programmed graph, that makes these software packages
powerful as teaching tools. Engineering offers the chance to
see an immediate impact of one’s design efforts on a problem
at hand, and the impact of a real-time output underscores the
utility of the design when it is successfully conceived.

Other issues that have driven the design of the Infinity

Technology Kit include the following.

1) Howeasy is it to set up and take down the hardware
in a classroom setting? Many instructors are sharing
computer laboratory resources with other instruc-
tors teaching other skills, such as writing and
keyboarding, and thus the kit may not be perma-
nently set up in all settings. We have found that
teachers who need to collect all of the Kkit's
components at the end of each class section can
easily do so, and in fact the number of connections
and items in the kit have been reduced as the kit has
been redesigned. This requirement has also led to a
system that requires external power only for the
loudspeakers; the first Infinity Technology Kit had
an additional ac power transformer for the DSP
board and batteries for the microphone preamplifier.

2) How easy is it to learn and use the hardware and
software? Leveraging the computer as a commu-
nications device to the hardware allows us to use a
rich software environment that is both attractive
and easy to grasp. The basic rules in using the
graphical design environment of both Hypercep-
tion’s VAB software and National Instruments’
LabVIEW software is easily understood by stu-
dents and teachers alike, as they are quite similar
to flowcharts used in logical decision-making.
Even so, the software environments are both
extensible in that additional blocks or virtual
instruments can be introduced and created to
incorporate new functionality or to scope existing
functionality to help with teaching important
concepts and manage overall system complexity.

3) How similar is the software to real-world applica-
tions in use in companies today? LabVIEW enjoys
widespread use in over 20 000 companies today
for various tasks ranging from machine monitor-
ing to space exploration. Despite this fact, the de-
sign of the Infinity Project curriculum has always

kept its focus on the design challenges and
intellectual issues surrounding an engineering
solution as opposed to the understanding of a
specific software or hardware tool for design. This
focus has allowed us to migrate from VAB to
LabVIEW without significant conceptual shifts in
the issues being taught within the curriculum.
As for the delivery of the laboratories, they are housed
within the LabVIEW software and are readily accessible
from the splash screen that greets the student when they
start the LabVIEW for Infinity software. The instructions
for these laboratories are contained with a separate
laboratory manual, as described below.

D. Additional Teaching Materials and Aids

The Infinity Project curriculum is typically taught using
the course textbook and the laboratory technology, the latter
portion through laboratory exercises that involve a series of
steps within the software design environment to complete.
The first instantiation of the Infinity Project curriculum
stored these instructions as text-and-image-based HTML
files within the VAB software environment. This delivery
was moved to paper form via the publication of a laboratory
manual [2] that is in the form of a workbook for students to
complete in addition to providing the instructions for the
laboratory. The questions to be answered require the student
to successfully complete the designs.

Teaching the Infinity Project curriculum involves some
choice as to coverage depending on the length of the course.
Nominally, the entire text and set of laboratory exercises can
be completed in one school year in a single-hour-per-day
course; however, it is often the case that instructors choose
to include other instructional materials within their course
according to personal taste and student interest. Even so,
there is great interest from most first-time instructors as to
the pacing of the course. For this reason, daily lesson plans
were created that describe a typical implementation of the
course during an entire school year. In addition, solutions
manuals for both the textbook and laboratory manual are
available to assist in grading.

E. Summer Training Institutes

Itis currently unreasonable to expect that any one school
will have a teacher who is both trained as an engineer and
available to teach an engineering course. In order to meet
the teaching needs for the Infinity Project curriculum, we
have developed a 40-hour summer training institute
experience for prospective, future, and current instructors
of the course. These training institutes have been held at
various locations throughout the United States, usually at a
university where computing and instruction facilities are
often available during the summer period.

The purpose of the summer training institutes is
manyfold:

i) To allow the instructor to see the entire curric-

ulum and delve into some of its contents
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ii) To provide an opportunity to learn the software
design environment within the Infinity Technol-
ogy Kit under the tutelage of a technology expert

iii) To build camaraderie amongst teachers to carry
them forward during the school year

We do not require that the teacher offering the course have
prior engineering experience; however, we do require that
the teacher has experience teaching a laboratory class. The
backgrounds of the teachers who are offering the course
currently include those who previously have taught
mathematics, physics, computer science, technology
applications, biology, and chemistry.

These institutes provide an intense and brief exposure
to the Infinity Project curriculum, training in the use of
LabVIEW in engineering design, and extended periods for
exploring each laboratory within the curriculum. We do
not attempt to teach the entire contents of the book in each
training period; instead, our goal is to impart the key
points of engineering design and the differences between
engineering and other common disciplines being taught at
the high school level. Starting with two summer institutes
in the summer of 2000, we now typically offer six summer
institutes at various U.S. locations throughout the summer.
These institutes are taught by experienced Infinity Project
instructors that are chosen from the cadre of existing
course instructors for their expertise and enthusiasm, with
assistance from the local facility and personnel. The peer
instruction model is one that several educational programs
use and has proven to be a successful technique for
transferring best practices from teacher to teacher.

F. Web-Based Information Portal
All teachers dynamically adjust their teaching sched-

ule and methods to meet the needs of their students. To
make sure our high school teachers have the resources
that they need to be successful, we developed a Web portal
for information delivery and discussion (www.infinity-
project.org). This portal houses:

discussion groups on curricula and technology

issues;

new laboratories and worksheets;

sample test questions with solutions; and

links to relevant Web sites
along with news and general information about the Infinity
Project. The discussion group portion of this portal is staffed
by graduate students who provide responses to urgent
teacher questions, although many of our teachers offer
answers to other teachers’ questions within the discussion.

I11. DESIGN EXAMPLES AND
USE OF TECHNOLOGY

A. Overview of Design Strategy
In the initial design of the Infinity Project curriculum,
the developers of the curriculum recognized the incumbent
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position that technology plays as a motivator for engineer-
ing education to pre-college students. The ubiquitous and
pervasive exposure of our youth to music, movies, video
games, cell phones, computers, and the Internet make an
educational experience based on multimedia and informa-
tion-based technologies a natural choice. The challenge in
such an educational experience is to transition students’
positions from the users of technologies to the creators of
technologies. Achieving this goal required the developers
to think about important existing and emerging capabilities
within the context of these technologies, to pose how such
capabilities could be extended, improved, and further
developed. Examples of such designs within the Infinity
Project curriculum are:
an automated movie maker that would create a
movie based on a viewer's command input
describing the type of movie, the structure of the
case, the setting, and key plot points.
a universal music system that would play any type
of music, with any instrumentation and style,
based on musical input such as the musical score,
types of instruments to be played, and the sound
environment in which the music is heard.
a robot vision system that would calculate the
positions of and recognize objects based on attributes
such as color, shape, size, and apparent motion.
adigital yearbook that would serve as an archive of an
entire school’s yearly experience, and in particular
how such information would be represented, stored,
digitally protected, and distributed using an appro-
priate physical medium with limited storage capacity.
a wireless text communications system using
sound as a transmission medium, in which the
method of message encoding, the transmission
mechanism, the use of physical bandwidth for
multiple message passing, and effects of interfer-
ence and noise play important roles.
a network-based digital communications system
involving message passing, routing topology, and
resource allocation as critical factors.
The above designs have clear links to existing technologies
such as cell phones, portable music players, industrial
robots, and the Internet. The challenge that was addressed
in the Infinity Project curriculum is the morphing of these
particular design challenges into mathematical and scien-
tific problems and experiments that are readily explored
using the chosen laboratory technology and have sufficient
impact to engage the student in active learning. Rather
than describe the procedure for addressing these design
problems, which can be readily surmised from the course
text, in what follows we will illustrate how certain im-
portant mathematical and scientific concepts are interwo-
ven with experiments that show their importance, validate
a student’s understanding of them, and lead to engineering
designs that have useful outcomes towards the overall de-
sign. Each description will take the student’s perspective,
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although advanced terminology will be used where
appropriate.

B. Audio: Universal Music Player

Almost everybody listens to music. Music also provides
direct links to important concepts in mathematics and
science. Some of these concepts include period, frequency,
amplitude, spectra, wavelength, time delay, the decibel
scale, sinusoidal signals, and exponential decay. The task
that introduces a chapter within the course text is easily
appreciated:

Suppose a group of your friends have gotten a
band together. Everyone is bringing a different
musical instrument to play. You want to join in on
the band, but you're not sure which instrument you
want to play. In fact, different songs are going to
require different instruments, so you want to be able
to play a number of different ones. The only problem
is, you don’t have any of these instruments, and you
probably don't know how to play all of them. How
can digital technology still make it possible for you to
be in the band's spotlight?

One important aspect of the engineering design
process is the collection of data relevant to the problem
at hand. It is a relatively simple matter to plot audio
waveforms as measured by the microphone of the Infinity
Technology Kit and study their structure. When one plots
the sound waveforms of several different musical instru-
ments at both coarse (several seconds) and fine (several
milliseconds) scales, one discovers that they all have to a
first approximation two structures to them. The coarse
amplitude structure, termed the envelope signal et ,
describes the overall loudness of the sound, whereas the
fine structure of the sound p t repeats over and over. This
periodic signal has a repeating interval T, called the period
of the sound, that is connected with how Bhigh[ or Blow[
we perceive the pitch of the sound to be.

Another important engineering tool is modeling.
Modeling allows one to capture all of the relevant behavior
of a system by describing the function of each of its parts as
well as how these parts are connected together. Through
the power of computation, we can even use models in
place of the real-world systems on which they are based,
particularly in the case of musical instruments.

Clearly, if one can represent both e t and p t to high
enough accuracy, then one can create an approximate
version of the overall sound using the mathematical model

st ..et pt 1)

Multiplying the two signals makes sense because e t does
not change much over any one repeating interval, thereby
scaling the amplitude of the sound as desired.

-
‘rﬁ 1-SketchWave with Envelope Functions.vi on 1-SketchWave with Envelope Functions. lvproj/SPEEDY-33 * =3 X
e Edt View Project Operate Iooks Window Help

‘ ‘0 2.8.1 Sketchwave with Envelope Functions P”,l
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255~
X 1. Set the period ramesize output
0 the same value used nthe Plotof p(t)
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period framesize (256 |
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period framesize output )’_‘s‘s_

Final audio signal: s(t) = e(t) x p(t)

Tine | SachingTine | Frequency |

Fig. 4. waveform synthesis using SketchWave.

The laboratory worksheet that implements this simple
waveform synthesis procedure is shown in Fig. 4. Called
SketchWave, it has two Bsketchpads[ where the unique
portions of p t and e t can be drawn using the mouse.
Two sliders can be used to adjust the time lengths of each
sketchpad. Because all interfaces in the experiment
interact with the DSP board in real time, one can fine
tune the sound output while the worksheet is running, giving
a high level of interactivity. Finally, clicking on the
BFrequency[ button on the multipurpose display on the
upper right portion of the worksheet, one can see a new
representation of the sound waveform, called the spectrum,
and through experiment learn the relationship between
the period T and the fundamental frequency fy of the sound.

Musical instruments can Bcarry a tune[ because their
waveforms are nearly periodic. Melodies, however, are
made up of waveforms with varying fundamental frequency.
While a signal with fixed frequency content can be
accurately displayed using the spectrum, we need a slightly
different display for understanding music\/one that adds a
time dimension to the spectral plots. We call such 2-D
images spectrograms. Sheet music is a type of spectrogram,
and so are Musical Instrument Digital Interface (MIDI)
files, because they store time-varying frequency information
in numeric form. To play music, all we need to do is to feed
this frequency information into devices that change their
fundamental frequency as the melody changes. Sinusoidal
signals are examples of simple periodic signals. So, we can
create a sinusoidal synthesizer that plays MIDI files by
simply connecting the frequency information from the
MIDI information stream to the frequency parameters of
the sinusoids and adding the resulting waveforms together.

Fig. 5 shows the block diagram for the sinusoidal MIDI
player. The yellowish block on the left-hand-side is not a
piano keyboard; rather, it simply receives a MIDI data
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Fig. 5. Sinusoidal MIDI Player block diagram (top) and
front panel (bottom).

stream being played by a MIDI player within the Windows
environment and extracts its real-time frequency infor-
mation. The signal flow through this worksheet is easy to
understand, and in fact this worksheet is one of the first in
the course that the students build themselves. This
sinusoidal-based music player is later extended to a
universal-instrument music player that uses a sketchpad-
generated signal in place of the sinusoidal signal for
generating individual note waveforms.

Loudspeakers are simple transducers, consisting of a
magnet, a coil, a cone, an enclosure, and some adhesive.
They function according to Oersted’s Law, which governs
the operation of all electromechanical systems. The
materials needed to build a loudspeaker are not exotic;
hence, they can be built at extremely low cost. Fig. 6 shows
one such design, names the Gosney speaker after its
inventor, a professor of electrical engineering at SMU.
This speaker consists of a button magnet, a coil of insulated
copper wire, a paper cone, a Styrofoam salad bowl, and
some glue. The total materials cost of this design is about
US$0.40 or about the cost of a regular U.S. postage stamp.

High school teachers are encouraged to use sound
pressure level measurements from a simple handheld
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Fig. 6. Gosney speaker.

sound meter for a given volume setting and signal content
to grade each student’s design. Depending on the
amplification level, volumes of over 100 dBA SPL at the
cone’s center are possible, and while the low-frequency
performance of the overall design is lacking, the sound
emitted from the design is clearly recognizable.

C. Video: Chroma Key Imaging System

It is clear that we live in a visual society through our
exposure to movies, television, images, and computer
displays. Computer manipulation of visual information is
mathematically intense. For special effects in movies, very
sophisticated algorithms are used to animate, light, and
render entire moving scenes that look real to the average
moviegoer. This fact alone makes video processing a natural
place from which to motivate engineering concepts.

In developing engineering curricula based on manipula-
tion of images, we have focused on applications that
illustrate key concepts without requiring significant training
in the application of visual arts. These applications treat
monochromatic images as matrices of numbers, color images
as a set of three matrices, and video as a time-sequence of
matrices. Each entry, or pixel, within each matrix is a
number that can be manipulated according to its local
context or for purposes of an application or useful end.
Important concepts that arise in this discussion include

1) representation of brightness, contrast, and color in

mathematical form

2) Pixel-by-pixel manipulation using nonlinear

functions

3) Thresholding and masking within images

4) Addition, subtraction, and multiplication of pairs

of images

5) Shifting of images and convolution
Although these operations are simple to grasp, they can
when combined yield visually interesting applications that
have important uses.

One of the designs that arises from this development is
the chroma key imaging system first developed in the 1940s
for film and later adapted to video production. The goal of
the chroma key system is to replace a portion of an image
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having a known color with portions of an alternate image
that can have arbitrary pixel values. Such systems are used
every day to illustrate weather patterns in video weather
reports, in which the meteorologist appears to stand in
front of a weather map. This appearance is achieved by
filming the meteorologist in a room with a constant
(usually blue or green) color background, in which the
background color is dissimilar to any color being worn by
the foreground person. The system is tuned by selecting the
range of colors to be replaced, which is used to create a
masking image that allows spatial selection of portions of
images according to their color. The masking image is then
used to select which portion of the foreground image is
replaced by the background image using multiplication.
The background image minus the foreground object is
created using an inverse mask, and the two images are
combined via pixel-by-pixel addition. The entire process
involves simple mathematical operations and a nonlinear
thresholding operation and is conceptually simple to grasp.

Fig. 7 shows the LabVIEW front panel for a design that
implements the chroma key imaging system within the
curriculum. The video feed is taken from the computer’s
Webcam, so that each student can become the
Bweatherperson[ on screen. The decision on color choices
is driven by measurement as well as the availability of a
constant background region within the classroom envi-
ronment. Students quickly realize that uniform illumina-
tion is hard to achieve, and that simple color replacement
has its limitations in creating an effective foreground-
background illusion. These topics are discussion points
from which improvements in design are typically sought.
Additional applications to three-dimensional scenes are
relevant as well\/witness the emergence of on-field
graphics at televised sporting events, where the first-
down marker of a football game or a sponsor’s logo can
appear in practically any region of the field of view, even if
the camera is panning.

D. Communications: Wireless Text Messaging

The ability to send short text messages wirelessly to
anyone in the world is a capability that technology-enabled
students use every day. Embedded within this technology
are a number of important issues, including the following.

i) How is the text information translated into
physical form for transmission?

ii) How can several people send text messages at the
same time and nearly the same place? What
prevents these messages from colliding with each
other?

iii) How am | receiving messages? How does the
reverse of transmission work?

iv)  Why can't | get a good signal sometimes? In more
practical terms, why did my bars go away, and
how can | bring them back?

We have encapsulated the above issues in a design activity
known as the Air Modem. The Air Modem is a wireless text
messaging system that uses sinusoidal tones transmitted via
loudspeakers and microphones as the communications
mechanism. In this system, one Infinity Technology Kit
acts as a transmitter, while another Infinity Technology Kit
acts as a receiver. The task of the transmitter is to take text
information typed into its computer keyboard, turn these
keystrokes into sinusoidal waveforms, and play these sounds
out of the kit's loudspeakers. The receiver’s task is to listen
for sinusoidal waveforms at another Kit's microphone,
determine which frequency or frequencies were transmit-
ted, and decode this information into correct text infor-
mation. The main difference between this text messaging
system and more common text messaging capabilities in cell
phones is the transmission medium, i.e., acoustic waves
versus electromagnetic waves. The teaching opportunity in
using audible tones as carriers of information, however, is
readily apparent.

The primary issues regarding physical-layer system
design of wireless communication devices are easily taught
using this activity:

1) transmission rate versus signal encoding/decoding

complexity;

2) effects of noise, interference, and channel loss on
link quality;

3) bandwidth allocation for different users and
overall capacity.

It has been our experience that students and teachers alike
readily grasp the features and issues surrounding wireless
devices when engaged in this design effort. The opportu-
nities for additional exploration in modern-day implemen-
tation issues in radio communications are naturally taken,
such as the differences between and advantages or
drawbacks of analog radio and digital radio.

The LabVIEW front panel for the transmitter design
contains a text window where letters appear as they are
typed on the computer keyboard, as well as numerical
choices for the starting frequency and the spacing between
frequencies for a single-tone-per-letter signaling scheme.
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