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Abstract
LEGO robotics is a very popular tool for introducing engineering concepts to
elementary school classrooms through project-based learning and openended design challenges. It is useful for this purpose because LEGO bricks
are reusable materials, they allow for designs to be quickly iterated upon,
and it is easy for students to design very different solutions to the
engineering problem with which they are presented. This thesis proposes a
wireless LEGO robotics kit programmed from an Apple iPad, targeted for a
2nd-3rd grade classroom. The product is designed to fill a gap between two
currently existing LEGO products: the LEGO MINDSTORMS NXT and the
WeDo. This device is intended to be more flexible for a larger variety of
activities than the WeDo, and to expand the age range of the target market to
students as old as 3rd grade, before they are ready to begin using the NXT.
This is done in three main ways. First, the new device is wireless, which
allows the robot hub to be used in activities and applications where it is
impractical to be within tethered reach of the computer (e.g. moving across
the floor, hanging from the ceiling, etc.). Next, the robot hub can turn on the
motors with a simple button press, without being programmed at all. This
allows students to focus on physical building before moving to computer
programming, a common sequence in classrooms, while still being able to
add motion to and test their designs. Finally, students can program their
robot builds with either a computer or an iPad. The Apple iPad is a popular
tablet that is very intuitive for younger children to use, and some classrooms
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utilize it as their main computer resource. Allowing this device to interact
with and even control a robot in the real world opens up endless possibilities
for future projects involving the iPad interacting with the physical world
around it. The goal of this project is to develop a new robotics platform and
programming interface, and perform initial testing with this platform with
2nd-3rd grade children. This report describes the first two iterations of this
device, and suggests a direction for further development of this project.
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Chapter 1: Introduction
Engineering is now recognized as an important subject to include in
elementary school classrooms. Through the opportunity to be creative with
technology, students are introduced to new ways of thinking, and gain a
“technical fluency” that is a necessary tool for students growing up in this
technological age (Bers, 2008). In addition, in teaching a computer, or a
robot, how to think, students begin to examine how they themselves think
and make decisions (Papert, 1980).

LEGO robotics has become a popular tool for introducing engineering
concepts in the elementary school classroom, through project-based learning
and open-ended design challenges. It is useful for this purpose because LEGO
bricks are reusable materials that allow for quick iteration in designs. LEGO
is also a medium that makes it easy for children to design very different
solutions to an engineering problem with which they are presented. The
LEGO MINDSTORMS NXT kit serves these purposes, but is designed for
middle school students, and the building system is often too complex for
students younger than 4th grade to effectively use. The LEGO WeDo kit is
designed for younger students, as early as first grade, but is too limited for
many classroom applications and design challenges. It is tethered via USB to
the computer, which limits possible projects to those that sit stationary next
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to the computer. This set also does not provide the students with wheels, or
very many pieces, and thus the students cannot design complex builds.

This thesis proposes a wireless robotics kit targeted for a 2nd-3rd grade
classroom - something in-between the WeDo and the NXT. This will allow a
greater flexibility in possible projects than the LEGO WeDo, while still
presenting a building and programming platform targeted at early
elementary children, younger than possible with the LEGO NXT.

In order to improve ease of use, as well as encourage better collaboration,
this robotics platform is also designed to be programmed with the Apple
iPad. The iPad will provide a programming interface that is more portable
and collaborative than a desktop or laptop, allowing students to travel about
the classroom as they need to test, without leaving their program back at
their desk, and making it easer to pass code back and forth between partners.
The goal of this project is to develop a new robotics platform and
programming interface, and gain qualitative feedback by testing this system
with 2nd-3rd grade children.

Background
Robotics is a powerful tool for teaching engineering, science, and math.
These projects provide hands-on experience and engaging context for the
STEM subjects. As robotics is inherently an interdisciplinary subject, robots
can also be used to encourage interdisciplinary teamwork in the classroom
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(Beer, Chiel, & Drushel, 1999). In an elementary school setting, this can be
exhibited as a division of labor and often leads to project team members
becoming “experts” in hardware or software, and then working together to
integrate their work and complete their project.

Figure 1.1: Bee-bot (left) and Raspberry Pi (right)
Images taken from edurobot.ch and raspberrypi.org

There are many educational robotics platforms on the market, spanning the
full range from preschool to college students. The Bee-Bot (see Fig. 1.1) is a
mobile platform programmed with simple push buttons on the top of the
robot, which can be used to teach preschoolers the basics of programming a
robot through simple movement commands (Bee-Bot Product Page, 2013). It
comes fully built with pre-designed hardware and software, and is intended
to be “programmed” by the children with a series of button presses, which
each moving the robot forward 6 inches or turning it 90°. Products like this
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get children thinking at a young age about how they can control and create
the automation around them, and how to go about “thinking like a
computer”. Exposing children at a young age not only readies them for
future math and science classes, but makes them better prepared to deal
with the increasing level of technology in the world around them (Goldman,
Azhar, & Sklar, 2006). At the other end of the spectrum, the Raspberry Pi
(see Fig. 1.1), a full Linux board the size of a credit card, is designed to get
high school and college students excited about exploring the inner workings
of a full operating system without the fear of breaking their expensive
desktop or laptop computer, and building new and innovative things from
the ground up (Raspberry Pi Foundation, 2013). It comes as an exposed
board, and the user must add any casing or other hardware to create a
robotics project from the platform.
LEGO Robotics, 1986 to Today
LEGO® is a leading platform used in
elementary

engineering

education

(Wintergreen Research, 2008), and has
produced many robotics platforms for this
purpose. Starting in 1986 LEGO® DACTA
released a product called the Technic
Computer Control (see Fig. 1.2).

This

Figure 1.2: Technic Computer Control
Image taken from lego.com
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device had eight input and eight output ports for connecting LEGO sensors
and actuators to a computer via serial port. Explorations into using LabVIEW
as the control software occurred in classrooms ranging from kindergarten to
college, to teach math, science, and engineering (Erwin, Cyr, & Rogers, 2000).
The simplicity of the device, coupled with a graphical programming language,
made it ideal for spanning such a breadth of experience and abilities.

Figure 1.3: LEGO Technic Computer Control (left) and LEGO MINDSTORMS RCX (right)
Images taken from lego.com

After this product, LEGO expanded on this idea of an educational robot that
provided a low entry level and high ceiling in creating the RCX (see Fig.1.3).
The RCX also provided ports for connecting LEGO sensors and motors, but
the improvement here is that this is an independent microprocessor that
students could program. This processor was encased in a LEGO brick for
easy construction of the robotic build. A computer was necessary for writing
a program and sending it to the RCX, but then the student was free to walk
away and run the program on the floor, outside, etc. (Erwin, Cyr, & Rogers,
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2000).

This remote deployment of the user’s code to an embedded

microcontroller allowed much greater flexibility for student designs.

Figure 1.4: RoboLab Pilot and Inventor Screenshots
Images taken from cipce.rpi.edu and tufts.edu

LEGO, in conjunction with Tufts University, developed RoboLab (see Fig. 1.4)
as the LEGO Education version of the programming environment for the RCX:
a graphical language, powered by LabVIEW, that catered to kindergarteners
through college students by creating a series of environments that meet the
students at their level of ability and experience. For beginners, the Pilot
programs are prebuilt programs that allow the student to select a behavior,
such as “move motor A forward for 5 seconds”, and then customize aspects
such as the time delay or the motor power. These give the student a basic,
preprogrammed behavior to work with, so he or she can concentrate on the
physical build. As the student gains experience, they move up through the
Pilot programs, which get more complex, eventually breaking into building
their own programs. RoboLab allows for that by providing a LabVIEW-style
block diagram canvas, a feature known as “Inventor”, onto which the
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students could drag VIs specific to the RCX capabilities (Goldman, Azhar, &
Sklar, 2006). This programming environment can allow students to create
projects as simple as a kindergartener adding some intelligence to the
lighting in a LEGO® house, to a college student learning data sampling and
statistical analysis (Erwin, Cyr, & Rogers, 2000).

Figure 1.5: LEGO MINDSTORMS NXT
Image taken from lego.com

In 2007, the LEGO® NXT was introduced to replace the RCX. The NXT (see
Fig. 1.5) is much more capable, with a more powerful processor, Bluetooth
capability, an LCD screen that can output messages or be used for drawing,
and a whole market of LEGO® sensors and actuators, as well as third party
devices, which are designed to use the I2C connectors available on the device.
In addition, the NXT kit is intended to mate with Technic building pieces, a

Noble 14
system of building that trades the classic, stackable LEGO® blocks for
rounded beams and pegs. These allow students to produce more sturdy
builds, important when their mobile robots may potentially experience
collisions, as well as interface better with simple machines elements such as
gears and levers. This device has not only become a widely used classroom
tool, but also a popular hobbyist platform as well, and an online community
exists for sharing home robotics projects and hacks to the system and
sensors.

Figure 1.6: LEGO MINDSTORMS NXT-G Software
Image taken from mindstorms.lego.com

The NXT is programmed in the MINDSTORMS NXT-G software, which is
powered by LabVIEW, created by National Instruments (see Fig. 1.6). Like
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RoboLab, this environment is completely graphical, which allows the
programming interface to transcend language and level of literacy, not to
mention allowing new programmers to avoid syntax errors, because there is
not text—only programming blocks and the wires that connect them. In
addition to this official LEGO® environment, dozens of other programming
interfaces have been created in various labs and developer communities, in
order to interface the NXT with other technologies or take advantage of
features within those languages (at the time of writing, Wikipedia lists 57
languages (LEGO MINDSTORMS)). The diversity of projects is a tribute to the
capability and flexibility of the platform.

However, the LEGO® NXT platform, in extending its capability, raised the
entry level for students beginning robotics. The NXT can be confusing for
beginning students and teachers when first starting out, and, as middle
school students were the target users when creating the device, it is often too
involved for use in early elementary classrooms.

For example, in this

researcher’s experience, students younger than 3rd grade often have more
difficulty with the Technic building than the classic Systems building kits.
This could be because Technic building pieces are more complex, and often
require the student to have a much clearer design of the system as a whole,
and a more thorough understanding of how the pieces fit together. Students
often have trouble when they need to turn a corner or build perpendicular to
the current plane. There are pieces that allow for this, but students often
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have a hard time solving this problem on their own. For this reason, in 2009,
LEGO® Education introduced a simplified robotics kit for early elementary
students (1st – 2nd grade), the LEGO® WeDo (LEGO WeDo Construction Set
Product Page, 2009).

Figure 1.7: LEGO WeDo Alligator, using Systems Building
Image taken from lego.com

LEGO WeDo

The LEGO® WeDo (see Fig. 1.7) is a robotics kit designed to teach science
and engineering concepts to 1st and 2nd grade students. This kit consists of a
USB-tethered hub, to which students can connect a distance sensor, a tilt
sensor, and a motor.

This hub is programmed using the LEGO WeDo
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software a simple interface also built on LabVIEW, reminiscent of the LEGO
MINDSTORMS software used to program the NXT.

Figure 1.8: LEGO NXT Alligator, using Technic Building
Image taken from lego.com

The WeDo kit has a number of features that make it easier than the NXT to
use with younger children. First, the NXT is compatible with the Technic
building set (see Fig. 1.8). This system, which uses mainly rounded beams
and pegs rather than stackable blocks, is more difficult for early-elementary
aged students to use. The WeDo uses Systems Building, the classic stackable
LEGO blocks, which young children are often already familiar with, and it is
generally easier for them to conceptualize.

In addition, the WeDo

programming environment, inspired by the Scratch programming language
out of MIT, has a very simple and clean graphical programming interface,
slimmed down for young children.

There are no menu bars or panels.

Instead, most of the window is a blank canvas onto which the students can
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drag icons from the lower palette.

This simple pictorial programming

language makes it easy for children to design some intelligent movement into
their physical LEGO build.

WeDo in the Classroom
The LEGO WeDo kit comes with a variety of activities with build instructions,
but more interesting is the types of projects students design themselves. In
one school in Arlington, MA, a classroom of third graders used the WeDo kits,
combined with the LEGO Simple Machines kits, to learn about simple
machines, and then use this knowledge to build an amusement park. Each
group built one component of the park: carnival rides, swings, ice cream
stands, etc. No other constraints were put on the design problem, except that
they had to work with the pieces in the two kits each group was given.
Having just learned about simple machines, almost all groups used gears in
some way, and every group wanted to add movement using the motors. The
students were first prompted to draw their design on paper. Once this
design was explained to a teacher and approved, the group could begin with
the physical build of the park. When the physical build was completed, the
students could test out any kinetic elements using a Power Functions battery
pack to turn the motors on and off. When a group had shown that the motors
did what was intended, the students were allowed to move to a computer to
program their robotic design. At the end of each day of building (there were
three, hour-long sessions) each group had the opportunity to explain what
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they had been working on to their fellow classmates, and to learn from each
other’s experiences and mistakes. The students then brought their group
builds together to form the park, sharing their final designs with each other.

Figure 1.9: Arlington WeDo Amusement Park
In this case, LEGO worked well when the students were designing their
amusement park and testing their kinetic builds.

However, the WeDo

programming component was not taken advantage of until the last day, when
some of the students were ready to add some programming to their design
(not every group made it to this phase). As they were previously testing
their designs using the battery packs (see Fig. 1.10) and then needed to
switch hardware, they did not always plan for this switch well, and
adjustments to their build needed to be made when the USB Hub needed to
be integrated into their designs. In addition, when it came time to testing
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their designs as a large group, the area around the table was a ring of laptops,
propped up on chairs or teetering on the edges of the table, so everyone’s
project could be within reach of their build (see Fig. 1.9). While the RCX and
NXT have the program downloaded to the device and can run remotely, the
WeDo is not ideal for projects such as this, when every build must be
tethered to a computer, and there simply isn’t enough space to do this
effectively.

Figure 1.10: A selection of Arlington builds, including the “Sky buckets” (left) and the
“Ice Cream Shop” (right)

In a second grade science class in Lincoln, MA, as part of an “Inventions” unit,
students spent four sessions of their weekly science class learning how to
design for a client, an individual in need in their community. They were
given five problems that residents of an elderly care center in the town might
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have (Aunt Betty dropped her pills—help her pick them up; Uncle Ben needs
something to help him carry a cup of water with him while he is using his
walker; Grandma Sue needs a way to shine light when she’s using her cane at
night; Mary needs a way to hold her eBook while she’s reading because her
wrists get tired).

The students could choose whichever problem they

wanted, and then were given the LEGO WeDo and Simple Machines kits to
work with. Like in the previous classroom, the students were given an
opportunity every day (over four, one-hour sessions) to share what they had
accomplished that day and any difficulties they had encountered. Other
students were invited to give each group compliments or suggestions on
their designs so far.

Figure 1.11: A Selection of Lincoln builds, including the “Walker Cup Holder” (left) and a
number of “eBook Stands”
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In this case, although many of the students had plans initially to include some
sensors or intelligence into their projects, not one group made it to the
programming stage.

Many groups, such as the group who made the

adjustable eBook holder, included motors in their designs and tested using
the Power Functions battery pack, but did not have time to add in the Tilt
Sensor “switch” they had wanted to control the motors. The group attaching
a flashlight to the cane wanted to incorporate a way to pan and tilt the
flashlight using buttons and motors, but they also ran out of time before
these aspects could be incorporated. Other groups did not use motors at
all—for example, the group building a cup holder for the walker did not need
motors to complete the project. All in all, in this younger class, not one group
was able to take advantage of the WeDo to complete their designs, either due
to time constraint or to lack of necessity to complete the project (see Fig.
1.11).

Need for a New Robotics Platform
It can be seen that, for students with an open-ended project, the LEGO WeDo
kit has some shortcomings. First, the problem that a laptop must be used
from the beginning of WeDo use is a major hindrance for many classrooms.
Many teachers, when incorporating LEGO into their engineering or science
curriculum, begin with LEGO building. As the students get comfortable with
the pieces and practice doing engineering design, they are introduced to
other electronic aspects, such as using motors to give their designs
movement, and finally creating a robot that can sense and react to the
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environment around it. The fact that the WeDo requires a computer to test
with the motors is a problem for many situations because it requires the
students to learn building and programming skills simultaneously. This is
also often a classroom management problem because laptops are often
shared between classrooms, and this requires the teacher to check out the
laptop cart. These shared resources are often too scarce for teachers to want
to deal with, and minimizing the use of a laptop when students are in the
early stages of learning would allow more classrooms to use the kit.

Second, the USB-tethered hub limits students to stationary designs that must
stay within a USB cord’s reach of the computer. This lack of flexibility to
create projects that can drive across the floor, or be placed in the center of a
bunch of projects can be too constraining for many student projects. The kit
is designed for everything but building vehicles. It comes with only one
motor and no wheels. While they certainly don’t work in every situation,
mobile robotics is often a great learning tool for engineering design and
problem solving (line following, navigating a maze, dead reckoning versus
using sensors, etc.).

There is a need for a more flexible robotics platform designed for a 2nd-3rd
grade classroom. This device needs to be untethered, allowing for students
to create robots that can drive across the ground, hang from the ceiling, or be
used in collaborative projects with multiple devices without the clutter of
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extra laptops and cords. In addition, this device needs to allow for easily
testing the motors before moving to the programming environment, as this is
the common sequence of activities in a classroom setting. This project fulfills
this need by creating a prototype robotics system, on par with the WeDo, that
can turn on the motors locally using buttons located on the device, or be
programmed wirelessly.
Wireless microcontrollers
In order to create a prototype wireless robotic system, the device needs to be
built on a microcontroller to do the processing locally within the LEGO robot,
and a wireless board to communicate with the programming interface. The
microcontroller has to be low powered, as it must be powered off of a battery
pack, and the motors the students attach will already take a great deal of
power to run. The controller must include at least four analog ports and
eight digital ports in order to control the LEGO Power Functions motor port
and read from the LEGO WeDo sensor port. The wireless board needs to
have a range of at least 30 ft., large enough to be used anywhere in a large
classroom.

In order to get this device into classrooms, the cost of the

component would need to be reasonably inexpensive. It would also be
beneficial if this platform were easily programmed in a higher level
programming language with online support for programming help and
sample code.
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Figure 1.12: Arduino Fio with XBee board (left), and Arduino Uno with XBee shield (right)
Images taken from cytron.com and sparkfun.com

There are several options for this.

A popular prototyping platform is

Arduino. This platform has the benefit of being very easy to get up and
running with its wrapped up C/C++ language and sample code, and has a
large and active online developer community.

The Arduino community

produces compatible hardware known as “shields” to make electronics
prototyping easy for beginners. This board is compatible with the Xbee radio
boards, which communicate with each other using the Zigbee protocol, and
with the Arduino or other hardware over Serial (see Fig. 1.12). The range of
the least expensive Xbee module is 300ft.

Unfortunately, even the smallest Arduino package, coupled with the XBee
radio, would be too big to create a device of comparable size to the WeDo. If
the package is too large, it is harder for students to incorporate it into their
LEGO builds. In addition, this package would make the final product too
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expensive for an elementary school market (roughly $41 just for these two
components (Sparkfun)). Therefore, the Arduino was considered not a good
fit for this project.

The Pololu Wixel is a small microcontroller
with a built-in wireless radio (See Fig. 1.13).
This radio has a wireless range of about 50 ft—
less than the XBee boards, but still greater than
the required range of the final product. It is
programmed in C, and comes with an opensource SDK to develop apps for the device. The
language is slightly less user-friendly than the Arduino language, but an
online forum exists on the website to support

Figure 1.13: Pololu Wixel Board
Image taken from sparkfun.com

developers with hardware and software help.
The SDK also comes with preprogrammed apps from which to get started
and draw sample code. In addition, this board, with the included radio chip,
costs less than half of the Arduino/XBee option: $20/board. No other
microcontroller board could be found on the market that had a radio onboard in such a small package. It was determined that this small footprint
and small price tag was more important than the range of the radio or the
user-friendliness of the programming language for the controller. Thus, the
Pololu Wixel was selected for this project.
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Programming Interface: Apple iPad
The programming interface for an educational robotic platform is an integral
part of the learning experience. This interface needs to be intuitive enough
for 7-year old children to use without too much instruction, in the loosely
structured environment of an open-ended group design project. The LEGO
WeDo Software is simple and intuitive, but there are drawbacks to requiring
the user to program on a laptop or desktop computer. This project explores
the benefits to using a tablet interface for programming in an educational
environment. First, tablet computers are often much cheaper than laptop or
desktop computers. An Android tablet can be purchased for less than $100,
while even the least expensive laptops run about $450. This difference can
be hugely beneficial to elementary classrooms, which are generally working
with a very tight budget (Nagel, 2010).

In addition to cost, the touch interface of such
mobile devices can provide many other
benefits not found with laptop or desktop
computers.

The popularity of mobile touch

screen devices stems from their portability and
ease of use. Manipulating digital content with
Figure 1.14: Apple iPad (2nd gen)
Image taken from techcrunch.com

a touch screen appeals to kinesthetic
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learners, which makes it a powerful tool in the elementary classroom
(Bennet, 2011). Students as young as 21 months have demonstrated their
ability to interact meaningfully with educational apps. There exist thousands
of educational apps targeted at early elementary students including apps for
learning letters, colors, shapes, interactive story telling, and drawing
(Banister, 2010). However, all of these apps exist only within the mobile
device. While providing a fun and colorful virtual world for children to play
and learn in, they do not interact with the real world actually around them.

Not only are tablets an easy platform for children to use, they can also be a
Figure 1.15: iPRO Programming and Simulation Environment
(Berland, Martin, Benton, & Petrick, 2011)

powerful tool for a collaborative project environment. Traditional computer
programming is inherently a one-person interaction with a computer (Beck,
2004). It can be difficult for multiple students, e.g. in a group project setting,
to contribute to the programming stage of the project at the same time.
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However, a mobile platform such as an iPad can improve collaboration in
group programming experiences.

A project known as “Programming

Standing Up” studied the effect of an iOS programming environment, in
which students used iPod Touches to program a virtual robot, which could
play soccer on a virtual field (see Fig. 1.15). The researchers claimed that the
iPod programming platform, IPRO, allowed the students to “better
collaborate with their peers” (Berland, Martin, Benton, & Petrick, 2011). A
physical model of the virtual field was available in the classroom for students
to move about as they programmed their robots, providing a physical space
for understanding and debugging the robot’s movements. The students
would often carry their iPods around while they “act out” the robot’s
movements, stepping through their programs, in order to figure out why the
program was not working properly (Berland, Martin, Benton, & Petrick,
2011). If this tool were expanded to programming a physical robot, the
mobile platform could likewise turn the stationary task of programming and
debugging into a collaborative, interactive task, where students bring their
program down to the physical space of the robot they are programming, and
act out the movements with the program in hand.

In this way, the

programming and testing steps can be more quickly iterated upon, and the
students gain a better understanding the robot’s behavior.

This project utilized the Apple iPad as the mobile platform for the robotic
system’s programming environment, with the understanding that this

Noble 30
interface could and should be expanded to the iPod Touch as well as Android
tablets in order to be made available to the highest number of classrooms.
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Chapter 2: Implementation
System overview
The goal of this thesis project is to develop a new wireless robotics platform
and iPad programming interface, and perform usability testing with this
platform with 2nd-3rd grade children.

This project is composed of the

wireless robot hub, the iPad app, and the iPad dongle that wirelessly
communicates with the hub (see Fig. 2.1, 2.2). The robotics platform is built
around a Pololu Wixel microcontroller. This low-cost board has a wireless
2.4GHz radio and antenna onboard, and can talk to any other Wixel. The iPad
dongle is also built around a Wixel, and these two devices, when paired,
handle communication between the robot and the iPad.

Figure 2.1: Schematic of System Communication
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The robot hub has one motor and one sensor port available. Motors that can
be used are LEGO Power Functions motors, which are currently included in
the WeDo kit. The sensors are LEGO WeDo sensors. The motor port has
buttons in order to test the motors without having to program the device.
Most classrooms introduce students to the building aspects of LEGO robotics,
and then move on to programming. These motor buttons were intended to
be especially useful in allowing students to add mechanical movement to
building challenges before the class moves on to learning programming. This
also allows students to test and “debug” their builds before adding another
layer of complexity in the programming.

The dongle consists of two small microcontrollers: the Pololu Wixel (Pololu
Wixel Product Page) and the Teensy (Teensy Product Page). The iPad dongle
plugs into the iPad using a USB Camera Connector, generally used to attach a
camera to an iPad through a USB cable. This connector attaches to a Pololu
Teensy microcontroller, which is made to appear as a USB MIDI device.
While the iPad does not strictly have a USB or serial interface, it can send and
receive MIDI commands. This project leverages this feature in order to
create a communication protocol using MIDI commands. The teensy then
sends and receives commands through its UART port to the Wixel, which
deals with communication with the robot hub.

Noble 33

The iPad app is a drag-and-drop graphical programming interface that allows
the user to create and run programs that control the robot. The user adds
icons to the editing pane by selecting the icon they want from the palette
below and dragging it into place in their program. Sequence is specified by
wiring icons together in the desired order. The user wires icons by using two
fingers to touch—first touching the icon to the left, and then, still holding the
first, touching the icon to the right. This will make a wire appear on the
diagram, and this wire will continue to stay connected as the user drags the
icons around the editing pane.

Figure 2.2: Full System: Wireless Hub, iPad with app, and attached dongle.
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Wireless Hub
Physical description
The wireless hub facilitates robotics design projects in the classroom by
allowing students to test their designs by turning the motors on locally, and
then allowing the students to give their projects intelligence by programming
their robots wirelessly (see Fig. 2.3). The wireless hub is a 2.5” x 2.5” ABS
plastic box that controls a number of motor/sensor ports. This enclosure
was designed and 3D printed to contain the electronics necessary to do this,
and LEGO plates are attached to the bottom with plastic epoxy so students
can easily incorporate this device into their LEGO builds. In production, this
size could be made small enough to fit within the current WeDo casing. The
motors and sensors attach to WeDo plugs that are affixed to the outside of
the encasing with plastic epoxy. These plugs are WeDo extension wires that
have been cut so that the wires can lead into the device through holes in the
casing and attach to the circuit board inside.

The buttons on the top of the device are for manual control of the motors
attached to the ports. These are a 2x2 array of silicon buttons, which each
close a contact on a PCB board lying underneath. Four leads from this board
attach to digital inputs on the wireless hub’s main circuit board. There are 4
buttons: two for turning on motor A forward and back, and two for motor B.
When the buttons are pressed, these digital inputs are read, and the motors
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are turned on programmatically. If you push both the forward and backward
button for at the same time, the motor will spin forward.

Figure 2.3: Wireless Hub

The power source on the wireless hub is a Power Functions battery pack (see
Fig. 2.4). This is so the students can choose to distribute the weight of the
battery and the wireless hub throughout their build. They can also choose to
attach these components together with the LEGO plates on the bottom of the
hub. This battery pack is electrically attached to the device through a WeDo
plug specified for the purpose, which leads out of the back of the wireless
hub.
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Figure 2.4: Wireless Hub with Battery Pack
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Wixel Microcontroller

Figure 2.5: Wixel Microcontroller Pinout
Image taken from Pololu.com

The wireless hub is controlled by a Pololu Wixel microcontroller (see Fig.
2.5).

This acts as the brain of the hub as well as the radio board for

communication to the iPad dongle. Error checking for complete packets is
done internally by the Wixel. When it receives a packet, the program casts it
into a Struct created in the program called WeDoCommand, which contains
variables for the unique Wixel serial number of the sender, the command
byte, port byte, and value byte. The Wixel is constantly scanning for a
wireless packet from the iPad. When it receives a packet, it checks to make
sure that packet came from its paired dongle, which has its serial number
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hard coded into this Wixel’s program. It then parses the message for three
values: command, port, and value. If it receives a “Read Sensor” command, it
reads the sensor requested, packages this value in a wireless packet, and
sends it back to the dongle. If it receives a “Write Motor” command, it
changes the variable containing the duty cycle of the specified motor to the
value provided in the command packet (see Table 2.1). It then echoes the
command back to the dongle to provide confirmation that the command was
received. Messages sent from the wireless hub to the iPad dongle follow the
same protocol of “command, port, value” so the iPad can determine which
sent message the hub is responding to (see Appendix).

Table 2.1: Wixel Command Protocol Definitions

Command

Byte

Read Sensor

0x01

Motor full on (positive 0x02
direction)
Motor full on (negative 0x03
direction
Motor full off
Motor
speed

on,

0x04
variable 0x05
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In addition to scanning for wireless messages, the Wixel also updates the
motors at each loop iteration (see Fig. 2.6). The program looks at each
motor’s duty cycle and the time since the last loop, and determines if the
PWM signal needs to be switched. If it does, it alters the signal on the digital
output accordingly (low to high, or high to low). In this way, the loop can run
as fast as possible, without delay functions locking up control flow, which
allows it to respond to other stimuli such as messages and button presses
without delay.

Figure 2.6: Motor Control Schematic
At each loop interval, the program is also scanning for button presses. If a
button is pressed, the Wixel sets the appropriate motor line high, overriding
commands from any wireless communication previously or concurrently
received. When the button is released, the motor speed returns to the last
wireless command specifying it.
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Electronics Design
The WeDo sensors and Power Functions motors use a common LEGO
connector design. This connector has 4 pins (see Fig. 2.8). For the motor,
these pins are Ground, M1, M2, and Power. M1 and M2 signify the motor
control pins on which a PWM signal is sent. For the sensor connector, these
pins are Ground, ID resistor, Analog reading, and Power. The ID resistor
specifies which sensor is attached, and the Analog reading line is the sensor
value.

The power and ground pins have the same placement in both

configurations, so a universal motor/sensor port can be created by either
writing to or reading from the middle two pins.

Figure 2.7: Full Wiring Schematic
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Figure 2.8: WeDo Sensor and Motor Plug Pinouts

The wireless hub has a number of electrical components allowing it to
function. The motors are controlled by a PWM signal coming from the Hbridge IC. This component receives a 3.3V PWM signal from the Wixel digital
line while a second digital line is held low, and the H-bridge steps it up to a
9V PWM signal to send to the LEGO motors. This device also allows the
motors to change direction by sending it the PWM signal on the second
digital line while holding the first low. In this way, the Wixel can control the
speed and direction of the motors. One H-bridge chip can control two motors
independently (see Fig. 2.9).

The battery powering the wireless hub is 9V (6 AA batteries). The Wixel
cannot be powered by a voltage greater than 5V. In order to step the voltage
down, a voltage regulator was used between the battery and the Wixel (see
Fig. 2.10). The motors require 9V to run, so the H-bridge uses the 9V and 5V
as reference points when stepping the digital signal back up to this value.
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Figure 2.9: H-Bridge
Bridge Pinout

Figure 2.10: Voltage Regulator Pinout
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Custom circuit boards were designed in Eagle CAD and printed for the
wireless hub (see Fig. 2.11). It also allows for a smaller device casing, making
it easier for children to build around the device in their designs. This also
allows for increased durability and reliability because it no longer has dozens
of wires crisscrossing the board, as previous hand-wired prototypes did.
Also, fewer mistakes are made during assembly.

The prototype circuit

boards are 2-layer boards with a footprint of 2.2”x2.2”, and all the above
electronic components are attached to this board, as well as leads to the
buttons and battery connector.

The circuit board includes a large amount of printed copper on the lower
layer of the board. This copper plate is tied to ground in order serve as a
heat sink for the two H-Bridge components.
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Figure 2.11: Populated Printed Circuit Board
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iPad app
User Interface

Figure 2.12: iPad App screenshot

The wireless hub is controlled by the iPad app. This app allows the user to
program the device, and then runs the program locally, sending commands
and receiving sensor data from the hub to make decisions. The programming
language consists of drag-and-drop programming blocks that the user wires
together to specify flow and add modifiers (see Fig. 2.12).
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The iPad app for this device is designed to mimic the current minimalist
design of the desktop WeDo programming environment. Most of the screen
is blank space to add programming blocks from the lower palette. The
palette includes motor on and off icons, “wait for” icons to respond to sensor
inputs, and modifiers for specifying motor or sensor port (see Table 2.2).
Like in the WeDo software, the program is intended to be written from left to
right. The user drags these blocks into position and wires them together by
touching the left icon, and then the right icon, specifying the control flow of
the user’s program.

This specifies that the left icon be executed first,

followed by the right. When the user performs this action, a line appears
connecting the icons. This line remains connected until the user changes the
wiring (by wiring one of the ions to something else) or until one of the icons
is deleted. Icons are deleted by dragging them off of the canvas.

Also like the LEGO® WeDo software, the app requires that the user’s
program begins with a “Play” icon. This becomes important when the app
goes to parse the user’s code as it begins traversing the blocks with this icon.
Only one “Play” icon can be added to the canvas. Icons that are connected by
wire to this “Play” icon do not run. In future iterations, the user could
potentially add multiple play buttons, and decide which thread of code to
run.
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Table 2.2: Icon Names and Descriptions
Icon

Name

Description

Play

Beginning of program

Motor On/Motor Off

Sends a command to the Wireless Hub
to turn on or off the motor, specified by
the modifier.

Wait (1 sec)

Wait
Closer/Farther

Delays the user’s program for 1 second.
second

for Checks the distance sensor value at
specified sensor port.
reference value.

Saves this as

Continues to check

this sensor reading and comparing it to
the initial value. If the sensor reading
becomes a certain
tain constant greater
than or less than the reference, allows
the program to continue. Otherwise,
the program waits.

Wait for Upright/ Checks the tilt sensor value at specified
Forward/Back

sensor port.

If the sensor reading

matches that of the constant for that
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orientation (within a tolerance), allows
the program to continue. Otherwise,
the program waits.
Play Sound

iPad plays a sound effect

Port Modifier

Wired to a Motor On/Motor Off icon,
icon or
to a Wait for [Sensor Event] icon to
specify which port the command
applies to

Figure 2.13: Relationships between Major Classes in App
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App Setup: ViewController Object
This iPad app is written in Objective C, in Apple’s XCode programming
environment. As is common with GUI applications, the app is structured to
set up the window, and then spend most of the time waiting for and
responding to user input. When a user event is received, the app calls the
appropriate callback for that event, but continues to monitor for other button
presses, touch events, etc.

In this way, the app attempts to remain

responsive even if an action takes a while to complete.

The ViewController class manages the main view of this application.
This class deals with creating widgets on the screen and doing any other
setup for the app. Some widgets were created using the Interface Builder
tool in XCode, but most were added and configured programmatically within
this class or supporting classes. The setup for this view is done in the
function viewDidLoad, which the system calls when the main view of this
application finishes loading. This is where the app programmer is allowed to
set up the view after a generic view is loaded (see Fig. 2.13).

First, the PGMidi instance variable is allocated and initialized. This object,
dependent on the CoreMIDI framework, contains the functions used to deal
with MIDI communication in this app are part of this object. The PGMidi
object is configured through a number of other functions from this object.

Noble 50
The transparent PathView class is instantiated and configured next. This
class maintains the wires between icons, drawing, updating, and deleting
them as needed. The PathView class is described in further detail below.

The two instance variables of the Sensor class are allocated and initialized.
This is where the most recent sensor reading for each of the sensors is
stored, along with the sensor type. Next, a timer is created and set up to call
the sendSensorCommand function every 0.2 seconds. This function sends
commands to the wireless hub to send back updated sensor readings for each
sensor type and sensor value. The PGMidiDelegate framework calls the
callback function midiSource:midiReceived: when it notices bytes
waiting in the MIDI buffer, which have been sent from the wireless hub.
These responses are parsed and stored in a different area of the program, to
be described below.

Next, the palette icons are created and positioned along the bottom edge of
the view. Each of these are instantiated with a “type” property, which tells it
which kind of function block it can create, and an image, matching the image
filename assigned to the function block.

The PaletteIcon class is

described in further detail below.

The timer controlling the program traverser is instantiated. The program
traverser is a group of functions that deals with executing the user’s code by
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calling each function block in the order it is wired, starting with the “Play
Icon” block. The timer calls the traverseIcons callback, which traverses
the next icon in the list if the Play button has been pressed. This process is
described below. Finally, the traversing variable is set to false.
Parsing Incoming MIDI Bytes
The PGMidiDelegate framework handles incoming MIDI packets, and
requires

the

definition

of

a

callback

function,

midiSource:midiReceived: to handle incoming MIDI messages. This
function reads in the list of packets and grabs the first packet in the list. This
packet is parsed and the extracted byte is sent to the appendToResponses
function. This function first looks for two consecutive bytes equal to 0x0F.
This is the beginning of the message from the wireless hub. Once it finds this
pattern, it grabs the next three bytes that it receives.

The first is the

command that was sent to the wireless hub. If this is a sensor command, it
looks at the next byte to determine the port, and the third to determine the
value. It updates this value in the Sensor class specified by the port.
Function blocks that need to use these sensor values can access these classes
in order to read these data.
Function Palette: DraggableIcon Subclasses
The icons in this app all inherit from the DraggableIcon superclass. This
class creates an icon-sized view and manages user interactions with this
view. It also stores the icon’s location, which icons it is connected to, and a
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number of other pieces of data about the icon. This DraggableIcon class
also has an -(int) run function. Subclasses override this function in
order to specify what the block does in the user’s program. Then, when the
user clicks the “Play” button, the program traverser calls each run function in
the sequence that the user has wired them.

If the subclass does not

overwrite this function, the default function simply prints, “this icon
has not implemented the run method\n” to the console.

Each subclass of DraggableIcon inherits all of its variables and functions.
The subclasses each have their own instance variables to store data unique to
that icon, and can write new functions or override functions of the
superclass. This allows the subclasses to specify what happens when the
function block is run by overwriting the –(int) run function. The purpose
of the PlayIcon class is to allow the user to specify where the beginning of
the program is, so that the app can then begin the control flow here when the
program is executed. When instantiated, it initializes its superclass, sets its
title and the image to be used for the icon, “play button.jpg”. In its run
function, the function block merely prints, “play icon ran\n” to the
console. It then exits, returning 0 to signify that it ran and the control can
now be passed to the next block in the sequence.

The MotorOnIcon class allows the user to programmatically turn on a
motor attached to a port on the wireless hub. The user must attach a “Motor
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Modifier” icon to the “Motor On” icon in order to specify which motor he or
she would like to turn on.

The MotorOnIcon class, when instantiated,

initializes its superclass, sets its title, and the image to be used for the icon,
“motor on.png”. In its run function, it first looks at the “Motor Modifier”
icon that has been wired to it. It then builds a MIDI packet to send to the
wireless hub. This packet contains the command for specifying a motor
speed, the port to turn it on (specified by the “Motor Modifier” icon), and the
speed value for “full on”. It then sends this packet to the iPad dongle for
parsing. It then exits, returning 0.

The MotorOffIcon class works almost exactly the same as the
MotorOnIcon class, with a couple changes. Like before, the user must
attach a “Motor Modifier” icon to the “Motor Off” icon in order to specify
which motor he or she would like to turn on.

The MotorOffIcon class,

when instantiated, initializes its superclass, sets its title, and the image to be
used for the icon, “motor off.png”. The run function is nearly identical
to the MotorOnIcon class, with the exception that it sends a speed value for
“full off”.

The WaitIcon class allows the user to put a 1 second delay in his or her
program. The class, when created, initializes its superclass, sets its title, and
the image to be used with the icon, “wait 1sec.png”. The run function is
very simple—it sleeps for 1 second, and then exits, returning 0.
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The “Wait for Sensor” classed allows the user to delay the program until a
certain sensor event occurs. These icons allow the user to create a robot that
not only moves in choreographed motions, but also responds to stimuli in its
environment. The user must attach a “Sensor Modifier” icon to the “Wait for
Sensor” icon in order to specify which sensor he or she would like to use for
this block.

The WaitForCloser class allows the user to delay until the

proximity sensor reads a value less than 30 units below the first value read.
When instantiated, the class initializes its superclass, sets its title, and the
image to be used for the icon, “wait closer.png”. It also sets the
variable runcount to 0. When the run function is called, it checks the
runcount variable. If it is zero, it calls the setSensor function, which
reads the most recent stored sensor value for the sensor port specified by the
“Sensor Modifier” wired to this block. It then calls the checkSensor function
to check the most recent sensor value the app has received for the specified
port.

If the sensor value is less than the stored initial value (minus a

tolerance of 30), the sensor has detected a “closer event”. When this occurs,
the function resets runcount to 0 and returns with a value of 0. If this event
has not yet occurred, the function exits with a value of 1, and the program
traverser will call the run function again (this time not calling the
setSensor function).
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The WaitForFarther class allows the user to delay until the proximity
sensor reads a value greater than 30 units above the first value read. It is
almost identical to the WaitForCloser class. When instantiated, the class
initializes its superclass, sets its title, and the image to be used for the icon,
“wait farther.png”. The run function works exactly the same as the
WaitForCloser class, except it compares the most recent stored value for
the specified sensor port to the first iteration’s sensor reading, it detects a
“farther event” when the value is greater than the stored initial value (plus a
tolerance of 30).

The WaitForUpright class allows the user to delay until the tilt sensor
reads a value indicating that the sensor’s orientation is “Upright”. When
instantiated, the class initializes its superclass, sets its title, and the image to
be used for the icon, “wait upright.png”. When the run function is
called, it calls the checkSensor function to check the most recent sensor
value the app has received for the specified port. If the sensor value is equal
to 0, the value specifying an “upright orientation”, the sensor has detected an
“upright event”. When this occurs, the function returns with a value of 0. If
this event has not yet occurred, the function exits with a value of 1, and the
program traverser will call the run function again.

The WaitForForward class allows the user to delay until the tilt sensor
reads a value indicating that the sensor’s orientation is tilted “Forward”. It is
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almost identical to the WaitForUpright class. When instantiated, the class
initializes its superclass, sets its title, and the image to be used for the icon,
“wait forward.png”. The run function works exactly the same as the
WaitForUpright class, except it compares the most recent stored value for
the specified sensor port to 1, the value specifying a “forward orientation”.

The WaitForBack class allows the user to wait until the tilt sensor reads
that the sensor’s orientation is tilted “Backward”. It is almost identical to the
WaitForUpright class.

When instantiated, the class initializes its

superclass, sets its title, and the image to be used for the icon, “wait
back.png”.

The run function works exactly the same as the

WaitForUpright class, except it compares the most recent stored value for
the specified sensor port to 2, the value specifying a “backward orientation”.

The PlaySoundIcon class allows the user to play a sound effect at that
point in his or her program. When instantiated, the class initializes its
superclass, sets its title, and the image to be used for the icon, “play
sound.png”. It also creates an instance of the AVAudioPlayer class,
from Apple’s AVFoundation framework, and initializes it with the wav file
of the sound effect, “boing.wav” and calls the function, prepareToPlay,
which cues the track up to the beginning of the sound effect. When the run
function of this class is called, it plays this sound effect file, and resets it to
the beginning of the track.
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The ModifierIcon class allows the user to specify the motor or sensor
port to which the function block applies.

When instantiated, the class

initializes its superclass, sets its title, and the image to be used for the icon.
Depending on the block, the image could be “modifier motor 1.png”,
“modifier

motor

2.png”,

“modifier

sensor

1.png”,

or

“modifier sensor 2.png”. The “Motor Control” icons and “Wait for
Sensor” icons look at the modifier’s title to determine which port to use for
their actions. The ModifierIcon class does not overwrite the run function
because it is only ever wired as a modifier, and therefore cannot be called by
the program traverser.

The PaletteIcon class displays an icon the user can select to add to the
programming canvas.

The PaletteIcon class is also a subclass of

DraggableIcon; however, the view’s “draggable” quality has been
disabled. One instance of the PaletteIcon class is created by the View
Controller for each of the possible function blocks the user can add. These
icons are lined up along the bottom edge of the window in a palette
configuration. The user can add blocks to their diagram by touching a palette
icon and dragging it up onto the canvas. When the PaletteIcon receives a
touch event, it creates an instance of its associated function block class, and
puts this class at the user’s touch location. When this icon senses that the
user’s finger is dragged, it passes this location on to its associated function
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block. When the user lifts his or her finger, the PaletteIcon class is no
longer in control of the block’s location, and the created icon responds to its
own subsequent touch events independently.

Figure 2.14: Example of Icon Linked List from User Code Connections Schematic
Wiring: PathView Object
The wires that the user connects between function blocks exist on a
background pane called the “path view”. The PathView class maintains a
list of wires, and contains functions for adding, updating and deleting them.
When a DraggableIcon perceives a touch event from two touches (i.e.
two-finger touch), it checks to see if the other touch is located on a different
function block. If it is, it checks to see if either block is a “Modifier Icon”. If it
is not, it sets the connectedTo variable of the first icon to the second icon,
and the connectedFrom variable of the second icon to the first icon, thus
linking them together. If the first block is a “Motor Modifier”, it checks to
make sure the second block is a “Motor Control” icon, and if it is, instead sets
the second icon’s variable connectedFrom2 to the first icon. If the first
block is a “Sensor Modifier”, it checks to make sure the second block is a
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“Wait for Sensor” icon, and if it is, instead sets the second icon’s variable
connectedFrom2 to the first icon (see Fig. 2.14). If the user attempts to
wire icons that cannot be wired together, nothing happens. Once these
variables have been set, programmatically linking them together, the
DraggableIcon class calls the beginDrawFrom:To: function of the
instantiated PathView class to visually connect them together with a black
line. If an icon is dragged to a different location, as the icon is being redrawn
at every step, so to is the wire’s line being updated with the
updateLineWithIndex:startXstartY:endX:endY function as the
user drags a connected icon around the canvas. If the user drags the icon off
of the canvas, the icon is deleted, as is the wire in the PathView class’s list.

Program Traverser: Interpreting User Code
The program traverser is a group of functions that handles the execution of
the user’s code. The timer calls the traverseIcons function every .01
seconds. This function first checks the “traversing” variable. This variable is
only true after the user has pressed the “Play” button. If the traversing
variable is false, nothing happens.

If the variable is true, the function

highlights

block

the

current

function

being

executed,

stored

in

iconTraversed, for user debugging purposes. Then, it calls the current
icon’s run function.

If the icon returns 1, the program traverser does

nothing—next iteration, it will call the same icon over again. This is used for
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“Wait For Sensor” that need to delay the program until a certain event
happens. If the function returns 0, the icon ended running successfully, and
the current icon’s connectedTo variable is stored in iconTraversed,
thus moving through the sequence of icons. If this variable is nil, the
program traverser has reached the end of the user’s program.

The

endTraversing function is called, sending the command to stop the
motors and setting the traversing variable to false. The user also has
access to a “Stop” button. This button calls the stopProgram function,
which stops the motors and sets traversing to false.

iPad dongle
The iPad dongle allows the iPad to communicate wirelessly with the LEGO
hub. Generally, only “Apple approved” hardware can be used with Apple
products. However, these devices can communicate openly using the MIDI
protocol. The prototype of this dongle, therefore, must be a MIDI device in
order to communicate with the iPad. When this product is expanded to be
compatible with other tablet devices (Android tablets, Amazon Kindle Fire,
etc), this method can be reevaluated to use standard serial communication
over the device’s USB port.

When this The dongle must be small enough to be out of the way during use,
and light enough to not cause too much stress on the iPad plug. This device
must also be low-powered in order to be completely powered by the iPad
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port, and not need an external power source (which would make the device
heavier, as well as require the user to change the battery).

The dongle consists of 4 components: An iPad Camera Connection Kit, a USB
cord, a Teensy microcontroller, and a Wixel microcontroller (see Fig. 2.15).
The camera connector attaches to the 30-pin port on the iPad.

This

connector has a USB port, intended to connect a camera to the iPad. The
dongle contains a USB cord from this port to a Teensy, a small
microcontroller by PJRC that can be programmed in the Arduino
IDE/programming language. It can be easily converted into a USB MIDI
device, and thus capable of sending and receiving MIDI messages to and from
the iPad. The Teensy receives MIDI packets from the iPad, unpacks them,
and sends them as a serial message through the UART port to the Wixel
microcontroller. The Wixel receives these bytes from the Teensy, packages
them in a radio package, and sends it on to the wireless hub.
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Figure 2.15: iPad Dongle, in enclosure (top) and without casing (bottom)
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Chapter 3: Testing
Version 1
This project build went through two major iterations. The first prototype
was a simplified design tested with three children in an informal setting, in
order to observe how they interacted with the system. The purpose if the
test was to gain feedback on the feasibility of this product and to see what
problems these children encountered when building a robot, in order to
inform the design of the next iteration of the system.

First, the children were asked how much LEGO robotics experience they
already have. All three had experience with the LEGO MINDSTORMS RCX,
NXT, and WeDo robotics platforms, as well as Scratch programming
experience. Next, the children were introduced to this system and briefly
taught how to plug in sensors, test the motors locally, and how to use the
iPad app. The children were then given about 30 minutes to build whatever

Figure 3.1: Prototype 1 Testing: Children’s builds. One group built a car (left), while the other
child built a carnival ride for a LEGO minifigure (right)
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they wanted to, using the new platform. They were given the pieces from the
LEGO WeDo kit (minus the USB hub) and Resource kit to use in their builds.
During this free building time, I kept track of questions they had, moments
when they appeared confused or frustrated, and mistakes that they made, as
well as how often they used the buttons for testing before moving on to
programming. At the end of the session, they shared their designs with each
other, and were asked about their impressions and experiences using the
system.

During building time, the children had many questions. First, they took
quickly to the wiring within the app, but had difficulty at one point because
they wanted to be able to wire modifiers to sensor/motor blocks both left-toright and right-to-left. Also, as the wires on the iPad programming diagram
attached to the middle of each block, the children often had trouble
accidentally wiring things in the wrong order, and then not being able to see
their mistake. Also, when the stop button is pressed to abort the program, it
stops wherever the program had gotten to at that point—this meant, if the
motors were on, they would remain on, even though the program was not
running. This is a problem because often, when they pushed the stop button,
it was because the robot was running away/off the table, or the motors were
breaking the build in some way. Finally, the connections inside one of the
bots broke near the end of the session, and the second motor port stopped
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working. They also had trouble with controlling the robot at times due to
connection issues.

After building, the children shared their projects. Two of them had built cars,
but, due to hardware issues, were having trouble making the light sensor
work. The third kid built a playground toy, which would spin a LEGO minifig
around (see Fig. 3.1).

Both groups tested extensively with the manual

buttons before shifting to iPad programming.

As these children had experience in WeDo and NXT programming, they had
many constructive comments about the platform. First, they liked that the
test buttons let them quickly check if the motors were set up the way they
wanted in their build, and that they didn’t need a computer to do this. They
also caught on quickly to the wiring within the app, and thought it was fun.
Also, they seemed to enjoy using the iPad platform in general, and the group
building the car brought their iPad onto the ground with them. It was
positive to see that these aspects of the design proved to be good decisions.

The testing session was also productive because a number of problems were
discovered with the system.

First, there were pairing issues with the

wireless hubs and the iPad dongles, which could be resolved with a bug fix in
the code. At times, there were communication issues between the iPad and
the wireless hub, which also needed to be fixed programmatically to ensure
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commands are not lost. Also, as the app only executes the program attached
to the first “Play” icon the user adds, the app should prevent the user from
adding more than one “Play” icon to the canvas. This is easily fixed in the app
as well. There was also a problem with the H-bridge in one of the devices—
my best guess is that it became overheated during the test, due to more use
of the motors that it had been subjected to in prior testing.

The next

prototype has a heat sink printed into the circuit board to avoid this problem
in the future.

There was not a consensus about whether the children liked having the
battery pack separate from the wireless hub instead of integrated into it. The
children building the car wanted it in one package because it makes it easier
to use as the body of the car. However, the kid building the playground liked
having it separate because it gave him more space to build on top of, and he
could separate them if he wanted to. In the new prototype, these pieces will
be separate, but LEGO plates glued to each will allow them to be easily
snapped together if desired.

The children also had a number of suggestions that, while good ideas, could
not be integrated into the next prototype, due to time restrictions and scope
of this thesis project. First, the students wanted the ability to save and
switch between programs. Right now, if you want to start a new program,
you need to delete all the icons and start again. The ability to store multiple
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programs would be necessary for implementing this system in the classroom.
These should be considered for future development of this platform. They
also want the ability to change the motor speed and direction. This is not
included in this prototype because the complexity of designing a GUI that
would allow students to do this easily and intuitively was beyond the scope
of this system proof of concept. This should definitely be included in the next
version of the prototype.

The students also wanted more sounds to choose from, as well as a number
of other features made possibly by the iPad. They wanted to be able to use
the iPad accelerometer to drive their car. They also wanted to be able to use
the camera on the iPad to drive their design around or take pictures of the
build. Leveraging other tools provided by the iPad is certainly a feasible and
powerful addition to this platform if taken advantage in future iterations.

Version 2

Testing for the second prototype involved two children, ages 8 and 11, who
have been working with LEGO robotics since age 3, and thus have lots of
experience with LEGO building, and using the WeDo and NXT robotics
platforms.

The students were introduced to the system, how to attach

motors and sensors, and how to program using the iPad. They were then
allowed to build with the robotics kit for an hour and a half (originally, this
was planned for 45 minutes, but the children wanted to continue to work on
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their build after the allotted time). This session followed a similar procedure
to the previous testing, with the exception that the children had more time to
work on their build.

Time

Activity

5 minutes

Introduction

45 minutes

Building

10 minutes

Questions and Feedback

These children chose to build an elevator for one child’s toy cars (see Fig.
3.2). The students were free to work on the different aspects their project at
their own pace, and in their own order. The students spent most of the
session building. They then added motors to their design, and tested these
motors before moving on to programming. The children were familiar with
testing the motors just using the Power Functions box (which they
recognized from the LEGO Systems and Mechanisms kit), but when prompted
to use the Wireless Hub with the buttons instead, and found this just as easy.
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Figure 3.2: Prototype 2 Testing: Children’s build. An elevator for a toy car.

Over the course of this session, the children were observed while they built
in order to determine how well they interacted with the system, and what
difficulties arose while they used it to complete their design. The children
did not encounter any technical issues with the system as they built and
programmed their car elevator. They didn’t run into any difficulties using
the Wireless Hub or the iPad programming environment once introduced to
it. The only question they needed answered while building was a reminder
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of which port is for the motor, and which is for the sensor. Also, the students
were not told how to delete icons from their programming, but they
intuitively dragged the unwanted icons off of the canvas without even asking.
Almost all questions that they had involved how the system worked
internally, and they wanted to see what was inside the Wireless Hub and iPad
dongle after the session was over.

As the children had previous programming experience, they expected
features such as while loops, and asked if they could add a loop in this
language. When I said that there wasn’t a loop implemented yet, they wanted
to wire the icons in a loop by wiring the last icon in the sequence to the first
one (which does not work in this implementation). I’ve seen this style of
looping in other graphical languages (e.g. the Choreograph environment for
programming the Aldebaran Nao robot), and it could be something to
consider when further expanding this programming environment.

The biggest challenge the children seemed to face was keeping the motors
physically attached to their build. They suggested the kit should come with
duct tape to keep the motors from becoming unattached when turning them
on. However, this reflects the ease of attaching the Power Functions motors,
and the children’ own limitations with building with these motors, rather
than this particular robotics platform. While the children did not find a
solution to this problem in the time given, the ability to test using the buttons

Noble 71
at least let them zone in on what part of their build was having difficulties,
and they could then hold this trouble part together with their hands when
they went to turn the motors on programmatically. In addition, they also
complained about the shortage of building pieces that came in the kits
provided.

After building, the children were asked a number of questions about their
experience with the system. They liked that it was fun to work with, and that
the iPad made programming the robot easier than computer programming,
because wiring is easier on a touch screen than with a mouse. They said that
the app and robot hub were easy to understand and use, and that children
“would go crazy for it, because of the iPad.”

One thing that they did not like is that having the battery pack separate from
the hub made the electronics seem like a lot of parts, which could get
confusing or cumbersome. Building would be easier if the battery were
incorporated into the Wireless Hub. When building, they started with the
battery attached to the hub, and then unattached it and put it elsewhere in
their design using an extension wire because they thought having the two
attached made it too big. They wanted to make sure that in the final version
of this product, the parts would get smaller, so the battery could be inside the
main hub.
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Figure 3.3: Prototype 2 Testing. Screenshot of children’s program for LEGO elevator.

Finally, they wanted to make sure that the final version would be available on
other mobile platforms besides the WeDo. They listed a number of friends
that had Kindle Fires and iPad Minis, and said that they would want to use it
on their devices too.

When examining the children’ code, it is unclear why they decided to turn the
motor on twice, with a wait in between (see Fig. 3.3). Perhaps they thought
that the second “Motor On” icon would turn the motors in the opposite
direction, thus lowering their car elevator before coming to a stop. If this is
the case, it is further evidence that the program environment needs the
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added functionality of changing the motor speed and direction in the final
version of this product, and that motor direction needs to be explicit in the
icon images.
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Chapter 4: Conclusion

This prototype succeeded as a proof of concept for a product that has the
potential to fill a need found in elementary engineering education. In testing
the final prototype, children found it fun and easy to understand, and were
able to use it with almost no problems. However, there is additional work
that must be done before such a device could be produced and implemented
into classrooms. These features fall into three distinct categories: things the
children used in testing suggested or seemed to have trouble with, features
that would be useful to teachers for classroom management, and educational
testing to quantify the effectiveness this device has in a real elementary
classroom.

Feedback from Children
In testing the first version of the prototype, the children had many ideas for
improvements to this product. Some of these were fixed in prototype two:
for example, issues with communication, pairing between dongle and
wireless hub, adding icons, and wiring of icons were all addressed in the
second version of the prototype. However, there are many good features
suggested that were not possible to include at this stage of development. One
of these is allowing for variable speed control of the motors. This is an
important feature to include in future versions because it opens up a whole
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realm of activities having to do with speed control affected by sensor input,
e.g. creating a car that slows down if something is in front of it, or speeds up
if the car is tilted up going up a ramp. Allowing students to vary the motor
speed makes their relationship with the sensors much more interesting.

Another interesting suggestion was to include more iPad features to the
functionality of this device, for use in controlling the wireless robot. The first
suggestion was to allow students to record their own sounds with the iPad,
and use this as an actuator in their programs (right now, the only sound
available is a “boing” sound). Other suggestions were the ability to drive
using the accelerometers on the iPad, and also the ability to use the camera
to drive, as well as take pictures of their car and code within the app.

Finally, the children suggested the ability to save and switch between
programs on the iPad. This would be important in a classroom setting,
where students would be working on a project for multiple days, and might
need to share the iPad with other groups or classes between these times.
This also make sure their code is saved in case the program crashes or the
iPad runs out of power, and allows them to go back and view old code, or try
out different programs for their robot and be able to switch easily between
them. Saving this file, with the placement of each on the screen and the
connections between them, proved too complex for this phase of prototyping.
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Classroom Management Features

In addition to the save ability, there are other features that should be
considered concerning classroom management in order to implement this
system is a classroom. One feature that will become important is pairing of
iPad dongles and wireless hubs. Right now, the dongle and hub have each
other’s serial number hardcoded into their programs, so they will only listen
to commands coming from the correct Wixel. This is not something that is
currently user configurable. More discussion and testing should be done to
determine whether this is the appropriate route to take, or if the teachers
should have the ability to pair devices themselves.

Education Testing
This thesis, while presenting a perceived need for this product in an
educational setting, does not include quantitative educational testing within
its scope. Further work would need to be done to bring this system into
classrooms, and determine the educational benefit of the device for student
learning. This would be an important activity in order to ensure the product
meets its intended goals, and determine if any other changes need to be
made to the system in order to make it an effective tool in the classroom.
This data would also be beneficial for getting the product into schools.
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Appendix
Enclosure drawings
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Communication protocol

Commands to the wireless hub are sent in three, 8-bit bytes:
Command byte
Port byte
Value byte

Commands bytes are interpreted using the following table:

Command Byte

Description

0x01

Read Sensor

0x02

Turn motor on (forward direction)

0x03

Turn motor on (backward direction)

0x04

Turn motor off

0x05

Turn motor on (variable speed between 0-255)

The wireless hub echoes back the entire command message. In the case of a
Read Sensor command, the value byte is replaced by the value of the sensor
read. In the case of the variable speed motor command, the value specifies
the motor speed: 0x00 is full backward, 0x80 is stopped, 0xFF is full forward.
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Wiring Schematic
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Parts List and Pricing
Prototype cost, including iPad:
iPad

$389.00

Pololu Wixel x2

$39.90

PJRC Teensy

$16.00

2x2 Button cover

$3.95

2x2 Silicon Buttons

$2.95

2x2 Button PCB

$4.95

H-bridge

$2.33

Voltage Regulator

$0.67

Resistors

$0.06

WeDo Extension Wire x2

$4.98

Circuit Board

$8.00

Wires

$0.05

Total

$472.84
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Board traces
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Wixel Software Documentation
Wixel function call tree
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iPad App Software Documentation

