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ABSTRACT
The primary goal of the NTID Wireless Presentation
Control project was to design and construct a "proofof-concept" solution which made delivering
PowerPoint presentations easier and more effective for
users of ASL. The project was facilitated by specific
needs and requirements of Professor Gary Behm at the
Rochester Institute of Technology. Initially, the team
worked together to come up with a final concept
regarding the form factor of the device, and from there
split into an Electrical team and a Mechanical team to
build, assemble, and test the functional prototype. A
wrist based solution with a side-by-side button
configuration was chosen after survey input from
potential users. The final product is pictured below in
Fig 1.

Figure 1 - Final Product Model
This document will outline the design, fabrication, and
testing process in detail, along with a path for future
work on the project.

NOMENCLATURE
NTID - National Technical Institute for the Deaf
ASL - American Sign Language
RIT - Rochester Institute of Technology
USB - Universal Serial Bus
MSD - Multidisciplinary Senior Design
PCB – Printed Circuit Board
INTRODUCTION
Giving a presentation in a classroom setting utilizing
Microsoft PowerPoint software is a common event for
students, teachers, conference presenters, or workshop
leaders. Currently, the PowerPoint software allows for
many different types of USB-based remote controlled
slide changers to be used to control a presentation
without the need to actuate the computer directly.
Nearly all of the remote presentation control solutions
available on the market today are based around a
hand-held form factor. For a presenter who is
communicating with an audience using ASL, using
one of these remotes is cumbersome and often
inconvenient. The presenter must stop signing to use
his or her hands to manually adjust the presentation.
This action may unnecessarily delay a presenter from
imparting the necessary information to the audience,
and in general interrupt the flow or rhythm of the
individual giving the presentation. An alternative to
this would be a wireless device which allowed the
presenter to advance to the next slide or previous slide
without interfering with signing. The goal of our
project was to provide the deaf community within RIT
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NTID with a "proof-of-concept" solution which meets
all customer requirements as defined by Professor
Gary Behm. The majority of our project resources
were devoted to prototyping and demonstrating our
wrist-based "proof-of-concept" solution. In parallel,
both the electrical and mechanical designs were
analyzed with respect to manufacturability. For the
future mass production version of our solution,
electrical and mechanical manufacturing methods
were explored and documentation will be left behind
as a reference for other teams who will further pursue
the development of this project in association with
RIT's MSD program.

BACKGROUND
The concept of a wrist-based wireless PowerPoint
control device is not currently available from any
retailer in the industry. With this in mind, our design
was based on making the final device comfortable,
functional, and aesthetically acceptable to our targeted
set of end users.
The initial set of users for our device consists of
mainly students, professors, and interpreters within
RIT NTID who utilize ASL. The fact that this device
would mainly be used inside a classroom setting drove
the formation of many engineering specifications. For
example, the range requirement was formulated with a
classroom or lecture hall in mind, and the battery life
requirement takes into account the average length of a
college lecture.
Among the target users, there were certain specific
design elements to be considered. A principal concern
was that the device may interfere with performing
certain signs. To mitigate this problem, the team
consulted with our principal customer and other ASL
users, as well as consulted the NTID ASL online video
dictionary. Another issue among interpreters is that
anything worn on the wrist, such as a wristwatch or
bracelet, must not be distracting to anyone in the
audience.
Eventually, a device such as this may be marketed to a
wider audience, perhaps even those who do not use
ASL and simply prefer a wrist-based method of
wireless PowerPoint control.

For this project, a lack of staffing expertise required
the team to utilize the internal electronics from an
existing product as a basis for this project. The main
factor in this was that the team did not possess the
software knowledge necessary to write code which
would automatically install the driver software from
the dongle, as well as interface between the incoming
RF signal and Power Point. It is hoped that the next
team to take ownership of this project may help solve
this problem.
INITIAL DESIGN PROCESS
The design aspect of this project was highly processoriented, and compromised of a many-step concept
selection phase.
Determining Customer Needs & Creation of
Specifications: The first step was to sit down with the
customer about his ideas and needs within the project.
From that discussion, the team generated a list of
customer needs. These needs were thoroughly
reviewed by the team to clarify how each need was to
be interpreted, and those that seemed to be redundant
were condensed into a singular need. At this point, the
list of needs was taken back to the customer in order to
verify their accuracy, validity, complete coverage of
important points, and relative importance to the
customer. After the customer needs had been verified
by the customer and ranked accordingly, the team
combined efforts to generate a thorough list of
specifications. These specifications were first
generated in a qualitative manner then clarified
through applying quantitative limits. An example of
this would be “the device should work in most places
in a classroom” being updated to “the device will have
a range of 30 feet.” An important aspect of the
specifications was that they should be easily testable,
with clear passing and failing criteria. Please refer to
Table 2 for a list of customer needs and specifications
Initial Concept Generation: While the discussions of
customer needs and specifications were ongoing, the
team began the initial phase of concept generation in
parallel. In this phase, many different roads were
taken to create new ideas. The main processes that
were followed were Brainstorming, King of the Hill
discussion, and the use of Pugh Charts. Every idea
from the mildly ridiculous to the potentially viable
was considered in this process. The thought in this
process was that even the most absurd ideas might
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provide a feature which could be utilized later. From
this, approximately ten device concepts were
generated covering a gamut of potential physical
realizations. Please refer to Table 1 for a list of these
concepts.
Narrowing Concepts: The ten original concepts were
then carefully studied and weighed against the
specifications in order to determine the best five
solutions. One of the most important specifications in
this process turned out to be the range specification, as
many of the original solutions would have needed
some sort of hard-wired USB connection, which
would have been realized by a tether. Concepts were
graded using screening matrices, selection matrices,
and the House of Quality. The first round of
narrowing down concepts lead the team to five finite
ideas. These ideas were then compared against one
another and analyzed against the specifications,
potential risks, and most importantly, the skill set of
the team as to the potential realization of each concept.
This allowed the team to further narrow the range of
concepts from five to three concepts. Once the team
had funneled the original ten concepts down to three
finalists, there was one major factor that was still
missing - customer feedback. In this portion of the
selection, the team unanimously decided on one
concept based on the overall concept feasibility and
presented this to the customer. After verifying that the
customer approved of the selection, the team was
ready to proceed to the next phase of design. A table
of proposed concepts is shown below, with a basic
elimination rationale.
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Initial Design: After selecting our concept (a Power
Point wristband), the team started by discussing
different model types. It was noticed that any change
in overall device size was at a premium, or more
simply, that the device should be made as small as
possible. Similarly, the device should be entirely selfcontained. With this in mind, the mechanical
engineering team began by taking a paper-and-pencil
approach while brainstorming ideas. This eventually
led to the device shape and size which was selected.
While this was on-going, the electrical engineering
team determined the size of the PCB that was to be
used for reference. Simultaneously, the team worked
as a whole to determine the best-feel buttons that
would fit this application.
Modeling: After deciding on an approximate shape
and size, a SolidWorks model was created. This
model was comprehensive, including the dimensions
of the PCB, battery holder, the battery itself, and the
buttons.

Table 2 – Customer Needs & Engineering
Specifications
Table 1 - Concepts Table
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DESIGN PROCESS
Housing: Through feasibility analysis and interaction
with the project customer and potential end users, it
was determined that a wristband based solution would
satisfy all customer targets. In order to optimize the
button type and location, the team constructed nonfunctional prototypes which incorporated multiple
button locations and button types as shown in Fig 4.

Figure 2 - Non-Functional Prototypes
Using these prototypes, critical end user feedback was
gathered. The majority of test subjects indicated that
the buttons should be mounted on the top surface of
the device, and that minimizing the size and weight of
the device should be a major priority.
After button location had been determined, the
housing was iteratively designed to minimize volume.
Multiple board, button, and battery packaging options
were considered. In order to meet the battery life
target, the larger CR2450 battery was selected over
standard hearing aid batteries. This meant that
packaging the board, battery, and buttons all on the
same plane would make for a very wide watch, and
therefore was not a feasible option. Instead, the
battery and the board were “stacked” within the
housing. This made the housing considerably taller,
but meant that the housing would need both top and
bottom covers to access the different components.
This 2-cover design has more parts and takes longer to
manufacture, but also allows the battery to have its
own cover. This is favorable in that the user does not
have to expose all the internals when changing the
battery.
Top Cover: During user testing, many test subjects
indicated that while top mounted buttons were
preferable, they posed a possibility of false triggering
the device while signing certain words, such as
“project.” For this reason the buttons were designed to
be recessed within the housing. In order for the user to
conveniently access the buttons, a chamfer was added
to the button access holes. To accommodate large
objects on the circuit board, relief areas were

machined into the bottom surface of the top cover.
These areas allow the cover to be as low profile as
possible.
Button Feel: In order to achieve satisfactory button
feel, a rubber surface was placed over the top of the
button. This rubber layer serves to provide a soft
interface for the user, as well as distribute the pressure
from the button onto the user’s finger. To avoid wear
caused by the button gouging the rubber after repeated
button presses, a small piece of epoxy-resin cured
plain weave fiberglass was placed between the button
and the rubber interface. This fiberglass insert
distributes the pressure of button across a larger
section of the rubber, therefore reducing the possibility
of gouging or “cutting through” the rubber.
Battery Holder: To hold the CR2450 battery, battery
holders from Keystone Electronics were modified and
fit into the housing. Modifications included milling
the holder to be shorter, adding screw holes to the
holder base, and adding a chamfer to the outer surface
to achieve a tighter fit into the base of the housing.
Fasteners: In order to reduce size, a slightly
uncommon screw size (2-56) screws were used. The
housing was designed to use only 2-56 screws all of
the same length to make assembly less complex. For
screw holes with high life cycle expectancy, such as
the battery and circuit board cover screws, brass
threaded inserts were used to avoid stripping out the
soft delrin housing. In areas of lower life cycle
expectancy, such and the circuit board mounting
screws, the screws holes were drilled and tapped
directly into the delrin plastic. Below, the final
Solidworks model is shown.

Figure 3 - Solidworks Housing Model (Top: Fully
Assembled; Bottom: Top Cover Removed)
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Similar to many commercial watches, band bridges
were used to connect the housing to the band. The
bridges were machined out of aluminum, and allow
both the band and the housing to pivot about the band
bridge via spring pins.
At first, it was proposed for the device to use a
commercial watch band. The issue turned out to be
that such a band didn’t allow for the “perfect” fit. It
was then decided that a custom band would be much
more suitable. The type of band used was determined
by its fastening mechanism. There were two main
concepts proposed. The first concept was dependent
on sections of Velcro that would stick to each other
allowing the band to hold around the customer’s wrist.
The second concept was based on two D-loops that the
band would use to self tighten. From prototype
feedback, the Velcro turned out to be more
advantageous. During feedback, band material was
also tested for functionality, fit, and comfort. It was
determined that the final band should be made out of a
1” stretchable polyester material with a Velcro
fastening mechanism.
During the construction of the final band, it was
discovered that the band’s adjustment range did not
meet targeted specifications; therefore, modifications
had to be made. On one half of the band, the solid
piece of Velcro was replaced by several smaller
pieces. This allowed the band to achieve greater
elongation, and therefore satisfying a wider
demographic of users.
Instead of a directly sewing the band into the
aluminum band bridges, two mechanisms were added
to allow for extra adjustment. On the second side of
the band with a solid Velcro piece, a small Velcro
tongue was added that would loop around the spring
pin and would add 0.5” of extra adjustment. On the
other side of the device, two D-loops were connected
to the spring pin via a cloth loop. This would allow
for more stretching of the band as a longer band piece
can be used. The D-loops allowed for an easy
secondary tightening mechanism and reduced the
overall complexity of adjusting the band. The final
design can be seen in Figure 6.

Figure 4 - Band and Housing Assembled
Circuit Board: After acquiring and analyzing many
different Power Point slide remotes, the team found
that a pen-sized remote provided a significantly
smaller board, simple functionality, and met general
size and range requirements. The team decided to
modify this board after some initial analysis of its
functionality. The board used a single 1.5V AAA size
battery, accompanied with an initial boosting circuit
which raised the voltage to 5V. This 5V supplied
power to the on-board micro-controller which set idle
and sleep times for the transmit chip. After a single
button press, which constituted the ‘active/transmit’
mode, the chip would idle after 0.5 seconds and reduce
its current draw from approximately 60 mA during
active/transmit, to 4.5mA during its idle state. The
idle state would continue searching for a signal for 20
seconds, at which point it entered a ‘sleep’ mode if no
other button activation occurred. While in this sleep
mode, the circuit drew only 200uA. This fact led us to
believe that our battery life spec would be met due to
having a non-constant draw from the most powerhungry portion of the device. Please see equation 1
for a more formal definition of the average current
consumption. In addition, we decided to replace the
AAA battery with a 3V CR2450. The motivation was
twofold; firstly this battery is readily available for
purchase at common stores such as Wal-Mart and
Radioshack, allowing easy replacement for the
customer. Secondly, the specifications of the CD2450
allow for a significantly longer battery life than the
standard AAA, improving our battery life
performance.

Equation 1: Average Current Calculation
Board: Physically, the board needed to be modified in
three main aspects. First, the laser and PCB antenna
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portions of the board were to be removed to reduce the
footprint, and allow for a housing design which was of
minimum size. Secondly, the battery contacts for the
AAA were to be removed, and replaced with a
modular plastic holder to fit the CR2450. Lastly, the
surface mounted buttons on the board would be
removed, and wires would be soldered to these
contacts allowing placement of the push-buttons to be
away from the actual PCB. Figure 3 below shows the
board after being cut, with the tactile buttons removed.

Figure 5 - Partially Modified PCB
After assembling the entire device, it was determined
that the device casing severely attenuated the signal,
reducing the range far below the target specification.
After this problem was deduced, it was determined
that a new antenna would be required. By thoroughly
testing different antenna lengths, the minimum length
which still achieved the target specification was
realized. The approximate length turned out to be
2inches. The antenna was then coiled in a circular
fashion in an effort to minimize the area in took up
inside the case.
Shown below is the fully assembled device:

Figure 6 - Assembled Device
EXPERIMENTAL SETUP/TESTING
The device was weighed with a digital scale with .001
precision and resulted in a weight of .126 lb (57.15g).
This is well below the specified 0.5lb target
engineering specification. The device has a cubic
volume of 1.51 cubic inches and is well below the
specified limit of 24 cubic inches. The device was
range tested to check if it met the 30ft range
specification. An open classroom was used and it was
determined that the device worked flawlessly up to
32ft. A latency test was performed to see if the device
has a latency time lower than the specified limit of

0.75s. Three trials were conducted where a user
would flip as many slides as possible within 60
seconds. An average of 207 slides was changed within
60 seconds which resulted in a .29s latency time and is
well below the specified limit. A fresh battery was
inserted into the device and the forward slide button
was held. Approximately 37 minutes later the device
ceased to function. Because the device has 3 modes of
operation: active, idle, and sleep, each requiring less
and less battery power, and the fact that average time
spent on a PowerPoint slide is 3 minutes, this resulted
in an estimated battery life cycle of 12 hours
(Sommers). Based on received feedback, the battery
lasts over 11 hours. This is a favorable result, as it
closely matches the results based on rough
calculations. Based on feedback, there weren’t any
complaints about the lack of range of motion while
using the device. The device was tested on its
structural integrity by issuing a drop test. The device
was dropped 10 times from 3 feet onto a carpeted
floor. After each drop, the device was checked by
flipping 5 slides forward and 5 slides backwards. No
technical difficulties were observed. Despite
extensive testing, 0 complaints were registered that the
use of this device prevented ASL to be performed
freely and thoroughly. Based on the feedback
provided, no instances of false triggers were reported.
A biomechanics model was constructed in 3DSSPP
software to determine the percentile of the population
that can safely wear the device. Due to the programs
restriction, the downward force simulating the device
was placed on the hand instead of the wrist. Since the
team was testing the maximum impact the device may
have on the human body, a 5th percentile female model
was chosen as a test subject. The results demonstrate
that she was 99% capable, which means that the
device is biomechanically acceptable for the rest of the
population. Please refer to Figure 9 for more
information. One of the required project criteria was
to stay under $750. Careful research, spending, and
price matching resulted in a much smaller project cost
of $225.07. These results are visible in Table 2.
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occurred because of the large device size combined
with the fact that most people weren’t used to wearing
a device on their wrist when presenting. The scores
for fit returned favorably in terms of a one-size-fits-all
approach and keeping the device in place while the
user was presenting.

Figure 7 – Population Capability

User Feedback
Description

Survey Average
(0=Worst, 10=Best)

Asthetics

5.6

How does the the device case look
How does the band look
How does the overall device look
Rate how distracting the device was during ASL use

5.8
5.7
5.7
5.4

Comfort

6.7

How comfortable does the device case feel on your wrist
How comfortable is the wristband
How would rate the over all comfort
How comfortable are the buttons

6.5
7.2
6.5
6.7

Fit

7.9

How easy was it to strap the device to your wrist
How well does the device fit on your wrist

7.9
7.8

Function

8.5

How well did the device change power point slides
How would rate the button pressing
How easy was it to use the device

9.2
7.6
8.7

Overall

7.2

Overall, how would you rate this device
Up to what amount would you be willing to pay for this

7.2
$25.80

Table 3 – User Feedback Survey Results
Table 3 shows average scores which were calculated
from survey results. The table displays scores from
five major categories: aesthetics, comfort, fit function,
and an overall rating. These scores were accrued from
survey results when the device was given to
approximately 15 ASL users over a 10 day period.
The aesthetics and comfort scores are a little bit low
which was found to be acceptable. Users felt that the
device should be made smaller. This comment was
foreseen by the team, but with the limited materials,
tools, and above all, a strict time constraint, this was
simply not achievable. However, if this device were
moved to the mass production stage and the case were
to be injection molded, overall size, as well as cost,
could be reduced.
The average scores from the comfort and fit section
provided positive feedback. As far as a slightly low
score from comfort, most of the point deduction

The device functionality was the highlight of the
survey results. The device performed well in its main
goal of changing the Power Point slides forward and
backward as well as preventing false triggering of
slides. Additionally, survey results indicate that this
device was rather easy to use. The main complaint
about function was the pressing of the buttons. Some
people thought the buttons were too small, others
thought they were too hard to press, some people
thought they were perfectly fine. What this boils
down to is a matter of personal opinion. If the user
has large fingers, the buttons might feel small. If the
user has small hands, the buttons may seem hard to
press. However, none of the survey takers scored the
button pressing low enough to require any major
changes.
The overall score of this project is a good indicator of
project completion as well as customer interest. The
higher score indicates that project goals in terms of fit,
performance, and that the product we created would be
viable if marketed for public consumption, were met.
Additionally, users set an average price that was
within the target price range that the team had
designed the product to fall within.
RECOMMENDATIONS & FUTURE WORK
Mechanical Manufacturability
Our “proof of concept” product was designed with
manufacturability in mind. For higher volume
production, injection molding the housing and covers
would be recommended. The current housing could
easily be modified to have 2-3o of draft in order to
make the part removable from a mold. In addition, all
of the holes and design features are perpendicular to
the proposed mold parting line, meaning that no
specialty pins, inserts, or cam style mold features
would be necessary to produce the part.
Injection molding the part would provide other
favorable design options. To further reduce size and
weight, the wall thicknesses of the part could be
reduced. More complex holes and voids in the
housing would be possible, meaning the internal
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components could be more closely and intricately
packaged. In addition, the current battery holder
could be molding into the housing, which reduces the
height of the housing. A tentative cost per unit
analysis for 1000 parts has been performed. It is
important to note that the estimate above does not
include labor and assembly costs.
Electrical Manufacturability
Electrically, a preliminary circuit design for a
transmitter-receiver pair was considered, but could not
be constructed due to time constraints. The
configuration recommended eliminates the need for a
micro-controller, taking a simpler approach using a
single encoder and decoder pair. This approach yields
a total of three components for the transmitter, which
may lead to a smaller PCB layout, and in turn could
allow future teams to implement a smaller, lighter
housing. The transmitter and receiver chips which
could be used may provide longer range and are both
in a small surface-mount package helping to minimize
size. In regards to cost, using this minimum number
of components, and selecting parts which offer a
reasonable price given bulk quantities, we have
contributed positively to the task of making a mass
produced device a feasible goal. Furthermore, it is
suggested that future teams implement a transmitter
with an in-board PCB antenna. Our team witnessed
that when we cropped the PCB antenna off the board
in the current prototype solution, range dwindled from
50+ feet to approximately 3 ft. Adding a wire-loop
style antenna restored some range, but never to the
original performance of the board with the PCB
antenna.
Estimated Production Costs
Item

Unit Cost

1

Cost
Calculation
$1,500.00

1000

$50.00

$0.50

1000

$500.00

$0.05

1000

$46.67

$10.14

1000

$10,140.00

$3.00

1000

$3,000.00

Mold With Rapid $1,500.00
Prototype Insert
Plastic Pellets
$0.05

Qty Needed

(per part)
Aluminum
Housing Cover
Laser Cut
2-56 Flush Mount
Screws
Electrical
Components
(per part)
Wristband (per
part)
Total Cost for
1,000 Units
Cost Per Unit

$15,236.67
$15.24

Table 4 – Cost Breakdown: 1000 Units

CONCLUSION
The device met or exceeded all engineering
specifications, confirmed by performing tests as
outlined in a pre-defined test plan. As indicated in
both the specifications testing performed by the group,
and our user testing, the device was reliable in both
functionality and range. The initial goal of providing
the customer with a proof-of-concept solution which
would allow the user to change Power Point slides
while being able to use ASL unhindered was met. In
addition, a road map for future work on this project
was laid out, providing information on mechanical and
electrical manufacturability as well as preliminary
circuit design. A cost feasibility investigation has
shown that the device may be manufactured for a
reasonable cost.
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