CHAPTER 17
UNIVERSITY OF MASSACHUSETTS AT
LOWELL

Department of Electrical and Computer Engineering
University of Massachusetts Lowell,
Lowell, MA 01854

Principal Investigator:
Dr. Donn Clark (978) 934-3341

clarkd@woods.uml.edu

231



232 NSF 2002 Engineering Senior Design Projects to Aid Persons with Disabilities

VOICE-ACTIVATED TEXT READER

Designer: Max Kupchik
Supervising Professor: Dr. Donn Clark
Department of Electrical and Computer Engineering
University of Massachusetts Lowell,
Lowell, MA 01854

INTRODUCTION

A computer program was designed to input text
from a scanner or web page and read it through
speech synthesis. This system was created to allow
a person who is legally blind to gain access to a wide
range of written media, both in hard copy and
online form. A voice-recognition command
approach was used to allow the client to speak an
Internet address directly, since he is unable to see
the keyboard. This type of command input is not
found on any other text reading software.

SUMMARY OF IMPACT

The text reader has allowed the client to read with
greater ease and speed than he could before. Before
he received the text reader, the client would read
using a special magnifying monocle. This would
cause eyestrain after long periods of time because
only one eye was used to read. Now the client no
longer needs his device for reading at home.

TECHNICAL DESCRIPTION

Several components were used to create the text
reader. = The Microsoft Speech APl Software
Development kit for Windows was integrated to
enable speech synthesis and speech recognition.
This free redistributable was installed on the client’s
computer; the program connected to it through a set
of COM (Component Object Model) interfaces. A
command-and-control grammar, as opposed to free

dictation, was used for the speech control system to
allow for better accuracy. The command-and-
control mode allows SAPI to only recognize a finite
set of words instead of the entire dictionary of the
SDK. However, free dictation had to be used for the
input of Internet addresses. To prevent the program
from attempting to connect to a non-existent
address, the user was allowed to listen to the URL
he had spoken and confirm or reject it. The ScanSoft
OCR development kit was used for the text input
from the scanner. This component is a set of import
libraries with entry points for image input,
preprocessing, and optical character recognition. Its
capabilities include recognizing columns and
multiple pages, color inversion to read documents in
white lettering on a black background (with a
reduction in the recognition accuracy), and the
rotation of images if a document was put on the
scanner perpendicular or at an angle to the normal
text direction. This kit interfaced to the client’s
scanner through the TWAIN protocol. For web page
input, an HTML 2.0 compliant parser was created
using a Windows implementation of the UNIX tools
Lex and Yacc. These programs convert a text file
containing a definition of the language to read into
C++ source code. To actually retrieve web pages
from the Internet required the WinInet API, which is
part of Internet Explorer 4.0.

The total cost of the project was $1000 for the
ScanSoft kit, and $45 for a headset.
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Figure 17.1. Text Reader.
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ELECTRONIC TRAVEL AID: A PROXIMITY
DETECTOR FOR THE VISUALLY IMPAIRED

Designer: Matthew |. Palanza
Client Coordinator: Robert Steele, Perkins School for the Blind Outreach Satellite Program, Hyannis, Ma.
Supervising Professor: Dr. Donn Clark
Department of Electrical and Computer Engineering
University of Massachusetts Lowell
1 University Ave.
Lowell, Ma. 01854

INTRODUCTION

An Electronic Travel Aid (ETA) is a name given to
any electronic device that assists a person with
visual impairment with mobility. In this case, the
device is a handheld ultrasonic rangefinder that
reports the range to an object that is in the path of
the device. The report is given by a vibratory motor
and with an adjustable volume speaker. The motor
increases in revolutions per minute as proximity
decreases; therefore, the user feels a more intense
vibration as proximity to an object decreases.
Similarly, the audible output increases in pitch as
the proximity decreases. The audible output is
adjustable for volume. Upon completion, The ETA
will be presented to a visually impaired client His
client coordinator considers him a good candidate
for such a device since he is young enough to adapt
to new technology. The student intends to use this
device to help him familiarize himself to new
environments and as a supplement to his cane. See
Fig. 17.2 for a view of the device.

SUMMARY OF IMPACT

The design criteria for the ETA were defined by the
client. The designer was able to demonstrate similar
products to the client from which the client, under
the supervision of his coordinator, determined his
particular specifications. These include a handheld
device, a minimum number of buttons and/or
knobs, and a range of three meters.

TECHNICAL DESCRIPTION

The function of the device is broken down into the
following different components: the ultrasonic
sensor and receiver, the motor control module, and
the amplifier circuit. The wultrasonic sensor
component contains a crystal controlled oscillator
that generates a 40 kHz ultrasonic signal that is sent
through a crystal transmitter where a receiver

Figure 17.2. The Proximity Detector.

receives the reflected signal. Since the transmitter
and receiver are both crystal sensors, tuned to 40
kHz with a bandwidth of +1.0 kHz, there is no need
for any noise filtering. @A BASIC STAMP II
microprocessor is used to control the output and
measure the time elapsed for the signal to return
which is stored as a variable. Using that time-
elapsed variable, the microprocessor then calculates
a distance. The distance value is stored as a variable
which is then converted to a decimal value from
zero to 255. The decimal value represents a
percentage of pulse width modulation in
approximately 0.39% increments and an audible
frequency output from 30 Hz at its maximum
distance to three kHz at its minimum distance. The
motor control module is a microprocessor controlled
h-bridge designed to work with a microprocessor.
The audible frequency is sent to an internally
mounted speaker through an amplifier circuit to
increase volume and offers volume control. See Fig.
17.3 for a photograph of the internal configuration of
the device. The ETA is packaged in a handheld
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instrument case measuring 12.5 centimeters x 7 device. There is an externally accessible nine-volt
centimeters x 3.3 centimeters. The transmitter and battery compartment. The speaker is mounted to
receiver are mounted through one end. The on/ off the inside of the top face. See Fig. 17.2.

and volume switches are mounted on the side of the

Figure 17.3. Internal Configuration of the Proximity Detector.
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VOICE ACTIVATED TELEVISION REMOTE
CONTROL

Aaron Cianelli
Assistive Technology Program
Electrical and Computer Engineering Department
University of Massachusetts Lowell
Lowell Massachusetts 01854

INTRODUCTION

With a voice activated television remote control, a
user speaks commands to the remote control, and
the remote control executes the commands. A key
focus of such technology is the visually impaired
population with the verbal ability necessary to
control such technology. This can free individuals
from the cumbersome responsibility to constantly
memorize exact locations of items. Fig. 17.4 shows
the completed VR with its cover.

SUMMARY OF IMPACT

The VR is easy to use. The user first trains the kit to
recognize the buttons on the remote: power,
channel up, channel down, zero through nine, and
enter (other options may be used depending on
client’s necessities). After training, the kit defaults to
recognition mode. Then, whenever one of the
trained words is spoken into the microphone, the kit
recognizes the word and causes the interface circuit
to connect appropriate leads. This simulates a button
being pressed and the remote begins to transmit
data.

The buttons on the remote can all be accessed using
voice commands. For example, saying the word
“power” causes the television to turn on/off,
depending on its previous state. With design and
parts in hand, a single person can assemble it in
approximately 10 hours. Upon completion, the voice
remote (VR) was presented to a visually impaired
client.

TECHNICAL DESCRIPTION

The Technology involved in this design consists of
three main parts: speech recognition circuit,

Figure 17.4. The Voice Activated Television Remate
Cnntral N/

interface circuit, and infrared remote transmitter.
The completed speech recognition and interface
circuit are shown in Fig. 17.5. The end product
consists of the plastic case housing; a voice
recognition circuit, a universal remote control, and a
microphone. The complete product is 8x10x1.5
inches in size. It is designed to sit in view of the
television and within approximately five feet of the
user.

The HM2007 speech recognition integrated circuit
was chosen because it operates in a stand-alone
programmable speech recognition circuit. The IC is
trained (programmed) to recognize the specified. It
provides the options of recognizing either 40, 0.96-
second, words or 20, 1.92-second, words. For
memory, the circuit uses an 8K X 8 static RAM.
Operating the chip (HM2007) in its manual mode
allows the user to have a stand-alone speech
recognition board that doesn't require a host
computer to utilize speech control.
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The interface design requires an eight-bit binary
digital output to control the remote functions. This
circuit will connect, or interface, the speech circuit
with a universal television remote control. The
circuit has to take a digital binary output from the
latch, 74373, and use it to close specific contacts on
the remote control for operation. Using multiple
analog multiplexers, CD4051, and transistors,
2N3903, the binary output can be manipulated to
control the remote. If the multiplexers common is
tied to a positive biasing voltage, then the output
can be pointed in the right direction by the binary
input (select) lines. If any error messages do occur, a
simple data logic circuit can be implemented to turn
off the multiplexers, disabling any possible output.
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The output from the HM2007 will not trigger the
multiplexers because its data duration is too short,
480ns. It is necessary to use a pulse timer (LM555)
in such a manner that can pulse the data latch and
control the multiplexers. This will create the one
second pulsed output that is necessary for the
television’s remote control. Since the data out of the
HM?2007 are clocked into the latch, the outputs are
only enabled when the control goes low.

Total cost of design is around $70.00, including all
parts, components and connectors.

Figure 17.5. Completed Voice Circuit.
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SENSORY SYSTEM FOR THE BLIND

Designer: Richard Castle
Client Coordinator: Paula, Lowell Association for the Blind, Lowell , MA
Supervising Professor: Prof. Donn A. Clark
Electrical Engineering Department
University of Massachusetts at Lowell,
Lowell, MA 01854

INTRODUCTION:

The sensory system was designed to provide a
comfortable and discrete way for a visually
impaired person to move around. This device is a
combination of infrared sensors and vibrating
motors that alert the person of upcoming objects.
The sensors and motors are mounted on a pair of
shoes to detect objects in proximity.

SUMMARY OF IMPACT

The system is to be presented to a local center
supporting blind people. The people at this center
have a strong lack of or no vision at all. Because of
lack of sight, visually impaired people have to use a
walking stick to find objects in their way.
Ultimately, the sensor system will give them a way
to “sense” objects.

TECHNICAL DESCRIPTION

The components consist of six infrared sensors, with
a transmitter and receiver in each sensor, six
vibrating motors, two battery packs (three AAA
batteries in each pack), a pair of shoes, and the
circuitry. All components are mounted on the pair
of shoes. There are three sensors and three motors
per shoe. Each sensor coincides with a particular
vibrating motor, which will speed up as a object gets
closer to it. This way, the client will know from to
which direction the object is located and the distance
to this object.

To get the sensor to communicate with the motor, a
simple negative feedback op amp circuit was used to
increase the output voltage coming out of the sensor.
The sensor runs off of 4.7 Vdc, which makes three
AAA batteries acceptable for the source. The three
sensors detect the forward, front side, and upper

Figure 17.6. The Sensory System.

front direction. The three motors coincide with a
particular sensor; this way the client can distinguish
what each sensor is taking in.

There is one battery pack per shoe, which contains
three AAA batteries and all of the circuitry needed
to power that side of the system. The circuitry
consists of six op amps (LM124) and 12 resistors for
the entire system. Therefore, in each battery pack
there are four op amps (the LM 124 is a quad op
amp, one not being used), three AAA batteries and
six resistors (varying in value). The front and upper
sensor are set and max distance (approximately one
meter) and the side sensors are set at approximately
half of the max. It seems to be more import to have
good range on the front sensors than the side.

The cost of parts and material was just under $300.
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Figure 17.7. Op Amp Circuit of Sensory System.
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VOICE ACTIVATED CALCULATOR FOR THE
COMPUTER

Designer: Katherine T. Gerrish
Client Coordinator: Nicole Buddenhagen- CASE Collaborative- John Glenn Middle School, Bedford, MA
Supervising Professor: Prof. Donn Clark
Department of Electrical and Computer Engineering
University of Massachusetts- Lowell
Lowell, MA 01854

INTRODUCTION

The voice activated calculator was designed to be a
four function calculator: addition, subtraction,
multiplication, and division. The calculator has an
extra large number display, voice input, and voice
output. The calculator was designed to be larger
than the traditional Microsoft calculator, in order to
help students who are vision impaired and/or those
who lack the fine motor skills to operate a handheld
calculator. The calculator takes up almost the entire
screen with large numbers and symbols on each
button. Its display consists of an interactive
graphical user interface (GUI), which is controlled
by one of three inputs: voice, mouse, or keyboard.
The output is displayed on the screen like a regular
calculator and is also verbalized.

SUMMARY OF IMPACT

This calculator was designed for any speaking child
to use. No keyboard or mouse abilities are needed
to use it. All controls for the calculator can be
controlled by voice, once the voice recognition
software is installed and properly trained.

The device was designed for a middle school class
meant to meet the special education needs of
students with moderate cognitive delay functioning
at approximately the grade three to five level.
Students in this class possess the ability to work
independently for a significant period of time, to
work in cooperative learning groups, and to manage
the logistics of a typical environment.  The
predominant mode of instruction is auditory; the
predominant mode of reply is verbal.

TECHNICAL DESCRIPTION

The calculator is developed using Microsoft Visual
C++ 6.0. The graphical user interface is designed to
be easy to see and easy to use. All buttons are large
and the entire calculator takes up the majority of the
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Figure 17.9: The Voice Activated Calculator.

computer screen. The input to the calculator can
come from a combination of three sources:
keyboard, mouse, or voice. The output of the
calculator is shown on the screen of the calculator as
well as spoken to the user. The calculator
incorporates the four basic math functions (addition,
subtraction, multiplication, and division) as well as a
clear button, which resets the output to zero.

The voice input is accomplished using a software
program called Dragon Naturally Speaking
Preferred 5. Before Dragon can be used for input to
the calculator, the user must go through Dragon’s
training process to ensure accurate voice
recognition. After training Dragon, the user needs
to add a few dictation shortcuts so that the correct
buttons are clicked when needed. The following
words and symbols need to be added to the

dictation shortcuts: “is” for ‘="; “decimal” for ‘.;
14, u

“plus” for ‘+’; “minus” for ‘-’; “times” for *; and
“divide” for‘/’.

The voice output is accomplished using the
Microsoft Sound SDK package. The sound SDK
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came with a series of functions that can be used for The only cost for this project was the Dragon
both voice output and voice recognition. The help Naturally Speaking software, which cost $180.

files depicted a series of functions that take a CString

as input and send it to the speakers as output.
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VOICE ACTIVATED REMOTE CONTROL

Designer: Yiu Wong
Client Coordinator: Alan Rux, Technical Coordinator at UMASS Lowell
Supervising Professor: Prof. Donn Clark
Electrical Engineering Department
University of Massachusetts Lowell
Lowell, MA 01854

INTRODUCTION

A voice-activated remote control (VARC) has been
developed to assist an adult who has limited use of
his hands (see Fig. 17.10). This controller allows the
user to control the basic functions of TV, Cable and
VCR entertainment system by using voice
command. This hand free controller device allows
people with limited use their hands to be able to
control their entertainment system simply by
speaking.

SUMMARY OF IMPACT

This VARC has allowed the client, who has no
control of his arms and legs, to interact with the
remote controller through voice command. For
example, when he wants to select channel up on the
remote controller, he will simply do so by speaking
the phase “channel up” which causes the TV’s
channel to go up. Once the power is on, this device
is always listening for commands, and the user
doesn’t need to touch the device at all. With the
help of VARC, the client is able to control his
entertainment system without assistance.

TECHNICAL DESCRIPTION

The final VARC structure consists of two parts as
shown in Fig. 17.10. A three-in-one universal
remote and a eight by five by four inch plastic box
containing the voice recognition processor and the
logic circuit. The single universal remote can control
the TV, VCR and the cable box. There are several
buttons located on the top of the box for word
training purposes. There is also a speaker located
inside the box. The purpose of the speaker is to use
speech prompting to report memory status, provide
training instruction and notify user when there an
error occurs. A microphone is placed on top of the
box for the voice recognition processor to recognize
voice commands. The unit can be powered either by
four AAA batteries or a five Volt DC adapter.

Figure 17.10. The Voice Activated Remote Control.

There are three key parts: a voice recognition
system, a universal remote controller, and a logic
circuit which connects the two. The remote is
modified to have its control wires extending through
its plastic cover into the box so that the logic circuit
and the relays in the box communicate with the
infrared signal processor in the remote. The infrared
signal processor of the remote is packaged in a 28
pins IC chip. With correct pin-to-pin connection, an
infrared signal corresponding to those pins
connections is sent out to appliances. For example,
if pin one and pin 11 of the processor are connected
together, an infrared signal for POWER ON will be
sent to the TV.

The voice recognition processor is the Voice Direct™
364 from Sensory Inc (shown in Fig. 17.11). Voice
Direct™ 364 1is a speaker-dependent speech
recognition module, allowing training of up to 15
words with duration of 2.5 seconds each. Therefore,
the user can use voice commands to control up to 15
functions of the remote. Using sophisticated speech
recognition technology, Voice Direct™ 364 maps
spoken commands to system control functions.
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Each time one of the words is recognized, output
pins on the module are toggled high for one second.

A logic circuit is designed for decoding the eight
outputs generated by the Voice Direct processor and
signifying the specified relays for controlling the
modified remote’s circuit. Therefore, the remote
circuit will send out the appropriate control signal to
the entertainment system if corresponding relay is
active.

The voice-activated remote is easy to use and is user
friendly by providing Speech  Prompting
Technology. The VARC will tell the user about the
current status of the unit such as memory full, word
recognized or errors. The unit is small, portable and
affordable.

The entire unit including the remote is cost around
$120.
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Figure 17.11. Voice Direct Processor Configuration.
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VOICE ACTIVATION ENVIRONMENTAL
CONTROL SYSTEM

Designers: Brian Hall and James Molloy
Supervising Professor: Professor Donn A. Clark
Electrical and Computer Engineering Department
University of Massachusetts at Lowell,
Lowell, MA 01854

INTRODUCTION

The voice activated environmental control system
(ECS) was designed to provide voice activation and
control of various household lights and appliances
for persons with motor disabilities and to increase
the awareness of cost effective means of providing
such control. This device is simply an application
of off-the-shelf components using the well
developed but little known and misunderstood X-10
transmission technology combined with a basic
voice recognition software platform. Once the
system is installed, a person with a disability can the
turn appliances and lights on or off by simply using
speech commands. The ECS is intended to provide
persons with disabilities a sense of independence
and control over their surroundings.

SUMMARY OF IMPACT

The design criteria for the ECS were defined by the
needs of a person with multiple sclerosis and
muscular dystrophy. This person requires constant
care, uses a wheelchair, and is incapable of motion
outside extremely limited use of one hand. The
primary care givers are the individual’s parents, along
with a state funded caregiver. For times when the
individual is required to spend time outside of care,
this system can provide him with a means of
controlling the surrounding environment and
increasing his sense of comfort and security. The
client’s mother expressed, “...this will make things so
much easier for (my son).” Other persons in similar
situations will have the capability of installing this
type of system into their homes. Also, it can dispel the
myths and alleviate the fears of the inner workings,
the safety, and the cost of X-10 technology and
devices.

TECHNICAL DESCRIPTION

The overall development of the ECS system was
dependent upon the availability of standard off the
shelf components using X-10 technology. Once the

most important appliances were identified for
automation need, research was conducted on the best
manner and pricing available to obtain the
appropriate units. The X-10 modules were easily
ascertained via internet shopping at a reasonable cost.
Several types of modules and communication
interfaces were purchased for the system.

Again, with main focus of the project being the
emphasis of simplicity and low-cost to install home
automation systems, particular importance was
placed on developing a system that was simple to
install. Therefore, the core of the system was the
CM17A computer interface module. This module is
commonly referred to as the Firecracker. This
module serves as a low cost X-10 transmitter that
can be driven using free downloadable software
from the distributor’'s well-maintained website.
Installation of the module is as simple as plugging it
into the standard nine-pin serial port on a home
computer.

Aside from the CM17A, the core unit needed for the
system was the TM751 transceiver module. These
units receive a signal generated from the Firecracker
module and transmit that signal onto the existing
electrical lines within the home. Multiple TM751s
were used because the individual’s home had an
extension built on with an independent electrical
wiring circuit. Normally, homes can suffice with a
single TM751, but because they cost less than $15
and serve as an appliance module, there is no loss to
the benefits of the system if more than one is
needed. The TM751 simply plugs into standard
electrical home power outlets.

The remaining X-10 modules were all standard items
that can be purchased in stores or on the Internet. All
modules, regardless of manufacturing, are sufficient in
accepting and reacting to control signals generated by
the CK17A module and the CKI8A Firecracker
Control Software. These modules typically plug
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directly into the home’s electrical outlets. Some lamp
modules are screwed directly into the lamp socket.
The lamp is then screwed into the module. All
modules can be set to any of 256 individual address
codes allowing for customization of the installation.

Voice recognition software was necessary to allow a
person with disabilities to control the Firecracker
software. Dragon Naturally Speaking voice
recognition software was chosen after investigating
currently available software in terms of dependability,
availability, system requirements, and price. The
voice recognition software was installed onto the
system and the end user was trained only for the
commands vital for using the Firecracker software and
controlling the microphone.

The microphone was found to be the most important
part of this system and the most expensive part. The
system developed used a Sony WCS-999 wireless

microphone with a range of 150 feet. The range is
sufficient to allow a person with a wheelchair to travel
within their home without loosing control of their
ECS. This microphone, while maybe not ideal, is
affordable and dependable.

The cost of parts/material was about $500. This
included the voice recognition software, the wireless
microphone, the X-10 starter kit, and a large hand-
full of X-10 modules. Because many people with
disabilities already posses voice recognition
software and a microphone, wireless or otherwise,
the system cost with the same number of modules
could be reduced to about $170. Furthermore, a
very basic and still very helpful setup could be
achieved with just the X-10 starter kit, a few lamp
modules, appliance modules, and one universal
module for less than $100.
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VOICE ACTIVATED TAPE DECK CONTROLLER

Designer: Richard L Roberts
Client Coordinator: Patricia Kirk, Talking Library, Perkins School for the Blind, Watertown, MA.
Supervising Professor: Donn Clark
Director of Assistive Technology
Electrical and Computer Engineering Department
Univ. of Massachusetts Lowell
Lowell, MA 01810

INTRODUCTION

The voice activated tape deck controller was
designed to provide hands-free operation of the
Talking Libraries tape decks, which are loaned out
along with books on tape, through a mail order
system to patrons who meet the eligibility
requirements. The patrons of the Talking Library
consist largely of individuals with visual and
physical disabilities. The Library currently has some
methods of assisting patrons with the operation of
the tape deck, but they are limited. A remote control
can be attached to the tape deck, but its only
function is to turn the power on or off. Thus, the
tape would already have to be in the play mode for
it to start playing when the remote turns it on. The
Library also has a mechanical adapter that makes
use of levers of different lengths to ease in the
operation of the tape deck. Both of these methods,
although helpful for some patrons, do not meet the
needs of the visually impaired or patrons with
limited or no motor skills, such as people with
paraplegia, or quadriplegia. Fig. 17.13. shows the
voice activated tape deck controller positioned to
control a tape deck.

SUMMARY OF IMPACT

For many of the patrons of the Talking Library, the
act of enjoying a good book when alone is either
impossible or so difficult that the joy wusually
obtained is lost by the difficulty it presents. The
voice activated tape deck controller was designed to
eliminate these difficulties. It allows people with
visual and or physical disabilities to share in the
enjoyment that can be found in literature. Due to its
hands-free operation, an individual can operate the
tape deck when desired without the need for a
physical therapist or outside assistance. Not only
does the device help provide a means of
entertainment, but it also gives the individual a
means of interacting and taking control of their
environment. Upon completion, the voice activated

Figure 17.13. Voice Activated Tape Deck Controller and
Tape Deck..

tape deck controller was presented to the Talking
Library, funded by the Library of congress.

TECHNICAL DESCRIPTION

The design criteria for the controller were driven by
the device with which it would be interacting and
the individuals who would be operating it. Based
on the criteria, the controller required four major
sections. The first section consists of the Voice
Direct 364, a commercially available voice
recognition chip produced by Sensory Inc. The
voice chip has the ability to store a limited number
of voice commands into its memory. The voice chip
creates templates by sampling audio sounds during
its training mode. Once trained, the chip can then be
set into the listening mode where it will sample
sound from its environment and compare it to the
stored templates. When a match is found, an eight
bit output corresponding to the stored template will
be transmitted out of the voice chip.

The second major section of the controller is the
control circuitry. The voice recognition chip has an
eight bit output (but only 16 distinct outputs) and
the tape deck has five function keys: stop, rewind,
play, fast forward, and eject. Thus, it is necessary to
use digital logic circuitry to convert the chips
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outputs to ones that can be used to control the five
function keys. The digital logic is also necessary to
overcome two unfavorable behaviors of the voice
chip. During initial power up and any time the reset
switch is activated, the voice chip will set all of its
outputs high for one second. This would result in
all function keys being activated at the same time,
which could in turn damage the tape player.

Fig. 17.14 depicts the logic circuitry that is used to
drive the stop function of the tape player. This same
design is used to control the other four functions
with the only difference being the order of the
inputs.

It can be see from the design that any time bit four is
set high and no other bit is high, a high signal can
be seen at the output. A high on bit four will
operate the stop function. A high on bit five will
activate the rewind function. A high on bit six will
operate the play function. A high on bit seven will
activate the fast forward function. A high on bit
eight will operate the eject function. Any time more
than one bit is set high, there will be no output on
any of the functions. The output of each section of
control circuitry is connected to a DC solid state
relay which, when biased by the control circuitry,
will switch power to the third major section of the
controller- a bank of solenoids. Push-type solenoids
are positioned over the keys of the cassette player.
When the solid state relay is biased 12 volts @ eight
amps is supplied to the solenoid providing the 96

watts required to product the force necessary to
activate the key. Such a large amount of energy is
required because the keys take an average of 2.5
pounds of pressure to be applied over a distance of
0.75 inches.

The final section of the project consists of the two
components of the power source. The first
component is a dual output switching power
supply. The power supply has a five volt 3.5 amp
output, which powers the TTL logic and the voice
chip. The second output is rated at 12 volts at four
amps. Due to size and cost constraints, it was not
practical to purchase a power supply that could
supply the entire 12 volts at eight amps to the
solenoids. =~ To work around this problem, a
combination of a reduced power supply in parallel
with an 8200 microfarad capacitor was used. The
capacitor is charged by the power supply and when
discharged, produces the required energy to drive
the solenoid. Using this method the physical
dimensions of the power supply were reduced from
10x7x3 inches to 5x3x1.5 inches. The power supply,
the largest single component in the device, drove the
minimum size requirements of the entire unit.
Reducing the size of the power supply enabled
reducing the overall size of the controller. Using
this method also resulted in a substantial cost
reduction of $110.00 or approx. % of the total
$410.00 required for all parts and materials.
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Figure 17.14. Digital Control Circuitry for STOP Function.
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	Designer: Keith M. Fludd
	Client Coordinator: Dr. John Enderle
	Supervising Professor: Dr. John Enderle
	Biomedical Engineering
	University of Connecticut
	U-157, 260 Glenbrook Road  Storrs, CT 06269-2157
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	MULTI REMOTE AUTOMATED BLINDS
	Design: Keith M. Fludd
	Client Coordinator: Dr. John Enderle
	Supervising Professor: Dr. John Enderle
	Biomedical Engineering
	University of Connecticut
	U-157, 260 Glenbrook Road  Storrs, CT 06269-2157
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	ELECTRIC GROCERY TRANSPORTER
	Design: William Pruehsner , Alex Kattamis
	Client Coordinator: Dr. John Enderle
	Supervising Professor: Dr. John Enderle
	Biomedical Engineering
	University of Connecticut
	U-157, 260 Glenbrook Road  Storrs, CT 06269-2157
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	UNIVERSITY OF MASSACHUSETTS AT AMHERST
	College of Engineering
	Department of Mechanical and Industrial Engineering
	Engineering Lab
	Amherst, MA 01003-3662
	Principle Investigators:
	Robert X. Gao (413) 545-0868
	gao@ecs.umass.edu
	John E. Ritter (413) 545-0632
	ritter@ecs.umass.edu
	Donald Fisher (413) 545-1657
	fisher@ecs.umass.edu
	Sundar Krishnamurty (413) 545-0297
	skrishna@ecs.umass.edu
	Janis Terpenny (413) 545-0707
	terpenny@ecs.umass.edu






	SINGLE HAND BRAKING FOR MOUNTAIN BIKES
	Designers: M. Mitchell, A. Suryavanshi
	Supervising Professor: John E. Ritter, PhD
	Department of Mechanical & Industrial Engineering
	University of Massachusetts
	Amherst, MA 01003-3662, USA

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	SIGNAL PROCESSING IN A CANE FOR THE BLIND
	Designer: Matthew Atwood
	Supervising Professor: Dr. Robert X. Gao
	Department of Mechanical and Industrial Engineering
	University of Massachusetts
	Amherst, MA 01003-3662, USA

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	THE TROUSER ASSISTANT
	Designers: C. P. Canty, A. C. Dossantos, and J. S. Petrie
	Supervising Professor: John E. Ritter, Ph.D.
	Department of Mechanical and Industrial Engineering
	University of Massachusetts
	Amherst, MA 01003-3662, USA

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	THE AUTO BRAKE FOR A BABY CARRIAGE
	Designers: A. F. Blodgett, D.S. Horton, and J.M. LaFlamme
	Supervising Professor: John E. Ritter, Ph.D.
	Department of Mechanical and Industrial Engineering
	University of Massachusetts
	Amherst, Ma 01003-3662
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	SUMMARY OF IMPACT
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	PRESSURIZED SLEEPING BAG (PSB)
	Designers: Rajesh Luharuka
	Client Coordinator: Community Resources for People with Auti
	Supervising Professor(s): Robert Gao, Ph.D. & Sundar Krishna
	Department of Mechanical and Industrial Engineering
	University of Massachusetts
	Amherst, MA 01003-3662
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	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	TABLE TOP ACTIVITY CENTER
	Designers: J. Messinger and N. E. Valcrcel
	Supervising Professor: John E. Ritter, Ph.D
	Department of Mechanical and Industrial Engineering
	University of Massachusetts
	Amherst, MA 01003-3662
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	TECHNICAL DESCRIPTION

	WHEELCHAIR LIGHTING SYSTEM
	Designers: Heather Bohacs, Patrick Cashman and Michael Chopc
	Supervising Professor: John E. Ritter, Ph.D.
	Department of Mechanical and Industrial Engineering
	University of Massachusetts
	Amherst, MA 01003-3662

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	ASSISTIVE WALKER
	Designers: Jeremy Paskind, Richard Kowalski, Michael Doe
	Supervising Professor: John E. Ritter, Ph. D.
	Department of Mechanical and Industrial Engineering
	University of Massachusetts
	Amherst, MA 01003
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	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	THE BAR ON THE T
	Designers: Tricia Deleporte, Matthew Fuccillo, and Sarah Sti
	Supervising Professor: Dr. John Ritter
	College of Engineering
	University of Massachusetts
	Amherst, MA 01003
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	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	THE FISHER ASSISTER
	Designers: J. Foulis, R. Gallagher, B. Ewing
	Supervising Professor: John E. Ritter, Ph.D.
	Department of Mechanical and Industrial Engineering
	University of Massachusetts
	Amherst, MA 0.003-3662

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	SANDY WHEELS CONVERSION SYSTEM
	Designers: M .S. Ingalls, J. Labrie, and J. Piccirillo
	Supervising Professor: John E. Ritter, Ph. D.
	Department of Mechanical and Industrial Engineering
	University of Massachusetts
	Amherst, MA 01003-3662

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	HELPING HAND CAR DOOR CLOSING ASSISTANT
	Designers: Matthew Atwood, Christopher Beebe, Fyodor Grechka
	Supervising Professor: John E. Ritter, Ph.D.
	Department of Mechanical and Industrial Engineering
	University of Massachusetts
	Amherst, MA 01003-3662

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	GAS-SPRING ASSISTIVE CANE
	Designers: W.Abad, J.Lapointe, and S.Nualpring
	Supervising Professor: John E. Ritter, Ph.D.
	Department of Mechanical and Industrial Engineering
	University of Massachusetts
	Amherst, MA 01003-3662

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	ONE-HANDED MOUNTAIN BICYCLE BRAKE
	Designers: A. Bail, D. Quimby, and C. Taylor
	Supervising Professor: John E. Ritter, Ph.D.
	Department of Mechanical and Industrial Engineering
	University of Massachusetts
	Amherst, MA 01003-3662

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	HANDY GARDENING TOOL FOR DISABLED GARDENERS
	Designer: Sheng Chou, Manza Masamuna, and Patrick Cushna
	Supervising Professor: John E. Ritter
	Department of Mechanical and Industrial Engineering
	University of Massachusetts
	Amherst, Massachusetts 01003

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	DESIGN OF A ONE-HAND KAYAK PADDLE
	Designers: R. Robert, A Duquette, C. Mitchell
	Supervising Professor: John E. Ritter, Ph.D.
	Department of Mechanical and Industrial Engineering
	University of Massachusetts
	Amherst, MA 01003-3662

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	THE ONE HAND WASHER
	Designers: R. Lehtinen, G. Patel, M. Burgess
	Supervising Professor: John E. Ritter, Ph.D.
	Department of Mechanical and Industrial Engineering
	University of Massachusetts
	Amherst, MA 01003

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	LIGHTWEIGHT KNEE BRACE
	Designers: P. Veiga, M. Mudawar, and B. Cerone
	Supervising Professor: John E. Ritter, Ph.D.
	Department of Mechanical and Industrial Engineering
	University of Massachusetts
	Amherst, MA 01003-3662

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	UNIVERSAL WHEELCHAIR SPLASHGUARD
	Designers: Kevin Beaulieu, Tony Cheung, and Mike Ross
	Supervising Professor: John E. Ritter, Ph.D.
	Department of Mechanical Engineering
	University of Massachusetts
	Amherst, Ma 01003-3662

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	PORTABLE INTELLIGENT DEEP PRESSURE VEST FOR AUTISTIC CHILDRE
	Designer: Jeremy K. Paskind
	Supervising Professor: Sundar Krishnamurty, Ph.D.
	Department of Mechanical and Industrial Engineering
	University of Massachusetts
	Amherst, MA 01003
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	UNIVERSITY OF MASSACHUSETTS AT LOWELL
	Department of Electrical and Computer Engineering
	University of Massachusetts Lowell,
	Lowell, MA 01854
	Principal Investigator:
	Dr. Donn Clark  (978) 934-3341
	clarkd@woods.uml.edu





	VOICE-ACTIVATED TEXT READER
	Designer:  Max Kupchik
	Supervising Professor:  Dr. Donn Clark
	Department of Electrical and Computer Engineering
	University of Massachusetts Lowell,
	Lowell, MA 01854

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	ELECTRONIC TRAVEL AID: A PROXIMITY DETECTOR FOR THE VISUALLY
	Designer:  Matthew J. Palanza
	Client Coordinator:  Robert Steele, Perkins School for the B
	Supervising Professor:  Dr. Donn Clark
	Department of Electrical and Computer Engineering
	University of Massachusetts Lowell
	1 University Ave.
	Lowell, Ma. 01854
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	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	VOICE ACTIVATED TELEVISION REMOTE CONTROL
	Aaron Cianelli
	Assistive Technology Program
	Electrical and Computer Engineering Department
	University of Massachusetts Lowell
	Lowell Massachusetts 01854
	U.S.A.
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	SENSORY SYSTEM FOR THE BLIND
	Designer: Richard Castle
	Client Coordinator: Paula, Lowell Association for the Blind,
	Supervising Professor:  Prof. Donn A. Clark
	Electrical Engineering Department
	University of Massachusetts at Lowell,
	Lowell, MA 01854

	INTRODUCTION:
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	TECHNICAL DESCRIPTION

	VOICE ACTIVATED CALCULATOR FOR THE COMPUTER
	Designer: Katherine T. Gerrish
	Client Coordinator: Nicole Buddenhagen- CASE Collaborative- 
	Supervising Professor: Prof. Donn Clark
	Department of Electrical and Computer Engineering
	University of Massachusetts- Lowell
	Lowell, MA 01854

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	VOICE ACTIVATED REMOTE CONTROL
	Designer:  Yiu Wong
	Client Coordinator:  Alan Rux, Technical Coordinator at UMAS
	Supervising Professor:  Prof. Donn Clark
	Electrical Engineering Department
	University of Massachusetts Lowell
	Lowell, MA 01854

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	VOICE ACTIVATION ENVIRONMENTAL CONTROL SYSTEM
	Designers:  Brian Hall and James Molloy
	Supervising Professor:  Professor Donn A. Clark
	Electrical and Computer Engineering Department
	University of Massachusetts at Lowell,
	Lowell, MA 01854

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	VOICE ACTIVATED TAPE DECK CONTROLLER
	Designer: Richard L Roberts
	Client Coordinator: Patricia Kirk, Talking Library, Perkins 
	Supervising Professor: Donn Clark
	Director of Assistive Technology
	Electrical and Computer Engineering Department
	Univ. of Massachusetts Lowell
	Lowell, MA 01810
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	UNIVERSITY OF WISCONSIN-MILWAUKEE
	College of Health Sciences
	Department of Occupational Therapy
	212 Hartford Avenue
	Milwaukee, Wisconsin 53211
	College of Engineering and Applied Sciences
	3200 North Cramer
	Milwaukee, Wisconsin 53211
	Principal Investigator:
	Bertram, N. Ezenwa (414) 229-3184
	bezenwa@uwm.edu






	ADAPTIVE CONTROL OF CHILD’S SEAT HEIGHT
	Designers: Daniel McGowan, and Travis Schisel, Department of
	Crystal Bocher, Department of Occupational Therapy
	Supervising Professor: Dr. Bertram N. Ezenwa
	University of Wisconsin-Milwaukee, Milwaukee Wisconsin, 5321

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	WEIGHT-ASSIST WALKER FOR A CHILD WITH BILATERAL UPPER AND LO
	Designers: Travis Schisel and Daniel McGowan, Department of 
	Crystal Bocher, Department of Occupational Therapy
	Supervising Professor: Dr. Bertram N. Ezenwa
	University of Wisconsin-Milwaukee, Milwaukee Wisconsin, 5321
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	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION


	UNIVERSITY OF NORTH CAROLINA AT CHAPEL HILL
	Department of Biomedical Engineering
	152 MacNider, CB #7455
	Chapel Hill, NC 27599
	Principal Investigator:
	Richard Goldberg (919) 966-5768




	SOUND WALL FOR MUSCLE STRENGTHENING AND SENSORY STIMULATION
	Designers:  Xin He & Zhiyu Zhu
	Client Coordinator:  Nancy Curtis, Physical Therapist, North
	Supervising Professor:  Dr. Richard L. Goldberg
	Department of Biomedical Engineering
	University of North Carolina at Chapel Hill,
	Chapel Hill, NC 27599-7575
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	Five function blocks


	TOY RETRIEVER FOR GRASPING OBJECTS FROM A WHEELCHAIR
	Designers:  Punita Christopher, Venkat Ramshesh & Vinay Tann
	Client Coordinator: Lilee Bonzani, Occupational Therapist, D
	Supervising Professor:  Dr. Richard L. Goldberg
	Department of Biomedical Engineering
	University of North Carolina at Chapel Hill,
	Chapel Hill, NC 27599-7575

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	PERSONAL ATTENDANT CALL
	Designers:  Swaroop S. Singh, Vinay Tannan
	Client Coordinator:  Kevin Caves, Duke University Medical Ce
	Supervising Professor:  Dr. Richard L. Goldberg
	Department of Biomedical Engineering
	University of North Carolina at Chapel Hill,
	Chapel Hill, NC 27599-7575
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	UNIVERSITY OF TOLEDO
	College of Engineering
	Department of Mechanical, Industrial and Manufacturing Engin
	Toledo, Ohio 43606-3390
	Medical College of Ohio
	Department of Physical Medicine and Rehabilitation
	Toledo, Ohio 43614
	Principal Investigators:
	Mohamed Samir Hefzy, Ph.D., PE.  (419)-530-8234
	mhefzy@eng.utoledo.edu
	Nagi Naganathan, Ph.D.  (419)-530-8000
	Nagi.Naganathan@utoledo.edu
	Gregory Nemunaitis, M.D. (419)-383-3527
	gnemunaiti@mco.edu






	BACKWARD MOTION CLASS 2L MANUAL RACING WHEELCHAIR
	Designers:
	Group 1: (frame and seating) Joshua Jurgen, Tamara Vanhoose,
	Group 2: (steering) Sam Studer, Anthony Kledzik, Patrick Mah
	Client Coordinator:  Dr. Gregory Nemunaitis, Department of R
	Medical College of Ohio
	Supervising Professor:  Dr. Mohamed Samir Hefzy
	Biomechanics and Assistive Technology Laboratory,
	Department of  Mechanical, Industrial & Manufacturing Engine
	The University of Toledo, Toledo, Ohio 43606

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION
	Methods and procedures for seating
	Posterior facing seat
	Upper body restraint system
	Light weight aluminum frame
	Biomechanical Model of the Client
	Stability and Weight Distribution:
	Seat design and material selection
	Steering Mechanism:







	ADAPTATION OF A WHEELCHAIR FOR HUNTING
	Designers :Jerome Dorlack, Robert Andrews, Todd Bradford Pau
	Mechanical Engineering Students
	Client Coordinator: Dr. Gregory Nemunaitis
	Rehabilitative Medicine, Medical College of Ohio and St. Vin
	Supervising Professor:  Dr. Mohamed Samir Hefzy
	Biomechanics and Assistive Technology Laboratory
	Department of Mechanical, Industrial, and Manufacturing Engi
	The University of Toledo, Toledo, OH 43606

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	AUTOMATIC FISHING ROD AND REEL
	Designers:  Thomas Badman, Nick Rowland, Timothy Ravas, Mich
	Mechanical Engineering Students
	Client Coordinator:  Dr. Gregory Nemunaitis
	Rehabilitative Medicine, Medical College of Ohio and St. Vin
	Supervising Professor:  Dr. Mohamed Samir Hefzy
	Biomechanics and Assistive Technology Laboratory,
	Department of Mechanical, Industrial, Manufacturing Engineer
	The University of Toledo,  Toledo, OH 43606

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	BEACH WHEELCHAIR
	Designers:  Mark Swallen, Todd France, Robert Hiss, Matthew 
	Mechanical Engineering Students
	Client Coordinator:  Dr. Gregory Nemunaitis
	Rehabilitative Medicine, Medical College of Ohio and St. Vin
	Supervising Professor:  Dr. Mohamed Samir Hefzy
	Biomechanics and Assistive Technology Laboratory
	Department of Mechanical, Industrial, Manufacturing Engineer
	The University of Toledo, Toledo, OH 43606

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	AUTOMATIC WATER HYDRATION SYSTEM FOR MUSHROOM FARMING
	Designers:  Travis Buddlemeyer, Jeff Kremer, Robert Danyluk,
	Client Coordinator:  Dr. Gregory Nemunaitis
	Rehabilitative Medicine, Medical College of Ohio and St. Vin
	Supervising Professor:  Dr. Mohamed Samir Hefzy
	Department of Mechanical, Industrial, and Manufacturing Engi
	The University of Toledo, Toledo, OH 43606

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	DESIGN AND CONSTRUCTION OF A MANUAL RACING WHEELCHAIR
	Designers:  Jonathan Blevins, Brian Schimmoeller, Kent Sxhla
	Mechanical Engineering Students
	Client Coordinator:  Dr. Gregory Nemunaitis
	Rehabilitative Medicine, Medical College of Ohio and St. Vin
	Supervising Professor: Dr. Mohamed Samir Hefzy
	Biomechanics and Assistive Technology Laboratory
	Department of Mechanical, Industrial, Manufacturing Engineer
	The University of Toledo, Toledo, OH 43606

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	MOBILE COMPUTER TOWER ELEVATING UNIT
	Designers:  Troy Dunbar, Jasper Crispen, Mike Meadows, Mecha
	Client Coordinator:  Dr. Gregory Nemunaitis
	Rehabilitative Medicine, Medical College of Ohio and St. Vin
	Supervising Professor:  Dr. Mohamed Samir Hefzy
	Biomechanics and Assistive Technology Laboratory
	Department of Mechanical, Industrial, and Manufacturing Engi
	The University of Toledo, Toledo, OH 43606

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	WHEELCHAIR GARAGE ACCESS SYSTEM
	Designers:  Stephen Gallat, Christian DelBoccio, Jeremy Bech
	Mechanical Engineering Students
	Client Coordinator:  Dr. Gregory Nemunaitis
	Rehabilitative Medicine, Medical College of Ohio and St. Vin
	Supervising Professor:  Dr.  Mohamed Samir Hefzy
	Biomechanics and Assistive Technology Laboratory
	Department of Mechanical, Industrial, Manufacturing Engineer
	The University of Toledo, Toledo, OH 43606

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	WHEELCHAIR WHEEL WASH SYSTEM
	Designers:  Jared Bright, Jay Lake, Jeff Raymond, Gregory Se
	Mechanical Engineering Students
	Client Coordinator: Dr. Gregory Nemunaitis
	Rehabilitative Medicine, Medical College of Ohio and St. Vin
	Supervising Professor: Dr. Mohamed Samir Hefzy
	Biomechanics and Assistive Technology Laboratory,
	Department of Mechanical, Industrial, and Manufacturing Engi
	The University of Toledo, Toledo, OH 43606

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION


	WRIGHT STATE UNIVERSITY
	College of Engineering and Computer Science
	Department of Biomedical and Human Factors Engineering
	207 Russ Center
	3640 Colonel Glen Highway
	Dayton, Ohio 45435-0001
	Principal Investigators:
	Chandler A. Phillips (937) 775-5044
	chandler.phillips@wright.edu
	David B. Reynolds (937) 775-5044






	MULTISENSORY ENVIRONMENT
	Designers: Prachi Asher, Brandy Hill and Beth Wirick
	Client Coordinator: Asha Asher, Sycamore School District
	Supervising Professor: Dr. Thomas Hangartner
	Biomedical, Industrial and Human Factors Engineering Departm
	Wright State University
	Dayton, OH 45435-0001

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	MOVABLE VIBRATING CHAIR
	Designers: Jacob Abraham, Teena Manimalethu and David Walker
	Client Coordinator: Marlys Loyer, United Rehabilitation Serv
	Supervising Professor: Dr. Chandler Phillips
	Biomedical, Industrial and Human Factors Engineering Departm
	Wright State University
	Dayton, OH 45435-0001

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	COIN RECOGNIZER
	Designers: Matthew Beach, Brian Kandell and Matthew Roberts
	Client Coordinator: Ms. Marcia Thomas, Green County Educatio
	Supervising Professors: Dr. Blair Rowley
	Biomedical, Industrial and Human Factors Engineering Departm
	Wright State University
	Dayton, OH 45435-0001

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	VOICE ACTIVATED VOICE REPEATING TELEPHONE SYSTEM
	Designers: Richard McKinley and Jenna Warman
	Client Coordinator: Ms. Elaine Fouts, Gorman Elementary Scho
	Supervising Professor: Dr. Chandler Phillips
	Biomedical, Industrial and Human Factors Engineering Departm
	Wright State University
	Dayton, OH 45435-0001

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	TRANSDUCER FOR MEASURING NORMAL AND SHEAR STRESS
	Designers: Adam Fournier and Andrew Lewis
	Client Coordinator: Ms Alena Hagendorn, Ohio Transportation 
	Supervising Professors: Dr. Ping He and Dr. David Reynolds
	Biomedical, Industrial and Human Factors Engineering Departm
	Wright State University
	Dayton, OH 45435-0001

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	THE SWITCH OPERATED SENSORY TABLE
	Designers: Todd Burman, Nicole Jackson and Jeff Martin
	Client Coordinator: Ms. Tracy Gomez, United Rehabilitation S
	Supervising Professors: Dr. Ping He
	Biomedical, Industrial and Human Factors Engineering Departm
	Wright State University
	Dayton, OH 45435-0001

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	MANIKIN CERVICAL INTERFACE PLATE FOR TWISTING SIMULATION
	Designers: Christy Harm, Erica Johnson and Ryan Justice
	Client Coordinator: Chris Perry, Wright Patterson Air Force 
	Supervising Professor: Dr. Ping He
	Biomedical, Industrial and Human Factors Engineering Departm
	Wright State University
	Dayton, OH 45435-0001
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