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| NTRODUCTI ON

Many of the clients at the Al bany Cerebral
Pal sy Center for the Disabled are non-verbal.
Staff feel that a client would benefit froma
communi cation systemthat provides audio feedback.
The Texas Instruments Magi ¢ Wand Speaki ng Reader
uses bar codes, a fiberoptic pen and an audio
speaker to synthesize speech. However, the client
does not have the ruscle control to operate the
Magi ¢ Wand. This device operates on the prenise
that the pen remains stationary and the bar codes
are noved. The bar codes are on a sheet of con-
tinuous paper wound on wooden rollers. A toggle
switch noves the codes left and right. Wile the
toggle is active, no signal is sent to the
speaker. A separate button is used to "speak" a
code.

NY 12180

SUMMARY OF | MPACT
Many commerci al devices exist which enable
di sabl ed people to communicate through synthesized

speech. One such device is called the "Mgic
Wand".  Ths device generates speech which is
encoded in a series of bar-codes. To cause the
device to say a word, the user nust pass a bar-

code wand over the appropriate bar-code. This
devi ce produces a high quality speech output and
is used extensively to make tal king | anguage
boards for non-speaki ng disabl ed people.

Many di sabl ed people are physically unable to
pass the wand over the appropriate bar-codes. A
nodi fication to the "Magi c Wand" has been under
devel opment to enable a disabled person with
di m nished fine notor ability to use the Wand.
The nodification is designed to allow the user to
nove the bar-codes under a stationary wand. The
user will increment the bar-codes with associated
pictures and words by pressing a button. wien the
appropriate itemis under the wand, the user wll
press another button to activate the wand and
cause the device to speak.

The device is currently non-functional. The
nodi fication project was conpleted but was not
tested by the time the school termended, and the

students involved in the design are no |onger

avail abl e. Further testing and work on the pro-
ject has been given a low priority at this time
due to a revised evaluation of client needs.
Failure to conplete the testing was due in part to
a project change in the nmddle of the senester and
the over-anbitious nature of the project.
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TECHNI CAL DESCRI PTI ON

This project entails adapting a Texas |nstru-
nents Magi ¢ Wand Speaki ng Reader. The device uses
an optical bar-code scanner to convert bar codes
to audible speech. The basis of the designis
that the pen is fixed and the paper containing bar
codes noves. This device was designed and con-
structed in three parts: the chassis, the mechani-
cal systems and the control circuits. pjexiglas
1/4" thick was cut to make a box with inside dinen-
sions 4" x 10" x 16". K-lax solvent for cenenting
was used for securing various Plexiglas conponents
to one another. Bearings were cut from 3/8" Plexi-
glas and attached perpendicularly to the base with
fine screws.

For paper take-up a spring-belt was used to
provide both friction and slip. A 1.5" grooved
Pl exi gl as wheel was attached to each of the paper
rollers. A 3" Plexiglas wheel was placed between
the two smaller wheels, and a spring-belt was
| ooped around the three wheels. The |arger wheel
is driven by one of the 25 rpmreversible DC gear-
motors, always in a single direction, whenever a
switch on the device is activated. This notion of
the large wheel drives the smaller wheels so that
paper is always being wound onto the rollers.

When the paper-drive systemis activated and paper
is being drawn off one roller, the spring-belt
allows the wheel on this roller to slip while

wi nding paper onto the other roll.

The 1/4" steel rods were cut to 9" lengths
and fitted with ten rubber Orings. These are the
drive rollers. Paper is sandwiched between the
drive rollers and 1/2" strips of 174" Plexiglas
attached to the lid of the chassis. Attached to
each drive roller is a 2" pulley; these pulleys
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are connected by a 16" long V-belt. A 1" pulley
is placed on one of the drive rollers and con-
nected via a 12" V-belt to a 2" pulley on the
shaft of the gearmotor. Thus, the notor drives
one roller, which in turn drives the opposite
roller, both at a linear speed of 58.9 in. per
m nut e.

A toggle switch is used to control the direc-
tion of paper advancenent. A push switch is used
to scan a particular code. Both of these are con-
nected to the Scantech with 1/8" RCA jacks. The
signal fromthe toggle is not ideal, so a dual JK
flip-flop is used to debounce the signal. Wen-
ever a switch is operated, a low signal is sent to
a 555 tiner.

For proper action on the paper-drive system
the motors run for six seconds in order that one
bar code passes the pen. The 555 timer produces
this time constant. Hi gh output fromthe tiner
has two functions. An inverter takes the high sig-

nal and feeds it to the clocks of the JK flip-
flops, insuring no other inputs trigger the tiner
until the six-second period has el apsed. Secondly,

the high signal turns on the notors. Relays re-
verse the polarity of the source voltage for the

motor, reversing the direction of rotation.
When the toggle switch is pushed left or
right, output fromthe flip-flop will be sent to

Four
batteries are needed to power the Mgic
Each of the motors runs on three volts.
Cost of parts and construction was two
hundred one dollars ($201).
Further details can be obtained fromthe
principal investigator.

prevent signals fromreaching the speaker.
D-cel |
and.



"The Mechani cal

Rocki ng Systent

A Mtorized Rocking Chair for the
Functionally Inpaired Child
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| NTRODUCTI ON

This project entailed designing a nechanical
system to set a rocking chair in mtion. The
system was desi gned to accommodate the needs of
young children at the Cerebral Palsy Center for
the Disabled in Albany, New York. These children
exhi bit poor trunk control, no |ower extremty
usage, and devel opnental delay. This system will
allow the children to have a greater inpact on
their environnment and aid in their understanding
of cause and effect relationships.

The nechani cal rocking systemis powered by a
| ow hor sepower notor and rocks at a speed of six
rocks per nminute. The chair is covered with
cushions for confort and is equipped with a seat
belt for safety. The systemis also easily nobile
and requires little maintenance.

Mriam Lane, Marietta Malik
Al bany CP Center for the Disabled
Jonathan C. Newel |

Engi neering

Pol ytechnic Institute
NY 12180

SUMVARY OF | MPACT

For many nul ti-handi capped children,
ability to control their environnment
inportance in their educational programming. Many
such children, due to their physical inpairnents,
are unable to nove thenselves in space. Often
this inability to nove independently prevents full
sensory integration. Mst often, staff nust
attenpt to provide those notor and sensory ex-
periences for the child. Wile rocking in a rock-
ing chair is a pleasant and notivating experience
for normal children, mnulti-handicapped children
may be unable to rock, due to orthopedic inpair-
ments and inadequate trunk control. These same
children may be of a chronol ogi cal age such that
it is inappropriate for staff to hold and rock
themin a chair. In addition, this type of
activity would not provide the inportant aspect of
i ndependent control. Sone of these children have
not as yet acquired the cause-effect relationship
through activation of sinple toys. The notorized
rocking chair allows for the positioning of a
variety of children in a therapeutic nanner. It
also allows the child to activate the rocker for a

the
is of prime

pre-set amount of tinme, through the use of a com
mercial switch interface-timer box. This mechani-
cal rocking systemallows the children to have a

greater inpact on their environnment and provides
them with enjoyable recreational experiences. It
remains a valuable educational tool.
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TECHNI CAL DESCRI PTI ON

A nechani cal systemto set a rocking chair in
notion has been designed to acconmodate the needs
of young children at the Cerebral Palsy Center for
the Disabled in Al bany, New York.

The mechanical rocking system consists of
five conponents: the rocking chair, the platform
t he cushi ons, t he motor, and the camfoll ower sys-
tem  The rocking chair is made from beechwood and
is extrenely large to accommmdate the different
tumbl e-form safety chairs that are used at the
Cerebral Palsy Center. A seat extension was built
from 3/8" plywood and attached to the chair with
wood screws. It was shaped to cover the seat of
the rocker and extends eight inches past the end
of the chair. The seat extension is needed to
accormodate children who have |ocked knees. pg,
safety purposes a two-inch seat belt is attached
to the side supports of the chair. pye to the odd
shape of the chair, cushions for the seat, chair
back and arm rests had to be custom sewn. hese
cushions were made from heavy-duty vinyl because
it was required that they be waterproof.

A platformfor the chair and camfol |l ower
system and an enclosure for the notor were con-
structed from 3/4" BC exterior pine plywood.
platformis 26" x 46" and has rounded corners for
safety. To guard agai nst side nmotion of the
chair, a runner systemis in place on both sides
of the chair rocker arms. To pernit easy mobility
of the system four caster-lock wheels are
attached to the bottom of the platform

The chair is powered by a constant torque,
fan-cool ed, shaded-pole, parallel shaft gearnotor

Cam and Follower Design

(rodel #3M126). |t produces a speed of six rpm
is safe for a torque of 113"-1b, has a horsepower
of 1/20, runs with an anperage of 1.4, and has a
5/8" shaft dianeter with a keyway. The notor is
wired so that it can be powered from a standard
wal | outlet and a 2-anp sloblo fuse is in the
systemto conpensate for the voltage surge that
occurs when the notor is turned on.

The cam system consists of a 5 1/2" pul | ey
and a set-screw clanp welded together. The clanp
was wel ded 1 3/4" fromthe center of the pulley.
This offset gives a 2 1/2" displ acenent of the
rocking chair. Two garage door rollers are used
as the followers for the cam The rollers are
positioned on one of the rocker arms, one 1" from
the end of the rocker armand the other 3 1/4"
fromthe end of the rocker arm These distances
provide a 1/4" space between the rollers. For
added support, a block of 3/4" plywood is attached
to the inside of the rocker arm  The notor was
pl aced three inches above the platformand the cam
rides over the 1/4" gap between the rollers. As
the cam turns, it pushes the rollers with a
vertical force that causes the chair to rock. To
produce a positive-drive condition there is a
spring connection fromthe pulley to the rollers.
This spring prevents slippage and vibration
between the cam and the fol | owers.

The cost of parts and construction of this
system was four hundred fifty five dollars ($455).
Further details can be obtained fromthe

principal investigator.

seat Extension Design



"Sit-n-Spin"
A Device to Provide Vestibular Stinulation
for the Devel opnental |y Disabled

M chel l e Ganbl e, Ray Chow, Mary Yoshi noto
Di sabled Coordinator: Beverly Maszdzen, Al bany CP Center for the Disabled
Supervising Professors: Dr. J. Lawence Katz and Dr. Jonathan C. Newel |
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Renssel aer Pol ytechnic Instituter
Troy, NY 12180

Desi gners:

| NTRODUCTI ON

The Sit-n-Spin design consists of a rectangu-
lar platformthat is driven by a notor. A steel
rod attached to its underside passes through a box
whi ch houses the notor mechanismand acts as a
support system The rotating platformrides on
swivel casters that are attached to the top of the
support box. The locking casters on the bottom of
the box allow for transport of the device. The
Sit-n-Spin was intended for use with the "Tumble-
formUnits" that are currently in use at the
Center for the Disabled. The units are placed and
hel d bv the VELCRO on the platform  Inese units,
along with the safety belts attached to the plat-
form allowthe client to be held securely and
confortably in various positions. 'he client can
control the device by pressing the renpte control
swi tch.

SUMVARY OF | MPACT

Many children who are devel opmental ly dis-
abled are unable to interact with their environ-
ment appropriately. Many toys and play items are
i naccessible to these children due to their demand
for physical manipulation and control. These same
children are often unable to engage in vestibul ar
stinulation which is conducive to sensory integra-
tion. This type of rotational novenent is pro-
vided by the popular commercial toy, the "Sit 'n
Spin".  This toy, however, is not accessible or
practical for use with physically disabled chil-
dren.  The adapted sit-n-spin provides the sane
type of novement while accommodating the seating
and positioning needs of cerebral palsied chil-
dren. Its nost inportant feature, however, g jts
ability to be controlled by the children them
sel ves. By using the sit-n-spin with a conmerci al
timng device, the child is able to activate the
single switch which rotates the sit-n-spin for a
pre-set anount of time. |n this way, the device
is not only an appropriate recreational and thera-
peutic tool but an educational one as well.
of the children who use the sit-n-spin have not
yet devel oped the understanding of cause and
effect relationships. The exciting and i mediate
feedback of the rotational noverment is a powerful
new way to teach this cause-effect relationship.
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TECHNI CAL DESCRI PTI ON

The design of the Sit-n-Spin can be divided
into three parts: the rectangular platform the
powertrain, and the support box. This section
will provide a detailed plan of construction for
the entire system
PLATFORM

The platformwas constructed of a 2 1/2' x 4
X 3/4" sheet of plywood. An extra piece of 3/4"
pl ywood was added as reinforcenent to the under-
side perineter of the platform An additional
pi ece of 3/4" plywood (8" x 10") was added to the
underside of the platform in the center. These
pi eces were glued and screwed together. The top
of the platformwas then covered with 3" foam and
naugahyde. Two safety belts were bolted to the
underside of the platformto secure the client to
the top of the platform Velcro was glued to nost
of the surface area of the naugahyde (to allow for
attachment of the "Tunmbleform Units" already in
use at the CPCD) and to the sides where the safety
belts touch the platform (to keep belts frominter-
fering with rotation of platform. A 1/8" thick
pi ece of Plexiglas (24" x 24") was glued and
screwed to the underside of the platform for
smoot her rotation. A piece of 1/4" thick sheet
netal (8" x 10") was bolted to the 8" x 10" under-
side of the platform A steel shaft (1/2" in
dianmeter) was welded to the sheet netal at 90°.
A 3/16" wide and 1/16" deep groove was nilled into
the shaft (in which a set screw can be tightened.)
PONERTRAI N:

The powertrain of the design consists of a
1/15 HP gear motor rotating an assuned |oad of 150
Ibs. (required torque of 216 in. Ibs.) at 6.7 rpm
The notor is wired to a cord which can then be
plugged into a cordless wall outlet. This outlet
operates the device in conjunction with the radio
frequency renote control switch. Since the output
shaft of the motor lies horizontally, a set of 1:1
rati o bevel gears with a 2" pitch (for better
meshing of the gears) was used to rotate the

Positioning of child on Tunbl ef orms.

vertical shaft (the steel rod attached to the
platform.

Modifications were made to the gears. The
gears' inner dianeters as received were 3/4".
However, both the motor shaft and the vertical
shaft are 1/2" in diameter. Therefore bushings
with inner dianeters of 1/2" have been inserted
into the gears. Two set screw holes (at 90°)
were drilled and tapped in each gear (with bushing
inserted). A collar (with three set screws at
120°) was attached to the vertical and notor
shafts to stop vertical and horizontal notion of
the gears.

SUPPORT BOX:

A 24" x 10' box of 3/4* plywood encases the
powertrain. Vertical beans were placed in the
corners of the box for added support. A support
bl ock was glued to the bottom of the box to
support the notor. A piece of 1/4" firm rubber
was glued to the bottom of the box where the gear
motor is attached. Ei ght swivel casters were
placed on the top of the box to distribute the
vertical load fromthe shaft to the box during
rotation. An eccentrically |ocking bearing was
attached to the ceiling and floor of the box.
Four |ocking casters were attached to the bottom
of the box to allow for transport of the device.
A door consisting of a snall piece of wood hinged
to the side of the box (for easy access to the
powertrain) with a handle for easy opening and
barrel bolts to hold doors shut was made. The
space in the support box surrounding the power-
train and vertical shaft was filled with poly-fil
and foam rubber for sound insulation. An 18" x
18" piece of foam rubber was 'added to the under-
side of the box also for sound insulation. The
outside of the support box and the added foam have
been spray-painted for aesthetic purposes.

Costs for parts and construction anpunted to
five hundred sixty five dollars ($565).

Further details can be obtained fromthe
principal investigator.

Lyi ng Position
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"Electric Toy Jeep"
An Electric Powered Vehicle for
Pal sy Children

Cer ebral

Desi gners: Car |

Di sabl ed Coordinators:

Supervising Professor:
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Kevin Uram Brian Wjton,
Li nda van Al styne,

Martin Fichtner,
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Departnent of Mechanical Engineering,
Rensseal er
| NTRODUCTI ON
An electric powered vehicle suitable for three-

five year-old cerebral palsy children has been
desi gned and constructed for the United Cerebral
Pal sy Association of Schenectady, NY. The vehicle
is based on an electric toy jeep manufactured by
Power Weels. The steering wheel and seats have
been replaced with a joystick and child's car
seat, both of which are fully adjustable to allow
for easy operation by cerebral palsy children.

The vehicle is powered by a rechargeable, gel cel
battery that gives the vehicle a m ninmm operating
time of approximately two hours. Qher features
include smoth acceleration, top speed control,
and a safety cord for a therapist to hold while
the child is operating the vehicle.

D'Angela Giffin,

Mari o San Juan,

Sam Zai dspi ner

Kel | y Howatt, Francesca Storrs
Dr. Gary A Gabriele

Aeronauti cal Engineering and Mechanics

Pol ytechnic Institute
Ny 12180

SUMVARY OF | MPACT

Many clients are often confined to a nanual
wheel chair, as they are unable to devel op and
refine the prerequisite skills needed to denon-
strate readiness for electric nobility. Wile
sone of these clients may be able to operate a
joystick, many others will require an adaptive
switch to control their environment. This pre-
sents an additional challenge in finding appro-
priate ways to provide pre-nobility experiences.
Wi | e adapted toys such as cars and robots can
provi de sone training in novenent and space, they
clearly do not provide the type of experience

needed to nove one's self in the environment. The
nmotorized car neets this need for several clients.
The car provides adjustability in its seating, so

that clients are able to operate it in various
sitting positions with appropriate positioning
equi prent.  The notorized car represents an in-
val uabl e training tool for clients to devel op

wheel chair driving skills and allow for future
acqui sition of

i ndependent nobility.
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TECHNI CAL DESCRI PTI ON

An electric powered vehicle suitable for three-
five-year-old cerebral palsy children has been
desi gned and constructed for the United Cerebral
Pal sy Center of Schenectady, NY. The vehicle is
to be used by the Center to study the effect of
provi di ng i ndependent mobility on the cognitive
devel opment of young cerebral palsy children. The
main requirements for the vehicle are the follow
ing: 1. The vehicle nmust be adaptable to chil-
dren in the three-five-year-old ranger with a w de
range of disabilities. It was assumed that a
child woul d have enough ability, or could be
trained, to operate a joystick. 2. The vehicle
woul d be used in the Center, therefore it should
fit through the doors in the Center and be very
maneuver abl e. 3. The vehicle should use a
readily available and rechargeable power source.
4. The vehicle should be appealing to children
and should not |ook like a wheelchair. 5. The
vehicle should be safe to operate.

The vehicle is based on a Power Weels toy
jeep that was donated by the Center to the pro-
ject. The vehicle is driven by a pair of electric
DC gear notors that are attached to the rear
wheel s and were part of the original toy jeep.

The notors are controlled by a control systemthat
det erni nes which wheels will come on and in what
direction. Using this arrangenent allows the
vehicle to be driven and steered by the rear

wheels.  The vehicle can nove forward (both notors
forward), backward (both notors backward), or ro-
tate left or right (one motor on forward, the

other off). The front of the vehicle is supported
by two casters which are attached to the frane and
raise the original front wheels off the ground.
The notors are powered by a 12 volt gel cell
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rechargeable battery. Braking is acconplished by
using the dynamic braking of the notors.

The control system of the vehicle accepts
input fromthe joystick and controls power to the
motors. The control systemis made up of three
maj or subsystens: the relay system the speed
control, and the joystick. The relay systemis
made up of six relays which control power and
polarity to the motors. The speed control system
is a pulse width nodul ati on system that snoothly
accel erates the nmotors and controls their top
speed. The top speed can be adjusted by a knob
under the hood of the vehicle. The joystick is a
nodi fication of a video game joystick known as the
Ergo Stick. This joystick uses four mcro
swi tches which were easy for the children to
operate and provided good tactile feel. A safety
switch is provided at the back of the vehicle with
a safety cord that the therapist holds. If the
child is in danger, the therapist pulls on the
cord to renove the switch and disable the
joystick.

The seat of the vehicle is an adapted child's
car seat that has a hinge between the back and
seat bottom The seat bottomis munted to a six-
way power seat adjustment adapted from an old
Cadillac autompbile. This provides the seat with
height, fore and aft, and tilt motion, as well as
allowing the seat back to recline. The joystick
is mounted on a tray in front of the seat and is

adj ustable for height, left and right, and fore
and aft positioning.
The final cost of the vehicle, not including

the cost of the original vehicle, was approxi-
mately three hundred eighty two dollars ($382).

Further details can be obtained fromthe
principal investigator.



"Wake-Up Alarm d ock"
A Self-Setting Alarm C ock for the
Functional ly | npaired
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| NTRODUCTI ON

A two-conponent al arm clock system for the
functionally inpaired has been devel oped. The
system has two components: First, the nechanical
sub-system  This includes a three-input switch
system and the casing to hold these swtches.
The second sub-system is the electronics. These
include the logic to control the alarmclock from
any three-input systemand the circuitry to
control the feedback lights of the switch system
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Bial i k

Al bany CP Center for the Disabled
Jonat han C. Newel |
Engi neering

Pol ytechnic Institute
NY 12180

SUMVARY OF | MPACT

One of the prinmary goals of progranmng for
the devel opnental |y disabled adult is the acquisi-
tion of skills necessary for independent |iving.
While nany clients may be unable to achieve inde-

pendent living, they nmay be placed in a community
resi dence. I'n such placenents, the ability to

i ndependently control one's environment is of
paramount inportance. Such independence may in-

clude the responsibility of waking and preparing
for work reliably. Setting an alarm clock pre-
sents a physical challenge beyond the capabilities
of many clients who may at best possess gross hand
novenent s. The adapted alarm clock allows for
easy access by using three switches for operation.
This inplies that any three mechanical input sys-
tems can be interfaced with the electronics,

maki ng the clock appropriate for use by a variety
of clients who may all activate different types of
switches with different body parts. The alarm
clock represents an inportant step in the process
of acquiring control over one's environnent and
ultimately, toward independence.
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TECHNI CAL DESCRI PTI ON

A two- conponent al arm cl ock system for the
functionally inpaired has been devel oped. One
maj or conmponent of this device is the nechanical
sub- system This includes a three-input swtch
system and the casing to hold these switches. The
switches are nade of 3/4" Plexiglas squares with
di nensions of 5.5" x 6". Each of these Plexiglas
squares is held in place by three Plexiglas
C brackets. The C-brackets were made from Pl exi -
glas strips with the dimensions of 6" x 0.5" x 1".
These strips have a groove nilled into them so
that they hold the Plexiglas squares in place and
also allow a clearance of 3/8". This distance was
required for the clearance of a common pul se push
switch. The switches are al so spring-loaded so
that the weight of the Plexiglas squares does not
activate the switches. These conponents are
attached to a large irregul arly-shaped al um num
box. Paddi ng and fabric have been added to give
the apparatus the appearance of a large pillow

The second sub-systemis the el ectronics.
These include the logic to control the alarm cl ock
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fromany three-input systemand the circuitry to
control the feedback lights of the switch system
The master switch toggles anong three states:
ALARM OFF, ALARM SET, and ALARM ON.  The ot her two
switches are used to change the hours and mi nutes
when setting the alarm Al the switches are
lighted when pressed; this serves as a feedback
system to the user. The main switch is either
green, yellow, or off, depending on which node the
systemis in. The other two switches illuninate
red when they are activated. The circuit is a set
of CMOS logic functions with two JK flip-flops
that allow the switches to control the clock. A
555 timer is used as a clock to run the flip-
flops. The logic has low as OV and high as +12V.
This is interfaced with an existing Radi o Shack
al arm cl ock by adding the voltages in the clocks
-12V to sinulate the alarm clock switches. Al so
the clock's power was used for this purpose, so no
batteries were needed.

Total cost for this systemwas two hundred
sixty one dollars ($261).

Further details can be obtained fromthe
principal investigator.



"Modified Toaster"

A Toaster

Modified for Operation

by the Manual ly |npaired

Desi gners:
Di sabl ed Coordi nator:
Supervising Professors: Dr. J.
Renssel aer
Tr oy,

| NTRODUCTI ON

The product is a toaster nodified for use by
people with linmted dexterity and upper body no-
tion. This toaster has a control panel from which
functions can be controlled by the user. The con-
trol panel is a 10" x 17" x 2" al um num box which
contains three 4"-diameter control buttons. Each
of these buttons has a set of lights that turn on
when a function is activated. The bright colors of
the lights and the large buttons nake it easy to
use in cases of visual inpairment. The whole unit
is encased in a npisture-proof covering convenient
for cleaning. There are spaces on the control
panel where labels can be placed. This feature
specifically for those client who require a
different labeling system

The control panel is portable and is attached
to the toaster by a ten-foot cord. This enables
the customer either to use the panel away fromthe
heat of the toaster, or to place it on the lap tray
of a wheelchair. The toaster itself is driven by
motors that are controlled by the panel. The user
can toast two or four pieces of bread at one tinme;
one of three different degrees of darkness for the
toast can also be selected.

is

Karen Bookman, Nel son Sanchez,
Beverly Maszdzen,
Lawr ence Katz and Dr.
Depart nent of Bionedi cal
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Engi neering
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SUMVARY OF | MPACT

For many devel opnental |y disabled adults, the
focus of their programming is on those activities
of daily living such as groomi ng, cooking, and self-
care. The kitchen environment presents nultiple
challenges to the physically disabled person. The
| evers, buttons, and settings on household applian-
ces are physically inaccessible and cognitively

demanding. Many of these clients do not have func-
tional use of their upper extremties and can, at
best, use a headpointer or a gross hand notion.
Oten the devel opnental |y disabled adult is unable
to independently use these appliances, and is
forced to rely on co-active assistance. Food pre-
paration remains a notivating activity as well as a

functional task. The nodified toaster allows the
client to have control over the appliance's opera-
tion. This control entails being able to set the
time of toasting, and activate the |evers on the
toaster's front panel to actually start toasting
the bread. Adaptations include nmechanical nodifica-
tions to drive the toaster handl es down, and a con-
trol panel that acts as an interface between the
client and the appliance, thus providing the client
with a degree of freedom and control they pre-
viously lacked in their environment.
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TECHNI CAL DESCRI PTI ON

The toaster, a four-slice unit owned by the
Al bany C.P. Center for the Disabled, could not be
utilized by clients who participate in a training
program The toaster has been nodified to allow
the client to becone nore involved in the exper-
ience of independent living. The nodification
design takes into consideration the functional
abilities of the client, e.g., muscle coordination,
visual inpairment and inadequacy of cognitive
skills. A control panel housing three switches and
electronic logic circuitry directs electronics that
are housed in an extension. The extension is built
as part of the toaster itself. The control panel
and the toaster are connected via a ten-foot cable.

El ectronic circuitry controls the entire
operation of the toaster. This control, accom
plished by three switches, includes the selection
of heating elenents, the duration of toasting
cycle, and the start tine. The choice of how many
heating el ements are activated was a requirenent
for the toaster to becone a training aspect. Logi c
circuitry using NOR GATES, OR GATES, resistors,
capacitors and a DECADE counter are enpl oyed for
switch #1. Switch #1 governs whether two or four
heating elenents are to be used. A linear actua-
tor, an A.C. reversible notor having a threaded
shaft, receives an electrical signal fromthe logic
circuitry and rotates CCW Attached to the
threaded shaft is a steel rod that forces the
toaster handles down until they lock in place for
toasting. At this point, the activation of a micre
switch trips a relay which forces the current in
the notor to reverse direction and thus reverse the
nmotor rotation. The motor circuit uses a triac as
a switch which passes an A.C. current.

Switch #2 controls the time that the toast re-
mains in the toast cycle. The circuitry consists

of NOR GATES, AND GATES, resistors, capacitors and
a DECADE counter. The AND GATES use an input from
the OR GATES of switch #1 to decide what side of
the toaster will be on. The client has three

choi ces of toasting time which are acconplished by
three different RC networks. The latch and catch
mechani smthat was initially used in the toaster
was slightly nodified to allow a sol enoid plunger
to release the nmechanism Depending on the tine
constant selected, two 555 TIMERS act as the tinme
delay circuitry. The solenoid is activated for one
second and forces the rel ease nechani sm popping up
the toast.

Switch #3 permits switches #1 and #2 to per-
form the operations selected by the client. Al
the outputs fromswitch #1 and switch #2 go to a
relay that is normally open. Wen switch #3 is
activated, the relay becones energized and the
sel ected signals are passed to performthe opera-
tion desired. Switch #3 also sends an inhibiting
signal to both decade counters of switch #1 and
switch #2. This inhibiting signal deactivates the
first two switches during the operation. After the
toast pops up, a microswitch is activated which re-
sets switch #3. By resetting switch #3, the relay
becomes de-energized and switches #1 and #2 are
active to make another selection.

A power supply consisting of a transfornmer,
full wave rectifier and two voltage regul ators
provi des the necessary current and voltages to the

a

circuitry. The transforner is rated to provide a
- maxi mum of 2 anmps of current. A fuse is provided
for protection from shorts.

The cost of parts and construction was four
hundred thirty dollars ($430).

Further details can be obtained fromthe
principal investigator.
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"Renmpte Control

Dune Buggy"

A Toy Radio-Controlled Car
for Weel chair Sinulation
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Departnent of Electrical,
Renssel aer
Tr oy,

| NTRODUCTI ON

This project involves using a toy radio-
controlled car as a wheelchair sinulation to train
a handi capped client to eventually be able to use
a wheelchair. Wth the sinulation, it is hoped
that the client will be able to enhance his/her
perception of space and motion. It also serves as
a playtoy providing entertainment for the child.

Bronti e Benn,
Beverly Maszdzen,

Yvette Richardson

Al bany CP Center for the Disabled
Dr. J. Lawrence Katz

Engi neering

and Systems Engineering

NY 12180

SUMMARY OF | MPACT

For many young children with physical dis-
abilities, the potential for independent nobility
through an electric wheelchair is difficult to
det er mi ne. Due to physical inability to nove
one's self, or to nove toys in space, these
children often do not develop the prerequisite
skills necessary for the operation of a wheel-
chair. These skills include the perception of
space, time, and speed concepts. These sane
children require adapted switches in order to

control items in their environment. The various
types of physical disabilities denonstrated by the
cerebral palsied population inply that each child

needs to be assessed for the particular switch and
body site to be the activator. The remte control
dune buggy accommodates a variety of interchange-
able switches. The buggy is radio-controlled,
motorized, steerable and has the directional no-
bility necessary for a wheelchair training device.
It is large enough to fit a doll of approxinmately
four inches in the front seat. Also, the buggy is
| arge enough to be wei ghed down for speed control
and is attractive to the children. This device
provi des indirect/observational experience of
spatio-tenporal concepts in a fashion that wll
have meaning and val ue to the children. It also
provides a "normalizing" play experience for chil-
dren who are unable to directly nanipulate a doll.
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TECM CAL DESCRI PTI ON

A toy radio-controlled car has been converted
into a pre-wheelchair training device by trans-
formng the controls of the transmtter into con-
trols that could be performed by a joystick or
other control nechanisms. The transmitter was re-
wired so that it could be controlled by the joy-
stick. Since nost control devices for the handi-
capped (waferboards, joysticks, etc., include a
nine-pin port as the interface, the Turbo Beetle's
radio control was nodified so that it is now com
patible to npst control devices by the incorpora-
tion of a nine-pin port to its transmtter. The
nine-pin port allows the wheel chair training de-
vice (Turbo Beetle) the versatility of using a
nul titude of possible control devices, thereby
enabling its use by a vast range of clients. A
velcro strip was attached to the joystick so that
the client's hand could be held in place while
he/ she is learning to control the car.
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An Atari joystick interface was attached to
the systemso that it could be used with other
devices to train other clients to use this tech-
nol ogy. Many clients cannot use the joystick;
some nust use a waferboard or head pointer. Thjig
interface can be used to plug these devices into
the joystick.

Finally, a wooden case was built to encl ose
the design. This case includes the follow ng:

(1) Rounded corners to insure that there would be
no injuries to any of the clients. (2) A hole
for the joystick to insure its stability and to

enable the client to have constant contact.
(3) A place for the antenna of the transnmitter so
that it can be pulled in/out as needed. (4) Extra

space on the box where a hole can be nade for a
new switching device that will be nore suitable
for the client. (5) A drop-out bottom to open
the case, which is held together by rounded pegs.

The cost of parts and construction was
approxi nately eighty two dollars ($82).

Further details can be obtained fromthe
principal investigator.



"Mtorized Scooter”

A Kinetic-Interaction Device for
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| NTRODUCTI ON

A motorized scooter to be used by CP children
has been designed and fabricated. There are three
main purposes for this scooter: (1) To teach the
concept of cause and effect. (2) To allow inter-
action with the environment. (3) To prepare the
child for future wheel chair use.

When the client is in the sitting position,
he/ she will be secured in the seat with chest and
lap belts, his/her feet will be secured in the |eg
rest, and the seat itself will be locked into the
lowest position. By adjusting a leaning chair de-
vice, the client can recline at angles down to 30
degrees. To acconmodate the client in the prone
position, the chair device is released and the
bottom of the seat is raised to the highest posi-
tion. A triangular cushion is strapped to the
bottom and the back of the seat, and the client is
secured to this cushion by adjustable straps. The
control armcan be adjusted for the client's com
fort. The joystick can be detached so that the
therapist can operate the scooter. There is also
a safety kill switch on the back of the scooter so
that the therapist can override the user.

Angel a Acito,
Beverly Maszdzen,
Lawrence Katz and Dr.
Depart nent of Bionedical
Pol ytechnic Institute

Di sabl ed Students

Lawr ence Vaughan

Al bany CP Center for the D sabed
Jonat han C. Newel |
Engi neering

NY 12180

SUMMARY OF | MPACT

Currently, there are many clients who have
the potential to operate an electric wheelchair.
These clients are often confined to a manual wheel -
chair, as they are unable to devel op and refine
the prerequisite skills needed to denonstrate
readiness for electric mobility. These skills
include perception and control of space, direction-
ality, time, and speed. \ile some of these
clients may be able to operate a joystick, many
others will require an adaptive switch to control
their environment. This presents an additional
challenge in finding appropriate ways to provide
pre-mobility experiences. Wile adapted toys such
as cars and robots can provide sone training in
nmovenent and space, they clearly do not provide
the type of experience needed to nove one's self
in the environment. The notorized scooter neets
this need for several clients. It provides a
powerful evaluation tool for possible future elec-
tric wheelchair acquisition. The scooter provides
adjustability in its seating, so that clients are
able to operate it in prone and various sitting
positions with appropriate positioning equipnent.
While its purpose is to allow for independent ex-
ploration, issues of safety remain so that a con-
trol switch is included for the therapist/teacher
to override the mechanism  The notorized scooter
represents an invaluable training tool for clients
to devel op wheel chair driving skills and allow for
future acquisition of independent nobility.
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TECHNI CAL DESCRI PTI ON

The four-wheel rectangular frame was construc-
ted of one-inch square steel beans wel ded to-
gether. The alunminumarnrests were welded to the
frane.

The vehicle is driven by two Kl axen |I/S-horse-
power DC motors. The vehicle was designed to
travel at a maxinum speed of 4.4 ft/sec. The two
main wheels are driven by the motors by a three-
to-one pulley ratio. To power the notors, one
12-volt gel-cell battery was used. In order to
prevent overloading, three 35-amp circuit breakers
and two 30-amp "slo-blo" fuses were attached to
the positive termnal of the battery.

A Naugahyde uphol stered seat with a headrest,
legrest and a reclining feature was designed and
construct ed. The headrest was nade an opti onal
feature; the legrest can be adjusted angul arly.

Mot or

The reclining feature is froma Mrse chair. The
Morris chair mechanismallows the client to be
acconmpdated at reclining angles as |ow as 30
degrees. The back of the seat can be rel eased
(down) to 180 degrees so that the client can be
accormpdated in the prone position.

The control systemcontrols the flow of power
fromthe battery to the nbtors by microsw tches.
The control armis attached to the side of the arm
rest by a bolted steel housing. The L-shape of
the control armwill nmeet the client's needs in
both the sitting and the prone positions.

Parts and construction cost four hundred
ninety dollars ($490); an additional four hundred
dollars ($400) worth of parts was provided by the
Al bany CP Center for the Disabled.

Further details can be obtained fromthe
principal investigator.
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"The Joystick Positioning Table"
A Device for Assessing Positioning of
Joystick Controls for the Functionally I|npaired

Desi gners:
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Supervising Professors: Dr. J.
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Renssel aer

Tr oy,

| NTRODUCTI ON

Many i ndivi dual s who can control an electric
wheel chair do not have good notor control in the
standard areas where joysticks are usually placed
on the arns of an electric powered wheel chair.
The Joystick Positioning Table is an assessment
tool used by the occupational and physical thera-
pists of disabled clients to help them determ ne
where to place the joystick on the wheel chair.
The device is attached to a Plexiglas tray that
can be secured to the arms of a wheelchair, or
situated on an adjustable table. A simulation of
a joystick is noved around by the therapist and
locked into place so the client can try it out.
The positioning motion is carried out through the

use of linear bearings that run on shafts in the
front-to-back, side-to-side and vertical direc-
tions. Angul ar adjustments of the joystick posi-

tion are also allowed by the nmotion of a ball-and-
socket joint. Once the suitable placement of the
joystick is determined, the therapist reads its
location through the use of the inscribed neasur-
ing system Several different joystick tops are
al so included with the device which allow the
correct handle for the individual client to be
determined at the same tine.

Andr ew Keegan,
Beverly Maszdzen,
Lawr ence Katz and Dr.

Mar ci a Hol br ook, Ann Pol anki

Al bany CP Center for the Disabled
Jonat han C. Newel |
Engi neering

Pol ytechnic Institute

NY 12180

SUMMARY OF | MPACT

Currently there are many clients who denon-
strate the cognitive and spatial skills necessary
to operate an electric wheelchair. Oten these
clients receive limted exposure to the trial use
of an electric wheelchair due to linited joystick
types and limted positioning available to use for
assessnent . In some cases, a wheelchair may be
ordered w thout the proper joystick alignment be-
ing determ ned, delaying nmobility training signifi-
cantly. In addition, these clients may be able to
operate conputer software programs via a joystick
but receive limted exposure for simlar reasons
The use of this device enables the client to gain
i ndependence through the use of a wheelchair or a
conputer in a nuch shorter period of time. Each
client is able to test the various joystick posi-
tions and achi eve the npbst optinmum pl acenent
through trial and usage. The therapist has the
ability to nove the joystick in all directions
until the best position is found where the client
can control it efficiently, and in the best pos-
sible pattern. This type of assessnment too
allows the client to have the nmpbst suitable joy-
stick ordered at the sane time as their wheelchair
is ordered. Thus, electric wheelchair mbility
training could begin immediately. Through the use
of the joystick positioning table, the therapist
is able to conplete a nornally tine-consum ng task
much nore quickly and efficiently.
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TECHNI CAL DESCRI PTI ON

For many di sabl ed people, the ability to oper-
ate a joystick is an inportant means of obtaining
a degree of independence and sel f-sufficiency.
These joysticks can be adapted to run electric
wheel chairs, conputers, and many other pieces of
equi pnent . Due to physical considerations, how
ever, many disabled individuals are unable to
operate the standard joystick in the standard
positions.  Consequently, an occupational thera-
pist nust work with the client in assessing the
abilities of the client and in determning the
optimal placement of a joystick.

To assist the occupational therapist.in this
task, a Joystick Positioning Table (JPT) has been
designed. This device allows the occupational
therapist to evaluate how well the client can use
a joystick in various positions.

In order to accormpdate the needs of the
client, the JPT contains a joystick sinulator
whi ch can be noved in three dinensions and can be
adjusted at various angles. To acconplish these
degrees of novement, a durable, snooth-rolling
system has been devel oped.

This system begins at the base with a solid
piece of Plexiglas. On top of this base are
al um num frane ends which serve as supports for
two horizontal, 23" long 1/2" steel shafts. On
each shaft, alum num housings with |inear bearings
are allowed to slide side-to-side. The two hous-
ings are connected by two shorter (18") 1/2" steel
shafts. These shafts are perpendicular to the
first two shafts so that they can provide for
front-to-back positioning.

To allow for vertical positioning, another
al um num bl ock which runs along the front-to-back
shafts contains an 8"-tall, 1/2" vertical shaft.
Surrounding this shaft is a snmall al um num bl ock
whi ch al so holds a camera tripod top. This top
contains a ball-and-socket type nechani sm which
acts as the angular adjustnent for the joystick
simulator. The actual sinmulator, which is con-
nected to the tripod top, is conprised of a
threaded rod, a spring for bending, and a coupler
to attach various joystick tops.

Each direction of novenent can be | ocked
easily by tightening knobs which go through the
al umi num housi ngs and lock onto the shafts. For
I ocking the side-to-side and front-to-back posi-
tions, a flat has been mlled on the shafts so
that marring does not inhibit the motion of the
linear bearings. For locking the up-and-down posi-
tion and also for preventing rotation, a keyway
has been mlled into the vertical shaft. A |ock-
ing knob is also provided on the camera tripod top
to lock the angular position.

Two parts which are specific to this design
are the linear bearings, nodel L1MB-3 from Winfred
M Berg, Inc., and the canera tripod top, nodel
3293 from Bogen.

The cost of parts was one hundred eighty
dollars ($180); an additional four hundred fifty-
two dollars ($452) was required for machining
various parts. Thus the total cost was six
hundred thirty-two dollars ($632).

Further details can be obtained fromthe
principal investigator.
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"Feedback Kneebrace"
A Feedback Device to Alert when
Hyper ext ensi on of the Knee Cccurs
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| NTRODUCTI ON

The client is a five-year-old male who hyper-
extends his right knee during upright activity
(bends backwards, e.g., the lower leg bends too
far forward). The client is unable to control
thi s hyperextension because he usually is not
aware that it is happening. If he knew when he
was hyperextending his knee, he would be able to
stop doing it. The task was to design and build a
device which tells him when he is hyperextending.
This device is called the HSU (Hyperextension
Signaling Unit).

The HSU slides onto the client's leg like a
sock. It is pulled up on the leg until the knee-
capisinline with a large hole in the center of
the HSU. Wen it is in proper position on the
leg, the client may proceed with any daily acti-
vity (except water sports). Won he hyperextends,
the HSUwi Il turn on an electric buzzer to tell
him his knee is hyperextending. Wien he bends his
knee back into the nornal range of motion, the
buzzer will turn off. The HSU is powered by a
rechargeable AAA battery. The battery and hinge
system can be renoved for washing the sleeve.

Pol ytechnic Institute
NY 12180

SUMMARY OF | MPACT

A variety of gait deviations are denonstrated
by the cerebral palsied client. Hyperextension of
the knee can produce a slow and stressful gait
pattern. Often the type of verbal and visual feed-
back from the physical therapist nay be insuffi-
cient to correct the deviation. The Hyperexten-
sion Signaling Unit (HSU) was designed to signal
the client when his knee hyperextends so that
eventually he can learn to control the degree of
knee extension used while upright. The HSU was
designed for confort, convenience, aesthetic pur-
poses, low cost and wear resistance. The HSU uses
a neoprene sleeve to hold a Plexiglas hinge to the
client's knee. This hinge actuates a rotary
switch, turning on a buzzer while the knee hyperex-
tends. The buzzer, battery and switch are
attached to the hinge and contained on the sleeve.
The HSU will signal the client while the angle
between his tibia and fenur exceeds a pre-set
angle. As a result of this auditory signal, the
client will learn to control the hyperextension of
his knee, producing a less stressful and nore
functional gait.
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The task was to design and construct a knee
hyper ext ension signaling unit (HSU) for the right
knee of a five-year-old male client. The device
uses a buzzer to signal the client when he hyper-
extends his right knee.

The HSU is nade up of two nmmj or components:
the sleeve (Fig. 1) which holds the device to the
client's leg, and the hinge (Fig. 2) which
actuates the buzzer.

The sleeve is a Donjoy #002 extra snall
sleeve, nodified to hold the hinge systemin place
against the leg. This nodification consists of
two hand- made socks that hold the hinge systemin
place on the sleeve. The socks are sewn to the
sleeve with nylon thread. The conplete nodified
sl eeve is made of neoprene with a nylon finish on
the inside and outside (Fig. 1).

The hinge systemis nmade of 1/10" Pl exigl as,
customcut to the client's measurements (Fig. 2).
It contains a rotary switch located at the pivot

dense

switch is lifted off the hinge systemwth a
spacer to allow for switch rotation. There is a
spacer on top of the switch which supports a pro-
tective cover. The hinge pin is nade of a 5/16"
grade 1 steel bolt that was machined to fit the
system (Fig. 3). The head thickness is 1/16".
This is used for the flange that holds the two
hinge pieces together. A nylon peg is pressed in-
to a hole in the top of the hinge pin. This peg
fits through a hole in the center of the rotary
switch, and serves to actuate the switch. The
purpose of the peg being press-fit into the hole
in the hinge pinis to allowthe peg to be adjus-
ted rotationally, i.e., to vary the angular posi-
tion of the peg with respect to the hinge pin. A
calibration tool was constructed froma phillips-
head screwdriver to angularly adjust the peg.

Parts and construction cost one hundred fifty
two dollars ($152).

Further details can be obtained fromthe
principal investigator.
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"A Feedback Knee Brace"
A Feedback Device to Alert when
Hyper ext ensi on of the Knee Cccurs

Desi gners:
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Renssel ae

| NTRODUCTI ON

The Feedback Kneebrace device was desi gned
either to nake a buzzing sound or to vibrate when
the client extends his/her |eg beyond the point of
being perfectly straight, i.e., hyperextended.
This is acconplished by a hinge that is sewn to
the side of a kneebrace simlar to those braces
used by basketball players. The hinge noves with
the novenent of the client's leg. Wen the hinge
extends just beyond the point of being perfectly
straight, a "hunp" on the upper band of the hinge
presses against a switch nounted on the | ower
band. In this way, power is routed to either the
buzzer or the vibrator in a pocket on the |ower
rear of the brace and produces a signal that can
either be heard or felt. (A slide-switch |ocated
on a box which contains the buzzer and the
vibrator is used to select the desired signal.)
Thus, the brace can be used to help train the
client not to hyperextend his/her leg and to walk
nore efficiently, thus reducing the potential of
damage to calf nuscles because of hyperextension.

A. Toppses,
Beverly Maszdzen,
J. Lawence Katz and Dr.

T. Lenihan, T. Larkin

Al bany CP Center for the Disabled
Jonat han C. Newel |
Engi neeri ng

r Polytechnic Institute
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SUMVARY OF | MPACT

A variety of gait deviations are denonstrated
by the cerebral palsied client. Hyperextension of
the knee can produce a slow and stressful gait
pattern. Often, the type of verbal and visual
feedback fromthe physical therapist may be insuf-
ficient to correct the deviation. The Hyperexten-
sion Signaling Unit (HSU was designed to signal
the client when his knee hyperextends, so that
eventual ly he can learn to control the degree of
knee extension used while upright. The HSU was
desi gned for confort, convenience, aesthetic
purposes, |low cost, and wear resistance. The HSU
uses a Neoprene sleeve to hold a Plexiglas hinge
to the client's knee. This hinge actuates a
rotary switch, turning on a buzzer while the knee
hyper ext ends. The buzzer, battery and switch are
all attached to the hinge and contained on the
sleeve. The HSU will signal himwhile the angle
between his tibia and fermur exceeds a pre-set
the

angl e. As a result of this auditory signal,
client will learn to control the hyperextension of
his knee, producing a |ess stressful and nore
functional gait.
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A hyperextension detection nechani sm has been
desi gned and constructed. It utilizes a machined
plastic hinge approximately 30 cmlong (when fully
extended) attached to a knee brace. A screw at
t he hinge pivot goes through one | eg of the hinge,
then through a "cam” or "bunper", and through the
other hinge leg. The camis an elliptically-
shaped piece of plastic whose purpose is to nmeke
contact with a micro-switch over a predeternined
radial position range. The camis held tight to
the upper leg of the hinge by a thunbscrew. The
flat end of the thrunscrew is recessed into an

adj ustment slotin the cam so that it will not rub
on the lower hinge leg. Thus, when the thunbscrew
is loosened, the rotational position of the cam

relative to the upper hinge |eg can be adjusted,
allowing for the adjustment of the activation
point of the hinge mechanism This hinge is
mounted on the brace via pockets that contain nost
of the length of the uper and | ower hinge |egs.
Once the camon the hinge nmakes contact wth
the mcro-switch, a circuit consisting of a
selector switch in series with a three-volt power
source (two "AAA" batteries) is conpleted. The
selector switch routes current either to a buzzer
(for the signaling option using sound) or to a
motor with an off-center weight placed on its
drive shaft (for the vibrational signaling
option). The buzzer, notor and selector switch
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are all contained in a signal box 3.9 cmwde, 5.7
cmlong, and 1.8 cmthick. This box, along with
the two "AAA" batteries, is held in a tight pouch
at the lower rear of the brace (on the client‘s
upper calf).

The brace which serves as the nounting base
for the detection-signaling nechani sm consists of
a tube with a hole and pad for the patella. This
hol e and pad insure consistent positioning of the

brace on the client's leg (since any other posi-
tion is made very unconfortable). The brace
material is rubber neoprene which stretches around

the client's leg preventing slip and allow ng for
growt h. Thus, the hinge as nounted on this brace
will nmove as the client's leg noves and will acti-
vate either the buzzer or the vibrator when the
mcro-switch is contacted.

The total cost of the parts which conprise
the prototype is $49.75. During the course of
devel opnent, however, nany conponents were pur-

chased redundantly (to insure a working part) or
for exploration of an alternate design option that
was subsequently rejected. The total cost of
these parts ampunted to approxi nately $105. Thus,
the total financial investnent in this project on
its conpletion is approximately one hundred fifty
five dollars ($155).

Further details can be obtained fromthe
principal investigator.






