
CHAPTER 2

LOUISIANA STATE UNIVERSITY MEDICAL CENTER
DEPARTMENT OF ORTHOPAEDIC SURGERY

P.O. BOX 33932
SHREVEPORT, LOUISIANA 71130

Principal Investigator:

Subrata Saha (318) 674-6187



Force Sensing Resistor Switch

Designer: Jon Hacker
Disabled Coordinator: Linda Nelson and Paula Huckaby, Caddo School for Exceptional Children

Supervising Professor: Subrata Saha, Ph.D.
Department of Orthopaedic  Surgery

Louisiana State Dniversity  Medical Center
Shreveport,  Louisiana 71130

INTRODUCTION
Singles switches are often used by SUMMARY OF IMPACT,

handicapped children to operate communication F i g u r e  1  s h o w s  t h e  f i r s t  f o r c e
a n d  e d u c a t i o n a l  a i d s ,  COmpUterS,  enVirOmWnta1 rsistor  swi t ch  that  was  bu i l t  w i th  a sm~~ps;;~
controls and mobility a ids . Severe motor mm diameter) FSR element. This has been used
impaired students often have d i f f i c u l t y
controling  the amount of  force that is applied

by  a  f ew  normal  vo lunteers  and  wi l l  s oon  be
used by several  motor impaired students at the
Caddo School for Exceptional Children.t o  such  a  swi t ch . The  resu l ts  i s  a  "wear ing

down" of  the sensitivity of  the switch. Other
students,  however,  may not elicit  an adequate
amount of pressure t o  a c t i v a t e the switch.
This points out the need for a pressure  s e n s i n g
swi tch  which  can  be  ad justed t o  c o n t r o l  t h e
threshold force n e c e s s a r y  t o act ivate the
switch. In th is study we have used a
commerc ia l ly  ava i lab le  f o r ce  sens ing  res i s tor
(FSR) to build such a switch.

Figure 1: The Force Sensing Resistor Switch.
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TECHNICAL DESCRIPTION
T h e  F o r c e  S e n s i n g  R e s i s t o r ’” (FSR)  is a

polymer f i lm device that exhibits a decreasing
resistance with increasing force which has been
deve loped  f o r  s evera l  app l i ca t i ons , one being
human touch control. Due to  the FSR’s var i ous
charac ter i s t i c s  as  we l l  as  i t s  smal l  th i ckness
(CO.5 mm), these devices made b y  I n t e r t i n k
Electronics are a v a i l a b l e  i n  a v a r i e t y  o f
shapes and sizes. Figure 2 shows the circuit
that  a l l ows the FSR to be used as a simple
force adjustable switch. The comparator
c i r c u i t a l l o w s  f o r  t h e  s e n s i t i v i t y  o f the
switch to be a d j u s t e d  t o accommodate the
s p e c i f i c  n e e d s  o f  t h e  c h i l d . This adjustment

i s done by adjusting the 20 K ohm
potentiometer. A s  f o r c e  i s a p p l i e d  t o  t h e
surface of  the FSR the voltage at pin 9 of  the
comparator decreases and when the voltage at
pin 9 reaches a value equal to or less than the
v o l t a g e  a t p i n  8 , t h e  r e l a y  i s activated
turning t h e  d e v i c e  o n . Add i t i ona l  dev i ces
( such  as  a  t imer  dev i ce )  can  be  connec ted  o r
additional c i rcui try can be included i n  t h e
d e v i c e  t o  f a c i l i t a t e  a d d e d  c a p a b i l i t i e s . The
device including the FSR device CO6 ts
approximately $15.00 per switch;  however,  the
cost will  depend on the size and shape of  the
part icular FSR device sed as the act ive
element.

1OOK
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Figure 2. Scematic  des ign  o f  c i r cu i t  f o r  the  FSR swi t ch .
T h e  F S R  d e v i c e  a t  l e f t  i s  c o n n e c t e d  t o  t h e
c i r cu i t  and  the  re lay  output  i s  c onnec ted  to
the toy or reinforcement.

ACKNOWLEDGEMENT
This work was partially supported by U.S.

National Science Foundation Grant EET-8807522.

5



Visual Scanning Training Device
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INTKODUCTION
Many e lec tronic assist ive devices for

hand i capped  ch i ldren  use  LEDs  in the scanning
m o d e  f o r  f e e d b a c k  a c t i o n  t o  t h e children.
However, visually impaired students often find
i t  d i f f i c u l t  t o  r e c o g n i z e  t h e  LEDs,  particulary
those  o f  l ow  in tens i ty ,  depend ing  upon  the i r
degree of  visual impairment (either perceptive
o r  acquity),  appropr ia te  s i zed  LEDs  need  to  be
se l e c t ed  f o r  any  v i sua l  f eedback  t o  succeed .
In  th i s  pro j e c t , we have attempted to design a
visual scanning training device with four sets
o f  d i f f e r e n t  s i z e d  LEDs,  s o  t h a t  a  s t u d e n t
using th is device can i d e n t i f y  a LED of
appropr ia te  br ightness  which  he / she  can  see
without any difficulty.

SUMMARY OF IMPACT
This  dev i ce  as  no t  been  f i e ld  t e s ted  ye t ,

.3 s modi f i ed  severa l  t imes  tothe design was
improve its function and reliability.

F i g u r e  1 : The visual scanning training
device. T h e  d i f f e r e n t  s i z e d  LEDs
are s h o w n  at the  r i ght .

6



ii

TECHNICAL DESCRIPTION
Figure  2  shows  the  c i r cu i t  used  f o r  the

d e v i c e . The  three  D- type  f l i p - f l ops  (SN7474)
are configured in a ring-counter arrangement to
sequentially cycle the LED display one LED at a
time. T h e  c y c l e  i s  c o n t r o l l e d  b y  t h e  c l o c k
which is a 555 timer circuit and be changed by
a d j u s t i n g  t h e  c l o c k  r a t e . The  r ing  counter
produces a logic high on each output channel
sequentially which in turn activates one of  the
LED display elements. The LM324 is a
quad-op-amp used to drive the LED display and
t h e  3 3 0  o h m  r e s i s t o r s  a r e  c u r r e n t  l i m i t e r s .
The LED display elements can be extra-bright or
jumbo  s i ze  LED’s  which  are  ava i lab le  or  they
can  be  any  o f  s evera l  spec ia l  t ypes  o f  LED’s
available commercially. The 500K ohm variable

res i s to r  i s  used  t o  se t  the  re f e rence  vo l tage
for the LM324 since the low and high states of
the ring-counter outputs are not 0 and 5V,
r e s p e c t i v e l y . Although not yet complete,  the
phys i ca l  dev i ce  wi l l  be  enc losed  in  a  package
with a plug-in slot for an LED display plug in
module. This allows interchangeable LED
displays to be used with the same controll ing
electronics thereby allowing newer displays to
be util ized without rebuidling the circuit also
reduc ing  t o ta l  c o s t . A connector would permit
the  d i sp lay  t o  be  o cnnec ted t o  t h e  c i r c u i t .
The total  price of  one complete unit  would be
approximately $30.00 to $40.00 with each
additional display module costing about $10.00
on up depending on the LED display element and
the physical module design needed.

J
Clock

Figure 2: Schematic diagram of visual scanning training
device.
right

The LED display elements shown at
are connectors f o r various

di f ferent
al lowing

t y p e s  o f special LED’s to be
u t i l i z e d .
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INTRODUCTION
Chi ldren  wi th  some  cogenital  de f o rmi t i e s

( e . g . , spina b i f i d a )  o f t e n  h a v e  d i f f i c u l t y  i n
the  use  o f  the i r  f o rearm and  hand  in  bear ing
w e i g h t  i n  the i r  a t tempt  to  use  w a l k e r s . Such
children need t r a i n i n g  t o improve t h e i r
c a p a c i t y  t o  suppor t  the i r  body  we ight  by  the
u s e  o f their hand. In this project, we
designed a device which provided an auditory
feedback  to  the  s tudent  as  they  app l i ed  more
vertical  force with their hand thus reinforcing
their capacity to support themselves in the use
of a walker.

SUMMARY OF IMPACT
As the device has only been built as a

bread-board stage, it  has not been field tested
y e t . However, d i s cuss ion  wi th  the  phys i ca l
therapist indicates t h a t  i t w i l l  b e  h i g h l y
bene f i c ia l f o r  h a n d i c a p p e d  c h i l d r e n  i n  t h e
training of  upper extremity assistive devices.
Such  t ra in ing  wi l l  a l l ow these  ch i ldren  to  be
m o b i l e  w i t h  t h e  h e l p  o f  w a l k e r s  a n d  t h u s  b e
more indepedent.
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TECHNICAL DESCRIPTION
The Force Sensing Resistor (FSR”) made by

Inter l ink  E lec t ron i cs ,  Inc .  i s  a  po lymer  f i lm
dev i ce  that  exh ib i t s  a  decrease  in  res i s tance
with increas ing  f o r ce . F igure  2  shows  the
e l e c t r i c a l  c i r c u i t  f o r  t h e  d e v i c e . T h e  74CL4
is a Schmitt trigger inverter that functions as
a n  o s c i l l a t o r . AS the resistance of  the FSR
c h a n g e s  ( f o r c e  i s  a p p l i e d ) , t h e  f r e q u e n c y  o f
the output o f the inverter increases
p r o p o r t i o n a l  t o the force aplied. The
frequency range is determined by R and C. For
the  the  c i r cu i t  shown  the  f r equency  range  i s
150 Hz to approximately 5.5 Hz. The output of
t h e  v a r i a b l e  o s c i l l a t o r s t a g e  i s fed to an
audio amplifier (LH 386) which drives an audio
transducer that can be mounted on a PC board
(Rad io  Shack  ca t .  no .  273-090). E i t h e r  a  9V
t rans i s to r  ba t te ry  o r  a  9V  AC adapter  v ia  an
input jack can be used to supply power to the

c i r c u i t . The 7805 voltage regulator provides
5V to the other two stages. The maximum
current  i s  about  19ma vhen  a force is applied
a n d  5ma when  no  f o r ce  i s  app l i ed . An output
shown in  the  far  r ight  o f  f i gure  2  can  be  sed
t o  c o n n e c t  a n  e x t e r n a l  d e v i c e  o r  a d d i t i o n a l
c i r cu i t ry  t o  measure  the  f o r ce  app l i ed  and /or
t o  p r o v i d e  a d d i t i o n a l reinforcement such  as
v i s u a l  o r  o t h e r . When  no  f o r ce  i s  app l i ed ,
there is no output to the audio amplif ier and
the ampl i tude  o f the audio output c a n  b e
a d j u s t e d  b y  a d j u s t i n g  t h e  v a r i a b l e  r e s i s t o r .
The addition of an external d e v i c e  o r
additional circuitry could increase the current
reducing the battery life which may require the
9V AC adaptor to be used instead of making the
d e v i c e  d e p e n d e n t  o n  t h e  a v a i l a b i l i t y  o f  A C
power outlets. T h e  t o t a l  c o s t  o f  t h e  d e v i c e
shown in figure 2 is about $25.00.

FSR

P-F-l

- ‘/ 74c14
IG UF

Ul

Y0.015 UF

F i g u r e  2 : Schemat i c  o f  the  upper  ex t remi ty  t ra in ing
device. I t  s h o u l d  b e  n o t e d  t h a t  t h e r e  a r e
three stages shown, the power supply 3 the
o s c i l l a t o r , and the audio ampl i f i e r . The
o u t p u t  a t right c a n  b e  u s e d  o f  a d d i t i o n a l
c i r c u i t  o r external devices for measurements
or visual feedback.
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Portable Digital Communication and Control System
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INTRODUCTION
The purpose of  this project  is  to provide

a child w i t h  l i m i t e d  m o t o r  c o n t r o l  a n d  n o
speaking ability the means to communicate with
other persons and the means to exercise some
c o n t r o l  o v e r  s u c h  a c t i v i t i e s  a s turning book
pages ,  ea t ing ,  turn ing  dev ies  on  o r  o f f ,  e t c .
The oroiect  is  expected to involve a very small
portable computer, a robot arm, voice
genera t i on  e l e c t ron i c s ,  and  suppor t  s o f tware .
I t  i s  a  m u l t i - y e a r  p r o j e c t  w i t h  t h e  i n i t i a l
concentra t i on  o f  e f f o r t  be ing  devo ted  t o  the
portable computer and voice generation modules.

DESCRIPTION
A portable communication is in the process

of being designed. This module will  be built
around a control  computer that initially has a
single input  and  outputs  that  dr ive  a  vo i ce
synthesizer and a display. The software will
be  a  cus tom word  processor  tha t  i s  s t o red  in
permanent memeory so that the system will boot
and run independently. The separate hardware
items that are required are 1) the computer,
2 )  the  vo i ce  synthes izer ,  3 )  the  d i sp lay ,  and
4) the power supply.
The Computer

The requirements for the computer are low
power consumption, s ing le  vo l tage operation,
EPROM software support, ser ia l and  para l l e l
ports, and programming support. I t  must  a lso
be capable of  operation with some type of  low
power consumption display,  preferably a l iquid
crystal d i sp lay . A low power consumption
(CMOS) PC compatible computer made by AMPRO
Computers of Synnyvale, California,  meets these
requirements and has been selected for use on
t h e  p r o j e c t . power consumption is less than
five watts from a single f ive volt  supply.
The Voice Synthesizer

The reauirements for the voice svnthesizer
a r e  1 ) compatibil ity with the computer that
was  se l e c ted ,  2 ) p l u s  f i v e  v o l t  o p e r a t i o n ,
3) low power consumption, 4) high speech
qual i ty , and 5) ser ia l port (RS232C)
operation.

A search revealed a doll with high quality
speech. The doll was manufactured by Worlds of
Wonder located in California. We have learned
that they were using linear predictive encoding

( L P C )  c h i p s  t o  s y n t h e s i z e  t h e  h u m a n  v o i c e .
These chips have been in widespread commercial
sue  s ince  the  days of the Texas Instruments
Sneak and Spell  toys and are readily available
f;om Texas Instruments.

Another DOSSiblitY for the speech
synthesizer is  a phonetic processor. A speech
b o a r d  o f  t h i s  t y p e  i s  a v a i l a b l e  a n d i t  a l s o
uses L P C  t e c h n o l o g y  b u t  h a s  l o w e r  q u a l i t y
speech output than its mathematically modeled
counterpart. It  offers an unlimited vocabulary
(although pronunciation is not always correct)
through ASCII text to speech processing.
Phonetic speech is also possible with a digital
to analog converter.

D i e i t i s e d  speech  w a s  t h e  l a s t  p o s s i b l i t y
D

investigated. This type of speech has excellnt
q u a l i t y  b u t  r e q u i r e s  l a r g e  amountsTh;f memory
and high processing speed. memory
requirement ruled this technique out.
Display and Power Supply

A search is underway to locate a suitable
l iqu id  c rys ta l  d i sp lay . Several manufacturers
have been located but not enough information as
been  ob ta ined  t o  make  a  cho i ce . The device
shou ld  operate  o f f  the  para l l e l  por t  in  o rder
to simplify programming. More information will
b e  o b t a i n e d  a n d  a  d e c i s i o n  m a d e  a s  s o o n  a s
poss ib le .
The Control System

The portion of  the system that allows the
u s e r  t o control his /her environment w i l l
consist o f  a  robot  arm wi th  in terchangeab le
grippers supported by software that will  start
o u t  a t  a  p r i m i t i v e  l e v e l  a n d  e v o l v e  i n t o  a n
expert system that will  be capable of  carrying
out commands without detailed instructions.
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Computer Input/Output Interface for Apple II and IIe Computers

Designer: Paul Williams
Disabled Coordinator: Paula Huckaby, Caddo School for Exceptional Children

Supervising Professor: Subrata Saha, Ph.D.
Department of Orthopaedic  Surgery

Louisiana State University Medical Center
Shreveport, Louisiana 71130

INTRODUCTION
Caddo School for Exceptional Children has

a  number  o f  App le  I I  and  IIe c o m p u t e r s  t h a t
they use for various learning tasks. However,
there  i s  a  large  var ie ty  o f  app l i ca t i ons  that
the computers are not util ized for. The Apple
compute r  game  input /ou tpu t  ( I /O )  connec tor  is a
16 pin DIP that provides for various switching
inputs and outputs that cduld be used in a
v a r i e t y o f applications dealing with
evaluation, training, and ins t ruc t i on . Y e t ,
the  l imi ted  access  o f  the  game  I /O  connec tor
becomes  a  d i f f i cu l ty  in  the  rea l i za t i on  o f  the
f u l l  p o t e n t i a l  o f  t h e  d e v i c e . T h i s  c a n  b e
s o l v e d  b y the proper external interface
allowing easy access to the I /O  connector . The
o b j e c t i v e  o f  t h i s  p r o j e c t  w a s to des ign  a n d
build such an interface.

SUMMARY OF IMPACT
T h i s  i n p u t / o u t p u t  (I/O) d e v i c e  h a s  b e e n

used successfully at the C.S.E.C. and has been
utilized by several students. This device has
allowed for software design of  applications to
m e e t  v a r i o u s needs using the Apple computers
without being r e s t r i c t e d  b y I/O hardware
access.

Figure 1. Computer Input/Output Interface for
Apple II and IIe Computers
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TECHNICAL DESCRIPTION
The Apple computer's game board has a 16

pin DIP connector by which a variety of inputs
and outputs can  be  ac cessed . As shown in
figure 2  t h e  c o n n e c t o r  h a s 3  push-but ton
i n p u t s ,  4  v a r i a b l e  r e s i s t o r  i n p u t s ,  a n d  4
annunciator outputs capable of 5 vo l t
operation. F igure  2  d iagrams  the  e l e c t r i ca l
connections and circuitry from the 16 pin DIP
jumper c a b l e  f o r  a c c e s s  t o  a l l  i n p u t s  a n d
outputs via 3.5 mm phone jacks. The 1K ohm
res i s t o r s  c onnec ted  t o  the  push -but ton  inputs
(PB) l imit the current through the switch and
provide a shunt for the input.  The annunicator
outputs can be used for turning a tape recorder
or other device on or off ,  and the other mode
is a 5 volt output. Both modes can be selected
by a switch (shown in figure 1)

and the annunciator can be turned on or off by
use o f  p e e k  a n d poke statements access ib le
within an Apple basic program. The SN74LS240
i s  a n  O c t a l  b u f f e r / d r i v e r  f o r  d r i v i n g the 5
vo l t  ou tput  t o  the  reed  re lays  o r  t o  ano ther
device. All additional 3.5 mm j a c k  o r
appropr ia te  c onnec to r  (no t  shown  in  figure 1)
allows a 9V AC adapter to be plugged into the
device. This connection provides the 5V power
supply  v ia  a  regu lator ,  shown in  f i gure  2 .  By
having all  of  the input and output capabilities
of  the game board's  I /O connector outside the
computer  and  the  capab i l i t i es  o f  Apple  bas i c
programming specif ic  application software can
be d e s i g n e d  t o aid in various n e e d s  o f
evaluation and t r a i n i n g  t o a s s i s t the
handicapped. The cost of the device completely
assembled in about $50 maximum.

External  Computer  Game I/o Interface
for APPle  II/IIe Computers

Figure 2. Schematic diagram of External Computer I/O
interface for the Apple II/IIe game I/O connector.
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Knee Brace Alarm

Designers: Winn  Johnson and Jon Hacker
Disabled Coordinator: Linda Nelson, Caddo  School for Exceptional Children

Supervising Professor: Subrata Saha, Ph.D.
Department of Orthopaedic  Surgery

Louisiana State University Medical Center
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INTRODUCTION
Diseases  that  can  a f f e c t  the  per iphera l

nervous sytem such as cerebral  palsey  may not
e f f e c t  the  en t i r e  sys tem,  ye t  may  on ly  a f f e c t
the sensory feedback pathways. For children in
th i s  s i tuat ion  an  appropr ia te  f eedback  dev i ce
can assist in proper walking without constant
observation by another person. A student  at
t h e  Caddo  Schoo l  f o r  Except i ona l  Ch i ldren  has
such perceptual problems and he also has very
weak muscles. He often does not know where his
body  i s  in  space ; thus when he bends his knee
beyond a certain angle,  he falls down. A knee
f lexion alarm device w a s  d e s i g n e d  f o r  t h i s
student.

This  e l ec t ron i c  dev i ce  was  bu i l t  so  that
w h e n  a t t a c h e d  t o  t h e  l o n g  l e g  b r a c e  o f  t h e
student it  provided an audio signal when the
knees are in excessive flexion  when walking.

SUMMARY OF IMPACT
The student has used this device so that

whenever he hears a beep from the black box
attached to his belt he remembers to straighten
his knee. This has allowed this student to be
more mobile and independent. The gait.  of this
student also improved as the al arm system
helped him to increase knee extension during
stance phase and he learned to walk in a more
erect fashion.

Figure 1. Knee flexion  alarm attached to the
knee brace.
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TECHNICAL DESCRIPTION
The device requires two separate signals

of which one is a reference and the  o ther
c o r r e s p o n d s  t o  t h e  flexion  ang le  o f  the  knee
brace. By comparing the two signals the device
will  signal the child when the proper condition
i s  no t  p resent . With a variable reference the
a n g l e  o f  flexion  a t  w h i c h  t h e  d e v i c e  s i g n a l s
the  ch i ld  gradua l training can be performed
w h e r e  t h e  c h i l d  l e a r n s  a t i t s  o w n r a t e  t o  _
maintain the proper knee position. The circuit
f o r  such  a  dev i ce  i s  shown  in  f i gure  2 . The
pos i t i ve  input  i s  the  r e f e rence  vo l tage  wh i ch
can be set by adjustment of the 20 Kohm
p o t e n t i o m e t e r  e a c h  v o l t a g e  c o r r e s p o n d s  t o  a
par t i cu lar  ang le . The  negat ive  input  to  the
LM339 is connected to the 10 Kohm potentiometer
which is mounted to a knee brace that the child
wears. This voltage changes with the angle of
the knee brace which corresponds to the flexion
a n g l e  o f the c h i l d ’s  k n e e . The 10 Kohm
potentiomeEer  i s  c o n n e c t e d  s o  t h a t  a s  t h e

flexion angle of the knee increases so does the
voltage. Depend ing  on  the  se t t ing  o f  the  20
Kohm potentiometer, when the knee is  f lexed to
an angle equal to or greater than necessary the
output of the LM339 goes low enough to provide
the  requ i red  vo l tage  ac ross  the  p i ezoe le c t r i c
b u z z e r  t o  a c t i v a t e  t h e  b u z z e r  a n d  t h e  c h i l d
hears an audible sound signaling that the knee
is flexed too much. A switch allows the device
to be turned off when needed and an LED with
current l imiter resistor indicates whether the
dev i ce  i s  on  o r  o f f .

The 10 Kohm potentioaeter is  mounted to
the knee brace with the j ig shown in f igure 1.
One part holds the pot and clamps to the upper
par t  o f  the  b race . The other part clamps to
the shaft of the pot and is strapped to the
lower part of  the brace.  A cable runs from the
pot and terminates in a small  box worn on the
ch i ld’s  be l t  that  houses  the  c i r cu i t ry . A belt
clip mounted to the box allows the device to be
worn without inconvience o r  d i s c o m f o r t ,  y e t
allowing for easy placement or removal.

20K
KNEE BRACE ALARM CIRCUIT 62

12-14-W

Figure 2. Schematic diagram of knee brace alarm circuit.
T h e  10K Potentiometer at left is mounted on leg
brace.
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This  pos ture  a larm has  been  used  by  one
student. In the beginning the alarm had the
mercury b u l b  s w i t c h  o n l y  o n  o n e  s i d e ;  t h i s
prompted the student to overcorrect his t i lt ing
to the opposite side. This has been corrected
by providing mercury bulbs for both right and
le f t  s ides  so  that  the  s tudent  ge ts  a  warn ing
s igna l  f o r  excess ive  flexion  to either side.

SUMM(:itY  OF IMPACT
INTRODUCTION

Some children have d i f f i c u l t y  i n
maintaining correct posture due to their
t endency  o f  l ean ing  t o  one  s ide . I f  t h i s  i s
no t  c on t ro l l ed , the  ch i ld  may  fa l l . For some
children, th is  requr ies  s t rapp ing  the  ch i ld  to
a  ver t i ca l  suppor t . An external device that
would signal the child when he is leaning could
aid in the maintaining of  correct posture of  a
ch i ld  and  he lp  the  ch i ld  t o  per form the  task
without the  a id  o f  ano ther  person . Such a
device util izing a mercury bulb as a switch to
a buzzer was constructed. The mercury bulb was
p l a c e d  i n  a  s e a l e d  t u b e  o f  p l e x i g l a s s  f o r
pro tec t i on ,  and  an o n / o f f  s w i t c h  w i t h  a n  o n
l ight  was  inc luded  in  the  c i r cu i t . The device
allows for other switching devices to be
connected by way of a 3.5 mm connector. The
mercury  bu lb  i s  fas tened  to  the  ch i ld  o r  the
ch i ld ' s  c l o th ing  .at an angle so when the child
reaches  the  ang le  o f  t i l t  t h e  a l a r m  b u z z e r  i s
turned on signaling the child to straighten up.

Figure 1: Posture (Tilt) Alarm System.
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IECHPICAL  DESCRIPTION
F i g u r e  2  shows t h e  c i r c u i t  s c h e m a t i c  f o r

the posture (Tilt)  Alarm s y s t e m . As shown in
f i g u r e  1 , a  mercury  swi t ch  i s  enc l osed  by  a
plastic tube which is sealed at both ends w i t h
s i l i c one  g lue . W i r e s  conncted  to the m e r c u r y
switch exit  through the glue at  one end of  t h e
plastic tube and connect to the circuit via 3.5
run connectors. T h e  p l a s t i c  t u b e  w i t h  t h e
mercury s w i t c h e s  a r e  f a s t e n e d  e i t h e r  t o  t h e
child’s clothing or can be fastened directly to

the child with the proper adhesive tape such as
some t y p e  o f medical tape. The mercury
swi t ches  are  fas ted  such  that  when  the  ch i ld
l e a n s  t o o  f a r  t o  o n e  s i d e  o r  t h e  o t h e r  o n e  o f
the mercury s w i t c h e s  i s clsoed thereby
ac t iva t ing  the  buzzer . Ins tead’ of  only one
buzzer, two buzzers o f  d i f f e r e n t  Erequencies
(pitches) of  sound can be used to indicate the
d i r e c t i o n  i n  w h i c h  t h e  c h i l d  i s  l e a n i n g  t o o
f a r . The  to ta l  c os t  o f  th i s  dev i ce  i s  $10 .00
as shown in figure 2.

9 VOLTS

Figure 2: Schemat i c  o f  pos ture  t i l t  a larm. The
LED indicates the device is on when the
power switch is closed.
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INTRCDUCTlON
The importance of toys in the development

and learning process is well known to educators
who work with physically disahled children. It
has  been  shown  by  many  inves t iga tors that
through purposeful play a child develops
phys i ca l ly , emotionally, c ogn i t i ve ly , and
s o c i a l l y . Such developmentally appropriate
play can o f t e n  h e prov ided  by low cost,
battery-operated toys and commercially
available games. With modifications, often in
the  swi t ch ing  un i t , the  ch i ldren  a t  C .S .F .C .
c a n  b e n e f i t  f r o m  t h i s  t e c h n i q u e . However,
modiEied battery-operated toys with single
switch input requires a child to apply constant
c o n t a c t  o n  t h e  s w i t c h  t o  a c t i v a t e t h e  t o y .
Severe motor impaired students have diff iculty
maintaining c o n t a c t  o n  a switch, therefore,
disabling them from controlling their
environment during play situations. Therefore
the objective of  this project  was to design and
build a suitable timer switch.

SUMMARY OF IMPACT
Severe multi-handicapped students now have

independence  in controlling their battery-
operated toys  dur ing play s i tuat ions . It
provides the student with an opportunity to be
ab le  t o  ac t ivate  and  en joy  p lay ing  wi th  the i r
toys. A t  t h e same time i t  p r o v i d e s the
teacher/therapist with an objective measure of
the  s tudent’s  ab i l i ty  t o  unders tand  cause-and-
efEect  re la t i onsh ip .

Figure 1: Timer Switch.
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TECHNICAL DESCRIPTION
Figure  2  d iagrams  the  e lec t r i ca l  c i r cu i t

for the timer switch. Any switch with a 3.5 mm
connector that the child can util ize is  plugged
into  the  input  (SWI  on  the  s chemat i c ) . The
c i r cu i t  takes  advantage  o f  a  very  s imple ,  ye t
re l iab le  con f igurat ion  us ing  a  555  integrated
c i r c u i t  d e v i c e . A s  t h e  c h i l d  d e p r e s s e s  t h e
s w i t c h  (SWI), t h e  c i r c u i t  c l o s e s  t h e  r e l a y
which is  connected to  a toy or  type recorder’s
r e m o t e  t h a t  w i l l  a c t i v a t e  t h e  d e v i c e  f o r  a
predetermined period of  t ime,  then deactivate
the  d e v i c e . The 22 Kohm resistor, 1 mega  o h m

potentiometer,  and 4 5  m i c r o  f a r a d  c a p a c i t o r
d e t e r m i n e  the  range  o f  t ime  per i ods  that  can
b e t  s e t . By  ad just ing the potentiometer,
specific  t ime period can be set.

The present circuit  shown in f igure 2 has
a time r a n g e  o f about 5 s e c o n d s  t o
approximate1 y 50 seconds. The diode between
the 555 timer and relay is to protect the timer
from back current resulting from the behavior
o f  r e l a y s . The completed device costs about
$ 1 5 . 0 0 .

TIMER SWITCH

Figure 2. Schematic drawing for timer switch. The switch
at the left (SWI)  is the switch the c h i l d
operates. The toy or  other  d e v i c e  i s  c o n n e c t e d
to the “output” at the right.
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INTRODUCTION SUMMARY OF IMFACT
A variety of  communications/learning aids

for severely handicapped rely on their abil ity
t o  opera te  mi c rosws i t ches  to actuate d i f f e r e n t
control devices. AS di f ferent handicaps
invo lve  vary ing  degrees  o f  l imi ta t i ons  on  t h e
motor s k i l l s , the successful use of
microswi t ches  by  the  handicapped  i s  poss ib le
only if  the most controlled movement o f  t h e
individual can be used to operate the switch.
T h u s ,  t o enable use by the handicapped,
modification of  the standard switches by use of
s u i t a b l e  l e v e r s , gr ipp ing  dev i ces  and  proper
p lacement ,  e t c .  i s  e ssent ia l . Depending upon
the individual a b i l i t i e s / d i s a b i l i t i e s , these
switches can be adapted for operation by moving
a hand, a  f inger ,  an  arm,  a  f oo t ,  o r  the  body
trunk. Also, the head, chin or mouth movement
can be used to operate the switch. It should
be realized that all  these adaptations have to
be “tailor-made” for each individual depending
upon his needs and abilities. We need data on
the magnitude and nature of  the force that a
handicapped student can apply b e f o r e  a n
appropriate custom made switch can be
designed. Presently no such force measurement
device is commercially available. Therefore we
have designed and built a special dynamic force
evaluation unit and this unit has been used to
measure the t h r u s t  f o r c e s  a n d  t o r q u e s  t h a t
normal and handicapped students can apply with
their h a n d .

This u n i t  ( F i g . 1) has been used to
measure forces and torques applied by f i fteen
handicapped students. A s  e x p e c t e d ,  a  w i d e
variation in the magnitude and duration of  the
exerted forces and torques were recorded. This
information w i l l  b e  u t i l i z e d  i n  t h e  f u t u r e
design of  microswitches for these students.

Figure 1: The dynamic force evaluation device.
Child is hitting target area on top
o f  l o a d  c e l l .
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TECHNICAL DESCRIPTION
A block diagram of the load cell  and set

up  i s  shown in  F igure  2 . A  Kis t l e r  b iax ia l
l o a d  c e l l , Type 9271A, i s  ut i l i zed  to  measure
an axial force in the z direction and a moment
about  the  z axis (as shown in figure 2a). The
biaxial load cell is also used so that two
measurements may be recorded for each hit. The
target area, c o n s i s t i n g  o f  a wooden beam
clamped to the top of the load cell and two
semispherical targest, tennis b a l l halves
f i l l e d  w i t h  a  h a r d  r e s i n ,  p r o v e d  t o  b e  v e r y
inexpensive w h i l e  m a k i n g  d i r e c t i o n s  f o r the
ch i ldren  s impl i s t i c . Only forces directed near
the  very  center  ax i s  o f  the  l oad  ce l l  p rov ide
acceptable measurements, yet an e a s i l y
identiEied  targe t  area  must  be  u t i l i zed , thus
the use of t h e  f i l l e d  t e n n i s  b a l l  h a l v e s
provided appropriate target areas.

ampl i f i e rs . The  charge  ampl i f i er (K is t l e r ,
Type 5001) receives the charge and
propor t i onate ly  conver t s  i t  t o  a  vo l tage .  The
particular models used had an output range of 0
to  10  vo l t s . All settings were made according
to  the  manuals  prov ided  by  the  manufac turer
(Kis t l e r ) . The range of  the sensitivity could
vary form one Newton per volt  to  f ive hundred
Newtons per vo l t  depend ing  on  each c h i l d ’s
ind iv idua l  charac ter i s t i c s .

To provide posi t ive r e i n f o r c e m e n t ,  a
capac i t o r  sw i t ch  i s  c onnec ted  t o  the  ta rge t s .
The switch is  then connected to a t imer which
i s  i n  t u r n  c o n n e c t e d  t o  a  t o y . When enough
area  o f  the  hand  covers  the  t enn i s  ba l l , the
capacitor s w i t c h  i s activated and the toy
operates for f ive to ten seconds. The purpose
o f  the  pos i t i ve  re in forcement  i s  obv ious ly  t o
g ive  a  r eward  f o r  the  ch i ld’s  e f f o r t ,  t o  k e e p
the child’s interest as long as the experiment
i s  tak ing  p lace , and  to  prov ide  t ime  f o r  the
r e s e a r c h e r  t o  r e c o r d  d a t a . It also can be a
determinate or criteria in deciding which hits
are valid and which are to be rejected.

Once  a  f o r ce  has  been  app l i ed ,  a  charge
representing the force and another the m o m e n t
a r e  s e n t  f o r m the load cell to the charge

From the charge amplif ier,  the voltage is
d i r e c t e d  i n t o  a  s i g n a l  a n a l y z e r (Data 6000
manufactured by Data Precision). Two channel 8
are monitored and recorded, one being the force
and the other the moment. This allows for both
force and moment measurements after each hit
i n c u r r e d  b y  a  c h i l d . The range o f  b o t h
channels is + or - f i v e  v o l t s . A remote
terminal was connected to the signal analyzer
so that tasks such as recording data could be
made more e f f i c i e n t , thereby reducing
experimentation time. The disk operating
hardware is also provided by Data Precision and
is used for recording data which may be needed
at a later time. L a s t l y ,  a plot ter
( H e w l e t t - P a c k a r d  7470A)  i s  connec ted  to  the
signal analyzer allowing for hard copies of  the
waveforms to be made. The cost of  the supplies
needed for this setup is approximately $25.00
excluding, o f  c o u r s e , the load cell (two to
three  thousand  do l lars ) ,  ampl i f i e rs ,  and  data
analyzing and recording equipment. It may be
noted that w o s c i l l o s c o p e  o f x - y  p l o t t e r
c o u l d  b e  u s e d  f o r  d a t a  r e c o r d i n g  a n d  s i g n a l
analyzing, provided the instrument used has the
proper ranges and performance needed.

I I
Positive L Target Area

Reinforcement
Load
Cell e-

(b)

Charge

~‘sKrs
iype 5OOiI

Disk
Drive

Signal Analyzer
(Data Precision.  '
Data 60001

Remote
Tsrrinal

Plotter
Mawlet:+ackard,
7470A)

Figure 2: a) diagram of load cell  and target area,
b) block diagram of signal analyzing and

data recording instrumentation.
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INTRODUCTION
During the l a s t  d e c a d e , microcomputers

have  become  more  read i l y  ava i lab le  f o r  use Of
the disabled population and this has provided a
more convenient means of communication and an
increased l e v e l  o f independency FOK them.
However, due to severe motor deficiency many
c h i l d r e n  a t  t h e  Caddo  S c h o o l  f o r  E x c e p t i o n a l
C h i l d r e n  (C.S.E.C.)  c a n n o t  d i r e c t l y  a c c e s s
computers and other e lec tronic augmentative
devices. For such students, there is a
definite need for an economical,  durable switch
that a child can operate easily and which can
act as an interface between the child and the
c o m p u t e r  o r  a n y  o t h e r  e l e c t r o n i c  d e v i c e .  I n
some c a s e s  t h e  s w i t c h  i s  r e q u i r e d  t o  b e  l o w
force or even zero force activated. Small size
a n d  e a s y  h a n d l i n g  w i t h  l i t t l e  o r  n o  r i s k  Of
damage  o f i n j u r y  t o the c h i l d  i s also
required. A capac i t ive switch designed and
so ld  f o r  l eve l  c on t ro l  (De l ta  Contro l s  mode l
104)  with minor  mod i f i ca t i ons ,  h a s  b e e n  f o u n d
to meet these n e e d s .

SUMMARY OF IMPACT
This  dev i ce  has  been  used  by  a  severely

physical ly disabled student with cerebral
palsey. Previously this student communicated
through a computer via a microswitch which was
a c t i v a t e d  b y her head movement. This
switch often needed r e p a i r  d u e  t o  c o n s t a n t
impact from the head movement. This
microswitch was replaced by the non-contacting
capacitive switch and it has performed
efficiently without any breakdown. Some of the
advantages  o f  th i s  dev i ce  a re  1 )  the  probe  i s
connected by cable to  the electronics allowing
for  the  ac t i va t i on  area  t o  be  cus tom des igned
and changeable to meet a specif ic  need,  2) the
s e n s i t i v i t y  o f  t h e  d e v i c e  i s
3) on

adjustable, and
board delay capabi l i ty al lows for

different types of  conditions such as minimum
t ime  f o r  ac t iva t i on  and  t ime -o f f . There are
s o m e  features  that need to be altered,  such as
the device is  currently AC powered instead of
DC battery powered.

Figure 1: Non-Contacting Capacitive Switch.
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TECHNICAL DESCRIPTION
The non-contacting capacitive switch is an

adaptat i on  o f  a  c i r cu i t  used  in  l eve l  c ont ro l
(Delta Controls Corporation, Model 104).
F i g u r e  2  i l l u s t r a t e s  t h e  u s e  o f  t h e  d e v i c e
where the probe is  some type of  metal  surface
( i . e . , aluminum, copper) covered with some type
o f  insu lat ive  mater ia l  ( such  as  p las t i c ,  p lex i -
g lass ,  o r  spoxy ) . The probe can be almost any
s h a p e  o r thickness desired, however, the
surface area needs to be as large as is
prac t i ca l . This i s  b e c a u s e t h e  c h a n g e  i n
capac i tance  i s  dependent  on  sur face  area  and
t h e  d i s t a n c e  f r o m  t h e  p r o b e  n e c e s s a r y  f o r
activating the switch. This change in capaci-
tance of  the probe is the mechanism by which

the switch operates. Using a wire in contact
with or connected to the metal  surface of  the
probe a coaxial cable should be used to connect
t h e  p r o b e  w i r e  t o  t h e  c i r c u i t r y via
l o c a t e d  o n  t h e  c i r c u i t  b o a r d .

a  p o s t
As shown in

f i gure  1 , connectors can be used to allow for
di f ferent probes to be interchanged.
Connectors attached to the circuit  board allow
for between the device and the toy or other re-
inforcement to be used. The  c i r cu i t ry  ( c i r cu i t
board) costs approximately $100 with the total
cost of the device being about $110 on up
depending on the probe design.
probes,

In constructing
we have found that aluminum foil  and

laminating sheets c a n  b e  u s e d  t o  c o n s t r u c t
several  effective and inexpensive probes.

PROBE
I

3 COAXIAL CABLE 1j

CABLE WITH
3.5 M CONNECTORS

Figure 2. Block diagram of non-contacting capacitive switch
with probe and reinforcement which can be any
device that can be switched on and off.

ACKNOWLEDGEMENT
This work was partially supported by U.S.

National Science Foundation Grant EET-8807522.

23



Limited Communication Device

Disabled Coordinator:
Designer: Paul Williams

Paula Huckaby, Caddo  School for Exceptional Children
Supervising Professor: Subrata Saha, Ph.D.

Department of Orthopaedic  Surgery
Louisiana State University Medical Center

Shreveport,  Louisiana 71130

INTRODUCTION
Severe physically handicapped students are

limited in the amount o f  s o c i a l  i n t e r a c t i o n
they can have with their environment.
Communication skil ls  of  older profound speech-
motor  impa i red  s tudents  as well  as very y o u n g
s e v e r e speech-motor impaired students are
l i m i t e d  t o eye gases, uninte l l ig ib le
voca l i za t i ons , and gross motor gestures.
Devices such as a limited communication device
will  allow the student to begin training with a
too l  that  adequate ly  matches  the i r  cogn i t ive
and functional language skills.

T h e  p r e l i m i n a r y  s e t u p  ( F i g .  1) c o n t a i n s
t h e  u s e  o f  o n e  t o  t h r e e  e l e c t r o n i c  s w i t c h e s
which  are  ind iv idua l l y  c onnec ted  t o  separate ,
corresponding messages recorded on loop tapes. .o n  mrnlatrue,  portable tape players. The human
recorded voice provides immediate reinforcement
as well  as changeable,  recorded messages that
c a n  be easily accessed by single switch contact
via d i r e c t s e l e c t  o r scanning m e t h o d s  o f
input. The  d i rec t  se l e c t  mode  requ i res  the
p l a c e m e n t  o f the switches with i t s
corresponding picture/symbol onto the
whee l cha i r  t ray  i t se l f . The student directly
touches the picture/symbol to indicate his/her
desired item. The  mount ing  o f the short
message communicator device would be located
under the wheelchair tray. The scan mode
r e q u i r e s  a pane 1 with three LED l ights
connected to a single switch with standard
miniature photo plug. The student presses the
switch on the desired item that is highlighted
a s  i t  s c a n s  a c r o s s  t h e  p a n e l . The selection
resut l s in the pre-recorded message
corresponding to that particular switch.

Figure 1 :  T h e  l i m i t e d  commun
The scanning element
shown at the bottom.

ication  d e v
w i t h  LET)‘s

,ice.
are

SUMMARY OF IMPACT
Although only limited time was spent field

testing the bread-board version of  the Limited
Communication Device, our resu l t s indicated
that a variety of  representational symbols,  or
i cons , could be easily interchanged according
to the student’s cognitive a b i l i t i e s . The
assortment of  inter-changeable,  textured switch
contact points allows for f l e x i b i l i t y  i n
matching the s i t e  o f a c t i v a t i o n  t o the
student’s l i m i t e d  m o t o r  a b i l i t i e s . These
features adequately meet the needs of  speech-
motor impaired s t u d e n t s  a s t h e y  b e g i n  t o
control their environment v i a their soc ia l
communication skills.



TECHNICAL DESCRIPTION
F i g u r e  2  s h o w s  t h e  c i r c u i t r y  f o r  t h e

Limited Communication Device. The D-type
f l i p - f l o p s  s h o w n  a t  l e f t  a r e  con;;:ted in a
ring-counter configuration. counter
s e q u e n t i a l l y a  ctivates  each  LED cyc l ing  a t  a
rate determined by a 555 timer (U4) c on f i gured
as  a  c l o ck . When the LED corresponding to the
desired action is active (turned on) depressing
a  s w i t c h  (PBI)  wi l l  cause  a  l og i ca l  h igh  to  be
present on one input of  the three NAND gates
(7400). Only the gate that also has the logic
h igh  f rom the  r ing - counter  wi l l  have  a  l og i c
low at the output. This  one  channel  wi l l  be
a c t i v e  c a u s i n g  a  5 5 5  t i m e r  c i r c u i t  t o  a c t i v a t e
a r e l a y  w h i c h  i l l  b e  c a p a b l e  o f  t u r n i n g  o n  a
tape recorder other switchable device connected
to the output. As t h e  r e l a y c i r c u i t  i s
a c t i v a t e d ,  a v o l t a g e  i s sent back via an
interter (7406) which is  connected to the reset
p in  o f  the  555 - c l o ck  c i r cu i t . When the output

o f  a n y  o f  t h e  inverters  g o e s l o w  t h e  c l o c k
stops thereby  l ean ing  the  se l e c t ed  LED on .
This locking out, because any further
depress ing  o f  the  swi t ch  (PBI) wi l l  not  e f fec t

the o p e r a t i o n ,  i s maintained unt i l the
a c t i v a t e d  5 5 5  t i m e r  c i r c u i t  t u r n s  o f f . Since
each channel is independent with respect to the
t imer  c i r cu i t s  and  re lay  c i r cu i t s  the  t ime  on
period for each timer can be set to the period
required for that channel /device
f l e x i b i l i t y .

adding
T h e  i n i t i a l  a p p l i c a t i o n  w a s  t o

a l l ow  the  ch i ld  t o  turn  on  one  o f  three  tape
recorders  w i th  prerecorded  messages  t o  a l l ow
the  ch i ld  t o  soc ia l l y  in terac t  (messages  s u c h
as “Hel lo , h o w  a r e  y o u ? “) . With additional
work programmable digital  audio devices could
be incorporated into  the  c i r cu i t ry  t o  prov ide
for a more portable, compact system which will
be easier to set up for the needs of a
particular child by software manipulation. The
t o t a l  p r i c e  o f  t h e  s y s t e m  s h o w n  i n  f i g u r e  2
inc lud ing  the  tape  recorders  i s  approx imate ly
$200.00. Although the initial application was
limited communication the device can be used
fo r  o ther  uses  by  conncting  o t h e r  s w i t c h a b l e
devices to the output.

Figure 2: Circuit diagram of limited communication
device. The isnert in the lower right
hand corner of the figure shows the relax
circuit  with the output connection for
the d e v i c e  ( r a p e  r e c o r d e r ) .
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