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PREFACE

This Report covers the activities of the NASA
Biomedical Applications Team at Southwest Research
Institute between 25 August, 1972 and 15 November , 1973
in the performance of NASA Contract NASW-1867. This work
was performed in, the Department of Bioengineering at
Southwest Research Institute under the direction of David
F. Culclasure, Ph.D., Team Manager. Other members. of the
team who participated in the program during the reporting
period were as follows:

Jean M. Carter

Charles B. Dreyer

. Linda L. Eckhardt
Dennis C. Jamvold
Charles J. Laenger, Sr.
Samuel R, McFarland
John L. Sigmon

Robert L. Wilbur

Other staff personnel at Southwest Research Institute
provided assistance as needed.

‘ Technical consultants who actively contributed to
the program were as follows:

Jim Allen, Rancho Los Amigos Hospital, Los Angeles,
" California

Jack Johnson, Veterans Administration Hospital,
Little Rock, Arkansas

Hermann Rudenberg, Ph.D., University of Texas Medical
Branch, Galveston, Texas

Frank DeSautels, Brooke General Hospital, Ft. Sam
Houston, Texas -

Sam Schiflett, Texas Tech University, Lubbock, Texas

Names and addresses of commercial products and services
are included in this report for information dissemination
only. This does not constitute endorsement of these sources
by either the National Aeronautics and Space Administration

or Southwest Research Institute.
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ABSTRACT

The NASA Biomedical Applications Team at Southwest
Research Institute serves as an information and technology
interface between NASA and the biomedical community. In an
ongoing experimental program, a team of multi-disciplinary
scientists and engineers applies aerospace technology to
biomedical research and health problems. The Southwest
Research Institute Biomedical Applications Team is currently
staffed by:

David F. Culclasure, Ph.D.

Jean M. Carter

Charles B. Dreyer

Charles J. Laenger, Sr.

Samuel F. McFarland

John L. Sigmon

Robert L. Wilbur

The following 60 medical institutions participated in
the Biomedical Applications Program at Southwest Reseaxch
Institute during this report period:

* M, D. Anderson Hospital, Houston, Texas

* Arkansas Enterprises for the Blind, Inc., Little Rock,
Arkansas

Baylor University Medical Center,'Jonsson Hospital,
Dallas, Texas

Baylor College of Medicine, Houston, Texas

* Brooke General Hospital, Ft. Sam Houston, Texas

* Callier Hearing and Speech Center, Dallas, Texas
Cerebral Palsy Treatment Center, San Antonio, Texas

* Children's Convalescent Hospital, Oklahoma City,
Oklahoma

Children's Hospital of Los Angeles, Los Angeles,
California

* Craig Rehabilitation Hospital, Englewood, Colorado

* Pitzsimmons General Hospital,'Denver, Colorado
iy



General Rose Hospital, Denver, Colorado

Hollywood Presbyterian Hospital, Los Angeles, Califbrnia
Hot Springs Rehabilitation Center, Little Rock, Arkansas
Loma Linda Medical Center, Loma Linda, California

Louisiana State University Medical Schoeol, New Orleans,
Louisiana :

Mercy Hospital, Birmingham, Alabama
Methodist Hospital, Houston, Texas
Northwestern Universify Medical School, Chicago, Illineois
Pacific State Hospital, Pomona, California |
Rancho Los Amigos Hospital, Downey, Califorﬁia

Rosewood General Hospital, Houston, Texaé

St. Joseph's Hospital, Phoenix, Arizona

Scott and White Hospital and Clinic, Temple, Texas
Southwest Research Institute, San Antonio, Texas

Texas A&M University, College Station, Texas

Texas Association for Retarded Children, Austin, Texas‘
Texas Children's Hospital, Houston, Texas

Texas Commission for the Blind, Austin, Texas

Texas Commission for the Deaf, Austin, Texas

Texas Institute for Rehabilitation and Research
Houston, Texas

Texas Tech University, Lubbock, Texas
University of Alabama Dental School, Birmingham, Alabama
University of Alabama Medical School, Birmingham, Alabama

_University of Arizona Medical School} Tucson, Arizona
1V



University of California at 8an Diego, La Jolla,
California : '

University of Florida, Gainesville, Florida

University of Florida Medical School, Gainesville,
Florida : ‘

University of Houston, Houston, Texas

University of Iowa Medical School, Iowa City, Iowa

University of Kentucky Medical School, Lexington,
Kentucky ‘ -

University of Southern California Medical School,
Los Angeles, California

University of Texas Medical Branch, Galveston, Texas

University of Texas Medical School at San Antonio,
San Antonio, Texas

University of Utah, Salt Lake City, Utah

University of Wisconsin Medical College, Milwaukee,
Wisconsin

Veterans Administration Hospital, Albugquerque, New
- Mexico

Veterans Administration Hospital, Bay Pines, Florida
Veterans Administration Hospital, Birmingham, Alabama
Veterans Administration Hospital, Gainesgville, Florida
Veterans Administration Hospital, Little Rock, Arkansas

Veterans Administration Hospital, Long Beach ,
California

Veterans Administration Hospital, Memphis, Tennessee

Veterans Administration Hospital, Oklahoma City,
Ok lahoma

Veterans Administration Hospital, Salt Lake City, Utah
Veterans Administration Hospital, Sepulveda, California

Veterans Administration Hospital, Temple, Texas

v



‘Yocational Rehabilitation, State of New Mexico,
Las Cruces, New Mexlco

Wilford Hall Hospital, Lackland Rir Force Base,
San Antonio, Texas

Interaction with 17 new institutions was begun during
this reporting period. 1In addition, the team identified
51 new problems., 20 potential technology applications
- stand 1dent1f1ed at contract termination, and 13 hardware
" technology applications were accomplished. On September
.10, 1973, the team had 49 active problems under investi-
gation.

*Indicates the 29 medical institutions part1c1pat1ng at
contract termlnatlon. :
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1.0 PROGRAM BACKGROUND AND METHODOLOGY

1.1 Applications Team Introduction

Since its creation by the. Space Act of 1958, the
National Aeronautics and Space Administration has been a
major contributor in the advancement of technology. This
technology, which has advanced the state-of-the-~art of a
variety of disciplines, has made possible the accomplish-
.ment. of feats such as manned exploration of the moon and
-earth orbiting medical laboratories, which a few decades
ago were considered as science fiction and impossible.
Increasingly, the same technelogy which made these feats
possible is being focused down to earth on major medical .
problems facing man. :

Research and development programs associated with the
NASA space program have created a tremendous amount of
technology in wvirtually every scientific field. This
stockpile of technology, which consists of over 800,000
documents, increases each year by approximately 75,000
-entries. Much of the new technology developed is directly
applicable to non-aerospace uses and diffuses into the
public community through the non-aerospace divisions of
aesrospace contractors. Other new technology does not
- spread into the public community as easily. For this
reason, in 1966, the NASA Technology Utilization Office,
Washington, D.C., initiated an active program to assure
the widest dissemination of technology resulting from the
aerospace research and development programs.

Under this program, Applications Teams were established
under contract to the NASA Technology Utilization Office. to.
interface between the aerospace technology availabilities
and specific public problems. There are Applications Teams
established throughout the nation concentrating in such
fields as air pollution control, water pollution control,
transportation, mine safety, and law enforcement. There
are three Applications Teams concentrating on the biomedical
field. The Biomedical Applications Teams (BATeams) are
comprised of small interdisciplinary groups of individuals
with backgrounds in both the physical and life sciences, and
are located at selected independent research centers. Each
team is familiar with active areas of aerospace research,
the NASA computerized collection of aerospace technology
documentation, and methods of data retrieval from the infor-
mation bank. The BATeams are, in effect, a human connection
between the NASA data bank and the biomedical researchers
and practitioners at work in medical schools, hospitals,



clinics, and rehabilitation centers. The three BATeams
are located at:

RESEARCH TRIANGLE INSTITUTE
P. 0. Box 12194
Research Triangle Park, North Carolina 27709

SOUTHWEST RESEARCH INSTITUTE
8500 Culebra Road
San Antonioc, Texas 78284

STANFORD UNIVERSITY SCHOOL OF MEDICINE
Cardiology Division

701 Welch Road, Suite 3303

Palo Alto, California 84304



1.2 Biomedical aApplications Team Program

The NASA BATeam program seeks to achieve the following
goals: . ' ‘

(1) . "The identification of. major medical problems which
lend themselves to solution by relevant aerospace
technology; '

{2) - .The identification of relevant aerospace technology
. which can solve those identified problems;
* (3) - The application of that'technology'to demonstrate
. the feasibility as a real solution to the identified
problems;

(4) The motivation of the industrial community to

: manufacture and market the identified solution
“to maximize the utilization of aerospace solutions
in the biomedical community. '

In identifying and defining these major technological
problems, the BATeams actively pursue direct contact with
medical researchers and practitioners in medical schools,
“hospitals, clinics, and rehabilitation centers. The identi-
- fication and definition of the medical problems are then

followed by an information search for aerospace technology
that can be developed into a sclution effort.

‘The information search for relevant technology is
usually performed through three approaches:

(1) Manual and computer searches of the NASA data bank:

(2} Direct contacts with the research staff at NASA

field centers through the individual Technology
Utilization Officers, or

(3) Circulation of biomedical problem abstracts through
individual Technology Utilization Officers to the
total staffs of the NASA centers.

Identified technology which may potentially solve the
problem is forwarded to the "problem originator" or "investigator”
through the BATeam for his evaluation of its potential appli-

. cability. At this time, if the technology is indeed applicable
to the problem, ideally the problem originator implements the

solution into a functional piece of hardware or technique to

demonstrate the feasibility of the aerospace solution.



In an increasing number of technology applications, the
problem originator is incapable of implementing the solution.
The BATeams have developed the Applications Engineering
Program to facilitate the implementation of solutions
identified under the program. This assistance may take place
at either the BATeams' facilities or at adaptive engineering
facilities at NASA field centers.

The successful application of aerospace technology to a
major medical problem is called a "technology application.”
This application includes not only the implementation of a
potential solution of a major medical problem, but alsc the
extensive evaluation of the potential solution through the -«
loan of the NASA developed hardware to the problem orxiginator
for demonstration of the technology as a real solution.

A specialized methodology has been developed by the
BATeams since they were first initiated to facilitate the
application of aerospace technology. This methodology is
described in the following section.



1.3

Biomedical Applications Team Methodology

The methodology used by the BATeams consists of five

major steps:

{l) problem acquisition, screening and

. definition; (2) identification of relevant aerospace
« .~ - .. technology;. (3) evaluation of the relevant technology;. {(4)

- utilization of the technology; and (5) documentatlon. This

methodology is outlined in Figure 1.
Problem Acquisition,
- - Screening, and Definition .
Additional ] Solution = Rejection |~
---. Information Feasibility Analysis e

Reguired from

Problem Originator

Manual/Computer
Information Search

. Circulation of
Problem Abstract

to NASA Field Centers

" Contact with
NASA
Field Centers

1

Personnel

1
Evaluation of
Retrieved Information
by the BATeam

Evaluation of
Potential Solution
by Problem Originator

Evaluation of

Technology Information

for Information
Application

[ Implementation of
Lotential Solution

Fig.

1 Biomedical Applications Team

Evaluation o&f
Hardware for
Hardware Application

Methodology




1.3.1 Problem Acquisition, Screening, and
Definition

Problem acguisition is one of the most important
activities of the BATeam. These problems may come to the
BATeam unsolicited; in which case the problem originator
has been prompted to contact the BATeam by the NASA
Technology Utilization Offices, articles in professional -
journals describing BATeam activities, a previous problem
originator, or the problem originator's own previous
participation in the program. ‘

- On other occasiong, the BATeam actively solicits :

..problems, .with the BATeam managexr contacting institutions .
which might have a need for NASA Technology. Specific

- institutions are brought to the attention of the team - : i

manager by the NASA Technology Utilization Office; by ‘ -

journals describing research activities or funding; by -

the institution’s prominence in a field of current or

planned BATeam activity; or by previous experience with

a user institution.

Problem definition is obtained throucgh the joint
efforts of the problem originator and a selected BATeam
.mémber. . who is familiar with the problem background. The
‘objective of this step is to define precisely and concisely
the problem and the reguired technology which would solve
the problem. In many cases, after proper definition of
the problem, it is found that the problem should be rejected
for any number of reasons, including existance of commercially
avallable hardware or information which can satisfy the
problem requirements, or excessive problem complexity beyond
the state-of-the-art of aerospace technology.

Problem screening takes place at the initial contacts

~ with the problem originator at which time problems which

are cbviously unsolvable even with NASA technology are
eliminated, and at periodic BATeam meetings where a new
problem may regquire screening by a group of interdisciplinary
scientists and engineers before formal rejection. Problems
that do not appear to be readily solvable or require additional
definition by the problem originator are rejected or returned
to the problem originator.

The final product of problem acqguisition, definition,
and screening efforts is a problem statement. This statement,
which is used throughout the processing of the problem,
contains information about the problem originator, complete
definition of the problem, and what is required of NASA
technology in order to solve the problem.



1.3.2 1Identification of Relevant Aerospace
Technology

Relevant aerospace technology which may. offer a sclution
to the 'problem is identified through three methods.: The
first of these is a manual. and computer .search of the NASA
data bank. These searches are made at one of NASA's six
Regional Digsemination Centers (RDC) and at WASA field center
facilities. -In addition, searches are made :utilizing the
©- NASA Scientific.and. Technical Information Facility .in College
" Park, Maryland. The information available to the NASA data
bank consists of over 800,000 documents, articles, and -
"translations that have been abstracted in the Scientific- -
rand Technical Aerospace Reports . (STAR) and the International
Aerospace Abstracts. (IAA). BATeam members also perform .
-manual.searches. of:NASA Tech Briefs, Special. Publlcatlons,
and Technological Surveys.

If additional information is reguired, oxr no relevant
technology is identified in the manuval and computer searches,
“the team may contact scientists and engineers at any of the
ten NASA field centers directly without the preparation and
~dissemination of a biomedical problem abstract.. This is done
when a BATeam member has knowledge of a few individuals at
the centers .who are: likely to keep abreast of the state-of-
the-art in the field regquired by the problem.

If no relevant aerospace technology is identified by the
first two methods, the BATeam prepares a biomedical problem
abstract for dissemination to the scientists and engineers
at all of the NASA field centexs. These abstracts are cir-
‘culated to selected NASA researchers by the Technology '
Utilization Officers at the field centers, whose job it is
to keep abreast of the research and development efforts at
the centers. ,



1.3.3 Evaluation of Relevant Aerospace
Technology

All potentially applicable technology identified in
the above searches ig evaluated by the BATeam to determine
-whether a potential solution to the problem has been found.
Those pieces of technology which the BATeam feels present
a potential solution to the problem are forwarded to the
problem originator along with a print-out of the computer -
_search.of the NASA data bank performed at the RDC.oxr NASA. .. ..
STIF. . ’ -

The problem originator must then evaluate the potential
solutions. His decision to pursue a proposed solution depends
on a number of factors: his evaluation of the proposed
solution's wvalidity, the cost-effectiveness of the proposed
solution, and his capability to implement the solution..



1.3.4 Implementation of Hardware, Evaluation of
Hardware or Information

The final step.in . the application of aerospace technology

is the 'implementation and evaluation of the proposed solution

Cmesneses —ooin a medical environment. . This.critical phase. must occur if
the technology application is to be complete; and, if at =all
possible, is performed at the problem originator's facilities.

- .nIn some cases, however, the.problem originator-.does not have - un o=
sufficient resources for hardware fabrication and some other .
facility is utilized. - In most instances, the SwRI BATeam - - -

preiieee . Jhas - fabrication. facilities.available at Southwest Research .» .. . -

o Institute. -In a small number of other cases, the hardware
- Leewwecilplementation.is performed at a NASA field center. . e e e em

ool a2 o After. the  solution has .been implemented,uor in the case .o, ..
-of infermation applications in which hardware implementation .., _.
is not necessary, it is the responsibility of the problem
originator to perform a thorough and complete evaluation of

the potential solution. It is only after the problem

originator performs this evaluation and documents his work

that the solution can be classified as a "technology

application.”
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1.3.5 Documentation

Documentation is an important part of the BATeam
methodology. It is involved in all terminal steps in the
methodology, and in some steps where it is necessary to
document potential solutions in order to prevent the
duplication of effort. Documentation allows evaluation of

_the SwRI.BATeam methodology and program in general. At

present, the SwRI BATeam reports on a bi-weekly, quarterly
and annual basis. This documentation also allows interaction
with the BATeam by various NASA field centers whose only
contact -with .the BATeam is the periodic reports which contain
new problem statements, progress reports on.current problems,
and contacts with technology sources. - This report covers

"the SwRI BATeam efforts during the contract year August 25,

1972 to September 10, 1973.

-



2.0 TECHNOLOGY APPLICATIONS,
- APPLICATIONS,

2.

1 Technology Applications

'2.1.1 Hardware Technclogy Applications

POTENTIAL TECHNQLOGY
AND BIOMEDICAL COMMUNITY IMPACTS

11

Below is a list of biomedical technology applications

clalmed durlng this reporting pericd.
care  summaries for those applications.

On the following pages

Patients

Date
e Nou " Problém Title Opened/Closed -
SIVoRAEB=1 wolMethod . for .Identifying-Denominations of: .-~ 06-72/03=73 2: . -1
Paper Money _
+% YrAEB-2 ‘Measurement of Physiologic Stress 1 06-72/01-73 #id
A Parameters
AFB-3 Light Sen81t1ve Vocational Rehabllltatlon 06-72/09-73 _
Aid
AEB-4 Apparatus for Measuring Tactile Spatial 06-72/09-73 .
Separation
-~ CRH-8 Weight Shift "“Alarm’ for Brain Damaged and 03-73/07-73 2
' Paraplegic Persans -
‘GLM-44 Quickly Adjustable Crutch 08-72/06-73 -
- GLM-46 . Adjustable Cradle to Cover Burn Patlents - 09-72/06-73 7 .
D “OVA44“%'Asse551ng Sleep Psychophysiology in 12-70/05-73 .-~
RRC-8-. - Ultra-Thin Electromyographic Needles 01-71/09-73
SHM-26 Monitoring of Pelvic Pressure of Women 06-72/01-73
in Labor
SWR-1 Custom Fitted Composite Leg Braces 02-72/09~73 -
TCD~9 Portable Amplifier System for Patient 10-71/01-73
- with Partially Inactivated Vocal Cords o .
- TVA-2 - Portable Heart Rate Indicator for Active 04-72/12-72
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TECHNOLOGY APPLICATION REPORT

Problem: AER~1 METHOD FOR IDENTIFYING DENOMIMNATIONS
OF PAPER MONEY (Paper lMoney Identifier)

Institution: Arkansas Enterprises for the Blind

P. O. Box 4055, Asher Ave. Station
Little Rock, Arkansas 72204

Investigator: Elmo Knoch
Director of Training

Acquisition Date: -~June, 1972 -Completion Date: February, 1973 "~

e e St e e P o o T o b e A i P e o L T S ek e T k. S T s = o o i L U e e e T w8 AL RS S e e e e

PROBLEM OBJECTIVE

A small, inexpensive device capable of differentiating
among the various denominations of paper money was needed to
permit totally blind -cashiers in small vending operations to
(1) insure they were not being cheated by someone giving them
a one dollar bill and claiming it was a five dollar bill, and
(2) insure that they could make proper change which involved
paper money.

BACKGROUND

Vocation instructors of a rehabilitation center expressed
a need for a low cost, reliable device which could aid sight
deficient people in identifying the various denominations of
paper currency. With such a device, the potential for these
handicapped people to successfully operate vending stands and
other types of businesses where money must be handled would
be greatly increased.

The design criteria were therefore to (1) develop a device
which would allow the blind to determine the denomination of a
given bill and (2) to keep unit costs to a minimum so that the
device could be effectively placed in the hands of those who
need them. In keeping with the second reguirement it was
decided to develop the device to take advantage of increased
hearing and tone pattern recognition ability developed by the
blind as a result of their loss of sight. The design goal was
therefore to develop a device which would present audio tone
patterns to the user which he could learn to recognize to
determine denominations.



Selnt lososcillator, an-audio amplifier.and a speaker.. . As the wand . oouov

S S
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RESOLUTION

With NASA Tech Brief B69-10301, "Semiautomatic
Inspection of Microfilm Records" as a basic design concept,
the Paper Money Identifier (PMI) was developed. The PMI
- consists of a hand wand which contains a light source and.
a_ sensitive phototransistor which detects .the amount of .. S
light reflected from the bill. The wand is connected through .- -
a two foot cord to an electronics package containing an :

irnis swept overthe bill in question, the amount of light ~- - - .- .-
-reflected to-the phototransistor varies according to -the

-+ woplcture. printed on.the back. of. the bill. .The..changes in. Sl e

" reflected: light cause  the' phototransistor -to conduct at I

--different.levels which in turn make the oscillator operate . ..
at"different frequencies. This changing tone is amplified

and fed to the speaker. - S A -

The tone pattexrn thus generated by passing the hand

woot wand over: the ‘back ‘of-the 'bill is different for eacH denomi-

nation of the paper currency.

With a limited amount of practice (2-4 hours) a .blind .
operator can learn to identify each different pattern, and
therefore tell the value of any bill presented to him. With
the PMI, a blind person can more .confidently work at vending
-stands or other operations where he is required to make
correct change.

APPLICABLE NASA TECHNOLOGY

A copy of NASA Tech. Brief B69-10301 follows this summary.
A Technical Support Package on the PMI has alsoc: been written
and is included here. : : :

EVALUATION

A successful evaluation of the PMI was performed by the
investigator. In a demonstration with blind students of the
Rehabilitation Agency of the State .of Virginia at Charleston,
individuals were able to learn to identify within five to six .
minutes $1, $5, $10 and $20 bills with no difficulty whatsoever.
The investigator felt that the PMI totally met his specified
.¢riteria for the identification.of denominations. of currency.

It is highly desirable that for production purposes the unit
“should be made more compact and be kept inexpensive. Inguiries
-as to the availability of the PMI have been numerous. Questions

regarding the availability of a manufacturing license can be
directed to NASA Headguarters, Patent Counsel Office. Reports
on initial manufacturer interest and modifications are included

in this report in Appendix B.
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Brief 6%-10301
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NASA Tech. Briefs are issued to summarize specific innovations derived from the U.S. space program,
to encourage their commercial -application. Copies are available to the public at 15 cents each-
.. .from the Clearinghouse for Federal Scientific and Technical Information, Springfield, Virginia 22151.
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Semiautomatic Inspection of Microfilm Records
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Fig. 1. MARK 1:Schematics of Photocell Circuit (A} and
Density-Measuring Circuit (B), and Loyic Diagram (C)

The problem:

Microfilm iz a 35mm format is the industry stand-
ard for recording enginzering data and other docu-
mentation for long-term storage and rctrieval, Mi-
crofilm records used by the government are con-
trolled by Specification MIL-STD-108. This specifi-
cation prescribes image size and position tolerances,
resolution requirements, and density restrictions.

Herctofore. microfilm inspection has been done.

manually, using an individual microscope, a densi-

tometer, a light box, and hand-cranked reels. This -

method is not only time-consuming but it is some-

times of questionable quality since subjective judg-
ment of the inspection personnel is a major factor.

The solution:

Inasmuch as deficiencies in microfilm quality are
undetected by this nonuniformity of inspection ap-
paratus it foilows that these deficiencies can be al-
leviated by providing a semiautomatic-type inspection
machine for this purpose. Accordingly, two working
models were designed and constricted by the support
contractor to the MSFC Management Services Office.
Improvements in reliability and ease of operation

{eantinsed vvepleafy

This documnent was prepared under the sponsorship of the National
Aeronautics and Space Administeation. Neilher the United Suues
Lovernment nor 20y person acting an behalf of the United States

Government agsumes any lizbility resulling from the use of the
information contained in this document, or warrants that such use
wiH be free fram privately owned rights.
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. ) Fig. 2. Outiines of MARK II; Dimensions are
. ininches.

Improved quality.through elimination of scratches, ...

MARK [1.

How it’s done:

The microfilm inspector utilizes motor-driven film
reels with a means for precisely positioning the mi-
crofilm imuage for inspection. Film density is meas-
ured by means of a photoelectric cell and solid-state
electronic circuit. Over and under tolerances are
preset according to specification. As the filii is in-
spected, go-no-go indicator lights advise the operator
of the film status. In addition to the lights, a densi-
tometer provides specific values for film  density.
These are recorded to back up the film- msp{.almn
report.

Resolution of the photographic image on the film
is determined by a microscope which is an integral
* part of the machine. Image size and position are
also determined by a built-in optical device.

Principal advantages of the microfitm inspector
are:

1. Uniformity of inspection method.
2. Increased speed of inspection.

Brief 69-10301

finger marks, etc.
Note: . s
Documentation is avaitable from:
Clearinghouse for Federal Sucntnflc
and Technical Information
Springfield, Virginia 22151

Price $3.00 )
Reference: TSP69-10303

Patent status:

This invention is owned by NASA, and a patent
application  has been filed. Royalty-free, nonex-
clusive licenses for its commercial use will be granted
by NASA. Inquiries concerning lcense rights should
be made to NASA, Code GP, Washington, D.C.
20546

Source: E. L. Klein of

RCA Service Company .

) under contract to
Marshall Space Flight Center
- (MFS-20240)

Category 02
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PAPER MONEY IDENTIFIER

Abstract

As a result of activity of Southwest Research Institute in
support of the NASA sponsored Biomedical Applications program,
a need was identified for a low cost, reliable device which would
allow sight deficient people to identify the denominations of U.S. ‘
paper currency. In response to this need, the Institute has developed
the Paper Money Identifier. This device makes use of an optoelectronic

17

' scanner and a voltage controlled oscillator to generate audio tone patterns o

- which are used by the blind operator to determine the value of the various " -

[N B

-denominations, - With a minimum of training (approximately 4-6 hours)
. -the operator can learn to identify the unique tone pattern generated by
each value of paper currency and thereafter identify the value of any
bill handed him. With the PMI, a blind perscon may more confidently
work at vending stands or other operations where he is required to
handle and change money. ' ‘
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Brief Technical Description of the
Paper Money Identifier

The Paper Money Identifier (PMI) allows a sight deficient
operator to identify the denomlination of various pieces of paper currency
by generating a varying audio tone pattern as it is passed over a given '
bill. The unit consists of two major sections; the hand wand and the
electronics package.,

The hand wand.consists of an optoelectronic scanner mounted in
a- suitable holder. The scanner-contains a light source and a sensitive
phototransistor which responds to the amount of light reflected from the
object under test. The holder is constructed of two pieces of threaded
tubing to allow for sensitivity adjustment depending on the ambient light-
ing conditions of the work area. The entire wand is connected to the
electronics package by a two foot cable.

The electronics package contains a voltage controlled oscillator
and amplifier circuit to convert the changing conduction levels of the
pbhototransistor into a varying audio tone. The VCO is controlled by the
phototransistor through a voltage divider network and its output-is fed
through the amplifier to a built-in speaker. Provision is also provided
for the use of an earphone if the operator prefers.

The entire unit is powered by a duel output power supply which
operates on standard 120 VAC 60 Hz current. The 5 VDC output ocperates
the light source in the wand with the remainder of the circuitry operating
from the 12 VDC output.
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I. Introduction

The Paper Money Identifier was developed in response to a
need for a low cost, reliable device which would aid sight deficient
pecple in identifying the varicus denominations of U.5. paper currency.
- With such a device, the potential for these handicapped people to
. successfully operate vending stands and other types of businesses where
money must be handled would be greatly increased,

The design criteria were therefore to (1) develop a device which

would allow the blind to determine the denomination of a given bill and
-.{2) to keep unit costs to a minimum so.that.the device could be-effectively rx. .. .=
placed in the hands of those who need them. In keeping with the second & . -
.requirement it was decided to develop the device to take advantage of oo
~ increased hearing and tone pattern recognition ability developed by the L

blind as a result of their loss of sight. The design goal was therefore '

to develop a device which would present audio tone patterns to the user

-which he could learn to recognize to determine denominations.

Concepts derived from NASA and other government sponsored
research efforts were utilized in the development of the PMI. An opto- e
scanner was used to control the output frequency of a voltage controlled

. ascillator with suitable armplifier circuitry to present the tone pattern to
.the operator through either a speaker or earphone. Controls were kept
to a minimum with volume level and wand sensitivity the only adjustments
required.
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I, Ope ratinjcrLInstructions

The Paper Money ldentifier (PMI) consists of a hand held wand
attached through a two foot cable to an electronic package which
generates the audio tones used to determine the denomination of paper
currency. As the wand is passed over the surface of the bill in
question, a unique tone pattern is generated which indicates the value
of the currency.

Controls

The following is a list of all the connections and controls used on
the PMI: (see Figures ]l and 2)

1. A.C. Power Cord-The AC power cord is permanently
attached to the right side of the package. The cord can
be plugged into any convenient 110 VAC, 60 Hz outlet.

2. Wand - Plug the wand cable into the 5-pin connector
located on the left side of the package. This is a
keyed connector and cannot be improperly inserted.

3. Power Switch - Thig switch is located on the face of the
package in the lower right-hand corner. Up is on, down
is off.

4, Volume Contrel - This control is located in the lower

center portion of the face. Turning the knob clockwise
will increase the volume of the tones generated,

5, Earphone Plug - At the option of the operator, an earphone
may be used instead of the speaker built into the system.
A jack for the earphone is provided in the lower left-hand
corner of the face of the PMI. When the earphone plug is
inserted, the speaker is disconnected and volume control
will vary the sound level to the earphone.

Ope ration

Once the power cord and wand connections have been made as
explained in the previous section, the PMI is placed in operation by
turning on the power switch, When the unit is turned on, a low frequency
clicking sound may be heard. Place the tip of the wand on any convenient
surface., This will cause a tone to be generated which can be used to set
the volume to the desired level.
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Identification of Paper Currency

There are many areas on the different denominations of paper
currency which will generate unique tone patterns for use in determining
the value of a paper bill. With experimentation and practice the operator
can determine which of these areas is most satisfactory for his use. The
following description indicates just one of these areas and how it can be
used to determine the value of various bills,

When given a bill of unknown value, place it on a smooth, flat
surface in such a manner that the PMI wand can be placed down and
swept along the center of the long dimension of the bill. Sweep the wand
back and forth across the bill and listen to the varying tone pattern
generated by the PMI. ‘

The front or face side of all denominations will scund about the
same, with high tones at the beginning and ending of the sweep and low,
deep tones in the center., With a minimum of practice the face side can
be readily identified. If it is determined that the bill is face up, turn the
bill over.

The back, or picture side, of each denomination is unique. The
Great Seal of the United States and the large printed word ''one'' are on the
back of a one dollar bill, A picture of the Lincoln Memorial on a light
background is on the back of a five. The ten has a picture of the Treasury
Building on the back, and the White House surrounded by trees is shown
on a twenty dollar bill. Each of these pictures will generate a unique tone
pattern as the wand of the PMI is swept back and forth across the bill.
With practice the operator will learn to identify each of the denominations
by the tone pattern generated when the wand is scanned across the picture
on the back side of the bill.

As mentioned earlier, this is not the only unique section of the
various denominations. Experimentation and practice should allow the
operator to identify other areas which may be useful in determining the
value of a given piece of paper currency.

Sensitivity Adjustment

The sensitivity of the PMI wand has been adjusted to give the
desired tone signals under the lighting conditions it is anticipated will be
used. If the actual conditions are somewhat different than anticipated,
further adjustment may be necessary. Sensitivity adjustments may be
made in the following manner.
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The tip of the PMI wand is made of a piece of threaded tubing
which is screwed onto the sensing element and held in placeby the
threaded handle. To adjust the sensitivity of the wand, loosen the handle
and turn the tip piece to the desired position. If the tip of the wand is
facing the operator, clockwise rotation will screw the tip further onto
the sensor and increase sensitivity. Increasing sensitivity will increase
the response of the wand to the pictures scanned and also cause a general
rise in the frequency of the tone pattern generated. Counterclockwise
rotation of the tip will have an opposite effect on system operation.

Once the operator is familiar with the operation of the system, he
may desire to experiment with various sensitivity settings to find the one
best suited for his particular use. '

Caution: Once the desired sensitivity setting is located, be sure
to retighten the threaded handle to hold the tip in place.
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III, Technical Discussion

Electronically, the PMI is divided into three sections: the
optoelectronic scanner, the voltage controlled oscillator, and the
atnplifier/speaker. Each of these sections is discussed individually
in the following paragraphs (Ref. Figures 3 and 4).

Scanner. The optoelectronic scanner is located in the hand
wand attached to the main package by two feet of cable. The scanning
device consists of a light source and phototransistor mounted in a threaded
aluminum tube. To minimize the heating affect of the light, it and the ,
phototransistor are located at opposite ends of the tube; the phototransistor
being at the tip and the light at the back. A fiber optic bundle is used to
transmit the light from the source to the tip of the device. This bundle
has been arranged in a coaxal configuration-so that the phototransistor
is surrounded by the effective light source. ‘A 5 VDC power supply located
in the main package supplies power for the light. The phototransistor
is connected through the cable to the voltage controlled oscillator.

Voltape Controlled Oscillator. The VCO consists of a NE566
function generator and its associated components, The phototransistor is
part of the voltage divider network Ry, Rj connected to pin 5 of the VCO.
The resistor valves were chosen to allow a nominal frequency change of
1000 Hz between the darkest and lightest areas of a bill. This will vary
slightly if the scanner sensitivity is changed. (See operating instructionsj).
The components Rs and C, determine the nominal operating frequency of

the NE566 and were chosen to produce an output of approximately 1300 Hz
with the phototransistor saturated. Dark area tones therefore range
down to near 300 Hz with optimum sensitivity settings. Both square and
triangular wave outputs are available; the triangular output which has a
peak-to-peak amplitude of slightly over 2 volts is used to drive the
amplifier/speaker.

Amplifier/Speaker. Due to the relatively high output voltage
of the VCO, only a single power amplifier stage is required. The output
of this stage is transformer coupled to the built-in speaker and provides
sufficient volume for all but the noisiest of environments. An optional
earphone output is provided for use under these conditions.

" Both the VCO and the amplifier/speaker stages are powered from
the 12 VDC output of the power supply. The input to the dual power supply
is fusedto prevent serious damage in case of the failure of either supply.
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Iv, Conclusion

The Paper Money Identifier is an inexpensive, reliable device
which allows the sight deficient person to determine the value of the
various denominations of paper currency. Using the PMI, blind operators
may more confidently function as vending stand operators or employees
in jobs where the handling of money is reguired.

While the PMI was designed for a specific purpose there may
well be other uses found which will aid the blind in dealing with their
environment.
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Paper Money Identifier

Parts List
R 2.7K, 5%, 1/4 w, composition
Ry 15K, 5%, 1/4 w, composition
Rj3 10K, 5%, 1/4 w, composition .
Ry 10K, 10%, miniatare potentiometer, 1/2" dia.
Rg 6.2K, 5%, 1/4 w, composition
Ry 1X, 5%, 1/4 w, composition . ' .
Ry 51 ohms, 5%, 1/4 w, composition

Rt 510 K, 5%, 1/4 w, composition — may vary with pova:rer supply.
Select value to give 4.9 volts into 50 ohm load.

C 0.01 uf, ceramic disc.

Ca 0.027 uf, Tex-cap type 315

Cs 1.0 uf, Tex-cap type 315

Cy 0.5 uf, Tex-cap type 315

Ql 2ZN222, silicon NPN

1C,y NE566V, function generator, Signetics
’I‘1 TA-26 Transistor output transformer,

primary 1250 ohms, secondary 4/12 ohms, Stancor

Sp Speaker, Miniature 8-ochm, 2-1/4" dia.,
Calectro Type S2-0203.

Ep Jack TR-2A micro-jax, Switchraft.

05, Scan-coax fiber optic skanner, Type
TS-322-3. Scan-A-Matic Corp, P.0O. Box S, Elbridge, N,Y, 13060

P.5. Duel output regulated power supply,
Model 5E25D-12E10D, Acopian Corp.

PI Series 223 "Tiny Tim'" connectors. Plug Type 223-1105,
Recept. Type 223-1205. Pins: male type 220-P0O2, female type
220-502. Amphenol

Fuse Holder Single pole fuse block, Type 4405, BUYSS

Fl . Fuse, .1 amp, 1-1/4x 1/4.

Case Base: Type 260 Instrument case, 6-13/16 x 5-9/32 x 2-5/16.
Cover: Type 261 Instrument cover.
Harry Davies Molding Co., 4920 W. Bloomingdale Ave.
Chicago, I11., 60639
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TECHNQLOGY APPLICATION REPORT

Problem: AEB-2 MEASUREMENT OF PHYSIOLOGIC STRESS
: PARAMETERS
Institution: Arkansas Enterprises for the Blind

P. O. Box 4055, Asher Ave., Station
Little Rock, Arkansas 72204

Investigator: Elmo Knoch
Director of Training -

Acquisition Date: June, 1972 Completion Date: February, 1973
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PROBLEM OBJECTIVE

A wireless method of monitoring ECG was needed to enable
vocational rehabilitation instructors to determine the amount
of stress generated in blind trainees by new situations and
tasks. .

BACKGROUND

Monitoring heart rate on convalescing heart patients has
been routine for some time. However, most therapists must
manually record pulse rate before stress period and after at
prescribed intervals. There has been and is now a definite
need for a small,. inexpensive beat-to-beat cardiotachometer
that will allow a therapist to obtain an objective measure
of the amount of stress on an individual. This is important
both in terms of (1) prediction of success once the trainee
has been placed vocationally, and (2) in adjusting the training
program so as to produce maximum results.

RESOLUTION

The investigator and BATeam personnel determined that the
following design goals had to be met by the proposed
cardiotachometer:

1. Heart rate must be measured accurately on both a
meter and auxillary output.

2. Instrument must be portable and durable.

3. Instrument must have a calibration range of
50-140 beats per minute (BPM).
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4. Instrument must be versatile in type of inputs,
electrodes, recorder, telemetry, etc.

Final design criteria included NASA Technology from
Johnson Space Center on cardiotachometers and special
circuitry, Ames Research Center on bhiotelemetry, and
Southwest Research Institute state-of-the-art engineering
techniques in combining all technology into an instrument
providing reliable heart rate information. :

This instrument has the ability to monitor ECG bio-
potentials either directly wvia electrodes, oxr from auxillary
devices such as tape recorders, telemetry systems, and chart
recorders. The entire system fits into a small case with a
shoulder strap for ambulatory use. Further miniaturization
is possible, but for cost-effective design, the prototypes
were not reduced to a hand-held unit.

The instrument includes three subsystems depending
upon design requirements:

l. Cardiotachometer
2. Transmitter
3. Demodulator

For the telemetry requirement, a standard broadcast
FM receiver is the only additional item required.

The cardiotachometer receives ECG biopotential signals,
recognizes the R wave, and squares it. A FET and reed relay
comprise a sample and hold circuit which drives the meter and
the output with a staircase signal.

APPLICABLE NASA TECHNOLOGY

Copies of NASA Tech Briefs B64-10171, B65-10010, and
B65-10143 follow this summary. A Technical Support Package
on the cardiotachometer has been written and is included here.

EVALUATION

On July 9, 1973, the investigator repcrted that a proper
evaluation of the cardictachometer was not possible at that
time. He is presently repairing the damage to the device
‘which occurred during shipment. The investigator has stated
in his preliminary evaluation that the device will be
extremely useful and that the hardware will meet the necessary
reguirements.
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The investigator utilizes a Hewlett Packard oscillo-
scope, a Heathkit interface, a PDP8 mini-computer and associated
terminals including braille output, radio receivers, and special
antennas to increase range with the cardiotachometer provided.,

In addition to his repair efforts, the investigator is
attempting to increase the range of the device. The BATeam
designed the cardiotachometer to have an effective range of
200 feet. Because of expanded application needs they wish to
expand the range to 30 miles and they are currently enlisting
the cooperation of the U.S. Air Force in adapting circuitry
design from long range military walkie-talkies.
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October 1964 Briel 63-10171

NASA TECH BRIEF

NASA Tech Briefs are issued to summarize specific innovations derived from the U.S. space program,
to encourage their commercial application. Copies are available to the public at 15 cents each
from the Clearinghouse for Federal Scientific and Technical Information, Springfield, Virginia 22151.

=+

FM Recsiver

Print Qut

The problem: The measurement of biopotential Notes:

response in humans or animals to controlled environ- tests, humans have worn the unit for four or fijve . -
mental stimuli has traditionally been impaired by days without discomfort and have generated useful
encumbering electrical leads or bulky amplifying and data while engaged in normal activities.
transmitting equipment. 2. Further information concerning this innovation is
Tha solution: A subminiature, high-performance, described in NASA-TM-X-54068, “A Miniature
biopotential telemetry transmitter operating in the Biopotential Telemetry Systermn™ by Gordon J.
standard 88- to 108-megacycle FM band. Deboo and Thomas B. Fryer, May 1964,

How it's done: Thetransmitier was designed using 3+ A .relatcd inn‘tjvation is described in NASA Tech
standard, inexpensive, commercially available compo- Brief 64-10025, May 1964.

nents and assembly techniques which permit easy and 4. Inquiries may also be directed to:

repeatable assembly with no sacrifice of performance Technology Utilization Officer

or reliability. The transmitter is 0.74 inch in diameter Ames Research Center

by 0.20-inch thick and weighs two grams. A mercury Moffett Field, California, 94035

cell provides power for operation in two modes, se- Reference: B&4-10171

lected by the interchange of thres components in the _

basic circuit. In one mode the transmitter has a two- Patent status: NASA encourages commercial use

day operating life with a 100-foot range; in the other,
the transmitier has a 48-day operating life with a 10-
foot range. Conventional biomedical electrodes are

of this innovation. No patent action is contemplated.

vsed to connect the transmitter to the subject. , Source: Ames Research Center (ARC-39)
This documnent was prepared under the sponsorship of the National Government assumes any fabibiy resuliing from the use of the
Acconautics and Space Administration. Meither the United States informaticn contuined in this document. o7 warranis that such use

Goverament nor any person acting on behaif af ths United Sates wili be free from privately ownasd rights.
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January 1965 Briefl 65-10010

NASA Tech Briefs are issued by the Technology Utilization Division to summarize specific
technical innovations derived from the space program. Copies are available to the public from
the Clearinghouse for Federal Scientific and Technical Information, Springfield, Virginia, 22151,
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The problem: Although circuits for measuring
heart rate have been available for some time, they
have either been more complex than basically neces-
sary in order to accommodate a wide range of applica-
tions, or have been available only as part of an electro-
cardiograph {(EK(G) system. There is a need for a
simple, inexpensive circuit that will provide a reliabie
indication of average heart rate.

The solution: An inexpensive, stable, transistorized
circuit that provides an accurate analog indication of
average heart rate in response to a preamplified EKG
signal applied to its input. The device provides a meter
indication of heart rate in addition to a proportional
output voitage which may be fed to a high-input im-
pedance recorder.

How it's done: The circuit uses the R-wave (posi-
tive spike) of an EKG signal to trigger a pulse gener-
ator. The metering circait is basically an integrator
which uses the constant-width, constint-amplitude
pulses from the generator to produce a voltage

proportional to the frequency of the pulses. The
EKG input signal is applied across the trigger
level control R, which is set so that D, passes
only the large positive spikes (R-waves) of the signal.
This spike is amplified by a high-gain, common emit-
ter amplifier (Q, and associated circuitcy} and then
coupled to a one-shot multivibrator through C,. The
multivibrator (Q; and Q,) produces a constant-dura-
tion, constant-amphlitude, square-wave output for
every input pulse from the amplifier. With no pulse
present, Q4 is conducting and Q; is cut off. Arrival
of the neguative pulse at the base of Q; decreases its
collector current, producing a positive pulse at the
base of Q,. This causes an increase in the collector
current of Q, and a corresponding negative shift of its
collector voltage. This negative pulse is fed back to the
base of Q4 causing a rapid switch in the conditions of
Q, and Q; (Q, turns on, Qy turns off). The pulse
duration is determined by the C,R; time constant
after which Q, and Q, revert to their original states.

(continued overleal)

This docurnent was peepared under the sponsoeship of the National
Aeronautics and Space Administration. Netcher the Uanited Stares Gavern-
ment, nor NASA, nar any person acting on behalf of NASA: A, Makes
any wartRnty Of TEPTEsenrarion, express or implied, with respect o the
accuracy. completeness, or usefulness of the information concined in

this document, or that the use of any informatien, apparatus, method,
or process disclosed in this document may not infringe privately-owned
rights; or B. Assumes any liubilities with respect 1o the use of, or for
damages resulting from the use of, any information, apparatus, method,
or process disclosed ia this document.




The square-wave pulses from the muitivibrator are
coupled to the base of Q, which controls the average
rate of current flow to the resistor-capacitor integrat-
ing network. An increase in the frequency of the
square-wave signal causes an increase in Q 4’5 collector
current and a corresponding increase in the voltage
across C,. Qutput for a recorder with a high-input
impedance (10,000-ohms minimum at 1 volt) is avail-
able directly across C,. Resistor R, is adjusted to pro-
vide full-scale deflection of M| with an average heart
rate of 200 beats per minute. An internal series voltage

regulator is provided in the circuit for portable opera-

tion with batteries. If a constant voltage source is
available, the regulator circuit (Q4 and associated cir-
cuitry) may be omitted. ‘

Brief 65-1G010
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Note: Inquiries concerning this invention may be di-
rected to:

Technology Utilization Officer

Manned Spacecraft Center

P.O. Box 1537

Houston, Texas, 77001

Reference: B65-10010

Patent status: NASA encourages the immediate
comimercial use of this invention. Inquiries about ob-
taining rights for its commercial use may be made to

"NASA, Code AGP, Washington, D.C., 20546.

Source: Howard A, Vick
- (MSC-9%)

Category No. 0
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May 1965

Brief 65-10143

NASA Tech Briefs are issued by the Technology Utilization Division to summarize specific
technical innovations derived from the space program. Copies are’ available to the public from
the Clearinghouse for Federal Scientific and Technical Information, Springfield, Virginia, 22151.

Digital-Output Cardiotachometer Measures Rapid Changes in Heartbeat Rate
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The problem: Analog cardiotachometers are in-
herently nonlinear and do not respond with sufficient
speed to indicate rapid changes in heartbeat rate.
Those digital cardiotachometers that are capable of
measuring heartbeat rate on a beat-by-beat basis are
generally complex und costly.

The solution: A cardiotachometer circuit that pro-
duces an output voltage proportional to the heartbeat

rate on a beat-by-beat basis, Direct readings in beats
per minute are obtained on a linear scale of a digital
voltmeter. This circuit is designed to be used with an
'auxiAliary circuit {described in NASA Tech Brief B63-
10142, May 1965) that converts a subject’s electro-
cardiogram into square-wave pulses at a frequency
proportional to the heartbeat rate.

{vontinucd overlead)

This document was prepared under the sponsorship of the National
Acronautics 3nd Space Administeation. Neither the Uniced Stares Govern-
ment, arr NASA, nur any person acung on hehulf of NASA: A, Makes
A1y WRFFANTY OF representation, express of implied, with respect to the
accuricy, completeness, or usetulness of the wformation contined in

this document, or that the use of any informatian, ai:vpar::tus. method,
or process disclosed in this document may oot infringe privaccly-owned
rights; or B. Assumes any liabilies with respect w the use of, or for
damages resultiag from che use of, any information, apparstus, method,
or process disdlused in this ducument. ‘
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How it’s done: The square-wave puises from the
auxiliary circuit are appiied as the input to the cardio-
tachometer. These pulses trigger the monostuble mul-
tivibrator (Q,-Q,) which converts them into short-
duration (4-mitlisecond) square-wave pulses. The nar-

row pulses pass through the driver stage, Q,, and are .

differentiated in the Q, emitter and T, transformer
circuil. The positive-going portion of the differen-
tiated square wave appearing on the secondary of T,
passes to the base elements of the normally cut off
switching transistors Qg and Q. On receipt of a posi-
tive pulse, these transistors are turned on to transfer
the voltage developed on integrating capacitor Cj to
the memory capacitor C,. A few milliseconds later,
the silicon controlled rectifier (SCR), CR,, is triggered
and shorts out the charge on Cs. The SCR then re-
turns to the quiescent state and Cg becomes ready to

start another cycle when the next positive pulse ap-

ears. :

? Capacitor Cy is sampled and then shorted out each
time a 4-millisecond pulse is generated. The time be-
tween pulses is relatively long (0.3 to 3 seconds). Dur-
ing this intervai, C; will continue to charge at a linear
rate through Q, toward —10 volts, until the next heart
beat (4-millisecond pulse) activates the switching tran-
sistors to transfer the charge from Csto Cg. Transistor
Q, provides the constant-current source necessary for
a linear charge rate, so that the amplitude of the ramp
voltage on C is a function of the time between heart
beats.

The charge on Cg biases the field effect transistor,
Qg, to control the current through R,.. Since a field

r

Brief 65-10143

effect transistor is a high-impedance device, the charge
on Cg will not leak off between pulses. The voltuge
across R g is therefore a function of this charge. This
output voltuge is applied to a commercial digita} volt-
meter in a unique manner, Normally the voluage
would be applied to the voltmeter’s input terminuls.
Instead, the output voltage is applied to the voltage
reference circuit inside the meter case and a O.l-volt
reference is applied to the input terminats. The digital
voltmeter is thus connected as an electronic divider or
ratiometer 10 provide readings of the heartbeat rate
directly in beats per minute.

Notes:

1. An analog cardiotachometer is described in NASA
Tech Brief B65-10010, January 1965. Inquiries may
also be directed to: ‘ '

Technology Utilization Officer
Manned Spacecraft Center
P.O. Box 1537

Houston, Texas, 77001
Reference: B65-10143

L4

Patent status: NASA encourages the immediate
commercial use of this invention. Inquiries about -
obtaining rights for its commercial use may be made
to NASA, Code AGP, Washington, D.C., 20546,

Source: Howard Vick
(MSC-133)

Categories No. 01 & 04



PORTABLE BEAT-TO- BEAT CARDIOTACHOMETER

ABSTRACT

Monitoring heart rate on convalescing heart attack patients
has been routine for some time. However, most therapists manually
record pulse rate before exercise and again after exercise at pre- '
scribed intervals. There has been and is a definite need for a small,
inexpensive beat-to-beat cardiotachometer that will provide continuous
heart rate information on exercising individuals with a concomitant time
saving for therapists. '

A portable unit was desigried and fabricated with discrete
components fashioned after a more sophisticated NASA unit which
meets most of the needs of the problem originator. Those requirements,
not filled would double the cost destroying the most desirable features
of the instrument, The instrument will accept either electrodes or
auxillary inputs and provides both meter and recorder outputs. The
AEB-2 model incorporates telemetry features at a small increase in
cost. ’
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Brief Technical Description of the

Portable Beat-to-Beat Cardiotachometer

This instrument has the ability to monitor ECG biopotentials
either directly via electrodes or from auxillary devices such as tape
recorders, telemetry systems, and chart recorders. The entire
system fits nicely into a small case with a shoulder strap for
ambulatory use. Further miniaturization is possible but for cost
effective design, the prototypes were not reduced to a hand-held unit.

The instrument includes three subsystems depending upon
design requirements:

1, Cardiotachometer
2. Transmitter
2. Demodulator

For the telemetry requirement a standard broadcast FM
receiver is the only additional item required.

The cardiotachometer receives ECG biopotential signals,
recognizes the R wave and squares it, A FET and reed relay comprise
a sample and hold circuit which drives the meter and the output with a
staircase signal,

The telemetry option provides a clinical ECG at point A on the
schematic,
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I, Introduction

The portable cardictachometer was developed-for therapiscs
working with cardiovascular patients when it becarme obvious to
both the therapists and the BATeam that commercially available
devices were not available regardless of advertising claims.

Since rehabilitation money is scarce and the need great,

_an inexpensive system was definitely most desirable. While most
problem originators desired high accuracy, high-low reading meters
and hand-held devices, these features so increased the cost so as to
diminish the effectiveness of an inexpensive device.

After careful analysis of five years of problems relating to
cardiotachometer oriented solutions, the following design goals were
chosen:

1) Heart rate must be measured accurately on both a
meter and auxillary output.

2) Instrument is portable and durable.

3) Instrument should have a calibration range of 50-140
beats per minute (BPM).

4) Instruments should be versatile in type of inputs,
electrodes, recorder, telemetry, etc.

Final design criteria included technology from MSFC on beat to
beat cardiotachometers, ARC on biotelemetry, and SwRI state-~of-the-art
engineering techniques in combining all technology into an instrument
providing reliable heart rate information,

A convenient size was chosen to package the device both
for the standard unit and the telemetry unit primarily to remain cost
effective. X unique applications arise, the device can easily be
miniaturized into a hand-held device.



Figure ltB) Electrode Placement {Telemetry)
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I, Operating Instructions

Acquiring heart rate information from electrodes is accomplished

‘by connecting the electrodes to the patients as shown in Figure 1(A}),

Liead color is connected to the corresponding coded input jacks on the
cardiotachometer. The selector switch is switched toward the electrode
jacks and the unit is turned on. The instrument is now ready for use,

If heart rate inforration is being analyzed from a tape recorder
or some other piece of auxillary equipment, the selector switch is switched
toward the pulse position and a cable is attached to the pulse in jack.

Monitoring by telemetry is accomplishéd by placing the electrodes
on the patient as shown in Figure 1(B) and the corresponding color coded
wires connected to the transmitter. An FM standard broadcast receiver
is tuned until a clear Heart Rate signal is acquired. The selector switch
is switched to Pulse and a cable is connected from the earphone jack on
the FM radio to the radio input on the cardiotachometer. The unit is now
ready for use, '

If visual readout other than the meter is desired, a cable may be
connected from the OQUTPUT jack to a suitable presentation device such as

a strip chart recorder or oscilloscope,

11T, Technical Discussion

This cardiotachometer, a low cost solid state instrument, provides
an output voltage proportional to the instantaneous frequency of ECG pulses
in, Qutput linearity is + 5 % from 30 to 150 beats per minute with either
hard wire or telemetry input. The meter is calibrated from 40-140 beats
per minute,

The monitoring of heartrate on a beat-to-beat basis is facilitated
by converting pulse interval to a voltage by means of an exponential
waveform generator,

Operation of the cardiotachometer can best be described with the
aid of the schematic, Figure 2. Depending on the input, the ECG is
amplified by either the micropower input amplifier, the signal conditioner
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amplifier (A 741) or the demodulator (NE561B), Waveform 2 is
indicative of the positive pulse needed to drive the cardiotachometer
section, Transistors Q) and (» comprise a simple monostable rulti-
vibrator. The positive input pulse passed through Dy turns Q off,
driving the emitter of Qp to approximately -9 volis. This energizes the
relay sa that the 0.1 microfrad capacitor in the gate circuit of the FET
is charged to approximately the same voltage as that of the 4,2 micro-
farad capacitor by means of emitter follower Q. During this sampling

.interval Q is off preventing the 4.2 microfarad capacitor from dis-

charging through the 270 k ohm resistor. During this sampling interval,
the .33 microfarad capacitor in the hase of Ql charges negatively
turning Q, on. The positive transition on the emitter of Q2 drives Qg -
off and Qg on, Qg and Qg is a monostable multivibrator like Qp and Q5.
As Qg turns on, the 4.2 microfarad capacitor charges rapidly to
approximately +11 volts. The .33 microfarad capacitor in the base of
()4 charges negatively turning Qg off so that the 4.2 microfarad capacitor
may discharge through the 270 k ohm resistor.

Q. and Qg buffer the signal from the . 1 microfarad capacitor
to provide a low impedance output. The 20 k ohm potentiometer permits
calibration of the meter,

Each succeeding pulse triggers the events described above so
the cutput voltage is proportional to the reciprocal of the time between
the most recent pair of pulses. ‘

Iv. Summary

Since the exponential discharge of the 4,2 microfarad capacitor
and the 270 k ohm resistor approximates a hyperbola, the ocufput is linear '
only from 30 to 150 beats per minute. To further improve linearity, this
device is calibrated from 40 to 140 beats per minute. Figure 3 is a con~
version chart for calibrating a linear meter to the exponential output.
Layout and fabrication is not critical and due to the digitizing effect of the
monostable multivibrators, noise other than faulty electrode application
is not a problem. &

Figures 4 and 5 show the lay;aut and auxillary telemetry units,
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APPENDIX A

WAVEFORMS
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1| ECG or PULSE

voLTs 2Volts/Cm
TIME .28ec/Cm

VOLTS 10Volts/Cm
TIME .2Sec/Cnm

VOLTS 5Volts/Cm
TIME .2Sec/Cm



VOLTS 5Volts/Cm
TIME .28ec/Cm

VOLTS 5Volts/Cm
TIME .2Sec/Cm

SAMPLE AND HOLD

VOLTS 5Volts/Cm
TIME .2Sec/Cm

55
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- JOUTRUT

VOLTS 5Volts/Cm
TIME .2Sec/Cm



APPENDIX B

PARTS LIST
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TVA-2/AEB-2 CARDIOTACHOMETER

Integrated Circuits
Fairchiid
Fairchild

Semiconductors
21305 - 3
2N3565 - 2
23638
2N3904
2N4360

1

i

1
1
1

'Diodes

IN645 - 5
INZ071 - 1

Switches
SPDT - 1 (Select)
DPST - 1 (Power)

Connector

ECG - 3 Johnson Jax
Pulse - BNC
Out - BNC

LA T35 - 1
BA 741 - 1

Parts List

Resistors (1/4W)

150 - 3 39%

220~ 2 47K

470 -1 68K
1IK- 2

10K- 8

16K- 1

22K~ 2 ~ 20M

Potentiometer

100K
150K
270K

Capacitors (mfd)

L.01-1
02,1
L1-1
.35-2
1.0-4
Polarized
3.0-1
10.0-2

1
L R

20K - 1 (pc mounted}

REF Chokes - 100Hh - 2

Ratteries

. Burgess PM 8 - 2

12v

Holder

AEB-Z2 DEMODULATOR

Integrated circuits
Siliconix NE561B PPL.-1

Diodes

IN645 - 2

Resistors

15K - 1

Capacitors {mfd)

.01 -2 ea

.1 -1ea

1 ~1ea

2 -1 ea
Potentiometer
10 k -1 ea

Parts List

15

Relay - 1}

4,7-2
50.0-1

Clare PRB 2513

Meter
100 na dc
Weston Mod 111
Enclosure ‘
Davies 260
Instrument Case
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TECHNOLOGY APPLICATION REPORT

Problem: AER-3 LIGHT SENSITIVE VOCATIONAL
REHABILITATION AID

Institution: Arkansas Enterprises for the Blind
P. 0. Box 4055, Asher Ave. Station
Little Rock, Arkansas 72204

Investigator: Elmo Knoch
Director of Training

Acguisition Date: -~June, 1972 'CompletiOn Date: - August, 1973

T ke Wi ot S T T W A P A MBS el o e T Mt N . M U S i Bl o v S T e g e et el o i e Sk e e WS e e R i —

PROBLEM OBJECTIVE

A hands- free device was needed which would allow a blind
PBX operator to distinguish between bright red and white llghts
on a switchboard.

BACKGROUND '

Vocational 1nstructors of a rehabilitation center expressed
a need for a hands free, light sensitive, lightweight device
which would allow a blind telephone operator to operate a PBX.
switchboard. The 1nvest1gator envisioned a pocket-size elec-
tronic device with a ring mounted light probe which, when worn
by the operator, would emit a tactile output,: thus ellmlnatlng
the need for an audio signal which would dlsturb an office
environment. A variation of this device would incorporate a
small receiver interfaced to the telephone headset go that the
light signal from the switchboard would be transformed into a
signal heard only by the operator.

RESOLUTION

The investigator provided a basic design through the BATeam
to Mr. Billy G. Holliday at Langley Research Center for concept
and fabrication of a working prototype. The Light Sensitive
Rehabilitation Aid employs a photoelectric cell to control the
trigger level of a voltage controlled oscillator. This oscillator
drives an audio amplifier and ear phone producing a sound
progortlonal to the intensity of the light source. An increase
in light intensity produces a correspondlng increase in the
frequency of the sound. Volume control is independent of
frequency. Sensitivity and threshold controls are employed to
adjust the range of the oscillator to suit various light
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intensities and background light levels.

It should be noted here that the pretotyrpe unit was not
optimized, but was assembled to determine the feasibility of
the concept. Use of micro-electronics in the system could
substantially reduce the size.

APPLICABLE NASA TECHNOLOGY

Work done at the NASA Centers is applicable by nature
of its place of origin. A Technical Support Package has
not been written at this feasibility stage, however, operating
instructions for the device and relevant schematics follow
this summary.

EVALUATION

The device was forwarded to the investigator in the
middie of August, 1973, hence, not enough time has elapsed
for suitable evaluation. However, initial reports state
that the device seems to be working well and that the design
is feasible enough to considexr it a real solution to the
original problem.



OPERATING INSTRUCTIONS
for
AEB-3 LIGHT SENSITIVE VOCATIONAL REHABILITATION AID

THEORY OF OPERATION

- The Light Sensitive Vocational Rehabilitation Aid employs
a pnotoelectric cell to control the trigger level of a voltage
controlled oscillator. This ocsillator drives an audio ampii-
fier and ear phone (or speaker) producing a sound proportional .
to the intensity of the light source. BAn increase in light
intensity produces a corresponding increase in the freguency
of the sound. Volume control is independent of frequency.
Sensitivity and threshold controls are employed to adjust the
range of the oscillator to suit various light intensities and
background light levels. '

OPERATING INSTRUCTIONS

Fixed light intensities can produce different frequencies
depending on the setting of the sensitivity and threshold
‘controls. - The user should become-familiar with the function
and effect of these controls using known light intensities.’

The effect of the threshold control can be realized by
selecting a medium sensitivity setting, placing the light probe
against a light source and varying the threshold control. The
oscillator should be turned on or off as you vary the control.

The effect of the threshold control can be eliminated by covering
the photocell and adjusting the control until no sound is produced.

Fixed light intensities can produce different output
frequencies depending on the setting of the sensitivity control.
This can be realized by placing the. probe against a fixed light
gource and varying the sensitivity control. Be sure the thres—
hold is not set above the light source--set the threshold control
so the oscillator is just turned off. '

ADJUSTING THE CONTROLS TO DETERMINE DIFFERENCES IN SEVERAL
- LIGHT SOURCES

Select a medium sensitivity setting and adjust the threshold
{(with the probe exposed to the background light) until no sound
is produced. Place the probe against one of the light sources
and increase the sensitivity until sound is produced. Determine’
which one of the sources produces the lowest tone, then select a
sensitivity setting that will just produce sound when the probe
is placed against this source. It may be necessary to adjust the
sensitivity and threshold controls several times to find the
settings that produce the greatest change in sound.
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TECHNOLOGY APPLICATION REPORT

Problem: AEB-4 APPARATUS FOR MEASURING TACTILE
SPATIAL SEPARATION

Institution: Arkansas Enterprises for the Blind
P. O. Box 4055, Asher Ave. Station
Little Rock, Arkansas 72204

Investigatox: Elmo Knoch
' Director of Training

Acguisition Date: June, 1372 Completion Date: September, 1973

...____.-....__.—.._....._.._...-...___....._.——_.-—.p—-_._..-____--....___.--..-..-..-—..-—._.__.-.-.—_..——..-..——-——._.m_.__—

PROBLEM OBJECTIVE

Investigators needed an improved method and/or device to
measure cutaneous sensory perception in theixr blind patients to
help evaluate them for predicting ability to read braille as well
as determing hypothesia for basic medical reasons.

BACKGROUND

Determinations of various diseases, examinations for treat-
ment of nervous disorders, and evaluation of fingexr-—touch
sensitivity for blind persons have all been related to aethesia,
or skin sensitivity to pain. Measurement or detection of
cutaneous perception has not heretofore been quantified, because
of the lack of an instrument capable of consistently reproducing
measurements. Most devices employed to date have included the
use of a sharp pin or a plurality of pins of differing sharpness
and cross sectional areas. The pin or pins have been brought into
contact with the skin by the medical examiner while observing the
response of the patient. Because of the different muscular
coordination by different examiners, the resulting pin strikes
lack any of the requisite uniformity and it has therefore been
exceedingly difficult for even the individual examiner to contact
the skin with a consistent degree of pressure. Because .of these
methods, differences in cutaneous perception measurements lack
reliability and therefore may not be due to the health condition
of the patient.

RESOLUTION ' .

A directly applicable NASA Tech Brief was located and
up-to-date technological information was gathered. The resulting
design modifications to the original NASA device were a result of
cooperation between SwRI and the NASA exclusive manufacturer
licensee. The improved aesthesiometer device is designed to
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deliver a repeatable and determinable pressure to the skin of
the individual. 1In addition, that pressure is independent of
the relative condition of muscular coordination of the examiner.
The device is reliable, non-invasive and non-~injurious, of
relatively simple construction, and can be effectively operated
in research or clinical practice by any technician. Briefly,
the device comprises a method utilizing a flexible but stiff
nylon monofilament stimulating element which is telescopically
enclosed in a tubular housing. Affixed within the housing and
operatively coupled to the stimulating element is a screwdrive
mechanism which is in turn coupled to a vernier counter
adjustment on the exterior of the housing. Observation of the
verniéer counter adjustment at the point of sensory perception
by the individual indicates an absolute value for cutaneous
response.

APPLICABLE NASA TECHNOLOGY

The original device was developed under NASA Contract
by General Electric and was located and described in NASA
Tech Brief B72-10032. Exclusive manufacturing rights to the
device have been given to Rowan Products Company, 14535
Saticoy Street, Van Nuys, California 91405. A Technical
Support Package for the device will be available soon. A
technical design sketch of the aesthesiometer follows this
summary. : '

EVALUATION .
Device was in process of final calibration and delivery

at contract termination, therefore, sufficient time for
extensive evaluation has not elapsed.
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NASA TECH BRIEF

Manned Spacecraft Center

B72-10032

NASA Tech Briefs announce new technology derived from the U.S. space program. They are issued to encourage
commercial application. Tech Briefs are available on a subscription basis from the MNationa! Technical Information
Service, Springfield, Virginia 22151. Requests for individual copies or questions relating to the Tech Bricf program may

be dirzcied to the Technology Utilization Oifize, NASA, Code KT, Washington, D.

R T e . AT G MR ST 0T

C. 20546.

AL (R R

An Improved Aesthesiometer

&?’_—. Verniar Counier

o —— Housing

Sleeve Member

Stimulating Elerﬁenf

Figure 1.

An improved biomedical tool measures cutaneous
sensory preception with improved reliability and con-
sistency. A vernier-adjustable, monofilament stimulating
element is pressed against the skin. The force necessary
to produce a slight element flexure is inversely propor-
tionat to the element length and is indicated by the cali-
brated vernier dial.

Previously, examiners noted the patient’s responses

to touches with a series of pins, but were not able to
take actual measurements of the pressure applied. The
improved aesthesiometer allows consistent application
of a regular and determinable pressure to the skin of the
individual. It is of relatively simple construction, in-
expensive to manufacture and easy to operate.

The instrument (illustrated in Figure 1) is basically
a thin stimulating element attached to a calibrated
vernier dial. Adjustment of the dial extends or retracts

the element within a tnbular sleeve. In use, the element
is brought into contact with the subject and pressed
against the skin until a slight clement flexure is noted.
If the patient does not respond, the element is shortened
to make it stiffer and the process repeated until the
pressure is felt. This contact pressure is determined from
the dial setting by reference to a calibration curve (il-
lustrated in Figure 2).

Note:

Requests for further information may be directed
to:
Technology Utilization Officer
Manned Spacecraft Center, Code IM7
Houston, Texas 77058
Reference: TSP72-10032

(continued overlzaf)

his document was prepared under the sponsorship of the National
eronautics and Space Administration. Neither the United States
avernment nor any person acting on behalf of the United States

Government assumes any lability resulting from the -use of the
m_formahon contained in this document, or warrants that such use
will be free from privately owned rights.
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" Patent status:

This invention is owned by NASA, and a patent
application has been filed. Royalty-free, nonexclusive
licenses for its commercial use will be granted by NASA.
Inquiries concerning license rights should be made to:

Patent Counsel

Code AM

NASA Manned Spacecraft Center
Houston, Texas 77058 '

Source: D. Wright and R. Richardson
General Electric Company

’ under contract to

Manned Spacecraft Center
(MSC-13609)

Category: 05
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TECHNOLOGY APPLICATION REPORT

Problem: CRH-8 WEIGHT SHIFT ALARM FOR BRAIN DAMAGED
AND PARAPLEGIC PERSONS

Institution: Craig Rehabilitation Hospital
3425 South Clarkson
Englewood, Colorado 80110

Investigator: Mr. Scott Manley | :
: - : Director of Family and Patient Services

Acquigition Date: March, 1973 Completion Date: August, 1973

_.-—.—-——.--_-.__._—....—_..__-.-._-—_-._-._...—.—--_.___——..-——u._-—-..-...._....—-..—_-...-_...._._.._—_--_—-—__..-.__._..

PROBLEM OBJECTIVE

The investigator requested a method of teaching and/or
reminding newly paralyzed persons to lean to periodically shift
their sitting or reclining positions.

BACKGRQOUND

A person sitting or lying down must occasionally shift his
position to allow blood to flow to those points supporting his .
weight. Failure to do so will cause cell damage and eventually
result in the development of decubitus ulcers. This is a
particular problem to the paraplegic and brain damaged persons
who no longer experience the feelings of discomfort which cause
a normal person to occasionally change position. The Movement -
Monitor was developed to provide those patients with a periodic
reminder of the need to alter their position.

RESQOLUTION

NASA Tech Brief B71-10437, "Externally Programmed Variable
Timer," was identified and presented a basis for the solution
device designed by the BATeam engineers.

In designing this device it was felt that the following
criterxia should be met: (1) to develop a device which would.
-provide a periodic reminder to the patient of the need to nmove,
and if possible, to require that he do so: (2) to make the
device completely portable so that it could be used in a bed,
wheelchair, or any other place the patient desires; (3) to
provide ease of operation, long battery life and minimum
maintenance requirements; and (4) to design a device which
could be easily and inexpensively manufactured. Designing to
these criteria resulted in a small, portable package containing
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timing and control circuitry plus an audible alarm all powered
by a single 9 volt transistor battery. The electronics are
controlled by a pressure switch placed under the patient to
sense his movement, or lack thereof, and accomplish the
necessary alarm disable and/or circuit reset functions.

Much of the movement monitor logic was derived from
similar devices developed by NASA, modified as necessary
to meet the specific requirements of the problem. State—-of-
the-art electronics were inhcorporated where possible to minimize
power requirements and the need for maintenance.

APPLICABLE NASA TECHNOLOGY

A copy of NASA Tech Brief B71-10437 follows this summary.
A Technical Support Package has been written for the Movement
Monitor and is included here.

EVALUATION

The Movement Monitor was put in use immediately with a
former guadriplegic patient with very sensitive skin. The
patient had had a history of several decubiti and needed to
develop the habit of doing weight shifts every 15 minutes.
The device had excellent results. Plans are underway to
utilize the device for training of several other patients
immediately. '
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- Novemher 1971 dricl 71100437
NASA TECH BRIEF |
i
Marshall Space Flight Center
NASA Tech Hriels announce new technology derived {rom the U.S. space program. They are issucd 1o encourage
commercial application. Tech PBriefs are avatlable on a subscription basis from the National Technical Information
Service, Springficid, Virginia 22151, Requests for ihdividual copies or guestions relating to the Tech Briel program may
be directed 10 the Technology Utilization Olfice, NASA, Code KT, Washinglon, D.C. 20546.
R Ty e T VL B T S b ES i R T A TS vz Y
Externally Programmed Variable Timer
“AT unique liming device, ‘developed 1o satisfy  oscillator by 2, 48, 16, 32,764, or 128, OQuipur of
b-sec, 3-sec, and [0-min timing requirements, in-  the finyl flip-flop is connected to a pulse generator
corporates external programming capability, circuit that produces a 28 V, 30 msec pulse. This
. output is-rouled back 1o a start-reset cireunit that
‘ controls the UJT relaxation osciliator and the {fhp-
OJT - flops. o
Relaxation | Deodaercy Temperature and voltage range tests resulted in
g | Oscillator i = .
ower In i an accuracy of = 3.9% with supply voltage varia-
tions of 24 to 31 Vdc aver the temperature range
Input of -33°C to +125°C. The programmable timer was
Start-Resst |, - Pulse - within the = 5% efficiency over the required wem-
o—-—-
Circuit Generator .
perature range with the same supply voltuge rexula- -
r tion,
Note:
Load . . .
Requests for further infornunion may be directed
to: )
Programmable Timer Block Diagram Technology Ulilization Officer
Operational efficicney of = 3% over a tempera- Code ALTS-TU

ture range of -63°C to +130°C was a design re- Marshall Space Flight Center
quircment. To reduce the effect of temperature Huntsville. Alabamu 35812

on the programmable timer, the time constant of Reference: TSP71-10437

the unjjuriction transistor (UJT) oscillator (see fig.)  Patent status:

wus reduced and the oscilkuor frequency was di No patent action is contemplated by NASA,
vided by using bistable multivibrators (flip-flops). ‘ i

This fimited the lemperatire sensitivity  of  the
timer to that of the UJT oscillator,

The number of Hip-flops used al any given time
is programmed by interconnecting the desired num-
ber of available inputs and owmpeis. The universal (MES-20776)
timer cun diwvide the output frequency of the UJT

Source: P.R. Gulbisof
Sperry Rand

. under contract 1o
Marshall Space Flight Center |

.
Categary i
This dovcumefil »as prepared under the sponsorship ol the Nuational Gorvernment dssumes any Labilay reselting from the use of the
Rerpaubes and Space Adnumstraton, Neither the Upited States informuton vontaioed in thas document, or warranis that such vae
Crovernmwnl TOT amy person acting on behall of the United States will be free feom privately vwned rights,

e e e e e
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MOVEMENT MONITOR

ABSTRACT

A continuing problem for partially and completely
paralyzed persons is that of skin ulcerations caused by
prolonged sitting or laying in one position. This problem
is especially troublesome to the newly paralyzed who are
not yet fully aware of the need to occasiocnally change
positions so that blood can flow to those points of the
anatomy supporting the body weight. The NASA Biomedical
Applications Team at Southwest Research Institute developed
the Movement Monitor in response to a reguest for a device
which would remind paraplegic patients to occasionally move
or shift their position to allow blood flow to the pressure
areas. The device consists of a timing circuit and an alarm
buzzer controlled by a pressure switch placed under the
patient. Whenever the patient fails to move within a preset
time period, the buzzer sounds, reminding him of the need
t0 change positions. The alarm is disabled and the timing
circuit reset by the patient's movement. Provision is
provided to allow for the selection of the time period
best suited to the reguirements of the individual patient.
It is felt that this device will contribute significantly
to the comfort and rehabilitation of paraplegic patients.

ii



MOVEMENT MONITOR

TECHNICAL BRIEF

The Movement Monitor was developed to meet the need
for a device which would remind paraplegic patients of
the need to occasionally change their position in order
to avoid the occurrance of decubitus ulcers at those
points of the anatomy supporting the body weight. The
unit consists of a pressure sensitive switch placed under
the patient, a variable delay timing circuit, and an
alarm buzzer. If the patient does not move in a prede-
termined length of time, the buzzer will sound, reminding
him of the need to alter his position. Movement will
reset the timing circuit and alarm.

The timing circuit consists of a long time constant
astable multivibrator, a presetable binary divider and
the gating necessary to accomplish the alarm and reset
operations. The output of the digital circuitry is applied
to a transistor driven low current buzzer to provide the
alert signal. The entire device is controlled by the patient
seat switch which resets the circuit whenever the subject
makes a sufficient movement.

The use of an astable timing circuit, while not a
precision device, is sufficiently accurate for the needs
of this application and allows the development of a nuch
more inexpensive unit. The binary divider was included
to provide a series of presetable time delays, ranging
from 15 minutes to 2 hours in 15 minute intervals.

RCA COS/MOS digital logic integrated circuits were
used to keep power requirements at a minimum. The Movement
Monitor is powered by a standard 9 volt transistor battery
with current requirements of approximately 0.5 milliamperes
under normal operation, and less than 10 milliamperes under
alarm conditions. ‘

iii
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I. INTRODUCTION

A person sitting or laying down must occasion-—
ally shift his position to allow blood to flow to those
points supporting his weight. Failure to do so will cause
cell damage and eventually result in the development of
decubitus ulcers. This is a particular problem to
paraplegic and brain damaged patients who no longer
experience the feelings of discomfort which cause a normal
person to occasionally change position. The Movement
Monitor was developed to provide those patients with a
periodic reminder of the need to alter their position.

In designing this device it was felt that the
following criteria should be met: (1) to develop a device
which would provide a periodic reminder to the patient of
the need to move, and if possible to require that he do
so; {2) to make the device completely portable so that it
could be used in a bed, wheelchailr, or any other place the
patient desired; (3) to provide ease of operation, long
battery life and minimum maintenance reqguirements; and (4)
to design a device which could be easily and cheaply.
manufactured. Designing to these criteria resulted in a
small, portable package containing timing and control
circuitry plus an audible alarm all powered by a single
9 volt transistor battery. The electronics are controlled
by a pressure switch placed under the patient to sense his
movement, or lack thereof, and accomplish the necessary
alarm disable and/or circuit reset functions.

Much of the Movement Monitor logic was derived from
similar devices developed by NASA, modified as necessary to
meet the specific reguirements of this problem. {See NASA
Tech Brief B71-10437 "Externally Programmed Variable Timer}.
State of the art electronics were incorporated where possible
to minimize power requirements and the need for maintenance.
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II. OPERATING INSTRUCTIONS.

The Movement Monitor is designed to provide maximum
ease of operation and minimum maintenance. Once placed in
operation, the user need only to shift his body weight to
actuate the alarm disable and timer reset circuitry.
Maintenance is limited to the occasional replacement of the
standard 9 volt transistor battery which powers the device.

Controls

Operation of the Movement Monitor is controlled
through the following switches: (See Figure 2)

1. Power Switch - a single pole, single throw toggle
switch located in the lower right-hand corner of the
front panel. When placed in the "on" position, power
is applied to the circuitry.

2. Test-Operate Switch - a single pole, double throw
toggle switch located in the lower left-hand corner
of the front panel. When in the "test" position,
the timing circuitry generates a nominal 15 second
delay time; when in "operate," the delay time is a
minimum of 15 minutes in length.

3. Rate Switch - an eight position rotary switch
located 'in the upper right-hand corner of the
panel. This control allows the user to choose
the delay time he desires in 15 minute increments
from 15 to 120 minutes (2 hours}. The numbers
around the switch refer to the delay time in minutes.

4. Patient Pressure Switch - This control is a sensitive
ribbon pressure switch which is placed under the
patient to sense when a movement is made. It is
attached to the package through a 4 pin connector
located on the left side of the unit. When the usex
sits or lays on this switch, the contacts are closed.
Whenever the patient moves, his action must be of
sufficient magnitude to open the contacts in the
pressure switch in order to actuate the alarm disable
and/or reset circuitry.




Figure 2

FRONT PANEL
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Test Operation

A "test" mode of operation was included to provide
a convenient method for checking the operation of the
Movement Monitor. It is also suggested that this mode be
used whenever explaining and demonstrating the device.

Operation in this mode is as follows:

1.

Place the Test-Operate Switch in the "Test"
position.

Place the Rate Switch in the "15" position.

Turn the Power Switch on. When this is done,
a tone should be heard from the alarm buzzer.

Apply pressure to the Patient Pressure Switch.
The alarm will be disabled and timing circuit
reset.

Hold the Pressure Switch down. In approxi-
mately 15 seconds the alarm buzzer will sound.
(The test circuit has not been precisely
timed and may vary from 10 to 30 seconds,
depending on the individual unit. The delay
time will be consistent however, for any given
unit.)

. |
Release the Pressure Switch. The buzzer will
continue sounding. Depress the switch and the
device will be reset.

If the Pressure Switch is released before the
timing sequence is completed, the alarm will
sound. Depressing the switch will reset the
circuit and deactivate the alarm.

If it is desired to check the operation of the
Rate Switch, place the Rate Switch in the "30"
position before depressing the pressure switch.
In this position, the time before alarm should
be twice as long as in the "15" position. The
delay in the "45" position will be three times
as long, the "60" position four times as long,
and so on up to the "120" position which will be
eight times as long as the delay in the "15"
position of the Rate Switch.



Normal Operation

Normal operation is identical to test operation
except that the time delay is extended to a minimum of
15 minutes. Briefly, operation is as follows:

1. Place the Patient Pressure Switch beneath
the patient.

2. Place the Rate Switch in the position which
corresponds to the desired delay time.

3. Be sure the Test-Operate Switch is in the
"Operate” position.

4. Turn the power on. If the Patient Pressure .
Switch is positioned properly, no alarm will
be heard. If there is an alarm, check the
position of the switch and the connector on
the left side of the unit.

5. Have the patient 1ift or move himself. When
he moves sufficiently to open the Pressure
Switch, the alarm will sound. Placing pressure
back on the switch will disable the alarm and
reset the timing circuit.

6. The Movement Monitor is now in operation.
Whenever the user makes a significant movement
(one which causes the Pressure Switch to open)
the alarm will sound. Returning pressure on
the switch will disable the alarm and reset the
timing circuit. If the patient does not move
within the preselected time, the alarm will
sound and movement will be required to reset
the Movement Monitor.

Maintenance

As mentioned earlier, the only maintenance normally
required will be the periodic changing of the 9 volt transistor
battery.

The battery is mounted inside the electronics
package in a standard battery clip. To change the battery,
remove the four (4) screws securing the front panel to the
case, lift and fold the panel away from the case, disconnect
the snap terminals from the battery, remove and install the
new battery. Care should be taken when lifting the panel away
from the case to avoid damage to the wire ribbons connecting
the controls to the circuitry.

6
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Figure 3 -

INTERIOR VIEW



IIT. TECHNICAL DISCUSSION

The Movement Monitor is primarily a digital logic
device consisting of a timer, presetable binary counter,
control/reset circuit, and an audible alarm. These sections
are explained in detail in the following paragraphs. A
functional block diagram is given in Figure 4.

Timer

: The timing reguirements for this device are not
precise and are therefore met satisfactorily with a low
frequency astable multivibrator. .An RCA COS/MOS low-power
astable multivibrator IC, CD4047, was used to generate the
needed tining pulses. It was decided to use the COS/MOS
circultry in the Movement Monitor because of its high
reliability, its ability to operate over a wide range of
voltages with a minimum effect on operating characteristics,
and its extremely Jlow power reguirements.

The frequency of the astable multivibrator is
determined by the external components Ci1s Cas Ry, and Ry,
(See Figure 5). These components were chosen to providé an
oscillator cycle of 7.5 minutes. A 2:1 frequency divider is
included in the CD4047 and was used to provide a clock output
cycle of 15 minutes. In the test mode, the capacitors Cy and
C, are replaced by C,;, a 0.1 uf capacitor, to provide a clock
output of approximately 15 seconds.

Presetable Binary Divider

This circuit allows the user to select the time
delay period which is best suited to his particular needs.
The CD 4029 is a presetable binary up/down counter connected
in the count up mode. A preset binary number is entered into
the counter through the jam inputs and clock pulses are then
counted - until a binary eight count is reached. The three
section, 8 position, rotary "Rate" switch determines the
binary preset entered into the register and therefore the
~number of 15 minute clock pulses counted to generate an
output.

85
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~Control/Reset Circuit

. This circuit consists of the logic gates and
associated componentb necessary to cause an alarm, and reset
the timer and counter whenever the preset time has elapsed
ox the patient makes a significant movement.

Whenever an output is generated from the binary
counter, the control gates inhibit further operation of
both the oscillator and dividexr in the timing device. The
clock inpuf to the binary counter is also disabled and the
alarm circult activated. The circuit remains in this conaltwon,
with alarm sounding, until the user moves to first open, then
reclose the contacts in the Patient Pressure Switch. This
action rescts the binary counter and removes the inhibit states
applied to the timer, allowing a new period to begin. If the
- patient should move before the preset period has elapsed, the
timer and binary counter are inhibited and the binary counter
reset when the Patient Pressure Switch is opened; and a new
- period begun when the contacts are reclosed. The alarm will
~ sound during the time the Patient Pressure Switch is open. .

Three sections of a CD4001 guad 2 input NOR gate are

used in the control/reset circuit.

Alarm Circuit

The alarm circuit contains a Mallory "Sonalert"
buzzer and a transistor driver. The buzzer is a low current,
high intensity device which provides an output signal at
approximately 2400 Hz. Output volume can be varied by
changing the resistor Re in the base of the transistor
driver. Maximum volume is obtained when Ry is equal to
20K ohms.

14
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Iv. CONCLUSION

The Movement Monitor is a small, portable,
inexpensive device which is designed to aid in the care
and rehabilitation of paraplegic and brain damaged patients.
In its intended use this device will provide the patient
with a periodic reminder of the need to change body position
to allow blood flow to those parts of the anatomy supporting
the body weight. The periodic restoration of circulation
will significantly decrease the possibilities of developing
decubitus ulcers in these areas and therefore contribute
much to the comfort and well-being of the patient.

While the Monitor was designed to meet a specific
need, it is hoped that other uses can be found which will
Jgrther aid in the care and rehabilitation of paraplegic,
brain damaged and other handicapped persons.

12



APPENDIX A

Parts List and Construction Aids
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MOVEMENT MONITOR

Parts List

Ry : lDMeg.,.S%, hw., composition®
. Ro 8.1iMeg., 5%, %w., composition#*
R3, Ry 100K, 5%, %w., composition
By 1.5Meqg., 5%, %w., compositicon
Ci, Cy 22 uf, 15v, Kemet Type K22J15KS
Cy, Cy4 0.1 uf, ceramic disc
Q1 NPN Transistor, siliceon, 2H2222
CICY | COS/MOS CD4047AE Low-power astable multivibrator, RCA
ic, COS/MOS CD4029AE, binary up/down counter, RCA
ICy COS/MOS CD4001AE, quad 2-input Nor Gate, RCA
PJl Miniature 4-pin plug and receptacle, Type M4S~LRN,
Winchester

SW1,SWo Miniature toggle switch, SPDT, Type 8Al011, Micro

SW3 Rotary switch, 3 pole, 8 position, Type 5003-8,
Grayhill
SWy Ribbon switch, Type 107-LS controflex,

Tapeswitch Corp.

Battery 9v transistor battery, Mallory Alkaline Duracell
MN1604, or eguiv.

‘Case Instrument case, 6%x3-3/4x2, Type 240, Harry
Davies Molding Co.

Cover Instrument case cover, Type 241, Harry Davies
Molding Co.

[N

*These values are approximate only. Actual values are
determined to provide the desired oscillator output frequency
(See Construction Aidsj.

91
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CONSTRUCTION SUGGESTIONS

While the design and construction of the
Movement Meonitor .is relatively straightforward, there
are three areas where further explanation may be of value
to the builder.

Timing Capacitors

Because the CD4047 astable multivibrator IC is
an extremaly high impedence device it is necessary that
the timing capacitors have a very low leakage current. A
nominal value of 10 uf is needed to develop the desired
7.5 minute per cycle oscillator frequency.A high quality,
low leakage capacitor could probably be located which would
function satisfactorily. However, it is felt that the
present arrangement of C; and C, to form an essentially
non-polarized 11 uf capacitor is preferable because of
cost and space considerations. The exact value of the
resulting capacitor is not critical as final timing is
accomplished by adjusting the values of the timing resistors,
Rl and Ry.

Tining Procedure

The following procedure will assist the builder
in selecting the correct value timing components in a mihimum
time and with the fewest number of component changes.

1. Connect the leads of a strip chart recorder or
-~ digital timer across the contacts on the alarm
buzzer.

2. Place the Test-Operate Switch in "Operate,"
the Power Switch "ON," and close the contacts
on the Patient Pressure Switch. . The Rate
Switch should be in the "15" position.

3. Allow the Movement Momitor to operate until

~the alarm sounds. Note the time from start-up

to alarm. This time is labeled ta.

4. Using Ta, and the nominal values for Ry, R
and C-, C2, calculate k, using the following
formula:

k = RC_
ta



With the values for Ry and Cp being 18.2
Megaohms and 11 uf respectfully, the formula
becomes: -

k = (18. 2){ll)
ta

5. With the determined k, calculate the desired
Ry required to provide a time period, TA, of
15 minutes {900 seconds):

KC

or, using a nominal C value of 11 uf:

Rp = 00

(K) {I1%1076)
6. Adjust R; and Ry to provide the determined
in step % Re-time the circuit t& determine

the new oscillator period. While the result
may not be exact, because of component
tolerances, it should be accurate enough for
the needs of this device. A time of 15 minutes
+ 15 seconds should be sufficient.

If it is felt that greater precision is desired,

steps 4, 5 and 6 may be repeated. Knowing the exact value
of Cp would also aid in precise timing.

Alarm Volume

The volume of the alarm buzzer has been set at a
level wnich should alert the user without being annoyingly
loud. If it is found that this level is not satisfactory
it may be adjusted by changing the value of Rg in the base
circuit of the transistor driver. Increasing Rg will decrease
volume; decreasing Rg will increase the output level. Minimum
allowable value for Ry is 20K ohms, smaller values may cause
damage to the COS/MOS gates in the control circuitry.

If there are any questions on the use or _
consgtruction of the Movement Monitor, please contact the
NASA Biomedical Applications Team, Department of Bioengineering,
Southwast Research Institute, 8500 Culebra Road, San Antonio,
Texas 78284, (512) 684-5111.



TECHNGLOGY APPLICATION REPORT

Problem: GLM-44 QUICKLY ADJUSTABLE CRUTCH

Institution: University of Texas Medical Branch
Galveston, Texas 77550

Investigator: Dorothea Everett,
Chief Physical Therapist

Acguisition Date: August, 1972 Completicn Date: April, 1873
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PROBLEM OBJECTIVE

A replacement. was needed for the screws and wing nuts
commonly used fox adjusting crutches.

BACKGROUND

Many patients at rehabilitation facilities need to be
fitted for crutches or walkers at their first visit. Though
it appears to be a minor activity in rehabilitation, it has
been demonstrated that as much as 3-4 manhours of a therapist’'s
time daily can be absorbed on this one simple operation because
standard appliances are commonly assembled with screws and wing
nuts which require considerable manipulation for adjustments.

RESOLUTION

Since cost impact was given a high priority in resolving
the problem, it was decided that a replacement for the screws
and wing nuts would be preferable to a complete modification
of existing crutch designs.

A pin-type fastener commonly used throughout the aerospace
community was identified which would solve the problem. The
pin is a ball~detent type having a fold-over lock ring. An
illustration of the pin and source information follows this
sSumMmary.

EVALUATION -

Use of the pins was demonstrated at the institution and
was recelved with an enthusiastic response about its ease of
use. The pins are inexpensive and allow use of standard crutches
without modification. The investigator scon determined that these
pins were so inexpensive that she started using the pins on the
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crutches permanently, instead of just at £fitting sessions.

HARDWARE INFORMATION:

+.560
—, 000

{%ﬁ R
S - ——-
j i,&iﬁggg

AEROFAST, "FASPIN" Model C

v

el
!
—

I

M =~

‘4"'

{

:

e\ b

Available from: Aerofast
P. 0. Box 324
Wheaton, Illinois 60187

The following FASPIN types were used in this application:

C3-60R ({(used to replace screw and wing nut in crutch
handle portion)

C3-20R {(used to replace screw and wing nut in lower
crutch portion for height adjustment}

Note: It would be desirable for further ease of manipulation
that the ball detent be somewhat larger.

9



TECHNOLOGY APPLICATION REPORT

Problem: GLM~46 ADJUSTABLE CRADLE TO COVER BURN
PATIENTS

Institution: University of Texas Medical Branch
: Galwveston, Texas 77550

Investigator: Dorothea Everett
Chief Physical Therapist

Agguisition Date: August, 1572 Completion Date: April, 1973
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PROBLEM OBJECTIVE

A stretcher cradle was needed for use during transportation
of burn patients to and from treatment rooms.

BACKGROUND

Burn patients are highly susceptible to infection through
the skin. During transportation to and from treatment wards,
the patient is enclosed in a canopy of sheets that covers his
stretcher, supported by a cradle. The present cradle, although
collapsible for easy storage, reguired two people for instal-
lation on the stretcher and would not accomodate variationg--
such as for an extremely large patient, traction devices, or
splints. There was then the need for adjustment of the volume
enclosed by the cradle.

RESOLUTION

The BATeam identified a litter cradle developed by the
School of Aerospace Medicine at Brocks Air Force Base in San
Antonio for their mobile field hospital units. A copy of
the cradle was demonstrated to the investigator at her facility
and loan of the equipment for evaluation was granted. A sketch
of the cradle configuration follows this summary. '

EVALUAYTION .

__The test cradle was delivered to the investigator in
Ap;ll, 1973, Since that time she has found that the device is
guite simple, easy to manipulate, and may be used in varying
sizes as needed.



GLM-46 Adjustable Cradle for Burn Patients
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TECHNOLOGY APPLICATION REPORT

Problem: QOVA-4 ASSESSING SLEEP PSYCHOPHYSIOLOGY
IN EXTREME ENVIRONMENTS

Institution: Veterans Administration Hospital
Oklahoms City, Oklahoma

Investigator: Jay T. Shurley, M.D.

Acguisition Date: December, 1970 Completion Date: May, 1973
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PROBLEM OBJECTIVE

The investigator needed a system for the assessment. of
the psychophysiology of sleep in extreme environments.

BACKGROUND

Extreme, exotic, and stressful environmental conditijions
are encountered at Admundsen-Scott Station, Antartica. The
investigator was engaged in assessing the influence of a unique
set of stressful environmental factors upon sleep patterns,
duration and quality, reflecting the adaptational methods and
capacity of individuals. The program involved acquisition of

'EEG data during extended periods, without disturbing the

sleeper. The electrode hard helmet used by the investigator
was uncomfortable, though it did alleviate the disconnection
of electrodes by the movements of the sleeper.

RESOLUTION

The BATeam identified the equipment currently being used
in the Skylab missions for the M133 Sleep Monitoring Experiment.
This system, which contains electronic analyzer instrument and
a soft electrode cap. The analyzer contains a group of six
lamps connected to a series of discrete voltage steps which
allows the identification of the level of consciousness:
awake, drowsy, light sleep, deep sleep, and abnormally slow
{(coma). This sleep analyzer differs from previous instruments
in that it offers the following features: (1)} small size,

(2} design for specifically determining the state of sleep,
(3) operation in real time, (4) utilization of one channel of
EEG activity, and (5) lack of interference from occasiocnal
electrode or motion artifact.

The instrument uses selected aspects of the total EEG signal
to continuously assess the subject's stage of sleep. This
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dssessment is expressed as a DC voltage output proportional

to the sleep stage. With a sampling rate of three samples
per minute, this system is comparable to human interpretation
by EEG experts who consider a block of EEG signals as a whole,
rather than each individual EEG wave.. :

APPLICABLE NASA TECHNOLOGY

Reference NASA Tech Brief B70-10110 follows this
summary. The NASA developed system is comnercially available
and is marksated by SCI Electronics, Inc., 8330 Broadway,
Houston, Texas 77017. A copy of the manufacturer’s brochure
is reproduced in Appendix B of this report. Though the
Technical Support Package for this device is not included
here, it can be obtained utilizing the information contained
in the NASA Tech Brief. '

EVALUATION

Because of the nature of the investigator's requirements,
just supplying him with the commercial information on the
sleep analyzer was not enough. Extensive contacts and
instructions were most cooperatively provided by Dr. Robert
Frost, original NASA developer of the system, in conjunction
with the BATeam coordination efforts. There were problems
with new soft-cap requirements for which Dr. Frost supplied
the investigator with an updated model for his work, and
helped with some preamplifier problems. However, the
investigator has stated that the help, equipment, and
extensive information that has been provided under the
BATeam program has been extremely useful. It assured him
that this particular system had very important application
in the work he was pursuing. At present he is engaged in
plans to perform significant laboratory and field testing
of the device.
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NASA Tech Bricls are issued to summarize specific innovations derived from the U8, spice program,
to encourage their commercial application. Coples are available to the public at 15 cents cach
from the Clearinghouse for Federal Scientific and Technical [nformation, Springfield, Vieginta 22151,
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Flectronic Sleep Analyzer

An clectronic anabyzer instrument {schematic over-
Laad) has buen dusigned and constructed 1n prototype
forin to automatically monitar the stages ol steep of
a humai subject. The analyzer
discrete voltuge sieps with each step corresponding
to a clinica! assessment of level of consciousness:
awake, drowsy, light sleep, deep sleep, and abnormalty
sfow (e.g., coma). The sleep level 15 also indicated
by the illumination of one of six panel lamps, The
tnstrument s based on the operavion of an EEG (lec-
trocneephatogram), as the latter is generally recog-
nized to be the most dependable indicator of the
occurrence of sleep and of the various stages of sleep.
The new instrumaent has been designed for possible
use in manned spaceflight monitoring and would
therefore have 1o be independent of human experts
for proper interpretation of the data over extended
time periods. In addition, for such use, it must
operate over a linited elemetry bandwidth to
aliow continuous transmission of conventional EEG
activity. This anatyzer differs from previcus sleep
analyzers in that it includes all of the following feu-
tures: (1) packageable in small size (for use on a space-
craft); (2) requires very little telemetry bandwidth or
time; (3) designed specilically {for the delermination of
state of sleep, (4) operational in real time, {5) requires
onty one channel of EEG activily (central to occipital):
and {6} not cxeessively biased by occasional glectrode
ar movement artifiets,

The instrument uses selected aspects of the otal
avaitable EEG signal to continuousty assess the sub-

provides a serics of

feut’s staie of consciousness or steep: this gaasment
is expressed as oode oulpet voltage proponious! o
sleep stage. 1 considers approximately 15 seq of LEG
befure making a decision concerming the level of sleep,
and therefore the cutput changes very slowly, Thus,
the desired information can be telemctered using as
few as 3 samples per minute (each sample could be”
a 3-bit aumber proportional 1o the owput voltage of
the analyzer). This method s comparable 1o that of
human interpretation, in which a block of HEG sig-
nals several seconds in duration s ordinarily con-
sidered as a whole, rather than in a wave-by-wave
anulysis,

Note:
Requests for further information may be divected to:
Technology Utilivation Gllicer
Manned Spacecraft Center, Code BM7
Houston, Texas 77038
Reference: TSP70-10110

Patent status:

Inquiries wbout oblatning rights for the conumercial
use of this invention may be made to NASA, Code
GP, Washingtion, D.C. 20546,

Source: J. D, Frost, Jr., M., of

Buylovr University Colleze of Medicine and
The Methodist Hospitud

Houston, Texas

under NASA arant

(MSC-13282)

teried oaerteads

This document was prepared under the sponsarship of the I\Juumti

Aucroniutivs and Space Administration. Neither the Unitzd Slates
Governmant nar any person acting on behaif of (he Pnited States

Government assuwmes any Bability rosuliing from the use of. the
nfurmation contained i this docuruent, ur warcants that such use
will be free froi privately owned rights.
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BRIEF

NASA Tech Briefs are issued to swmmarize specific innovations derived from the U. S. space program,
to encourage their commercial application. Copies are available to the public at 15 cents each
from the Clearinghouse for Federal Scientific and Techrical Information, Springfield, Virginia 22151,
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Efectronic Sleep Analvzer

An electronic analyzer instrument (schematic over-
leaf) has been designed and constructed in prototype
form to automatically monitor the stages of sleep of
a human subject. The analvzer provides u series of
discrete voltage steps with each step corresponding
to a clinical assessment of level of consciousness:
awake, drowsy, light sleep, deep sleep, and abnormally

" slow {e.g., coma). The sleep level is also indicated
by the illumination of one of six panel lamps. The
insirument js based on the operation of an EEG (elec-
troencephalogram), as the latter is generally recog-
nized 10 be the meost dependable indicator of the
occurrence of sleep and of the various stages of sleep.
The new instrument has been designed for possible
use tn manned spaceflight monitoring and would
therefore huve to be independent of human experis
for proper interpretation of the data over extended
time periods. In addition. for such use. it must
operate over a limited telemetry bandwidth to
allow continuous transmission of conventional FEG
activity. This analyvzer differs from previous sleep
“analyzers in that it includes all of the following fea-
tures: (1) packageable in small size (for use on a space-
craft); (2) requires very hittle telemetry bandwidth or
time; {3y designed specifically for the determination of
state of sleep, (4) operational in real time. (3) requires
only one channel of EEG activity (central 10 oceipitaly;
and (6) not excessively biased by occasionul electrode
or mavement ariifacts.

The instrwment uses selecied aspects of the ol
available EEG signal 1o continuwously assess the sub-

ject’s state of consciousness or sleep; this ussessment
is expressed as a dc ouiput vollage proportional W
slecp stage. It considers approximately 15 sec of EEG
before making a decision concerning the level of steep.
and therefore the output changes very stowly. Thus,
the desired information can be te}emctcred using as
few as 3 samples per minute (each sample could be
a 3-bit number proportional to the output voliage of
the analyzer). This method is comparable to that of

" human interpretation, in which a block of EEG sig-

nals several seconds in duration is ordinarily con-
sidered as a whole, rather than in a wave-by.wave
analysis,

Note:
Requests for further information may be directed to:
Technology Utitization Officer
Manned Spacecrafi Center, Code BM7
Houston. Texas 77035
Reference: TSP70-10110

Patent status:

Inquiries about obtaining rights for the commerciul
wse of this invention may be made to NASA, Code
GP. Washington, D.C. 20546,

Source: J.D. Frost. Jr.. M.D. of

Baylor University College of Medicine and
The Methodisa ”O.\‘Pléits

Houston, Texas

uider NASA grant

{MSC-13282)

g cemthfiled oniicage

This docuarent was prepared under the spansorship of the Nationd
Acrongitics and Space Adntnsiranion, Neher the Uanted States
CGoreraiient nod any peeson actiag on behalr ot the Linited States

Government assumes any liability re sulting from the ase ol the
mfarmation contiined 0 this dovument, of warrants that such use
sill e free from privately owned righis
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TECHNOLOGY APPLICATION REPORT

Problem: RRC-8 ULTRA-THIN ELECTROMYOGRAPHIC‘NEEDLES

Institution: Rosewood General Hospital
Houston, Texas

Investigator: Robert D. Sine, M.D.

Acquisition Date: January, 1971 Completion Date: June, 1973

——-—.___—._._.—-—__——....-—__._--——.-.--—...._——_——-.—-_-—___.......-.-_--......———-——._.-——.—.—_—__———-...

PROBLEM CBJECTIVE

A biocompatible electrical conductor alloy was needed for
the fabrication of electromyographic needles smaller than is
currently possible with stainless steel.

BACKGROUND

Excessive pain is generated in the skin of patients by the
repeated skin punctures of an electromyographic examination.
During these examinations a needle electrode is inserted through
the skin and into the muscles of the arms, legs, and back for
the evaluation of nerve and muscle damage. The associated pain
appears to be closely related to the diameter of the electrode.
Currently available electromyographic (EMG) electrodes fabricated
from stainless steel can only be made as small as .016 inch.
Needles made below this diameter are extremely subject to
bending at the shaft (warping) and point (fish-hooking). Non-
invasive techniques for EMG recording have undergone significant .
improvement recently, but the investigator desired to remain
with the accuracy provided by the invasive means.

RESOLUTION

An electrical conduding alloy was identified through
Langley Research Center, whefre it was being used for thermo- )
couples. This alloy, composed of 60% iridium and 40% rhodium,:
exhibited sufficiently superior physical properties to allow
the fabrication of needles from .010 inch diameter wire, as
compared to the .016 inch diameter wire required with stainless
steel. Langley also suggested tungsten wire of .009 inch as
an alternative, in the event the iridium-rhodium needles were
not cost-effective.
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Dr. Harvey Herring at Langley Research Center
furnished a small guantity of the .01l0 iridium-rhodium
wire to Robert Lawrence, Chio State University, who
completed the fabrication of the electrodes by teflon
coating and insulating the needles and attaching the
electrical connectors.

EVALUATION .

To quote the investigator's evaluation report, "There

is no question but that the decreased width seems to make
a difference in the pain in that there was in increased
tolerance for muscle exploration along with decreased
anxiety, which yielded better testing all around.”

The smaller diameter wire also was beneficial in
another area. Although the needles did flex as they
initially contacted the skin, they penetrated with more
ease then the standard needle. The strength of the
needles was also demonstrated in one examination in
which "the subject very strongly contracted the muscles
of his back. As there are a number of layers of muscles
in the back, each one produced its own cuxve and (resulted
in) a double S-shaped, curved needle." The needle did not
break, so efficient and safe removal was accomplished.

The investigator has expressed enthusiastic overall response

and has stated a further need for a number of these .010
needles for extensive use.

TECA, a supplier of electromyographic equipment, is
currently considering the production and marketing of the
new iridium-rhodium needles.
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TECHNOLOGY APPLICATION REPORT

Problem: SNM-26 MONITORING OF PELVIC PRESSURE OF
WOMEN IN LABOR '

Institution: University of Texas Medical School
San Antonio, Texas

Investigator: Marvin L. Chatkoff, M.D.
Department of Obstetrics-Gynecclogy

Acquisition Date: June, 1972 Completion Date: January, 1973
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PROBLEM OBJECTIVE

The investigator needed a rugged, cost-effective completely
portable monitoring and recording system capable of recording
and monitoring pelvic pressure in pregnant women.

BACKGROUND

For large scale studies being performed on site among
Rhodesian tribes where social and religious customs require
completely natural childbirth and do not allow for recognized
medical techniques for complications, especially for Cesarian
section, the investigators wanted a device to help them evaluate
physiological conditions, especially pelvic pressure during o
labor and birth. The device should be completely portable and
be capable of measuring DC levels indicative of the pressure
parameter.

RESOLUTION

. 1t was determined that other NASA-BATeam, developed
technology (previously used for GLM-32) would be applicable for
this solution. The technology incorporates three NASA Tech
Briefs: . -

1. B64-10171 “Subminiature Biotelemetry Unit Permits
Physiological Investigations."

2. B67-10357 "Digital-to-Analog Convertor Operates
from Low Level Inputs,"

3. B71-106276 "A Real-Time Statistical Time-Series
Analyzer."
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B64-10171 provided a modulator for placing the pressure
data on tape; B67-10357 was modified by the BATeam to produce
single socurce detection rather than triple; and B71-10276
provided a system which obtained low frequency information
from digital data. The system allows data storage on cassettes
in an inexpensive home-type tape recorder. This allows portable
use in the remote test areas of Rhodesia.

-

Operational Discussion of the Pressure Recording Unit

MODULATOR (schematic follows summary) - The sub-carrier
oscillator 1s a voltage controlled pulse rate oscillator.
The input voltage from the pressure transducer is the modulating.
signal. This changing voltage determines the deviation from the
static (center) frequency. Potentiometer (250K) is used to
adjust the center freguency to the desired value. The input
capacitor is laxge to allow low frequency changes to be coupled
into the oscillator. At the output of the oscillator a
capacitor and resistor network were added to provide wave-
shaping for acceptable recordings on the cassette tape recorder.

Care needs to be taken when setting the center frequency
because too large an input signal will cause the pulse rate
oscillator to cease oscillation. Adjustment of the bias level
of the input transistor can provide some latitude in correcting
this problem, depending on the incoming wave shape.

DEMODULATOR (schematic follows summary) - The demodulator
consists of a one~shot multivibrator whose fixed duration
output pulse is integrated to recover the modulating signal.

The one-ghot multivibrator is preceeded by a differentiator and
a zero crossing detector and provides a sharp transition in the
output for all zero crossings of the input signal. This circuit
takes the nearly triangular waves at the input and squares them.
Once these square waves are obtained, they are applied to the
differentiator to produce triggers for the one-shot multi-
vibrator. Negative triggers into the one-~shot will cause
positive pulses of fixed duration, out to the integrator. The
integration will smooth these pulses to reproduce the original
modulating signal. ’

4
The values of capacitor and resistor in both the integrator
and the differentiator are determined by the center frequency
and the amount of deviation produced in recording the data. The
values are best determined empirically as the type and quality
of the tape recorder used will determine the exact wave shape.

"EVALUATION

Initial use in the investigator's research settings show
the device operational and feasible. Field-testing of the device
will follow pending their project arrangements.



SNM-26 Instrument for Monitoring Pelvic Pressure of Women During Labor
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October 1964 Briel 64-10171

NASA TECH BRIEF

NASA Tech Briefs are issued to summarize specific innovations derived from the U.S. space program,
to encourage their commercial application. Copies are available to the public at 15 cents each
from the Clearinghouse for Federal Scientific and Technical Information, Springfield, Virginia 22151.

Subminiature Biotelemetry Unit Permits Remote Physiological Investigations

FM Receiver

The problem: The measurement of biopotential  Notes:

response in humans or animals to controlled environ- 1. In tests, humans have worn the unit for four bor five
mental stimuii has traditionally been impaired by days without discomfort and have generated useful
encumbering electrical leads or bulky amplifying and data while engaged in normal activities.
transmitting equipment. 2. Further information concerning this innovation is
The solution: A subminiature, high-performance, described in NASA-TM-X-54068, “A Miniature
biopotential telemetry transmitter operating in the  Biopotential Telemetry System™ by Gordon J.
standard 88- to 108-megacycle FM band. Deboo and Thomas B. Fryer, May 1964,

How it's done: The transmitter was designed using 5+ A related innovation is described in NASA Tech
standard, inexpensive, commercially available compo- Brief 64-10025, May 1964. '

nents and assembly techniques which permit easy and 4. Inquirics may also be directed to:

repeatable assembly with no sacrifice of periormance Technology Utilization Officer

or reliability. The transmitter is 0.74 inch in diameter Ames Research Center

by 0.20-inch thick and weighs two grams. A mercury " Moffett Field, California, 94035

cell provides power for operation in two modes, se- Reference: B64-10171

lected by the interchange of three components in the

basic circuit, In one mode the transmitter has a two-  patant status: NASA encourages commercial use

day operating life with a 100-foot range; in the other,  of this innovation. No patent action is contemplated.
the transmitter has a 48-day operating life with a 10-

foot range. Conventional biomedical electrodes are

used to connect the transmitter to the subject. Source: Ames Research Center (ARC-39)
This document was prepared under the sponsorship of the Nationul Government assumes any liability resulting from the use of the
Acronaulics and Space Administration. MNetther the United States information contained in this dogument, or warrants that such use

Government nor any persan acting on behaif of the United States will be free from privately owned rights.
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Brief 67-10357

NASA TECH BRIEE

NASA Tech Briefs are issued 10 summarize specific innovations derived from the U.S. space program,
to encourage their commercial application. Copies are available to the public at 15 cents each
from the Clearinghouse for Federal Scientific and Technical Information, Springfield, Virginia 22151,
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Digital-to-Analog Converter Operates from Low Level Inputs

+50V

BITI1

Sma
BIT10o— g ' bl—g

t
} R
i P‘\/)%—
1 L

10pa

BITY To Integrating
' Bma ] Amplifier
Operational
R3 Amptifier

+2.5V

The problem: The solution:

To control a voltage controlled oscillator from com-
puter output binary data representing a rate at which
the oscillator js to change. The computer derived rate
number is held in a buffer that is periodically read out
into a digital-to-analog (D/A) converter. The buffer
register uses integrated circuits not capable of driving
comventional D/A converter circuits without prior
amplification.

A circuit that operates with low level output devices
such as integrated circuit registers and devices with
somewhat variable output Jevels. Normal transition
level is +2.5v so that if the flip-flop register output
voltage at any binary order position is less positive
than +2.5v, the “zero™ state exists at the input to the
D/A converter: if the register output voltage is more
positive than +2.5v, the “one™ state exists.

. (continued ovenlead)

This document was prepared under the sponsorship of the Nationul
Acropautics and Space Administration. Neither the United States
GovernimenM nof any person acting on behalt of the United States

Government assumes any lability resulting from the use of the
information contained in this document, or warrants that such use
will be free from privately owned rights.
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How it's done:

A standard reference power supply of 50v is used
for the reference source. By means of selected resistors
in the input branches, the current in each succeeding
branch from bit 1 to bit 11 is doubled as an initial
calibration of the current input to the operational
amplifier. '

As the illustration shows, the converter contains
multiple binary scaled current sources (bits 1 through
11) that are summed by the operational amplifier.
Each of these sources has two steering diedes, Dy and
D.. Diode D, directs current flow to the operational
amplifier and D, directs current flow to the driving
circuit. If the input voltage is less positive than +2.5v,
current is steered by D. away from the operational
amplifier and into the driving circuit. If the input volt-
age is more positive than +2.5v, D, is back biased
and I); steers the current into the operational ampli-
fier where its binary value contributes to the output dc
voltage. Amplifier gain is adjusted by R, from +5v to
—5v over the complete range of code inputs. Bias is
set for a constant +2.5v at the amplifier input by ex-
ternal means. The D/A converter is calibrated by
adjusting R, in each branch for monotonic operation.

A major portion of drift and voltage uncertainty
versus temperature variation is due to the variable
voltage drop across the steering diodes leading to the
cperational amplifier. For example, in the most sig-
nificant bit position, a 50 mv change is equivalent to

Bricf 67-10357

one whole code increment change. This effect di-
minishes by a factor of two for each successive lower
order bit position. To minimize this condition, the
operational amplifier steering diodes in the four most
significant bit positions (bits 8, 9, 10, and 11) are
metal silicon hot carrier diodes with low barrier po-
tential to minimize drift due to temperature variation,
The voltage drop temperature coefficicnt of these
diodes approaches zero for currents in the vicinity of
10 ma. At low currents the temperature coefficient is
much less than that of the silicon junction diodes used
in the other steering positions.

Notes:

1. The low level operational capability of this D/A
converter makes it suitable for commercial com-
puter and control applications involving integrated
circuitry.

2. Inquiries concerning this innovation may be di-
rected to:

Technology Utilization Officer
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, California 91103
Reference: B67-10357

Patent status:

No patent action is contemplated by NASA.
Source: Robin A. Winkelstein
(JPL-907)

Category 01
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Brief 71-10276

NASA Tech Briefs announce new technology derived from the U.S. space program. They are issued io encourage
commercial application. Tech Bricfs are available on a subscription basis from the MNational Technical information
Service, Springficld, Virginia 22151, Requests for individual copies or questions relating to the Tech Brief program may
be directed to the Technology Utilizatian Office, NASA, Code KT, Washington, D.C. 20546.
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Figure 1. General Block Diagram of Real-Time Statistical Time-Series Analysis

A relatively inexpensive device operating on the
clectrical time representation of an input signal has been
conceived. This device will extract the average frequency
of human specch. and produce the second, third and
fourth moments of instantaneous frequency about this
average. Because it can be used by personnel who have
not had specialized training it has significant advaniages
which will appeal to govermment agencies and industries
concerned with commuinications.

Attemipts have been made to simulate the process

of a real-time statistical analysis of the time intervals be-
tween zero axis crossings of a given input signal in the
past. But these have been confined to the laboratory
and no self-contained system has been built specifically
for this purpose. Because the laboratory test sets-have
been limited to a specialized purpose they have had no
general application.

~ This innovation comprises four major compo-
nents: a zero-crossing detector, a frequency-to-amplitude
converter, an integrator, and a moment genemling net-

{continued overteaf}

Governmént assumes any Hability resulting from the use of the
Information contaimed in this document, or warrnts that such use
will be free from privately owned rights.

This document was piepared vnder the sponsorship of the National
Acronzutics snd Space Administration. Neither the Umited Sttes
Government nor any person acting on behulf of the United States
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work. Figure 1 illustrates the function of the analysis
operation. The input signal is first passed through the
zero-crossing detecior and the signal zero-—crossing signal
is then converted by the frequency-to-amplitude con-
verter. From here the converted signal frequencics are
passed through a network to allow the integrator to
measure the average frequency. This is then subtracted
from the instantaneous frequency and appropriately
multiplied to produce the second, third and fourth
statistical moments of the input signal zero-crossings in
real-time.

In general the Analyzer can be used to perform
statistical analysis on the zero-crossing of almost any sig-
nal. But its main purpose is to analyze human speech.
The device does this by defining and displaying the first
fourth central statistical moments of the reciprocal time
distance between successive zero-crossings. The analysis
begins by converting the input speech signal to a square
wave showing variations only in the signal zero-crossing
points. Then, the time intervals between the varying
Zero-crossing joints are measured, inverted, and con-
verted with relative amplitudes. These amplitudes are
averaged, and then used to calculate the second, third
and fourth central statistical moments. When displayed
on 2n oscilloscope these moments illustrate the emphasis
of the transition between phonetic sounds in given
speech samples.

Brict 71-10276

The advantages of this innovation are that it can
be operated by non-specialized personnel to provide
speech analysis without the use of complex ancillary
equipment such as computers. Moreover, the Statistical
Time-Series Analyzer has a selectable bandwidth. As
such it will be of interest to the communications in-
dustry where complex waveforms need to be analyzed.

Note:

Requests for further information may be directed
to:

Technology Utilization Officer
Manned Spacecraft Center, Code IM7
Houston, Texas 77058

Reference: TSP71-10276

Patent status:

Inquiries about obtaining rights for the commer-
cial use of this invention may be made to:

Patent Counsel

Mail Code AM o
NASA Manned Spacecraft Center
Houston, Texas 77058

Source: Carrington H. Stewart
Manned Spacecraft Center
(MSC-12428)

Category 02
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BIOPOTENTIAL MONITORING WITH INEXPENSIVE
OFFICE-TYPE CASSETTE RECORDERS

Abstract

Monitoring vital signs of hospital and ambulatory patients is
becoming more necessary as new sophisticated medical treatment
becomes available. Acquiring and analyzing this data from patients
in intensive care units (ICU) and other medical environments has been
reasonably routine and requires little additional equipment over and
above that normally found in the hospital. Medical personnel, handling
large numbers of cardiac outpatients through clinics, rehabilitation
centers and home or office routines, need methods to acquire, store,
and analyze the medical data. One method of achieving this is to place
the data on magnetic tape. Medical grade recording systems exist to
hard wire record biopotential signals, but they are so expensive that
they price themselves outside most physicians’ means. This paper
describes a low cost system that will accept either hard wire or tele-
metered data and store it on an office-type cassette recorder. Replay
features are also built into thé recorder package and FM radio-recorder
combirnations are commercially available. Commercial medical units
at present do not include the telemetry feature. '

ii
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Brief Technical Description of Biopotential Monitoring with
Inexpensive Office-Type Cassette Recorder:

This system has the ability to monitor ECG, GSR, EEG,
temperature, and pressure and with proper signal conditioning either
hard wire or telemeter the data to the cassette recorder. Once the
information is stored on tape, the system also demodulates the digitized
data for analog presentation. The entire system is fabricated into the
carrying case of the recorders maintaining the portability feature.

{

NOTE: This paper describes 6n1y ECG and pressure features.

3
A

The system includes three subsystems: .

1. Signal conditioner - modulator/transmitter
2. Cassette Recorder/FM receiver
3. Demodulator '

The signal conditioner properly amplifies the ECG or the pressure
signal and is pulse rate modulated at a center frequency best suited for
the recorder utilized. Modulation is necessary because of the low
frequency limitation of the recorder. If telemetry is desired, a transmitter
is added to the signal conditioner and packaged for remote use,

Assembly 2 consists of an inexpensive cassette recorder. If the
telemetry option is to be used, a combination FM radio-cassette recorder

is utilized.

_ The demodulator accepts any pulse rate modulated signal placed

on the tape. This type of demodulator is not locked to the modulator 80

is independent of modulating frequency and batte ry voltage fluctuations.
Therefore, accurate time measurements are not as sured. If accurate time
measurements are desired, a phase locked loop demodulator is used.
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I. Introduction

- The cassette recorder approach to medical monitoring was
developed in response to many physicians' needs for a low cost, light
weight, portable recording instrument. Cassette recorders in their
original condition do not have a frequency response amenable with low
frequency biomedical signals. Therefore, signal conditioning is
required to raise these low frequency signals to a frequency band
that provides the best fit to the cassette recorder utilized.

The design goals were to (1) develop low cost interface signal
conditioners for low cost cassette recorders, (2) provide sufficient
versatility in design to allow recording of 2 wide range of biomedical
signals, and (3) fabricate the system in such a way as to rmaintain the
portability of the entire package.

It was found that a wealth of NASA developed electronic circuits
existed which could be incorporated to achieve all the design goals.
Actually, many NASA developed circuits exist that could be incorporated
into the system to further diversify the system on a modular basis.
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It. Operating Instructions

Hard wire recording of ECG, pressure, or other biopotential
signals is accomplished by connecting electrodes or transducer leads
into the input amplifier-modulator (See Figure 1). Setting the function
switch to DIRECT prepares the recorder for use. The standard controls
for operation of the recorder are then used to record.

Telemetry recording follows by applying electrodes or transducer
to the patient and connecting them to the transmitter. Switch the function
to RADIO which prepares the recorder for use with telemetry.

Voice recording is achieved by plugging in the microphone and
turning the function switch to OFF. The off position returns the cassette
recorder to its unmodified state.

Turning the function switch to REPLAY and utilizing the playback
controls on the recorder engages the demodulator which changes the
PRM signals into the original biopotential signals.

Each of the functions are independent of one another and few problems
arise in operation. The electronics can be packaged into the accessory
compartment of the recorder case.

[RAl
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II1. Technical Discussion

Office type cassette recorders costing under $100 offer automatic
level control, multiplicity of inputs, AM-FM radio, light weight and '
battery operation, all desirable for portable recording.

The frequency response of these recorders at 1-7/8 ips tape
speed normally lies between 60Hz - 10 kHz. Much useful biomedical
data lies between DC and 100 Hz, For the recorder to handler this
information, it is necessary to condition this information at a frequency
amenable to the recorder, preferably the mid-range response.

FM modulation was chosen to raise the low frequency signals
to typically 2-5 kHz. This allows for rejection of AM noise and the use
of FM broadcast band telemetry with a minimum of circuitry. For ease
of design and cost, pulse rate modulation (PRM) was chosen over the
more complicated pulse width modulation designs used in the more
expensive commercial models, -
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Amplifie r- Modulator

To amplify low level biopotential signals acquired by electrodes,
a micropower programmable operational amplifier is utilized (Figure 2).
- The Fairchild amplifier is characterized by large open loop gain, high
input impedance, high common mode rejection, low offset current and
voltage, and very low power consumption.

As shown the amplifier has a gain of approximately 100 with an
operating current of 1.5 microamps,well within the safety limits for
human use. A calibration switch is incorporated to insert a reference
level if desired. This signal is generated by reading the portion of the
forward voltage drop {Vf) on the diode (1N6&45).

The three transistor circuit following the preamplifier and also
in the pressure unit comprise the modulator. This provides a deviation
sensisitivity of £ 10% for ¥ 10 millivolts at the base of the input
2N2907. Collector current of this transistor is linearlly related to the
input voltage at the base. The 390pf capacitor is charged by this collector
current and the voltage resulting from this charge in turn controls the
period of the oscillator.
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The 250 kilohm potentiometer and the 390 pf capacitor set the
period of the oscillater. The time required to charge this capacitor
to the potential necessary to flip the circuit is about 100 times as long
as the on time established by storage-time effects. The resulting one
percent duty cycle accounts in part for the low power dissipation of the
circuit. The output pi filter alters the square wave into triangular
waveshapes which reduces the harmonic content and produces better
recordings.

To use telemetry, the same modulator is utilized. A simple
transmitter (Figure 3), is added to the modulator for short range tele-
metry. The 250 kilohm pot sets the subcarrier oscillator frequency to-
approximately 2kHz,

Demodulator

J
Demodulatmn is achieved with the zero crossing detector/one—

shot multivibrator and integrator.

An output signal from the tape recorder is sampled by the zero

crossing detector and provides a sharp transition for each zero crossing.

These are differentiated and applied to the multivibrator. Negative
triggers into the multivibrator produce positive output pulses which are
smoothed by the integrator reproducing the original signal.

Component values of the differentiator and integrator are

dependent upon the center frequency (f,) of the modulator. It is easiest
to determine this empirically as the type and quality of the tape recorder . .

will be the controlling parameter,

For time accurate demodulatlon a phase locked loop is utilized
(See Figure 4). The voltage controlled oscillator (VCO) in the NE561B
is set at the modulator quiescent frequency by CZ and the potentiometer.
The circuit will then capture signals up to deviations of £ 20% of the
VCO {requency.

127
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IV, Summary

With the values shown, the system will operate with a 2kHz
center frequency, 100 Hz bandwidth and track at least £ 20% from
center frequency and remain within 1% distortion. The signal to noise
ratio measured at tape speed of 1-7/8 inches per second is 35 dB
and is comparable to commercial instrumentation costing 10 times
as much per channel of data.

Waveshapes at selected points are shown in the Appendix,

10
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APPENDIX

Selected Waveshapes of Cassette Recorder and Signal Conditioners

1i
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WAVEFORMS FOR SNM-26

Photograph #1

Output of SCO minimum frequency (approx. 1.6 kHz)
Output of SCO maximum frequency (approx. 2.4 KHz)

Horz. --.2msec/div Nert, <=, Iv/div
Modulating Signal 150mv .1 Hz
Horz. --lsec/div Vert. --.056v/div

Photograph #2

Output of Tape Recorder--Input to Zero Crossing Detector
Horz. --.2msec/div Vert. --1v/div

Output of Zero Crossing Detector--Input to Differentiator
Horz. --.2msec/div Vert. --5v/div



Photograph #3 133

Output of Tape Recorder--Input to Zero Crossing Detector

Horz. --. 2msec/div Vert. --1lv/div
Qutput of Zero Crossing Detector--Input to Differentiator
Horz. --.2msec/div Vert. --5v/div

Photo #2 shows maximum frequency and Photo #3 shows minimum frequency

Photograph #4

Output of Zero Crossing Detector--Input to Differentiator
Horz, --. 2msec/div Vert. --5v/div

Output of Differentiator--Input to Pulse Counting Demodulator
Horz. --. 2msec/div Vert. --2v/div
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Photograph #5

Output of Zero Crossing Detector~-Input to Differentiator

Horz. --. 2msec/div Vert.--5v/div
Output of Differentiator--Input to Pulse Counting Demodulator
Horz. --.2msec/div Vert. --2v/div

Photo #4 shows maximum frequency and Photo #5 shows minimum frequency

Output of Differentiator--Input to Pulse Counting Demodulator
Horz. --.2msec/div Vert. --2v/div

Output of Pulse Counting Demodulator--Input to Integrator
Horz. --.2mséc/div Vert. --2v/div
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Photograph #7

Qutput of Differentiator--Input to Pulse Counting Demodulator
Horz. --.2msec/div Vert. --2v/div

Output of Pulse Counting Demodulator--Input to Integrator
Horz. --. 2msec/div Vert. --2v/div

Photo #6 shows maximum frequency and Photo #7 shows minimum frequency

Photograph #8

Output of Integrator--Signal to Recorder
Horz. --1lsec/div Vert. --. lv/div
Modulating Signal
Horz. --lsec/div Yert, . 1¥/div
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Photograph #7

Output of Differentiator--Input to Pulse Counting Demodulator

Horz. --.2msec/div Vert. --2v/div
Output of Pulse Counting Demodulator--Input to Integrator
Horz. --.2msec/div Vert. --2v/div

Photo #6 shows maximum frequency and Photo #7 shows minimum frequency

Photograph #8

Output of Integrator--Signal to Recorder
Horz. --lsec/div Vert. --.1lv/div
Modulating Signal
Horz. --lsec/div Vert. --. lv/div
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TECHNOLOGY APPLICATION REPORT

Problem: SWR-1 CUSTOM FITTED COMPQOSITE LEG BRACE

Institution: Southwest Research Institute
San Antonio, Texas

Investigators: J.A. Downey, M.D.
Sam McFarland
Glenn Grimes
Herschel IL.. Bewill

Acquisition Date: Febuary 1972 Completion Date: August, 1973
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PROBLEM OBJECTIVE

A feasibility project was initiated to determine if NASA
composite materials could be suitable for the development of
soft-tissue-conforming long leg braces.

BACKGROUND

Based on a idea generated out of NASA technology in
composite material, the Institute launched an applications
engineering development program to demonstrate that the
strength, yet light-weight, of composite structures {originally
developed for airframe and space vehicle applications) could
be used effectively in braces or other orthopedic appliances.

RESOLUTION

The progect was sustained by SwRI internal funding and
resulted in a functional set of bilateral long-leg braces.
The main supporting members of the braces were molded to the
contour of the leg out of graphite-fiber reinforced, epoxy-
matrix composite laminates. The resulting braces weigh
approximately one-third of what a conventional set of stainless
steel braces would. :

APPLICABLE NASA TECHNOLOGY

Materials background information was prOVlded by NASA
Tech Briefs B71-10217 and B72-10294. Copies of both briefs
follow this summary, along with a photograph of the braces
on the subject.
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EVALUATION

The cooperating patient, a low-level quadriplegic, due
to a spinal trauma sustained in an automobile accident, has
to date worn the braces for over two months continuously
with marked satisfaction. The braces, besides being
aesthetically pleasing, are reported to measurably improve
mobility due to light-weight. Continued atrophy from the
time of initial contourihg has caused the need for slight
brace modification but does not affect the effectiveness of
the brace development.
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SWR-1 Prototype - NASA Developed Leg Braces
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July 1971

NASA TECH BRIEF
Marshall Space Flight Center

Brief 71-10217

“NASA Tech Briels announce new lechnology derived from the U.S. spaece program. They are issued to encourage
commercial application. Tech Bricfs are available on a subscription basis from the National Technical Information
Service, Springlield, Virginia 22151, Requests for individual copies or questions relating 10 \he Tech Brief program may

be direcied to the Technology Utilization Office,

NASA, Code KT, Washington, D.C. 20546,

Promising Boron/Graphite /Resin Composites

A program was conducted to develop lightweight
structural composites that would have high specific
strength and stiffness and would remain effective
under extreme environmental conditions, Effort was
specifically directed to an analytical and experimental
investigation of a specially developed, mixed {hybrid)
composite consisting of boron and graphite fibers in
an epoxy matrix. Emphasis was placed on the mixed
composite with intermingled fibers, rather than a
laminated composite with alternating layers of dif-
ferent prepregs (combinations of resins and reinforce-
ments in easy-to-handle shcet or other form).

As a result of this program, the following conclu-
sions were reached:

1. The boron /graphite/epoxy mixed composite s a
feasible engineering material in that it possesses
excellent mechantcal properties and can be easily
preduced within small tolerances on the constiiu-
ent volume fractions.

2. Despite the improved transverse tensife modulus
and in-plane shear modulus of the boron /graphite/
epoxy hybrid, these improvements are not of suf-
ficient magnitude to warrant changes in present
conservative design procedures. The main. benefit
1o be gained from this composite lies in its improved
longitudinal strength and modulus: However, sim-
ilar improvements can be obtained by increasing
the boron volume fraction on boron/epoxy com-
posites alone. The use of the mixed composite as a
replacement for the boron/epoxy composite would
be unjustified unless the fiber mixing process could
be achieved at very little additional cost.

3. The most feasible applications of the boron/graph-
ite /epoxy composite are in areas where other exist-
ing composites have shortcomings. One such ap-

plication, developed in this program, is that of
transitioning the hybrid composite between rela-
tively stiff boron/epoxy load-bearing elements and
more-workable graphite fepoxy closeout sections.
Two basic transition combinations of this lype were
fabricated and tested, and were shown to yield
strong, aerodynamically smooth, adhesive-free
transitions in a single curing process.

Notes: A
1. Specific technical questions may be directed to:
Technology Utilization Officer
Code A&TS-TU
Marshall Space Flight Center
Huntsville, Alabama 35812
2. The following documentation may be obtained
from:
Nationa] Technical Information Service
Springfield, Virginia 22151
Single document price $3.00

{or microfiche $30.95)

Relference:

NASA-CR-102944 (N71-14267), Boron/
Graphite Hybrid Composite Development

Study

Patent status:
No patent action is contemplated by NASA.

Source: H.A.Evensen of
Whittaker Corp.

under contract 10

Marshall Space Flight Center
(MFS-21126)

Category 04,08

This dm:u_mcl‘il wus prepared under the sponsorship of the Nauonal
Acroniulivs and Space Administration. Neither the United States
GoveIiment nof any person acting on behalf of the United States

Goverpment assumes any lability resulting from the use of the

information contained in this document, of warrants that such use

will be free from privately owned rights.
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B72-10294

NASA Tech Briefs arnounce now technology derived lram the U.S. space program. They are issued to encourage
commercia!l apphcaiion. Tech Briefs are available on a subscription basis from the National Technica!l information
Service, Springtield. Virginiz 22151. Requests for individual cooies or questions relating to the Tech Briaf program may
be cirecled to the Technology Utitization Ofhice, NASA, Code KT, Washington, D.G. 20546.

Graplhite and Boron-Reinforced Composite Materials
Data Summary

A data summary {ile has been assemnbled consisting
- of currently available, comprehensive information con-
cerning graphite and boron-reinforged compaosite mate-
rials. The data summary is not intended to be a detaited
design guide, but rather, a collection of information on
typical processing techniques, mechanical properties,
and physical properties of the advanced composite
materials, which are being considered for structural
applications on advanced space vehicles.

Information in the form of tables and graphs is
provided covering shear modulus, shear strength, flex-
ure modulus, flexure strength, stress-strain data, com-
pressive modulus, compressive strength, interlaminar
shear strength, linear thermal expansion, longitudinal
and transverse tension strength, specific heat, thermo-
gravimelric and differential thermal analysis, time-temper-
ature-viscosity relationships, electrical resistivity, and
hoop data. The effects of room temperature and elevated
temperature aging or post cure are shown. Available data
ot many comumercially available composite materials
are included. ‘

These composite materials were developed primarily

to fili aerospace industry needs, providing good strength
at elevated temperatures with high stiffness and low
weight. However, they will have many uses in other
fields where their unique properties can be utilized, such
as prosthetics and rehabilitation equipment, and marine
masts, booms, and spars, etc.

Note:
Requests for further information may be directed to:
Technology Utilization Officer
Marshall Space Flight Center
Code A&TS-TU
Huntsville, Alabama 35812
Reference: B72-10294

Patent status: 4
No patent action is contemplated by NASA.

Source: General Dynamics
under contract to

Marshall Space Flight Center
(MFS-21691)

Category O

This document was prepared undarthe sponsarship of the Natisnal
Acronaulics and Space Adminsiranen. Neither the United States
Governmant ndr any parson acting on behall of tha United States

Government assumes any fiability resulting from the use of the
information contmined in this dotument, or warrants thal sych tse
will be free from privately owned rights,
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TECHNOLOGY APPLICATION REPORT

Problem: TCD-9 PORTABLE AMPLIFIER SYSTEM FOR PATIENT
WITH PARTIALLY INACTIVATED VOCAL CORDS

Institution: Texas Rehabilitation Commission
Texas Commission for the Deaf
Austin, Texas

Investigator: Mrs. Anne T. Kohler for
' Mr. David Myers

Acgquisition Date: October, 1971 Completion Date; January, 1973
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PROBLEM OBJECTIVE

Investigators were in need of a battery-operated throat
. microphone and amplifier system which would provide voice
communications in a room without a PA system.

BACKGROUND

Counselors for vocational rehabilitation of the deaf and
hard of hearing are often concerned with concomitant problems
related to speech and speech guality in communications. The
conditions are frequently aggravated by or caused by illness
or infections. Mumps infections and cancer of the larynx can
leave conditions wherein the vocal cords are partially inactive.
In such instances there exists inability to speak above soft
output. Although there are relatively good commercial devices-
that provide portable amplification using a hand-held, throat-
contact microphone, our investigators desired a portable unit,
with hands-free operation that would allow sufficient voice
amplification to permit speaking to groups of people in room
situations where a public address system is unavailable.

RESOLUTION

Using a NASA developed, now commercially available,
microphone headset configuration with qualities of exceptional
light~weight, streamlined headset design, and distortion-free
microphone output, this was properly interfaced with a fairly
standard audio amplifier built into an inexpensive, portable,
desk-top model for conferences, etc.
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APPLICABLE NASA TECHNOLOGY

The interface microphone originally developed for NASA
use is now marketed by Plantronics, 111 Josephine. Street,
Santa Cruz, California 95060. An excerpt description and
figure sketch of the microphone headset from the Plantronics
catalog follows this summary. Suitable schematic for a
reliable audio amplifier is included on the next page.

EVALUATION

The investigator reported that the desk top model gave
him the ability to communicate easily and clearly to people
40 feet away in a room. The comfort of the light-weight
headset that gave hands-free use was appreciated. It should
be noted here, that although the solution to this problem did
not require extensive identification of technology, nor
modification of same, that through the BATeam efforts novel
and useful applications are being identified and made
feasible to call attention to special needs of the biomedical
community that have as yet not been satisfied by the
commercial suppliers.

MS40 SERIES MICROPHONE-ONLY HEADSETS

The MS40 Series headsels ars equipped with a microphone onty.
They are general-purpose dynamic microphones. The various
models difier in microphone impedance and output level, depend-
ing on the application. Each unit is supplied with a headband,

personal storage pouch, and instructions. Typical of modals MS40-4, -5, -8, /130-1,
" Microphone Dperating
Madal No. Tynteal Microphane Ouiput ¥ Cord . Reference Rccessarias List
3 - o rzulal m:'l,lnagl ) Length Termination Notes Figmre** Dptloast Pricy
MS40-4 Sound system, 3004 ghma 1.55 my g ft. Plgtalted [} BNS-1, VAA-1 $44.95
rzmg.ne f.B‘ . PMM
Msd0-5 ikt 150 ohms 0.275 my

MS40-6 ) Sohms | 0.05my . ' $49.75

MS40,T30.1 Alrcraft (carban Amptitier: Sedectabte: 3.0 VDG at P1-068 87 - .
: replacement) 50 ohms 17/34/67 my 36 ma 08 £z mﬂ:ﬁ;&é 775.%0

*Refer below. **Refer to page S. tSee page 6.

Plantronics Microphone Headset
Used for TCD-9 Voice Amplification Device



TCD-9 Desk-Top Model of the Portable
Voice Amplification Device
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TECHNQLOGY APPLICATION REPORT

Problem: TVA-2 PORTABLE HEART RATE INDICATOR FOR
ACTIVE PATIENTS

Institution: . Veterans Administration Center
Temple, Texas

Investigator: Ralph H. Hooker
Chief, Corrective Therapy

Acquisition Date: April, 1972 Completion Date: December, 1972
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PROBLEM OBJECTIVE

Investigators needed a portable, miniature, durable and
reliable device to be hand carried by a patient as it monitors
heart rate during exercise activities.

BACKGROUND

During therapy work with cardiac patients, heart rate
information must be gathered and the data used to determine
the dosage of exercise the patient can safely take on during
his recovery progress. Ward physicians determining the
adjusted heart rate for these cardiac patlents (eg., 60%-
70%-100%) and setting safe heart rate increases were making
their decisions based on manual recording of pulse rates
before any exercise, immediately after exercise, and again
after rest periods of 3 and 5 minutes. Portable cardiotachometers
are commercially available, most not available for under $2,000.
And most contained extra options not needed for this program.
Investigators were concerned about development of an extremely
portable unit, capable of accurate and reliable measurement of
heart rate, calibrated to indicate heart rates between 50 and
140 beats per minute. Above all, the unit should be cost-
effective.

RESOLUTION

A cardiotachometer with telemetry option had already been
developed under this year's BATeam program. Without the
telemetry, not needed in this instance, the instrument will
accept either electrodes or auxillary inputs to provide both
meter and recorder outputs. The needed device was fabricated
utilizing the technology set forth in the discussion of
problem AEB-2, documented earlier in this report.
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A copy of the cardiotachometer block diagram and a
technical discussion of same follow this summary.

APPLICABLE NASA TECHNOLOGY

As in AEB-2, technology set forth in NASA Tech Briefs
B64~1017), B65-10010, and B65-10143 were utilized for this
solution. Copies of these are included under the AEBR-2
summary . : -

EVALUATION

Investigators have expressed satisfaction with the
cardiotachometer, noting the accuracy and rellablllty of the
data gathering and the considerable man-hour savings utilizing:-
the device. The point to be made about the undertaking of
this problem is to emphatically note that even though the
volume of convalescing cardiac patients 1s considerable, much
of the needed therapy does not regquire extremely sophlstlcated
equipment.
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TVA=2 Cardiotachometer -~ Technical Discussion

The block diagram of the cardioctachometer shows an
instant pulse monitor preceeded by an ECG preamp and signal
conditioning circuitry. The "Select" switch allows either
the direct ECG signal or an averaging-type heart rate monitor
output to drive the cardiotachometer.

Circuit description is aided by referring to the schematic
diagram. ICj; is the ECG preamp and consists of a standard
differential input operational amplifier circuit. Having
selected the desired drive signal, its amplitude is increased
to the point necessary to insure reliable operation of the
conversion circuitry that follows.

Conversion from pulse interval to voltage is by means of
an exponential waveform generator which is sampled then reset
by each input pulse.

Transistor Q1 is used in a simplified monostable multi-
vibrator. A positive input pulse through diode Dj turns Qg
off, driving the output of emitter Qy to about -9v. This
energizes relay K1 so that Cyj; is charged to approximately the
same voltage as that of Cjp, by means of emitter follower Q.
During this sampling interval, Q4 is turned off so that Cjig
does not discharge through R23

Also during this sampling interval, C7 charges negatively,
turning Qi back on. The positive transition on the emitter of
Qo2 drives Qi3 off (Q3 being a simplified monostable multivibratox
similar. to Qq), driving Qg on so that Cygy is rapidly charged to
about +l1lv. Cg charges negatlvely, turning Q5 on and Qg off so
that Cy0 may discharge through Ry3. Q7 and Qg buffer the signal
from Cyq to provide a low-impedance output. R31 is provided to
permit calibration of the meter output if a galvanometer were to
be substituted for the nmeter. :

Each succeeding input pulse triggers the events described
above so the output voltage is proportional to the reciprocal
of the time between the most recent pair of pulses.
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2.1.2 Information Technology Applications

Below is a list of biomedical technology applications

claimed during this reporting period.

pages are summaries for those applications.

On the following

' -Date

No. i Problem Title Opened/Closed

BVA-4 Portable ECG Telemetry Receiver and Tape 04-70/01-73
Recorder

FT2-1 On~Line Breath Analyzer 12-70/08-73

HPH-3 High Altitude Effect on:Hemoglobin 11~72/02-73

RNV-2% Development of Proper Frocedures for 16-71/11-72
Observation of Human Subjects in Medical
Research

TTU-2 " Bibliography on NASA's Involvement in 10-72/04-73
Vigilance and Attention Monitoring -

UFM-7  Methods for Computer Analysis of EEG for  05-70/08-73
Health Care Cost Reduction

UTM-40 Detecting Oxygen Toxicity in the Lung 11-72/09-73

UTM~44 Detection/Measurement of Microbubbles or 11-72/09-73
Microthrombi in the Blood

VAL-3 Computer Applications in Hospitals-A 04-73/08-73
Practical Criteria Collation

WMC-1 Plethysmographic Data Interface System 10-72/06~73
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INFORMATION TECHNOLOGY APPLICATION REPORT

Problem: BVA-4 PORTABLE ECG TELEMETRY RECEIVER AND
TAPE RECORDER

Ingtitution: Veterans Administration Hospital.
Bay Pines, Florida

Investigator: Thomas M. Dunn, M.D.
Chief of Surgery

Acquisition Date: Apiil, 1970 Completion Date: November, 1972

PROBLEM OBJECTIVE

The investigator needed a portable, hand-carried receiver-—
recorder for ECG data collection of ambulatory convalescing
cardiac patients. These patients are located at different sites
across the institution's facilities, making regular checkups
extremely time consuming. Commercial ECG data collection systems
are heavy and do not have telemetry capabilities.

BACKGROUND

The convalescence regimen prescribed for cardiac patients
at this institution require them to be occupied in a variety of
activities at several sites in the hospital complex. Many of the
activity sites are not close to available electrocardiograph
egquipment. This has made necessary the hospital staff's
visitation with the patients in the remote locations to determine
their physical condition. ‘

The investigator sought a method of quantitatively eval-
uating these convalescing cardiac patients. He needed a system
to monitor the ECG transmitter on each patient, and a receiver-
demand~recorder to permit data retrieval by a staff member.

RESOLUTION

It was determined that NASA/BATeam technology already
developed (i.e., the GLM-32 ECG recorder and the SNM-26 pelvic

pressure monitor) would be applicable. BATeam engineers suggested . .

the. addition of a small, portable strip chart recorder to the
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NASA device for a complete instrumentation package which
met all specifications of the investigator.

The complete system monitors ECG, GSR, EEG, temperature,
Or pressure by hard-wire connections or telemetry to a
cassette recorder. Once the information is stored on the
magnetic tape, the system also demodulates the digitized
data for analog presentation. The entire system is designed
for fabrication into the carrying case of the recorder, -
maintinging the portability feature.

Because of the similarity of this development to already
developed BATeam hardware, and because of lack of funding
priority, the hardware for the system was never developed.
The investigator was, however, furnished with complete
instructions, schematics, and as much information as possible
in order that he could arrange for fabrication of. the system
at his facility.

APPLTCABLE NASA TECHNOLOGY

As in Problem SNM-26 documented earlier in this report,
the NASA Tech Brief B64-10171 was used as a basis. The
Technical Support Package for SNM-26 also applies to this
problem and includes supporting technical descriptions, etc.

i

EVALUATION

This particular investigator, in addition to his
physician status, has extensive electrical engineering
background and was readily able to evaluate the information
provided to him. He felt at the time the solution was ideal,
and was attempting to acquire funds to equip his hospital
with a telemetry model of the system.
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INFORMATION TECHNOLOGY APPLICATION

Problem: ' FTZ2-1 ON-LINE BREATH ANALYZER

Institution: Fitzsimmons General Hospital (Army)
Denver, Colorado

Investigator: David R. Hazlett, M.D.

Acguisition Date: Decembexr, 1970 Coﬁpletion Date: Augqust, 1973
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PROBLEM OBJERCTIVE

The investigator is in need of an accurate, reliable
on-line breath analyzer for identification of the contents of
expired air.

BACKGROUND

The 1nvest1gator is currently chief of one of the U.S.
Army's major pulmonary function research programs. The basic
goals and interest areas of the programs are as follows:

l. The effects of sickle cell anemia

2. The effects of fat content on lung function

3. Lung compliance

4. Development of a simplified diagnostic tool for
pulmonary checkups.

Among his hardware regquirements was a need for an on-line
breath analyzer which could determine carbon dicxide, nitrogen,
and oxygen concentrations in expired air.

RESOLUTION

The BATeam identified and supplied a large guantity of
information which proved useful. Three breath analyzers,
now commercial, were identified as clinical adaptations to
original NASA projects:

1. The MGA-1100 Medical Gas Analyzer, a commercial
version of the Perkin-Elmer developed Skylab
metabolic analyzer; {(Medical Instruments, Perkin-
Elmer Corp., 2771 Noxrth Garey Ave., Pomona,
California 91767, (714) 593-3581.
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2. The Astronaut Breath Analyzer (Analog Technology
Coxrporation, 3410 East Foothill Blvd., Pasadena,
California 91107, (213) 449-8440). (N70-~25476)

3. The Miracle II, a respiratory analysis system
currently under development for NASA by Quantum
Dynamics which measures respiratory flow phenomena.
(Quantum Dynamics, P. 0. Box 865, Tarzana, Calif.)
(N72-20113)

Due to the investigator's limited facilities, he was not
able to evaluate the first two systems which utilize a mass
spectrometer in their measurements. He is currently acquiring.
a small computer  for data reduction and analysis purposes.

With the computer availability, the investigator will be able
to evaluate one of the systems.

In addition, numerous articles of interest were also
identified and supplied. A sample bibliography of some of
those references follows this summary. These included articles
on continuous measurement of gas exchange and respiratory
functions; Lockheed Respiratory Measurement Element developed
for the NASA Integrated Medical and Behavioral Laboratory
Measurement System (IMBLMS); and analysis of quiet spontaneous
breathing measured by spirometers and electrical impedance
plethysmographs.

EVALUATION

To quote from the investigator: "The literature made
available by your service has permitted this laboratory to
perform the following single breath tests: residual volume,

~total lung capacity, residual to total lung capacity ratio,
inspiratory capacity, and expiratory reserve volume, all
determined by a single breath helium method. It also permitted
determination of diffusion of a gas through a gas during
estimation of stratified inhomogeneity determination from the

©..same gas during single.breath test held for various periods .

of time. Furthermore, this literature has permitted the
development of methods for measuring single breath diffusion
capacity, membrane diffusion capacity and capillary blood
‘volume using carbon monoxide. It also permitted measurement
of lung tissue-volume and cardiac output using acetylene."

The investigator is now working with local engineers to
develop a system fast enough to make the above mentioned
.measurements. continuous during rest and exercise.

In addition, efforts are being made to identify the system
which would best interface with the investigator's facilities
in order to provide a clinical evaluation of the NASA developed
breath analyzers.
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The following sample bibliography of articles located
and provided for FTZ-1 is only a portion of total material
provided:

1. "A model for the elastic properties of the lung and
their effect on expiratory flow," Lamberxt, Rodney K.,
et al, in J OF APPLIED PHYSIOLOGY., 34:1 Jan, 1973,
p. 34 begin. .

2. "Limits to arterial nitrogen tension in unevenly
ventilated and perfused human lungs," Wiener, F., et al,
in J OF APPLIED PHYSIOLOGY, 23:4, Oct. 19267, p.43% begin.

3. "Effects of time—varfing blood flow on oxygen uptake in
the pulmonary capillaries," Crandall, Edward D., et al,
in J OF APPLIED PHYSIOLOGY, 23:6, Dec., 1967,p.944 begin.

4. "Optimization of the Oxygen Transport System," Pennock,
B., et al, in BIOPHYSICAL J, 8, 1968, p.879 begin.

5. P"Nonuniform pulmonary diffusing capacity measured by
sequential CO uptake and washout," Mittman, Charles,
in J OF APPLIED PHYSIOLOGY, 23:1 131-138. 1967.

6. "A phase method of calculating respiratory mechanics
' using a digital computer," Hilberman, Mark, et al, in
J OF APPLIED PHYSIOLOGY, 32:4, Apr., 1972, p.535 begin.

7. "Clinical evidence of cardiac weakness and incoordination
secured by simultaneous records of the force BCG and
carotid pulse derivative and interpreted by an electrical .
analogue," Starr, Isaac, et al, in AMER HEART J, 85:3
p. 341-348, Mar 1973.

8. "Can the distribution of inspired gas be altered," Young,
AB.C., et al, in J OF APPLIED PHYSIOQLOGY, 24:2 Feb, 1968,
p.129 begin.

9. "Recording of second time derivative V of displaced volume
V in breathing," by Bargeton, D., etal, in J OF APPLIED
PHYSIOLOGY, 34:2, Feb, 1973, p. 259 begin.

10. "Interaction Model between the Circulatory and Respiratory .
Systems," Albergoni, V., et al, in IEEE TRANS ON BIOMEDICAL
ENGR, Vol. BME-19, WNo. 2, March, 1972, p. 108 begin.

1i. "Cardiovascular System Simulation in Biomedical Engineering
' Education," Rideout, Vincent C., in IEEE TRANS ON BIO-
MEDICAL ENGR, Veol. BME-19, No. 2, March, 1972, p.10l1 begin.

12. "Pinite element displacement analysis of a lung," Matthews,
F.L., et al, in J BIOMECHANICS, 1972, vol.5, p.591 begin.
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14,
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"The Cardiovascular Thoracic Air Plethysmogram,

Verdouw, P.D., et al, in Ballistocardiography and Cardiac
Performance, Proc., llth annual meeting of the Ball.
Res., Soc., Atlantic City, 1966, Bibl. cardiol. 19:63-67
(Kargexr, Basel. New York, 1967)

"Significance of the Bohr and Haldane Effects in the
pulmonary Capillary,” by M.P. Hlastala, in RESPIRATION
PHYSIOLOGY {1973) 17, 81-92; North Holland Publishing
Company, Amsterdam. :

The following recent aerospace documents were also suggested

for

15.

16.

17.

18.

19.

20.

21.

22,

23.

reference:

A71-17604 (p0l42) "Lipid peroxidation in pulmonary
hyperoxia, noting effects of hyperbarlc nygen,
ascorbic acid and ferrous iron.' .

A72-11259 (p0014) '"Inspiration time correction factor
for pulmonary diffusing capacity measurement by single
breath method."

A72-12515 (p0031l) "Lung ventilation nonuniformity
determination by single calm breath method, showing
nitrogen concentration in alvecolar phases.”

A72-15222 (p0070) "Pulmonary RC network and multiple
breath nitrogen washout time constants mathematical
relationship for breathing mechanics measurement,
discussing lung compliance and resistance."

A72-17174 (p0l04) "Single breath method for pulmonary
diffusing capacity measurement with respect to total
lung capacity and inspiration time." : ~

A72-26620 (p0272) "Digital computer techniques for
computation of pulmonary mechanics parameters, using
phasor method and Fourier series analysis of
respiratory flow signals.”

A72-36573 (p0426) "Rat pulmonary lipid metabolism
during feeding and fasting from studies of lung lecithin
half life after C-l4/palmitate and H- 3/U/glucose
injection."”

A72-40423 (p0490) "Evaluation of cardiopulmonary function
and work performance in man during caloric restriction.”

A72-40427 (p0491) "A method for spirographic display
of functional residual capacity and other lung volumes."
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24.

25,

A72-40428 (p0491) "Electrically sensed changes in
chest and abdomen diameter for tidal volume, respira-
tory frequency and minute ventilation measurements."

A72-44598 (p0551) "Determination of the diffusional

capability of lungs by the method of delayed respir-
ation."”
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INFORMATION TECENQLOGY APPLICATION REPORT

Problem: BPH~3 HIGH TO LOW ALTITUDE EFFECTS ON
‘ HEMOGLOBIN
Institution: Hollywood Presbyterian Hospital

Los Angeles, California
Investigator: Charles O. Bechtol, M.D.

Acquisition Date: November, 1972 Completion Date: February, 1973
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PROBLEM OBJECTIVE

The investigator deals with a large number of surgical

" patients who come to him from high altitude areas in Mexico.
He was extremely concerned about the possible thromboplebitic
complications that could occur in these patients during their .
convalescent period in the low altitude of Los Angeles. He
wanted to know if NASA could help him to make a clinical
decision as to whether or not it would be helpful to create
simulated high altitude environments for his patients.

RESOLUTION and EVALUATION

A NASA data bank search was performed. The NASA STIF
search was dated November 9, 1272 , numbered Té610, and it
can be reproduced with updates for interested persons through
the BATeam.

The investigator screened the search and a selected
list of documents and articles were obtained for his use.
The provided information led him to the conclusion that
"any attempts to increase the hemoglobin concentration of

.. —.. his patients by a_simulated high altitude period would not .

be sufficiently successful to be worthwhile. Secondly, it

'is evident that the patients coming from high ‘altitude should -

not be at sea level for any great length of time since their
hemoglobin will rapidly drop during this period. Third, and .
“perhiaps most important, are’ the problems related to thrombo- -~
phlebitis which occur with the blood concentration which .
develops at high altitude." He further stated, "The patients .
.who now come to me from Mexico will be watched with unusual W
.care because of the increased danger of this. serlous compli-~
cation.

A bibliography of the articles used from the NASA search
follows here:
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267-80379 66/08/00 8 pages Unclassified Document
"ITrradiation-induced disorders of erythropoiesis as
influenced by hypoxia accompanied by blood loss,” by

J. Neuwirt, et al, in CESKOSLOVENSKA PATOLOGIE, Vol. 2,
August, 1966, p. 169-176.

N66-313954 Issue 18 Page 3478 Category 4 66/01/04,

5 pages "On the problem of hemopoietins under the
conditions of the high mountains," by Yu B. Bobodzhanov,
In: Air Force Systems Command, Wright-Patterson AFB,
Ohio in its Problems of Physiology and Pathology of the

High Mountains, pages 70-74, January 4, 1966. Refs.

"Effects of High Altitude/Oxygen Lack,"” by C.S. Houston,
in MEDICAL CLIMATOLOGY, Physical Medicine Library,
8:257-279, 1964. '

"Iron metabolism in the polycythemia of high altitudes,"”
by R. Lozano, in C-E-I-R, INC., Arlington, Virginia;
School of Aviation Medicine, Randolph AFB, Texas,
September, 1958., 20 pages.

"A comparative evaluation of the effectiveness of
different schedules of adaptation to hypoxia,"” by F.V.
Babchinsky, in AZTEC SCHOOL OF LANGUAGES, Inc., Maynard
Mass. (Research Translation Division) in its PROBLEMS
OF SPACE BIOLOGY, 8:134-41, July 19%69.

"Humoral control of erythropoiesis at altitude," by

C. Reynafarje, In EXERCISE AT ALTITUDE, p. 171-178,
1967 - International Symposium, Milan, Sept. 29-0Oct.2,
1966.

"Blood regeneration following loss of blood in animals
acclimatized to high altitude," by A. A. Almerekova,

in JOINT PUBLICATIONS RESEARCH SERVICE, Washington, D.C.
August 31, 1965.
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INFORMATION TECHNQLOGY APPLICATION

Problem: RNV~39 DEVELOPMENT OF PROPER PROCEDURES
FOR OBSERVATION OF HUMAN SUBJECTS
IN MEDICAL RESEARCH

Institution: Rancho Los Amigos Hospital

Downey, California
Investigator: Jack D. Haékney, M.D.
Director

Environmental Health Lab

Acquisition Date: October, 1971 Completion Date: November, 1972

PROBLEM ORJECTIVE AND BACKGROUND

The investigator asked what NASA had to provide the
community with on technology and methodology relating to
practices, policies, and protocol appropriate to medical
research with human subjects. He is involved in an extensive
research efforts to investigate the effects of air pollutants
on physiology and pathology processes. Professional human
subjects are to be involved in these controlled studies.

Input was needed to resolve problems affecting the experimental
design and data intexpretation when trained, professional

. human subjects are employed. The 1nvest1gator wanted to he C

able to rule out false negative responses if highly motivated
subjects were able to overcome mild environmental stress. They
anticipated that less noisy baseline data from the trained subjects
could filter out some sensitive responses.

RESOLUTION AND EVALUATION

In specific .areas: of test subject policy, NASA is by the
nature of its pioneer aerospace devélopment, heavily involved

.in setting and developing standards of safety, hazards, effects
~and-tolerances. In any one of these specific areas, sufficient- --

documentation .exists for volumes of information. What we were..

~wconcerned .about were -legal, moral,-and-.ethical problems:to be worn:

considered in general.

.. For thls particular.problem, hand searching and specific

NASA- ‘Center contacts proved most helpful. To the 1nvestlgator‘s“ﬁ e

enthusiastic response for their usefulness, a selected biblio-
graphy and several documents were provided. That same listing
is included here for report documentation.
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Dr.

N72-24093, "The Public Health Service Guidelines:
Governing Researxch Involving Human Subjects: An
Analysis of the Policy-Making Process, by M.S. Frankel,
February, 1972, 66 pages.

Official Abstract: "This paper focuses on the policy-making
process which led to development of the Public Health Service
Guidelines governing research involving human subjects.
Part I examines the evolution of PHS Guidelines, tracing 1)
evolution of thought and legal interpretation regarding
research using human subjects; 2) initial involvement of
the Federal government; 3} development of the government's
research program; 4) the social-political environment in
which formal government policy was developed; and 5) various
policy statements issued by the govexnment. The author
relies primarily upon PHS-NIH records and interviews/
correspondence with key decision-makers for his historical i
record. Part II analyzes the process by which PHS Guidelines
were developed and examines the values and other underlying
factors which contributed to their development. The author
concludes that the evolution of the Guidelines is best
understood within the context of a "mixed-scanning strategy."

- In such a strategy, policy-makers make fundamental decisions

regarding the basic direction of policy and subsequent
decisions are made incrementally and within the contexts by
the original fundamental decisions.”

Sam L. Pool at Johnson Space Center in Houston provided the

BATeam with a selected reference listing:

2.

ETHICS AND CLINICAL RESEARCH, Henry K. Beecher, M.D.
HUMAN EXPERIMENTATION, Frank W. Hartman, M.D.

CONSENT IN CLINICAL EXPERIMENTATION: MYTH AND REALITY,
Henyxy K. Beecher, M.D.

THE LAW AND HUMAN EXPERIMENTATION, William J. Curran,
LLM, SM HYG.

ETHICAL ISSUES IN RESEARCH WITH HUMAN SUBJECTS, Wolf
Wolfensherger

"Conduct of Hazardous Human Experiments", Headquarters,

Air Research and Development Command, Andrews Air Force
Base, 12 Septembexr 1958.

- SOME GUIDING PRINCIPLES.FOR CLINICAL INVESTIGATION,

Henry K. Beecher, M.D.
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In regard to specific technology and methodolegy for the
air pollutant research project in progress the BATeam
suggested the following references:

9.

10.

11.
12.
13.
14.
15.
16.
17.

18.

19.

20.

A71-13000 (p0076) "Biological and medical cybernetics
approach to closed systems construction for continuocus
automatic monitoring and control of human physiological
processes under harmful conditions.”

A71-17607 (p0143) "Personnel selection for emotionally
and physically taxing situations by studying physiological
responses to anticipated stressors and stress recovery.'

N71-17237 (p0221) '"Conference on biometrics noting
human psychic and physical stress."

N71-17241 (p0221) '"Psychological stress and bioinstru-
mentation.” .

N71-18256 (p0227) "Effect of physical and symbolic
stressors on perceptual mechanisms."

N71-22306 (p0334) "Physical exercise effects on stress
tolerances of trained and untrained subjects.”

N71-27176 (p0431) ‘"Muscular fatigue and nervous tension
measurements for determining physical work fatigue."

N71-28260 (p044l) "Gascous impurities in air exhaled
by humans under extremal stress factors."

N71-35236 (p0612) "Analysis of psychological and physio-
logical variables for predlctlng human performance durlng
extended periods of stress."

A71-27876 (p 0354) "Space flight factors effects on human
physiology and psychology, discussing spacecraft gaseous
medium control, food supply, closed ecological systems
and welghtlessness effects.”

A71-36945 (p0491) "Mental reactive exertion increase

‘phenomenon, investigating achievement under various

degrees of carefulness and fatigue.”

N71-28549 (p0446) "Manual for human psychometric data
acquisition and human reactions to psychological stress
in Tektite project." .
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INFORMATION TECHNOLOGY APPLICATION

Problem: TTU-2 NASA BIBLIOGRAPHY ON ATTENTION
AND VIGILANCE MONITORING

Institution: Texas Tech University
Lubbock, Texas

Investigator: Charles Halcomb, Ph.D.
Chairman, Experimental Psychology

Acguisition Date: October, 1972 Completion Date: April, 1973

PROBLEM OBJECTIVE AND BACKGROUND

The investigator needed support from NASA to assimilate
as much substantive documentation and evidence as possible on
attention and vigilance monitoring to assist in studies and
proposal writing to lend weight to program continuance. Much
of the work done by NASA is not available to open. literature,
but would be of great benefit in helping the investigator to
justify involvement in developing his own equipment for
vocational assessment apparatus for the physically and culturally
handicapped person. His work includes learning disoxders
assessment in both normal and mentally retarded people. The
NASA literature would also help in attempts to define a general
purpose vocational evaluation procedure for placement of
handicapped personnel into today's more highly complex psycho-
motor skills required job situations.

RESOLUTION AND EVALUATION

A comprehensive NASA data bank search was performed with
a yield of 537 citations. For reproduction and update purposes,
refer for the NASA STIF search no. T0671. The investigator
reported a high number of relevant citations and intends to
utilize and refer to the extensive material both for program
bibliographies and for use as information supplementation in
building his own psychomotor skills units.



167

INFORMATION TECHNOLOGY APPLICATION

Problem: UFM~-7 METHODS FOR COMPUTER ANALYSIS OF
EEG FOR HEALTH CARE COST REDUCTION

Institution: University of Florida Medical School
N Gainesville, Florida

Investigator: Jack Smith, Ph.D,

Acqguisition Date: May, 1970 Completion Date: August, 1973
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PROBLEM OBJECTIVE AND BACKGRCUND

As part of their large community service provided by the
University of Florida Hospital, investigators requested NASA
information on computer analysis of the EEG for large scale
mass screening tests to determine which patients required
further medical attention and in what areas each patient
needed help. Computer analysis of EEG tests would significantly
reduce cost and increase speed. The University of Florida has
“technical capabilities for following through with the extensive

material NASA could offer.

More specifically, the investigators were locking for
computer techniques which assist:

1. ©Sleep staging

2. Detection of Phasic Events in Sleep or Abnormal
EEG's Monitoring Vigilance Leads

3. BAnalysis of period events in the EEG

RESOLUTION AND EVALUATION

Working directly with James D. Frost, .Jr., a leading.
figure in NASA's development of sleep analysis techniques,
instrumentation, and computer programs, the investigator was
provided with the following documentation:

kv f ot P MA Simple Eléctronic Method for Graphing ‘EEG Sleep i - v -
“Patterns," Frost, J.D., Maulsby, R.L., and Graham,

M.H., in ELECTROENCEPH. CLIN. NEUROPHYSIOL. 21:501-

503. 19-6 (APL 01889) -
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The

"an Automatic Sleep Analyzer," Frost, J.D., Jr., in
FLECTROENCEPH. CLIN. NEUROPHYSIOL. 29:88-92, July 1970.
Contract NAS 9-9418. (A70-35606) (APL 01724)

"Three-Dimensional Selective BAmplitude Histograms: A
Statistical Approach to EEG-Single Neuron Relationships,”
Frost, J. D., Elazar, Z, in ELECTROENCEPH. CLIN. NEURO-
PHYSIOL. 25:479-503, 1968. (APL 00221)

BATeam also suggested that the information in the following

documents could be of help:

4. -

5.

10.

C 11,

12.

13.

A72-10073 (p0001) "EEG parameters estlmation and statistical
uncertainty calculation by computer program."

A72-19307 (p0l52) "Computerized EEG data acquisition and
transmission system for large hospitals with multiple
critical care patient monitoring units, noting telephone
across from outside.™

A72-26679 (p0274) "EEG measurement of sleep behavior

patterns, discussing sleep stages, temporal patterns,

01rcad1an rhythm, intrasleep process stability and age
factor.'

A72-33560 (p0376) "Biotelemetry and computer analysis-
techniques for sleep states and wakefulness studles during
agrospace flight."

N72-12035 (p0082) ‘“"Modified pattern recognition of EEG
for use on digital computer to determine sleep stage.”

N72-21061 {p0314) "Characteristics of,heartrrate
information during sleep, and extracting sleep information
from heart rate data."

A71-32449 (p0411) "Computerized assistance in EEG analysis
and interpretation, describing computer program for time
and effort reduction in EEG reporting."”

A71-20746 (p0205) "Correlation and spectrum analysis of
simultaneous EEG data in mono and dizygotic twins using

computer and FFT algoxrithm." sl

A71-21446 (p0210) "EEG analyzer voltage peaks recording _
on 'computer, using digital readout for simultaneous initial .~
and terminal stage markings."

A71-20816 (p0206) “"Sleep period time displacement effect
on sleep using EEG recordings.”



14.

15'

l6.

17.

18.

19.
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A71-10767 {(p0008) Dlgltal delta fllter for gquantifying
sleep EEG slow wave activity.'

A71-28380 {(p0356) '"Natural sleep and wakefulness stages
neurophysiology based on bioelectric activity spectral
and correlation analyses.”

A71-31958 (p0409) "Polygraphic sleep recordings auto-
matic analysis, presenting numerical results for rapid
and slow eye movements, muscle tone, heart and
respiratory rates."

A71-33108 (p0417) "space flight sleep pattern data
with EEG, using three descrlptors and regression and
linear discriminant analysis.”

" N71-11090 (p0Q051) T"Psychological tests for long and

short sleepers.”

N71-24729 (p0390) "Development of apparatus and method
for quantitatively measuring brain activity as
automatic indication of sleep state and level of
consciousness.”

The ilnvestigator has expressed his thanks for the needed

information, and intends to utilize the information where
applicable in their program development.

It should also be noted here that NASA STIF search no.

T0077, entitled "Computer analysis of EEG," with an original
yield of 317 citations, could be made available for duplication
and update.



INFORMATION TECHNOLOGY APPLICATION

Problem: UTM-40 DETECTING OXYGEN TOXICITY IN
THE LUNG
Institution: University of Utah Medical School

Salt Lake City, Utah

Investigator: Donald Olsen, D.V.M.
Artificial Organs Research

Acguisition Date: November, 1272 Completion Date: September, 1973
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FROBLEM OBJECTIVE

Investigator needed latest physiological resource
information related to effects of breathing air which is
rich in O,; as well as a means of detecting these effects,
either by methodology or instrumentation.

BACKGROUND

Test animals (calves and sheep) which are being used as
artificial heart transplant recipients are placed in an oxygen=-
rich breathing environment (approx. 85% by volume) during
-intensive care recovery. Since the period of IC obhservation
is prolonged beyond normal recorvery periods, the animal
breathes the 0, enriched air for long periods of time.
Symptoms not unlike those of hyalin membrane disease (reduced
-ability to transfer 0, and COp to and from the circulatory
system) have been observed, leading toward suspicion that
the lung-gas exchange tissues have become altered by ovexr-
exposure Lo oxygen.

RESOLUTION

Both manual searching and NASA data bank printouts
gave reasonably thorough results. NASA STIF seaxch No. T0618
entitled "Oxygen Toxicity" is on record for duplication and
update purposes. '

The BATeam in this instance was not able to provide the
- investigator with instrumentation, but the following document
from aerospace literature was directly relevant:
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1. AD742468 ‘"Calculation of Cumulative Oxygen
Toxicity in the Lung" Wright, W. Brandon,
from a report of the Navy Experimental |
Diving Unit, Washington Navy Yard, Washington,
D. C.

Official abstract: "The use of elevated oxygen
pressures in diving, treatment of decompression
sickness, and hyperbaric oxygen therapy exXposes
the subject to the risk of oxygen toxicity of the
lungs. At present no adequate guidelines exist to
assist the physician in planning an oxygen exposure
. —-. which will be safe from this hazard. An extensive
<+ multi-year research series recently completed by
the University of Pennsylvania, Institute for
Environmental Medicine, has allowed the development
of calculating an estimated rate of onset and
severity of pulmonary oxygen toxicity in man for
any oxygen exposure. This report explains that
method and provides tables that may be used to
rapidly estimate the severity of pulmonary toxicity
which mdy be incurred by any OXygen exposure.
Recommendations as to safe limits of oxygen exposures
for various procedures are included."

The investigators agreed the method could be applicable,
however, the information would have to be correlated to their
test animals, since the documentation was specifically for
human subjects. A recent fire at the investigator's facility
has impaired full evaluation and methodology development.

Most of the work done in determing and measuring the
effects of oxygen toxicity in the aerospace industry has been
done using rats and humans, and not too many different species
in between,....none noted with calves or sheep. However, it is
hoped that with the extensive information provided on the
-effects of oxygen toxicity, from cellular to whole -body effects,
that the investigator will be able to design his own parameters
for the detection of oxygen toxicity in their test. subjects.

At the present level of funding the project of designing and
testing instrumentation for this problem is not possible.

And,  the feasibility of developing instrumentation is guestion-
able at this point. Most of the effects of the onset of oxygen
toxicity can be measured using already existing eguipment, -
(i.e., EEG patterns, blood tests, neurcmuscular responses,
various respiratory parameters, etc.)



It should be noted in the following partial list of
supplied references, how many parameters have been utilized
to note the effects of oxygen toxicity:

2. NASA TT r-368, in PROBLEMS OF SPACE BIOLOGY, Vol. 4,
"BEffect of Certain Physiological Functions of Prolonged
Exposure of Animals to Conditions of an Oxygen-Enriched
Air Medium," Zhironkin, A.G., et al, p.489 begin, refs.

3. NASA TT Fp-738, in PROBLEMS OF SPACE BIQLOGY, Vol. 15,
"Effect of Hyperoxic Medium on Cells, Tissues and Organs
of Experimental Animals," Kotovskiy, Ye. ¥., et al, p.
145 begin, refs.

4. "Effect of Prolonged Hyperoxia on Red Blood Cell Survival
Parameters in the Rat," Leon, Henry A., et al, from
Proc. of the 4th Intl. Congress on Hyperbaric Medicine,
Igaku Shoin Ltd., Tokyo, 1970.

5. "Ultrastructural Changes in Rat Adrenal Cortex Following
Hyperbaric Oxygen," Race, George J., et al, in Proc. of
the 4th Intl. Congress of Hypexrbaric Medicine, Igaku
Shoin Ltd., Tokyo, 1970.

6. "Mechanisms of Oxygen Toxicity at the Cellular Level,”
Brown, Olen L., AD-742443, Jan. 1972, Contract NQ0014-67
-0287-0002. ‘

7. "Effect of Sleep-Wake Reversal and Sleep Deprivation on
the Circadian Rhythm of Oxygen Toxicity Seisure Suscepti
bility," Dexter, James D., et al, in AEROSPACE MEDICINE,
Oct., 1972 p. 1075-1078.

8. A72-31091 (pp344) "Succinate and glutathione as protective
agents against chronic effects of hyperbaric oxygen."

-9. A72-38704 (p0455) "Neurologic oxygen toxicity - Effects of
switch of inert gas and change of pressure."

10. A71-15053 (p0096) "Metal ions effect of oxygen toxicity
in rats, noting convulsions and lung edema alleviation
through mixed Mg-Mn ion treatment."

11l. A71-21938 (p0212) "Central nervous system functions under
‘high oxygen concentrations at normal and elevated pressures."

A12. A71-29501 (p0376) "Pulmonary oxygen toxicity development
rate and effects on lung volume and alveolar-arterial gas
exchange during breathing."



13,

14.

15,

- 16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
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AT71-41825 (p0578) "EEG study of hyperoxic convulsions
in Macacus nemestrinus and Papio primates, considering
preventative effect of Diazepam and derivatives.”

N71-11101 (p0052) "Mechanisms by which oxygen produces.
toxic effects on cellular metabolism."

N71~11826 (p0068) "Histological aspects and ultra-

structure of infoxication in rats by pure oxygen at
low pressure."” ’

N71-27290 (p0432) "Peroxidase and catalase activity

and hyperoxia effects on mice organs, leucocytes, and

erythrocytes in pure oxygen under pressure."

A70-12243  "Patients with/without coronary heart disease
inhaled various gas mixtures to induce arterial hypoxemia
and hyperoxia, noting 0 availability for myocardial
metabolism.” '

A70-10863 "Retinal vessels of humans at .11-2.0 atmos-
phere oxygen partial pressures, noting arterioles and
venous dilation response to hypoxia and vasoconstriction
response to hyperoxia."

A70-14681 ‘"Hyperbaric oxygenation effects on metabolism,
comparing protective agents for rats exposed to 5 absolute
oxygen pressures."

A70-20629 “"Protective ability of wvarious compounds
against hyperoxia at 5, 7, 9, and 11 atmosphere of pure
oxygen."

A70-23586 "Hyperbaric oxygen effect on heart muscle
contractions in mammals, considering cells enzymatic
activity and substrate utilization."

" ~A70-23017 ’Hyperbaric oxygenation treatment physiology -

and techniques, discussing limitations of equipment."

A70-25674 "Dogs respiratory response to arterial
hydrogen ions at different carbon dioxide pressure
levels during hypoxia or hyperoxia, discussing acid-
base balance effects." '

A70-43701 ‘“Human and animal tolerances to hyperbaric
oxygen, discussing response variation, toxicity modifi-

.cation, etc.”

A70~40185 "Orthostatic Tolerance Increase in Animals
by application of hyperoxic and hypercapnic gas mixtures."
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26.

27.

28.

249,

30.

31.

A69-18975 "Immunological and histochemical methods
for studying mice reactivity after long term exposure
to hyperoxic atmosphere."

A69-18976 "High Oxygen concentration effect on conditioned
reflex and associated EEG responses to light flash in
rabbits occurs in well defined seguencies."

A69-29298 "Pulmonary oxygen toxicity, analyzing reticulin
and elastic tissue damage and hyaline membranes by
histochemical techniques."

A69-39179 ‘"Normobaric oxygen toxicity pathology in
baboons and macaca, irus and squirrel monkeys during
14 day exposure.”

A69~-80802 "pathogenesis and reversibility of pulmonary
lesions of oxygen toxicity in monkeys."

N69-31438 "“Avoidance Reactions of man and animals to
hypoxic environments."



" ‘and microcircuit facilities and technicians. It may be .
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INFORMATION TECHNOLOGY APPLICATION

Problem: UTM~44 DETECTION/MEASUREMENT OF
MICROBUBBLES OR MICROTHROMBI
IN THE BLOOD

Institution: University of Utah Research Foundation
Salt Lake City, Utah

Investigatoxr: Norman deGroot
Artificial Heart Test Facility

Acquisitibn Date: November, 1972 Completion Date: September, 1973
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PROBLEM OBJECTIVE

Investigators needed equipment or technigque for detecting
and measuring small gas bubbles and blood clots in the
circulation.

BACKGROUND

This facility tests and evaluates extra-corporeal
circulation devices. Among those common effects from "heart-
lung" type devices is the occurrance of micro bubbles and
micro blood clots in the circulating blood. The evaluation
could be greatly assisted if the presence of these foreign
substances could be guantified. '

.- The equipment associated with any such measurement should
be non-invasive s0 as not to cause blood trauma in itself.
This facility has mechanical and electronic fabrication
capability on site, as well as access to printed circuit board

desirable to eventually consider connections to an in-~house
physiological data gathering system. : . : g

RESOLUTIQON AND EVALUATION ’ : : i

After recéipt of an extensive supply of NASA documents
and references, the investigators have stated that they have
gathered more than sufficient information to begin design
work on special eguipment.: For purposes of research priority
they' did not feel obligated to provide us with their full
design intentions, but were appreciative of NASA's help in
gathering needed information. ‘
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Tt should be noted here that although the use of
ultrasonics for detection of embolisms in the blood is
not that new, nor is it strictly of NASA origin, NASA
technology has been utilized to improve or handle special
applications of ultrasonic blood flowmeters.

Specifically, the NASA BATeam at Research Triangle
Institute in North Carolina worked with Mr. Sal Rositano
at NASA/Ames to utilize their ultrasonic blood flowmeter
using the Doppler technigue (now commercially available
through L&M Electronics, Inc. of Daley City, California)
for the Department of Anesthesiology at the Ochsner Clinic
in New Orleans. In this unit, the flow is measured by
Jutilizing the change in freguency of an ultrasonic signal
that is associated with the velocity of the liguid through
which the sound is propagating. Embolisms traveling with
the flowing blood generate a loud return signal, which in
the case of a flow measurement would be an error signal,
but in the case of embolism detection, would be precisely
the needed signal. The RTI BATeam was able to help their
investigator modify his existing system to incorporate a
membrane oxygenator from his previously used bubble
oxygenator. The combination of using the membrane oxygen-
ator with the NASA developed ultrasonic doppler flowmeter
enabled the investigator to detect the existance of
embolisms.

With reference to the above technigque, we cite the
following article:

"Ultrasonics Imaging of In Vivo Bubbles in
Decompression Sickness,” Rubisscow and Mackay,
in ULTRASCNICS, Oct., 1971, p. 225.

- Other references that our imvestigator found of
particular interest follow:

2. A69-43414, "Decompression Disease"

3. ° A69-38915, "Detection of gas emboli associated
with decompression using the doppler flowmeter.”

4. A69-38914, "Experiments on decompression bubbles
AT © in .the circulation. using ultrasonic and electro-
magnetic flowmeters."

5. N68-13107, "Etiology of decompression sickness-
. :characteristics of bubble formation in vivo."

6. A71-40342, "pulmonary Capacity for dissipation
of venous gas emboli.”

7. A71-12418, "The secarch for an anti-thrombotic
agent.”



—
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10.

A70~43700, "Decompression Sickness and the Cardiaovascular
System"

A70-32312, "Experimental study of air bubbles in a
simulated cardiopulmonary bypass system with flow
constriction.”

X68~15325, "Design of Devices for Optimum Blood Flow."
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INFORMATION TECHNOLOGY APPLICATION

Problem: VAL-3 COMPUTER APPLICATIONS IN HOSPITALS
-A PRACTICAL CRITERIA COLLATION

Institution: Veterans Administration Hospital
Little Rock, Arkansas

Investigator: Jack B. Johnson
Medicine and Surgery

Acquisition Date: April, 1973 Completion Date: June, 1973
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PROELEM OBJECTIVE

The investigator asked for NASA assistance in gathering
up-to~date information concerning computer applications in
hospital systems. ‘

BACKGROUND

Hopefully, medical personnel are awakening to the reality
of both the advantages and disadvantages of computers in the
hospital. However, because the computer represents an area
of many misunderstandings, large hospital administrations
need to be made aware of the potential applications and cost
containment when computers are properly installed, used, and
understood.

RESOLUTION

Of prime importance, the NASA STIF computer search no.
T730 gave us reference to 686 documents that spoke of
computer technigues and programs and their use in basic
research and clinical usage, with emphasis on hospital
applications. The search is on record and would be available
for duplication and update.

Of particular interest are the following documents made
available to the problem originator: '

SELECTING A COMPUTER SYSTEM FOR THE CLINICAL
LABORATORY, Marion J. Ball, Charles C. Thomas,
Publisher, Springfield, Illinois.
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AD-677593 "Automation for the Hospital of Tomorrow,"
Cct., 1968.

PB-195 629, "The use of computers in hospitals," by
Herner and Company, Washington, D.C., Nov., 1970, for

the National Center for Health Services Research and
Development, Contract No. PH 110-233.

Official abstract: "This, the third and major report
returned undexr Contract PH 110-233, provides a general
analysis of the returns from a detailed questionnaire

~on 'The use of Computers in Hospitals and other Medical"
Facilities.' The questionnaire was mailed to the
~administrators of 2,431 hospitals in May, 1968. The
analysis which is based on returns from 1,200 hospitals,
presents findings on each hospital application in terms

of number of times cited and percentage of respondent
citing. Principal applications reviewed are administra-
tive and financial; operational procedures {cost analysis,
inventory); medical and medical research; and applications
involving remote terminals. The report concludes with
general reviews of principal applications. The appendices
‘are: name and mailing address of respondents; gquestion-
naire identification by State and HEW Region; and types

of computers used." .
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INFORMATION TECHNOLOGY APPLICATION

Problem: WMC—-1 PLETHYSMOGRAPHIC DATA INTER-
' FACING SYSTEM

Institution: University of Wisconsin Medical College
Milwaukee, Wisceonsin

Investigator: J.J. Smith, M.D., Ph.D.

Acquisition Date: Octobex, 1972 Completion Date: June, 1973
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PROBLEM OBJECTIVE

Investigators desired an interface between the Kubicek
Impedance Plethysmographic output and computer.

BACKGROUND

In their facility, plethysmographic data was being hand
analyzed utilizing the Gerber method. Investigators wished
to automate data analysis to reduce time spent by professicnal
medical personnel, and simultaneocusly reduce overall cost of
operation. The interface was desireg for the Kubicek
Impedance Plethysmograph (Minnesota Impedance Plethysmograph)

RESOLUTION

NASA STIF search no. T6l4 gave us 202 references on
the subject, and this is available on record for duplication
and update.

Investigators had expressed interest in the NASA
developed IMBLMS system developed by Dr. William Kubicek.
Through the efforts of personnel at Johnson Space Center,
the investigators were provided with the complete computer
program from the IMBLMS program;

"Biomedical Computer Applications Program--Software
Description,"”" compiled by Edward XKresch, Ph.D., from
a report on contract NASW-1630 by General Electric.

'The investigators haverréported that this information has
indeed been very helpful and has enabled them to stay abreast
of latest possible technical developments. Due to other pressing
projects, implementation of the computer software has been suspended
until a particular grant request comes through at which time they
will of course continue with the supplied technology and re-establish
team contact.



2.2 Potential Technology Applications

Below is a list of potential technology applications
as they stand at contract termination.

On the following

pages are summaries for these potential applications.

Heart Surgery

No. Problem Title Date Opened

AEB-5 Motion Sensor to Provide Biofeedback to 01-73
Blind Persons Unaware of Involuntary:
Movements

AVA-2 Carotid Artery Pressure Waveform 2 10-70
Measurement

CHS=10 Hearing Aid Malfunction Alarm System 01-71

CRH~5 Improved Clamp for Urine Collection Device 12-72

CRH-7 Joy-Stick Control for Automobile 03-73

GLM-35 Beta Radiation Catheter Probe - 09-70

MDA-1 Radiation Resistant Tilt Table for Use 08-72
in Radiotherapy

MSC~1 Portable Scalp Cooling Device 12-72

OVA~2 Measurement of Lung Compliance 07-70

SbU~-1 Ccmplete Portable System for Acqulrlng and 04-73
Analyzing Audio Evoked Responses

SWC-2 Evoked Cortical Audiometry Measurements 10-70

TCB-20 Device to Enable Blind Diabetics to 05-73
Self-Assess Urinalysis Tests

TCD-4 Noise Activated Flasher Warning Device 03-71
for Deaf Driverx

TTU-3 Rate Monitor for Self-Injurious Behavior 01-73

TTU-4 Nocturnal Activity Monitox 01-73

TTU-5 Control of High Blood Pressure by 05-73
Biofeedback Technigues

UAD-7 Telemetry of Oral pH for Determination of 09-71

' Linkage to Cavity Formation

UAM~14 Self-Propelled Metabolic Analyzer Cart 01-72

UTM~38 Improved Urethral Valve for Nonsurgical 03-72

- Implantation
UTM~39 Multi-Channeled Hypothermia Blanket for 11-72

181
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POTENTIAL TECHNOLOGY APPLICATION

Problem: AER~-5 MOTION SENSOR TO PROVIDE BIGFEEDBACK
TO BLIND PERSONS UNAWARE OF INVOLUNTARY
MOVEMENTS

Institution: Arkansas Entexrprises for the Blind

Little Rock, Arkansas

Investigator: Elmo Knoch
Director of Training

Acquisition
Date: January, 1973
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FROBLEM OBJECTIVE

Investigators have long sought an effective, inexpensive,
reliable means of developing a motion sensor with auditory or
tactile feedback for blind persons who unknowingly rock back
and forth.

BACKGROUND AND APPROACH

In a report to the DE5 Medical Applications officer,
william Bush, Chief, Operational Systems & Planning Branch,
has presented the follewing tentative implementation plan:

The investigator indicated that he is not aware of any
studies that have provided accurate measurements of either
rocking motions or frequency of rock. Literature on the subiject
has been limited to observations and theory of cause. From his
experience with blind people, the investigator stated that the
- rocking motion is generally 6 inches with more severe cases .
exhibiting movements of 3-4 foot arcs. The observed frequency
is in the 60-70 CPM range. The condition of the rock has been
explained as a scanning for sound or a form of autoerotism.

The direction of rock varies, but each individual follows
.. pattern that is unique to himself in a single axis. o,

Although this motion is not a safety hazard, the blind
person when traveling tends to become disoriented i1f such
involuntary motion should start. It also becomes a disruption .
factor in work situations where blind persons are -in contact .+
with normal sighted individuals.



made aware of his action.

A blind persoh will respond and cease the motion when

For this reason, the investigator

suggested a sensor that would respond to the motion and provide
some sort of feedback. If successful, the unit could be

utilized with blind children.

(Or it is even feasible it could

help the elderly, or persons with nervous disorders).

utilized with the
sleep cap can be applied here.

It is felt that the same general technigue that is

"M133, Sleep Monitoring Experiment," (SKYLAB)
In this experiment, a small

accelerometer with a sensitive preamp is used to detect
‘unwanted head motions. Endevco, the developer of this unit

was contacted.

The company indicated they have several units

-that.could detect the types. of motion at the frequencies we

are interested in.

The price range 1s approximately $500,

~and they will follow up with the technical data sheets. From
a cursory review it is recommended that this be explored.
Some prerequisites that will requlre study are as follows:

eguipment.

6.

Accurate - measurements of motion and frequencies.
Location of sensor, review of reponses for range

of individuals.

Method of distinguishing between normal motion
and rock if response proves to be similar.

Type of feedback-audible, tactile, etc.

Psychological study to determine any detrimental
effects of rock ellmlnatlon. Does rock fulfill

any useful function?

Develop method of prov1d1ng continuous monitoring

of subject.

The investigator has indicated there would be no objection
to working with some of the blind at the institute. He also
has available or-can readily obtain most of the standard test

and and two.

area.

This should aid.in providing 'solutions to items

Logic to differentiaterbetween rock arnd other motions
(1tem three}, if applicable, would have to be developed after
some detailed measurements were accomplished.

Items four and five can be worked in conjunction with
the Psychology Department of the Unlver51ty of Arkansas (located
:several blocks from the school). J.. Barnes,
specialist, and Dr. Wood, Chalrman of the Psychology Department,
have indicated a willingness to support any efforts in this

a.motivational::
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The investigator's facility has a PDP-8F computer and has
had several communication frequencies recently assigned to
them. With use of a transmitter and receiver the computer
could be keyed to provide record keeping on the subject
(item six). The school is presently attempting to obtain such
a transmitter and receiver from the Air Force. This type of
effort could be a follow-on and/or additional associated
activity. '

.



POTENTIAL TECHNOLOGY APPLICATION

Problem: AVA~2 CAROTID ARTERY PRESSURE WAVEFORM
MEASUREMENT
Institution: Veterans Administration Hospital

Birmingham, Alabama

Investigator: William Bancroft, Jr.
Cardiology Research

Acquisition
Date: October, 1970

_——_——--......_.—_.a—-.....___———.--—....-__._——.——...—...-—.—-—.._—_——....-..-———-.n-—-.._.-.——-——_.-..._-—-—.—

PROEBLEM OBJECTIVE:

Investigator requested NASA technological help in
identifying or developing a flexible pressure transducer to
noninvasively measure carotid artery pressure in humans.

BACKGROUND

- This facility in the past had been using a glycerine-
filled transducer to monitor the pressure waveform of the
carotid artery in their patients. They use the acqguired data
to check circulation and correlate these findings with normal
sphygomanometer blood pressure readings taken from the arm.
These glycerine-filled transducers are no longer being
manufactured, and the investigators wished to find a suitable,
improved substitute. The unit should be comfortable to wear,
and should be linear from DC to 10 Hz.

POTENTIAL APPROACH

Through the efforts of Wayne Chen, Technology Utilization
Office; NASA/Goddard, the BATeam was made aware of CGoddard's
development of an improved arterial Pulse wave pressure
transducer...noninvasive and economical. Recently, a NASA
Tech Brief has appeared on the device, and it is included
after this summary for documentation. (B73-10046).

Goddard has fabricated several of the units, and at
last contact was working on evaluation studies with the Veterans
Administration Hospital in Washington, D. C. Our investigator
‘has been provided with essential information on the .unit and
still desires to pursue a personal evaluation. ‘

In addition to the new transducer, the BaTeam is inferested
in applying an idea developed by G. W. Hoffler, M.D., Chief
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of the Cardiovascular Branch at Johnson Space Center.

In their work, they perform carotid artery pressure measurements
requiring long-term application of the measuring device
(minimum wearing time of 25 minutes). Thelr chief concern

was comfort, and for same they have come up with the idea of
utilizing a "neckband" made of the same material {(lead lined)
used to fabricate aprons used in X-ray labs. The material 1is
heavy enough to "lay" across the neck without having to be
secured completely around the neck. Depending upon the size of
the individual being measured, they put "caps” of either lead
or stainless steel over the transducer (which fits through a
hole cut in the apron material) to achieve the proper skin
contact.

The BATeam would like to pursue the implementation of
both the Goddard unit and Dr. Hoffler's contact method forx
clinical feasibility.

From the patent application for the arterial pulse wave
transducer we would like to include the official abstract:

"p novel arterial pulse wave pressure transducer is
disclosed, the transducer, comprising a fluid-filled cavity
having a flexible membrane member disposed over the cavity
and adapted to be placed on the skin over an artery. An
arterial pulse wave creates pressure pulses in the fluid
which are transduced by a pressure-sensitive transistor
disposed in direct contact with the fluid into an electric
signal. The electrical signal is representative of the
pulse waves and can be recorded so as to monitor changes
in the elasticity of the arterial walls, and the like."
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NASA TECH BRIEF
Goddard Space Flaght Center

B/ 31040

NASA Tech Briefs anncunce new technology derived from the U.5. spacs program. They ar= issued to encourdage
commercial application. Tech Brigfs are available on a subscription hasiz from the Malional Technical Inlormation
Sewvice, Springlietd, Virginia 2215%. Requests Tor individual copies or guestions refating to the Tech Bdsel program may
be dirscted to ithe Technology Utilizalion Cflice, NASA, Code KT, Washington, D.C. 20546

An Fconomical Arterial-Pulse-Wave Transducer

The problem:
Arteriosclerosis is one of the leading causes of illness
and death in human beings. One important method in

detection of this disease involves the measurement of

arterial pulses by use of transducers which ¢onvert these
pulses into electronic signals. These signals are recorded

and interpreted by physicians who then establish-the -

presence and severity of the disease. Depending on

design, transducers may be applied internally or ex- -

temally. The former is painful because it requires an
insertion of a needle into an arterial wall, and the latier
requires expensive components to reproduce accurate
readings from skin area above the artery.

~

The solution:. ‘ . :

An inexpensive arterial-pulse-wave transducer has
been developed which can record arterial pulses ex.
ternally. :

How it’s done: - ' I

The transducer (see figure} uses a thin plastic
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membrane which is fluid coupled to a pressure sensitive .

transistor. The transistor is connected to an amplifier
which, in turn, i3 connected to a recorder.

In use, the plastic membrane side is placed in contact
with the human skin just above the artery that is to be
recorded. Pulses produced by this artery will vibrate the

Filling

Atmospheric
Pressure Vent

Port

b Fluid

Section

Prassure
—— Sensitive
Transistor
i

L Mernbrane

Amplifier

Recosder

{continued averleaf}
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raerpbiane, This vibration is transmitted through a suit-
able liguid to 2 pressure sensitive trunsistor. The transis-
tor is specially designed so that its casing is mechanically
coupled to an internal p-n junction. Vibration of the
casing causes variations in the transistor current gain
which correspond to arterial pulses. These signals are
then transmitted to an amplifier and recorded for
the physician’s evaluztion.

The entire transducer is enclosed in a sturdy plastic
housing, the end section of which is threadad to accept
a suitable holder. The end section also contains a pres-
sure relief vent to allow the transistor to sense only
pressure levels that are greater than atmospheric.

Mote:
Requests for further information may be directed to:
Technology Utilization Qfficer
Goddard Space Flight Center
Cede 207.1
Greenbelt, Maryland 20771
Reference: TSP73-10046

Patent status:

This invention is owned by NASA, and a patent
application has been filed. Inquiries concerning non-
exclusive or exclusive license for its commercial develop-
ment should be addressad to:

Patent Counsel

Goddard Space Flight Center
Code 204

Greenbelt, Maryland 20771

Source: Chung Kim, Donald Gorel_ic'k,
and Wayne Chen

Goddard Space Flight Center
{GSC-11531)

Category 03



POTENTIAL TEHCENOLOGY APPLICATION

Problem: CHS~10 HEARING AID MALFUNCTION ATLARM SYSTEM

Institution: Callier Hearing and Speech Center
Dallas, Texas

Investigator: * Frank Powell
Aram Glorig, M.D.

Acguisition -
Date: ' January, 1971
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PROBLEM OBJECTIVE

A miniature alarm system is needed to give warning of any
malfunctioning within the hearing aid of deaf or deaf-blind
children.

BACKGROUND

The extremely fragile nature of the hearing aids for the
very young deaf or deaf~blind children, makes them subject to
malfunction due to the hard usage factor. These children
cannot readily communicate and their habilitation is primarily
based upon retention and amplification of available residual
sensory physioclogy that is present. The hearing aids need to
work for this habilitation to be most effective. A schedule
of screening and rather crude testing is the only apparent
solution presently available. Investigators suggested that
the device should either sound or flash.an alarm to alert the
therapist of any malfunction in the amplification, the breakage
of lead wire, or if possible, also the distortion in quality of
- gound. The system should be miniature to be accomodating to
the size and use of present hearing aid configurations and
wearing constraints. : It cannot be stressed enough that in =
the learning environment of these children, it is essential
that their hearing aid devices must be in working condition,
or what little contact they have with their environment

(especially in the case of deaf-blind children) is literally
cut off from the outside world, a psychologically devastating
event in habilitation.

POTENTIAL APPROACH - 3

The problem is currently under feasibility study at
Johnson Space Center under the direction of William Bush, Chief,
Operational Systems & Planning Branch (DE5). It should be
noted that NASA does not intend to develop a "new" hearing aid.
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But it would be appropriate that NASA could aid in the
development of these sensitive malfunctioning systems to
solve a very important rehabilitation problem.

Personnel at Johnson Space Center are in possession
of a hearing aid of the type frequently in use at the
investigator’s facility. It is more than feasible that
MASA circuitry technology can be applied if we are allowed
to keep the problem solution implementation under consider-
ation, :

Depending upon the nature of the technique, should it
be developed, the technology could be applied to other areas
of yrehabilitation, especially in patient monitoring, where
malfunction warnings would be essential. -



POTENTIAL TECHNOLOGY APPLICATION

Problem: CRH~5 IMPROVED CLAMP FQOR URINE COLLECTION

DEVICES
Institution: - Craig Rehabilitation Hospital

. Englewood, Colorado

Investigator: Nena Robbins
Occupational Therapist

Acquisition Date:December, 1972
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PROBLEM OBJECTIVE
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Investigators are seeking a positive closing, easy opening,

niniaturized tubing occlussive clamp to be used inline before
the urine collection bag during emptying of the bag.

BACKGROUND

Paraplegics suffering incontinence wear a urine collection

bag strapped to the inside of the leg, usually below the

knee. Existing clamp devices are bulky and abrasive and tend

to leak during the emptying of the bag.

Since the device is commonly worn under trouser legs
it should be near flat for minimal bulge and non-abrasive for
tissue comfort. '

POTENTIAL APPROACH

The BATeam identified a NASA Tech Brief, B72-10687, "a

Shut-0ff Valve for Flexible Tubing," that the team would like
to explore, with modifications, as an ‘approach to the problem.

A copy of the tech brief follows this report, and with
a description and sketch, is self-explanatory.

: -Bnother suggestion has come from Cary R. .Sptizer at
Langley Research Center. His preliminary sketch for an
“In-Line Urine Bag Valve " follows this summary-.

John R. Johnson, also of Langley Research Center, has
submitted a preliminary idea for a solution approach.

The BATeam feels implementation of these ideas to final
solution should be considered and would incur rather minimal
engineering costs.
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December 1972

NASA TECH BRIEF
Muarshall Space Flight Center

B72-10687

rASA Tech Briefs announce new technology derived from the US space pregram. They are issucd lo eniourage
commerciat zpplicetion Tech Briels are available an 2 subszcription basis lrom the Matienal Technical information
Service. Sonngfizid. Virginia 22151, Requests for individual copies or questions relating to the Tech Brief program may
be direcied to the Technology Wiilization QGtfice, NASA, Code KT, Washington, D.C. 20546

) A Shut-Off Valve for Flexible Tubing

The problem:

Shut-off valves used with flexible tubing raust, in many
cases, be “normally closed” and provide = tight seal. (For
example, the design of this valve was motivated by the
need for such a clamp for a urine hose.)

The solution:

A simple, reliable, light weight valve was designed to be
hand operated and to provide positive sealing in its
normally closed position.

How it’s done:

The valve as shown in Figure ! is in the normally .
closed position. The two leaf springs force the jaws elased
on the flexible tubing and shut off the flow through the
hose.

Figure 2 shows the valve in the open position. When
the lever is pressed down, the leaf springs and jaws are
forced apart to allow liquid flow through the tube.

Fitting For
Attachment .
L
To Other Hose sver Jaws Leaf Springs
1 Desired A /\
o AL \

Flexible
Tubing

Clamp For Attachment
To Other Equipment

Figure 1. Valve in Normally Closed Position

Figure 2, Valve in Open Position

{comtinuad overleafl

Trus Iotuerantwas prepazed undet the soonsaeship of the Natoanal Govornment assumes any bability rasulnng from the use of the
Apronautics and Space Agdnmmstrahon, Nother the Unted Siotes intormation conta:ned i this dacument, or warranis It sulh vse
Government nor any person aching on baha!l of the Unted Siales will e free from pinately owned rights. ’



Notes:
I. Information concerning this innovation may be of
interest to manufacturers of hose clamps,

2. No further documentation is available. Specific
questions, however, may be direcled to: ‘
Technology Utilization Offiger
Marshall Space Flight Center
- Cote A&PS-TU '
Marshail Space Flight Center, Alabama 35812
Reference: B72-10687

B72-10687
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Fatent status:
NASA has decided not to apply for a patent.

Source: W. W, Reyburn of
McDonnell Douglas Corp.

_ under contract to
Marshall Space Flight Center
(MFS-21731)

Category 04, 07
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POTENTIAL TECHNOLOGY APPLICATION

Problem: CRH~7 JOY~STICK CONTROL FOR AUTOMOBILE
Institution: Craig Rehabilitation Hospital
Investigator: Tom Wertz

Acguisition '

Date: March, 1973

o o - — — o T T b oy e 8 S R B D T M i e ey e A R el M e A e St S S B B T S g e SRy e o L Mt e S

PROBLEM OBJECTIVE

Although some commercial aids for handicapped drivers do
exist, investigators wanted to explore the possibility of
implementing NASA technology for a joy—-stick type of control
console for use in standard, power-equipped automobile that
could be easily installed and disengaged for "normal” drivers.

BACKGROUND AND APPROACH

Many physically handicapped persons can drive automobiles
fitted with existing types of adaptive controls. Many others
(such as paraplegics with additional complications, elderly,
and heart patients, mid-to-low-level guadriplegics, polio
victims, and others) are not strong enough. Handicapped people
have an intense desire for independence, a desire which is
squelched by their inability*to transport themselves around
town and across country. A lot of talented and capable people’
are being kept out of productivity by their lack of mobility.

A possible aid to independent automobile travel for the
handicapped has bheen developed for the Apollo program. The
joy-stick control device for the Lunar' Rover Vehicle appears
to offer one-hand control capabilities to the automokile driver.
By manipulating the single control lever, the Apollo astro- i
nauts were able to control the LRV in direction, speed, and
braking--replacing the steering wheel, accelerator and brake ..
pedals, and shifting lever.

The joy-stick control concept was demonstrated in the
late 50's by General Motors Research Lab with the highly
experimental Firebird III. A similar concept was adapted
to a standard 1967vautomohile by graduate students at the
“University of Illinois,: though theirs was a rather crude o
‘network. That the LRV type control system could be easily
and. inexpensively attached to a standard automobile remains
to be demonstrated.
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Under the auspices of the BaATeam program, in cooperation
with SwRI experts and selected outside consultants, we would
like to conduct a feasibility study to do the following:

1.

- Synthesis and Conclusions. S

Assess Driver Ability

Determine musculaxr function levels of standard
physical disability categorles as they relate to
ability to operate a joy-stick control device.
Scme information is available in the literature,
since joy~stick controls are used on electric
wheelchairs. It may alsc be useful to use the
Complex Coordinator Device for assessment of
eye-to-hand coordination and muscular -control.
sensitivity. An attempt would be made to obtain
a training version of the LRV control for use by
handicapped test subjects. Physiatrists will be
consulted for other suitable means for evaluation.

Survey Interface Mechanisms

Study the control output functions of the LRV joy-
stick mechanism and select means of interfacing to
the standard automobile. Selection of suitable

effector components for steering, carburetor,

transmission, and brake controls will be governed
by reliability, ease of installation, and low cost.
A separate, but parallel study will considerxr
necessary accessories to aid vehicle entry and
restraint of the handicapped driver, as well as
control of automobile light, horn, turn indicators,
and air conditioner switches.

et -

From the assessment of driver ability and design and

~development options for the control device, o

recommendatlons will be formulated for follow-on

. effort. Baged.on reports from funded programs in -

rehabilitation research and from inquiries from
interested state agencies, it appears ithat there

~could be cooperative support available from .such

sources as Social and Rehabilitation Services (HEW),
the automobile industry, American Automobile '
Association, insurance companies, as well as
private foundations.
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POTENTIAL TECHNOLOGY APPLICATION

Problem: GLM-35 BETA RADIATION CATHETER PROBE

Institution: University of Texas Medical Branch
Galveston, Texas

Investigator: Hermann Rudenberg, Ph.D. (coordinator)
Acguisition
Date: September, 1970
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PROBLEM HISTORY:

Although the original problem centered around one objective,
several are now documented. Briefly, the implementation
is comprised of the development of a catheter tip, solid state
radiation detector used to measure beta radiation levels in
blood. Three current needs for the device can be stated as
follows:

l. TO MONITOR CEREBRAL BLOOD FLOW IN HEAD-INJURY
PATIENTS ~ A device was needed which would permit
assessment of (1) the effect of variocus pharmocologic.
agents upon cerebral blood flow, and (2) progress
towards recovery as an accompaniment to various

therapeutic regimens. - The only practical way in which
physicians can presently accomplish this involves
administration of a radioactive gas (Krypton 85) and
then over a protracted period withdraw blood samples
by (l) piercing the carotid artery (to determine
Krypton 85 concentration of blood entering the brain)
and (2) piercing the jugular vein (to determine
Krypton 85 concentration of blood leaving the brain.)
-Appropriate comparisons of the resulting data--over
extended periods of time---allow the physician to
monitor, in a rather primitive fashion, cerebral
blood flow. The repeated piercing of the veins and
arteries subjects the patients to undue amounts of
needless suffering, increases the risk of infection,
and requires an inordinate amount of time for
setting up, taking the sample and analyzing the
samples repeatedly.
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2. CHRONIC INTRA-ARTERIAL FIBRIN DEPOSITION - Many
believe that coronary and other atheromatous
arterial narrowing, by far this country's most
important cause of death, results from chronic
intra~arterial fibrin deposition. This is still
a controversial etiological hypothesis. The
beta radiation probe could help in establishing
or ruling ocut this idea. Specifically, it is
desired to administer Il25 tagged fibrinogen
followed by catheter-tip transluminal measurement
of local radiation. In this way, it is believed
that even minute amounts of fibrin incorporated
into growing early lesions could be detected and

mmto oo o Lo Of:course:localized at the affected arterial . .
wall site. Secondary thrombus could be easily
‘localized, in itself a significant clinical
contribution.

3. BASIC CARDIOVASCULAR RESEARCH - Other investigators
are desirous of using the beta radiation catheter
device to detect an iodine isotope tagged digitalis
in the nyocardium. ' '

4. DETECTION OF EYE TUMORS - Investigators have been
administering an isotope which has a proclivity
for concentrating in abnormal eye tissue and then,
using a rather bulky and inaccurate geiger counter,
they wanted to insert the device behind the eyeball
“to help locate the presence of eye tumors with
greater accuracy. Understandably, the beta radiation
probe would be more efficient.

) - To recap the history of the GLM-35 probe development,
‘the BATeam originally ‘located 'a 'NASA Tech Brief B66-10252
that described a reliable, miniaturized solid state radiation
. .detector suitable_ for .IN VIVO use which, by incorporation of
" a preamplifier immediately behind the detector, could solve
.several problems.. .The.radiation detector .and .preamplifier .
would be installed in a #7 French double lumen catheter, thus
enabling one or more probes to be inserted into needed areas
e ... and left in place for extended pericds. The output of the
detector can be fed into the appropriate accessory instru-
poo wrectrmentation c(such tas asmultichannel analyzer) to provide - - - rhpeapes
virtually instanteous information, especially in monitoring
blood flow.
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The SwRI BATeam has obtained several of the solid
state radiation devices and pexfected the reguired
preamplifier. And Between the BATeam and NASA help at Langley
Research Center miniaturized the preamplifier on a thin film
chip for installation behind the detector, which was essential
for low noise and adeguate sensitivity.

Assistance has been_ solicited from specialists at
The University of Missouri, working under NASA contract to
help the team develop an inmproved protective coating for
the probe detector element that would not sacrifice
sensitivity.

Pending additional funding, it is essential for final
technology application efforts of the GLM-35 beta radiation
detector probe, that an extensive test and fabrication protocol
be established so that a high yield of functional devices can
be achieved. It will be necessary to provide a shielded test
facility with a beta reference. Provisions would be made to
test the miniature elements upon receipt, to test the transducer
assembly at any stage of fabrication and to perform periodic
tests on completed transducer units. This test unit will be
portable so that it can be loaned to and perhaps duplicated
by researchers who intend to usge the transducers. The
preamplifier circuit design will be verified further and a
r¥ckage of smaller diameter will be fabricated if possible.

NASA tie-in information, radiation probe sketches and
circuitry and a brief description of the device follow this
summary. '



Brief 66-10252

June 1986 ,

NASA TECH BRIEF

NASA Tech Briefs are issued 1o summarize specific innovations derived from the U. S. space
program and to encourage their commercial application. Copies are available to the public from
the Clearinghouse for Federal Scientific and Technical Information, Springfield, Virginia 22151.
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Semiconductor Forms Biomedical Radiation Probe

Central Aluminum
Conductor Slug

Coaxial

_W

Braided
-Shield

Silver
Casing

The problem:
To produce a reliable miniaturized radiation do-
simeter for biomedical application in vivo. External

dosimeters do not accurately indicate dose level within .

the irradiated cells because the greater radiation dam-
age is caused by photoelectrons and knock-on pro-
tons. Proposed chemical dosimeters for in vivo appli-
cations are only partially satisfactory since they will
not indicate rate of absorption or number of particles
absorbed. '

The solution:

A semiconductor radiation detector in the form of
a slender probe that is casily inserted into body tissue.
The probe has a signal-to-noise ratio that is accepta-
ble to recording equipment and it provides realistic
measurements of the spatial and energy distributions
of radiant electrons and protons.

How it's done:

The probe detecting element is a semiconductor
diode of the junction type fabricated from a high
resistivity silicon crystal doped with P-type impurities.

. Phosphor
Nickel A
Lead Coating

The probe has the general shape of a clinical ther-
mometer with the detector in the form of the mercury
reservoir. The P-N type junction at the crystal is
formed by the diffusion of phosphorus over the crystal
surface. A silver casing holds the phosphorus coated
crystal and connects with the ground lead (braided
shield) of a miniature coaxial cable whose central
conductor contacts a nickel lead from an aluminum
slug in the body of the crystal. The silver casing is
tin soldered to the phosphorus ceated crystal by
means of a nickel plate on the phosphorus and the
other end is hermetically secaled to the ceaxial cable
external insulation that is impervious to body iluids.

In operation, reverse bias is applied to the P-N junc-
tion, and radiation penetrating the junction is con-
verted to voltage pulses that are conducted to record-
ing equipment via the coaxial cable.

Notes:

1. This device would be useful in evaluating blood
flow problems by insertion into veins and arteries
to measure the spatial and energy distributions of
radioactive tracers. ‘

{eenitnued overleal}

This dovument was prepared undet the sponsorship of the National
Aeronavtics and Spave Administeation. Neither the Unded States
GoverAment nor any pefson acting on behall of the United Stnes

Guvernment assumes any liability resuliing from the use of the
miormation contained in this document, or warcants that such use
will be [ree from privately owned rights,
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2. Inquirics concerning this invention may be di- Patent status:
rected to: This invention is owned by NASA, and a patent
Technology Utilization Officer application has been filed. Royalty-free, nonexclusive
Manned Spacecraft Center licenses for its commercial use will be granted by
Houston, Texas 77058 ' NASA. Inquiries concerning license rights should be
Reference: B66-10252 made 1o NASA, Code GP, Washington, D.C. 20546.

Source: Fred P. Burns and Josef E. Friedericks
of Solid State Radiation Incorporated

under contract to

Manned Spacecraft Center

{MSC-320)

Briel 66-10252 Category 04
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SESSICN 2G: THE CHALLEMGE OF APPLYING AEROSPACE

INNOVATIONS TO HEALTH CARE
PAPER 2.2 '

CATHETER TIP PREAMPLIFIERS

Charles J. Laenger, Sr, and Robert L.
Southwest Resesarch Institute

Wilbur

San Antonio, Texas

C. P. McGraw, Ph.D.
University of Texas Medical School at Galveston
Galveston, Texas :

-

Special purpose preamplifiers must
be an integral part of certain medical diag-
nostic and physiologic data acquisition trans-
ducers. One such diagnostic instrument
currently in development is the catheter tip,
solid state radiation detector used to measure
beta radiation level in blood. The physical
requirements of this transducer assembly
are that it be: (1} less than 0.100" in diam-

eter and less than 0.5" long, (2) biocompatible

and non-thrombogenic, and (3) gas steriliz-
able, General electrical specifications are
that the unit be safe for both the patient and
the physician and that it be compatible with
a solid state radiation detector element.

Irreversible brain damage can occur
when blood {low to the head is restricted. It
is essential for best treatment and care,
therefore, to monitor blood fiow to the brain
of patients who have sustained head injuries.

Researchers are attempting to use an
isotope {Krypton-85) in developing a means
for measuring cerebral blood flow. Head-
injured patients are administered the gaseous
isotope with a respirator and arterial and
vehous beta radiation levels are measured.
Comparison of radiation level in the blood
entering the brain via the carotid artery and
in the blood returning from the bhrain via the
jugulat vein may provide an acceptable means
for measuring blood flow to the brain.
Presently it is necessary to withdraw blood
samples each time a measurement is made -
a procedure which involves discomlfort and
potential danger of infection to the patient.

. The solid state radiation prbbe, in-
cluding a tip-mounted solid state preampli-
fier, has been incorporated within an intra-
vascular catheter. These
catheter tip transducers can be inserted into
the carotid artery and jugular vein where

See Figure 1.

they can remain in place for extended periods.

1O demand monitoring of cerebral blood
flow can thus be achieved without repetitive
withdrawal of blood samples. - This method -
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. oring cerebral blood {low.

may vastly improve methodslogy for monit-
It could prove
more rapid and reliable for determining

the extent of head injuries, progress towards
recovery, and the effectiveness of thera-
peutic treatment.

The solid state radiation detector
used in the catheter tip transducer is a
lithium compensated silicon device developed
and marketed by Solid State Radiations, Inc,
See Figure 2. The basic circuit for pro-
viding bias voltage and for preamplification
of the electrical pulses resulting from de-
tected heta activity was also developed by
Solid State Radiations, Inc. The NASA
Langley Research Center modified the
circuit and fabricated the preamplifier for
catheter tip rmounting. Southwest Research
Institute, under contract with NASA Techno-
logy Division, assembled and packaged the
complete catheter which included a post-
amplifier mounted at the proximal end,
in vitro tests were made with dry Krypton-85
and preliminary intra-vascular tests have
been made with experimental animals.

The most significant engincering .
achievernent was development of the pre-
amplifier package which is aominally
0, 065" in diameter and 0. 4" long. 1 see
Figure 3. Electrical reguirements and
specifications are as follows: supply
voltage - + 22.5 volts dc (battery); current
drain « 200 p amps; gain - 4; and noise
output - 336 u Vpag referred to input with
the detector in place.
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FIGURE 1. BETA RADIATION CATHETER
TIP TRANSDUCER

1. SOLID STATE BETA RADIATION
DETECTOR ELEMENT

2. POTTING MATERIAL - SCOTCHCAST #5

3. PREAMPLIFIER

4. USCI NO. 5910 CATHETER #7 FRENCH -
0.092" Q. D.
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FIGURE 2. SOLID STATE RADIATION
DETECTOR ELEMENT
(DEVELCOPED BY SOLID STATE
RADIATIONS, INC.}

FIGURE 3. PREAMPLIFIER )
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PDTENTIAL TECHNQOLOGY APPLICATION

Problem: MDA-1 RADIATION RESISTANT TILT TABLE
MATERIATL FOR RADIOTHERAPY

Institution: M. D. Anderson Hospital
Houston, Texas

Investigator: David H. Hussey, M.D.
Radiotherapy

Acguisition

Date: August, 1972
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PROBLEM OBJECTIVE

Investigators asked NASA help in locating or developing
materials for design and fabrication of a radiotherapy patient
tilt table which does not accumulate large amounts of radiation
from neutron bombardment.

BACRGROUND -

The investigators are in the developmental stages of
massive tumor treatment by fast neutrons generated by bombarding
Berrylium with Deuteron. They have use of the cyclotron facility
at Texas A&M University. Present problems center around finding
a suitable material from which to fabricate the patient tilt
table.  This material ideally should be .able to withstand the . ; =
bombardment of thermal and epithermal neutrons without accumulating .
a great deal of radiocactivity because replacing contaminated
- radiotherapy equipment is.exXtremely prohibitive.

APPROACH AND STATUS

Y. ..Through the NASA STIF. search T641 which is on-.record: for .
reproduction and update, the BATeam tock note of several
documents that referred to a NASA developed class of polymers
~cailed-pyrrones. - NASA document SP-5075 .included an article .
entitled "Properties and Potentlal Applications of a New High-
" Tempe'tdture Pdlymer, Pyrrones,"” p. 165-that gave basic outlines-.
for the feasibility of considering this material as a solution.
(portion of document is included after this summary).
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Through the efforts of Warren Kelliher and Vernon Bell
at Langley Research Center, the BATeam was able to acguire
several samples of the material in different configurations.
The investigators were extremely enthusiastic about the
pyrrones, and are presently completing radiation testing
in their facility. Mechanical properties testing is due to
pegin shortly. It will be noted that this particular material
is available in several forms, including films, coatings,
laminates, foams, and moldings. We suggested that a laminate
coating of the regular radiotherapy equipment might suffice
to provide the kind of protection desired. Since the material
is not yet commercially available, and the application
technology is highly specialized, Langley Research Center,
has expressed willingness to assist in the realization of
this material utilization. :

Another suggestion put forth by John A. Parker at Ames
Research Center was the use of another class of polymers which
are commonly radiation resistant. These are the polycyclic
aromatic types. Parker stated that it is the metals in the
polymer chains which absorb the neutron radiation, and that,
by careful processing, the metals could be eliminated from
the polymer, since they do not contribute to the structural
properties. An organic acid (EDTZ) could be used to chelate
the metals through precipitation. Then, metal-free monomers
could be vacuum deposited onto the formed surface to produce
a radiation-free cover.

Parker also suggested an alternative plan. Existing
radiotherapy patient tilt tables could be kept in use by
simply using a disposable dressing cloth impregnated with
a neutron-captive dressing (such as "borax"). This is within
the present capabilities of paper manufacturers and should
‘pe relatively inexpensive. Since the main radiation hazard
of this equipment was for the technician and not the patient,

the idea of utilizing a treated paper seems feasible.




24. PROPERTIES AND POTENTIAL APPLICATIONS DF A NEW
HIGH-TEMPERATURE POLYMER, PYRRONES

By Warren C. Kelliher

Langley Reseavrch Center
INTRODUCTION

The pyrrones are a new c¢lass of polymers that have been developed at the Langley,
Research Center for high-temperature environments. The polymer is a thermosetting-
type resin resulting from the reaction of an aromatic tetraamine with an aromatic dianhy-
dride. (See fig. 1.} The two monomers initially react to form an intermediary stage
having a nylon type of structure. At this stage the polymer is tractable and forms the
basis for fabricating the polymers into useful end products. By use of a thermal-curing
process, the polymer loses water, forms initially a polybenzimidazole (PBI) or polyimide
(PI) structure, and then fully cyclizes to the pyrrone structure. The PBI and PI are com-
mercially available high-temperature resins and have a step-ladder structure as sche-
matically shown in figure 1. The pyrrones, however, heing fully cyclized have a full-
ladder type structure, are more rigid, and have different properties than the PI and PBI

resins.

The two available forms of the intermediate stage of the polymer are shown in fig-
ure 2. The solution form can be obtained by using a variety of solvents and is generally
used for preducing films and coatings. The solution or varnish, as’it is sometimes called,
'is suitable also for making laminates, since a solids content of 35 percent in the varnish |
can be obtained. The powder is a fine, free-flowing material used for the production of

foams and moldings.
DISCUSSION

Some of the forms that have been fabricated from the pyrrone intermediate stage
are shown in fipure 3 and are:

(1) Films — The films have high strength, little elongation, and reflect the rigid
nzture of the pyrrone polymers. The investigation of the properties of the {ilms has
shown & potential' application as a membrane or a separator in electrolysis systems.

(2) Coatings — Solutions of the high-molecular-weight pyrrene intermediate stage
have a natural [ilm-forming tendency and also have good adhesive properties. As a result,
excellent coherent coatings on a variety of substrates can be obtained. The thermal and

165
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chemical stability of the pyrrones sugges! potential application of the coatings where

hicvh-temperature corrosion resistance 1s required.

(3} Laminates — Much of the applied rescarch on pyrrone resins has been in the
area of fabricating and testing of laminates for high-temperature structural applications,
The high rigidity of the pyrrone resin slructure results in laminates having hizh flexural
strengths, and the good adhesive propertiies of the intermediary solution stage resulis in
laminates with high interlaminar shear strengths. At the present time, the long-term
high-temperature properties of the pyrrone laminates are being investigated in combina-
tion with different reinforcing agents.

(4) Foams — Because of the volatiles given off during the thermal curing process,
the pyrrones have a natural tendency to foam. This property presents some difficulty in
producing quality laminates and moldings. Because of the high-temperature stability
and high strength of these foams, they are currently being evaluated for use as ablative
materials and as a structural core material. Foams with densities as low as 15 1b/ft3
that possess good mechanical strength properties have been obtained.

(5) Moldings — Unfilled moldings have been produced at the Langley Research
Center and are being used as a means to evaluate the properties of the cured resin sys-
tem. An investigation of filled moldings has just begun and good results have been
obtained with 50 percent loading levels of aluminum, mica, molybdenum disulfide, and
graphile in pyrrone,

For comparison with other pelymers, the more significant strength properties of
different fabricated forms of pyrrone resins are presented in figure 4:

(1) Films: For 1 mil thickness film: — high tensile strengths, 20 000 psi; low
elongation, 6 percent.

(2) Laminates: For 12 ply, glass-reinforced laminates — high flexural strength,
90 000 psi: high modulus strength, 5 % 10 psi; good horizontal shear strength, 5000 psi.
When tested at 600° ¥, retains 80 percent of room-temperature strengths.

(3) Foams: TFor unreinforced 30 Ib/{t3 density foams — high compressive strength,
2000 psi; high modulus strength, 1.3 % 10° psi,

(4) Moldings: For unreinforced mioldings — high flexural strength, 18 000 psi.
When tested at 6009 F after 160 hours at 600° F, they had 15 000 psi flexural strength
and 3000 psi flexural strength at 1000° F.

The general properties of the pyrrone polymers are:

(1) Nonftammable — It can be heated to incandescence without flammable combustion
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{2) Outstanding radiation resistance — Although most polymers suffer degradation
after 5000 Mrads of radiation, the pyrrone were subjected to 50 000 Mrads of radiation _
and had no detectable degradation of properiies

(3) High-temperature stability - Pyrrones have long-term stability to at ;.F’clSL
5000 F and potentially to 600° F: short-term sf.;xblhty io 1000° F

(4) Good adhesica, coatability, and corrosion resistance — P;.mones have excellent
potential as hich-temperature corresion- resistance coatmvs 1000 hours at 1:700 Fin
40 percent sulfuric acid and potassium hydroxide had little effect on the resin

(5) Easy to machine — Because of rigid nature of the polymer, it is very easy to
perform normal milling, cutting

(=0}

and sanding operations on the cured resin.
CONCLUDING REMARKS

It must be emphasized that the pyrrones are a new class or family of polym'ers and
these polymers have different chemical and mechanical properties depending on the
starting monomeric materials. At Langley Research Center the polymers are being
developed and their properties are being investigated from the standpoint of space and
aeronautical utilization., The polymer does, however, have some very interesting and
useful properties that could have commercial applications. s development for these
purposes and potential usage is left to the initiative of private enterprise. The polymer
is available in research quantities from the Langley Research Center and from two con-
tractors, Hughes Aircrait and Aveo Corp., who are assisting in the optimization of the
mechanical properties of the polymer. Additional details on these polymers cén be
cbiained from the Langley Research Center.

STRUCTURE AND SYNTHESIS OF
POLYIMiDAZOPYRROLONES { PYRRONES)
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POTENTIAL TECHNOLOGY APPLICATION

Problem: MSC-1 PORTABLE SCALP COOLING DEVICE FOR

CHEMOTHERAPY
Institution: Louigiana State University Medical Center

New Orleans, Loulsiana

Investigator: Jose E. Torres, M.D.’~

Acguisition

Date: December, 1972

PROBLEM OBJECTIVE AND POTENTIAL APPROACH

Liquid-cooled garments have been developed by NASA to be
worn under pressure suits in high-temperature environments. It
has been suggested that technology generated during development
of the LCG may have an important application in cancer treatment.
Certain fast-growing types of cancer cells have been shown to be
particularly sensitive to treatment by cytotoxic drugs, resulting
in a marked upsurge of clinical reseaxch into technigues of
cancer chemotherapy. One of the common undesirable side-effects
of chemotherapy is temporary, but complete loss of hair.
Preliminary efforts to apply NASA skin-cooling technology
have demonstrated that cooling the scalp during chemotherapeutic
treatment can prevent attendant hair loss. Temperature
differential and treatment time duration parameters are
presently unknown, a shortcoming dur primarily to the unavaila-
bility to the researchers of specific control and measurement
eguipment.

It is suggested and desired that the LCG technology and
equipment be developed to provide a basic system for skin
cooling, temperature sensing and temperature contrelling to
further the research toward understanding and utilizing this
potentially valuable therapeutic techniqgue.

Although success is cautiously acknowledged, treatment by
direct injection of specific cytotoxic drugs (chemotherapy) is
being used with encouraging frequency for certain fast-growing
forms of cancer, including lymphatic leukemia, Hogkins disease,
and choriocarcinoma (occurs in placenta of some pregnant women).

It was suggested by the investigators that locally reducing
metabolic activity {including circulation) by cooling the scalp
region might help to prevent, or reduce, hair loss attendant to
chemotherapy. The theory received cursory trial on one patient,
using cooling equipment and perscohnel assistant from CSD of
NASA/JSC, with the result that hair-loss was very slight.
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Enthusiasm among the investigators has thus been
heightened by the indication of probable success in applying
their theories. They have begun preparations for developing
protocol for more extensive studies of the local cooling
technique. Besides preventing hair loss, it is also foreseen
that the technigue may be applied toward reducing aplastic
anemia (also a side-effect of chemotherapy) and to potentiating
(localizing) chemotherapeutic effects.

The researchers need a portable means of coeoling body
surface  areas, including scalp, sternum, and hips to surface
temperatures as low as 50CF. The device should bhe a self-
contained, closed circulatory system, portable unit which :
includes measurement capabilities for inlet and outlet coolant -
temperatures, skin surface temperature, and cooclant flow rates.
The unit would preferably use a closed system for circulating
chilled water and a heat-exchanger interface to a gas coolant
(similar to the LCG concept). It would receive power from a
standard 115V AC source and needs no further connections at
the treatment zite.

The prescribed technical approach might be divided into
three impact areas, any one of which, if not all, may receive
~input from established NASA technology.

1. S8kin contact interface device in the form of a skull
: cap or deformable blanket,
. 2. Coolant supply and temperature regulatlng console,
3. Temperature sensing devices to accurately describe
skin temperature.

The interface which cools the skin surface should be a
terminal. for a closed liquid-circulating system. It should be _

‘waonedthervpreformed. to.a . cap..configuration, or deformable to the . -; ...

curvature of the skull. It should consist of a network of
channels for coolant circulation with reinforcement sufficient
to prevent either channel collapse or ballooning under circu-
lating fluid pressure. It should provide accomodation for skin
. temperature sensors and for attaching and holding itself to.the
prescribed area of the body where cocling is to be accomplished.
Finally, it should be formed of such material as to be both
-non-irritating to epidermal tissue and readily sterilizable for
repeated use,

The cgolant supply should provide a means for cooling the
circulating fluid. of the interface device and sufficient controls
-~ for regulating coolant temperature and rate of -flow. It should
be semiportable and require only AC house current external .

. connection. It should be permanently or easily attached to the
jnterface device. It should, further, contain a means for
reading the skin temperature. -
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The temperature senscr(s) should be developed with
adequate thermal coupling means as to provide accurate and
rapid acquisition of temperature changes at the skin surface.
Readout should be at the coolant supply console.

SCALP COOLING - A CONCEPT



POTENTIAL TECHNOLOGY APPLICATIOQON

Problem: OVA-2 MEASUREMENT OF LUNG COMPLIANCE

Institution: Veterans Administration Hospital
Oklahoma City, Oklahoma

-

Investigator:

Acqguisition
Date: July, 1970
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PROBLEM OBJECTIVE

Investigators are searching for a reliable, easy-to-use’
atraumatic method for measuring lung compliance (elasticity).

BACRKGROUND

In emphysema, the prime research target of the investigator
who 1s trying to shed more light on the disease state, the lungs
lose their elasticity because walls between adjacent alveoli
break down resulting in formation of large air spaces. As a
result, physiologic dead space is greatly increased; inadeguate
and uneven alveolar ventilation occurs and severe anoxemia _
(reduction of oxygen content of the blood) and-hypercapnia (excess
of carbon dioxide in the blood) develop. Inspiration and expir-
ation are labored, and the work of breathing is greatly increased.

Presently, unless~ hlghly sophisticated systers are
employed, "information concernlng lung - compliance can be obtained
by inserting a pressure measuring device into the nose and
clipping the nose shut. The patient then mouth breathes through
an apparatus that contains valve just beyond the mouthpiece.
After he inhales a.given.amount, the valve is closed,
interrupting the airway. The patient'then relaxes his respir-
atory muscles while the airway pressure {now egqual to pressure
in the lungs) is recorded. The procedure is repeated after
actively inhaling or exhaling various volumes. The airway or
lung pressure obtained is plotted agalnst volume as shown in
the following figure.
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Diagram showing the relation between intrapulmonary
pressure and volume. The center curve represents the
static pressure curve of values obtained when the lungs
are inflated (or deflated) by various amounts and the
intrapulmonary pressure measured with the airway closed.
The slope of the curve represents the compliance of the
lungs and chest wall. The maximal inspiratory and
expiratory curves are the airway pressures that can be
developed during maximal inspiratory and expiratory
efforts (R ef: MEDICAL PHYSIOLOGY, lith ed., P. Baxd,
ed., Mosby, 1961)

As can be seen from the above figure, the pressure is
zero. at a lung volume that corresponds to the volume of gas
.in'the lungs at:.the end of a guiet expiration (termed the
functional residual capacity); positive at greater volumes;
and negative at smaller volumes. The change in lung volume
per unit change in airway pressure (AV/AP) is the "stretchability"”

- or compliance of concern to the investigator. In young individ-. + -

uals, ‘the normal value of compliance is about 0,1 liter/cm of
H,O0. However, when rigidity of the lungs increases, this
index value drops and is particularly low in the presence of
emphysema.

Acguisition of compliance data by the means described above
is time consuming, reguires the use of bulky equipment, and is
difficult to employ with patients who are ill. While the.
technique is sensitive enough for gross diagnostic usage, it is
inadeqguate for detecting subtle abnormalities or changes in the
disease state. The existing method for acguiring lung compliance
data must be utilized with care because the associated flow
transducer is not reliable. One component of the air volume
measurement apparatus is a screen which often bhecomes partlally
clogged ‘due to presence of moisture in the exhaled air. The
problem has existed in the field of pulmonary instrumentation
for a long time, and although many modifications and alternate
apﬁroaches have been explored, it has not yet been satlsfactorlly
solved
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APPROACH

There have been three apparently viable potential
solutions proposed for this problem:

1. From the Naval Ordinance Lak, Dr. Sherman Gee:

To determine compliance by driving the combined
volumes of instrument and lungs with a known
incremental pressure fluctuation. The phase shift
in pressure response would be sensed at each of
several static pressure references to provide a
spectrum of compliance values.

2. From SwRI, Wendell R. Peters (based upon work done
previously by him at School of Aerospace Medicine,
Brooks, AFB):

Uses a fast Fourier transform alogrithm (spectral.
analysis techniques) to convert flow data output
from random pressure input into amplitude phase
versus freguency data readily reduceable to known
parameters of dynamic behavior of lung disease.

3. From NASA/Langley Research Center, Mr. Otto Trout:

Applies a flow-volume loop graphical display-as has
been used in prototype form at Langley for a 90-day
manned test using a sgpirometer and assorted
recording means.

A great deal more is known currently about lung compliance,
but bioinstrumentation and data gathering technigques are not
yet completely satisfactory.

Three current references are listed for information
purposes:

1. "“Stress distribution in lungs: a model of
pulmonary elasticity," Mead, Jere, et al, in
J OF APPLIED PHYSIOLOGY, 28:5 May, 1970, p 596 begin.

2. "Tests of a model of pulmonary elasticity,”
J OF APPLIED PHYSIOLOGY, 33:5, Nov.,1972, p576 begin.

. 3. "A New Method for Simultaneous Measurement of Total
Respiratory Resistance and Compliance,” Miyamoto,
Yoshimi, et al, in JAP J PHYSIOLOGY, 22, 453-466, 1972.



218

POTENTIAL TECHNOLOGY APPLICATION

Problem: SDU-1 COMPLETE PORTABLE SYSTEM FOR ACQUIRING
AND ANALYZING AUDIO EVOKED RESPONSES

Institution: University of California at San Diego
La Jolla, California

Investigator: Robert Galambos, Ph.D.
Neurosciences

Acquisition ‘
Date: April, 1973
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PROBLEM OBJECTIVE

The investigator would like a portable, compact and
complete system for acquiring, analyzing and recording audio
evoked responses.

BACKGROUND AND SPECIFICATIONS

A new test of hearing capability of newborns uses only the
first 10 milliseconds of the auditory evoked response and is
presently being measured with a cumbersome agglomeration of
commercial equipment, including Grass amplifiers and a computer
of average transients. It is very difficult to transfer this
equipment within the hospital, and is impossible to use the
system in intensive care areas because of bulk.

The investigator states the following specifications:

Stimulator Section:

1. Bandwidth - 1/3 octave noise centered at 800, 1500
and 3000 Hz,

2. Level Control - 0 to 110 dBre .002 dynes/cmz,

3. Electrodes - Built-in preamplifiers and good
60 Hz rejection.

Amplifier/Analyzer: —4 BP Filter o . :
iR T : 100Hz -3 000 H g~ Gate J———Analyzer
e T - ' Filter § Trigger
100Hz LP ’ -

High Level f

=% Threshold

&
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1. Interrupt input to analyzer when motion artifact or
muscle potentials are present. That is, do not record
in the presence of very low frequency signals and/ox

: high amplitude signals.

2. Information immediately after stimulation is very
important (labeled I, II,....IV).

3. BAnalyze 2,000 repetitions - automatic cutoff needed. .

4, Modified CAT - a high-speed, special purpose analyzer.

5. Good 60 Hz rejection. '

6. Readout: (a) Visual, with points plotted at 100 usec.
intervals, and {(b) plotted record reguired.

SUGGESTED APPROACH

Marshall Space Flight Center is currently finishing up
work on an evoked audiometric system that comprises most of
the technology needed by the investigator. System description
is included in the discussion of problem SWC-2. Pending their
completion and evaluation testing, a clinical adaptation with
improved portability could be considered.

Depending upon working relations with the investigator, .
personnel at Goddard at one time were willing and able to
give the problem additional input suggestions. A renewal of
these contacts would be desirable.
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POTENTIAL TECHNOLOGY APPLICATION

Problem: SWC-2 < EVOKED CORTICAL AUDIOMETRY MEASUREMENTS
Institution: Scott and White Clinic
Temple, Texas
Investigator: L. H. Deitexrman, Ph.D.
Acquisition Octcher, 1970
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PROBLEM OBJECTIVE

Investigators sought to explore NASA developed basic
state-of-the~art electronic circuitry which can be incoxrporated
into an instrument to supply audio tones, synchronize and
signal condition the EEG for recording of evoked responses on
infants and preschool children.

BACKGROUND

The investigator would use the instrument to clinically test
infants for evoked cortical responses (EEG) to audio stimuli to
determine if a child is deaf, hard of hearing, or has brain
damage not directly related to hearing ability. The introduction
of a clinical instrument that will discriminate between hearing
difficulties and other brain defects will promote proper treat-
ment of small children with hearing defects without the erroneous
‘diagnosis of mental retardation. Evoked cortical response testing
is not new, however, no instrument exists for testing the hearlng -
of subjects by this method. -

APPROACH AND STATUS

: ‘Because of their interest and facility capabilities,
personnel at Marshall Space Flight Center have taken over the
development of this system. After lengthy periods of design,
fabrication, and components development, the system is now due
for final conmpletion sometime this fall. »

A complete description of the system as it stands is
documented in the MSFC document S&E-ASTR-RMH-72-7, Sept. 21, 1972
entitled “"Development of a Portable Evoked Cortical Response
Audiometrics System," by Stephen M. Graff and Robert V. Allen.

For documentation and informational purposes, excerpts from
that document are either quoted or paraphrased here:
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Abstract-"An evoked cortical response audiometrics
System was developed using hybrid microcircuit techniques.
The system delivers an audio burst to the patient to evoke
an EEG cortical response. This response can be evaluated to
detect a possible hearing loss. The basic system consists of
a helmet containing ear phones and EEG probes, a preamplifier,
& signal conditioner, an audio oscillator, a waveform averager,
and a strip chart recorder. The preamplifier and signal condi-
tioner were fabricated using thick film technology and packaged
at the base of the helmet. This technique appreciably reduced
system noise, size, and stray transients. Hybrid techniques
permit the system to be packaged as a portable unit, and
enable an audiologist to administer audiometric tests to a
patient outside of the laboratory.":

Evcked Response Theory - Basically, evoked response
theory is the application of the measurability of cortical
brain waves and the brain's electromagnetic reaction to stim-
ulation.  If an auditory stimulus is applied, the brain has
a specific reaction (AER and CNV). These two main stimulus
responses will occur first and will be waveform with a freguency
of approximately 50 Hz. The CNV will follow and is the dc¢
shift in the wave pattern. Approximately 50 ms after stimulation,
AER occurs. This is the average reaction time for the human
brain. This measure of the reaction time can be used to
evaluate several medical problems and will be discussed in
other sections of the report.

Conventional Systems - Audiometers and Evoked Response
"The conventional audiometers in operation today do not
utilize EEG technology. For these systems an auditory stimulus
is administered to the person under test. The person responds
by a predetermined physical reaction, such as pushing a signal
button or raising his hand. Handicapped persons or infants
with physical limitations are difficult to test and test results
are usually inconclusive. The audiometer is usually contained
in a desk console and reguires a shielded soundproof room where
the person under test is located. Due to the nonportability of
this system, persons must be tested at either a laboratory or
ca clinic. Thus only.a limited number of persons can be tested .
and .a trained audiologist is required to administexr and
evaluate the test. However, with evoked response systems, if a
person hears an auditory stimulus, his brain will react,
regardless of his attentiveness. This eliminates the physical
reaction problems encountered with the audiometer. -Thus, _
infant and handicapped pexsons can be tested because a physical
response is not required. The conventional evoked response
audiometric systems are not portable. They reguire a console
for equipment and a shielded room for noise reducticn. A simple
method of probe attachment is not available with these systems.
Conventional evoked response audiometric systems with the
circuits packaged on metal chassis are very susceptible to
random noise. To eliminate the random noise signals, a waveform
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averager is reguired. The waveform averager digitizes and
records the signal in memory. After several sets of data
are recorded, the sets are averaged. Then, the results are
printed on a strip chart recorder. There is also a problem
or component transients in the conventional systems. These
slight changes in value of the components within the system
can cause inaccurate data measurements. ' .

A presentation of the complete system design and
description will be presented when the technology application
is completed. '
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POTENTIAL TECHNQOLOGY APPLICATION

Problem: - T"CB-20 DEVICE TO ENABLE BLIND DIABETICS O
SELF-ASSESS URINALYSIS TESTS

Institution: Texas Commission for the Blind
Criss Cole Rehabilitation Center
Austin, Texas

Investigator: Jim Caylor
Director of Assessment

Acguisition
Date: May, 1973
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PROBLEM OBJECTIVE

A device is needed that will enable blind diabetics to
self-assess urinalysis tests.

BACKGROUND

Diabetes is second only to glaucoma in the United States
as the leading cause for blindness. So, not only do these
people have to deal with their sight deficiency and all the
rehabilitation that is necessary, but they have to deal daily
with added physiological dysfunctions. Part of the diabetic
care regimen is taking an almost daily urinalysis test.

Blind diabetics can easily perform the test, but must refer
without fail to a sighted individual for assessment of the
test results- (currently read by comparison of the sample
soaked litmus paper to a standard color chart). :

Investigators would like to pursue NASA's photocell
technology to come up with a one to one, cost-effective jig
- device which: can audibly or tactually assess the proper color

level associated with a positive or negative result. -

APPROACH

pavid Winslow of Marshall Space Flight Center has been
most gracious in providing the SwRI BATeam with selution
suggestions. Parts of his concept are presented here as a
potential approach, which are presently under study by the
SwRI BATeam which has the engineering and facility capability
to pursue the implementation of the approach.

Colorimetric determinations are now standard in almost all
medical laboratories. Photoelectric instrumentation measures
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the absorption of specific freguencies of light by solutions
to determine the concentration of the desired component of
the blood, urine, and so forth sample.

It is proposed that a very simple device that would
measure the relative color shift be constructed. A simple
light source will shine on the test strip after is has been
dipped into the urine and the color changes has developed.

A detector such as a photocell or photoresistor will be
focused on the specimen carrier so that it will "see" only
the colored light "reflected" by the test strip. The
circuitry will provide an audible signal of which the
frequency or volume is a measure of the intensity of the
light received by the photocell or other detector. A color
filter disc is inserted in the light path between the specimen
and the photocell. Ideally, the filter will be a continuous
type, that will cover the same range of coloxs as those
exhibited by the specinen, and would be either of linear

or circular shape so that the different shades of yellow-
green may be slid or rotated into position.

The user merely slides (or rotates) the colorx filterx
until the tone or intensity of the audio circuitry indicates
the greatest light intensity (relative) . being measured.
This will occur when the color of the filter most closely
matches the color of the "reflected" light from the specimen
that is, any filter will transmit the greatest percentage of
light that matches the spectral characteristics of the filter.
Also, by listening for the "maximum," the system automatically
compensates for any variations in the source light intensity
or of the intensity of color of the particular specimen (that

" is faded versus good, rich color). The user may then determine
the filter position by touch; the filter position denotes the
.relative ceolor shift, and thus the amount of sugar present
in the urine.

The only nonstandard item is the variable color filter.

The filter has to be matched as closely as possible to the
color changes occurring in the chemical "dipstick." One

"rsimple approach is to photograph a color illustration (airbrushed) -
of the continuous color change, and then laminate the resulting
.color transparency in glass or plastic. An alternate approach;
is the use of two photocells, one measuring the light source
.intensity and.the other measuring the light intensity after
reflection from a printed color chart. This approach is very
prone to error since surface irregularities and reflectivity
interfere. A third approach is the use of a prism or grating
and a slit so that various wavelengths of monochromatic light
would fall on, and be reflected by, the specimen. This also
presents problems since the intensity of the source will vary
with the wavelength and relatively complicated bridges and
balancing networks must be used.
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It is believed the novelty of this concept lies in the
combination of a variable wavelength transmission filter with
an audible circuit to measure the color (wavelength) of a
Specimen. The device may be operated by blind ¢r color-blind
individuals, but may be adapted to other applications if
desired.
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POTENTIAL TECHNOLOGY APPLICATION

Prablem: TCD-4 NOISE ACTIVATED FLASHER WARNING
DEVICE FOR DEAF DRIVERS

Institution: Texas Commission for the Deaf
Texas Rehabilitation Commission

-

Investigator: Randy Scott
Acguisition

Date: March, 1971
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PROBLEM OBJECTIVE

A need has been established for a small dash or windshield
mounted light flasher activated by usual and unusual auditory
driver sounds. . o

BACKGROUND

A growing number of automobile accidents occur because
individuals fail to hear the sounding of a horn or the siren
of an emergency vehicle. This is sometimes caused from windows
being closed and radio, tape recorder or air conditioner
equipment being in operation. Although this is a general

hazard (which increases with more elderly drivers on the road),

it is particularly significant for deaf drivers because they
are unable to hear the warning sounds. It is a severe handicap
to be restricted to visual stimuli only in driving safety, and
it is even more of a handicap that this should prevent an
otherwise intelligent and habilitated individual from being
able to drive.

It is desired that the device should be small enough to
avoid blocking the.driver's view, but be large enough . to be
“seent Dash mounting or windshield mounting is suggested since '
they are convenient reference points under usual surveillance
by drivers. Sound source could be differentiated by the visual
pulse differences. The device should be portable if necessary
“for.rental car drivers, semi-permanent installation models also
may be needed.

APPROACH

The original solution approach was suggested by David
Winslow of Marshall Space Flight Center, who mentioned the use
of conventional bandpass filtering techniques, via a color
organ, coupled with an amplifier and a microphone pickup.

15



227

The JSC Operational Systems and Planning Branch looked
at the problem, and is now considering implementation.
They state that they are still in the process of obtaining
frequency sound data and noises of concern in evaluating the

pProvided filters.
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POTENTIAL TECHNOLOGY APPLICATION

Problem: TTU-3 RATE MONITOR FOR SELF-INJURIOUS
BEHAVIOR
Institution: Texas Tech University

Lubbock, Texas

Investigator: William Landers, Ph.D.
Psychology

Acquisition

Date: January, 1973
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PROBLEM OBJECTIVE

Investigators stated their need for a rate monitor to
accurately count the number of self-injurious behavioral
responses in order to determine appropriate schedules of
reinforcement.

BACKGROUND

Within the last ten years, investigators have used various

means to effectively supress self-injurious behavior (SIB)

i.e., face slaps, head-to-floor butts, etc. However, a tremendous;
investment in money and trained personnel are necessary to o
monitor the retardates' behavior and to consequate, their non—SIB e
with appropriate reinforcement. In addition, with severely
retarded individuals, latency of reinforcement (i.e. reward or .
- punishment should be delivered .50 sec. or less to be
effective) is extremely critical if the individual is to ;e
undexrstand why he is receiving the reinforcement. One of the :
basic parameters of effective reinforcement is accurate ' ;
knowledge of the rate of SIBE.

-

The needed monitor should provide a continuous permanent
record of the SIB up to a rate of 45 responses per minute.
The monitor should be compatible with a 28v DC power supply.
Reinforcement will consist of some form of auditory, visual,

Y

upon his non-SIB.

APPROACH

- Part of the solution approach was to provide the investigators
with NASA documentation on the subject of SIB. Search no. T0654
from NASA STIF yielded 130 references that were of significant

Valug to the investigators. The search is on record for
duplication and update.
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For the device itself, the SwRI BATeam identified
NASA Tech Brief B72-10452, "Miniature Intermittent Contact
Switch," NASA SP-5094 "Implantable Biotelemetry Systems,"
and the NASA EEG 'soft cap," which were incorporated into
the design considerationg of the unit. At this time, the
receiver unit has been completed, and the transmitter is
under fabrication. Complete details of the device and
operational technical discussion will be provided when
fabrication and evaluation are finished.
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NASA TECH BRIEF

Ames Research Center

B72-#r452

NASA Tech Briefs anncunce new technology derived from the U.S. space program. They are issued lo encourage
commarcial application. Tech Briefs are available on a subscription basis from the Nationzl Technical Information
Service, Springhield, Virginia 22151, Requests for individual capiss or questions relating to the Tech Brief program may

e directed to the Technology Ulitization Office, NASA, Code KT, Washington, D.C. 20548,

TR T T

The problems

To provide a shock-resistant switch capable of
being actuated by forces of varying magnitude and
direction, primarily for use as a sensor on remote
control (tele-operator) and prosthetic devices.

Rigid
Conductor

Fiexible
Conductor

s Wire
T lLeads

Epoxy Base ——

The selution:

A flexible conductor, such as conducting rubber,
is placed a short distance away from a rigid con-
ductor; any slight physical pressure on the flexible
conductor will cause it to come into contact with
the rigid conductor.

How it’s done:

One form of the switch is constructed as indicated
in the diagram. A short length of an appropriately
shaped rigid conductor is coated with a low-melting
solvent-soluble material such as wax. Then the flex-
ible conductor is wrapped over the coated area and
the assembly is firmly fastened on top of a mnon-
conductive material such as an epoxy base. The
material between the two ronductors is removed by
melting, and all traces are cleaned away with solvent
so that clean electrical contact can be made. In order
to decrease contact resistance of the switch, maxi-
mum contiact between the two conductors should
be maintained. ‘

Miniature Intermittent Contact Switch

This fabrication technique is suitable for switches
which must be activated by only a few thousandths
of a centimeter of displacement. Switches of this
form can be made of sizes which are at least one
order of magnitude smaller than those commercially
available. :

The principle of the switch may be used to make
s wide variety of switch types. In some variations,
po metal at all is used to construct the switches;
conductive membranes may be used to provide a disc
type switch which can be activated from either side.

MNote:
No additional documentation is available. Specific
questions, however, may be directed to:

Technology Utilization Officer
Ames Research Center
Moffett Field, California 34035
Reference: B72-10452

Patent status:

Title to this invention has been waived under the
provisions of the Nutional Aeronautics and Space
Act [42-USC 2457 (D); 1o Swtanford University, In-
quiries should be addressed to:

Mr. Neal J. Reamers
Encina Hall

Stanford University
Stanford, California 94305

Source: Antony Sword of
Staniord University
under contract to

Ames Research Center

" {ARC-10450)

Category 01

This document was prepared under the sponsarship of the National
Aeroriautics and Space Administration. Neither tha United States
Government nor any person asting cn behal! of the United Stales

Government assumes any liability resulting from the use of the
intarmation gontained in this decument, or warrants {hat such usa
will be tree from privately owned rights.
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POTENTIAL TECHNOLOGY APPLICATION

Problem: TTU-4 NOCTURNAL ACTIVITY MONITOR

Institution: = Texas Tech University
Lubbock, Texas

Investigator: William Landers, Ph.D,
Psychology

Acquisition

Date: January, 1973
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PROBLEM OBJECTIVE

An inexpensive device is needed to monitor the activity
of mentally retarded patients during enforced rest periods.
The device will provide a real time readout of the freguency
and intensity of nocturnal activity.

BACKGROUND

Group living situations for the retarded, emotionally
disturbed and criminal are environments that are typically very
restrictive socially and perceptually. Routine rest/activity
schedules in group living situations are imposed without care-—
fully con51der1ng the effects of the surrounding physical
-environment. A current trend of altering the physical surround- .
1ngs to counteract the influences of an impoverished environment
is being initiated by various institutions at a great expense. .
.An especially large amount of money and time is being spent to.. .
provide individual sleeping arrangements on the hypothesis that
this will give the retardates a more normal llVlng environment
conducive to restful sleep. However, there is no empirical
evidence to suggest or disprove the large investments which are
.being placed.into these efforts, due to a lack of basic knowledge
of activity/rest cycles of the mental retardates.

APPROACH

The BATeam has identified NASA Tech Brief B70-10638 for
an "Intruder Detection System," developed at NASA/Ames. The
system, which is based._on seismic principles, has been discussed
with the originators who helped to confirm the feasibility and
cost effectiveness of utilizing the concept. At present, the
work is in the conceptual design stages. The investigators
have expressed enthusiasm, and feel in this case, it could
prove more advantageous and cost-effective than resorting to
ultrasonics.
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November 1970

Brief 70-10638

NASA Tech Briefs annaunce new technology derived from the ULS. space program. They are issued to encourage commercial
application. Tech Briels are available on 2 subscription basis from the National Technical Information Service, Springficld,
Vieginia 22151, Requests for individual copics or questions relating to the Tech Brief progam may be direcied to the Tech-

noioa\ Unllzatmn Dmsmn. ‘JAQA Code UT Washmgmn D C. 20546.

Intruder Detection System

Battery

Switch,
Gain Control

Seismic
Detector

] Wrapped
{ Cable

Telescopic Antenna

The problem:
Develop a small, rugged, batlery-operated system,

capable of detecting the presence of intruders, which

transmits informution to a portable receiving station
on the number or kind of intruders and their speed of
movement.

The solution;

Utilize one or more commercially available, moving-
coil geophones to detect the seismic disturbances
caused by intruders. The seismic disturbances sensed
by cach geophone are converted into electrical signals.

amplified, and transmitied to a remote radio receiver
which provides the listener with an aural signal of
disturbances caused by the motions of the intruder.

How it’s done:

The basic intruder detection system is comprised
of twe units; the intruder detector and the portable
FM radio receiver. The intruder detector (see fig.)
consists of a seismic detector, of the type commonly
used in o1l exploration work, connected by 2 10- to
20-Toot cable to an electronics package which is en-
closed within a watertight container. The geophone is
potted within a stainless sieel tube; one end of the
tube is sharpened so that it can be implanted vertically
into the ground,

When an intruder moves within range {ep to 80
meters) of the seismic sensor, the moving coif vibrates
mechanically at its natural frequency; the amplitude
and duration of the vibration depend on the tntensity
of the footstep impluse and the damping factor of the
seismic detector. The vibration of the moving coil
sensor generates a voltage mnpulse proportional to
the velocity of its mechanical motion, and this low-
level signal voltage is amplified.

The amplifier gain s selected to permit detection
of disturbances above the ambient seismic background
neise and at the highest sensitivity permitted by local
soil characteristics, The amplified voltage 135 detected
and integrated. A pulse amplifier triggers the rf oscitla-
tor and the audiofrequency voltage-controlled multi-
vibrator {VCO), and their frequencies remain constant
until the voliage pu[s'c starts to decay. The exponential
voltage decay varies both the frequency of the rf os-
citlator and the VCO multivibrator. The CW.-FM
pulse from the rf oscillator is further amplitude-modu-
lated by the VCO veltage within the of power ampli-

(continued averlealy

This document was prepared under the sponzorship of the National
Acronaulics and Space Administrution, Neither the United States
Governmient nor 4oy person xeting on behalf of the United Stutes

Government assumes any lability resulting [rom the wse of the
information contained in this document, or warrints !h.n such use
will be free from privaicly owned rights,




fier and then transmitied to a remote FM radio re-
Ct:i‘vcr, :

The FM radio will emit a single tone burst for each
footstep of a slow-walking intruder; a  running
intruder will cause production of a continucus tone,
with audible periodic variations of background noise
indicuting cach fooistep.

Notes:

L. The svstern has potential for use in building and
prounds securily, law enforcement, and wild life
reseurch,

Bricf 70-10638
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2. Requests for further information may be directed -
to:
Technology Utilization Officer
Ames Research Center
Meffent Field, California 94035
Refcrence: TSP70-10638
Patent status:

Inquiries about obtaining rights for the commercial
use of this invention may be made to NASA, Code
GP, Washington, D.C. 20546,

Source: R.D.Lee
Amges Research Center
{ARC-10007)

Citegory 02
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POTENTIAL TECHNOLOGY APPLICATION

Problem: TTU-5 CONTROL OF HIGH BLOOD PRESSURE BY
BIOFEEDBACK TECHNIQUES

Institution: Texas Tech University
Lubbock, Texas

Investigator: Ted Andreychuk, Ph.D,
Psychology

Acquisition
Date: . May, 1973
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PROBLEM OBJECTIVE

Researchers expressed the need for an automatic non-invasive
blood pressure mconitor for use in biofeedback studies with
hypertensive patients.

BACKGROUND

In the past decade it has been clearly demonstrated that
activities, presumably controlled by the automonic nervous system, -
can be influenced by operant conditioning technigues. As
reviewed by Miller (1969) and DiCara (1970), early systematic
studies of cardiovascular functioning have shown that heart rate
and systolic blood pressure can be raised or lowered after only
a few training sessions using biofeedback information. Most
. of the dramatic decreases in systolic blood pressure (lowered
©-25-35 mmHG) were accomplished using rats that were administered
curare which leaves the voluntary muscular system inoperative.

However, recent studies by Shapiro, Tursky, and Schwartz
- {197) .and Brener & Kleinman (1970} involving humans as experimental .
" rsubjects have demonstrated that heart rate and systolic blood ’ ‘
pressure can be controlled through operant conditioning technigues.

Later studies have revealed that a significant degree of cardiovas- -

cular integration or differentiation of cardiovascular processes

.can :be obtained using.a reward-system of monetary bonuses. That.. ..- -

is, human subjects learned to increase or decrease systolic blood
pressure with or without corresponding changes in heart rate
when biosensory feedback was displayed and after being operantly
reinforced. :

An area of potential application of operant conditioning of
the cardiovascular system is in the modification of symptoms in
disorders mediated by the autonomic nervous sytem. For example,
essential hypertension, in which the major symptom is an
elevation of blood pressure without a demonstrable cause, is one
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area of potential beneficial medical application. If high
levels of blood pressure can be lowered permanently by means
of instrumental training, this may constitute a significant
adjunctive or alternative to other methods of treatment
currently practiced that have detrimental side effects, such
as pharmacological or surgical treatments.

The investigators propose to cover the following-

1. Compare the effectiveness of antihypertensive
medications with operant conditioning technigues
utilizing biofeedback information in lowering
blood pressure in essential hypertensive subjects,

2. Investigate the importance of subject expectation
by using a "placebo" control,

3. Assess the duration of treatment necegsary to
develop lower stable blood pressure levels,

4. Measure any post-~treatment changeé in manifest
anxiety as expressed through psychological
gquestionnaires, and,

5. Evaluate all interaction effects.

APPROACH

With the aims of the investigator in hand it was determined
that a modification of the NASA/JSC developed Automatic Pressure
Pump Programmer originally designed for the IMBLMS program
might be feasible. Permission was obtained to utilize an
existing prototype unit, and personnel at SwRI helped to outline
a program of modifications for the unit to render it operable
for their research program. The device is currently in work
at JSC. It should be noted, the objective is not to provide
an automatic cuff inflator, (these are commercially available),
‘but to provide a research tool that can be programmed especially .
‘for operant training techniques to search out, measure, monitor
and repeat process automatically for any blood pressure point
desired. :
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POTENTIAL TECHNOLQGY APPLICATION

Problem: UAD-7 TELEMETRY OF ORAL pH FOR DETERMINATION
OF LINKAGE TO CAVITY FORMATION

Institutions: University of Alabama Medical Center
Birmingham, Alabama

Investigator: Theodore Koulourides, D.M.D.
) Dental Research

Acquisition
Date: ‘ September, 1971
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PROBLEM OBJECTIVE

A microminiature telemetry device is needed to transmit
oral pH to a nearby receiver.

BACKGROUND

Rather extensive work has been done in Switzerland (Graff
and Muhlemann) on the use of pH radiotelemetry in the field of
caries research. It has been observed microscopically that the
glass electrodes being employed which had been exposed to the
oral environment for as long as 13 days were completely-covered
with a slimy, yellowish material resembling oral debris. Some
of this coating could be washed off. Histological examination
of the remaining microbial aggregations revealed that all of
the surrounding enamel areas, and most of the glass electrode
‘sphere, were covered by a well structured, adherent, typical
dental plague. A layer of condensed streptococci was observable
close to the enamel and sometimes also to the peripheral parts,
of the glass electrode. However, some islands at the pole of
the pH electrode were free of microbial deposits. It was
-concluded that the pH indicated by the glass electrode probably
originated not only at the glass electrode/plague interface, but
‘wag also influenced by the hydrogen ion concentration of ~
interdental fluid, which, through loose non-adherent microbial

© masses has -directraccess to the small electrode areas.still

uncoated by adherent plague. In other unpublished reports, it
has been observed that the proper functioning of the glass
electrode is impaired when totally covered by microbial
pepulations not removable with a stream of water.

pH radiotelemetry has been established to determine the
link between dietary habits and cavity formation. The process
has been successful enocugh to have been declared as a mandatory
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test by the Swiss Federal Health Authorities for the
guantification of carbohydrate-containing products such as
sweets, chewing gum and chocolate. These products can only
be claimed to be "safe for teeth" if, during testing, the
pH does not drop below the 5.7 level.

The investigator is extremely interested in carrying on
this research in the United States and approached NASA for
both technological and fabrication capabilities. The problem
has been researched, and from the standpoint of the telemetxy,
there is essentially no problem.

It is almost vital that a new pH sensor be developed,

~one that would not be subject to the malfunction of the e
glass electrodes described in the Swiss studies. Because the
sensor must remain in the oral cavity for extended periods

of time, the investigator has specified both the sensor and
“transmitter must fit within the confines of a 2 cm? dental
bridge.

From suggestions from NASA/Ames, the team has been
directed to Dr. Wen H. Ko of Case Western Reserve, working
under NASA contract for miniature—po2 sensor. His associates
have been more than helpful in promiSing more details on their
recent work on miniature pH and related ‘enzyme sensors.

It may be that the team cannot carry this potential application
through NASA technology completely, but it is generally felt
that efforts to continue implementation should continue,
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POTENTIAL TECHNOLOGY APPLICATION

Problem: UAM-14 SELF-PRCPELLED METABOLIC ANALYZER CART

Institution: University of Alabama
Spain Rehabilitation Center
Birxmingham, Alabama

Investigator: George H. Traugh
Acquisiton
bate: January, 1972
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PROBLEM OBJECTIVE

Investigators outlined a need to develop a portable, speed
controlled metabolic analyzer to measure energy expenditure,
CO5 production, N, metabolism, cardio-respiratory responses in
a multiple of activities, such as ambulatlon, exercise, transfers
or stationary work.

BACKGROUND AND APPROACH

Studies of energy consumption during ambulation have used
the traditional treadmill with the exception of a few studies
pexrformed using the Speed Controlled Respirometer for -Ambulation -
Measurement (SCRaM} described by Corcoran, P. J. in the Archives
of Physical Medicine and Rehabilitation, 51: 78-87, 1970.

The treadmill cannot be used with patients who have a -
severe gait impairment due to the difficulty of ambulating on
a treadmill. Ambulation on a stationary surface is more normal
physiclogically. Therefore, a method of measuring energy
expenditure during actual ambulation is necessary for more
accurate studies which could include the severely impaired.

The Mobile Automatic Metabolic Analyzer (MAMA) is a
metabolic analyzer, similar’ to-'the one used in the Skylab
program, mounted on an electric cart. Developmental work is
:"beéingearried on at Marshall8pace Flight Center in conjunction. v
with the investigators. The cart can follow a track at a
constant speed while a patient under test ambulates with it.
-Within the MAMA vehicle is housed the metabolic analyzer package,
a Perkin-Elmer Gas Analyzexr, a recorder, a 60 Hz inverter,
three 12-volt batteries, three battery chargers, and all the
vehicle drive electronics.
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The MAMA wvehicle has several unigue features in the
steering, drive and braking systems. MAMA uses single wheel
steering; the left front wheel is driven by an electric motor
and the right front wheel is castered to follow. This type of
steering permits the vehicle to have a tight turning radius
(about 4 feet) which is necessary for maneuvering inside
hospitals. The steering motor is driven with an amplifier that
is controlled either from a model aircraft Joystick or an o
optical tracker.

The optical tracker is used when the vehicle is in the
automatic mode to sense a white stripe on a black tape. The
optical tracker can determine when it is on the tape and will
let the vehicle rin only when it sense both black and white. -
stripes. For any other color pattern, the tracker will command
the vehicle to-stop. This feature permits the doctor to set
the distance of any test run by simply placing a piece of
uniforxrm material across the. track.

-

MAMA is powered by two dc torgque motors. Each motor drives
a rear wheel through a chain on sprocket drive and can be
controlled in the manual mode by a joystick and in the automatic
mode by a dial potentiometer., The motors are driven by separated
power amplifiers that are designed to command a torgue in the
motor as a function of input voltage. This means that for any
given input voltage, the motors will develop a constant torgue
on any speed, and when the amplifier inputs are driven from the
same source,; the rear wheels behave as though driven through a-
mechanical differential.. , -

The. drive motors each have a tachometer that is used to.
control the speed of the vehicle. Since only one input controls
motor speed, the output of the two tachometers can be summed or
:differenced. .to generate. speed reference points along a line
through ‘thé axis of the driven wheels. By proper switch selectlon,
MAMA's speed can be referenced with respect to the left wheel,
right wheel, center of the cart-or the position whexre the ‘
patient 1is ambulating.‘ When the speed is referenced to the

Lasiconpatient, . the. cart will adjust speed:so. that the. patient walks at .-,

a constant rate even when the cart is going around curves.

Most important to MAMA operation is safety, and safety is
the braking_ system. MAMA has both dynamic brakes and band brakes.

e Inonormaltoperation, fdynamic-braking isused to control cart T -7 -

speed and bring it to a stop. In the automatic mode the band

- brakes.are _applied and the drive motor electronics are turned
~off.aftersthe. cart has. come.to. a.normal stop. . When .an emergency
develops, such as a patient falls or the cart strikes an object,
the band brakes are applied instantaneously and the drive motor
amplifiers are turned off. In addition to this, the doctor has
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a hand held push button switch that will alsc stop the vehicle.

MAMA has been designed with consideration for both the
doctor and the patient. The vehicle is automatic during test
runs to free the doctor to work with the patient, it is guiet
and has a pleasant appearance so not to frighten the patient.
Also it is functional. The doctor can command any speed between
zero and six mph within +1% The speed can be referenced to the
path that the patient is walklng and not the vehicle and the
speed is constant up and down grades of up to 8%. The acceleration
can be set over a range of 1 to 3 feet per second. Safety has
not been overlooked; the vehicle will stop when the doctor SREEEES
commands it, when sensor leaves the track, when vehicle hits an
okbject, when the patient falls down or when there is an electronic,.
failure.

The metabolic analyzer measures the following: inspired
volume, expired volume, %03, %CO g¢N,, and $H,0. These
measured quantities are then usea by the computational electronics
to give volume of 0, consumed and volume of COy- produced for
each breath.

The system consists of two spirometers, a gas analyzer,
computational electronics, and data handling electronics. The
subject breathes from an inhale spirometer and into an exhale
spirometer. The subject will wear a suitable face mask which
contains valves to route the inhaled breaths to the proper
spirometer. A moisture trap is installed in the exhale line
to trap most of the water from the breath. The gas analyzer
sample inlet is placed at the outlet of the expiration spirometer
and measures the % of 0,, CO,, Na, and H,0. Each spirometer
consists of a moving piston. The piston is connected to a
potentiometer which gives a voltage out which is proportional
to volume.

The computational electronics receives signals from the
spirometer volume potentiometers and also feeds signals to valves ..
at the output. of each spirometer. Each spirometer also has a
microswitch to sense when the spirometer is fully returned to
the starting position. ' . e

- The subject inhales from:the inspiration spirometer. This
spirometer then remains at the final position and the voltage
- proportional to inspired velume is stored in the computationaliyppag
electronics. When the subject starts to exhale into the
expiration spirometer, the electronics sense the motion of the
expiration spirometer, and send a signal to the inspirxation
spirometer inlet wvalve allowing the inspiration spirometer to
return to the starting position. As the subject starts to
inhale, the electronics sense the motion of the inspiration
spirometer and send a signal to allow the expiration spirometer
to return to the starting position. The values from the gas
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analyzer are fed to the computational electronics and along
with the volumes are used to calculate the volume of 0O
consumed and CO,; produced for each complete breath. The % of
Ny and Hp0 in each exhaled breath is also fed to the data
electronics.

The data electronics receives voltages proportional to:
inspired volume, expired volume, volume of 0, consumed, volume
of COp produced, 3%N; and % Hy0. In addltlon, a signal coded to
signify start and stop of the cart and time is fed to the data
system. The data system multiplexes or samples each input and
converts the voltage of a 10-bit binary number. This 1l0-bit
number is then added to five other bits for identification and
serialized. The serial train of bits is then encoded for
storage on a cassette tape recorder. All seven words are
recorded every 1/10 of a second.

Electronics will also be supplied to decode and convert
the binary data to a series of 15-bit parallel binary words
for use by the computer. The computer can then sample, as
often as desired, to give averages of Oy consumed, COp produced,
etc.

A separate system is used to monitor the subject's heart
activity. This system consists of EKG electrodes and a sensitive
amplifier. The output of the amplifier is used to modulate a
carrier frequency for recording on the cassette tape recorder.
The tape output is demodulated to recover the heart beat
‘waveform and by use of the time reference to give heart rate.

The electronics are all solid state and are built on
printed wiring boards to facilitate easy removal for repair
in the event of a component failure.

—————————— from University of Alabama
Spain Rehabilitation Center Annual
Report, 1973, pp. A-173-182.

MSFC is presently in final stages of completion and hopes
to deliver the unit to the investigator in October, 1973.
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UAM-14 Mobile Automatic Metabolic Analyzer

(A prototype model on a test track
at the developmental site-
Marshall Space Flight Center)
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POTENTIAL TECHNOLOGY APPLICATION

Problem: UTM-38 IMPROVED URETHRAL VALVE FOR
- NONSURGICAL IMPLANTATION

Institution: University of Utah
Salt Lakg City, Utah

Investigator: Clifford Kwan-Gett, M.D.

Acguisition
Date: March, 1972
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PRORLEM OBJECTIVE

The need was stated for a biocompatible, implantable
urethral valve to control the flow of urine from incontinent
patients. '

BACKGROUND AND APPROACH

Loss of voluntary control of urinary bladder function is
common to many kinds of disease and injury cases. The dysfunction
manifests itself in two ways, loss of urethral sphincter function
and bladder or sphincter spasticity. The condition is treated '
by use of a urethral or super-pubic catheter to drain the
bladder or hold the sphincter open. Among those problems which
arise either from the incontinence orxr the catheterization are
kidney infections, patient embarrassment and inconvenience,
interference with sexual function, and over-use of patient-care-
personnel. -

Surgically-implantable urethral valves have bheen developed
and tried by the RTI BATeam and by non-NASA programs. Among
other problems, however, is the fact that urinary function
control does return in some patients, and existing surgical
alterations are irreversible.What is needed is an insertable/
removable device to control bladder emptying.

A design concept has been presented by the investigator
which promises to alleviate the problem. The concept involves
a silastic encased metal valve which could be non-surgically
inserted up the urethra to mechanically hold open the urethral
sphincter. The valve conceptually could be removed occasionally
for inspection, cleaning, cystoscopy, or voluntary bladder
control training. Further, the concept is simple enough to be
feasible for freguent discarding and replacement, if desired.



245

Functionally, the valve would open undexr sudden pressuxe
increase as could be brought on by hand-pressure directly
on the bladder area of the lower abdomen. The valve would _
thus open and remain upon under flow conditions, then self-close
when internal and external pressures reach egquilibrium.

The SwRI BATeam has completed preliminary prototype
engineering drawings and is now working on materials development.
Perhaps a material such as is described in NASA Tech Brief
B72-10301 {(copy follows summary) would help both in structural
design and possible biccompatibility and wear problems.
Preliminary designs are not included in this report until
prototype work can be initiated.

The 1nvest1gator has stated he will willingly test the
device in experimental animals and share the results with the
medical community through publications. Discussions of the
concept with leading rehabilitation personnel have enjoyed
enthusiastic interest and hope. _ .
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September 1972

NASA TECH BRIEF

Ames Research Center

B72-1030]

MASA Tech Briels announce new technalogy derived ifrom the US. space proaram. They are ssued o encouzage
commarcial application. Tech Brigfs are available on a subscription basis fram the National Techrical Information
Servica, Springlieid, Virginia 22151, Requests for individual copies or questions relating to the Tech Briet program may
be direcled to the Technology UWtilization Othce, NASA, Code KT, Washinglon, D.C. 20546

Protective Encapsulation of Implantable
Biotelemetry Units

The problem:

Electronic components are usually protected from
the environment by thin coatings of paint, polymers,
waxes, ete., but special coatings must be used to pro-
tect body-implantable biotelemetry units which
consist of electronic telernetry eircuits, batteries, and
electromagnetic radiators. The problem of providing
adequate protection for body-implantable telemetry
units is complicated by the highly penetrating and
corrosive nature of animal body fluids and by the
need for electromagnetic radiators to be electrically
unshielded.

How it’s done:

An encapsulation method which uses one or more
layers of poly(p-xylylene) in conjunction with a
material such as silicone rubber so as to take advant-
age of the properties of both materials.

The solution:

The component parts of the device are intercon-
nected electrically and then protected with conven-
tional prior-art devices such as metal or ceramic
packages with metal-to-glass connection feed-through
seals, The assembled device, attached to the electro-
magnetic radiator, is then coated with an encapsulat-
ing layer of silicone rubber to provide mechanical sup-
port and protection and rlso to form a body-compat-
ible surface coptour. A layer of poly{p-xylylene) is
then deposited on the silicone rubber and then another
layer of silicone rubber is subsequently applied over
the poly{p-xylylene). As many alternating coats of

silicorie rubber and poly( p-xylylene} can be applied
as is considered desirable. The method of encapsula-
tion utilizes the favorable properties of silicone rubber
in animal fluids with the chemical inertness of poly(p-
xylylene) and its resistance to penetration. Because
the layer of poly{ p-xylylene) is sandwiched between
silicone rubber, it is protected from mechanical dam-
age, but the outer surface of the capsule retains the
desirable characteristics of silicone rubber when im-
mersed in body fuids.

Notes: ‘

1. Various types of poly(p-xylylene) can be used so
23 to emphasize preferred characteristics. The poly-
mer can be applied over the components prior to
application of the first layer of silicone rubber. An
adhesive promoter may be applied under, over, or
on both sides of a layer of poly{p-xylylene).

2. Other materials can be substituted for the silicone
rubber, :

3. No additional documentation is available. Specific
questions, however, may be directed to:

Technology Utilization Oficer
Ames Research Center

Moffett Field, California 94035
Reference: B72-10301

Patent status:
No patent action is contemnplated by NASA.

Source: Nigel C. Tombs and Jack M. Pope
Ames Research Center
{ARC-10514)

Category 04, 05

Thes document was prepared undar the soonsorship of the Nabona!
Aprenauds and Space Agnumistiation, Nadthar the United Stales
Governent nar any person acting on pohalf of the Uned States

Governmen! gssumes any Habitity resuiting from the use ol the
informaton contamned in this coeumeant, of warranis (AL such use
witi be tree from prisately owned righis.
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POTENTIAL TECHNOLOGY APPLICATION

Proplem: UTM~-39 MULTI-CHANNELED HYPOTHERMIA BLANKET
FOR HEART SURGERY '

Institution: University of Utah
Salt Lake City, Utah

Investigator: Clifford Kwan-Gett, M.D.

Acquisition
Date: Novembar, 1972
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PROBLEM OBJECTIVE

Investigator asked for design and materials technology to
develop a plastic envelope containing a convoluted channel for
passage of chilled water to be used during surgery with hypo-
thermia to encircle the exposed heart organ.

BACKGROUND

It has been accepted by surgeons in heart surgery that heart
muscle tissue survives. for prolonged period  at reduced temperatures
during extra-corporeal (or heart bypass) circulation assisted
surgery. Present technigue involves constant bathing of the
exposed organ with chilled water and attendant syphoning off of
the spilled fluid from the opened pericardial cavity. The
proposed surgical device could enshroud the' heart in a chilled
blanket, yet offer the advantagesof a closed water system.

The material chosen should remain flexible at temperatures
nearx 00C. A familiar grade of vinyl or other plastic would allow
modification with scalpel and surgical tools, as well as needed
.sterilization. The proposed device would not only clean up the
present technique, but would free at least one - surgical assistant.

APPROACH

A rough prototype "blanket" device has been fabricated of
a heat-sealed vinyl envelope and sent to the . investigator for
evaluation. He reported that the configuration was satisfactory,
but that the envelope developed a leak and was not useful for
further trial.

It is su gested that a sealed terminal device could be de51gneé
and fabrira% using food-packaging technigues devised by NASA,

to be used in conjunctlon with proposed coollng equipment
discussed in problem MSC-1. :
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2.3 Biomedical Community Impacts

Below is a list of those biomedical problems for which
a technology impact has been claimed during the period covered
by this report. An impact is defined as information, method,
or source provided to a problem originator that resulted in
his changing his activities in a way that enhances his progress
toward a medical objective but did not sufficiently involve.
implementation or adoption of specific aerospace technology.
- On the following pages are reports for those impacts claimed.

. Date
No. ‘ Problem Title Opened/Closed

LVA-8 Abrasive-Resistant Plastic Material for Use 09-72/06-73
in Trace Element Research Studies

MHH~1 Rapid Identification of Surgical Instruments06-72/05-73

TCB-18 Permanent Reflective Coating for Use on 04-72/05-73
Canes for the Blind
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BIOMEDICAL COMMUNITY IMPACT

Problem: LVA-8 ABRASIVE RESISTANT PLASTIC MATERIAL FOR
USE IN TRACE ELEMENT RESEARCH STUDIES

Institution: Veterans Administration Hospital
5901 East Seventh Street
Long Beach, California 90801

Investigator: David B. Milne, Ph.D.

Acguisition Date: September, 1972 Completion Date: May, 1973
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PROBLEM OBJECTIVE

Investigator needed to identify a highly abrasive-resistant
plastic material, low in trace metal content, for use as diet
mixing bowls in trace element studies.

BACKGROUND

Investigator was conducting extensive basic research
involving the significance of various trace metals on metabolism.
In the program, highly purified diets had to be mixed while
keeping contaminants from metallic elements and silicon to an
absolute minimum. Difficulties were being experienced, since
available mixing bowls are made of either glass or stainless
steel. '

RESOLUTION

The needed bowls had to fit into the Hobart mixing systems
in use at the hospital. A drawing of the bowl shape appears
below: S ‘ -

) — 500D k. : -
; ; S
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Through the help of Warren Kelliher at Langley Research
Center, we received information on a commercially available
plastic that appeared to meet the desired requirements:

Material: PACTENE (a super-high molecular weight compression
molded polyethylene)

Characteristics applicable to solution:

. High abrasive resistance (has work- hardenlng characterlstlc

under load or repeated impact.) .
. Water absorption nil.
Non toxic.
Can be milled into bowl shape. : '
Can be sterilized (resists all alkalies and all but -
concentrated nitric and sulphuric acids.)
Contains no metal elements or silicon.
Chemical formula: H H H

-C-C-C~
HHH
n

MO U RN

Available from: Schmidt Industries
133 Court Street (P.0O. Box A-995)
New Bedford, Massachusetts 02741

Special engineering reguests to:

Poly-Hi Engineering
596 Orchard Street
New Bedford, Massachusetts (02741

EVALUATION:

. Because of its non-NASA technology, the solution could.not

be carried further under the BATeam program. However, investigator
was enthusiastic about the material specifications. Poly-Hi
Engineering agreed to take on the novel application through a
proposal presentation, but prototype R&D costs must be funded.

= " It has also been. suggested that. the "Pactene" could be used to -

mold the mixing element beater or blender configuration for
as complete as possible trace element control.
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BIOMEDICAL COMMUNITY IMPACT

Problem: MHH-1 RAPID IDENTIFICATION OF SURGICAL
INSTRUMENTS
Institution: Methodist Hospital

Houston, Texas
Investigator: Mrs. Newcomb, R.N., Surgical Nurse

Acquisition Date: June, 1972 Completion Date: May, 1973
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PROBLEM OBJECTIVE

Investigator needed a means of identifying surgical
instruments guickly as they are removed from sterilization
units.

BACKGROUND

All surgical instruments are sterxilized centrally in
large hospitals. Physicians prefer to have individual sets of .
instruments. Personnel cannot or will not take the time to
meticulously examine each instrument or identify same. Etchlng
was undesirable, and a means of color coding was natural.
"Investigators tried different tapes but they did not hold up e
under cleaning. Teflon coatings flaked and vegetable palnt
did not hold up under ultrasonic cleanlng

RESOLUTION

After failing to locate an effective solution in NASA
- ‘Technology sources, a search of commercially available material ¢ =
produced the following solution:

Material: 3M Vinyl Film Tape (Colors available: Transparent,
Yellow, White, Black, Red, Blue, Green, .Orange, Brown, and - -
Red~- Orange) Stock No. 471.

Also: 3M Polyester Film Tape (Colors available: Transparent,
Red,. White, Black, Gold, Silver) Stock No. 850

Both tapes hold up extremely well for all required cleaning:
1. Ethylene Oxide Sterilization

2. Autoclave at 278° at 30 psi
3. Ultrasonic cleaning



253

The vinyl film tape was best, and with the wide range
of colors, sufficient color ceding can be achieved.
Investigator has been provided with the information and is

satisfied with the

This solution
represented a real
feasible that this

where color codihg.:

conditions must be

results.

was a relatively simple one, but it

"problem" in daily activities. It is
tape could be used in wider applications
would be useful, especially where aseptic
maintained. '
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BIOMEDICAL COMMUNITY IMPACTS

Problem: TCB—~18 PERMANENT REFLECTIVE COATING FOR
CANES FOR THE BLIND

Institution: Texas Commission for the Blind .
Criss Cole Rehabilitation Center
4800 Lamar Blwvd.
Austin, Texas 78757

Investigator: Nick Necaise
.Director of Mobility Training

Acquisition Date: April, 1972 Completion Date: May, 1973
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PROBLEM OBJECTIVE

Investigator needed a material or method that would provide
a permanent and scratchless reflective coating for aluminum
canes for the blind so that traffic could safely see a blirnd
person at night if he were walking or crossing streets.

BACKGROUND

Cornmercial reflective tape has been used, but the surface
becomes easily scratched and the tape strips off after only
minimum wear. Investigator preferred to utilize the aluminum
canes already in existance and wished for a cosmetically
pleasing coating. A NASA data bank search was performed, but
all coatings were too heavy (would upset cane touch balance) and

most regquired extensive preparation and curing and were rather
expensive.

RESOLUTION

At a suggestion from Wayne Chen at Goddard, we tried the
use of a white epoxy base paint imbedded with plastic beads.
The technique was applied and canes were tested over a four
month period for wear. They neither chipped nor lost their
reflective capacity. "And the plastic beads are smooth enough
to be tactually pleasing.

-Material: .. (1) Any good gquality epoxy base white palnt,'and
(2) polyester beads {40-100 mesh).

LI
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Material available from: Koppers Company, Inc.
440 College Park Drive
Monroeville, Pennsylvania 15148

Attn: John McNally

Note: Polyester beads were used instead of PVC beads
because of their superior wear capability (comparable to
glass, but far smoother and abrasive resistant)

Technique for application: Cane is prepared by brush etching
the cane surface, either by coarse sandpaper or metallic

brush sanding. After all particles are removed, paint is
applied evenly and fairly heavily, preferably by spraying.
Beads can then be dropped onto the painted surface like
glitter and the excess allowed to drop off, or if the pressure
is light enough (so as not to completely 'sink' the beads)

the painted cane can be rolled in the beads. Cane should be
sufficiently set for use within 24 hours with no special
curing.

Canes coated in this manner are extremely cost effective,
are cosmetically pleasing (they remain bright white with a
textured finish by day, and at night they reflect light just
like highway traffic signs...from whence the original idea
was derived.)

EVALUATION

The investigator was pleased with the initial wear
studies on samples we coated for him. He has been provided
with a supply of polyester beads with application instructions
for his use.

15X Magnification of Polyester Beads
Embedded in a Paint Substrate
(Photo Courtesy of SwRI Automotive Research)
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PRECEDING PAGE BLANK NOT FILMED

3.0  SUMMARY OF TEAM ACTIVITY DURING THE REPORTING
PERICD

3.1 Problems in Progress at Contract Termination
(by Institution)

ARKANSAS ENTERPRISES FOR THE BLIND, Little Rock, ‘Arkansas

AEB-5 Motion Sensor to Provide Biofeedback to
Blind Persons Unaware of Involuntary
Movements

CALLTIER HEARING AND SPEECH CENTER, Dallas, Texas

CHS-10 ' Hearing Aid Malfunction Alarm System

CHILDREN'S CONVALESCENT HOSPITAL, Oklahoma City, Oklahoma

OCH-5 = Failure Resistant Cerebrospinal Fluid Shunt
OCH-6 Sensory Hemiplegiac Stimulator

CRAIG REHABILITATION HOSPITAL, Englewood, Colorado

CRH-1 Differentially Inflated Segmented Seat
Cushion -

CRH-2 Low-Friction, Porus Material for Orthopedic
Collar

CRE-4 ~ Portable, Compact Breathing Machine

CRH-5" = Improved Clamp for Urine Collection Device-

CRH~7 Joy-Stick Control for Automobile

S xiswig s GENERAL. ROSE HOSPITAL, Denver, Colorado NP

ROS-2 ~ Method for Measuring Blood Gas Non-Invasively

_.LOUISIANA STATE UNIVERSITY MEDICAL CENTER, New Orleans, La.

MSC-1 Portable Scalp Cooling Device (Chemotherapy)

' M.D. ANDERSON HOSPITAL, Houston, Texas

MPA-1 - Radiation Resistant Tilt Table for Use in
Radiotherapy
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PACIFIC STATE

HOSPITAL, Pomona, California

PSH-1

Portable Patient Alcohol Level Indicatox

RANCHO LOS AMIGOS HOSPITAL, Downey, California

RNV-40

SCOTT & WHITE

A Rigid Lightweight Structure for a Damped
Orthosis

CLINIC, Temple, Téxas

SwWC-2

Cortical Audiometry Measurenents

TEXAS .COMMISSION FOR THE BLIND, Austin, Texas

TCB~20

Device to Enable Blind Diabetics to
Self-Assess Urinalysis Tests

TEXAS COMMISSION FOR THE DEAF, Austin, Texas

TCD-4

Noise~Activated Flasher Warning Device
for Deaf Driver

TEXAS TECH UNIVERSITY, Lubbock, Texas

TITU-1

TTU-3

TTU-4

TTU-5

Automated Stimulus/Response/Record Device
for Behavior Mcodification of the Profoundly
Retarded.

- Rate Monitor for Self-Injurious Behavior -

Nocturnal Activity Monitor

Contrcl of High Blood Pressure by Biofeedback
Technigques

UNIVERSITY OF ALABAMA DENTAL RESEARCH, Birmingham, Alabama

~TGAD=7

UNIVERSITY OF

Telemetry of Oral pH for Determination Qf
Linkage to Cavity Formation

ALABAMA MEDICAL CENTER, Birmingham, Alabama

UAM=14

UAM~-19

© Self-Propelled Metabolic Analyzer Cart -

Method for Early Detection of Metabolic

Changes During the Dying Process of Infants

in ICU Units
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UNIVERSITY OF CALIFCORNIA AT SAN DIEGO, La Joila, California

sSpu-1 Complete Portable System for AchLIlng and
Analyzing Audio Evoked Responses

UNIVERSITY OF IOWA MEDICAL SCHCOL, Towa City, Iowa

-I0Uu-1 Method for Measurement of the Amount of
Humidity Present in the Lower Respiratory
Tract

UNIVERSITY OF KENTUCKY MEDICAIL SCHOOL, Lexington, Kentucky

UKM-1  Implantable Antenna for Mandible Healing
Studies

URKM~-2 Respiration Rate Measurement of Experimental
Animals During Vibration Experiments

UEM-3 Improved Technique for Measuring Blood Flow
Velocity in Very Small Vessels In Situ

UNIVERSITY OF SOUTHERN CALIFORNIA MEDICAL SCHOOL, Los Angeles

USC-13 Detection and EReactivation of Dormant Cells
in Inner Ear

USC-14 Chemical Diets for Surgical Patients and
Allergy Studies

UNIVERSITY OF TEXAS MEDICAL 8CHOQOL, Galveston, Texas

GLM-35 Beta Radiation Catheter Prohe

GLM-45 TImproved Stretcher Design and Materxials
for Burn Patients

GLM-51 Pressure Telemetry Alarm for Hydrocephalics
GLM-52 Leuk00yte Response to Plastic Particles

UNIVERSITY OF UTAH, Salt IL.ake City, Utah

UTd-38 Improved Urethral Valve for Nonsurgical
Implantation

UTM~39 Multi-Channeled Hypothermia Blanket for
Heart Surgery

UTM~41 Measurement ¢f Thrombus Adhesion to Blood
Vessel Wall

UTM-42 Composites for Internal Biocompatible
Prostheses
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UTM~43 Techniques for Characterizing Surface
Roughness under Electron Micrography

UNIVERSITY OF WISCONSIN MEDICAL COLLEGE, Milwaukee, Wisconsin

WMC-2 Identification of Korotkoff Diastolic Point

WMC-3 Optimum Methodology for Analyzing
Cardiovascular Data

VETERANS ADMINISTRATION HOSPITAL, Birmingham, Alabama
AVA-2 Carotid Artery Pressure Waveform Measurement

VETERANS ADMINISTRATION HOSPITAL, Little Rock, Arkansas

VAL-1 Inexpensive Portable Instrumentation Tape
Recorder for Electrogoniometric Studies

VAL-2 Animal Activity Sensor

VETERANS ADMINISTRATION HOSPITAL, Oklahoma City, Oklahoma

ovVA-2 Measurement of Lung Compliance



Problem Title

Remarks

No. Opened/Closed
AEB~1 ]l Method for Identifying Dencmi~ [06-72/03-73 Hardware Tech. Appl.
nations of Paper Money
AEB-~2 | Measurement of Phy51olog1c 06-72/01~-73 Hardware Tech. 2Appl.
Stress Parameters
AEB~3 | Light Sensitive Vocational 06-72/00-73 Hardware Tech. Appl.
Rehabilitation Aid- s ' g ’ ' '
AEB~4 | Apparatus for Measuring 06~-72/09-73 Hardware Tech. Appl.
© | Tactile: Spatial Separation - ‘
AEB~6 | Arc/Angle Measurement of Travel02—73/06-73 Low Priority
of Cane for the Blind !
BLM-10| Computer Programs & Systems for|06-69/11-72 Insufficient Progress
Analysis of the ECG
BLM~13| Nonthrombogenic Material for 09~69/11~-72 Solution Commercially
: “ {Use as a Blood Interface Available
BLM~17| Improved Procedures to Measure [02-70/02-73 Insufficient Progress
* | Regional Blood TFlow in Kidney :
BLM~25| Simple Economical Mass Screen-~ [04-70/11-72 |Insufficient Progress
" ling Technigues for Analysis of - '
ECG in Clinical Diagnosis &
- | Multiphasic Health Screening
BMC~1 | Attraction-Movement of Non~ 01-71/11-72 Insufficient Progress
Magnetic Material
BMC~4 | Improved Arch Support Matl. 1L0-71/03-73 Insufficient Progress
BMC~6 | Biofeedback Training of 10-72/0L-73 Solution Commercially
Experimental Subjects , Available
BMC~7 | Automatic Device for Admini- -|01-73/06-73 Solution Identified~
- | stering Visual Field Tests to Problem Oxriginator not
. { Glavcoma Patients able to evaluate
BMC-8 | Self-Generating Oxygen Supply [01-73/09-73 Investigator changed
~ . . o personnel & interest
BVA-1 | X~Ray Transparent Electrodes 05-70/09-73 Hardware Tech. Appl.
and Leads , ' '
BVA-4 | Portable ECG Telemetry Receiver|04-70/01-73 Hardware Tech. Appl.
and Tape Recorder
BUD-1 | Heat & Stress Resistant, High {07-71/09-73 Insufficient Progress
Strength Plastic for Fabrica-
: tion of Orthotic Devices ‘
CHS-3 | Multiple Electrode Stimulation P2-71/11-72 No Applicable NASA

of the Cochlea

Technology

il

(AR
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No. Problem Title Opened/Closed Remarks
Chs-5 | Flexible Interface with Audi- [ 01-71/11-72 |No Applicable NASA ]
' tory Brain Centers Technology
CHS-7 Auditory Center Brain Implant 01-71/11-72 Solution Cost Beyond
Electrodes BATeam Resources.
CHS~11 | Artificial Eye Lens 01-71/11-72 Solution Cost Beyond
BATeam Rescources
CHS~12 | Dipole System for Auditory 02-71/11-72 No Applicable NASA
' Multichanneled Stimulation of Technology
the Brain
CHS-14 | Magnetic Stimulator for Deaf- 08-71/11-72 No Applicable NASA
Blind Patients Technology
CLA-3 | Alarm Circuitry for Apnea 09-71/11-72 Tech. Appl. Evaluation
Telemetry Completed
CPT~1 Head Control Conditioning and/ | 10-72/12-72 Conflicts with ongoing
or Teaching Methods for non-NASA Technology
Athetoids
CRH-3 | Means to Minimize Venous 12-72/05=-73 |No Applicable NASA
Pooling : _ Technology
CRH-6 Urine Collection Device for 12-72/05-73 No Applicable NASA
Incontinent Females Technology
CRH-8 Weight Shift Alarm for Brain 03-73/07-73 Hardware Tech. Appl.
Damaged & Paraplegic Persons
DLM~14 | Detection of Kidney Stones 04-70/02-73 Insufficient. Progress
during Surgery
FTZ-1 On-Line Breath Analyzer 12-70/08~73 Information Tech.Appl.
FTZ-2 Invasive Means for Measuring 12-70/12-72 Solution Commercially
Blood Gases Available
GLM-5 Intracranial Pressure Telemetry|05-67~10-72 Hardware Tech. Appl.
System
GLM-32 | ECG Preamplifier for Home Tape 04~70/08-73 Hardware Tech. Appl.
Recorder
GLM-37 | Activity Telemetry from Single |10-70/11-72 Not biomedically
Neuirons in Aquatic Animals oriented
GLM~39 | Artificial Speech Synthesizer 08-71/01-73 Solution Cost Beyond
_ BATeam Resgurces
GLM~40 | Telemetxy from Divers 08-71/01-73 Insufficient Progress

29¢



Ho. Problem Title Opened/Closed Remarks
IGEM=-41{Electrodes to Measure Poten-' 02-71/11-72 | No Applicable NASA
tials of the Cochlea and VIII Technology
Nerve Action :
GLM-42{Automatic Interruptor of Speech |02-72~-11-72 [Solution Cost Beyond
to Separate Words by Phonemes BATeam Resources
During Tape Recordings :
GLM-43|Quick Attachment/Release Clamp 109~72/02~73 | Incorporated into GLM-45
GLM-44 {Quickly Adjustable Crutch 09-72/06-73 |Hardware Tech. Appl.
GLM-46 |Adjustable Cradle to Cover 09-72/06-73 |Hardware Tech. Appl.
Burn Patients :
GILM-47 |Improved Stretcher Design 09-72/06~73 | Incorporated into GLM-45
GLM-48 |Ceiling Attachments in 09-72/12-72 |Solution Commerc1ally
Hydrotherapy Room Available
GLM~49 |Monorail Patient Transport 09-72/12-72 |Solution Commercially
System ' Available
GLM-50 |Catheter Support for 09-72/03-73 |Incorporated into GLM-45
Rehabilitation Patients ‘
GLM=53 |[Miniature Angular Accelerometer |05-73/09~73 |[Not Biomedically
‘ for Pigeon Oriented Enough
GLM-54 Miniature Telemetry Transmitter |[05-73/09-73 |Not Biomedically
for Pigeon Oriented Enough
GVA-6 |Respiration Monitor 05-70/08-73 |Insufficient Progress
HpH-1 iParticle Detector Monitor for (11-70/01-73 |Insufficient Progress
HpH~2 |[Helmet and Mask Study 11-70/06~-73 |Insufficient Progress
HSR-1 |Impression Material for Making [04-70/12~72 {Investigator Left
Pattern of Lower Trunk Institution
HSR-2 |Resilient, Breathing Contour 03-70/12-72- |Investigator Left
Seat Cushion Institution
HSR-6 |[Sight Switch Operated-Prehen- - i03-72/02-73 |Investigator Left
sion Device Institution
HSR-7 |Improved Assist Device Expands {03-72/02-73 |[Tech.Appl. Evaluatmon
Self-Sufficiency Potentials Completed
for Quadriplegics ;
HUV-20 |Perceptual Motor Testlng of the P1-71/01-73 |NASA Tech. not cost-
Severely Disabled effective enough
HUV-22 |Automobile Driving Assist for 06-71/05-73 |Investigator stopped
: Triplegic ' progress after mis-
- informed by aerospace
contractor

£9¢



rical Safety Standards for
Equipment and Instruments Used
Around Patients

No. Problem Title Opened/Closed Remarks

JHGV=23T Automatically Operated Magne-  |05-72/01-73 ] Solution Cost Beyond
tic Tape Cassette Recorder BATeam Resources

LLU-10| Noninvasive Techniques for 08-70/02-73 | Insufficient Progress

| Measuring Oxygen Content in :

the Blood

LsU-1 Physiological Effects of Motion 05-72/06-73 | Insufficient Progress
Sickness

LSU-2 Whole Body Radiation Measure- 09-72/06-73 | Insufficient Progress
ment

LVA-3 Radiocactive Microcell Counting [06-70/06-73 |Investigator left
Techniques for Diagnosis & Institution
Treatment of Leukemic Disorders

LVA-5 Device for Weighing Laboratory [07-70/11-72 |Low Priority

: Rats

LVA-6 Method for Measuring Temperaturel07-70/11~72 |Low Priority
of Laboratory Rats in Isclation
Chambers A

LVA-7 | Method for Acquiring ECG Infor- {06-70/11-72 |Low Priority
mation from Laboratory Rats in
Isolation Chambers

LVA-8 Abrasive-Resistant Plastic 09-72/06-73 |Biomedical Community
Material for Use in Trace Impact=-Commercial
Element Research Studies Solution identified

through NASA

MHB~1 OQut-Patient Clinic Computeri- 03-71/11-72 |Insufficient Progress
zation for County Hospital

MHB-2 Computer Program for Health 03-71/11-72 |Insufficient Progress
Care Improvements ‘

MHH-1 Rapid Identification of Surgi- ©06-72/05-73 {Insufficient Progress
cal Instruments ‘

MVA~2 Measurement and Recording of 03-71/11-72 |Solution Commercially
Urine Flow Available

NMA-1 Program to Establish Elec- 06-70/05~73 |To Broad for BATeam

Action
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Problem Title - 77 0

NO. : 'penEd/C'lOs'ed L Remarks P

NMA-3 | ECG Cable Take-Ups for a 06-70/11~72 | Solution Commercially
Portable ECG Monitor in an ' Availakle
Intensive Care Unit -

NMA-10 | Video Tape Programming for 06-70/01~73 | Solution Cost Beyond

_ Speech Therapy ' BATeam Resources

NMA~12 | Sauna Bath Conditions 11-70/11~72 |No Applicable NASA
Monitoring Technology

NMV-1 Control System To Permit 06-72/03-73 | Solution Cost Beyond
puadriplegics to Operate BATeam Resources
Long Playing Recording Devices

NUM-2 Measure Diameter of Femoral 05-72/09-73 jInsufficient Problem
Artery by Ultrasonic Pulse- . Progress
Echo Method .

OCH~1 Plastic Long Leg Braces for 06-71/11~72 | Insufficient Progress
Children .

QCH-7 Work Space for Upper Extrem— 06-71/11~-72 |Solution Cost Beyond
ity Amputee BATeam Resources

OVA-4 Assessing Sleep Psychophysi- - | 12-70/05-73 |Hardware Tech. Appl.
ology in Extreme Environments '

OVA-5 Nonencumbering EEG Electrode 12-70/09-72 |Incorporated into OVA-4
Assembly

PPR-1 Home Paging System for Remind- 12-71/05-73 |Investigator could not
ing Eldexly Patients of deal with BATeam
Medication Times concept reguirements

PVA-3 | EEG Analysis Computer Programs 08-70/11~-72 !Insufficient Progress

PVA-4 EEG Electrode Holders 08-70/11-72 | Insufficient Progress

PVA-5 Low Noise EEG Preamplifiers 08-70/11-72 |Insufficient Progress
for Clinical Research -

PVA-6 |-Bandpass Filtering for EEG - 08-70/11-72 |Solution Commercially
Alpha Signals : Available

RNV-34 | Pressure Sensitive Device for 09-70/06-73 {Final Solution Beyond
Use in Tongue Operated Control BATeam Resources
Systems for Artificial Organs e
;and wheelchairs :

RNV-37 | Surgically Implantable Nerve 07-71/11~72 {Insufficient Progress
Stimulator : ‘

RNV~38 | Design Technigues for Making 09-71/11-72 [Solution Cost Beyond

DC Motors for Powered Orthotic
Devices -

BATeam Resources
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No. Problem Title - Opened/Closed Remarks
ENV-39 | Development of Propex FProce- 10-71/11-72 JInformation 'fech.
dures and Observation of appl.
Human Subjects in Medical
Research
ROS-1 Constant Velocity Vehicle for 12-70/12-72 iLow Priority
Small Laboratory
RRC-1 High Energy Cost Exerciser with | 01-71/01-73 |Insufficient Progress
Ergometric Monitor '
RRC-2 Accurate Cardiac Telemetry from | 01-71/01-73 {Tech., Evaluation
Active Subjects Completed
RRC-6 Lightweight, Portable Cushion 01-71/03-73 [Would conflict with
Seat Jack for Weak -or Paralyzed ongoing commercial
Patients research
RRC-7 Oscilloscope Synchronization for| 01-71/11-72 |Insufficient Progress
Electromyographics Needle
Manipulation '
RRC-8 Ultra-Thin Electromyographlc 01-71/09-73 |Hardware Tech. Appl.
Needles
RRC—-2 Automatic Locking Prosthetic Leg| 06-71/12-72 [No Applicable NASA
Technology
SJH-1 Interfacing Biochemical Autoana-|03-70/11-72 |Investigator Developed
lyzers with a Computer Own Solution
SJH-2 Interface Schematics for Incor- |09-70/11-72 (Investigator Developed
poration of Autoanalyzers to a Own Solution
Computer
SLU-1 Elimination of Motion Artifact 12~72/06-73 |Investigator Dropped
from EEG Leads in Pedestal Interest
Eguipped Animals
SNM~13 |Miniature pH Electrode for Fetus|03-70/01-73 |No Applicable NASA -
: ' - ' Technology
SNM~14 |Fetal ECG Telemetry 03-70/01-73 |No Applicable NASA
Technology
SNM-15 {Uterine Pressure Telemetry 03-70/01~73 |No Applicable NASA
Technology ] :
SNM-24 |Brain Resistance and Impedance 04~71/11-72 |Insufficient Progress
Changes Under Anesthesia
SNM~25 |(Development of an in vivo bleood |[03-72/09-73

i

gluccse, pH , and pOs analyzer

Insufficient Progress
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" Problem Title

No. 0 ened/tl‘ : “e‘d “““““ Remarks

SNM~26 | Monitoring of Pelvic Pressure 06-72/01-73 |Hardware Tech. Appl.
of Women During Labor ,

SWC-6 Apparatus for Micropuncture of [04-70/11-72 |Insufficient Progress
Pancreatic Gland

SWC~13 | ECG Data Compression Techniques 01-71/11-72 | Insufficient Progress

SWR~1 Custom Fitted Composite Leg 02-72/08-73 |Hardware Tech. Appl.

TAM~1 Direct Skeletal Attachment of 11-70/11-72 | Insufficient Progress
Prosthetic Devices

TAR~-1 Epileptic Seizure Warning 08-71/11-72 |No Applicable NASA
Device Technology

TCB~1 Remotely Activated Switch for 05-71/11-72 |Technology Appl. Eval.
Electrically Operated Saw Completed

ICB~2 Blind Person Guidance Detector [05-71/01-73 |Technology Appl. Eval.
of Impregnated Paint or Wire Completed
Boundary Marker

TCB-~4 Nonmagnetic Homlng Device for 05~-71/11-72 |No Applicable NASA
Blind Persons — Technology

'TCB~5 Acoustic Signal to Alert Blind [05-71/11-72 |Solution Commercially
Typist of Approaching End of : Available
Page

TCB~16 | New Type of Tracking Cane for 11-71/09-72 | Technology Appl. Eval.
the Blind Completed

TCB~17 | Acoustic Signal to Alert Blind [04-72/02-73 |Solution Commercially
Persons to Obstacles between Available
the Waist and Head ‘

TCB~18 | Permanent Reflective Coating for[04-72/05-73 |Biomedical Community
for Use on Canes for the Blind Impact-Commercial

' : Solution Identified
_ through NASA .

TCB~19 [ Navigation Assistance to Keep 04-72/03-72 | No Applicable NASA
Blind on a Set Direction of o Technology
Travel

TCD-1 Portable Sound Meter for Use by {03-71/01-73 | Technology Appl. Eval.
the Deaf Completed

TCD-2 Warning System for Use by the Technology Appl. Eval.

Deaf

03-71/01-73

-

Completed

Loz



No, Problem Title Opened/Closed Remarks
ITCD-3 | Portable Substitute for Door/ p3-71/01-73 | Technology Appl. Eval.
Telephone Bell for the Deaf Completed
TCD-5 | Speech Analyzer 04~71/01-73 | Solution Cost Beyond
BATeam Resources
TCD-9 |Portable Amplifier System for 10-71/01-73 | Hardware Technology Appl.
Patient with Partially Inac-
tivated Vocal Cords
TCH-1 |{Quantification of Biochemical 11-70/11~-72 | No Applicable NASA
Changes in Striated Muscle Technology
Due to Inactivity ,
TCM-3 | Peak Detector for Signal Condi- [04-~70/03-73 | Investigator Developed
tioning of Blood in Basi Own Solution
Medical Research -
TPR~1 |Electro-Sleep Electrodes 03-71/02-73 | Insufficient Progress
TPR~2 !Device to Correct Foot Pronation 09-71/03-73 | Insufficient Progress
TTU-2 |Bibliography on NASA's Involve- {10-72/04-73 | Information Tech. Appl.
ment in Attention and Vigilance
Monitoring '
TVA-2 |Portable Heart Rate Indicator fori04-72/12-72 | Hardware Tech. Appl.
Active Patients
UAD-1 ;Tooth Movement Sensor 09-71/11-72 | Low Priority
UAD-2 | Tooth Position Within the Socket [09~71/11-72 | Low Priority
UAD-3 | Determination of Tooth Vitality [09-71/02-73 | NASA Solution not cost-
effective enough
UAD-4 | Tooth Vitality Measured by Nerve {09-~71/02-~73 | No Applicable NASA
Condition Technology
UAD-5 | Preparation of Dental Material 09-71/11-72 | Low Priority
Samples for Microscopic Analysis _
UAD-6 |Microhardness Analysis of Tooth [09-71/11-72 | Low Priority
Enamel -
UAM-1 | Capacitative ECG Electrodes 05-70/02-73 | Insufficient Progress
UAM~-2 | Heart Sounds Telemetry 05-70/02-73 | Investigator did not
: wish to participate in
proper evaluation
UAM-3 10-70/11-72 | Insufficient Progress

Implantation Techniques for
Chronic Measurements of
Physiological Data

897



No. Problem Title Qpened/Closed Remarks
UAM=-5 Study of Cell Flourescence by L0-70/11-72 | Solution Cost Beyond
TV Under Low Light InLen81ty BATeam Resources
: Conditions
UAM-8 Electro-0Optical Isolator 10-70/02-73 | Technology Evaluation
Completed
UAM~12 i Cardioavscular Dynamics Models {12-70/11-72 |Insufficient Progress
UAM-13 |Flexible Oral Transducer Matrix 09-71/06-73 |Insufficient Progress
UANM-18 |AK Prosthesis Fabricated from 01-72/10-72 | Insufficient Progress
Composite Materials '
UFM~6 Xeroradiography of Mammary 05-70/01-73 | Insufficient Progress
Glands for Cancer Detection and
Multiphasic Health Screening
UFM-7 Methods for Computer Analysis 05-70/08~73 | Information Technology
of EEG for Health Care Cost : Application
Reduction ~ : ‘
UOF~2 Low-Level Won-Invasive Blood 06-71/07-73 | Investigator used NASA
Pressure Measurement ' Technology, but did not
. wish to report his work
UOF-3 Detection of Schools of Fish 03-72/11-72 | Not biomedically
in Pollutant Studies oriented
UOF-4 A Method for Determining Blood [03-72/09-73 | NASA hardware not
Coagulation by Phonocardio- ' available for eval.
graphy '
UOW-1 | Improved Eye Switch Control for [03-72/11-72 { Insufficient Progress
Use by Totally Paralyzed
Cerebral Palsy Patients . :
USC-9 Methods for Obtaining Otologlca108-70/llw72 Insufficient Progress
‘ Response in Experimental
Animals , - O
UTH=-1 A Tactile Projector for Teach- {01-72/02~73 | Investigator Developed
~ ling Blind Students ' Own Solution
UTM-1 Physiologic Data Handling- 02-70/12-73 | Insufficient Progress
Systems Approach
UTM-24 |Photo-Etched Form to Cast 12-70/11-72 | Insufficient Progress
Artificial Kidney Matrix :
T2 5 Tonizing Radiation Detectlon of |12-70/06-73 |{ No Applicable NASA
' Thrombogenesis | Technology
UTM-27 iMiniature Mosiac TV Camera 12-70/12-72 | Solution Cost Beyond
: BATeam Resuources
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No. Problem Title Opened/Closed Remarks
UTM-30 | Biocompatible Bone Interface 04-71/12-72 | Insufficient Progress
: for Prosthesis
UTM-31 | Plastic Prosthetic Materials 04-71/06-73 { Insufficient Progress
UTM~-32 | Improved Design for Foot’ 04-71/06-73 | Insufficient Progress
Supports
UTM-33 | Form~Fitted Foot Pad Brace 04~71/12-72 | Insufficient Progress
UTM-34 | Lining Absorbs Pressure and 04~71/11-72 |Insufficient Progress
Friction Forces
UTM=35 | Lightweight Long Leg Braces 04-71/11-72 |Insufficient Progress
UTM-36 | Artificial Heart Transducer 08-71/11-72 |Sclution Commercially
o ‘ Available
UTM~-237 | Butt-Welded Fine Gauge Wire 08-71/01~73 |Tech.Appl.Eval.Com-
pleted, but investi-
gator did not wish to
pursue needed modifi-
: cation
UTM-40 | Detecting Oxygen Toxicity in 11-72/09-73 Information Technology
the Lung Application
UIM~44 | Detection/Measurement of 11-72/09-73 |Information Technology
Microbubbles or Micro- Application
bubbles in the Blood
VAL-3 Computer Applications in Hos- 04-737/08-73 |Information Technology
pitals~Practical Criteria Application
Collation
WLH~-2 Device to Clinically Evaluate 08-71/01-73 |Technology Appl. Eval.
Nasal Airway Obstructions Completed
WLH-3 Elasticity in Long Bones to 12-71/12-72 No Applicable NASA
Determine Optimum Fracture Technology
Knitting Condition ‘ '
WLH~4 Myoelectric Powered Prosthesis | 12-71/12-72 |Solution Cost Beyond
. - - BATeam Resources
WMC-1 Plethysmographi¢ Data Inter- 10-72/06~73 |Information Technology

face System

Application
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3.3 Search Activities Summaries

Below is a list of computer searches performed during
the reporting period. They are listed numerically by the
- NASA STIF record number because all search reports could be
duplicated and updated if the subject material is of interest
for the BATeam orxr prospective investigators.

NASA STIF ‘
{RECON) No. Citations Subject
T0077 317 "Computer Analysis of EEG"
T0593 - 96 "Abrasive Resistant Plastic Materials"
T0594 . 238 "Tactile Discrimination"
T0595 317 "Measurement of Heart Stress”
T0596 39 "Electronic Aids to Handicapped"
TOE09 69 "Microelectrode Stimulation of the Bxain“
T0612 142 "Motion Sickness Drugs"”
T0613 250: "Radiation Absorption Measurement
Technology" : :
T0614 | 202 "Methodology and Techniqﬁes of Auto-
mation of Plethysmographic or
Cardiovascular Data Analysis”
T0616 . 113 "Evaluation of Psychomotor Skills"
T0618 463 "QXygén Toxicity" |
TO619 22  "Materials Compatibility for Prosthesges"
TT0621 o 80 "Blood Vessel Wali Measurement" -
CT0622 225 "Surface Roughness Analysis Under
: Electron Micrography"
T0636 24 "Urine Collection”
T0637 16 "Tubing Clamps"
T0638 | 56 "Physiology of Venous Pressure and

Pooling™

T639 62 "Inflatable Structures and Cushions”
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NASA STIF
(RECON) No. Citations Subiect
T0641 228 "Radiation Resistant Materials”
T0642 322 "Hypothermia Technigues, Effects and
Use in Chemotherapy"”
T0654 130 "Self-Injurious Behavior"
T0655 136 "Nocturnal Activity" (Sleep and
Behavioral Patterns)
T0658 262 "Portable Oxygen Supplies"
TO667 119 "pH or Acidity Sensing by Remote Means”
T0669 110 "Arc or Angle Measurement”
TO671 537 "Vigilance or Attention Monitoring”
T0681 192 "Processing and Display of Acoustic
Speech Signals”
TO689 149 "Psychomotor Performance Related to
Biocontrol Systems"
T692 197 "Nitrogen Molecule Effect of Physio-
logical Functions”
T699 189 "Feedback for Biological Bunctions®
T700 .48 "Nonlinear Equations and Nonlinear
Systems for Biological Functions™
T701 7 774 "Bionics (Biological Models"
T703 205 "Non Contact Electrocardiogram
Monitoring"
T713 48 "Ef fect of Sensory Deprivation on
Learning Process"
T727 69 "Electrostatic Burn Treatment"
T728 123 . "Immunological Response of Leukocytes"
T729 57 "Bioinstrumentapidn for Respiratory'
Functions During Studies of Vibration
Ef fectg”
- T730 686 "Computer Applications in Medicine

and Health"
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KASA STIF
(RECON) No. Citations Subject

T740 340 "Impact Acceleration Stress on Organs"”



4.0 APPLICATIONS ENGINEERING PROGRAM

4.1 Applications Engineering Projects Completed

Below is a list of applications engineering projects
completed during the reporting period at Southwest Research

Institute and at NASA Centers.
Reports for complete summaries.

NO‘

Problem Title

See the Technology Application

Date

275

. Opened/Closed

Projects completed at Southwest Research Institute:

AEB~1
AERB~-2
AEB-4
BVA-4
CRH~-8
GLM-32
SNM-26

SWR-1
TCD-%

TVA-2

Projects Completed at NASA Centers:

Method for Identifying Denomlnatlons of

Paper Money

Measurement of Physiclogic Stress

Parameters

Apparatus for Measuring Tactile Spatiai

Separation

Portable ECG Telemetry Receiver and

Tape Recorder

Weight Shift Alarm for Brain Damaged and
Paraplegic Persons

ECG Preamplifier for Home Tape Recorder
(Extensive Modification Work)

Monitoring of Pelwvic Pressure of Women in

Labor

Custom Fitted Composite Leg Braces
Portable Amplifier System for Patient
with Partially Inactivated Vocal Cords
Portable Heart Rate Indicator for Active

Patients

Light Sensitive Vocational Rehabilitation
Aid (LANGLEY RESEARCH CENTER} '
Ultra-Thin Electromyographic Needles

. (LANGLEY RESEARCH CENTER)

PRECENTNG PAGE BLANK NOT VFIT_MEE)

06-72/03-73

06-72/01-73

06-72/09-73

04-70/01-73
03-73/07-73

04-70/08-73

06-72/01-73

02-72/01-73
10-71/01-73

04-72/12-72"

06-72/09-73

01~-71/09-73
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4.2 Applications Engineering Projects 1n Progress

Below is a list and status yeport of applications
engineering projects in progress at contract termination.

Prpjects in Progress at Southwest Research Institute:

GLM=-35

MSC-1

TCB-20

BETA RADIATION CATHETER PROBE

Woxrk being done at: SwRI

Key Personnel: Charles Laenger, Robert Wilbur
NASA Technology: B66-10252

Current delivery schedule: Not projectable
Status: Still waiting for funding approval from
NASA Headquarters on extensive follow-up
fabrication and testing project.

PORTABLE SCALP COOLING DEVICE (Chemotherapy)

Work being done at: (Proposed, see status)
Key personnel: Sam McFarland

NASA Technology: Ames developed technology for
liguid cooled garment systems

‘Current delivery schedule: Not prOJectable

Status: Per tentative agreement with Bob
Zimmerman at NASA Headquarters, Aerotherm and
LTV (NASA contractors for the Ames work) are
planning to submit bids to TU for proposal to
handle specific problem solution.

DEVICE TO ENABLE BLIND DIABETICS TO SELF-ASSESS
URINALYSIS TESTS

Work being done at: SwRI

Key personnel: Chuck Dreyer, Robert Wilbur
NASA Technology: B635-10301

Current delivery schedule: Dec., 1973 (pending
contract renewal schedule) '
Status: Initial feasibility design in progress
also utilizing concept suggestions from David
Winslow at Marshall Space Flight Center.
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TrU=-3

TTU-4

UAD~7

UTM=-38
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RATE MONITOR FOR SELF-INJURIQUS BEHAVIOR .

Work being done at: = SwRI
Key personnel: Chuck Drever

NASA Technology: B71-10437

Current delivery schedule: Fall, 1973 (pending

contract renewal schedule)

Status: Receiver unit is complete. Preliminary
design- of transmitter is complete. Soft—-caps in
fabrication. o :

NOCTURNAL ACTIVITY MONITOR

Work being done at: SwRI

Key personnel: Chuck Dreyer

NASA Technology: B70-10638, B72-10452

Current delivery schedule: Dec., 1973 (pending
contract renewal schedule)

Status: Work is in preliminary design stages.
Visit with Ames personnel confirmed feasibility
approach.

TELEMETRY OF ORAL pH FOR DETERMINATION OF LINKAGE
TO CAVITY FORMATION

Work being done at: SwRI

Key personnel: Chuck DPreyer

NASA Technology: BAmes pH sensor and telemetry
technology

Current delivery schedule: Not projectable

Status: Investigator has been extremely helpful in
providing exact needed specifications and has offered
to visit SwRI and/or provide a plaster cast of the
oral bridge for fitting (needed device will be implanted
in a tooth socket): Team has received replies from
suggestions of Ames personnel (Case Western Reserve)
with offer to help on the pH sensor. Telemetry is
essentially sclved. Because of necessary microminia-

. turization, it might be mandatory to.work with a

NASA Center on implementation of this’proiject. .

T IMPROVED URETHRAL VALVE FOR NONSURGICAL

IMPLANTATION

Woxk being done at: SwRI

Key personnel: Sam McFarland

NASA Technology: Basic NASA technology in biocom-
patible materials for device fabrication

Current delivery schedule: Dec., 19273 (pending
contract renewal schedule)

Status: Investigator has provided us with a design
concept. McFarland has completed preliminary design
drawings. Several prototypes will be built and animal
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testing will be carried on at SwRI after fabrication.
Bob Zimmerman has requested that we make several
samples available after animal testing for several
large nationwide facilities extremely interested in
the concept.

UTM~-39 MULTI-CHANNELED HYPOTHERMIA BLANKET FOR HEART SURGERY

Work being done at: SwRI

Key personnel: Sam McFarland

NASA Technology: Basic NASA technology in special
biocompatible materials and sealing techniques
Current delivery schedule: Initial prototype
delivered.

Status: Although a prototype has been delivered,
the seal was not adequate. Investigator is very
enthusiastic. As soon as there is time and funding,
the design seems to be workable, so we will fabricate
a few more, utilizing-some helpful sealing technique
suggestions provided by Ames personnel.

Projects in Progress at NASA Centers:

AEB~-5 MOTION SENSOR TO PROVIDE BIOFEEDBACK TO BLIND PERSCNS
UNAWARE OF INVOLUNTARY MOVEMENTS ’

Work being done at: J5C

Key personnel: Dr. Sam L. Pool, John Sigmon

NASA Technology: Miniature accelerometers and

Boeing mercury switches '

Current delivery schedule: Dec., 1973

Status: Information on the switches has been obtained
and personnel at JSC are determining suitability. ‘
Some conversations have also been held with investigator
by JSC personnel on details for special accelerometer
development. o

AVA-2 Work being done at: Goddaxd
Key personnel: Wayne Chen (Robert Wilbur, SwRI)
NASA Technology: Goddard's technology development on an

© "Improved Arterial Pulse Pressure Transducer."

Current delivery schedule: Several units are complete
and are in evaluation for Goddard at the VA Hospital in
Washington, D.C. SwRI hopes to obtain one of the units
for our investigator's evaluation sometime this fall.
Status: Per above. ’
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HEARING AID MALFUNCTION ALARM SYSTEM

Work being done at: JSC

Key persconnel: Dr. Sam L. Pool, John Sigmon

NASA Technology: Specialized alarm circuitry being
developed at JSC.

Current delivery schedule: Dec., 1973 (approx)
Status: Further specifications are due from
investigator.

CORTICAL AUDIOMETRY MEASUREMENTS

Work being done at: MSFC

-Key personnel: Stephen Graff, Robert Allen .

NASA Technology: MSFC develoPed hybrid microcircuit
techniques

~Current delivery schedule: Fall, 1973 (approx)

Status: HA dice operational amplifiers were due
around 18th July at which tlme final fabrication
was due.

FLASHER WARNING ALERT FOR DEAF DRIVERS

Work being done at: JSC

Key personnel: Dr. Sam L. Pool, John Sigmon

NASA Technology: Basic aerospace bandpass filtering
technigques and amplifier technology suggested by
David Winslow at MSFC.

Current ' delivery schedule: Fall, 1973 (approx)
Status: Preliminary fabrlcatlon of prototype in

initial stages.

CONTROL OF HIGH BLOOD PRESSUREVBY:BIOFEEDBACK
TECHNIQUES

Work being done at: JSC
Key personnel: Dr. Sam L. Pool, John Sigmon
NASA Technology: Automatic cuff inflator pressure

measurement device developed at JSC.

Current delivexry schedule: Dec., 1973 (approx}

Statug: JSC prototype device is on hand to modify.
- Investigator provided exact specifications and SwRI

documented needed modifications. JSC to make decision
on follow-through. £ :

SELF-PROPELLED METABOLIC ANALYZER CART

Work being done at: MSFC

Key personnel: Juan-Pizarro II

NASA Technology: Based on the metabolic analyzer
developed for Skylab

Current delivery schedule: Fall, 1973 (approx)
Status: Final completion stages in progress
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APPENDIX A

Commercially Available Versions of Technology
Applications

The AEB-1 problem in this report is commercially
available as the "Paper Money Identifiexr" from:

APPLIED REHABILITATION SYSTEMS
3902 Idlewild

Auztin, Texas 78731

{(512) 459~773%

Cost: $149.50 plus tax (Brochure available)

A version of the AEB-2 and TVA-2 problems in this
report is available as the "Medi-Mini-Monitor" ECG telemetry
system from:

Moderxrn Medical Methods, Inc.

P. 0. Box 4824, Wonderland Post Office
San Antonio, Texas 78285

(512} 344-7572

Cost: Write or call for details. Brochure
: available.

The following commercially available items were developed as
prototypes in the technology application program in prev1ous
contract years and until now have been unavailable.

The product development'of the original HSR-7 problem
is on the market as the "Multi-Medassist-Model," which is a
ten channel control system designed especially for those
persons whose daily living activities have been restricted
by disease, accident, or natural calamity. Even quadriplegics
can oPerate up to ten different appliances (televisions, lights,
radios, air conditioners, etc.) by utilizing a choice of breath
switches, eye switches, or pneumatic switches. The unit is
completely portable and is compatible with existing electrical
outlets. Price of the device is subject to individual needs
and number of channels and switching configurations desired.
For more details, please contact:

Modern Medical Methods, Inc.

P. O. Box 4824, Wonderland Station
San Antonio, Texas 78285

(512) 344-7572
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Another previous problem, CMR-3, has brought about the
availability of the "Vitasign Attendant Monitor" with Isolator,
an ECG/Respiration Monitor and Alarm System. This device brings
vital signs constant monitoring capabilities out of the
intensive care facilities where special power installations are
regquired. This completely portable unit plugs directly into
existing nurse call outlets, uses existing wall outlets for
power and has an alarm system that utilizes the existing nurse
call system. Through three properly placed electrodes, the unit
provides constant monitoring of ECG and- respiration rate. Color-
coded visual display is constant, and oscilloscope and/or strip
chart recording can be employed. Meter settings for ECG and
respiration rate are adjusted when the unit is turned on. A
change in the normal respiratory cycle of the subject or a loss
or severe change in the ECG signal will trigger the alarm light
on the unit and activate a signal at the central call statiocn
so that immediate corrective action can be taken. For cost
and information details, please contact:

Modern Medical Methods, Inc.
P. O. Box 4824, wWonderland Station
San Antonio, Texas 78285

Other devices are being considered for manufacture at the
present time. If anyone reading this report is interested in
inquiring about acquiring the information necessary to become
involved in the manufacture of these NASA developed items, you
are encouraged to contact any of the team members mentioned in
this report, or call NASA Headguartexs, Office of Technology
Utilization, Code KT, Washington, D.C. 20056, {202} 755-3794.





