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Preface

In this, our first International Conference on Computational Medicine and
Medical Computer Science, we recognize the synergistic relationship existing
between computers, computing, and the medical professions. The “man-
machine” adversarial roles of yesteryear have now been replaced with ever-
increasing innovations and applications of this important tool to improvements
in our quality of life.

To the medical profession, the increasing usefulness of computers in all
aspects of medicine is still evolving while, at the same time, revolutionizing
nearly every aspect of the field—from pre-medical education to complex anal-
yses and diagnostics to sorting through thousands of tests and samples in
search of elusive cures still to be found. This is an exciting time for all of us,
and as the use of computers pervades our daily lives, the distinctions between
computer scientists, biomedical engineers, and medical professionals will
become ail the more clouded. The transdisciplinary approach to solving our
mutual problems and to transferring knowledge and technical information pro-
vides all of us with unlimited opportunities to embrace and learn about the
latest developments. This applies not only to our own particular fields but also
to the fields of others whose activities may one day help each of us profession-
ally and, ultimately, society.

I think it is particularly significant to note that, based on the more than 120
presentations scheduled, MEDCOMP 82 has accomplished its goal of being
. transdisciplinary and transnational. We are indebted to our distinguished key-
note speakers, William Rial, William Raub, and Francois Gremy, for their par-
ticipation in assuring the success of MEDCOMP.

I'd like to thank all those on the Organizing and Program Committees without
whose help and volunteer efforts, MEDCOMP 82 would not have been possible.
And finally, a special thanks to our presenters, whose high quality papers and
presentations are the criteria on which the ultimate success of this MEDCOMP
and others in the future will be judged.

Judith M.S. Prewitt, Ph.D.
General Chairman



Sponsored by:
IEEE COMPUTER SOCIETY,
Technical Committee on COMPUTATIONAL MEDICINE

Participating Societies

IEEE Computer Society:
Computing and the Handicapped Technical Committee
IEEE Systems, Man and Cybernetics Society:
Health Care Systems Technical Committee
IEEE Engineering in Medicine and Biology Society
American College of Radiology
American Hospital Association/Hospital Mgt. Systems Soc.
American Medical Association
American Society of Clinical Pathologists
Association for Computing Machinery / SIGBIO
College of American Pathologists
Hawaii International Conference on Systems Science
International Medical Informatics Association
MUMPS Users’ Group
Society for Computer Simulation
Society for Medical Decision Making
World Association for Medical Informatics

Cooperating Institutions:

University of Pennsylvania

Drexel University

Hahnemann Medical College
Medical College of Pennsylvania
Temple University Medical School
Thomas Jefferson University



Conference Committee Publicity and Public Relations

J. S. Prewitt, Chairman R. Grams
B. D. Shriver, Co-Chairman

Technical Program Conference Arrangements

M. N. Epstein, Co-Chairman and Exhibitions

T. L. Lincoln, Co-Chairman G. Leach-Lewis

Publications Finance and Operations

D. Mishelevich

A. Wasserman G, Devay

C. Stockton

Continuing Medical Education Registration and Membership
P. Storey, Univ. Penn. H. Hayman

Technical Program

J. Aylor D. Garfinkel D. Osborn

T. Bahill A. Gose H. Pople

M. Blois C. Heisterkamp lli J. Reggia

J. Bowie D. Jaron P. Storey

R. Brooks R. Jones E. vanBrunt

R. Covert C. Kulikowski G. Wiederhold
K. Duncan R. Lake C. Witonsky
A. Elstein J. Lehr M. Woodbury
R. Engelmore J. Lewis R. Zimmerman
K. Erat H. Moraff M. Ziskin

H. Fineberg H. Nagle, Jr.

International Committee

F. Begon, France S. Poeppl, F. R. Germany
F. deDombal, U. K. D. Rix, Canada

F. Gremy, France D. Shires, Canada

S. Kaihara, Japan J. van Bemmel, Netherlands
B. Olsen, Sweden F. Wingert, F. R. Germany



TABLE OF CONTENTS

Author Index '

Session 1.1: Microcomputers and Their Impact

A Microcomputer-Based System for the Automated Formation of Artificial

BiOMEMDYBINES. < ¢ @5 a5 5560 a5 s s s 5isi6 6 665 85w 805 600w &l s 58 o078 605 b5 to 88 1o'a 893 0808 61802 I 08 8 0 15 43
F.T. Hong and O.D. Altan -

Microcomputer-Based Archive System for Norwegian Primary Health Care .........
F. Eliassen, K. Ellingsen, and K.A. Olsen

Use of Microcomputers for Acquisition of Clinical Research Data in a Phase II

DIrug@ Trial ..ottt ettt e e e e e e
A.B. Chausmer

A Microprocessor-Based Diluter/Spinner for Preparation of Monolayer Slides ......
M.D. Graham and G.A. Ayotte

Session 1.2: Education for Information Processing in Medicine and Health Care

Computer Literacy: Operational Definitions ............ ... ... .. ... .. ... . i,
F.B. Quinn, M.M. McCracken, and J.A. Hokanson

User Education: Two Modes, Two Populations .......... ... .. ... .. .. fiiiiiinan..
F.B. Quinn, M.M. McCracken, D.M. Stoner. and J.A. Hokanson

Defining Appropriate Levels of Computer Literacy for Health Profession als ........
B. Harbort and J. Peterson

Software for Training in Medical Information Processing ...........................
J.H. van Bemmel, A. Hasman, A.F.L. Veth, and P. Sollet

Disease Registers and Applications ......... ... . . i
A.J. Payne

Software for Training in Medical Information Processing: Five Years Experience
J. van Bemmel, A. Hasman, A. Veth, and P. Sollet

Session 1.3: Signal Processing and Analysis .

Decontamination of Time-Activity Curves from First-Pass Radionuclide

Angiocardiographic Data .......... .. i e
G. Konstantinow, S.M. Pizer, and R.H. Jones

Mechanical Respiratory System: A Computerized Non-Linear Regression

Analysis for Parameter Estimation .............. ... . . it
P. Barbini and M. Pierattini

Breath-by-Breath Pulmonary Exercise Testing Using an On-Line

MICTOCOMMPUTET i w5 o5 msmsi s esissm e msE w6555 edsawes 5 s 955505508 s G5se6s@sems6s ks

A Spline Function Lung Stiffness Model for Microprocessor- Ba,sed Lung

Mechanics MONItOTINg ... ... .t ettt e e e e e et e e
R.R. Mitchell and F. Feihl

Evaluation of the 02 Washin Method for Monitoring Contmuous Ventilation

ED 3 £57 5 5 1+ D17 Lo o K
F. Feihl and R.R. Mitchell

Session 1.4: System Performance Evaluation and Technology Assessment

Public Policies for Hypertension: Exploring Alternatives and Resource

Implications with a Feedback Simulation Model ...................cc0ciiiiiinnnennn..
W. Stason and K.E. Sahin

A System Dynamics Model to Interpret Sequential Clinical Assessments of

Medical INNOVALIONE . o u s mseiman nseiss o ssmssesmsssssesassdsms s os s n e
K.E. Sahin and H. Fineberg

Cost/Benefit Analysis of a Computer System for Hospital Transfusion Service ......
D.N. Reps and W. Glueckert

Analysis by Computer of Physician Telephone Usage for Laboratory Results ........
D.M. Bloch

Session 2.1: Laboratory Systems and Other Medical Applications
Computer Applications in Health PSychology ............c.coouiiiimiiiinnn.
S.J. Schneider and A.T. Pope



User-Oriented Approach to Developing an Interactive Computer System for

A LABOIEYOLY o vciccemomuvms e smimn 5 e bbb b dm 3 B aE S5 45 SRS A HENG A FIRAE DI TR T AR Ad w6 71
D. Nobel and B. Kaplan

General Concerns on Developments in Nursing for Computer Utilization ............ 76
K. Erat

Session 2.2: Critical Issues and Foundations

Why [s It So Difficult to Teach Physicians about Computers? ........................ 78
M.M. McCracken, D.M. Stoner, F.B. Quinn, and J.A. Hokanson

The Influence of Medical Values and Practices on Medical Computer Applications .. 83
B. Kaplan

New Information Technology and Medicine ................ciiuiiiiiiinininnnnenenans 89
W. Vittori and R.E. Walton

A New Approach to Medical Classification ............. ... ... .. .. .. . ... 90

M. Woodbury and K. Manton

Session 2.3: Signal Processing and Analysis

Software Programmable Multi-Mode Interface for Nuclear Medical Imaging ......... 92
1.G. Zubal, R.W. Rowe, Y.J.C. Bizais, G.W. Bennett, and A. B. Brill

Development and Testing of an Arrhythmia: A Detection Algorithm for Use in a

Computerized Ventricular Arrhythmia Detector ............ .. ... ... .. iiiiiiiian... 97
K. Godsell and J.B. Rooks
Modularity in ECG Interpretation . ........... ... it 98

J.H. van Bemmel and J.L. Talmon

Experience in Developing a Stand-Alone ECG Acquisition and

ANALYSIS SYSEOIN . cssumsrmsins s owosasms s e s s sssoyess o ds s s m s s snsshessessssesssssemess 102
S.J. Poeppl, G. Hermann, and R. Luft

Session 2.4: Advances in Computer Science and Software Engineering

Dynamic Data Structures Are Tree Structures ............c.cuiiieiinreeneneanenanenns 104
K. Karlsson

Interactive Video in MedicCine .. .....c.icciiiivinivinnineieisnmssoimsesnsisonsenmenmes 105
M.D. Schwartz

Minimal Covers for Functional Dependencies from Partial Order Graphs ............ 107
R.Y. Fadous and J.J. Forsyth

Software: Myths, Mystique. and Mastery . ............uiiinirin i, 113

J.A. Hokanson, F.B. Quinn, and M.M. McCracken
Plenary Session Part I
Plenary Session Part II
A Physician's View of Medical Informatics ........... .. ... ... 118

P.L. Reichertz
The Rise and Fall of a Department of Medical Computer Science: A Case Study

from the University of Texas Health Science Center at Dallas ....................... 128
D.J. Mishelevich )
Medical Computer Science: Whither or Wither? ...... ... ... .. ... ... . i, 133

J.M.S. Prewitt .
Session 3.1: Information Systems in Medicine and the Life Sciences

Intelligent Data Base System for Retrieval of Radiological Image Information ...... 136
P.T. Cahill, B. Kneeland, S.T. Apostocopoulos. L.F. Lunin, and
D.V. Becker

Competing Bibliographic Systems for the Life Sciences ............................. 137
A.W. Elias

Unification of Images from Diverse Modalities toward Reading as a Science ......... 142
S.C. Horii, M.E. Noz, J.H. Schimpf, and G.Q. Maguire, Jr.

- Managing the Information Flow in a Radiation Oncology Department ............... 148

E.S. Sternick, F.W. Thomas, B.H. Curran, and G. Moulton

IRIS: An Integrated Radiology Information System in the Future .................... 149

C.R. Wickizer

vili



Session 3.2: Alternate Delivery Systems -
Alternative Delivery Systems an Overview: HMO, IPA and Fee-for-Service

Medical Practice COmMPATISOIS . ......iutunniiunne et resanenneeeasanennsas 152
D.F. Schaller

Alternate Delivery Systems: A Government Perspective ......................c..... 153
F. Seubold

Use of a Data Base System for HMO Management ..............c.coiiiniiniiniiennnns 154

J.I. Shalowitz and M. Shalowitz

Session 3.3: Image Processing and Analysis

Block Implementation of Two-Dimensional Digital Filters .......................... 160
M.R. Azimi-Sadjadi

A New Approach to 2D Linear Interpolation for Geometric Distortion

Correction OF IMAEEE .o .ccuusmsmsissmes s esssmesmsme s osss sas s ss 5 a5 sme s s s s s 170
Y.J.C. Bizais, R.W. Rowe, I.G. Zubal, G.W. Bennett, and A.B. Brill

A Simple Technique for Reducing Deconvolution Artifact in Scintigraphic

SUMAROS 5 c o vvwimsig s oo s1a w500 50 605 0 06 000 5005 606 830 680660 605 058 6 9755 B 80 3 918 bl 7 06 8 45500 B 80§ B8k 4 174
J.E. Juni, J.H. Thrall, J. Froelich, R.D. Hichwa, and N.H. Clinthorne

Spatial and Temporal Background Correction Techniques Applied to First Pass

Radionuclide Ventriculography ..........c.couiiiiiiiiiiiiiii ittt ieinenennns 178
D.L. Sisco, D. Frey, K. Spicer, and C.F. Lam
Pel-Recursive Television Image Motion Estimation Using the Kalman Filter ........ 181

J.A. Stuller and H.W. Paik
Session 3.4: System Performance Evaluation and Technology Assessment

Privacy in Medical Information Systems—Threats and Countermeasures ............ 188
D.C. Kroop and J.M.S. Prewitt

Errors in Laboratory Data Processing III. Manual Data Entry ....................... 192
S. Raymond

Software QUality ASSUTAIICE . ......cuuuitirinnrerreieetnraneeiernesorosssnnenaenneens 194
G.D. Tice, Jr.

Methodological Considerations in the Design of Medical Decision Support

SYSEBIMS i n it tiwswaim ol eisas oaa i o v e w4 a5 v e = e 6 a0 e e 66 e Bk 8 40 195
C.C. White, III, E.C. Wilson, and A.P. Sage

MUMPS, TEDIUM and Productivity ...............ccoiiiiiinnnnn.n. b e S A 0 SR 200
B.I. Blum

Session 4.1: Large Databases and Information Systems

The Effect of a CLINFO Data Management and Analysis System

on Clinical ReSEaTCh ... ... i ittt it ettt ettt aa et ian s 212
H.B. Johnston, Jr., S.B. Higgins, T.R. Harris, and W.W. Lacy

Distributing Database Management for Patient-Care Research: MEDUS/A .......... 213
C. King, R.M. Strong, and L. Goldstein

Computing Solutions for Medical Problems: A Format for Presentation .............. 221
L.Y. Korman

The Evolution of a Large Clinical Research Database .......................c0vvo... 224
J. Long, J. Brashear, J. Matts, and A. Peck

Clinical Application of COmMPULErS .. ........uiuiuuununerneiiinnnnennnns 230
P.K. Speck

Session 4.2: Alternate Delivery Systems 2

Alternate Delivery Systems: A Systems Perspective ............ccoiiiiiiiinnnnannn. 236
L. Abramson

Ambulatory Care Systems on the MOVE . ............uuuiiniiitiiiiesiininnnnaennnsn 237
H.M. Birch, Jr. and B.J. Robbins

Alternate Delivery Systems: An Industry Pointof View ............................. 240
D. Osborn :

Session 4.3: Signal Processing and Analysis
A Microprocessor-Based Real Time Eye Tracking System ..................ccouuu.... 242
O.M. Abdel Gadir and D.J. Quarmby



A Microcomputer-Based Eye Movement Automatic Analysis System ................ 248
B. Morra, R. Albera, G. Massia, M. Mezzalama, N. Monetti, and
P. Prinetto _

Computing Eye Velocities with a Two-Point Central Difference Algorithm .......... 254
A.T. Bahill and J.D. McDonald

Determination of Intracranial Pressure Periodic Components via Interpolation

of the Discrete Fourier Transform . ..........ciuiiiiiiiiininiineaenneeneeneneneananas 258
M. Czosnyka

Session 4.4: Systems Design for Medical Applications

From Data Dictionary to System Dictionary ..............c.oooiiiiiiiiiii i, 260

R. Engelbrecht
Enhancing System Utility through Integration of Applications in an

Ambulatory Medicine Training Clinic ........... ..o, 265
R.L. Fox, D.P. Sheridan, and T.C. Jackson

Computer, Man, and Organization: Strategic Concepts for Medical Applications ..... 270
K. Fuchs-Kittowski

The Concept of User-Friendliness ............ ...ty R T 271
T. Lincoln .

Requirements Definition and System Selection ................. .. ... ... ool 272
E. R. Myers

Session 5.1: Networks and Their Impact
The Impact of National Information System Networks on Educational Health

ScIiences Centers ........c..cuiteininreeracnasoseesossesssossssoisssnsessssseinssssais 278
S. Evans

Distributed Diagnostic Imaging Management System for Ra.dlology

AN 25 o0 1] o L= 1 b = 281

S.J. Dwyer III, A.W. Templeton, W.H. Anderson, M.A. Tarlton, K.L. Hensley,
D. Betz, L.T. Cook, K.R. Lee, S. Batnitzky, E. Levine, R.G. Robinson,
and N.L. Martin
The St. Thomas’ Shared Services Network .............iiiiiiiiiiiiieiiniienennann. 287
A.V. Stokes and D.A. Howells
Progress and Experience in the Implementation of a Hospital Local Area
Network at UCSF ... ... . i ae e ... 201
S.G. Tolchin, E.S. Bergan, S.A. Kahn, R.L. Stewart, D.W. Simborg,
M.G. Chadwick, and Q.E. Whitting-O’Keefe
Modular Medical Information Systems Utilizing Networking ........................ 299
J.H. Thompson, Jr.

Panel Session 5.2: Alternate Delivery Systems

New Directions and Opportunities for Information Systems in Alternate

BB T=) bR V4= o v = =3 o 4 PP 302
(R. Covert: Chairman; A. Gose, T. Lincoln, J. Myrick, B. Shnver. R. Ditman,
D. Shaller, and H.M. Birch, Jr.: Panelists)

Session 5.3: MEDGRAPH: Medical Computer Graphics

Computer Graphics Display of Diagnostic Medical ImageData ...................... 304
L.T. Cook, M.A. Tarlton, A.A. DeSmet, M.A. Asher, and S.J. Dwyer III

Display of 3-D Information in 3-D Digital Images: Computational Foundations

and Medical APpPlicatiOnS . ...ccceciscinsrismesessassasesiosnaesinssssnssninssnonimsn 308
G.T. Herman and J.K. Udupa

Computer Methods for Generating Stereoscopic Reconstructions from Serial

SOCUIOMIE: 655525 568560 528 0 506 608 3.5 5183 6ie 8 895w m 5§08 v o wom 4 o s et e m om0 0 0 st 315
S. Falen and D. Packard, Jr.

Interactive Graphics Methods for Reglona.l Quantification of Tomographic Brain

Blood FIow ImMages ......ooiiuiitniiiitit ettt ittt et et et ettt 316
E.M. Stokely, J. Totah, R. Homan, M.D. Devous, and F.J. Bonte

4 Dimensional Processing Tools for CardiovascularData ...................couvu.... 319
S.E. Wixson



Session 5.4: Expert Systems for Decision Making and Decision Support
Differentiation of the Information Needs of Health Professionals Using Expert

SYSEOMIS .. ciciuiinesssaessaarsssesasnasessaenssssnsseesssssnsseensesssifossessnsossns 326
S. Evans

Issues of Ethics and Competence in Evaluating Medical Expert Systems ............ 329
C. Whitbeck and R. Brooks

On Evaluating AI Systems for Medical Diagnosis .............cciiiuiiiiiiinninnnnn. 335
B. Chandrasekaran

New Tools for the Construction of Medical Support Systems ..............ccoiivnnn. 339
J. van Bemmel, J.S. Duisterhout, A. Veth, and B. Franken

Minimal Set Covers as a Model for Diagnostic Problem Solving ..................... 340

J.A. Reggia, P.Y. Wang, and D.S. Nau
Session 6.1: Advances in Computer Engineering for Medicine and Health Care

A Fiber Optic Computer Communication System for Radiology ..................... 350
J.W. London, R.L. Arenson, and D.E. Morton

Associative Processor for Tomographic Image Reconstruction ...................... 353
S. Ruhman and I. Scherson

Towards Three Dimensional Biomolecular Logic .............oiiiiiiiiiiiniinnnn.. 359
J.H. McAlear and J.M. Wehrung

Magnetic Videodisc Image Storage Experiment .............cciiiiiiiiiiiiiininnnan, 362

J.P. Cookson and J.M. Jamieson

Session 6.2: Computers to Aid the Physically Handicapped

Speech Synthesis Using Allophones ............c.coiiiiiiiiiiiniiieieeirirnesnnans 368
J.G. May and E.H. Lee

Organizational Support for Research on the Use of Computers to Aid the

Physically Handicapped .:.....icicicecassessenssnsnssossssasossnsnssesssssssessbaine 374
K. Anderson

Software Adaptations for Severely Physically-Handicapped Users .................. 375
L.D. Geoffrion and E.P. Goldenberg

Advances in Digital Technology with Potential for the Handicapped ................. 380
J.H. Aylor

Session 6.3: Modelling and Simulation
A Mathematical Model of Insulin Secretion: Examination of the Synergistic

Effects of Two Stimulating Chemicals ............iiiiiiiiiiiiii e 388
D.M. Cohen and S.B. Pek
Diagnostic Ultrasound Simulation Concept Demonstration .......................... 392

D.B. Revell, D. Bell, S. Gorman, and R. Revell
A Model of the Transport and Distribution of the Body Fluids Using the System

Dynamic APPrOACH, o iccisivsiasesins e was gsmadsimsasass s iaensseaydssisehniisiee 393
L. Roa

An Interactive Method for the Decomposition of Gaussian Distortions from

DN = 6 =30 T o - 5 o o = P 1402

W.H. Schuette, S.E. Shackney, C.E. Smith, and J.M.S. Prewitt

Session 6.4: Expert Systems for Decision Making and Decision Support
Evaluating Physician Decision Making: A Rule-Based System for Drug

Prescribing Review ... ... ... . i e e e et e 404
S.M. Speedie, F.B. Palumbo, D.A Knapp. and R. Beardsley

The Attending System . ... ...ttt iereieentrosreresaesesasanansnsns 409
P.L. Miller y

AESCULAPIUS: The Implementation of a Knowledge Base on a Microcomputer ... .. 413

S.L. Shafer, A. Shafer, R.H. Foxlee, and R. Prust

Treatment Selection and Explanation in Expert Medical Consultation:

Application to a Model of Ocular Herpes Simplex ...............cciiiiiiinninnnnnnnn. 420
J.K. Kastner, S.M. Weiss, and C.A. Kulikowski

Interpretative Analysis of Hematologic Data Using a Combination of Decision

Making Technologies ................ccciiiiiiiiiananan.. o e e e S 1§ 0 428
M. Salwen and J. Wallach

Xi



Session 7.1: Best of MUMPS ’82

Language Translation of Hospital Systems for Foreign Countries ........... T 3 8 1 432
J. Althouse

Development of a Coordinated Micro/Mini Database System for Mobil Blood

Bank Units Applications ..........oiiiiiiiiiiiii ittt i e 433
S.D. Tucker and J.F. Covin

An On-Line Quality Control System for Laboratory Medicine ........................ 434
P.M. Kuzmak and G.L. Steinbach

Nursing Staffing System ........... i i i i it e 440
Y. Brodeur

Panel Session 7.2: Education for Information Processing in Medicine and

Health Care
Medical Computer Science Education ............. ... ittt 442

(F.B. Quinn: Chairman; J.A. Hokanson, B. Harbort, M.M. McCracken,
D.M. Stoner, E.G. Abbott, and G.C. Woodson: Panelists)

Session 7.3: Image Processing and Analysis

A Picture Interpretation Language PILS Applied to Screening of Gastric

D S 7 5 oo - 1 T - 444
H. Mori
Digitization in Hexagonal Image Tessellations .............. .. i, 445

‘M.D. Graham

Colour Image Processing of Computerized Tomographic Scans with a

JL% 5 T3 oT e 3 o 0§ 016 4= o 446
T.H. Koeze and D.R. Meeks

Reconstruction Algorithms for Dose Reduction in X-Ray Computed

B0 0 ¢ LT = o 1 o o 448
G.T. Herman, R.A. Robb, J.E. Gray, R.M. Lewitt, R.A. Reynolds, B. Smith,
H. Tuy, D.P. Hanson, and C.M. Kratz

Digital Image Analyzer for the Morphometric Reconstruction of

BIOlOZICAL TASBIE ... v s e mee o misis o s wsteo s v 50 305 b w0 oy Bk 608 69548 8 6 8 58 0§ 005 91 508 5080 30 8 308 o 5 m o m o 456
D.A. Silage and J. Gil

Session 8.1: Language Processing for Medical and Health Care Applications
PROSENET: Facilitating Machine Generation of Prose Analysis of Medical

MADBZOINGIIE , .« . icciiiisnsivieio o mnm s n s b o ss o 868§ 56 8555508 E8§EMFBEE S G5 5880k wr T hm e o 460
P.L. Miller

Developing a Critical Model for Diagnostic Language ...............oiiiiiiininenn... 465
P.M. Jucovy

Methodology for Creation of and Access to a Clinical DataBase ..................... 470

M.N. Epstein and B. Lewis

Session 8.3: Signal Processing and Analysis _
A New Algorithm for Sequential Signal Estimation and System Identification

FOTr BIMG SUZNALS ..ottt ettt e e e e e e e e e e e e e e 480
R.M. Studer, R.J.P. de Figueiredo, and G.S Moschytz

Electromyographiy DY COMPUIBTS 1. ¢ v e ams sns mes s ot o s s oisessasssdssiesessssss 489
E.J. Fitch

Signal Analysis of the Electromyogram ............ ..ottt iraimnneiineannnennn.. 494
A. Mukherji '

On-Line Analysis of Electrical Signals from Skeletal and Cardiac Muscle Cells ..... 495

S. Laxminarayan, J. McArdle, L. Michelson, T. Argentieri, and P. Goldstein

xii



Author Index

BABBOtE BG - cnisoiny des o5 aess s asisd 5 b 5 SmnEs awms ¢ 442
Abdel Gadir, O M. ...ttt 242
Abramson, L. ... e 236
Albera, R. ... ... e 248
Altan, O.D. ... e 2
ALBOUBO, J. ..ol ivminvimwnis s wman oimrassuce s ¥ s .8 aiere s 432
ANARTRONG, KK w s iwmsvrasssswnssmnissameesarssswmds 374
Anderson, WH. . cuso s essissismessesessasssntiss 281
Apostocopoulos, S.T. ...........coiiiiiiiiiiiinnn, 136
Arenson, RiL: cc:uissesvicinsasssmassmysssossssnns 350
Argentieri, T. .........ccciiiiiiiiiininnarnnnainss 495
Asher, M. A. ... e 304
Aylor, JH. .. 380
Ayotte, G.A. ... 13
Azimi-Sadjadi, MR. ............coiiiniiianiinn.. 160
Bahill, AT, ..o e 254
BayBinl Pl iuivwssvumesonissamesn assidas s 5o 5 44
BatnitzRy. 5: cvicsamerasisinsassmsizesmesiioms i s 281
Beardsley, R. «:.:sxsiiawisismasssmsssasissonisings 404
BocKer; DV cviiaiis sstmnioameiases s anissdmessome 136
Bell, D. .. 392
Bennett, GW. ......... ... . ... 92, 170
Bergan ES. ... ... .. .. 291
Betz, D. ... 281
Birch, HM., Jr. ... ... .. .. 237, 302
BiZals, YJC. ci.ivnicssmssimmusaimssssnsonssgss 92, 170
Bloch, DM. ................ S AT ¥ R RS 6§ S E 64
BIODL: BTy 5 mmis o5 0065 a6 45 58555 5005 5 § &b § & 6t0 ¥ 200
BONbe, Fidl  c:icw v im0 985058 % s 53 aoid 5n smce o 2 b n s v i 5 316
Brashear,J. ..........ciuiiiiiin 224
Brill, A B. .. e 92, 170
Brodeur, Y. ... e 440
Brooks, R. ... ... 329
Cahill, Pl e 136
Chadwick, MuG: ..o sseum e vmmss s ss i sssisisssis 291
Chandrasekaran; B. .::...:cussssanssniessssesssms 335
Chausmer, AB. ............iiiiiiiiiiiiiinnnnnn. 9
Clinthorne, NNH. ......... ... ... .. ... .. 174
Cohen, D.M. ... ... 388
Cook, L.T. e 281, 304
Cookson, J.P. .. ... . e 362
Covert, R, oo 302
OOV T B v s e s s s mms v s a3 59055 590 8 4 ¢ 505 &' 5 uge 433
CUITAD, BiEL . covis i as sios s s momn s 5 5o o 4 siels 8 aiois & & ars 148
CzoSDYKA, M. «iisiusiisrisionissosnisssimnismasinis 258
de Figueiredo, RJ.P. ......... ... ... ... ... .ciiiiin. 480
De Smet, A A, ... e 304
Devous, M.D. ... .. it 316
Ditman, R. ..... ... .. i 302
Duisterhout, J.S. ... .. ... .. ... . i 339
WYL, Bal: TIT i cuvimas s mos s suianss sme s s 51 3 wais 281, 304
BHAS, AW, o i s mme is mee i sss s s 5055 5 8 ms s siw s s 59 137
BUABSON, P ioiciv 550068 ambes sionssioigseiowessdeasie 7
Ellingsen, K. . ... ... . .. ... . i 7
Engelbrecht, R. ......... . ... ... ... i 260
Epstein, MIN. ... ... ... . i 470

Xiil

Erat, K. coiionsvicassrnmossnissssnnnssmsssosasinss 76
BVANS, B civiisasisemosrsmenrnsmsineeasesemsns 278, 326
Fadous, R.Y. ... ...t 107
Falen, S. ... ..o e 315
Feihl, F. ... ... i, 54, 55, 498, 502
Fineberg, H. ............ SEE R s e § R AT S S 59
Fitch, E.J. .. s 489
FOYSYIR, Jidl cuecssnsvismmssnmssssainussswassae s swes 107
POX Rile cocsmvenmnissamavsmosssundessesysso s hais 265
Foxlee, RH. < i:vuwisininicsesrnnnsasonsssmnssasss 413
Franken,B. ........... ... i, 339
Frey, D. ... 178
Froelich, J. ...... ...t 174
Fuchs-Kittowski, K. ............ ... ... i 270
Geoffrion, LLD. ... .. . 375
GHLL i comeonmmesumes s amnss s 5 Grs 539008 5 § Bon 5 8 50 5 Teimel e 456
Glueckert, W. ... aeiinssqumsssameis s i sisin I Pbmet 60
GodselLK. ................... GRS ae § S et D 97
Goldenberg, EP. .........c.cooiiiniiiiiiiiiiiin 375
Goldstein, L. ......... ...t 213
Goldstein, P. ......... ... ... 495
Gorman, S, ... ... 392
GOSE, A, e 302
GraDamy, MLDE .\ oaos sz ouon s s atos o5 5 @5 65 65188 5 sl § 32 13, 445
Gray, JIE. . cviosmeassenssims s imesssmiismasassnes 448
Han8on; D P i:is s aimeasaimssssmessons e sme e obmbe 448
HaTDOTE: B:  5vv i 0sia 5 c0mm o5 mmm e e omme o s s oo anss i 25, 442
Harris, T.R. ...ttt e 212
Hasman, A. ... 30, 36
Hensley, K.L. ... .. i 281
Herman, G.T. ...... ..o, 308, 448
Hermann, G. ... ..ttt e, 102
BHCHWER, BuD: s s susne s s 506 6 5006 605 01815 5 % 515197 = rove o a6 s 174
HEg@ING; 8B, <ovcamiiisnniass adass mmeesnmnessonssnms 212
Hokanson, JLA. ..................... 20, 22, 78, 113, 442
Homan, R. ....... .. i 316
Hong, F.T. .o e 2
Horii, S.C. ... s 142
Howells, D.A. . ... 287
JACKSON; TUO: 5un i 65 wuiu o s 8 0 5 65505 85 5 N0k &5 S84 § 3 Mkl & o8 265
Jamieson, .M. .......iiiiiii e 362
Johnston, HB., Jr. ............ ... e, 212
Jones, RH. ......... ... ... 38
Jueovy, PM. ..o 465
Juni, JE. ..o s 174
Kahn, S A, ... 291
Kaplan, B. ... ... 71, 83
KarISSon, B, ez amses s swingssomtss s osonds an's 104
Kastner, JK. .......ooiiiii i, . 420
BCANEE, (0 5 615 5 % 550005 § tmnd =« calitm o o socorm 1 @ womrier » » wrnis & @ mcste & b 213
Knapp, D.A. ... e 404
Kneeland, B. ............ ... .. ... ittt 136
Koeze, T.H. ... ..ot e 446
Konstantinow, G. .............c.iiriiinninnnnn.. 38
KOrman, LiV. . oseosmossamisisssseonsisdwsssedsen 221
KEAEZ OVl 06 5ot 56 5 5 5 505600 o oo m o e s o 16 ar o 0 0 s o o 448



Kroop, D.C. ... ittt 188
Kulikowski, C.A. ... ...t iiiananns 420
Kuzmak, P M. .. ... i iiiiiitiiiiininanns 434
ERCY: WW. swrsis smim s s smin 52 155 5 2wt v 3 s6iw 8 ovoiir o 0 2t o 8.0 212
LI, O wimsisaye o6 awim s srers s s svesi s s 95 a0 8 6 865 565 @i e s s 178
Laxminarayan; 8. .cc:ssssssssenissassssossssmnass 495
Lo, BH. cicviinmivssmosssiessosmss@nesissssvawsss 368
Y0 TR oo vm 5o ot e o him i 5 i 6 53 B B E D § 8 S AR 281
Levine, E. .. ...ttt 281
Lewis, B. ... e 470
Lewitt, RM. ... ... it 448
Lincoln, T. ... ..ttt i iiinaeen 271, 302
London, JW. ...t e 350
LORE,Js o 5w s siage i 8 oteis 8 3 6o v ¢ wiws s 380w ¢ 5wl 63 s acaimg 224
BaTE, TR 55w s amus o 5 si % 5660 8 8 WUE1 5 5 68U 4.5 (45808, § 8 BELEE 3 AsE 102
Laaminys LTl 565 sviso 5 wii o ooid o 5 waie & 5 waiw o 6wk 4 aeeiens i g 136
Maguire, G:Q; IT:  :woassimessiissssmes s vins s goms sue 142
MEDLON, Be v v oinbb s s § 6 sisn ¥ & 0did § 6 56,8 & § 95 5 5005 5590 90
Martin, N.L. .. ...t ee i eenanaas 281
Massia, G. ...ttt et 248
Matts, J. ..ottt et 224
May, J.G. o e 368
McAlear, JH. .. ... ittt enennans 359
McArdle, J. ..o, 495
McCracken, MM. ................... 20, 22, 78, 113, 442
MoeDonald;, JID. i .:usseaesessmessomsssosss meis sess 254
MeEeRS; DLR:  cciimiviiimesawissonsssarsssnesssmes 446
Mezzalama. M. .........ccciiiinerirnenneecansnsnns 248
Michelson, L. . ... ..t ieenennns 495
Miller, P.L. ... it e e e eaen 409, 460
Mishelevich, D.J. ....... ... . .iiiiiiiinennnnn. 128
MitchelLRR. .................ccuiunn. 54, 55, 498, 502
Monetti, N. ... i 248
MOTLE, Bl oo s o5 5 wvss 6 3 g58,3 § Siois 4 6 800 8 5 6 50 5.8 LRE & 6 ENs 444
Morra, B. ..isviisvisssnnisncsesanessinssssuessswss 248
Morton, D.E. ... e 350
Moschytz. G.S. ... ... ... e 480
Moulton, G. . ...t 148
Mukherji, A. ... e 494
Myers, ELR. ... i i 272
MYTICK. Lo o ivivs v mmnins s siss s o ais 6 s wis & 6 wals  « sare o s 568y 302
Nadel, LD: .iusiosivssvnissmmassinssinssssmsrsanss 50
NBW; DB, iiosimssmneiiameseainssiodsesomssnbndsmess 340
Nobel, D. ...t e 71
Noz, ME. ... it ie e 142
Olsen, K. A. e 7
Osborn, D. ... i 240
Packard, D, Jr. ... ... .. e 315
PRI, HIW. - cioss s wisen s smnre s siaye i 5 guass 5 ¢ oisin 3 0t s 49603 s 181
Palumbo,; BB: iy cviivesmss i smes s o is ssio e s soiss s s 404
PRYIIC, Ali: oo s s o156 5 555 8 5000 5 = § i 72 5moms £ 5 oo ot oarm o 33
POCR, A siic 50600 50505 5 5 ame o wavse s o mrios o s wiesie o 8 Himié o = mows = 224
Pek, S B. ... e 388
Peterson. J. ... ... 25
Pierattini, M. . ... . ... . . i 44
PIZOE, SINL. - ccovvcamus s s s ammyam s 6 w05 5 5 osts § 5 WS 99 S8 & 38
POCDPL Sud: sivusamusesumsssimessnssssasedstosssssss 102

Xiv

Pope; AT s asssmmessonsse wssss ama v s « som s s wms s s 68
Prowitt, JM:S! i vovsesmvssnmessmmsssamesss 133, 188, 402
Prinetto, P. .o ssssisismasimessinsessesssmesssesss 248
PIMEE Bi oo ciomn oot 5 dimb e o Qs 4§ 5k 8 3 8806 5 5 #ioisi 55 G 5 5 5 413
Quarmby, D.J. ... 242
Quinn, FB. ... ... . i 20, 22, 78, 113, 442
Raymond, S. .. ... e 192
Reggia, J.A: i.covissnivsomssswsos iwsasevnssogeras 340
Reichertz; Pl sy emus, s sy smsssamss sness smssas 118
Reps. DIN: csssssssscnnsiamasswsssvemssusissssnss e 60
ReVell, DB: :cszvssmmsssmesseisssimesesedss o s sm 392
REVBIL B .oivooie s s msi ommionsi £ 5 50500 5 8 iy, & 5 w3 § 008 £.4508 392
Reynolds, R.A. ... i 448
ROA, L ot e 393
Robb, R\ A, . e 448
Robbins, B.J. ... e 237
Robinson, B:G:. c:.uswisewnesrmesswsossomesyissis 281
ROOKS, J.B. ittt et 97
Rowe; RW. ciisecssomsriswnsinssissiosstaioass s 92, 170
Ruhman; S: ciawacssmesdanssdmmesiosssieis assssme 353
Bage, ALP. ... e e s s i & e 195
Sahin, KE. ... i 58, 59
Salwen, M. ... . e 428
Saubold, F. ... ... e 153
SChALEr, DI on s o wuwrs s wisrs v s sims s 5308 5 ¥ 5008 o 3 39078 5 3 58 152
BCherson; L. coswsvymins sionsesimds 6siesq s ok sepions s 56 353
SchimplfodE: sicsssasssmaismssnmmsysmssswoses s 142
Schneider, S.J. .......ciiiiiiiiiiiriiaranaaann 68
Schuette, W.H. ... ... ... i 402
Schwartz, M. D. ... it 105
Shackney, S.E. ... ... i e 402
Shafer, A. ... s 413
Shafer; S.1u s euwmsswiesssmessamsss i ssamsssweds 413
Shaller:D: . vrimessmsessaisssondsissssaivssiomes 302
Shalowitz, J.I. .........ciuiriiiiii i iienanns 154
Shalowitz, M. . ....... ..ttt e 154
Sheridan. D.P. . ... ... .. i 265
ShIIVEr, B. oottt 302"
Bilage; D.A. cousavwissannisamissimes SN E LG § BYEE 456
Bimboerg, DWW osmrsiamnsssmosensssimesssmsssomss 291
Bise0;. DIy :vivssnmessmneinmsssimeds 5Hass 5w idm s 178
Smith, B. ... e 448
Smith, C.E. ... e s 402
Sollet. P. ... s 30, 36
Speck, PR. co..cvvsisumssimmuicsisessms sy s s pisns 230
Bpeedie, S:M. <.i.onirarrcsirvmrsinssivarsenisssones 404
OPICOT; B o owiws s ami g ovs voaimm s stk sy bik 33 aiss s s aiess 178
Stason,; W, .cnisesisasnsmssdeesssmsss viodssamesiaess 58
Steinbach; G.L: ::..:eivsvaovmssavnisasissnsesssnss 434
Sternick, E.S. ... ... 148
Stewart, RL. ......... e 291
Stokely, EXM. .. ..ot e 316
Stokes, A V. . 287
Stoner; DV s oms s smsenaes sioisss wwesoams 22,78, 442
Strong, BiM. wiisamccimusiimass smnis asions aseseome s 213
Studer, RM. . ... ... e 480
Stuller, J.A. .. 181



Talmon, J L. ...t it 98
Tarlton, MLA. ...ttt ennns 281, 304
TempPleton, AW  ccw:scsseeamnssammeenme s sses oo 281
Thomas, FLW. ... et 148
Thompson; JH., JE: 5w sesimnssransemmsasamsesmos 299
Thrall, JH. ;e oo oo 5sis o § 6655 5 8 w0aes § 06a 5 & Sues 83 9576 174
Tice, G JXe wiassaiivssnnissssmsesiessswms ssammss s 194
Tolechinl, SiG. v oo oz oo is o s s 2@ 5 minG 55 e s s i 291
Totah, J. .ottt e 316
Tucker, S.D. ... it e 433
Tuy, H. e 448
Udupa, J.K. .. e 308
van Bemmel, JH. ...................... 30, 36, 98, 339
Veth AF L. a.:uumsssmssswsssensssosesss 30, 36, 339
VLT, Wi & s s s ommin v 5 svarm s 5 svore s o s 5 ¢ Gsis s 3 5o s 3 Wi s 89
4

XV

WALLEOH, Jo ¢ o s md s s i s o mdid 8 8 90808 § 6 oand § 508 & 8 Bills 428
Walton, RE. ... ...t iiaeaanns 89
Wang, P.Y. ... e i 340
Wehrung, JM. . ... ... i 359
Weiss, SM. ... i e 420
WRItDOCK, ©.  vv v svim s s smms o sioy e sass s sie s s 51608 s ¢ monin 329
WHhite; CiC. IIT. c.iaseinus s osiossssns s s it s s woms 195
Whitting-O'Keefe, QE. ..............c.cciiiiiiinn... 291
WHCKIZOE, C.BY i csioes minei s a5i0b i s lome s oioom s 8 wimsem s fmrs 149
Wilson, E.C. ... ... i 195
Wixson, S E. ... ..t 319
Woodbury, M. ... .. e 90
Woodson, G.C. ...... ...ttt 442
Zubal, LG. ... ... i 92, 170



Session 1.1: Microcomputers
and Their Impact



A MICROCOMPUTER-BASED SYSTEM FOR THE
AUTOMATED FORMATION OF ARTIFICIAL BIOMEMBRANES*

F. T. Hong

Department of Physiology

Wayne State University
Detroit, Michigan 48201

Abstract

This paper presents a method for automating
the technique of artificial biomembrane formation
that has been widely used by investigators in
biophysical research. Currently, this is imple-
mented by a manually controlled syringe movement
that elevates the water level in the membrane-
forming chamber. This technique is automated by
a low cost microcomputer system that is inter-
faced to a electromechanical system. The system
“learns” the proper movements by monitoring the
human expert and saves the data associated with
the process in its memory. The system then

"executes" the learned movements to create the
same process as the human expert. Also, the
system monitors certain parameters in the

execution mode to adapt itself to the current
conditions. This technique shows the possibility
of establishing elaborate control laws in a
microprocessor-based control process by means of
an initial phase of interaction with a human
expert.

Introauction

The interfacial technique of artificial
biomembrane formation developed by Montal and
Muellerd has been widely usea by investigators
in biophysical research. The methoa consists of
juxtaposition of two lipo-protein monolayers,
which are preformed at the air-water interface,
and is implemented by a manually controlled
syringe movement that elevates the water level in
the membrane-forming chamber, Successful
execution of this technique requires long periods
of training of the operator. Automation of this
technique with a conventional electro-mechanical
servo mechanism would not be feasible because of
the elaborate control law involved in -human
artistic expertise. In this report, we present a
microprocessor-based control system for the
automation of  this technique. In addition to
input from a sensor to form a closeda-loop
control, the control law for the movement of the
syringe is established by recording actual
syringe movements implemented by a well-trained
human expert.

The system consists of a microcomputer and a
fluid-delivering mechanical system (a specifi-

*This work was supported by the National Insti-
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cally configured syringe system). The two sub-
systems are connected via a stepper motor for out-
put remote control and a position encoding poten-
tiometer that inputs the syringe displacement to
the microcomputer. This system can be run in two
modes. In the "learning" mode, data associated
with syringe movement generated by a human expert
are collected and stored in memory and/or in mass
storage devices. In the "execution" mode, this
movement is duplicated to the finest detail
through remote controlled syringe movement by
invoking the stored data as the prescribea
control law. In the latter mode, a closed-loop
control is also establishea by input from a
remote  sensor that monitors the membrane
resistance. Througnh pre-determined criteria, the
input data enable the processor to abort an
unsuccessful trial ana to reset the system both
mechanically and electrically. Furthermore, a
set of data collected by multiple runs in tne
"learning" mode can be individually evaluated in
terms of probability of success through this
closed-loop control.

An 8-bit microcomputer system serves as the
data collection unit, as well as the motion
controller. The first task, the data collection
in the "learning" mode, is accomplished through a
12 bit analog-to-digital converter attached to a
16 channel analog multiplexer. The syringe is
mechanically coupled to a multi-turn precision
potentiometer, which converts the displacement to
a potential difference, as the human expert moves
the syringe. This potential difference is
periodically sampled, and the data are stored in
the 32K byte memory of the microcomputer and/or
mini-disk storage system.

The second task,

the motion control in the

"execution" mode, involves the reproduction of
the movement of the syringe by use of the
collected data. The syringe is coupled to a

stepper motor, which 1is driven by the micro-
computer. Under the software control, the
collected data associated with the human-
generated movement 1is transformea into stepwise
movement, which is a close approximation of the
original.

The system is connected to a CRT terminal

with a keyboard which enables the operator to
give the necessary commands to the system for
different tasks, or to interrupt the ongoing



