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MESSAGE FROM THE PRESIDENT OF THE IEEE
ENGINEERING IN MEDICINE AND BIOLOGY SOCIETY

A national and international conference is the highlight of the year’s activities
of a technical professional society. It is especially so this year for the IEEE En-
gineering in Medicine and Biology Society since it marks the first of an anticipated .
annual event. As the organizers and sponsor of this conference we have endeavored
to have it serve as a focal point. Our technical committees, publications editors
and members of the administrative committee have planned together to bring you
presentations at the frontiers of both research and the clinical/industrial applica-
tions. Key people have been invited to organize the sessions with both invited and
contributed papers. Tutorials and workshops have been included within the
regular conference program making it a very full two days. Full papers are pub-
lished in the Conference Proceedings and preview abstracts of each paper are to
appear in the September (pre-conference) issue of the IEEE Transactions on
Biomedical Engineering.

Having first expressed the need for our Society to have an annual technical
focal point when I first had the priviledge of becoming a member of the executive
committee in 1973, it is a gratifying moment to see what we then began as an
annual small business meeting evolve into ‘a full technical forum. We owe much
gratitude to those who labored to bring this program togetherin a manner designed

_ to offer the attendee maximum technical benefit and interaction.

Welcome to our conference, enjoy, learn and reap the benefits of interaction
with colleagues as a participant in this giant step of technical focus of our Society.

Eli Fromm, Ph.D.
President



From the Program Chairman

The primary purpose in organiz1ng the Frontiers
of Engineering in Health Care Conference is to better
serve the changing needs of the IEEE/Engineering in
Medicine and Biology Society. This annual conference
offers participants the o:gcrtunsty to engage actively
in a common forum advancing the frontiers of engineer-
ing in health care. The opportunity is provided for
all groups involved to present the state-of-the-art

in bjomedical engineering technology and to discuss
the ‘safe and effective use’and management of medical
devices. . This interaction will allow all specialty
groups and professionals 1n the health care community
to communicate more effectively to advance biomedical
research and to improve ‘patient care.

. Technical sessions, tutorials and workshops in-
cluding selected and invited presentations have been
obtained, and a special effort has been made to select
session chairpersons who will work in developing their
sessions so that only the most relevant topics will
be p;esented. Key papers have been invited for all
sessions.

A11 papers presented are supplemented by a pub-
1ished abstract and a full paper. An abstract of
each paper will be published in the EMBS Transactions,
and the full paper will be published following peer
review in the Conference Proceedings for this con-
ference.

Morton ‘D. Schwartz/Program Chafirman
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1EEE Engineering in Medicine and Biology Society

The Engineering 1n Medicine and Biology Society
of the IEEE (IEEE/EMBS) is an association of 7,000
members concerned with the application of engineering
science and methodology to biology, medicine, and
health care delivery systems.

EMBS 1s a Society within the umbrella framework
of the Institute of Electrical and Electronics Engi-
neers (IEEE) offering 1dentification with the world's
Jargest professional engineertng organization of
180,000 members. Activities of the IEEE/EMBS include:

Publications - The IEEE Transactions on Biomedi-
cal Engineering 1s a monthly publication of reviewed
articles reporting original research and application
" and development, short communications to disclose new
ideas, and tutorials and reviews. The EMBS Newsletter
is published quarterly and contains news and events of
c*rrent interest to biomedical engineering profession-
als.

Conferences - Conference Proceedings are widely
distrTbuted and indexed through IEEE and may be pur-
chased at member's prices from IEEE. The Society
also cosponsors and/or cooperates in other national
and regional biomedical conferences.

Technical and Professional Committees - EMBS

Committees organize conference sessions, workshops
and special activities on behalf of the Society.
Technical Committees include: bioelectric phenomena,
clinical engineering, medical instrumentation, pros-
thetic and sensory aids, signal processing and infor-
mation handling, transducers and devices, and bio-
materials. Professional Committees include: awards,
biomedical coordination, education, ethics, member-
ship, professional activities, publications, stand-
ards, government affairs, and industrial relations.
In addition, EMBS participates, through appointed
delegates, in other national bodies such as ANSI and
NFPA as well as in broad based IEEE Technical Commit-
tees addressing such issues as energy, ocean engineer-
ing, environmental quality, man and radiation, and
social implications of technology.

Regional Councils and Chapters - Society members
have the opportunity to exchange technical and profes-
sional information with colleagues in their same
geographic area through meetings and activities of
7 EMBS Regional Councils and 33 Chapters. Membership
in these geographically organized subdivisions is an
automatic component of Society Membership.

Membership in IEEE/EMBS 1s open to all qualified
persons in grades designated student, senior member,
fellow, and affiliate. Biomedical professionals who
wish to join EMBS but not join the IEEE umbrella
organization may do so as affiliate members of EMBS.
Affiliate membei's are accorded the opportunities of
participation in all EMBS programs and activities as
planned and administered by the EMBS elected Admin-
istrative Committee (AdCom{.
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Session 1

STATISTICAL PATTERN RECOGNITION CF BALL ISTOCARD | OGRAMS

R.Hankaz Ph.D. %
School of Clinical Medicine
University of Cambridge

Using en optimel subset of features the clessi-

ficetion errcr wes lower than 4%.
Introduction.
Ballistocerdiography (BCG) is & techniaue of

the
2ssocieted

agraphic representation of the movements of
body caused by the ballistic forces
with.cardiac contraction and ejection of blood and

with the subseauent deceleration of blood flow
through the large vessels.
Althouoh it 1Is eaccepted +that ballisto-

cardiogrephy cen give valuable Iinformation about

the heart which is otherwise difficult to obtain,
The
its

interpretation are perheps the

the techniaque has not yet found wider use.
complexity of the BCG waveform together with
rather sub jective
main reasons behind its relative unpopularity.
Pattern recognition techniques were used in
light on the
BCG
for

this study to throw some cb jective
individual
clarify their

signjficance of features of a

waveform and +to importance

efficient diagnosis.

1

England
Method.

Summary. '
A epplicetion of Nat et Foe peftern The data consisted of 10 seconds long
" recoanition .fechnlques to the .enalysis of simultaneous recordings of ballistocardiograms and
bal | istocerdiogrems Is P — The dste electrocerdiograms. It is & standard precfi;e to
ccnsisted of 121 recordinos which. were divided begin esch BCG on the pesk of the CRS complex of
Into two groups (normel, pathological). The the ECC and this methcd wes used in this study.
discriminetory potentizl of the individual waves The ECG records were scanned by the computer for
of the bezllistocardiogrem was eassessed by stendard the QRS complexes and the BCG sianzls corespending
feature selection technioues. The results of the to the Indlviduel cerdiac cycles were then
enalysis confirm most of the clinicdl views znd extracted Into records of a fixed .number of
elso - offer some - new. informetion abeut the SomP!€s, in our cese 100, of verisble semplino
importance of +the individual pesks of the freauency. Altogether there were 131 ballisto-
bzllistocerdiogram for correct diegnosis. The cerdjagrans which were. divided info twe groups.
avaraiil per formance of the constreined Normel and abnormel consisting of 81 and 50

hyperquadric clessifier was very encourzoing. records respectively.

The normel ballistocerdiogrem is essentizlly

2 series of consecutive named

Hl Il"lK'LiM'NlO'
(Fig. 1).

waves,
distinctive
H; J,L;N,

forming e pattern

The upward waves,

represent

Fiag. 1.

headward impects or reccils of the body, whereas
,K,M,0,

The waves H,1,!,K,

the downward waves represent footward

movements. occur during the

systole while the waves L M,N,C, are diastelic.
Preceding the H wave could be 2 group of smaller
and G with the bellistic
effects of fhe H wave itself

and may be

weves F associated

atrial systole.
coincides with isometric contraction
due to headward motion of both eztrioventriculer
The |

2 prominent,

septum and the blood in the atrie. is 2

deep, downward wave and the ! upward

weve, both occurring during ventricular ejection.

CH1440-7/79/0000-0001$00.75 © 1979 IEEE  1.1.1



The ! wave s usbelly the most promlngn+ wave of
the ballistocardioarzm and is caused by the Impact
of blood on the arch of the 2orte and the bifurce-
tion pfvfhe main pulmecnery ertery.

The K wave occurs Just before the second
is attributed to deceleration of
The L,M,N,

waves occur In diestole end are normally much less

heart sound and
blood fiow in the aorta. end other

prominent thean the systolic waves.
Deterministic representation of BCG waveform.

The diegnostic parameters of the BCé fréce
which are recognised by physicieans were evaluated
first. A physicisn would bese his clessificetion
of 2 BCG record on the absence or existence of
individual pesks, on their 'ampllfude, and to a
certain degree, on their relaffonshlp in time.

A similar approach was sdopted for computer
classificetion. A computer program identifying and
extracting emplitudes of the ten stendard pesks (G
to P see Fig.1.) wes used to form a set of ten-
dimensional pattern vectors.

All evailable date consisting of 131 such

vectors were then used for feature extraction.

The importance of Individual features was assessed

(02,
robust end

by calculeting the Mahailanobis distence
which Is both statistically
computationally relatively simple. The results
Fig.2. It thet the two most
important features are the amplitudes of the peezks
H and O.

of the atrioventricular septum and of the blood in

are in appears

The H wave is due to the headward motion

atria and it is known that Increased amplitude of
this weve is observed with ‘myocerdlal disease and
heart failure and in ceses of hypertension. The

wave O Is one of the diastolic waves 2&nd no

particular Importance has so ‘fer been .attributed

to i+t.

order of
decreasing Dz, followed by waves G,N,K and M. Of

Waves H end O afe, Iin the
these only the K wave Is recognised as having some
dlagnostic importance. |Its amplitude Is known to

increzse when there is an Increased peripheral

resistance as in essential hypertension or

arteriosclerosis.

It is very surprising that the waves | and !
which are generally believed to contain most of

1.1.2

DZ
2.0
- ' Position
g lco -
00l . J__.L -—1
" Normal BSG's
H — — — — Pathological BCE's

2.0 Amplitude

1.0
00 - I

Fig. 2.

the dizagnostic information have received the
lowest ranking on the part which their emplitudes

play in efficient classification.

An explanation of this paradox may be in the
tact that so far we have been considering only the
individual
regard to their position. This vas,conflrmed when
the positions. of the peaks were also taken Into
gccount. The results of the anezlysis are given on
the lower half of
Mahalanobis distances coresponding to the posi-

amplitudes of. the peaks without any
Fig.2 where are drawn the
tions of the peaks.

that
differences in the timing of the Individual peaks

It would appear the only Iimportant
gre in the positions of the waves | end ! which
obtained the

amp| I tudes.

lowest ranking on the 02 of their
The positions of other peaks seem to

have minimal discriminatory potential when

compared with that of their amplitudes.Each of the
ten peaks was

therefore represented by (its

-ampl itude with the exception of fhe‘uaves | and ¢

which were represented by their positions. The
best subsets (In terms of D?) were then evaluated
starting with one and finishing with all ten fea-
tures giving the following result



