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To aid theoretical and clinical research work of the
University we developed a general purpose laboratory system
to process analog biological signals. Here are some of the
topics solved within the system:

- analysis of EEG signals during oral glycerin therapy,

- quantitative analysis of the compound action potentials of
the sympathetic efferent nerves,

- analysis of the spontaneous and evoked action potentials,

-~ Tensilon—-effect on the tone and electrical activity of the
outer eye muscles,

- spectral analysis of the airflow and oesophageal pressure
signals,

- effect of the placental transfusion on the adaptation of
newborns,

- evaluation of the intrauterine pressure and fetal heart

rate signals.

The hardware configuration of our system is shown on
Figure 1. For digitizing, storing, displaying and analysing
analog signals the software was generally developed in
assembly language. This is the basis for the solution of a
number of specific problems. Particular problem can be solved
with some supplementary programs which can be written in

high level languages of TPAi or other computers (e.g. R20).
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The hardware configuration of the computerized laboratory

system
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THE MAIN CHARACTERISTICS OF THE SYSTEM ARE:

- it is easy-to-learn; a conversational communication through
a console display,

- it is easy-to-extend; modular construction (input, output,
displaying and operating modules),

- serial measurement and evaluation,

- economic computation time,

- data from a maximum of 8 channels can be analysed
simultaneously,

- special common data format in the core memory: single
precision fixed point signed binary fraction with a variable
scale factor (or exponent), the real and imaginary points
having the same exponents,

- 4 to 4096 (by powers of 2) real or complex points can be
processed at one (it is a block),

- data generally stroed on magnetic tapes (one volume comprises
a number of files).

For digitizing the measured data the system has two analog
input peripheral units:

- the CAMAC system is suitable for measuring voltages within
the range of +5 V. The sampling frequencies can be deiscrete
values provided by the CAMAC pulse generator. The maximal
frequency that can be obtained in 10000 /number of channels
[Hz]. The sampled data are recorded on magnetic tapes.

- the RA-0= graphic digitizer can be used for digitizing data

recorded on paper, e.g. with a compensograph.

Most often for the evaluation of the digitized signals
the MATH program package written in assembly language is used.
The most important operating subroutines (2) are the following:
Fast Fourier Transform (FFT), inverse Fast Fourier Transform
(IFFT), auto- and crosscorrelograms using FFT and IFFT.
Generally the power-density spectra are calculated with the
Fourier transformation method too. For FFT the Cooley-Tukey
algorithm was applied (1). 1024 points may be transformed in

4.5 seconds, while 4096 points in about 10 seconds. The errors
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caused by integral transformations are corrected with window-
-functions (by Bingham, Paresn, Hann, Hamming). There are some
other operating subroutines e.g. for the selection of the evoked
action potentials and other evoked signals. The MATH program

package can be extended with new operating subroutines.

In addition, several programs in high level languages
(TPAi BASIC, R20 FORTRAN) have been developed and/or adopted
e.g.:

- Amplitude Analyser Program package (sampled mean, standard
deviation, median, mean deviation, quantiles; empirical
distribution function, central moment coefficients etc.),

- evaluation of the baseline and reference signals,

- calculation of the main points of positive and negative
parts, latency time, zero-crossing, min. and max. values for
the evoked action potentials,

- a special "peak-finding" program for locating fundamental
and higher harmonics,

- the BMDP is the most important program package on R20,

- Time Series Analysis Program package on R20.

For displaying digitized signals three types of instruments
are used:

- the CAMAC display: primarily for selecting and controlling.
Signals from only 2 channels can be displayed at one time.
Blocks are displayed one after the other. The user can stop,
skip forward or backwards any of the displayed blcoks.

- an X~Y plotter: mainly for documentary purpose. Its
disadvantage is that it is relatively slow and the paper
must be changed after each plotted figure.

- a polygraph: also for selecting and control purposes.
Figures from a maximum of 4 channels can be displayed at

once.

The connection towards the high level languages is
achieved by the "pseudo-handlers" of the MATH program package.
Pseudo-handlers have been developed for TPAi BASIC, R20 FORTRAN,
This is very important because this keeps the system open. The

input pesudo-handlers receive the different data formats and
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convert them into core memory format which can be evaluated.
The output pseudo-handlers perform the opposite function. The
pseudo-handlers generally use the 0S/i handlers but we had to
develope some new ones for the non-standard peripherals e.qg.

RA-01. The pseudo-handlers are the input/output modules of the

MATH program package therefore they are flexibile and can be
developed separately just as the operational and displaying

modules.

SUMMARY

The central computerized laboratory system for the
analysis of analog biological signals is based on a TPAi and
a CAMAC hardware. The programs are generally written in
assembly language. Due to the modular arrangement the system

can easily be expanded. The 0S/i operational system has been

modified and expanded with new programs. Magnetic tapes provide

the connection towards other computers.

In developing the system Lorént Ormai, Eva Keszthelyi,
Zoltan BYdeskuty and Laszld Szekeres helped the authors.
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[IEHTPAJIEHAA JIABOPATOPHA OBPABOTKH AHAJIOI'OBBIX BHOCHI'HAJIOB
MEIWIMHCKOI'O YHVBEPCUTETA KMM. HW. CEMMEJIBEBEWCA

Ha 6aze OBM Tuna TPA/1 T'pynnu BeruuciaurenbHon TexHuku Mex.
YuuB. uM. Y. CemMenbBerca C LEJNb0 MNOLIEDXKU TEODETHUECKOH U
KJIMHAUYECKON MHCCJIeNOoBaTEeJbCKOU paboTh YHKBEDPCHUTETa CcO3IOaHa Jiabo-—
paTopusa 0O6pabOTKHU aHAJIOI'OBEIX CUT'HAJIOB. Pa3JjIMuHBIe ONEepalydy Hal
CHUI'HajaMu MPOU3BOIATCA C Hnomombio cucTteMel KAMAK, a 1A XpaHeHudA
MHPOPMAlLlUM YCTAHOBJIEHE HAKOIIMTEJM Ha MACHUTHHIX JIEHTax. BBon
“HPOpMallUd OCYHmECTBJIAETCA C aHAaJIOI'OBBIX MarHutorpadoB uiauM C rpa-
duueckoro Marepuasia ¢ NOMOWbBK aHaJioro-uudpoBoro npeocbpazoBaTé-
aa PA-0l. YcTporicTBaMd BBIBOIA ClyXaT I'padonoCcTpPOUTENb, IOUCIIEH
cucteM KAMAK u 4-x-KaHaJIbHOE caMoluumymee yCTPOHCTBO.

CymecTBywmasa B HaCTOAmee BPEMA CHCTEMa MaTEeMaTHYEeCKOI'O
obecrneyeHnsa, CO3IOaHHadA C YYEeTOM CaMblX PAa3JIMYHEIX TpebOoBaHUH HC-—
[I0JIb30BATEJIEH HMeeT MOLYJIADHYK CTDYKTYDY, IIO3BOJIAET CEDPUHHBE
K3MEpEeHUuda c nociyenywmern o6paboTKoM. BO3MOXHOCTH:

- cbop pmaHHeIX ¢ A/ll mpeobpa30BaHUEM Ha HECKOJIbKUX KaHajlaX OIHO-
BDEMEHHO C DPAa3JIMYHON YaCTOTOH HOUCKPETH3allWH,

- cobcTBeHHasa cucTeMa o6paboTKu /6hcTpoe mnpeobpasoBanue dyphe,
obpaTHoe npeobpazoBaHue dypbe, aBTOKODPEJOr'DaMMbl, B3aHMHEHE
KODPPEJIOrPaMMbl, DAa3JIMYHBIE CHIEKTDPAaJIbHEIE BEeCOBBE QYHKIHH, H
Toillisd

- BBIBOI HAHHEIX /T.e. NOCTPOEHHe KpuBhix/ mocne A/l mpeo6pasoBa-
HHUS, a TaKXe pel3yJlbTaToOB OOpabOoTKH;

- Iepexol K IpOrpaMMaM, BBIIIOJHEHHEIM Ha aJIlOPUTMUUYECKUX SA3BKaX
BEICOKOT'O ypOBHA /Ha 5BM TPA/1 u EC-1020/.

[IporapMMel CHCTEMBEI MaT. OOECHEYEHUA HaIlUCaHLl Ha A3HKe Ac-
ceMbiu, Onaromapsa 4YeMy IPOIOJIXUTENBHOCTH MX MPOrOHA BEChbMa
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VIOOBJIETBOPUTENIbHA,. Pa3neneHue omnepauuil BBOLOa U BEHIBOOA OT Onepa-
UM# cOB6CTBEHHO O6pPabOTKH IMO3BOJIAET HajlbHedumee Da3BUTHE CHUCTe-
Ml 6€3 OCOOEHHBIX CJIOXHOCTed. CucTema INOCTYIIHA HCIIOJNB30BATEJAM,
He pacroJjiarammydM CHeluadbHEIMM 3HAHUAMA U HaBHKaMd B 06J1aCTH
BBIUMCJIUTEJIBHOA TEXHHKH .
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OSSZEFOGLALAS

BIOLOGIAI ANALOG JELFELDOLGOZO LABORATORIUM TPA/1 KISSzZAMITOGEPRE
A SOTE SZAMITASTECHNIKAI CSOPORTBAN

Kismarty-Lechner Ildikd, Viszt Eva

A SOTE Szamitastechnikai Csoport TPA/i kisszamitdgépére ala-
pozva - az Egyetemen folyd elméleti és klinikai kutatd munka
segitésére - analdg jelfeldolgozd laboratdriumot hoztunk létre.
A jelekkel kapcsolatos kiilonb6zd feladatok elvégzésére CAMAC
rendszert, adattarolasra magnesszalagos egységet hasznalunk.
Adatainkat analdg magnetonfonrdél és RA-01 rajzdigitalizalodval
regisztratumrol vissziik be. Megjelenitésre CAMAC display, X-Y

rajzold és négy csatornas gyorsregisztrald hasznalhatb.

A sokrétli felhasznaldi igényeket figyelembe véve alakitottuk
ki programrendszeriinket, mely modularis felépitésii, sorozatmé-

résre és értékelésre alkalmas. Szolgaltatasai:

- t8bb csatornas mérés-adatgylijtés valtoztathatd mintavételi
frekvenciaval,

- sajat értékeld rendszer /[FFT, IFFT, autdé- és keresztkorre-
logram, ablakfiiggvények, marker szerinti valogatd stb./,

- digitalizalt és értékelt jelek megjelenitése,

- csatlakozasi lehet&ség a TPA/i és R20 -s szamitdgépek ma-

gasszintli programnyelvei felé.

A softwaret assembler nyelven irtuk, igy a gutasi iddk ked-
vezdek. Az input, output és miveleti részek szétvalasztasaval
a rendszer kdnnyen tovabbfejleszthetd. Haszndlata szamitdgépes
ismeretekkel nem rendelkez®k szamira is elég kdnnyen elsajatit-
hato.
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