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LIVING ORGANISMS

DR. ING. JRi BULLOW

Abstract. The paper deals with a topic of computer simulafiossibilities of bioelectromagnetical features arsage of this
simulations for demonstration purposes of educatignocess in conditions of interdisciplinary arebpedagogical process
oriented as well towards to technical students astudents of medicine. Such new approach has beagdliesed in the

Department of theory of electrical engineeringhaf tJniversity of West Bohemia in Blaender leading of Mr.Prof.l.Dolezel.
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I NTRODUCTION

Subsidiary but not less important goal is to cdmtte
to widening of study range of the all studentshi$ hew

Today's research is crossing over a borders 0§tudy area.

individual scientific areas. If modern educations ha
follow this rapid development speed it is necesdary
trace the same path. This paper
interdisciplinary education of selected bioelectagmetic
features of cardiac cells — namely ion currentsugh
cell's membrane.

This topic is a part of mosaic of disciplines sadliand
taught in the new study area established by Mrf. Png.

1 MATHEMATICAL APPROACH

is focused on

Mathematical approach must respect bioelectrical
substance of researched phenomena and must be
acceptable for students of medical departmento Kis
mathematical approach must be rich enough for
technically oriented students to develop own nevdet®

I. Dolezel, CSc. who is the executive chief of theand simulation programs yielding new results for

department of theory of electrical engineering Ire t
Univeristy of West Bohemia in PlizeThis education is
dedicated as well for medicine student as the stsdef
electrical engineering.

biomedical practice. A level of an accuracy of
experimentally measured bioelectromagnetic data is
determined mainly by the time of sampling frequeany
signal accuracy of the data acquisition technolatpich

So it must cover mathematical basics, electrids usually D/A measuring PC card. It causes that th

properties of cell's membrane and ion current kasein

resultant curve of biological object behaviour Isedike a

comprehensive form which is acceptable for bothhon-analytical function. The Hausdorff space igahle

mentioned groups of students. Also computer sirarat

for description this situation because its maintueais

techniques are necessary to demonstrate mathematithat any two different points can be distinguished.

and programming attitude as well as biological .
It is necessary to explain an approach enablingindeaf
such multidisciplinary education. It has two balsieels
which are mathematical and biological one and lmdth
these levels must mutually correspond.

In this space there is necessary to define any
appropriate set of functions which are universalug
to express measured medical data and on the o#mel h
these functions must not be many. This task islain®
well known task of finding minimal set of functiorisr

Hence the goal of this paper is neither purebinary logical circuits realisation. Another necays

mathematical theory or computer modelling
biological study but joining of all these discim into

common approach leading towards to new horizons gfarameters of external

biomedical and engineering possibilities which cobk
used to decrease the pain of human beings andaheeN
in general.

norcriterion is that these functions should have appate

number of parameters which could be identified vath
factors having significant
influence on the measured biological objects. These
factors are e.g. level of exciting voltage apploeda cell,
drugs, etc.



Keeping in mind all of this one could select a Gt
functions based on the exponential curve. Thesetifurs
were also used in [4] however this paper brings ney
of combinations of them. Classical mathematical
techniques are used also of course, see e.g.]2], [3

Another feature of new approach is utilisation of
space transformations changing its dimension. By th
way it is possible to create a projection of a sthoo
function into a curve which is not smooth. This tpafr
education is ideal for simulation either by usimgnputer
or personally because this moment is new and never
mentioned in available mathematical literature. sTls
illustrated in the following figures — see follovgnext.

Fig.1: 3D into 2D function matting

Fig.3 : 3D into 2D function matting
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Fig.4 : 3D into 2D function matting
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Fig.5 : 3D into 2D function matting
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Fig.6 : 3D into 2D function matting

Fig.7 : 3D into 2D function matting



which is based on basic mathematical functionsritest
e.g. in [3]. But these functions can not follow tresal
: functional dynamics of bioelectric activity of céd

o8| cells. The cause was partially explained in thexgla of
ol the mapping changing number of dimensions above.
- An example of real dynamics shapes of functional

curves is in Fig.9.
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Fig.8 : 3D into 2D function matting - ’ ) (

The text for previous figures 1 to 8 is the same CaT =y — O
because the function is the same. b -
Fig.1 presents 3D smooth function described by - 200 W T —

these formulae : e ~— P ————
i -h i —L—
— K K
y =tanh(k x) W — D A—
z= tanh(k @/) (2) s Ty
wherex 0(-10,+10
and k =10 is a coefficient having meaning of slope Fig.9 : Example of ion currents

factor of this function. This is an empirical valaé this
coefficient and was set experimentally as well s t
function itself. In Fig.1 to Fig.4 there is the ftion (2)
shown in different azimuth and in Fig. 5 to Figherte is . . .
the same function in different elevation above plgne. These sh_apes are sometimes printed without exact
The resulting “step like” function is in Fig.8. Enis  @X€S and units (voltage, time). The shapes aredlyapi

a typical, although not mentioned in mathematical’2’¥iNg in dependence on a place of the heart itycal
literature, example of practical usage of extetaal of Where they are measured and these differencesaire n

composition in form of the mapping changing numater only in amplitude but also in the time, frequenegp., of
dimensions. signals length. These shapes are only an informatnes

This example is available in demo_3D.zip file because_ they can be very significa.mtly. modified by
enclosed to this paper on CD. external influence factors like as physical tirestedrug
effect, etc.
2 B All these facts must be taken into consideratiom in
|OLOGICAL BACKGROUND conception of the new mathematical model because th
Usage of mathematical techniques must correspon@odel must contain “appropriate” number of paramsete
to studied biomedical objects. They are described iwhich can be identified with these external paramset
detail e.g. in [1], [4], [5], [6]. These literatursources and by this way they can serve for prediction ef ¢fffect
contain very often biomedical data obtained in tatary ~ of external factor on cardiac muscle.
experimental condition and hence such data areestbhg
errors caused by technology limitations. Especidiya 3 FUNDAMENTAL FUNCTIONSSET
acquisition PC cards are sources of such errorshndnie
difficult to avoid. These cards have limited numlwdr
bits of digitalized analogue to signal conversioml are
also limited by sampling frequency in accordanc¢hwi

Shannon sampling theorem. These facts are to beirkep anotger_\(/jvay of_solut|i_(|)n gf df?fined proble(rjn. H .
mind in dealing with such data. It was partially eside using Hasdorlt space and the mapping

mentioned at beginning paragraph dedicated gghanging space dimensions of observed functions:ane
mathematical approach and space kind choice define a set of fundamental functions which ard¢asle

Also sometimes the measured data are presentedff?1r leo§t gxact apprOX|mat|qn O.f the bllomed|catada
form of silhouette shapes and hence technicians uses looking like ion currents e.g. in E|g.9. Th|s.ste@n be
approximate approach which is as much as possilet e compared with a choice of minimal functional set of
to express obtained data character logical functions which are being used for logicatuit

This was a goal of many researcher and scientist§@lization. Here the approach looks to be more
however they did use traditional mathematical appho complicated because in this case there is immense

In Fig.9 there are an examples of really measwed i
currents in celll's membrane of cardiac cell. Thare
some facts to be noticed :

All the facts mentioned above seem to be diffitoilt
deal with via classical mathematical approach. New
approach presented herein offers however absolutely



number of real and complex functions and their  This graph in Fig.10 was generated for these
parameters and also this problem was not dealt inith parameters t, =20ms, t, =30ms, am, =0, am =0.9,
any mathematical literature. However it can be 80lv jentation “right”.

Some functions look to be very promising like espline
function but such approach leads to a solution gt
much parameters which are hardly to be identifiéth w
limited number of external influence factors actiog
cardiac cells.

Here we will use the similarity aspect and define
functions which can serve, in mutual combination, a
building stones yielding almost any shape of the io
current being measured on cardiac cell's membrahs.
fundamental functions set contains these functions

- rounded step function

- slope hill function

- symmetric hill function

3.2 Slope hill function

This function is defined by this way :
2
y= am@xp[—( In( t+t)) } (8)

for time point t from time vectort from the
symmetric intervaltD(—ta,+ta>, where am is the

amplitude of the slope hill. Meaning of this furetican
be explained as model of time deformation caused by

- slide function
- wave function
Now we will define and illustrate these functionghout

saturation of cell’s interior by ion currents.
The illustrative graph of the shape of this functie
in Fig.11 for these parameters values —t, =0,

detail mathematical derivation which is not impaottéor

+t, =500 and am=2.5.
education from biomedical point of view.

This function can be identified very often in ion S 0 N S VO W S DO S
currents dynamics curves and it is caused by caifis ' ' '
ion membrane channels properties. Definition ofs thi
function is this :

y=am for t<t,, 3)
y=am  fort>t, (4) sl NG
and for tO(t,,t,) : NG
X= aEE 0 —l], (5) 0 B 0 0 A0 0 30 #0 40 &0 50
t, —t, t (ms)
r’ —b*x? - . - :
Y, = — (6) Fig.11 : Slope hill function example
—am + am — am o By changing the sign pf amplituo@m and by using
y=am+ ¥ L— b ’ MATLAB parameter ‘orientation’ can be changed

declination and polarity of this hill shape.

For the following parameters values this functi@s h

the shape depicted in Fig.10. 3.3 Symmetric hill function

This kind of function also very often occurs idénti
in ion currents experimentally measured shapezaritbe
defined by this way :

y=1+ am[éx;{—( sift - g))z} )
where :t is vector of time pointss is slope factor
of the function,am is the amplitude of the hill decreased
by 1 andt, is the centre of the hill which means position
of its top in time. lllustrative example is in FIg where
these concrete parameters were used [1(0,500),

t, =250, s=0.05, am=0.7.

Fig.10 : Rounded step function example



where this function is sum of twdanh(*)-like

functions. This functions enables to express also
Co : “deformed” waves which are typical for biomedical
(1] R e R EERI measurements. Function component denoted aseans
7 A A B starting part of the function, pad means ending part of

N ' the function and the resulting functiop is the simple
sum of them amplified by factam. lllustrative example

L L . of this function is in Fig.14 for these parameters
4 R . t, =100, §, =0.02, t, =300, s =0.1, am=1.5.

r i i i H i i i
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Fig.12 : Symmetric hill function example

3.4 Slide function

This function simulates strong start of ion current
followed by slow exponential decrease. It is anothie
dynamics of basic ion current types. This functiam be ! ; ; g : \ ; ; g
defined by this way : ' ' : : : : '

i i i i ; i i i i
0 50 100 150 200 250 300 350 400 450 500
t (ms)

y=0 for t<t,, (10)
y=am for t=t,, 1y £ §
y = amexp(-(t-1)09 for t>t,, (12) '

i i I i i i i
] 50 100 150 200 280 300 350 400 450 500
t (ms)

where t, is the starting time of the functiomm is
the amplitude, ands is the slope factor. An illustrative
example is depicted in Fig.13 for these concrete Fig.14 : Wave function example
parameters t, = 200, am=-2, s=0.02.

4 CONCLUSION

The paper summarises principles of the new

osboi b L] approach to exact modelling of biomedical laborator

obtained data, concretely ion current in cardialt'sce
membrane.
g Presented mathematical approach together with
fundamental functions set serves as solid demditstra
. base as well as for new educational area establibkie

Mr.Prof.l.Dolezel as the basic of new prediction
methothodology useful in biomedical practice.
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il 50 100 150 200 250 300 350 400 450 SO0

t (ms) 5 ACKNOWLEDGEMENT

Here is the place to give thanks to Mr.Prof. |. &l
for his organizational leadership of the new reslearea
and also for his valuable recommendations and to
Mr.Assoc.Prof.M.Stengl for medical consultations.

Fig.13 : Slide function example

3.5 Wave function

This is the last of fundamental functions usedidor
current modelling. It is representing smooth stdrion
current followed by smooth decrease with definedeti
delay between these two phases. The definitionhisf t
function is the following one :

n=tanh(s(t-1)), forn<0:n=0,  (13)

d=0.5(1+ tant{s (t-1))), for d <0:d=0, (14)
y=am{n- d (15)
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