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Introduction

The statistics claims, that people who are not
physically active live shorter and they are ill more often.
Human organism adaptation to physical load peculiarities
and opportunities is an actual task of physiology, sports
and clinical medicine. To choose the right activity the
doctors have to investigate the patient, analyze and store
his data for the future. The solution of this task is tight-knit
to human functional state evaluation [1]. For correct
specification of functional state, it is very important to
integrate and evaluate main human organism systems
reactions during physical load. For the evaluation of
human functional state we used the model of integral
health evaluation [1], which includes the main holistic
systems [2]. For making decision about right and useful
physical activity we analyzed the formalized effect model.

Modeling the long lasting functional state of
healthiness dynamics we have to use the conception of
both models. The final model should be variable,
mathematically described and include the easy measurable
clinical parameters. We proposed the model of convolution
of Meally and Moore automata [3,4]. Wilfred Brauer
described the automata, their types and behaviour.
Recently Moore and Mealy automata have been very
popular, but the studies on the conjunction of these
automata are not numerous.

So the main purpose of this paper is to present the
model of long lasting functional state dynamics using the
method of automata convolution.

Description of the integral health evaluation model

We used the model of integral health evaluation (Fig.
1), that integrates changes of three functional elements: P —
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periphery system, R — regulation system (brain), S —
supplying system (heart, blood-vessel system) [1,6].

Fig. 1. The model of integral health evaluation

Relation between these systems can be specified by
several parameters, but we used the simplest and easier
calculated — RR interval (time between two beats of the
heart), JT interval, systolic (S) and diastolic (D) blood
pressure, and power, physical load in watts (N). All these
parameters are taken from the standard stress test method
of provocative incremental bicycle ergometry work by the
ECG analysis system “Kaunas — Load” [1]. Let’s define
the integral evaluation (Sv) [6]

Sy :%x/AJTz + ARR* + AN? -100%, (1)
here k is a constant, depending on patient gender [5], A is
the difference between the parameter values at rest and at
maximum power.

When estimating Sv, the functional state could be
described in such a way:
0%<Sv<40% - a patient is at risk (pathology is suspected);
40%<85v<50% - the threshold state;



50%<Sv<70% - the functional state is normal;
70%<8v<80% - good, Sv>80% - perfect.

For the functional state dynamics during several
tests we used the formalized effect model (See Fig. 2).

11 test

Patient
condition

Fig. 2. The formalized effect model

The concept of this model is: patient comes to
doctor, his condition is C;, doctor tests him and makes a
diagnosis Dy, selects the effect E; and forms the motivation
— new condition C,’. The effect time is T,. After that time
patient comes to the doctor, his condition is C;, doctor tests
him and makes a diagnosis D,, selects the effect E, and
forms the motivation — new condition C,’. The effect time
is T, and so on.

The description of Mealy and Moore automata
convolution

Here we present how the integral health evaluation
and formalized effect models described using the
convolution of Moore and Mealy automata [3,4,5].
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Fig. 3. The convolution of Moore and Mealy automata
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The conjunction of Moore and Mealy automata (Fig.3)
is called the convolution Mealy of and Moore automata.
Surjections of Moore automaton:

rg,!r W xY— W’,
<gur SW" XY — VV)
S W X

2

Surjections of Mealy automaton:
(f1:xx2—7,
Si1:YxZ"—>Y,
g XxZ' -7

€)

glll ..XX Z!I_)ZH.

The given surjections describe the work of this
convolution.

Here W', W" — the sets of states of I and II Moore
subautomata, X — the set of output signals of Moore
automaton and input signals of Mealy automaton, Y' — the
set of output signals of I Mealy subautomaton and input
signals of II Mealy subautomaton, Y"— the set of output
signals of II Mealy subautomaton and input signals of
Moore automaton, Z', Z" — the sets of states of I and II
Mealy subautomata.

Besides the

convolution of automata starts

" 1 "

operating after the initial states zg, zo, wy,wy are

introduced. The implementation of the work of automata
convolution can be presented as in Fig. 4:
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Fig. 4. The implementation of the work of automata convolution

The physiological models formalization by automata
convolution

"

=0.
Then the state (number of patient test) of I Mealy
subautomaton can be described by such function:

' ' Z;1_1+1,
8- z, =
n {Q’

Let’s define the initial states zé) = z('; = w(') =w

if 241 # D5

else.

“

Mealy automaton II output function fl' is composite

as well: it consists of 3 functions fl' =( flll; fllz; fl3 ). The

signal of output from I Mealy automaton — input of II
Mealy automaton — parameters measured during stress test:



Y = nts Yn2 Int; (5)
' ' RR’ !fRRi@andZ' 7&@;
nt Y= / 4 (6)
J, else.
) ' JT, ifJT~¢®andz' * J;
Jot ypp= / 4 (7
J, else.
, | N, ifN; = Bandz, + D,
3t a3 = / ! ®)
J, else.

Here components of vector y'n = (y;1,l>y;l,2ay;1,1) are

also the vectors and their components are the discrete data,
measured during load period from stress test.

The state (human functional state evaluation) of II
Mealy subautomaton can be described by such function:

IJ ' 2 U 2 U 2 . ' .
Z;;= Z Ayn,l +Ayn,2 +Ayn,3 > lfyn #J; (9)

@,

81
else.

here k — real number, depending on patient gender [5].

The signal of output from Mealy automaton y, —
input of Moore automaton — is a vector, that first
component is human functional state evaluation from
previous stress test, other component — evaluation of
present test:

" (Znt320)s

if y, =D,

else.

(10)

The state of I Moore subautomaton is an evaluation
of human healthiness state divided to functional groups,
according doctors recommendations and practice [3]. It can
be described by such function:

0, if Yup =0
1, if 0< y, 5 <40;
2, if 40 < y, 5 <50;
gt War1 =13, if 50.< y, 5 <70; (11)
4, if' 70 <y, o <80;
5. if yun > 80;
J, else.

The state of II Moore subautomaton is an evaluation
of human healthiness state dynamics during two tests. It is
the comparison of two tests and can help to make decision
if the recommended influence is enough effective [7]. So
the state of II Moore subautomaton can be described by
such function:

0, if Yuy=0;
1, i Yn2 <Vnis
g Woy =12, if Yo =Vnts (12)
3, if Yu2 > Vnls
@, if yo=9.
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The signal of output from Moore automaton x,,,— is

an evaluation of human functional state and evaluation of
applied influence (functional state dynamics):

Wil # Wi+l
a,

_ lfwn+1 and Wi # ®’

fr: n+l —

X

(13)

else.

Here the symbol “#” denotes the concatenation

operation. For example if w;, +1 =3 and w;; +1 =1 the result
x,,1 =31, means that now patient functional state is
normal, but worse comparing with the previous test — so
the applied influence was not suitable.

Conclusions

We have indicated that the functional state variation
and dynamics could be formalized and mathematically
described by the convolution of Mealy and Moore
automata.

The presented model is changeable — we can easily
add new components (subautomatons, states, functions)
and describe the information streams in more details.

This model could be applied for the automation of
diagnosis or could help to organize the feedback between
patient functional state and applied influence.
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The statistics claims, that people who are not physically active live shorter and they are ill more often. However, only individual
physical activity is useful. Human organism adaptation to physical load peculiarities and opportunities is an actual task of physiology,
sports and clinical medicine. For the solution of this task we analyzed the integral health evaluation and formalized effect models. We
suggested to formalize and mathematically describe these models by the convolution of Mealy and Moore automata. This model could
be applied for the automation of making diagnosis or help to organize the feedback between patient functional state and applied
influence. 111 4, bibl. 7 (in English; summaries in English, Russian and Lithuanian).

K. bepuikene, A. JlykomsBuuioc, 3. HaBunkac, A. Baiinopac. MoaeiupoBaHie u3MeHeHHsI COCTOSIHUS 30POBbS YeJIOBEKa Ha
NPOJ0JLKHTEIbHOE BpeMs // DJIeKTPOHUKA U dj1eKTpoTexHuka. — Kaynac: Texnonorus, 2006. — Ne 7(71). — P. 73-76.

CoBpeMeHHas CTaTHCTHKA IJIACUT, YTO (U3MYECKH ITACCUBHBIC JIFOIM OOJIEIOT Yalie U MPOJOIDKUTEIBHOCTh UX XKHU3HH Kopode. Ho
3TO HE O3HaJaeT, uTo Jrobas (u3MYecKas AKTUBHOCTh yMEHbINAET 3a001€BAaEMOCTb M YJUIMHSET >KU3Hb. AJANTUBHBIE CBOMCTBA
YeJIOBEYECKOr0 OpraHu3Ma K (U3M4YECKUM Harpys3Kam SBISIOTCS BaKHBIM (HaKTOPOM B CIIOPTHBHOH MeAHLMHE, B (DU3MOJIOTUM W B
KIMHAYECKOH mpakTuke. s pemeHus 3TOH 3agaud B pabOTe HCCIEXYIOTCS MOJETH, ONUCHIBAIOIINE COCTOSHHE YEIOBEYECKOTO
OpraHm3Ma: HHTETpalbHAs MOJEIb COCTOSIHUS 3J0POBbs U (hOPMaIH3UPOBaHAE BIMSHUE HAa YeJIoBeKa. B paboTe mpHBOIUTCS METOINKA,
Kak BCE ITO OIHCATh C IIOMOIIBI0 cBEPTKH aBToMaTtoB Muist 1 Mypa. IIpennoxxeHHast MOelIb MOXKET OBITh TaK ke IIPUMEHEHa U JJIs
OITHCAHMS CBS3U MEXIy IAIMEHTOM U BpadoM. Wit 4, 6u6m. 7 (Ha aHIIIMCKOM s3bIKe; pedepaTsl Ha aHTIINIICKOM, PYCCKOM U JIATOBCKOM
s13.).

K. Berskiené, A. LukoSevifius, Z. Navickas, A. Vainoras. Ilgalaikés sveikatingumo biisenos dinamikos modeliavimas //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2006. — Nr. 7(71). — P. 73-76.

Siy dieny statistika teigia, kad fizi§kai neaktyviis asmenys serga dazniau ir ju amZius yra trumpesnis, tatiau tai dar visiskai nereiskia,
kad bet koks fizinis aktyvumas §i sergamuma sumazina. Zmogaus organizmo adaptacijos prie fiziniy kriiviy savybés ir ypatybés yra
labai svarbus Siandieninés sporto medicinos, fiziologijos ir klinikinés praktikos uzdavinys. Siam uZdaviniui spresti darbe nagringjami
ilgalaikg asmens sveikatingumo biiseng aprasantys modeliai: integralios organizmo reakcijos i fizini krtvi ir formalizuoto poveikio
modeliai. Straipsnyje pateikta metodika, formalizuojanti §iuos du modelius Milio ir Muro automaty sasiikos pagalba. Pasiiilytas modelis
gali biti taikomas sudarant diagnozg¢, modeliuojant griztamaji rysj tarp paciento ir gydytojo. Il. 4, bibl. 7 (angly kalba; santraukos angly,
rusy ir lietuviy k.).
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