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Introduction

Phase portraits are an invaluable tool in studying
dynamical systems [1]. They consist of a plot of typical
trajectories in the state space. This reveals information
such as whether an attractor, a repellor or limit cycle is
present for the chosen parameter value. It is important in
classifying the behaviour of systems by specifying when
two different phase portraits represent the same qualitative
dynamic behavior.

Repeated moderate physical loads lead to adaptation
of the organism, not only increasing its resistance to large
physical loads but also providing a broad-spectrum
protection, for example, against hypobaric hypoxia, toxins,
and ionizing radiation [2].

Statistical or analytical methods can be used for
analysis of two synchronous time series. Previous studies
have shown that statistical methods are not suitable for
biosignals [3], therefore, analytical methods should be
considered

Previous studies [4, 5] have shown that discriminant
better reveals the relation between two ECG signals than
other characteristics. Therefore, the main aim of this paper
is to search the ways to purify the information.

In this study the coherence of two ECG parameters
(RR and JT intervals) are investigated during physical
load. The phase plane represents homogeneity of
repoliarisation processes in myocardium of increased heart
work during physical load.

Theoretical Background

Previous studies made by scientist from all over the
world have showed that concatenation has been the object
of interest for years. The coherence between two different
human body systems or different system parts was
explored by many scientists: motor synergy [6], graphical
investigation of coherence [7], complexity of biosignals [8,

9]. This study investigates the coherence between two
different ECG parameters RR and JT.
Two synchronous time series X = (x,, ,, X,,...) and

Y =(Y,, Yy, Y,...), Where X, and Y, are real-valued

terms, represent ECG measurement data. Mathematical
methods based on matrix analysis are applied when the
assumption that X and Y are determined is made [10].
Using X and Y the matrix time series are constructed:

X, Xpi1 ~ Yna
M, = ' . 1
(an ~You Yn j ( )

Each nth matrix M from (1) can be expressed as
follows [11]:

AL+ 20, if dskM =0, )
T AE+(j-DAN, if dskM =0,
where 4, A, are eigenvalues of matrix M, I, I,are
idempotents, N is nulpotent. Therefore, several

characteristics time series are proposed: discriminants (3),
discriminant coefficients (4), idempotent coefficients (5):

dsk M n = (Xn —Ya )2 + 4(Xn—1 ~Yna )(Xn+1 - yn+1) ! (3)

dskCoeff M, =
— (Xn7yn+a7ﬂ)z+4(Xn717yn71+a7,3)(xn+17Yn+1+a7ﬂ) , (4)
V0 + @ + 40, + @)k + @)y, + B + 4y, + AN o + )

AL iR RN LRI SN

IdeCoeff M, = = )
2\/(Xn - yn) + 4(Xn—l - Yn—l )(Xn+1 - yn+1)

where n is the number of cardio cycle, ¢ and f
parameters.



Results

The ECG parameters in 12 leads of continuous
monitoring during provocative physical load test (Rouffier
test) were investigated. The test was repeated four times:
1% day before 1% training session, after 1* training session,
after 2" training session and 2" day before 1% training
session. The recorded ECG was divided into following
stages: before physical load the ECG of sportsman’s steady
state was recorded (1 min), then the participants of
investigation performed Rouffier test (30 squats per 45 s)
followed by 2 min of recovery (divided into beginning (1
min) and the end (1 min) of recovery).

Thus the heart needs to overcome different stages of
adaptation during physical load. Therefore intrinsic
functional adaptation features and their homogeneity can
be investigated using cointegration of two time series taken
from ECG monitoring during different states of body (rest,
physical workout etc..).

The time series (dsk M),

discriminant coefficients (dskcoeff M,) and idempotent

of discriminants

coefficients (jdecoeffm ) are calculated from two time

series: duration of RR interval taken from the Il standard
lead and duration of JT interval of the V standard lead.

In order to reduce noise and correct baseline locally
weighted linear regression smoothing (LOESS) method is
applied (see Fig. 1.) [12]. The smoothing process is
considered local because each smoothed value is
determined by neighboring data points defined within the
span. The process is weighted because a regression weight
function is defined for the data points contained within the

span. The weight function used for LOESS is:

i)

where K is predictor value associated with the response
value to be smoothed, K; are the nearest neighbors of K as
define by the span, and d(k) is the distance along the

K —
d (k)

K

(6)

abscissa from K to the most distant predictor value within
the span.
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To specify the differences in dynamics of dsk M |

parameter a phase portrait for each sportsman was drawn.
Phase portrait reveals how dsk M, change velocity

depends on dsk M . Therefore, y-axis represents derivative
of dsk M, and x-axis parameter dsk M , (Fig. 2).
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Fig. 2. Phase portrait of coherence dynamic between RR and JT
intervals in subject A after the 1% training session (dsk M )

Phase portrait of discriminant coefficients (dskCoeff Mn)
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Fig. 3. Phase portrait of coherence dynamic between RR and JT
intervals in subject A after the 1% training session ( dskCoeff M n)

Phase portrait of idempotent coefficients (IdeCoeff Mn)
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Fig. 4. Phase portrait of coherence dynamic between RR and JT
intervals in subject A after the 1% training session ( |deCoeff M )



Two sportsmen with different duration of training
experience were compared. Fig. 2, 3 and 4 represent
subject A, who has less than 5 years of training experience
and Fig. 5, 6 and 7 represent subject B, who has more than
5 years training experience.

The dynamics of RR and JT intervals ratio shown in
the following figures represents the interaction of the
processes between regulatory and supplying systems
depending on the performed physical load.

The obtained results showed that oscillations occur at
the onset of investigated -electrocardiogram signals.
Depending on the stage of the testing the attractors form
the coherence dynamics of the investigated parameters,
thereafter bifurcation emerge and the dynamics moves and
approaches new stable state.

Parameters dskm, and dskCoeff M, reveal very

similar information (Fig. 3, Fig. 4) but in different scale.
Parameter dskCoeff M, IS more sensitive than dsk M :

discriminant coefficients grow faster than discriminants.
Meanwhile, the parameter |decoeff M, gives the opposite

result comparing with previous ones. While dsk M, and
dskCoeff M, grow during physical load, the parameter
IdeCoeff M, acts on the contrary. The same situation is seen
for subject B.
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Fig. 5. Phase portrait of coherence dynamic between RR and JT
intervals in subject B after the 1% training session (dsk M )
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Phase portrait of idempotent coefficients (IdeCoeff Mn)
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Fig. 7. Phase portrait of coherence dynamic between RR and JT
intervals in subject B after the 1% training session (|deCoeff M )
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Fig. 8. Parameter |deCoeff M, for subject B after the 1% training
session

Even though, Fig. 7 differs from Fig. 4 and is not as
informative but it does not deny the fact that idempotent
coefficient acts opposite to discriminants. Fig. 7 has a
different view because a problem related to the situation
when discriminant is close to zero (and idempotent
coefficient grows very fast) has not been solved yet. This
situation is confirmed by linear graph (Fig. 8).

Comparing A and B person we can conclude that
amplitude of discriminant and its derivative is much higher
in person whom has longer duration of training experience
(person B). Residual fatigue features has influence on the
decrease of amplitude of these changes observed after
training sessions.

Conclusions

Phase plane of electrocardiogram parameters
discriminants revealed that coherence between regulatory
and supplying systems in human body on different stages
of adaptation to load have dynamic character. The increase
of fluctuation and new stable state reflect different
metabolic rate depending on the change of the body state.

The limits of such fluctuations for healthy persons as
well as for patients are still not known. But the results of
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R. Smidtaite, Z. Navickas, E. Venskaityte. ECG Research Using Elements of Matrix Analysis and Phase Planes // Electronics
and Electrical Engineering. — Kaunas: Technologija, 2010. — No. 7(103). — P. 83-86.

Electrocardiogram (ECG) is a diagnostic tool that measures activity of the heart. The dynamics of coherence between two different
ECG parameters is investigated. Two time series, representing RR and JT parameters, are cointegrated into one time series and then
matrix analysis is applied. While studying dynamical systems phase portraits are an invaluable tool. Therefore, to reveal similarities and
differences of several characteristics phase portraits are drawned. In this study data of over twenty sportsmen are investigated. The view
of phase portraits depends on physical load and training. The coherence of two parameters is to be extended to coherence of three
parameters in further studies. 1ll. 8, bibl. 12 (in English; summaries in English, Russian and Lithuanian).

P. IImuaraiite, 3. HaBuukac, 5. Banckaiitute. MceenoBanue 3/1eKTPOKApAMOrpaMM C NMOMOIIbI0O MATPUYHOIO AHAJIM3a U
(azoBbIX MIOCKOCTE // DiIeKTPOHUKA U diekTpoTexHuka. — Kaynac: TexHosorus, 2010. — Ne 7(103). — C. 83-86.

Kaxk mpaBuiio, U1l OIIEHKH COCTOSIHHS Y€JIOBEUECKOTO Cep/la HCIoyb3yercs: arekTpokapanorpamma (OKIN). C momomnipio TaHHBIX
OKI' MOXKHO HCCIIEeOBaTh IWHAMHKY B3aUMOJEHCTBHS MEXAY PasHBIMH IapameTpaMu cepana. CBs3b MexIy ABYMs INapaMeTpaMu
OLICHUBACTHCS NIPU MCIIOIB3UBAaHUYU MaTpuUuHOro ananusa. [Ipu stom u3 maHHeIX DKI CTpOUTHCS CHEUMAIBHBIA sl BTOPOTO IHOPsAKa
MaTpUIIBL, [T0CNIE Yero MOIyYEeHHBIH s 00padaThBaeTCsl MaTeMaTHIECKMMHU MeTofaMu. i GoJiee MOoTHOro 00603peHus OJTyYEeHHBIX
pe3yIbTaToOB I€7I€CO00pa3sHO HCIONB30BaTh (ha30BOE MPOCTPAHCTBO. B 3TOM mpocTpaHCTBE 3BOMIOLHS HCCIELYyEeMbIX MapaMeTpoB
OTPa)KaeTCsl B BUJE TFE€OMETPHUYECKHX KPUBBIX, KOTOPBIE HATJIAHO JIEMOHCTPUPYIOT Pa3HBIE HIOAHCHI ACHTENBHOCTH cepAana. beimm
uccnenoBanbl gaHHble mapameTpoB PP u OOH mpumepHO A ABaAaTH CHOPTCMEHOB. BBIIO 3aMeueHo, YTO pa3sHOBHIAHOCTH (Pa30BBIX
PHCYHKOB OOYCIIOBHIIO KaK (PU3MUECKast Harpy3Ka, TaK ¥ MMEIONIUHCS CIIOPTUBHBIN OMBIT y CIIOPTCMEHa. B manbHelIemM miaHupyeTcs
HCCIIeIoBaHNEe OCOOCHHOCTH B3aMMOCBS3M MEXAY Tpems mapamerpamu. V. 8, 6mbn. 12 (Ha aHmmiickoM s3bIke; pedepaTsl Ha
AHTJIMHCKOM, PYCCKOM U JIATOBCKOM $3.).

R. Smidtaité, Z. Navickas, E. Venskaityte. Elektrokardiogramy tyrimas naudojant matricine analize ir fazines plok$tumas //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 7(103). — P. 83-86.

Sirdies biklei nustatyti daZniausiai naudojama elektrokardiograma (ECG). Pasinaudojant ECG duomenimis stebima skirtingy
parametry tarpusavio rySio dinamika. Dvieju parametry rySys vertinamas tam tikru biidu sudarant antros eilés matricy eilute ir $iai eilutei
taikant matricy analize. Dinaminéms sistemoms tirti patogu naudoti fazine erdve. Faziné erdvé patogi dinaminei sistemai kokybiSkali
apibadinti. Sioje erdvéje sistemos evoliucija pateikiama geometriniu pavidalu. Siekiant atskleisti ir palyginti skirtingy charakteristiky
panaSumus ir skirtumus gauti rezultatai vaizduojami fazingje erdvéje. Buvo tirti daugiau nei dvideSimties sportininky RR ir JT
parametry duomenys. Pastebéta, jog skirtingus fazinius vaizdus lémé tiek fizinis kravis, tiek sportininko patirtis. Tolesniuose darbuose
planuojama tirti ne tik dvieju, bet ir trijy parametry sasajas. Il. 8, bibl. 12 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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