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Abstract: Paper presents analysis of the optimal workinglenof enclosed muscular biotronic system. Clarjfiwht
biotronic system is self adaptive, e. g. adjus@nges of system characteristics, and it works somance frequency, on
self stimulation mode. Presented results showftitasystem energy stability as its natural frequeiscdiminishing, the
amplitudes of biosignal’'s low stimulation frequeragproximately grows.
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Introduction

Many authors [1-5] analyze the muscle as the lineaviosignals
separate dynamic system. Dynamic models of a masele adaptability to a
characteristics are theifherefore, the sophisticated biotronic system itaiokd

forming and its mechanical

cogitative apparatus by the received values ofigpids and
their characteristics, stimulation biosignals, nieisc
outgoing by the feedback
load and stimulation sufficiency.

calculated. Works [6-8] present the nonlinear dyisam and by the first approach it could be explored hg t

muscle model and its mechanical characteristich s
muscle stiffness, natural frequency, and musclagetion
dependency on loading duration, and others areuleddc
by numerical methods. The calculation

other scientific papers [3, 9]. These results aq@agning

scheme presented in the figure 1. The figure lvshbat
the muscle can't self-sufficiently functioning asadl the
bound processes are controlled by the feedbacksatre

results arall decisions about muscle abilities to perform kvare
compared with the experimental ones and presemted accepted in the module of acceptance the objective
solutions and biosignals generation. Thus the reuscl

by the decrease of muscle stiffness and its natur@ndurance abilities could be analyzed only in thetest of
frequency in time-span. The muscle was analyzed as all the biotronic system with its circulating infoation and

separate mechanical system and mechanical chasticter
of this system are calculated. Unfortunately, thesohe
hasn‘t widen approach to him, e. g. it was reseatanly
as a subsystem of the biotronic system. But onga& o
derive its endurance parameters and adaptatioitieyiall
the biotronic system must be explained. Therefbeeaim
of this paper is to study the whole biolotronic teys by
estimating its endurance and adaptation abiliges] also
evaluating the variation of a muscle biosignalstime-
span.

Methods

with the evaluation of muscle loading and quartitaf
stimulation biosignals. Hereby, the abilities offpeming
work are solving in the module of acceptance thedilve
solutions and biosignals generation. This meansithine
mentioned module optimal decisions are decreeing.

In our opinion, the optimal decision has such a

description - the muscle must perform the maximatkw
with the minimal amount of biosignal energy:

min[Eg] A maol A, 1=12,..0, (1)

whereE, is the amount of biosignal energ,stands for
the amount of performing work= 1, 2,...nis the number

Analyzing the muscle biotronic system it is veryOf possible working modes and essential quantityhef

important to evaluate its complicated relation witie
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energy.
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Fig. 1. Muscle's adaptive, self stimulation on the resaafilequency working biotronic's system

The amount of biosignal energy could be calculated Results of harmonic analysis or expressions by
such a way: trigonometric row (5) are presented in figure 2.
T T u(t)2 From expressions (1), (3) and (5) we'll get:
E= jl(t)J(t)dt:j?dt, 2
0 0

T m
_ o _ min[Ed]=m_ax{]i{aﬁZAjSin(a),-t—coj)dtﬂ- (6)
where i(t) stands for biosignals currenhA; u(t) is the i i [oR =1
value of the biosignal intensityV; R is the impendence
of the muscleQ; T stands for the muscle loading duration. From expression (6) seen that the muscle receives
Intake amount of biosignal energy whéfy = 0 information and at the same time it is stimulateg b
necessary for the muscle for performing any warkould  vibrations of different biosignal frequencies and

be expressed: amplitudes. Therefore it is very important to amalythe
Tu(t) Tu(t) relation between the natural frequency of the neuseld
Eq=E-Eo= g?dt— Eo= g?dt : (3) biosignal frequencies, and also the influence &f thtio

on muscle’s maximal work performances.

From vibration theory is known that when the system
is affected by the same value of external genaydtince,
the amplitudes of system resonance oscillation& &irees
major than not resonance frequencies, that is:

Muscule performing work could be different, for exale,

A=Q-h, @

whereQ is a weight acting to pending musdhestands for A
the height of rising weigh®. k=%, 1=12,..,p, andk >1, (7)
The muscle from biosignals receives all information A
Therefore the biosignal can‘t be a stochastic dighee  where A, is the amplitude of resonance frequency,
information of biosignal could be expressed by theepresents the amplitudeiafiot resonance frequency.
trigonometric row: When evaluating the expression (7) the kinetic gyper
of muscle mass in the way of oscillating by differe
V= a0+ glAj sin(a,jt—gpj), j=12...m, 5) frequencies must satisfy the inequality:
iz

MAF _ mwkAf

, and wherk= const,

whereA is an amplitude of component, mMVip; = j-w:, 2 2
o, stands for angular frequency of the lowest haropi then , .
is the initial phase of component,t is the time,a, M(e AF <k2M(w AF K>1, (8)

represents a free member. .
P wherem is the mass of the muscle.
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Fig. 2. The results of male harmonic analysisat 18 N and different loading durations

It is seen from expression (8) that the energyhef t satisfaction of the conditio), A =const , because at the
system oscillating by the same magnitude generdirg®  same time the condition (1) will be satisfied tébleast
resonance frequencieskstimes bigger than the energy of gne o A #const , whenl =1, 2,...,p, so the component of

the system oscillating by non-resonance ,freq“e”CieBiotronic system mass'’s oscillations will not betioyl
Inequality (8) could be expanded for | system'r@sice  4ng more biosignal energy will be needed for penfog

frequencies: the permanence work.
m .
E[(ah AV (s AF 4ot (00 An)2] < Results of experimental research
m[ 5 ( )2] From the harmonic analysis made on biosignals ®f th
<E (a)rlAl) +(wrzAz)2+---+ Dy Arp thumbs short abductor muscle abductor (m. abductor
pollicis breivis), then the spectrum changes inding
or (9) duration and as= =18N (fig. 2) was noticed that values

of spectral low frequencies are diminishing at kiweger
p loading duration (fig. 4), and the amplitudes arewgng
(a)| A)2< Z(km)n A.)z- (fig. 5 and 6). Analyzing presented in the figurelnges
' = of the frequency range from 520 to 175 Hz in thadiog
duration according its upper surrounding line, the
refraction at the 7 loading minute is clearly seen. After
this time the generation and stimulation frequenciee
decreasing. The similar point of the refractionrising
o oscillating amplitude could be noted near tfeminute in
(wl A|)2< kZZ(a)”A)Z- (10) figures 5 and 6. Item, in the figures 4 and 5 thep;’
I=1 marks the upper margin of maximal frequencies eaany
.B“ represents the lower margin of minimal frequisc
Dependencies (8), (9) and (10) prove that the iidr ~ Explained graphical values reflected in figures gl &
system of the muscle satisfies the condition (1pmit  must be compared with ones of the ,B“ and 8 — 10 Hz
works at resonance frequencies. frequency range.
The presented condition must be satisfied as the 35
muscle performing the permanence work in the time: 0%

25 l\
m[(w1A)2+(szz)2+---+(w An)z]zconst, N 20 e —e—Top

2 " N
whent—T (12) 12 \-\\:%M —=—B

Mo

In the partial way as it possible to say thatall = 1,
2,...,p are equal and are the samgethe expression (9)
could be transformed in such a shape:

LMo

The condition (11) is important, because in thelwor 5
[7] was noticed that the natural frequency of thesate is 0 - — 1 T -
decreasing at the longer loading, e. g} # const and it 1 2 4 6 8 10 12 14

declines according nonlinear dependency (fig.18kuch a t, min

way, the amplitudes of the natural frequency of cteus Fig. 3. Variation of calculated muscle’s frequencies mgispan
amplitudes A, | =1, 2,..,p, must increase for the atF=18 N, [7]
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biosignals in time, at F=18 N
Fig. 6. Variations of amplitudes of female muscle bioslgria

From the comparison of last-mentioned experimental time, at different frequencies and at F=18 N

research results is seen that the lowest frequenrmie
diminishing as the muscle is longer loaded andatheunt
of their components approximately decrease. Comgari

th It ted in fi 4 and 3 cadlkh o
© Testits presented In ngures = and 3, espy © and so on. If the modulus ,Sensors of muscle adipti

way of ,B“, we see that their variations’ regulé# are ) . W o
very similar and the same alike their values ofirthe gnd stimulation acceptance” do not registeringemnges

frequentative characteristics. Consequently, it lc¢obe in muscllfhwcirk, thehbiotronic ?jytsr:emlvfﬁ?j.ll) W:clbv‘k. thg
supposed that frequencies of biosignals are foligwi same without any changes and the ,Module of praegss

varieties of the muscle natural frequency and eceiving C!ose.s. the cycle. Therefore in Fhe flgure 1 p“.m"?”t
information trough the ,sensors of muscle adaptiand §|mpllf|ed SCheme of the muscle biotronic systerplans
stimulation acceptance” then transferring it to fMe@dule its work and main processes.

of preliminary processing information and logicalhis F|gur_e 7 represents the variation of ”?ax'ma'
last module is making the decisions for the furthelJ‘requenues of muscle biosignal. It is seen thatrttaximal

performances and if it is possible is transferihg same ;‘re%genuez of specf[rurl‘? mcreaseh with Ionger“muscle
information to ,Module of acceptance the objectives;\)l""h Ing ﬁr} asymp;otlcz )E)_ap_proalcfes to appro&pmﬂg
solutions...” In the last-mentioned module, theshjaals though last-mentioned biosignal frequencies atag

and other possible commands, which must guaratige tis not large the energy of biosignal is b.ig enodgih:ayse
condition, are generating, that is mean, that thplitudes of intense frequency. So the analysis of gxpeneﬂent
of lower frequencies are expending and the gererat gseargh results has proved th.e conclu5|on' that - the
biosignal and other information through ,Module of lotronic system of the muscle is the self stimedat

preliminary processing information and logical® and adaptive . a'nd. vyorks In  resonance .frequenC|es. The
Module of processing® is transfering to the maiart characteristic indication of this system is appeeeathan
" the muscle is loaded for longer the amplitudes af |

Sometimes the cardinal decisions are made, for
example even the subject handles the weight andHel
hand tired, so receives the command to change dhd h

~Muscle®, ) S . - ; ;
frequencies of biosignals stimulating increasingd an
exactly from this moment the person starts to fieetiness
and pain.
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Conclusions

After observing analytical and experimental researc
results there were formulated the following conidos:

1. The muscle is the part of the complicated bigtro
system and its endurance characteristics couldplered
only analyzing the whole system.

2. The biotronic system of the muscle supports
energetic stability when it performs work.

3. With the diminishing of values of natural
frequencies of the muscular system, values of diadi
amplitudes are enlarging.

4. The biotronic system of the muscle works in the
resonance mode and is adaptive and self simulative.

5. With the muscle longer loading, the amplitudés o
components of low frequencies become very largethad
person starts to feel tiredness and pain.
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