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ABSTRACT

Information about actual disponibility of the rehabilitated muscular locality is important
with regard to efficiency and safety of the rehabilitation process. There was designed
a sensor of the musculature local disposition for measuring of the musculature local
disposition status. In function of the sensing element there was applied an electrically
conductive rubber. This paper describes an application of the bilinear splines for evalua-
tion of the musculature local disposition measuring by means of the above-mentioned
Sensor.

INTRODUCTION
There are two very important aspects in the machine-supported process for rehabilita-



tion of limbs:

m safety of rehabilitation,

m efficiency of rehabilitation.

From this point of view it is necessary to monitor
disponibility of the rehabilitated muscular locality
by means of a feedback. Otherwise the rehabilita-
tion could be inefficient or painful; in some cases
it can induce even further health complications.
The feedback enables to correct extension of limbs
movements and quantity of loading or to interrupt
the rehabilitation process, eventually. The required
feedback can be obtained by means of a sensor of
the musculature local disposition, which is applied
into the rehabilitation process and it enables on-line
monitoring of muscular tonus in the rehabilitated
locality.

SENSOR OF THE MUSCULATURE LOCAL DISPOSI-
TION

There is presented a scheme of the sensor of mus-
culature local disposition (SMLD) on the (see Fig. 1).
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Fig. 1 A new Virtual Education & Training Framework

The SMLD in itself consists of three parts, (see Fig. 2):
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plotter plotter element plotter

Fig. 2 Internal structure of the SMLD

m carrying plotter - it fulfils function of a sensor cover,
as well as function of a fixation module, which en-
ables fixing of the SMLD to the rehabilitated limb,

m signal plotter - it serves as a bus of signals coming
from the sensing plotter,

m sensing plotter- it is a carrier of the pressure sensing
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elements, whereas there was applied the conduc-
tive rubber in function of the sensing element (see
1,2,3).

The sensing plotter is rectangle-shaped and its
area is divided into m x n identical square-shaped
parts, whereas in the every part is arranged one
pressure-sensing element (i.e. sensing point or
point of sensitivity). Let the sensing plotter area is
denoted M and the pressure, which is acting from
musculature on the sensing plotter in the time t on
the point [x,y]€ M, is marked p(x,y,t). To this pressure
value corresponds the signal value, (i.e. value of the
pressure equivalent), which is denoted w(x,yt), thus
pixytI=w(xyt). It is evident that value of the total
pressure force acting on the surface M in the time
tis:

F() = /fp(x,y,r)d/\/l
M

and

Fo) ~ E() :ffw(x,y,r)d/vl,

where E(t) is equivalent of the pressure force. Since
the momentary measured values are varying in de-
pendence on many factors, it was approved that it is
suitable to apply a mean value E_(t) of the pressure
force equivalent E(t) from the time interval (0,1), in
order to evaluate a trend of the muscle disposition
in the time t

il
Esit) = . Of E()de

APPLICATION OF BILINEAR AND CUBIC SPLINES
Let the individual parts of the area M are de-
noted Mu’ i=1,2,m, j=1.2n, let the related sens-
ing points are P.U:[x.‘,yj] and the signal value, ie.
the value of the pressure equivalent on the point
PU in the time t is marked WU.(T) (see Fig. 3). Then is
p(x‘,yyt)zw(x‘,yyt):wu(t) and the values measured on
the sensing points in the time t represent a matrix
W(t) of type m x n.

All measurements were realized in periodical time
intervals, i.e.in times t=k-T, >0, k=0,1,2,~. After every
measuring was performed an interpolation of the
discrete measured values W.U(k-T) by means of the
bilinear splines (according to 4), using the function
wW(x,y)=w(xy,kT). The interpolation function w®(xy)
is given as follows:



Wby = D Wi kD i (xy),

I<i<m-1
1j<n-1
Xiv2=X)(Vji2-Y)
(Xii2 = Xi1) (y/+2 “Vi+ )
X =X) (yj+2-Y)
(Xi+1 - X) (yM - ,V/+7)

for[x,y] eD,

Y for[x, y] e Dy,

Wi (x,y) =]
w for[x/y] = D///,
Xic1 = X) (Vi1 - y)
(i-2-X1y - ) for[xy] € Dy,
L (Xi+2 = Xi+1) (y,w ‘)//)
fori=-1,0--m-1, j=-1,0-+n-1,
whereas

Dr = (X, Xi2) X (Yjan Yina)
Dy = <x,,x,-+7> X <y/+z,y/+z>,
Dy = <xf,x,+7> X <yj,y/+z>,
D = (Xie1,%i42) Xyiyjon)

and x=I-A/m, yJ.:jB/n, where A, B are dimensions of
the sensing plotter. After calculation of the E(kT)
value there were known also the discrete values
E(0),E(T),-,E(kT) that were interpolated by means of
the cubic splines with natural end conditions (with
regard to 4), using the interpolation function E*(t),
t€(0,kT), where

% k-1 N
E®)=> aki(t)
3

I=-

0 t<t

t-1)°, t<t<ty

T +37(t-ti) + 3T(t -t Y - 3(t-tir)’,
E= L) <t<t,

OT 7P 4+ 37 (tas - 0+ 3T(t1as - £V - 3(tas - )

o St < tis

(tes- 1) s <t <t

L0, tea <t

t‘:/-T for |=-3,-2,k+3. In order to calculate the ()
value, it was applied the next relation:

1y
Es(t) = fofE (7)dT.
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Mim:

Fig. 3 Areal arrangement of the sensing plotter

Trend of a muscular fatigue, in the case of one mea-
surement, is presented on the Fig. 4.
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Fig. 4 Time behaviour of the muscular fatigue

CONCLUSION

Application of splines during measuring of the mus-

culature local disposition enables “on line” perform-

ing of calculations, which makes possible:

m to monitor musculature local disposition of the

rehabilitated limb,

m to regulate loading of the rehabilitated locality
with regard to momentary muscular tonus,

m to interrupt training in the case of limiting muscu-

lar loading.

3 An arrangement of the SMLD, which is ready for
 measuring of upper limb, is visible on the Fig. 5.

F

Fig. 5 Measuring configuration of the SMLD
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