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CARDIAC DISEASES QUANTIFICATION
OF BY TEMPORAL AND CEPSTRAL
ANALYSIS OF PLETHYSMOGRAPHIC
SIGNAL

R. BEN SALAH*
A. MARRAKCHI**
N. ELLOUZE**

SUMMARY: A non invasive method for cardiac diseases quantification is described in this paper. The
method uses discriminant analysis of temporal, spectral and cepstral parameters computed from the
plethismographic signal which represents an impedance variation in explored thoracic region at the
level of the ascending aorta. Two kinds of cardiac diseases were explored: mitral stenosis (MT) and
aortic stenosis (A.S). Fifteen parameters were identified for cardiac discrimination (Five temporal
parameters, three spectral and seven cepstral). Results are compared to those of Echo-Doppler method
which revealed a correlation coefficient of R=0.761 representing a statistical significance of P< 0.001.
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INTRODUCTION
Exploration of cardiovascular system for diagnosis and ing edge of the heart (Figure 1). Two electrodes placed on the
guantification of the lesion is becoming less invasive. chest of the patient at the level of aorta 2 or 3 cm apart permit per-

Echographic and Doppler methods used have been in use ception of P.S representing impedance variation AZ of the
since fifteen years. Eletrical plethismography (EP) is explored thoracic region. Processing of P.S developed formerly
another non invasive method for cardiovascular explo-
ration. Although used less by cardiac investigators, this
method begins to prove itself. An early study (3,5,6) has
shown that the analysis of plethismographic parameters
allows diagnosis of some cardiac diseases.

This paper will present the quantification of some heart EDURANT@ |

lesions using the relevant parameters of plethismographic

signal (P.S).

MATERIALS AND METHODS / /\ |

The plethysmographic method used in this study differs m.l:vJ J = ‘
slightly from that of KUBICEK et al. (8) which takes the entire tho-
racic area into account. It consists of application of an electric cur- Figure 1: Plethysmographic Method.

rent (3 KHz, 1 mA), which is harmless to the patient, by means of

two electrodes placed respectively in front of and above the lead- (6), allows determination of filtered and amplified signals with an

*From the Faculty de Medicine: Department of Biophysical 1007 average amplitude of 200 mV.

Tunis, Tunisia and **from the Ingineers National School (ENIT) During the signal recording, the patient must lie supine,
1002 Tunis, Tunisia. relaxed and in expiratory apnea for period of 10 seconds.
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CARDIAC DISEASE QUANTIFICATION

Recording and storage of P.S were accomplished by a HP
85B microcomputer. Signal processing was carried out by the
same microcomputer and by a PDP 111 computer.

The obtained plethysmographic signal represents Z parame-
ter variation, where Z is the impedance of explored ascending
aorta.

Several methods may be used for P.D processing: A
KUBICEK impedance method and the admittance method which
we have developed during this study and are presenting in this
communication.

According to KUBICEK's approach, cardiac output may be
computed with the formula (1):

dz
L(—)max.E

D=B— ps—Jt .
T z

T is the P.S period, Ps is the blood resistivity, L is the distance
dz

betweenelectrodes, (—)
dt

max is the maximum slope of P.S, Z is the basic impedance, B is

a correction factor, taking into account the chest size

Lt
B=—
L

Where LT is the distance between "xiphoide" and the base of the
neck. The impedance method allows determination of cardiac
output. The correlation between this method and thermodilution
(6) gives the following results: correlation coefficient R=0, 761 and
significance degree p < 0.001.

In order to improve correlation, results were have developed
a new method of P.S exploration using the computation of (Y)
atmittance parameter of explored aortic region (6). Cardiac output
is then given by:

60 dy
D=FB—PsL(—)max.E
T dt

Results show, a good correlation between admittance method
and thermodilution (Figure 2): Correlation coefficient: R=0.945,

dy
(—) maxrepresents the maximumslope of P.S where
dt

Y(t) = i Fis a factor depending on the age of the patient (6).
Z(1)
statistical significance p < 0.001.

In addition to the cardiac output, electrical plethysmography
can determine other cardiovascular parameters, such as systolic
volume, ejection time etc.... These parameters are used by
physician in the diagnosis of cardiac diseases. For the P.S analy-
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sis we began with the verification of signal reliability and pre-
sentability. Next, processing algorithms were carried out in order
to compute temporal, spectral and cepstral parameters which are
used to diagnose cardiac diseases.

B ¥ _DK (L/MN)
7 L (KUBICEK)
s L »
5 .
4+
3 =
2r . thermodilution
1 DD (L/MN)
J____1.___1% I!I 1 1 1 4
o 1 2 3 4 5 68 7 8
DK= 0l.108«DD + ¢ -0, 838)
R= 00,761 P=0. 001
B &+ DAL/MN)
7 L (ADMITTANCE)
ﬂ =
5 L
,‘ -
a4 F
L
= thermodiTution
1 F DD (L/MN)
. - L L | R ¥ Ll [ _.!.
0o 1 4 5 88 7 8
DA= D0.888«DD + ( 00, 384)

R= 00. 943 P<0. 001

Figure 2: Correlation.
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CARDIAC DISEASE QUANTIFICATION

SIGNAL TYPE: AO.I

FISHER COEFFICIENT: F= .46409
RISK ALPHA = .05

STUDENT COEFFICIENT: t= 1.96
AVERAGE M= 43.93733
SNEDECOR COEFFICIENT FS=1
CONCLISION:

STATIONARI TY: TEST CONFIRMED

a= STATIONARITY
E [R(H)]

b= ERGODICITY

Figure 3: Stationarity and Ergodicity.

In order to prove that P.S represents cardiovascular activity
we have applied resting and ergometric tests to normal controls
and to patients with various cardiac diseases.

Results show that P.S can be utilized in resting patients and
during exercize (Figure 3). We have observed that the signal sta-
bility and ergodicity are not altered by the mode of signal acquisi-
tion (inspiratory or expiratory apnea). P.S is therefore
representative of cardiovascular activity during the signal acquisi-
tion. This P.S represents impedance variation of the explored
aorta independently of acquisiton time. P.S is ergodic, then the
determination of signal statistic parameters can be accomplished
from a simple sampling (signal reliability).

The aim of P.S analysis is the determination of temporal spec-
tral and ceptral parameters which describe physiological and
pathological states of the cardiovascular system. Temporal
parameters are computed from P.S and its derivative.

The processing derivative of signal is accomplished by
LAGRANGE Method (1): First derivation F (t) has been approxi-
mately by a polynom of seventh rate:

F(t) = L (F(t)-8F (t- 1)+ 8F (t1))-F (+2))
12T

T is the sampling period. Figure 4 shows the processing orgini-
gram of P.S derivative.

P.S spectrum is determined by the computation of fast
FOURIER transform (F.F.T.): Let (Y(t) be the response of left ven-
tricle-aorta system to a cardiac excitation signal x(t) and h(t) the
aortic pulsatile response. Then: y(t) = x(t) *h(t) (product of tempo-
ral convolution). Cepstral analysis consists of differentiation of the
excitation x(t) and the pulsatile response h(t), in order to derive a
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Figure 4: Acquisition and processing of plethysmographic signal.
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Figure 5: Processing of spectral and cepstral plethysmographic
signal.
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CARDIAC DISEASE QUANTIFICATION

separate picture of each factor. In the cardiac situation, we have
considered, computation is carried out at the minimum phase
@ = 0)(6,7).

Let: Y1 (f) = FFT (y(t)) = FFT (x()* h(t)

Y1I®H=X®HHC®

1Y1(f)12 =1 X(f) 12 1 H(f) 12

Y2(f)=Log1Y1(f)1l=loglX(f)1l+LoglH()1l

Let: Y1 () = FFT-1 (Y2 (f)) =x1 (t) + h1 (t)

Where: x1 (t) = FFT-1 (X(f)) and h1 (t) = FFT-1 (X(f))

Yi(t)is called real cepstral of P.S. The cepstral x(t)and y(t),
corresponding respectively to x(t) and y (t) are determined
according to the organism of Figure 5.

In the first part of this study we have showed that P.S process-
ing by impedance or admittance method permits us to compute
some parameters as cardiac output, systolic ejection period...
These parameters such are used by cardiologist for the diagnosis
or the quantification of cardiac diseases. Temporal, spectral and
cepstral analysis of P.S allow the computation of some parame-
ters obtained from derivation, spectral and cepstral signal. These
parameters, computed by a profound signal processing give con-
siderable information regarding pathological state of cardiovascu-
lar system. P.S and its derivative are characterized by ten
parameters (Figure 6): corrected ventricular ejection:

Figure 6: Plethysmographic signal, its derivative and phase plan

(normal).
- ; 8
. | E’
0 2
-1 1 2 3t is)
F
=il .2

E
Ec= T Eis the ventricular ejectionperiod
T

-Plethysmographic amplitude of wave S; seven amplitude of
F(t) waves: A, B, C, 0, X, Y, Z; derivative width: L.

Table 1 shows the average of temporal parameters obtained
from 140 kinds of signal (normal and pathological cases). Three
spectral parameters have been calculated for the diagnosis.
These parameters are defined as follows:

Amplitude of harmonic (i + 1)

ri= - wherei=1,2,3
Amplitude of the fundamental
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Table 1: Temporal Parameters.

EclL|AalB|c|lo| x|y ]| z]|s
©) | (5 |@ls)|@ls)|@Is)|@Is)|(@ls)] @ls)|©Qls)] (@)

Normal 0.28/0.21|0.20 | 0.10 | 0.65 | 0.10 | 0.25 | 0.00 | 0.00 | 0.06

RAO 0.39/0.21|0.23 0.20 | 0.51 | 0.00 | 0.23 | 0.00 | 0.10 | 0.04

ILAO 10.36|0.32| 0.32|0.20 | 0.98 | 0.00 | 0.39 | 0.00 | 0.3 | 0.10

M.AO |0.33/0.24|0.18 |0.20 |0.61| 0.5 | 0.34 | 0.00 | 0.00 | 0.6

R.M 0.33/0.16|0.41 | 0.10 | 0.71 | 0.05 | 0.36 | 0.05 | 0.20 | 0.06

.M 0.30|0.21|0.39 | 0.00 | 0.57 | 0.10 | 0.26 | 0.00 | 0.20 | 0.06

M.M  10.29/0.24| 0.28 | 0.10 | 0.60 | 0.05 | 0.36 | 0.00 | 0.00 | 0.05

R.P 0.33/0.20/0.35/0.20 | 0.53|0.15|0.22| 0O |0.100.05

RMand |0.32/10.26/0.32| O |0.74| 0 |048| O 0 |0.05
LLAO

MM and |0.27/0.19/0.09| O |(040| O |030|0.05| 0 |0.04

ClIs 1]0.32|0.25/0.05|/0.05/039| 0 |0.17| O 0.10 | 0.04

Clv 10.29|0.23|/060| O |0.74| O |035, 0 |0.200.18

CIA |0.32|/0.19|0.310.20 | 0.60 | 0.10 | 0.23 | 0.10 | 0.15 | 0.05

CMP ]0.23|0.22|/0.40|0.20|0.38|0.05|0.23| 0O |0.21|0.04

Table 2: Spectral Parameters.

rl r2 r3
Normal 0.47 0.33 0.12
I-Ao 0.35 0.10 0.08
R-Ao 0.41 0.18 0.12
M-Ao 0.65 0.24 0
I-M 0.7 0.16 0.12
RM 0.47 0.16 0.12
MM 0.48 0.05 0
RP 1.1 0.45 0.12
MM-Ao 0.47 0.12 0.12
MM+IT 0.58 0.05 0
cIs 0.61 0.29 0.04
Clv 0.57 0.08 0.04
CIA 0.57 0.33 0.12
C.M.P 0.53 0.20 0.10

SPECTRE (FFT) CEPSTRAL €,

CARDIAC EXCITATION
W

IMPULS IONAL
F RESPONSE

TV~

Figure 7: Spectral and cepstral (Noral subject).
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Table 3: Cepstral Parameters.

X () n()

U \% w K L M N F G H | J LF/T
Normal 0.19 0.45 1 0.12 0.24 0.21 0.17 1 0.32 0.25 0.05 0.03 0.49
I-Ao 0.18 0.44 1 0.13 0.23 0.20 0.17 0.78 0.49 0 0.05 0 0.54
R.A0 0.17 0.43 1 0.12 0.20 0.21 0.17 1.16 0.30 0 0.05 0 0.88
M.Ao 0.19 0.44 1 0.12 0.23 0.21 0.16 1.16 0.30 0.12 0 0 0.89
.M. 0.15 0.45 0.98 0.10 0.36 0.05 0.05 14 0 0 0 0 1.57
R.M 0.10 0.35 1 0.15 0.05 0.03 0.02 1.11 0.11 0 0.19 0 0.79
M.M 0.18 0.44 1 0.12 0.23 0.02 0.01 1.4 0 0 0 0.03 2.11
R.P 0.15 0.40 1 0.15 0.20 0.20 0.15 1 0.31 0.11 0.05 0 0.45
RM+I1Ao 0.15 0.40 1 0.13 0.05 0.05 0.05 1.16 0.30 0 0 0 0.86
MM+IT 0.40 0.60 0.70 0.05 0.30 0.05 0.05 0.78 0.5 0 0.14 0 0.50
C.I.S 0.59 0.43 0.79 0.24 0.29 0.24 0.12 0.76 0.51 0.24 0.14 0.05 0.56
C.LV 0.24 0.33 1 0.07 0.33 0.19 0.05 0.84 0.43 0 0.16 0 0.64
C.LA 0.05 0.45 0.88 0.19 0.17 0.19 0.05 1.24 0 0.14 0 0 0.80
C.M.P 0.29 0.60 0.88 0.24 0.14 0.14 0.05 1.22 0.14 0 0.03 0 0.75

Table 2 presents different spectral parameters. The cepstral Table 5: Discriminant Analysis
of normal and pathological P.S is composed of the cepstral of car- STEPS | PARAMETERS PERCENTAGE
diac excitation (x(t) and aortic signal h(t), x(t) is characterized by 1 |20 64.29
seven parameters representing the amplitude of different cepstral 2 20,5 85.71
waves: U, V, W, K, L, M, N (Figrue 7). The aortic cepstral h(t) is 3 20,5, 3 83.93
4 20,5, 3,17 85.71

defined by six parameters: five parameters representing the 5 20,5, 3,179 89.29
amplitude of different aortic waves F,G,H,l,J (Figure 7); one :
parameter representing normalized width of aortic cepstral Lf. 8 20,5,3,17,9,6,19,7 94,64

Table 3 presents cepstral parameters relative to normal and

pathological cases. P.S analysis shows that this signal can be 17 120,5,3,17,9,6,19,7,9,18 75.00
11, 17, 16, }0, 11,13, 15

represented by 26 parameters for diagnosis and quantification of

cardiovascular diseases. We have carried out, then, a discrimi- 20 120.5.3,17,9.6,19.7,9 18 80.36

nant analysis of these parameters, in order to obtain: 11,17, 16, 10, 11, 13, 15, 15, 15, 12

1. Determination of plethysmographic relevant parameters for a- Step by Step Analysis

the diagnosis. Parameter | Number
2. Diagnosis of cardiac diseases and quantification of the LF 20
extent of the lesions. i :
F 17
RESULTS S 9
The principle of discriminant analysis is based on FIS- ? 169
CHER theory and the criteria of "Step by Step". The rele- X 7
vant plethysmographic parameters represent the seet of G 18
parameters which allows to have the maximum of matrix r,j i
product T-1E. Where T is whole covariance matrix, E is the n 10
u 13
Table 4: Discriminant Plethysmographic Parameters. M 15
Parameters | Ec (L |A|[B|C|O|X|Z|S|r|np|m|U|lL|[M|N|F|G|I|L '3 12

Numbers | 1 1213415 l6]7]8lolwlale|slw|s 6|o|s|s|o b- Relevant Parameters

Journal of Islamic Academy of Sciences 2:3, 204-211, 1989 208
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Table 6: Data File

‘ANALYSE’, 6, 15, 15, ,3

8,8,8,8,8,8

‘RAO+*

‘RAO++’

‘RAO+++’

‘RM+’

‘RM++’

‘RM+++’

.23,.51,0,.23,.04,.41,.18,.12,.17,.21,.17,1.16,.30,.05,.88
.24,.52,0,.24,.05,.42,.19,.13,.18,.22,.18,1.17,.31,.06,.89
.25,.53,0,.25,.05,.42,.20,.14,.185,.23,.18,1.19,.32,.065,.892
.255,.53,0.01,.26,.06,.43,.21,.14,.17,.24,.18,1.2,33,.07,.9
.21,.50,0,.22,.08,.40,.18,.10,.16,.20,.155,1.13,.29,.04,.85
.21,.50,.01,.2,.04,.41,.18,.125,.17,.20,.17,1.15,.31,.055, .87
22,.51,0,.22,.045,.40,.18,.124,.17,.21,.165,1.14,.32,.06,.88
.224,.52,0,.22,.044,.41,.185,.123,.165,.20,.16,1.1,.32,.06,.885
.24,.45,0,.18,.02,.41,.17,.11,.17,.20,.16,1.25,.30,.05,.83
24,.46,.01,.19,.025,.42,.18,.11,.17,.21,.17,1.26,.30,.055,.85
.245,.47,0,.19,.03,.43,.19,.12,.165,.22,.175,1,27,.31,.055, .86
.23,.45,0,.175,.029,.41,.165,.10,.16,.22,.15,1.22,.312,.045,.92
.23,.44,0,.17,.03,.40,.155,.095,.155,.22,.145,1.21,.30,.04,.81
.24,.45,0,.18,.035,.41,.17,.10,.165,.235,.15,1.225,.31,.045,.82
.23,.46,0,.19,.0386,.42,.17,.10,.165,.237,.155,1.23,.31,.046,.825
.23,.46,0.01,,.036,.423,.17,.11,.164,.236,.154,1.23,.31,.046,.81
.22,.40,.01,.20,.01,.41,.16,.10,.16,.23,.15,1.35,.30,.04,.85
.225,.41,.011,.21,.01,.4,.17,.1,.17,.24,.155,1.37,.31,.04,.86
.23,.42,0,.215,.011,.415,.17,.11,.175,.24,.16,1.39,.32,.045, .88
.23,.41,0,.2,.01,.40,.165,.105,.165,.225,.155,1.37,.31,.04,.85
.22,.40,0,.19,.01,.39,.16,.105,.160,.220,.154,1.36,.305,.04,.85
.23,.40,0,.199,.015,.38,.17,.11,.16,.225,.153,1,365,.31,.04, 86
.225,.39,0,.20,.017,.38,.175,.116,.16,.23,.154,1,40,.31,.045,.87
.23,.39,01,.2,.017,.39,.176,.117,.161,.231,.154,1,41,.3,.045,.87
41,.71,.05,.37,.06,.47,.16,.11,.10,.03,.02,1.12,1,.11,.19,.80
42,.72,.055,.38,.065,.48,.16,.112,.105,.03,.02,1.1,.11,.2,.8
425,.72,.06,.39,.07,.49,.17,.113,.107,.031,.021,1.1,.12,.21,.81
43,.73,.062,.395,.071,.492,.174,.115,.11,.3,.022,1.1,.121,.211,.812
405,.7,.045,.35,.055,.465,.155,.11,.09,.029,.019,1.1,.10,.18,.79
40,.69,.043,.34,.053,.463,.154,.11,.08,.028,.018,1.1,.10,.175,.785
40,.68,.042,.33,.052,.462,.155,.11,.075,.027,.017,1.11,.10,.174,.786
.39,.68,.042,.33,.051,.461,.154,.11,.074,.026,.0165,1.1,.10,.173,.785
.50,.76,.050,.41,.06,.47,.16,.12,.06,.02,.01,1.11,.07,.24,.79
51,.77,.055,.42,.065,.48,.165,.12,.065,.02,.01,1.1,.075,.25,.80
.b51,.77,.056,.43,.066,.481,.166,.12,.065,.021,.01,1.09,.076,.251,.81
.50,.77,.057,.44,.067,.482,.167,.121,.066,.022,.011,1.1,.077,.252,.82
49,.75,.045,.40,.059, .461,.158,.119,.064,.020,.010,1.1,. 0.75,.25,.80
49,.75,.044,.40,.058, .460,.157,.118,.063,.019,.01,1.09,. 0.74,.245,.79
485,.75,.043,.41,.057,.459,.157,.117,.062,.018,.01,1.08,. 0.73,.244,.80
A7,.75,.044,.405,.056,.458,.158,.116,.063,.017,.009,1.075,. 072, .243,.80
.60,.80,.05,.48,.06,.47,.17,.12,.03,.01, . 005, . 1.10, . 04, . 30, . 82
.602,.803,.051,.481,.065,.472,.170,.121,.03,.011,.006,1.102,. 041,.301,.821
.603,.804,.050,.483,.066,.473,.171,.122,.031,.0111,.005,1.105,. 042,.30, .81
.601,.805,.053,.483,.067,.475,.172,.123,.030,.0115,.006, 1.107,. 043,.305,.815
.62,.806,.055,.484,.065,.476,.173,.124,.032,.0120,.006,1.110,. 043,.306, .83
.595,.80,.05,.475,.0600, .470,.170,.122,.030,.0110,.005,1.090,. 040,.300, .80
.590,.799,.049,.46,.059,.564,.168,.119,.029,.009,.005,1.085,. 039,.290,.79
.585,.798,.050,.465,.058, .565,.167,.118,.028,.009,.0051,1.08,. 035,.29,.80
.24,.50,.0,.22,.038,.40,.19,.11,.18,.22,.175,1.15,. 31,.055,.89
49,.75,.053,.42,.062,.48,.163,.11,.064,.021,.011,1.14,. 07,.23,.30
.59,.81,.053,.47,.062,.48,.18,.125,.029,.012,.005,1.09,. 036,.31,.81

DATA FILE
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interclass ovariance matrix. The classification of anomious
individuals is based on the use of the FISHER formula:
d(a, YKk)=(a-yk)' T(a-yk), where a is the anomious individ-
ual, yK is the average of Yk class. Computed algorithms
are expressed by a MAHAL 3 program (6). The determi-
nation of the best discriminant parameters is carried out at
each step from a basic sample, the dimension of which N
is calculated as follows (9).

N=2.35P +12.3

where P is the total of several parameters. The discrimi-
nate program also uses a sample of anonymous individu-
als. Plethysmographic parameters, proposed for the
discrimination between the classes, are 20 parameters (6
parameters are nonsignificant for all the classes). After
testing the twenty parameters during the first step, the pro-
gram indicates the parameter number 20 which repre-
sents the normalized width LF of the aortic cepstral.
Therefore, the parameter number 20 is the best discrimi-
nant plethismographic parameter. The best classified per-
centage of individual is then 64.29 % (Table 5).

At steps number 2, 3 and 4, the program choose,
respectively, parameters number 5, 3 and 17 correspon-
ding respectively to the waves C, A and F waves respec-
tively. At step 8 the percentage of classification reaches
94.64% the parameters are 20, 5, 3, 17, 9, 6, 19, 7. Finally
at step number 20 the program posts the maximum of the
total 15 independent parameters (Table 5). Therefore
plethismographic parameters with best discrimination are:
20(Lf), 5(C), 3(A), 17(F), 9(S), 6(0), 19(1), 7(X), 18(G),
11(r2), 16(N), 10(rl), 13(U), 15(M), 12(r3).

DISCUSSION

Among relevant plethismographic parameters one can
note the absence of systolic Ejection period Ec. This
parameter is one of the basic parameters used in the diag-
nosis of cardiac disorders. The absence of Ec is due to the
fact that information contained in Ec has been implicitly
included in the five temporal parameters described previ-
ously: 3(A), 5(C), 6(0), 7(X), and 9(S). A variation of
parameter Ec has an influence on the P.S form and espe-
cially on systolic Slope which is measured by the maxi-
mum of derivative amplitude corresponding to parameter
number 5(C).

Quantification of cardiovascular diseases is investi-
gated by the relevant plethismographic parameters: 5
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temporal, 3 spectral and 7 cepstral parameters. The dis-
criminant analysis has been accomplished on a basic
sample with 48 individuals divided into 6 groups (or
classes), corresponding to different cardiac diseases:
three cases of aortic stenosis (AS) Moderate, Severe and
very Severe; three cases of mitral stenosis (MS) Moder-
ate, Severe and very Severe.

The sample of anonymous individuals consists in
three patients, previously examined by Echo-Dopler
Method. The cases considered are: a Moderate aortic
Stenosis (AS+), Severe mitral stenosis (MS ++) and very
Severe mitral Stenosis (MS +++) corresponding respec-
tively to the groups number: 1, 5, and 6. The different
plethismographic parameters which provide all informa-
tions, related to basic and anonymous samples, were
stored in the same file "INPUT.DAT". After the determina-
tion of the standard deviation of different parameters, the
program chooses at step number one the parameter n°13
(wave U of Cepstral X (t).

Classification percentage is, then 56.25% (Table 7).

This percentage stays constant until step number 4. At

Table 7: Cardiac Disease Quantification.

STEPS PARAMETERS PERCENTAGE
1 13 56, 25
2 13,13 56,25
3 13,13, 14 56,25
4 13,13, 14,15 56, 25
5 13,13, 14, 15,12 89,58
6 13,13, 14,15,12,8 95, 83
| | |
| | |
| | |
| | |
| | |
14 13,13, 14,15, 12,8,7 83,33

8,8, 14,12,10,11, 12
15 13,13, 14,15, 12,8,7 83,33
8,8,14,12,10, 11, 12,13

Table 8: Anonimous Individual Affection.

Num | Affect | /IGP1|/GP2| GP3 | /GP4 | /GP5| GP6

1 0.10 | 5.10 | 1.30 | 7.98 | 6.87 | 7.00

5 6.84 | 550 | 524 | 040 | 0.10 | 1.36

3 6 7.07 | 990 | 745 | 351 | 1.04 | 0.02
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step n°6, the program gives a classification percentage of
95.83%. This percentage decreases at next Step (n°7).
The program posts, then, the effectation of anonymous
individuals (Table 8).

Results show that the anonymous patients have been
correctly classified respectively in the groups number 1
(AS+), 5 (MS++) and 6 (MS+++). These results agree with
those obtained by Echo-Doppler Method.

CONCLUSION

The quantification of some cardiac diseases has been
carried out using discriminant analysis method based on
the processing of plethismographic signal. The discrimina-
tion, using analysis of temporal Spectral and Cepstral
parameters of plethismographic signal, determine relevant
parameters needed for the classification of anonymous
patients. The total number of discriminant parameters is
15(5 temporal, 3 spectral and 7 cepstral). Quantification
results obtained by the analysis of plethismographic sig-
nals are confirmed by those obtained with Echo-Doppler
method. Researches are actually orientated for the inves-
tigation of peripheral cardiovascular system.
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