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EP 1 649 804 B1
Description
CLAIM OF PRIORITY

[0001] The present application claims priority from Japanese application JP 2004-306319 filed on October 21, 2004,
the content of which is hereby incorporated by reference into this application.

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The presentinvention relates to an optical measurement technology and particularly to an optical measurement
method and apparatus for acquiring biological information based on optical signals received from a tissue.

Background Art

[0003] Measurement signals (to be hereafter referred to as an optical signal) obtained by optically acquiring internal
information about a living tissue (such as in JP Patent Publication (JP Patent Publication (Kokai) No. 9-135825 A (1997))
contain noise signals due to several factors, in addition to the target response signal. To reduce the influence of such
noise signals, averaging or other techniques using a bandpass filter, for example, are used.

[0004] The averaging method for reducing noise signal is based on the premise that the brain activities show uniform
responses to the same tasks, for example. The method employing a bandpass filter for reducing noise signal is based
on the premise that a response signal and a noise signal exist in different frequency bands. These are processes for
dealing with multiple noise signals. Processes attuned to noise signals due to specific causes have also been considered.
[0005] Forexample, inthe case of a noise signal due to the influence of pulsation (pulsation noise signal), the frequency
can be easily identified, so that the noise signal can be reduced using a bandcut filter. In another example, the pulsation
noise signal contained in an optically measured signal is reduced on the basis of a pulsation signal measured at a certain
location, such as at the ear (Patent Document 2). In yet another example, a pulsation noise signal is extracted from the
optically measured signal and its influence is reduced (Non-patent Document 1). However, the actual brain activities do
not necessarily produce uniform responses to the same tasks, and the signal processing scheme using averaging does
not always produce successful results.

[0006] Even if the signal processing based on averaging is effective, it takes much time for acquiring signals to be
summed. Further, some noise signals in the optical signal contain irregular components with a frequency band of ap-
proximately 0.1 Hz. These components are a kind of fluctuation signal that is inherently possessed by living bodies and
are referred to as a low-frequency fluctuation signal or the Mayer wave.

[0007] Regardingthe Mayerwave, a number of studies have so far been conducted, and the involvement of fluctuations
in blood pressure and heart beat or heart rate has been indicated. However, not much light has been shed on the details
of its occurrence mechanism. In this connection, it is noted that in the case of Patent Document 1, noise is eliminated
by subtraction using a pulsation signal, and therefore the Mayer wave noise component, which cannot be readily obtained
from the pulsation signal, cannot be eliminated by subtraction of the pulsation signal.

Patent Document 1: JP Patent Publication (Kokai) No. 9-135825 A (1997)

Patent Document 2: JP Patent Publication (Kokai) No. 2004-173751 A

Patent Document 3: JP Patent Publication (Kokai) No. 7-308295 A (1995)

Patent Document 4: JP Patent Publication (Kokai) No. 2002-172094 A

Non-patent Document 1: Maria Angela Franceschini et al., Neurolmage 21 (2004) 372-386

[0008] US 2004/106856 A1 discloses a living-body optical measurement system with the features of the preamble of
claim 1. The scientific article "Statistical test for general causality and its application to physical data", N. Tanaka et al.,
Proc. 2004 IEICE Engineering Sciences Soc. Conf., September 8, 2004, p. 54, reviews the theory and applications of
standard entropy measures in physiological signal processing.

SUMMARY OF THE INVENTION

[0009] Generally, the task assigned for measuring brain activity signals lasts for 10 to 30 seconds. This is the time
required for inducing a sufficient amount of brain activity such that a measurable state of brain activity can be obtained.
The frequency bands of the brain activity signals that can be acquired by the task lie between approximately 0.03 and
0.1 Hz. Therefore, because the frequency band of the Mayer wave noise signal is very close to the frequency bands of
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brain activity signals, it is difficult to reduce the Mayer wave noise signal using bandpass filters or bandcut filters.
[0010] In addition, because the low-frequency fluctuation signal contains irregular and non-periodic changes, it is
difficult to reduce them using a simple frequency filter.

[0011] Thus, in order to solve these problems of the prior art, attempts must be made to reduce biological noise signals
based on an analysis of the influence of biological signals, such as blood pressure and heart beat or heart rate, on an
optical signal.

[0012] To measure the blood dynamics inside the tissue of a test subject, the invention provides the system defined
in claim 1. Further advantageous features are set out in the dependent claims.

[0013] This is based on the fact that the influence of biological signals such as blood pressure and heart beat or heart
rate on an optical signal consists of a complex combination of individual factors, and thatthey have a non-linear relationship
rather than a linear relationship. Therefore, by computing the relationship between the biological signals and the optical
signal by non-linear analysis, the biological noise signal can be determined and separated from the optical signal.
[0014] By "optical measurement" herein is meant the measurement of changes in hemoglobin concentration in the
tissue by the aforementioned one or more light irradiating units for irradiating a subject with light, and one or more light
detecting units for detecting the emitted light that has been passed through or reflected within the tissue. The term
"optical signal" herein refers to a signal obtained by such an optical measurement.

[0015] By "the measurement of a biological signal" herein is meant the measurement performed by the aforementioned
biological sighal measurement unit for measuring one or a combination of two or more factors selected from pulsation,
breathing, blood pressure, and body temperature. The term "biological signal" herein refers to a signal obtained by such
a measurement.

[0016] Inaccordance with the invention, an optical signal and biological signals including one or more factors measured
in synchronism with the optical measurement are obtained. The relationship between the optical signal St and the
biological signal Sgg is then subjected to non-linear analysis so as to obtain the following equation regarding a biological
noise signal Sgy:

Sen = S (Sgs) )]

where Sgy and Sgg are each one or more signals. Function f may be either linear or non-linear. The thus calculated
biological noise signal Sgy, is then subtracted from the optical signal St according to the following equation (2), thereby
obtaining an optical signal Sy in which the influence of the biological noise signal has been reduced:

Sp =Sor —Sgn @

[0017] In accordance with the invention, the amount of biological noise signal contained in a biological optical meas-
urement signal can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

Fig. 1 shows a diagram of a system according to a first embodiment of the invention.

Fig. 2 shows an example of the display of a measurement signal and the measurement signal that has been passed
through a bandpass filter. The horizontal axis shows the time (seconds) and the vertical axis shows the signal intensity.
Fig. 3 shows an example of display of the extent of transfer of information among individual factors determined from
the result of calculation of transfer entropy.

Fig. 4 shows an optical signal, a predicted biological noise signal, and a signal in which the influence of low-frequency
fluctuation noise has been reduced. The horizontal axis shows time (seconds), and the vertical axis shows signal
intensity.

Fig. 5 shows a diagram of a system according to a second embodiment of the invention.

Fig. 6 shows a diagram of a system according to a third embodiment of the invention.

Fig. 7 shows a diagram of a system according to a fourth embodiment of the invention.

Fig. 8 shows a diagram of a system according to a fifth embodiment of the invention.

Fig. 9 shows a diagram of a system according to a sixth embodiment of the invention.



10

15

20

25

30

35

40

45

50

55

EP 1 649 804 B1
DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
[Embodiment 1]

[0019] Fig. 1 shows a diagram of a system according to a first embodiment of the invention.

[0020] In the first step of a procedure, the operator attaches a biological optical measuring probe 110 to a part or the
entirety of the head of a subject. The tissue is then irradiated with light produced by a light irradiating unit 101 via optical
fibers 113 connected to the biological optical measuring probe 110. The light that has passed through the tissue is then
detected by an optical detection unit 102 via an optical fiber 114 connected to the biological optical measuring probe
110. The resultant signal is recorded in a memory unit 103.

[0021] The aforementioned signal recorded in the memory unit 103 is hereafter referred to as "an optical signal." A
blood-pressure measuring cuff 111 for the arm and a blood-pressure measuring cuff 112 for the finger are attached to
the arm and a finger, respectively, of the subject. The cuffs, either one of which may be dispensed with, are controlled
by a heatbeat/blood pressure measuring apparatus 104, and the resultant signals are recorded in the memory unit 105.
[0022] The aforementioned signals recorded in the memory unit 103 are hereafter referred to as "a heart beat or heart
rate signal" and "a blood pressure signal." The timing of measurement can be synchronized between the units 102 and
104 by a synchronizing unit 106. The resultant optical signal and biological signals are analyzed in arelationship computing
unit 107. Specifically, the low-frequency components (which are the signal components in frequency bands lower than
the frequency of heart beat or heart rate) of the both signals are extracted using a bandpass filter. For example, Fig. 2
shows an optical signal 201, a blood pressure signal 202, a heart beat or heart rate signal 203, an extracted low-frequency
component of optical signal 204, an extracted low-frequency component of a blood pressure signal 205, and an extracted
low-frequency component of a pulsation signal 201. The horizontal axis shows time (seconds), and the vertical axis
shows signal intensity.

[0023] The relationship among the signals 204, 205, and 206 is then analyzed by the relationship computing unit 107.
The relationships among the signals 204, 205, and 206 are multiple tissue indices that are related to one another in a
complex manner and are not simply linear. Therefore, they call for a relationship analyzing method that is not influenced
by whether a given relationship is linear or not. Accordingly, an analysis based on transfer entropy (which will be described
in detail later), which is one of non-linear analysis methods is used. The indices obtained by this method are such that
the relationship of any target system, be it linear or non-linear, can be analyzed. Fig. 3 shows an example of display of
the extent of transfer of information among individual factors determined from the result of computation of transfer entropy.
[0024] This example is displayed on display unit 109. Fig. 3 shows the extent of flow of information among the optical
signal, blood pressure signal, and heart beat or heart rate signal by the direction of each arrow and its magnitude, as
well as an optical signal mark 301, a blood pressure signal mark 303, and a heart beat or heart rate signal mark 302.
Specifically, the extent of transfer of information from heart beat or heart rate signal to optical signal is indicated by arrow
304; the extent of transfer of information from optical signal to heart beat or heart rate signal by arrow 305; the extent
of transfer of information from heart beat or heart rate signal to blood pressure signal by arrow 306; the extent of transfer
of information from blood pressure signal to heart beat or heart rate signal by arrow 307; the extent of transfer of
information from blood pressure signal to optical signal by arrow 308; and the extent of transfer of information from
optical signal to blood pressure signal by arrow 309. The display may involve average values within a certain period of
time, or it may show the changes at each time continuously. Using an obtained value TE of entropy, a biological noise
signal Sgy(t) is calculated in a separation computing unit 108 according to the following equations (3) and (4):

Son (1) = f(Syr(£):Spp (£)) = ay + a,8(Spp(1)) + a,8(Sgp (1)) 3)

2(S8() = Sexp(TE(T)S(t +1) @)

r=r,

[0025] The above function fis a linear combination of function g. In examples not covered by the invention the function
may be determined from function f using a neural network. The coefficients o, 0.4, and o, are determined by the least
squares method. Besides equation (4), the g function may be selected from other appropriate functions, such as:
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g(S(1) = ilog(TE(T))S (r+7) %)

r=r,

and

g(S(t) = S TE)"S(t +1) ©)

r=r,

[0026] If equation (6) is used, o may be determined in advance by the least squares method, for example. Fig. 4
shows an example 402 of a biological noise signal predicted from an example 401 of optical signal based on a first rest
period 404, a first task period 405, a second rest period 406, a second task period 407, a third rest period 408, and a
third task period 409. The horizontal axis shows the time (seconds), and the vertical axis shows the signal intensity. In
example 401, although there should be obtained response signals corresponding to three periods because the example
involves three repetitions of a combination of the rest periods and task periods, no such response signals are obtained
due to the influence of noise. The thus predicted biological noise signal 402 is then subtracted from the optical signal
401, thereby obtaining an example 403 of a signal in which the influence of the low-frequency fluctuation is reduced.
[0027] It can be seen from the drawing that the response signal 403 is clearer than the response signal 401, which
was rather obscure. These charts are shown on the screen so that the operator can monitor them. The computation of
transfer entropy is performed based on any or all of the signals concerning the first rest period 404, second rest period
406, and third rest period 408. The computation of the biological noise signal Sgy during the first task period 405, second
task period 407, and third task period 409 is performed using the function f based on the transfer entropy computed
during the rest periods. If the rest period is provided before each task period, function f based on the transfer entropy
computed using the signal from the rest period immediately before the task period may be used for the computation of
the biological noise signal Sgy during the task period.

[0028] In addition to the combination of the heart beat or heart rate and the blood pressure, other biological signals,
such as signals concerning the breathing, body temperature, and the movement of the throat, may be used in combination.
For the measurement of the heart beat or heart rate, the optical irradiation and detection mechanism of optical topography
equipment may be used. The heart beat or heart rate component contained in an optical topography measurement signal
may be extracted and used as the heart beat or heart rate signal. Instead of the measurement of blood pressure, a heart
beat or heart rate signal transmission time may be determined from heart beat or heart rate measurement signals
obtained at a plurality of sites, and then a blood pressure signal may be calculated by the method disclosed in Patent
Document 3.

[0029] It is important to eliminate low-frequency fluctuation signals that cannot be eliminated by the conventional
simple filtering technology, for the measurement of brain activity signals at low frequency bands. In view of this fact, the
biological noise signals during the measurement of brain functions can be effectively reduced by separating, particularly,
biological noise signals (such as blood pressure) with fluctuations at bands lower than those of the frequency of the
heart beat or heart rate.

[Embodiment 2]

[0030] Fig. 5 shows a second embodiment of the invention, in which, instead of the blood pressure measuring cuff
111 for the arm and the blood pressure measuring cuff 112 for the finger in the first embodiment, probes 511 and 512
for the measurement of pulsation using light are employed. The device for measuring pulsation using light is known as
a pulse oximeter, the measurement principle of which is the same as that of the present embodiment. The probes for
pulsation measurement using light consist of one (511) that is disposed near the head, where optical measurement
takes place, such as at the ear or the forehead, and/or the other (512) that is attached to a portion of the subject that is
spaced apart from the probe 511 by a certain distance, such as the arm. Signals obtained by the pulsation measurement
unit 504 are processed by units including the memory unit 505 and the relationship computing unit 507, as in the first
embodiment.

[Embodiment 3]

[0031] Fig. 6 shows a third embodiment of the invention, which includes a measurement unit that is identical to the
one in Embodiment 5. A blood-pressure computing unit 613 determines the blood pressure from two signals obtained
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by a pulsation measurement unit 604 based on the pulsation transfer time (Patent Document 4). Alternatively, the
pulsation component may be extracted from an optical signal obtained by an optical detection unit 602 and then used
in the blood pressure computation unit 613.

[Embodiment 4]

[0032] Fig. 7 shows a fourth embodiment of the invention, in which the pulsation measurement unit 504 and the
memory unit 505 of the second embodiment are commonly realized with a light irradiating unit 701 for optical measure-
ment, a light detecting unit 702, and a memory unit 703. A fluctuation signal is extracted from an obtained signal by a
fluctuation extraction unit 704. In addition to the signals from fluctuation measurement probes 709 and 710, a fluctuation
signal may also be extracted in the fluctuation extraction unit 704 from an optical signal produced by a biological optical
measuring probe 708 for optical measurement and then used for subsequent computations.

[Embodiment 5]

[0033] Fig. 8 shows a fifth embodiment of the invention, which is a variation of the fourth embodiment in which a blood
pressure computation unit 805 is further added.

[Embodiment 6]

[0034] Fig. 9 shows a sixth embodiment of the invention, which is a variation of the fifth embodiment from which the
fluctuation measurement probes 709 and 710 have been removed. Regarding "Transfer entropy"

[0035] A time-series signal measured for a certain factor possesses a certain amount of information (as defined by
Shannon).

[0036] When a plurality of factors are considered, if there is some relationship between the factors, the index showing
to what extent the amount of information of one is related to those of other factors is referred to as transfer entropy.
Transfer entropy is fundamentally an index that is obtained for the relationship between two factors. Therefore, when
analyzing multiple factors, transfer entropy is calculated for each of the combinations of two of the factors, and then the
direction and extent of transfer can be identified from the magnitude of the transfer entropies. For example, when three
factors A, B, and C are considered, there are six combinations, namely, A—»B, B—>A, B—C, C—B, C—A, and A—C.
Transfer entropy is calculated for each of the combinations, and, based on their relationship in terms of magnitude, it
can be clarified how information is being transferred among the factors. In accordance with the invention, the biological
signal that has the greatest influence on an optical topography signal is determined based on the thus calculated transfer
entropies, such that biological noise signals can be separated from the optical topography signal using such a biological
signal.

Transfer entropy among three or more factors
[0037] In the case of transfer of information among three or more factors, because there are interruptions among the
factors, the net transfer entropy in each combination cannot be accurately determined. Therefore, the transfer of infor-

mation that exists solely in a combination of interest and that does not exist in other combinations is focused, and the
net transfer entropy (intrinsic transfer entropy) is determined by the following method.

Privax (1 +7) | 9(2), 2(8), x(2))
Priz (2 + 1) | ¥(2),2(t))

_ <1og Py O+ 2),0(00,2(0), 5(0)) P (Y1), z(r»>
2

TE(X,Y ,(2),7) =( log,

Prrz (1 + 7). (1), 2(0)) Py (1), 2(1), x(1))

where pyyx(y(t + 7)| y(t), X(t)) is the probability of variable Y taking y(t + 1) at time t + T when variables X and Y take x(t)
and y(t). px(x(t)), py(y(t + 7)) is the probability density of variables X and Y taking x(t) and y(t + 1), and pyy(x(t), y(t + 1))
is the probability density of their coupling.

[0038] The question is how to estimate such various probability density functions. In a method for estimating the
probability density function p, the following simplified kernel expression is used with respect to a time series with length N:
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Nt y({t'+7)=-y(t+71)
B M+ YO KE) == 20 =] ()= ¥(0)
= x(t') - x(1)

where O is a step function defined by:
1forz=>0
O(z)= 9
(=) {O forz<0 ©)

| - [lnax indicates the maximum value distance, and r is the numerical accuracy of this probability density estimation.
With regard to r, an optimum value must be defined depending on the data of concern. Generally, when there exist Z1,
Z2, ..., and Zn, by re-defining the Z in equation (1) as a vector quantity such that Z = (21, Z2, ..., Zn), we have a general
intrinsic transfer entropy equation for n+2 factors. This method may be used for the actual calculation of transfer entropy.
[0039] By applying the invention to the measurement of brain functions using light in the field of medicine and other
researches, the influence of biological noise signal can be reduced and the S/N of the target signal can be improved,
so that measurement time can be reduced and the quality of data can be improved.

Claims

1. A living-body optical measurement system for measuring changes in the dynamics of blood in the brain of a test
subject during a number of alternating task and rest periods, the system comprising:

light-irradiating means (101) for irradiating the head of a test subject with light;

light-receiving means (102) for detecting an optical signal based on the light emitted by the light-irradiating
means that has propagated through the head of the test subject and is then received by the light-receiving means;
living-body signal detecting means (104) for detecting a blood pressure signal Sgp(t) and a heart beat or heart
rate signal Syg(t) from the test subject;

living-body noise signal computation means (107) for computing a living-body noise signal Sgy (402); and
separation computation means (108) for subtracting the living-body noise signal from the optical signal;
characterized in that

the living-body noise signal computation means are adapted compute the living-body noise signal Sgy(t) ac-
cording to the following formula:

Sgn =ata g(Syr() + a; g(Sgp()),

wherein the coefficients ay, a;and a,are computed based on a least-squares approach and wherein the function
g(S(t)) of an input signal S(t) is computed according to

g8 Y WTE(x)S(t+7),

wherein the summation takes place over a number of times 1 in any or all of the rest periods, wherein h is given
by h(x)=log(x), h(x)=exp(x) or h(x)=x2, and wherein the transfer entropy TE is computed between the optical
signal and the input signal S(t).

2. The biological optical measurement system according to claim 1, comprising a bandpass filter for removing a pre-
determined frequency component of said optical signal and/or said living-body signal.
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The biological optical measurement system according to claim 1, comprising a display unit (109) for displaying said
optical signal, said living-body noise signal, and/or a signal obtained by removing said living-body noise signal from
said optical signal.

The biological optical measurement system according to claim 1, comprising a synchronizing unit (106) for synchro-
nizing said light-receiving means (102) and said living-body signal detecting means (104).

Patentanspriiche

Optisches Messsystem fiir Kérper von Lebewesen zum Messen von Veranderungen in der Dynamik von Blut im
Gehirn eines Testsubjekts wahrend einer Anzahl von alternierenden Aufgaben- und Ruheperioden, wobei das
System umfasst:

eine Lichtbestrahlungseinrichtung (101) zum Bestrahlen des Kopfes eines Testsubjekts mit Licht;

eine Lichtempfangseinrichtung (102) zum Detektieren eines optischen Signals auf der Grundlage des von der
Lichtbestrahlungseinrichtung ausgegangenen Lichts, das den Kopf des Testsubjekts durchlaufen hat und dann
von der Lichtempfangseinrichtung empfangen worden ist;

Detektionseinrichtung (104) fiir Signale von Kérpern von Lebewesen zum Detektieren eines Blutdrucksignals
Sgp(t) und eines Herzschlag- oder Herzfrequenzsignals SHR(t) vom Testsubjekt;

eine Berechnungseinrichtung (107) fir Rauschsignale von Koérpern von Lebewesen zum Berechnen eines
Rauschsignals Sgy, (402) eines Kdrpers eines Lebewesens; und

eine Trennungsberechnungseinrichtung (108) zum Subtrahieren des Rauschsignals eines Korpers eines Le-
bewesens vom optischen Signal;

gekennzeichnet dadurch, dass

die Berechnungseinrichtung fiir Rauschsignale von Kérpern von Lebewesen dazu ausgelegt ist, das Rausch-
signal Sgy(t) eines Kdrpers eines Lebewesens nach der folgenden Formel zu berechnen:

Spy = ag + a; g(Syr() + a, g(Spp(t),

wobei die Koeffizienten a,, a; und a, auf der Grundlage eines Ansatzes kleinster Quadrate berechnet werden
und wobei die Funktion g(S(t)) eines Eingabesignals S(t) folgenderweise berechnet wird:

8(5(1))= LH(TE(T)S(t+1)

wobei die Summation Gber eine Anzahl von Zeiten t in irgendwelchen oder allen der Ruheperioden stattfindet,
wobei h durch h(x)=log(x), h(x)=exp(x) oder h(x)=x& gegeben ist und wobei die Transferentropie TE zwischen
dem optischen Signal und dem Eingabesignal S(t) berechnet wird.

Biologisches optisches Messsystem nach Anspruch 1, umfassend einen Bandpassfilter zum Entfernen einer vor-
gegebenen Frequenzkomponente des optischen Signals und/oder des Signals des Korpers des Lebewesens.

Biologisches optisches Messsystem nach Anspruch 1, umfassend eine Anzeigeeinheit (109) zum Anzeigen des
optischen Signals, des Rauschsignals des Kérpers des Lebewesens und/oder eines Signals, das durch Entfernen
des Rauschsignals des Koérpers des Lebewesens vom optischen Signal erhalten wurde.

Biologisches optisches Messsystem nach Anspruch 1, umfassend eine Synchronisationseinheit (106) zum Syn-
chronisieren der Lichtempfangseinrichtung (102) und der Detektionseinrichtung (104) fur Signale von Kérpern von
Lebewesen.
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Revendications

1. Systéme de mesure optique de corps vivant pour mesurer des changements dans la dynamique sanguine du
cerveau d’un sujet en test pendant un certain nombre de périodes d’activité et de repos qui alternent, le systeme
comportant :

des moyens d’irradiation de lumiere (101) pour irradier la téte d’un sujet en test a I'aide de lumiére,

des moyens de réception de lumiere (102) pour détecter un signal optique sur la base de la lumiere émise par
les moyens d’irradiation de lumiére qui s’est propagée dans la téte du sujet en test et est ensuite regue par les
moyens de réception de lumiére,

des moyens de détection de signal de corps vivant (104) pour détecter un signal de pression sanguine Sgp(t)
et un signal de battement de coeur ou de fréquence cardiaque S &(t) en provenance du sujet en test,

des moyens de calcul de signal de bruit de corps vivant (107) pour calculer un signal de bruit de corps vivant
Sgy (402), et

des moyens de calcul de séparation (108) pour soustraire le signal de bruit de corps vivant du signal optique,
caractérisé en ce que

les moyens de calcul de signal de bruit de corps vivant sont adaptés pour calculer le signal de bruit de corps
vivant Sy (t) conformément a la formule suivante :

Spn - @o+a18(Sur (Y))*a»8(Sss( t))_:

dans lequel les coefficients ag, a4 et a, sont calculés sur la base d’'une approche des moindres carrés et dans
lequel la fonction g(s(t)) d’'un signal d’entrée S(f) est calculée conformément a :

&g(s®)=Sh(TE())S(t+ 1),

dans lequel la sommation se produit selon un nombre de fois dans 'une quelconque ou la totalité des périodes
de repos, dans lequel h est donné par h(x)=log(x), h(x)=exp(x) ou h(x)=x2, et dans lequel I'entropie de transfert
TE est calculée entre le signal optique et le signal d’entrée S(t).

2. Systeme de mesure optique biologique selon la revendication 1, comportant un filtre passe bande pour supprimer
une composante de fréquence prédéterminée dudit signal optique et/ou dudit signal de corps vivant.

3. Systéme de mesure optique biologique selon la revendication 1, comportant une unité d’affichage (109) pour afficher
ledit signal optique, ledit signal de bruit de corps vivant, et/ou un signal obtenu en supprimant ledit signal de bruit
de corps vivant dudit signal optique.

4. Systéme de mesure optique biologique selon la revendication 1, comportant une unité de synchronisation (106)

pour synchroniser lesdits moyens de réception de lumiéere (102) et lesdits moyens de détection de signal de corps
vivant (104).
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