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(57) ABSTRACT

This method for analyzing the respiratory activity of a patient
comprises the steps (20) for acquiring at least one respiratory
activity signal comprising at least one elementary signal cor-
responding to a respiratory cycle, the general form of which
may be expressed by x(t)=x,+x, cos (®(t)), wherein ®(t) is
the phase of said elementary signal, and for analyzing (24, 26,
28) said respiratory activity signal. This analysis (24, 26, 28)
comprising steps (24) for extracting, from said respiratory
activity signal, said elementary signal, for determining (26)
an expression of a phase equation

dd
F@) = o

of'said elementary signal and for determining (26) an expres-
sion of the phase ®(t) of said elementary signal as a function
of parameters measuring the anharmonicity of said elemen-
tary signal and its morphology, from pcos, and psin, func-
tions defined by:

N ,ﬁ A i
peos,(t, r) = Zcos(kt)k—n and psin,(z, r) = Z sm(kt)rk—".

k=1 k=1
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METHOD AND SYSTEM FOR ANALYZING A
PATIENT’S RESPIRATORY ACTIVITY AND
CORRESPONDING USES

[0001] The present invention relates to a method and a
system for analyzing the respiratory activity of a patient, the
method comprising the steps for acquiring at least one respi-
ratory activity signal comprising at least one elementary sig-
nal corresponding to a respiratory cycle, the general form of
which may be expressed by x(t)=x,+x, cos (P(t)), wherein
d(t) is the phase of said elementary signal, and for analyzing
said respiratory activity signal.

[0002] It also relates to the applications of the latter to the
control of a respiratory assistance device and a respiratory
monitoring device.

[0003] TItapplies in particular to the detection of respiratory
disorders or to the control of artificial ventilation devices.
[0004] A respiratory activity signal is a signal measuring
the variation of a quantity related to the respiratory activity of
the patient, such as the air flow rate and pressure or the oxygen
and carbon dioxide concentration at the entry of his/her res-
piratory tracts or the oxygen concentration in the blood.
These quantities may be measured with non-invasive measur-
ing apparatuses, for example a flow rate or pressure sensor
integrated to a mask placed in front of the mouth of the patient
or an oxymeter, or with internal sensors, for example pressure
sensors, placed in the respiratory circuit of the patient. Such
signals may also be inferred from electrocardiogram signals.
[0005] Respiratory activity consists of a succession of res-
piratory cycles, comprising an inhalation phase and exhala-
tion phase, at a frequency called a respiratory frequency.
Therefore, the respiratory activity signals are quasi-periodic
signals, comprising a succession of elementary signals, each
of these elementary signals being characteristic of a respira-
tory cycle.

[0006] The analysis of these signals allows detection of
respiratory disorders or abnormalities such as sleep apnea or
asthma. However, this analysis is generally limited to the
determination of the respiratory frequency and of'its variabil-
ity, and of the amplitude of these signals, and no analysis of
the waveform of these signals is carried out.

[0007] Now, the waveform of respiratory activity signals is
characteristic of this respiratory activity and their analysis
may allow efficient detection of possible respiratory abnor-
malities.

[0008] Many methods for analyzing and characterizing a
periodic signal are known. In particular, frequency analysis of
a signal allows a description of this signal in Fourier space.
Fourier decomposition actually consists in breaking down a
periodic signal of frequency f into an infinite sum of sinusoi-
dal functions with frequencies which are multiples of f,
weighted with Fourier coefficients. These Fourier coeffi-
cients, which form a coding of the analyzed signal, are char-
acteristic parameters of this signal. In practice, the number of
retained Fourier coefficients is limited and only the first terms
of the Fourier decomposition are kept. These terms however
have to be in sufficient number in order to characterize the
signal efficiently.

[0009] Now, respiratory activity signals are anharmonic
signals, i.e. non-linear signals, and the Fourier decomposition
of such signals requires that a large number of coefficients be
retained, coefficients to which it is difficult to give a physical
meaning. Fourier decomposition is therefore unsuitable for
analyzing these signals.
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[0010] Therefore the object of the invention is to allow the
analysis of waveforms of respiratory activity signals by
means of a small number of parameters bearing a physical
meaning and forming a simple and explicit signature of the
shape of these signals.
[0011] For this purpose, the object of the invention is an
analysis method of the aforementioned type, characterized in
that the analysis of the respiratory activity signal comprises
the following steps:

[0012] extracting from said respiratory activity signal,

said elementary signal;

[0013] determining an expression of a phase equation
a2 22
@=—

of said elementary signal; and
[0014] determining an expression of the phase ®(t) of
said elementary signal as a function of parameters (r, 1,
d,, p,) measuring the anharmonicity of said elementary
signal and its morphology, from pcos,, and psin,, func-
tions defined by:

N * ‘ N
peos, (1, r) = Zcos(kt)k—n and psin,(z, r) = Z sm(kt)rk—n.

k=1 k=1

[0015] The method according to the invention also includes
the following characteristics taken separately or as a combi-
nation:

[0016] the phase equation is expressed as:

dd 1+ +2rcos(®)
dr ~ 1-r2

wherein r varying in [0,1] is a parameter measuring the anhar-
monicity of said elementary signal;
[0017] the elementary signal is expressed by means of
two parameters r and @, as:

x(t)=xq+aih sin (¢, r)+byh cos (¢, 7)

wherein a,=x, cos (®,) and b, =x, sin (®,), the hsin and hcos
functions being defined by:

(1 +r¥)cos(r) + 2r

heos: (t, 1) > 1+ r2 = 2rcos(1)

(1-rPsin(r)

hsin: (z, —_—
siz: (0, 1) = 14 72 = 2rcos(r)

[0018] the phase equation is expressed as:
P(®)
@)= ——
F(@) 0@’
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wherein P(®) and Q(®P) are trigonometric polynomials;

[0019] the expression of the phase ®(t) is determined as:

() :<I>+ZakPSin1(‘b—Plu i) = by peos (@ — py, 1)
=l

wherein the psin; and pcos, functions are defined by:

o0

S
peosy (t, r) = Z cos(kt)? and

k=1

. N,
psiny(z, r) = Z sm(kt)z.

k=1

[0020] The method according to the invention achieved in
this way, allows analysis of respiratory activity signals and
characterization of these signals by means of a small number
of parameters, as compared with the methods for analyzing
periodic signals according to the state of the art. Further, these
parameters have a physical meaning and are characteristic of
the waveforms of these signals.

[0021] According to another aspect, the object of the inven-
tionis also a system for analyzing the respiratory activity of a
patient comprising means for acquiring a respiratory activity
signal comprising at least one elementary signal correspond-
ing to a respiratory cycle, the general form of which may be
expressed by x(t)=x+x, cos (D(1)), wherein ®(t) is the phase
of said elementary signal, and means for analyzing said res-
piratory activity signal, characterized in that the means for
analyzing said respiratory activity signal comprise:

[0022] means for extracting from said respiratory activ-

ity signal, said elementary signal;

dd
F@) ==

[0023] means for determining an expression of a phase
equatior of said elementary signals; and

[0024] means for determining an expression of the phase
d(t) of said elementary signal as a function of param-
eters (1, 1y, Do, p;) measuring the anharmonicity of said
elementary signal and its mornholoov from the pcos,,
and psin,, functions defined by:

N *
peosy,(t, r) = Z cos(kt)k—n and

k=1

: N
psin,(z, r) = Z sm(kt)k—n.

k=1

[0025] The system according to the invention also includes
the following characteristics, taken separately or as a combi-
nation:
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[0026] the system includes means for expressing the
phase equation as:

dd B 1+ 7% + 2rcos(®)
dr 1-r2

wherein r, varying in [0,1], is a parameter measuring the
anharmonicity of said elementary signal;
[0027] the system includes means for expressing said
elementary signal by means of two parameters r and @,
as:

x(t)=xgt+a ki sin (1, ¥)+b ik cos (¢, 7)

whereina,=x, cos (®,) and b, =-x, sin (d,), the hsin and hcos
functions being defined by:

1+ rz)cos(z‘) +2r

heos: (&, 1) > 1+ 12 = 2rcos(r)

(1-rsin(n)

hsin: (z, ———
sio: (@ r) = 1+ r2 —2rcos(z)

0028 the system includes means for ex; ressing the
phase equation as:

P(@)

F(@)=——
(@) 0@’

wherein P(®) and Q(®) are trigonometric polynomials;
[0029] the system includes means for expressing the
phase ®(t) as:

() =<I>+Zakpsinl(<l>— Pis 1) = by peos (@ = py, ry)
=l

wherein the psin, and pcos, functions are defined by:

N * _ P
peosy (1, r) = Zcos(kt)z and psin(z, r) = Zsm(kt)rI.

k=1 k=1

[0030] According to other aspects, the object of the inven-
tion is also a respiratory assistance device and a system for
analyzing respiratory activity comprising a system for ana-
lyzing respiratory activity according to the invention.

[0031] The invention will be better understood with refer-
ence to an exemplary embodiment of the invention which will
now be described with reference to the appended drawings
wherein:

[0032] FIG. 1 schematically illustrates an analysis system
according to an embodiment of the invention;

[0033] FIG. 2 illustrates a respiratory activity signal; and
[0034] FIG. 3 is a block diagram illustrating the method
according to an embodiment of the invention.

[0035] A system for acquiring and analyzing respiratory
activity signals is illustrated in FIG. 1.

[0036] This system comprises means 1 for acquiring a res-
piratory activity signal, an acquisition box 3, connected to the
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acquisition means 1 and means 5 for analyzing a respiratory
activity signal, for example a processor, connected to the
acquisition box 3.

[0037] The acquisition means 1 are capable of collecting a
respiratory activity signal. As an example, these means 1
comprise a pneumotachograph 7, placed at the outlet of a
respiratory mask 9 covering the nose and the mouth of a
patient 11. The pneumotachograph 7 is capable of continu-
ously measuring the flow rate of inhaled and exhaled air by
the patient 11 and of transmitting to the acquisition box 3, an
analog electric signal characteristic of this flow rate.

[0038] The acquisition box 3 comprises an analog/digital
converter, capable of converting an analog signal to a digital
signal, subsequently called a respiratory activity signal, by
sampling and quantifying the analog signal.

[0039] The processor 5 is capable of analyzing a digital
respiratory signal so as to extract therefrom characteristic
parameters of the shape of this signal.

[0040] A plotillustrating the shape of a respiratory activity
signal 13 as measured by the pneumotachograph 7 is illus-
trated in FIG. 2. Inthis plot, time is illustrated in abscissae and
the air flow rate, from the outside towards the respiratory
apparatus of the patient 11, in ordinates. Four elementary
signals 15 may be recognized on this plot, each corresponding
to a respiratory cycle, comprising an inhalation phase 16,
during which the flow rate is positive and an exhalation phase
17, during which the flow rate is negative.

[0041] FIG. 3 is ablock diagram illustrating the acquisition
and analysis of a respiratory activity signal by means of the
system described with reference to FIG. 1, according to an
embodiment of the invention.

[0042] Inafirstacquisition step 20, the inhaled and exhaled
air flow rate by the patient 11 is measured with the pneumo-
tachograph 7, which continuously transmits to the acquisition
casing 3 an analog electric signal, the instantaneous ampli-
tude of which is proportional to the measured flow rate.

[0043] This analog signal is digitized in a step 22 by the
analog/digital converter of the acquisition box 3, by sampling
and quantification, and the thereby digitized signal or respi-
ratory activity signal is transmitted to the processor 5.

[0044] This respiratory activity signal 13 consists of a suc-
cession of elementary signals 15, each corresponding to a
respiratory cycle. However it is not strictly periodic, notably
because of the variability of the respiratory frequency and of
the flow rate of inhaled and exhaled air during each of the
cycles. Therefore the instantaneous respiratory period is
defined as the time interval between the beginning of a res-
piratory cycle, i.e. the onset of its inhalation phase, and the
beginning of the preceding respiratory cycle.

[0045] In one step 24, the processor breaks down the res-
piratory activity signal 13 into elementary signals 15. This
decomposition may for example be carried out by detecting
the instant at which the signal passes from a negative value to
a positive value, which corresponds to a transition between
the exhalation phase of a cycle and the inhalation phase of the
next cycle. Thus, during step 24, the processor determines the
instantaneous frequency of the patient and its variability.

[0046] Next, the processor 5 analyzes in a step 26 each of
the elementary signals 15 from this decomposition.

[0047] Each elementary signal x(t) is an anharmonic signal,
which may be described in the following form:

x()=xg+x, cos (D(2)) (1)
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wherein all the time dependency is contained in the phase
fanction ®.

[0048] This elementary signal x(t) is considered as a period
signal of period T, T being equal to the reciprocal of the
instantaneous respiratory frequency.

[0049] Now, inananharmonic signal, the main contribution
to anharmonicity comes from the breaking of the symmetry
of the phase dynamics. Thus, all the relevant dynamic infor-
mation is expressed by the phase dynamics. During the analy-
sis of the signal x(t), this phase ®(t) should therefore by
studied, and in particular the phase dynamics expressed by
the function F, the derivative of the function ® with respect to
time t:

dd )
F@)=—

[0050] Thus, the morphology of the signal x(t) is com-
pletely determined by the knowledge of F.

[0051] The analysis step 26 of the method according to the
invention therefore consists of describing this function F by
means of a very small number of parameters. By small num-
ber of parameters, is meant a reduced number of parameters
relatively to the number of parameters required for breaking
down the same function, by means of Fourier series, with an
equivalent accuracy level.

[0052] This analysis step 26 thus comprises a first step
consisting of expressing the phase ®, and in particular func-
tion F, the time derivative of ®.

[0053] Inthe simplest case and for a signal of period 27, the
phase dynamics may be written as:

d® 1+ 7%+ 2rcos(®) (3)
PO =m=——107

called the phase equation.

[0054] The function F in this case has reflection symmetry
with respect to the axis for ®=0. This expression of the phase
dynamics only contains a single parameter r, which varies in
the interval [0,1]. The limit r=0 corresponds to a harmonic
signal, the limit r=1 to an infinitely anharmonic signal.

[0055] The signal x(t), which may be written as:

x(D)=xg+x; cos (D(2,7)-Do) 4
wherein @, is a phase origin, is broken down and rewritten in
a form involving the parameters r and @

x(t)=xgtah sin (¢, r)+byh cos (t, ) 5)

with a,=x; cos (®,) and b,=—x, sin (®,), and wherein the
following hcos and hsin functions are defined by:

(1 + P)cos(n) + 2r 6)

heos: _
cos: (£, 1) = 1+ r2 = 2rcos(z)

(1 = r*)sin(r) @

hsin: (7, r) = m

[0056] Thus, the decomposition of the signal x(t) only
involves two parameters r and @,
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[0057] r, called an anharmonicity parameter, measures the
degree of anharmonicity of the signal, the limit r=0 corre-
sponds to a harmonic signal, the limit r=1 to an infinitely
anharmonic signal. Moreover, the parameter ¢, which defines
the composition of the signal in both hcos and hsin functions
is a morphology parameter, which corresponds to the angle of
reflection symmetry of the phase dynamics.

[0058] In the general case, i.e. for any periodic signal, the
phase equation may be written as:

Pa(®) 8
Om(D)

F@) =

wherein P, and Q,, are trigonometric polynomials of respec-
tive degrees n and m. The general form of a trigonometric
polynomial of degree n is:

n ‘ ©
P, (®)=ay+ Z aycos(kd) + by sin(kd)
k=1

[0059] The analysis of the signal x(t) then comprises the
determination of an expression of @ involving a small number
of parameters, which allows determination of expression of
the signal x(t) as a function of these parameters.

[0060] Advantageously, the phase equation (2) may be
rewritten as:

1 di Q@) (10)

F@®) ~ dd~ P,d)

[0061] Factorization of the polynomial P,,(®) allows trans-
formation of

1
F(®

into a sum of simple terms, which allows the phase equation
to be rewritten as:

(11

dr Zn: agcos(® — pp) + bysin(® + py)

— =ap+
do ~ (L+r} = 2ricos(@ + py))

k=1

Wherein the parameters r;, comprised between 0 and 1, mea-
sure the anharmonicity of the signal x(t) and the parameters p,,
characterize its morphology.

[0062] The period T of the signal may be determined by
integrating this equation with respect to @, between 0 and 27:

- 4o rea 12
T_ﬁo W_Z"[“”Zk: 1-4]
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[0063] From this result and from constraints according to
which the period is equal to 2 and the signal is harmonic
when the coefficients r,, are all zero, the phase equation may
be expressed as:

dr (13)

%=1+; D@~ py)

Where the function D, is defined by:

ri(agcos(®) + bysin(d) — ) (14)
Dy:d—
1+ r,% — 2rgcos(®))
And verifies:
=21 (15)
f Dy (®)dd =0
=0

The definition of the polycos and polysin functions, noted as
pcos,, and psin,,, which are expressed by:

(16)

N #
peos,(t, r) = Z cos(kt)k—n

k=1

- an

) N
psin,(z, r) = Z sm(kt)k—n

k=1

and have inter alia the following properties:

__rleos(t)—r) (18)
peosolts ) = 17 oreosd
i _ rsin(z) (19)
Pt ) = 108 T reos®
1 N 20
peosy (t, r) = —Eln(l +r* = 2rcos(1))
. T rsin(r) 21)
psiny (7, r) =tan (1 — rcos(z)]
allows the phase equation to be rewritten as:
dr = . 22)
I3 kzz; ay peoso(P — pr, re) + by psing (P — p
[0064] By solving this equation it is possible to access an

analytical expression of t(®) which is expressed by:

n (23)
(®) =@+ )" agpsing (@ py, 1) = by peos (@ - p
k=1
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[0065] Thetime tis therefore expressed as a function of the
phase @, and in a dual way, the phase ® is expressed as a
function of the time t, by means of clearly defined indepen-
dent parameters, which measure anharmonicity (parameters r
or r), and the morphology (parameters @, or p;).

[0066] Thus, during the analysis step 26, the processor 5
encodes each elementary signal x(t) by means of a small
number of parameters. According to an embodiment, each
elementary signal x(t) is described almost exactly by an
amplitude, a harmonicity r and a morphology ®,. According
to another embodiment, each elementary signal x(t) is
described in an even more accurate way by two pairs of
parameters (r,, p,) and (r,, p,), completed with their respec-
tive weights.

[0067] Each of the elementary signals, therefore each res-
piratory cycle, is therefore characterized by a restricted num-
ber of parameters, bearing a physical meaning since they are
representative of the non-linearity and morphology of this
signal.

[0068] Next,inastep 28, the processor compares the values
of the parameters determined for each elementary signal, i.e.
the instantaneous respiratory frequency, the amplitude and
the morphology and harmonicity parameters of the signal,
with tabulated values of parameters recorded beforehand, so
as to detect possible respiratory abnormalities.

[0069] The method according to the invention thus allows
analysis of respiratory activity and extraction of a respiratory
activity signal, of a restricted number of parameters, allowing
a compact and relevant representation of the waveform of the
signal, and specific detection of possible respiratory abnor-
malities.

[0070] The steps 20, 22, 24, 26 and 28 may be carried out
gradually as the respiratory activity signal is acquired, so as to
continuously monitor the respiratory activity of the patient.
[0071] According to another embodiment, the system and
the method according to the invention may be applied in an
artificial respirator.

[0072] An artificial respirator is a device aiming at com-
pensating for respiratory failure of a patient, by blowing air
towards the lungs of a patient via a mask, by means of a fan.
In order that this ventilation be efficient, it is necessary to
synchronize the inhalation efforts of the patient and the trig-
gering of the fan, i.e. air is blown into the lungs by the fan only
during the inhalation phase of the respiratory cycle of the
patient.

[0073] By measuring the inhaled and exhaled air flow rate
by the patient, it is possible to detect the beginning and the end
of this inhalation phase, and thereby synchronize the opera-
tion of the fan on the respiratory cycle of the patient.

[0074] This detection is generally achieved by setting two
flow rate or pressure thresholds, the fan being actuated as
soon as the flow rate or the pressure of inhaled air by the
patient exceeds a first threshold and stopped as soon as this
flow rate or this pressure becomes lower than a second thresh-
old. This detection method may prove to be inefficient, nota-
bly because of the variability of the respiratory cycles, leading
to inadequacy between the set flow rate thresholds and these
respiratory cycles. This inadequacy may cause poor synchro-
nization between the fan and the patient or even non-trigger-
ing of the fan.

[0075] Thus, according to an embodiment of the invention,
the method for analyzing the respiratory activity according to
the invention is applied for determining, prior to the use of the
respirator, the threshold values of the most suitable respira-
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tory parameters for optimum operation of the respirator. This
analysis is also continuously conducted during the operation
of the respirator, in order to adapt these thresholds to the
breathing of the patients. According to another embodiment,
the system and the method according to the invention may be
applied in tomodenistometry imaging (TMD), the analysis of
the respiratory activity signals allowing correction, notably
on the images of the lungs, of the artifacts due to respiratory
movements.

[0076] However it should be understood that the exemplary
embodiments presented above are not limiting. Notably, the
respiratory activity signal is not necessarily relative to the
inhaled or exhaled air flow rate.

1. A method for analyzing the respiratory activity of a
patient, comprising steps for acquiring at least one respiratory
activity signal comprising at least one elementary signal cor-
responding to a respiratory cycle, the general form of which
may be expressed by x(t)=x,+x, cos (®(t)) wherein ®(t) is the
phase of said elementary signal and for analyzing said respi-
ratory activity signal, wherein the analysis of said respiratory
activity signal comprises the following steps:

extracting, from said respiratory activity signal, said
elementary signal;

determining an expression of a phase equation

.
@ =

of said elementary signal; and

determining an expression of the phase ®(t) of said
elementary signal as a function of parameters measuring
the anharmonicity of said elementary signal and its mor-
phology, from pcos,, and psin,,, functions defined by:

N *
peos, (1, r) = Z cos(kt)p

k=1

and

. G
psin,(z, r) = Z sm(kt)k—n.

k=1

2. The method for analyzing respiratory activity according
to claim 1, wherein the phase equation is expressed as:

dd B 1+ 7% + 2rcos(®)
dr 1-r2

wherein r, varying in [0,1], is a parameter measuring the
anharmonicity of said elementary signal.
3. The method for analyzing respiratory activity according

to claim 2, wherein the elementary signal is expressed by two
parameters r and @, as:

x(t)=xg+ah sin (¢, ¥)+bih cos (t, 7)
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wherein a,;=x, cos (D) and b, =-x, sin (P,), the hsinand hcos
functions being defined by:

(1 + r2)cos(n) + 2r

heos: (&, r) = 1+ r2 = 2rcos(n)

and

(1 = rsin(r)

hsin: _—
sin: (¢, ) = 1 +r2 = 2rcos(z)

4. The method for analyzing respiratory activity according
to claim 1, wherein the phase equation is expressed as:

F@y= 1@
T Q@)

wherein P(®) and Q(®) are trigonometric polynomials.

5. The method for analyzing respiratory activity according
to claim 4, wherein the expression of the phase ®(t) is deter-
mined as:

() :‘D+Z ag psing (® — py, 1) — by peosy (@ = py, i)
P

wherein the psin; and pcos, functions are defined by:

N #
peos; (1, r) = Z cos(kt)r

k=1

and

A A
psin(z, r) = Z sm(kt)I.

k=1

6. A system for analyzing the respiratory activity of a
patient comprising a component configured to acquire a res-
piratory activity signal comprising at least one elementary
signal corresponding to a respiratory cycle, the general form
of which may be expressed by x(t)=x,+x, cos (®(t)), wherein
d(t) is the phase of said elementary signal and a processor
configured to analyze said respiratory activity signal, wherein
the processor comprises:

acomponent configured to extract from respiratory activity

signal, said elementary signal;

a component configured to determine an expression of a

phase equation

dd
F@)= —

of said elementary signal; and
a component configured to determine an expression of the
phase ®(t) of said elementary signal as a function of
parameters measuring the anharmonicity of said
elementary signal and its morphology, from pcos, and
psin,, defined by:
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N #
peosy (1, r) = Z cos(kt)k—n
k=1
and

‘ .
psin,(z, r) = Z sm(kl)k—n.

k=1

7. The system for analyzing respiratory activity according
to claim 6, comprising a processor configured to express the
phase equation as:

dd B 1+ 7% + 2rcos(®)
dr 1-r2 ’

wherein r, varying in [0,1] is a parameter measuring the
anharmonicity of said elementary signal.

8. The system for analyzing respiratory activity according
to claim 7, comprising a component configured to express
said elementary signal by two parameters r and @, as:

x(H)=xg+ah sin (t,7)+b 1k cos (t,7)

wherein a,;=x, cos (®,) and b, =-x; sin (dD,), the hsin and hcos
functions being defined by:

heos: (@, ) (1 + #)cos(n) + 2r
: - —_—
cos: LT 1+ r2 = 2rcos(z)

and

(1 = #*)sin(z)

hsin: (1, r) > m.

9. The system for analyzing respiratory activity according
to claim 8, comprising a component configured to express the
phase equation as:

P(®)

F@) = 22
@= 5@

wherein P(®) and Q(®) are trigonometric polynomials.

10. The system for analyzing respiratory activity according
to claim 9, comprising a component configured to express the
phase ®(t) as:

n
() =¢+Z a psing (P — py, ri) = by peosy (@ — py, 1)
=t

wherein the psin, and pcos, functions are defined by:

o0

e
peos (1, r) = Z cos(kt)T

k=1
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-continued

and

: S
psing (z, r) = Z sm(kt)?.

k=1

11. A respiratory assistance device comprising a system for
analyzing respiratory activity according to claim 6.

12. A respiratory monitoring device comprising a system
for analyzing respiratory activity according to claim 6.

#* * * #* %



patsnap

TREMOF) AT o EBENFRESRMER &N A ENRE
[F(RE)E US20130096452A1 K (aH)A 2013-04-18
BRiES US13/695266 % A 2011-04-28

[FRIEE (E R A(E) HANUSSE PATRICK
i (E R AGR) HANUSSE , PATRICK

METRE(ERM)A(R) CENTREZEERB 5 (CN.RS)

[#RI &8 A HANUSSE PATRICK

KREBA HANUSSE, PATRICK

IPCHE& A61B5/087 A61B5/00

CPCH¥%k= A61B5/087 A61B5/7278 A61B5/7225 GO6F17/141 A61B5/72 A61B5/7271 A61B5/7275 A61M16/024
A61M16/06

i £ 2010053357 2010-04-30 FR

H 2T SR US9649051

SNEBEEHE Espacenet  USPTO

RE(GR) 1

ZATHMEBEENTEENN S EZBEATRRELS —MNEREHES
HZER (20) |, FRRMESESE S SREN N THREFHED —NER
55, H—MHRAExX (t) =&RFx0 +xTcos (P (t) ) , HFOD
(t) RATRERESHWAENY , AR T2 (24,26,28 ) FIRFIERE
Fo ZDHT (24,26,28) BIELE (24 ) , BTFMNFIRFERSESFE S
REFTREARES , BTHEE (26 ) MUSEHRER F(O)=0t RIEEN
TE X HpcosnHpsinnBE LR , FIRERESHEMNO (t) WREXER
MNEFMRERESREFESHIFEENSHRNWEEBCRIEE (26 ) FIRE
TESHEMO (t) BWRIER, pcosn(t,r)=>k=1=cos(kt)rkknandpsinn
(t,r)=>k="1csin(kt)rrkkn.

<
o
FlG.1
EN .
16 )
%,—DT—%:%
FIG.2

20 22 254 H 2s6 28

FIG.3



https://share-analytics.zhihuiya.com/view/40298732-f109-42fd-9f5b-a7730c549358
https://worldwide.espacenet.com/patent/search/family/043661798/publication/US2013096452A1?q=US2013096452A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220130096452%22.PGNR.&OS=DN/20130096452&RS=DN/20130096452

