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67 ABSTRACT

The present invention mainly relates to a method and
apparatus for measuring the concentration of a solute in a
solvent. Disclosed is an apparatus or method for determining
the concentration of a solute in a solvent of a solution in a
container having a time-varying volume by analyzing two
signals received from the solution, comprising: measuring
the quantity of the two received signals, converting the two
signals into two electro-optical or electrical signals, per-
forming a mathematical transformation on the two electro-
optical or electrical signals, and determining the ratio of the
transformation components of the two electro-optical or
electrical signals. The present invention can be used in
various applications of determining the ingredient concen-
tration of a fluid, such as a gas or liquid. Particularly, the
present invention finds applications in blood analysis in a
human body for measuring, for example, the glucose, trig-
lycerol, cholesterol, or oxyhemoglobin concentrations of the
blood.
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MOLD-IN METHOD AND APPARATUS

[0001] The corresponding applications of the present
invention in R.O.C. (Taiwan) are pending under R.O.C.
Patent Application No. 88106056, entitled “METHOD AND
APPARATUS TO MEASURE BLOOD INGREDIENTS
BY PULSATILE MICRO-CIRCULATION,” filed on 5 May
1999, and R.O.C. Patent Application No. 89104938, entitled
“MOLD-IN METHOD AND APPARATUS,” filed on 17
Mar. 2000, both by the same inventor as the present inven-
tion.

FIELD OF INVENTION

[0002] The present invention relates to a method and
apparatus for measuring the concentration of a solute in a
solvent. The invention can be used in various applications of
determining the ingredient concentration of a fluid, such as
a gas or liquid. Particularly, the present invention finds
applications in blood analysis in a human body for measur-
ing, for example, the glucose, triglycerol, cholesterol or
oxyhemoglobin concentrations of the blood.

BACKGROUND AND SUMMARY OF
INVENTION

[0003] While measuring the concentration of a specific
solute in a solvent, all we need to know is the ratio of the
solute to the solvent. If there are two solutes and one
concentration of the two solutes is known, all we need to
know is the ratio between two solutes and the concentration
of the other solute can be thus calculated. There are various
situations requiring the determination of concentrations,
such as air quality studies, water quality studies and chemi-
cal factory product monitoring. Among others, the studies of
clinical diagnostics utilize lots of concentration measure-
ments including measuring the concentrations of glucose,
triglycero, cholestride, ureic acid, and oxyhemoglobin.
Other possible measurements include the microorganisms
such as specific virus, bacteria or its maker or toxin in a
human body fluid, especially the blood. Additionally, in
enzyme activity studies concerning immuno-tests to anti-
bodies or antigens (such as hormones and enzymes), it is
needed to analyze the product of the enzymes or the product
of the coupled reactions, the antigen-antibody complex or
the labels on the antigen-antibody complex. Particularly,
their concentrations are needed to be determined.

[0004] As mentioned before, the concentration of ingre-
dient B in a solution A can be defined to be the ratio of B
with respect to the solvent in the solution A. For example,
the concentration of glucose (i.c., the ingredient) in blood
can be defined as the ratio of glucose with respect to the
water in blood.

[0005] Although the definition of concentration is clear
and straightforward, there exit many problems in putting the
measurements of concentrations of solutions into practice.
One of the challenges confronted is to measure a solute in a
solution in a small time-varying and signal-generating vol-
ume in a large stationary container. The time-variance of the
volume infers that the volume of the solution being mea-
sured is not fixed with respect to time and/or space. The
signal generation refers to measuring methods that involve
introducing signals into the solution and the concentration of
the solution can thus be determined by analyzing the
induced signal. The problem is that the induced signal will

Sep. 20, 2001

always be mixed up with noise produced by the stationary
container and thus, the analyzed result will be hardly accu-
rate. For example, when an infrared light source is directed
to a finger of a human body and toward to the blood sample
inside the vessel of the finger, both the absorption peaks of
water and glucose will show up, together with a lot of
scattering noise mainly caused by non-blood stationary
sources. Apparently, the noise is detrimental to the accuracy
of concentration measurements.

[0006] Thus there is a need to provide an apparatus and
method for accurately and effectively measuring the con-
centration of a solute in a solvent. This invention addresses
the need.

[0007] In one aspect of the invention, there is a method
(Mold-In strong method, which means two signals are in a
mold-like relationship strongly) for determining a ratio of
two signals A(t) and B(t) based on two real signals A’(t) and
B’(t) including noise NA(t) and NB(t), respectively,
wherein:

[0008] NA()=Ng(1),
[0009]  A'(D=AD)+N (1),

[0010] B'()=B(t)+Ny(t), and
[0011] A(t)=K,*B(1), K,>1,

[0012] said method comprising the steps of: (a) perform-
ing a mathematical transformation T on both A'(t) and B'(t);
and (b) estimating K, from the following relation:

[0013] FIAW)F{B()}RK,,

[0014] where F; is the i order component of the
transformation T;

[0015] and

[0016] (c) determining the ratio of two signals A(t) and
B(t) from the estimated K.

[0017] In another aspect of the invention, there is a method
(Mold-In medium method, which means two signals are
mold-like in a medium way) for determining a ratio of two
signals A(t) and B(t) based on two real signals A(t) and B(t)
mixed with noise N,(t) and Ng(t), respectively, wherein:

[0018] A'(t) is statistically confident to be not noisy
such that N ,(t) =0,

[0019] A'(H)=A@®)+N ()=A (1),

[0020] B'(t)=B(t)+Ny(t), and

[0021] A®)-K,* B)O),

[0022] said method comprising the steps of:

[0023] (a) performing a mathematical transformation

T on both A'(t) and B'(t); and (b) estimating K, from
the following relation:

[0024]  FAMVFB'(®)}K,,

[0025] where F,; is the i** order component of the
transformation T and the position of F; [B'(t)] is
identified by the noise around F; [A(t)]; and (c)
determining the ratio of two signals A(t) and B(t)
from the estimated K.

[0026] In a further aspect of the invention, there is a
method (Mold-In week method, which means two signals
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are in a weak mold-like relationship) for determining a ratio
of two signals A'(t) and B'(t) based on two signals A(t) and
B(t) mixed with noise N,(t) and NB(t), respectively,
wherein:

[0027]
[0028]
[0029]
[0030]

A'(t) is a less noisy signal;
AD)=A()+N (D),
B'(t)=B(t)+Ny(t), and
A(D=Ko* B(1),

[0031] comprising the steps of:

[0032] (a) identifying the minimum of B'(t), B(1)_ ;..
by A'(); and (b) removing the static noise by [ B'(t)—
B‘(t)min]‘

[0033] In yet another aspect of the invention, there is an
apparatus for determining the concentration of a solute in a
solvent of a solution in a container having a time-varying
volume by analyzing two signals received from the solution,
comprising: a detector for measuring the quantity of the two
received signals; a signal converter for converting the two
signals into two electro-optical signals; and means for
determining a ratio of the two electro-optical signals by
performing the above-mentioned mold-in methods.

[0034] In yet another aspect of the invention, there is an
apparatus for measuring the concentration of a solute in a
solvent of a solution in a container having a time-varying
volume by analyzing two signals received from the solution,
comprising: a pressure source for generating the volume
change of the time-varying volume; a detector for detecting
the two received signal; a signal converter for converting the
two received signals into two electrical signals; and means
for determining a ratio of the two electrical signals by
performing the above-mentioned mold-in methods.

[0035] In yet another aspect of the invention, there is an
apparatus for measuring the blood pressure variation [P(1)-
P(t)4i.ci0i0] In @ human body by a marker signal B'(t) in the
blood of the body, comprising: a detector for measuring the
marker signal B'(t); and a data processing unit determining
the [P()-P();.c0n.] Dased on [B'(t)-B'min(t)], where:

[0036] P(t) is blood pressure as function of time,

[0037] P()giast01ic Is diastolic pressure or minimum of
P(t), and

[0038] B'_;.(1) is the minimum of the marker signal

B(0).
BRIEF DESCRIPTION OF DRAWINGS

[0039] The present invention now will become better
understood with regard to the accompanying drawings in
which:

[0040] FIG. 1 shows an exemplary mechanical apparatus
using the mold-in methods of the present invention to
measure the concentration of a sample to be tested; and

[0041] FIG. 2 shows a non-invasive blood analysis appa-
ratus using the mold-in methods of the present invention to
measuring, for example, at a finger, the glucose concentra-
tion of the blood in a human body.
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DETAILED DESCRIPTION OF INVENTION

[0042] The present invention is based on an important
recognition that the induced signal from a solvent is mixed
with the same noise as the induced signal from the ingredient
is. Taking the blood for example, the induced signal from
water 1s mixed with the noise that is the same as the noise
mixing with the induced signal from glucose. The same
noise is also mixed with the induced signals from other
ingredients such as triglycero, cholestride, ureic acid, oxy-
hemoglobin. As mentioned above, the volume of solution to
be measured is time-varying and denoted as V(t), the
induced signal from a solute B is denoted as B(t), and the
induced signal from the solvent is denoted as A(t). In an
ideal situation without any noise involved in, A(t) and B(t)
are in proportion with each other as follows:

A(D=Ko*B(); where, Ky>> W

[0043] Apparently, if the K, is known, the concentration of
B (i.e., 1/K,) is known, too. However, in the real world, the
actually measured induced signals of both solvent and
solute, respectively denoted as A'(t) and B'(t), will include
noise N ,(t) of the solvent A and noise Ny(t) of the solute B
and satisfy:

A'(O=A()+N ,(1); and (2)
B(B=BO)+Np(®). &)
[0044] Now, a mathematical transformation F is applied to
both sides of equations (2) and (3) such that:
FIA(OEFA(D+NA(H)]; and 4
FBOFF{BO+Ne(0)]; ®
[0045] where F; represents any component of the math-

ematical transformation.

[0046] Assume N, (0)=NB(t), and in fact, N (1) and N4(t)
are generally stationary with respect to time t, and thus, we
may choose a more dynamic component F; of the transfor-
mation, in order to ensure that:

FIN,@OFF{Ns(O}0; ©

[0047] That is because the stationary noise N,(t) and
Ng(t) will appear to be negligible at the dynamic order of the
mathematical transformation.

[0048] Under the condition of (6), equations (4) and (5)
can further be simplified by:

FlA@RF[A@®)]; and %

FreRFIBO] (8)
[0049] Now, in combination of equation (1), the valuable
estimation:

FIAVEIB(}K, @
[0050] There are many linear transformations that can be

used here, such as Fourier, Danbechies, and Mexican hat.
Under any linear transformations, equations (4) and (5) can
be further written as follows:

FIAMEFIAO+N AOFFIAQRFINA)(D]; and 4%
FIB'@RF{BO+NO=-F{BO+FNa()]; )
[0051] where, F; is any component of the transformation.

[0052] As mentioned above, the present invention is based
on recognition that in most cases, the induced signal from a
solvent is mixed with the same noise as is the induced signal
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from the ingredient. Thus, let N,(t)=Ng(t) =N(t), after
dividing above equation (4') by equation (5'), a further result
can be obtained:

FAOVFB(O]-Ko—(K—)*{FINOVF{BOIF;

[N@®D}, and Ky>»0. (10)
[0053] Since K >>0 and F{N(1)]>0, the largest value of
equation (10) is K,. The largest value of F[A'(Q))/F; [B'(1)]
for all possible 1 is the best possible approximation for K.
It should be noted that the best approximation of K, may
appear for several different F,s. The number of appearing
times of the best approximation is one of the indications for
how good the approximation is.

[0054] For most practical applications, the time-varying
volume V(1) of the solution is a periodic function. If we use
the Fourier transformation, from the Fourier transform of
one cycle, we can calculate the first harmonics of A'(t), B'(t)
and N(t). In general, the relationship F, [N(t)]<<F, [B'(t) ]
<<F [A'(})] holds true due to the nature of the solution, and
equation (9) can be applied as:

EJA OV [B'® =K, an

[0055] IfF,[N(t)]is not very small in comparison with F,
[B'(t)], we may interpret the noise level around the F, [A'(1)],
a large and clean signal than can distinguish itself from the
noise by interpolation. Then the following equation:

FABOFF BT INE(estimateds 12
[0056] can be used to estimate F, [B(t)].

[0057] However, since F; [A'(t)]is a large and clean signal
distinguishing itself from the noise through interpolation,
the noise level may be interpreted around the F; [A'(t)] and
F, [N(t)]is actually negligible. Then, K, can be estimated by
the following equation:

K=l [AQVE, [B(0)] {13

[0058] The above-mentioned method is very useful to
estimate the ratio K, of the two signals from the solvent and
solute, and both signals are following each other like a mold.
The method is referred to as a Mold-In method, and more
specifically, a Mold-In strong method.

[0059] In a general system, N(t) mainly results from the
larger portion of the volume that is stationary with respect to
time t, while A(t) and B(t) mainly result from the small
portion of the volume that is time-varying. The useful
Mold-In method of the present invention can be better
understood from the following embodiment.

[0060] If the absorption spectrum is used onto a finger of
a human body to measure the concentration of glucose or
other solute in the blood of the body. The bone, muscle, skin
or hair of the body can be viewed as the constant parts that
do not vary with time. Only the blood in the artery varies its
volume according to the pressure cycle. During the systolic,
the blood volume is largest; and during the diastolic, the
blood volume is smallest. The amount of glucose and water
in the finger will change accordingly. Let us designate the
glucose signal with B(t) and the water signal with A(t). N(t)
is the noise and is mainly resulted from the static part of the
finger. When the Fourier transform is applied to N(t), the
N(t) will be confined to near zero frequency, that is, N(t)
merely appears some value around its 0™ harmonic. Accord-
ing to equation (11), the Fourier transformation of both the
A'(t) (measured water signal) and B'(t) (measured glucose
signal) will reveal the concentration of the glucose through
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the ratio of the first harmonic of A'(t) and B'(t). As men-
tioned before, if the N(t) is still measurable around the first
harmonic of B'(t), the exact position of the first harmonic can
be identified by the first harmonic of A'(t), which is a much
larger quantity. The estimation of N(t) at the position the first
harmonic can thus be found by interpolation with the noise
around, according to equations (12) and (13). Actually, this
approach can also be applied to higher harmonics for
obtaining K. Other methods for improving a signal, such as
higher intensity of the exciting source, more precise wave
length, and longer sampling time, can be used in combina-
tion with the Mold-In method of the present invention to
obtain a better estimation of K.

[0061] As mentioned in the first paragraph of BACK-
GROUND AND SUMMARY OF THE INVENTION, if
there are two solutes and one concentration of the two
solutes is known, all we need to know is the ratio between
two solutes and the concentration of the other solute can be
thus calculated. For example, from the strength of the water
signal, the equivalent amount of water can be calculated; and
from the strength of the solute signal (e.g., the glucose), the
equivalent amount of the solute can be calculated. As a
result, from the ratio K, the glucose concentration in water
and therefore, in the blood, can be calculated because the
ratio between water and blood can be easily obtained.

[0062] The Mold-In method can also be used in all kinds
of clinical diagnosis, such as an enzyme test or immuno test,
by measuring the specific signals from the samples. The
signals could be induced signals such as a light absorption,
fluorescence, light scattering and optic rotation. They could
also be emanations such as radiations from radioisotopes,
chemi-luminescences, or auto-luminescences. Since the
measured solution is in an elastic container, the effective
volume of the signal producing solution can be expressed as
a function of the pressure. In other words, the applied
pressure can be used to represent the signal from the
solution: A(t). The signal producing solution has a volume
V(t) that can be controlled from the applied pressure (i.e.,
A(t)). It should be noted that the pressure is just one possible
way to produce a change in the controlled effective volume.
Other moving compartment could also be used to construct
the A(t). As mentioned before,

[0063] B'(H)=B(t)+N(t), and
[0064] A(t)=K, B(t), where N(t) is the noise.

[0065] From the second equation, if A(t) is proportional to
V(t), B(t) will also be proportional to V(t).

[0066] We may also use one component of the trans-
formed A(t) and B'(t), to seek the largest value of:

EIK, BOVYEBON@],
[0067]

[0068] The best approximation of K, can thus be obtained,
and it may appear in several different components in accor-
dance with several different transformations. The accuracy
of K, may further be confirmed. The relation between K,
and the concentration of the specific product can be mea-
sured by using the similar instrument. Then, let the solution
have different concentrations of the specific solute, measure
the specific signal from each solute, and compare with the
applied pressure A(t).

for all i.
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[0069] Similarly, the signal from the solvent (e.g., water)
may be measured to find out the K, for water. The mold-in
(strong) is then used to find the K between water and solute,
and K, is found for the specific solute.

[0070] The two groups of signal A(t) and B(t) are similar
to a mold. However, if there is not any relation between the
noise, it is referred to as Mold-In medium.

[0071] The present invention is described below with
reference to the accompanying drawings. FIG. 1 shows a
mechanical apparatus using the mold-in methods of the
present invention to measure the concentration of a sample
to be tested. A light source 1 is used to provide the exciting
light signal required for the apparatus, and the light source
1is preferably, a laser (e.g., a diode laser). A light (or signal)
guide 2, such as an optical fiber, may be used to lead the
exciting signal toward a sample 5; however, the light guide
2 is optional and particularly, while using a laser as the light
source 1, the light guide could be omitted. The sample 5 is
the product by mixing a tested substance 3 and a reagent 4,
and is confined within a container 6 formed by some elastic
material and having an effective volume V(t). Then the
pressure P(t) may be applied by a pressing device 7 to the
sample 5 to introduce a change of the effective volume V(t)
and as a result, the optical volume of the sample 5 could be
changed. Let A(t) denote the signal representing the optical
volume of the sample 5, and B(t) denote the signal related
to the signal of water or other solvent as a marker. A light
collection device 8 such as a lens or optical fiber is provided
to collect the output signals. A detector 9 is used for
detecting the collected signals and the detected signals are
denoted as A'(t) and B'(t), which are comprised of two
signals A(t) and B(t) mixed with noise NA(t) and NB(t),
respectively. Examples of the detector 9 include an InGeAs
detector for infrared signals, Si detector for visible and
ultraviolet signals or a photo multiplier.

[0072] As mentioned above, the Mold-in methods of the
present invention can be used to determine the ratio between
the signals A(t) and B(t) and the concentration of the tested
substance 3 can thus be obtained from the concentration of
the product 5.

[0073] The Mold-In methods of the present invention are
very useful in MEMS (micro-electro-mechanic system). The
MEMS can be used to measure very small volume of the
sample in-situ and does not have to transfer the sample into
another container for detection. In general, P(1) is selected to
be proportional to V(t) and thus, the concentration of the
specific substance in the sample 5 can be calculated from
B'(t) of the sample. Preferably, P(t) may be selected as a
periodic function to enhance the resolution, for example, a
trigonometric function such as coswt or sinwt.

[0074] The above methods of the present invention can
also be used to measure the solute concentrations in the
blood. FIG. 2 shows a non-invasive blood analysis appara-
tus using the mold-in methods of the present invention to
measuring, for example, at a finger 13, the glucose concen-
tration of the blood in a human body. Like the apparatus in
FIG. 1, the blood analysis apparatus comprises a light
source 11, a light guide 12, a light collection device 15 and
a detector 16. Under normal blood pressure, the blood
volume in the artery 14 is proportional to the blood pressure,
because the artery is like an elastic container that under
normal blood pressure follows the Hook’s law: V(()=C*P(t),
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where C is the bulk modulus. Let A(t) denote the water
absorption spectrum at 1,100 nm of the glucose concentra-
tion, and B(t) denote the specific absorption spectrum at
1,275 nm of the glucose. The ration of the two signals A(t)
and B(t) can be obtained by using the mold-in methods of
the present invention. It should be noted that the signals A(t)
and B(t) are varied in accordance with blood pressure.

[0075] Actually, the above methods may be used in a
reversed way by measuring the B'(t) for the solvent (i.e.,
water) of the blood or a solute with very strong signal (e.g.,
hemoglobin), to track the A(t). Following this way, the
photo-electric method may be used to measure the pulse. All
the algorithms disclosed in the U. S. Pat. No. 5,730,138
owned by the applicant and published on 24 Mar. 1998 can
thus be used to diagnose the blood circulation.

[0076] The measurements of the above methods are not
limited to be applied onto fingers. They may also be used to
other parts of a human body, even used to internal organs.
The only requirement is to lead the source signal to the part
of body that has artery, for example, through the channels of
the endoscope. From the specific signal induced by the
interaction of the source signal with the blood in the tissue,
the concentration of a specific solute from its specific signal
may be estimated. However, those body parts with extrusive
shape will be more convenient for the measurements.

[0077] The source signal can be electromagnetic waves
including y-ray, x-ray, ultra-violet, visible, infra-red, far-
infrared, or even microwave. Electrical signals could be of
impedance. Radiation could be as positron, -ray or a-par-
ticle, etc. Mechanical signals could be ultrasound or sound
wave. The infra-red, far-infrared absorption, scattering or
optical rotation are the most commonly used signals.

[0078] In pharmaco-kinetics, the above methods can also
be used to monitor the concentration of some drug in the
blood, as long as there is a specific signal for the drug. This
can be done non-invasive either in situ or in vitro.

[0079] The annealing is used to identify a single strain
DNA or RNA. These can be measured by ultra-violet
adsorption. The enlargements of molecular complexes
including also the antibody-antigen reaction to form antigen-
antibody complex can also be measured by light scattering
at different angle with respect to the incident light (i.e.,
Nephelometer). The methods can also be used to analyze the
signal from markers which are labeled on, for example,
antibody for anneled double strain DNA and antibody-
antigen complex such as radiation (i.e., radio-immunoas-
say), fluorescence (fluorescence-immunoassay), or absorp-
tion. The signal is treated as B(t), and the changed effective
signal producing volume as A(t). The methods may then be
used to estimated the best K, to study the condition of the
reaction.

[0080] While using the methods of the present invention,
A(t) not only is limited to be from the pressure, but also can
be any ways that are able to change the effective signal
producing volume V(1) in a systematic way. From A(t), the
V(t) can be calculated.

[0081] The Mold-In (medium) method can also be used in
the situation that A'(t) and B'(t) are from two different
signals having different noise. For example, one of them is
from an induced signal and the other is from emanation.
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[0082] If A(t) and B(t) are closely related functions with
the same period, and both the measured A'(t) and, especially
B'(t), have large noise, the noise is mainly resulted from the
stationary sources. From the maximum and minimum of
A(1), the minimum of B(t) can thus be found.

[0083] From A'(t), from the conditions B(t,)=B,_..(t), and
N(t)=N(t,) at all t (because it is stationary), a t, can be
identified.

[0084] The noise may be eliminated from the stationary
source by:

[0085] B'(t)_Bmin(t2)zB(t)_B(t)stationary' B(t)_
B(t)smmy becomes a much clearer signal. Then from:

Max[B'(0)—B'min/Max[A () —A (], ()

[0086] where, B'_; is the measured minimum B(t),; ., and
at t,;,=t,, A'() is minimum.

[0087] The equation (a) can be used to estimate the
concentration of a specific solute in the solution that gen-
erates the specific signal B(t).

[0088] The equation (a) can be approximated by the first
harmonic of Fourier transform (F,):

FA[BOVF.[AD] (b)
[0089] The method is referred to as Mold-In weak. The
Mold-In weak can be used to study any A'(t) and B'(t) with
correlated maximum and minimum, while B'(t) has noise
from stationary sources.

[0090] When B'(t) is not clearly measured, B'(t),,;, can be
identified by following the A'(t). This method is extraordi-
nary useful when B'(t) is periodic. If the tmin is known, by
signal averaging, a clear B(t)min is obtained.

[0091] Some working examples are illustrated as follows.
[0092] Case I.

[0093] Let A(t) denotes the blood pressure signal, and B(t)
denotes the blood signal that flows out of the blood vessel,
which can be measured by, for example, the laser Doppler
flow meter. As mentioned in the Mold-In medium method,
the blood pressure wave can be monitored by a specific
signal from one ingredient in the arterial blood such as the
absorption signal of water or hemoglobin. Therefore, a light
source may be used to monitor the pressure by the wave-
form. Another light source, which may be the same one as
the above, is used to monitor the blood flow by the Doppler
signal. Therefore, from the ratio:

[0094] Egx=[B... BuninlPmox—Pmi ], Where

[0095] B, is the maximum blood flow;

[0096] B, is the minimum blood flow;

[0097] P, is the maximum blood pressure; and

[0098] P_;, is the minimum blood pressure,

[0099] the efficiency of blood perfusion can be
expressed.

[0100] The value EB may be approximated by:

[0101] F, [B)YVF, [A(D)], where F, is the first har-
monic of Fourier transform.
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[0102] The above coefficient Eg is very important in
diagnosis hypertension. A lower Eg implies that a poor
perfusion efficiency can by one of the main causes for
hypertension.

[0103]

[0104] From the blood pressure wave monitored by the
specific signal in the arterial blood, the best time to deliver
drug into the human body can thus be determined. During
the systolic, a large amount of blood is pumped into the
artery, as well as tissues. Meanwhile, if the drug, such as
antibiotic, hormone or nutrient is injected into the body at
this moment, the mixing of the drug with the blood stream
will be maximized. This will also cause less trauma due to
the injection which may be caused by toxication, or osmotic
effect of high concentration of the drug, or just sudden
increase of internal pressure to hide the normal blood flow,
and the efficiency of distributing the drug into the whole
body can thus be improved.

[0105] The above method can be incorporated into every
injection device. The injected drug, no matter through a
needle or an air presser, can be delivered at the peak of the
systolic pressure. A lade injection can be divided into several
cardiac cycle. Conventional injection at the bottom or arm of
a human body for the reason of much muscle needs some
modification. The injection may be performed at the body
parts having the largest blood perfusion, for example, palms
or feet. The blood pressure monitor can have other forms
such as a pressure sensor or EKG.

[0106]

[0107] The combination of the glucose detection with the
above injection controlling device can comprise an artificial
pancreas. The Mold-In strong using water signal and glucose
signal from infrared absorption or scattering identifies the
glucose concentration. At the same time, we may have
P(t)—P(t) to monitor if the glucose is above certain level.
This measurement can be done as frequently as is required
because it is non-invasive.

[0108] The insulin can be injected through an injection
system. According to the blood pressure, a very small
amount is injected through a micro-tube or air pressure at
each systolic pressure. This artificial pancreas will be as
good as a natural one. The similar idea can be applied to
many other artificial organs.

[0109]

[0110] The above-mentioned glucose detection system can
also be integrated into the public phone system, with each
handset equipped with, for example, a glucose sensor, uric
acid, cholesterol, triglyceride, or blood pressure sensor. The
blood components and the blood pressure of a person may
be measured by the telephone handset, and the measured
information can be transmitted through the telephone system
toward the doctor or any persons who will take medical care
of the person. If the doctor would like to know the patient’s
physical conditions, only a phone call is needed to obtain all
the data. In other words, the physical examination on the
patient can be done on the phone, and the examination data
can be further transferred to the doctor’s database for later
use.

Case II.

Case III.

Case IV.
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[0111] Case V.

[0112] For the patients having severe arterial problems
caused by alteroscerosis, diabetic and etc., their artery has
lost some elasticity and its volume is no longer linearly
proportional to the applied pressure. The method, more
specifically, the Mold-In weak algorithm, still can be used to
estimate the concentration of a solute that generates a signal
B'(t) in the blood by the information in the blood pressure.
If the volume V(t) can be precisely known, the signal B'(t)
from the solute and the V(t) can be input to the Mold-In
medium algorithm to calculate the concentration of the
solute B. If there is another marker (e.g., water) in the blood
that generates a signal A'(t), and both signal A(t) and B'(t)
are induced by the same signal source (thus both signals will
have similar noise), the Mold-In strong algorithm can be
used to calculate the concentration of the solute B.

[0113] However, if A'(ty and B'(t) are from different signal
sources, the Mold-In medium algorithm still can be used to
calculate the concentration of the solute B.

[0114] Case VI

[0115] Even if the volume of the man-made volume
changing container is not in a good linear elasticity range,
that is, the bulk modulus is not constant, the method still can
be used to estimate the concentration of a solute in the
container, as mentioned in Case V. If the volume is precisely
known, the Mold-In medium algorithm can be applied. If
there is another marker, the Mold-In strong algorithm can be
used.

[0116] From the invention thus described, it will be obvi-
ous that the embodiments and description are not intended to
limit the invention. The invention may vary in many ways.
Such variations are not to be regarded as a departure from
the spirit and scope of the invention, and all such modifi-
cations, as would be obvious to one skilled in the art, are
intended for inclusion within the scope of the following
claims.

What is claimed is:
1. A method (Mold-In strong) for determining a ratio of
two signals A(t) and B(t) based on two real signals A'(t) and
B'(t) including noise N ,(t) and Ng(1), respectively, wherein:
NAD=Ng(b),
AD=AU+NAD),
B'(1)=B(1)+Ny(t), and
AW=K,*BQ), K;>1,
said method comprising the steps of:
(a) performing a mathematical transformation T on both
A'(t) and B'(t); and

(b) estimating Ko from the following relation:
F{AOVF{B(O}Kphd 0,

where F, is the i order component of the transformation
T, and

(c) determining the ratio of two signals A(t) and B(t) from
the estimated K.

2. The method as claimed in ¢laim 1, wherein the math-
ematical transformation T is linear, said method further
comprising the steps of:

(d) identifying and estimating F; [NB(t)] by the noise

around F; [A(1)]; and
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(¢) determining the estimated Ko from the following
relation:
{FIA' O FINs(OIIAFIB (Ol —F [Ne(O]}=K;, .
3. The method as claimed in claim 2, further comprising
the step of:

(f) approximating Ko from the largest value of F; [A'(Y))/F;
[B'(t)] for all kinds of linear transformation T and all
possible orders 1 of the transformation T, based on the
following relation:

{FIAOEN(ONAFIB OFF N O} =K, )
4. A method (Mold-In medium) for determining a ratio of
two signals A(t) and B(t) based on two real signals A'(t) and
B'(t) including noise N ,(t) and Ng(t), respectively, wherein:

A'(t) is statistically confident to be not noisy such that
NA(t)zO5

A(D=AD+NL(O~A (D),
B'()=B(t)+Nx(t), and

A=K, *B(),

said method comprising the steps of:

(a) performing a mathematical transformation T on
both A'(t) and B'(t); and

(b) estimating Ko from the following relation:
FIA@VF{B'(O)Ko,

where F, is the i order component of the transforma-
tion T and the position of F; [B'(t)] is identified by the
noise around F; [A(t)]; and

(c) determining the ratio of two signals A(t) and B(t)
from the estimated K.
5. The method as claimed in claim 4, wherein the math-
ematical transformation T is linear, further comprising the
steps of:

(d) identifying and estimating F; [NB(1)] by the noise
around F; [A(t)], and denoting the estimation of F;
[NB(D)] to be F, [N(t)]; and

(e) estimating K, from the following relation:
FIA@OI{FLB (O —F N9 [}=K,.

6. The method as claimed in claim 5, further comprising
the step of:

(e) approximating K, from the largest value of K, for all
kinds of linear transformation T and all possible orders
i of the transformation T, based on the following
relation:
FAOWFIBOI-FINOTI =K. .
7. The method as claimed in claim 2 or 5, wherein the
transformation T is a Fourier transform.
8. The method as claimed in claim 7, wherein the F; is F,
the first 15 harmonic of the Fourier transform.
9. A method (Mold-In weak) for determining a ratio of
two signals A(t) and B(t) based on two real signals A'(t) and
B'(t) including noise N ,(t) and Ny(t), respectively, wherein:

A'(t) is a less noisy signal,
A'(D=A()+N (1),
B'(t)=B(t)+Nx(t), and
A=K, * B(),



US 2001/0023391 Al

comprising the steps of:

(2) identifying the minimum of B'(t), B'(t),,;,, by A'(t);
and

(b) removing the static noise by [B'(t)}—B'(t),,im |-
10. The method as claimed in claim 9, further comprising
the step of approximating K, by using the following relation:

Maximum of [A(t)—A(t),,;,//Maximum of [B(t)—B(t-
Jminl=K,, where A(t),;, and B(t),;, are the minimum
of A(t) and B(t), respectively.

11. The method as claimed in claim 9, further comprising

the step of approximating K, by using the following relation:
FA[AO—AO minVFA[BO—B(O)minl=Ko,

where both A(t) and B(t) are periodic and A(t),,;, and
B(t) are the minimum of A(t) and B(t), and F; is the
1°* order harmonic of Fourier transform.

12. An apparatus for determining the concentration of a
solute in a solvent of a solution in a container having a
time-varying volume by analyzing two signals received
from the solution, comprising:

a detector for measuring the quantity of the two received
signals;

a signal converter for converting the two signals into two
electro-optical signals; and

means for determining a ratio of the two electro-optical
signals by performing the method as claimed in claims
1,4 or 9.

13. The apparatus as claimed in claim 12, wherein the
container having a time-varying volume is blood vessel in a
human body and the solution is blood of the body.

14. The apparatus as claimed in claim 12, wherein both
the two received signals are induced by directing an input
signal into the solution.

15. The apparatus as claimed in claim 12, wherein the
volume changes in a periodic way.

16. The apparatus as claimed in claim 14, wherein the
input signal is an electromagnetic wave.

17. The apparatus as claimed in claim 12, wherein an
ingredient of the solution is a marker.

18. The apparatus as claimed in claim 13, wherein the
blood vessel is in an extrusive part of the human body.

19. The apparatus as claimed in claim 18, wherein the
extrusive part of the human body is a finger.

20. The apparatus as claimed in claim 12, wherein the
solute comprises glucose.

21. The apparatus as claimed in claim 12, wherein the
solute comprises uric acid.

22. An apparatus for measuring the concentration of a
solute in a solvent of a solution in a container having a
time-varying volume by analyzing two signals received
from the solution, comprising:

a pressure source for generating the volume change of the
time-varying volume;,

a detector for detecting the two received signal;

Sep. 20, 2001

a signal converter for converting the two received signals
into two electrical signals; and

means for determining a ratio of the two electrical signals
by performing the method as claimed in claims 1, 4 or

23. The apparatus as claimed in claim 22, wherein the
pressure source is controlled to generate the effective vol-
ume in a periodic way.

24. The apparatus as claimed in claim 23, wherein the
periodicity of generating the effective volume follows a
trigonometric function.

25. An apparatus for measuring the blood pressure varia-
tion [P()—P() giacr01ic] i0 @ human body by a marker signal
B'(t) in the blood of the body, comprising:

a detector for measuring the marker signal B'(t); and

a data processing unit determining the [P()—P()g;.s101:0]
based on [B'(t)—B',.;.(D)], where:

P(t) is blood pressure as function of time,
P(0)giastonic 18 diastolic or minimum of the P(t), and

B';.(1) is the minimum of the marker signal B'(t).
26. The apparatus as claimed in claim 25, further com-
prising

a Laser Doppler instrument for measuring the blood flow
velocity D(t) into tissue, and

means for determining K,;, which is an indicator of
perfusion efficiency, based on the following relation:

[Dmax DD VPsystoticlD—Paiasteric (O K 1-

where,

Dsystotic(t) 18 systolic or maximum of P(t),

D_. (1) is the maximum of D(t), and

Din(D) is the minimum of D(t).

27. The apparatus as claimed in claim 25, further com-
prising an injection device for injecting a drug during the
period of the P(1), . io1ic-

28. The apparatus as claimed in claim 27, further com-
prising a blood ingredient detector for injecting the drug in
accordance with the result of the detector.

29. The apparatus as claimed in claim 28, wherein said
blood ingredient comprises glucose and said drug comprises
insulin.

30. The apparatus as claimed in claim 12, wherein infor-
mation related to the concentration is transmitted through
telephone communication.

31. The apparatus as claimed in claim 12, wherein the
container is in a micro-¢lectro mechanic system (MEMS).

32. The apparatus as claimed in claim 17, wherein the
marker comprises a solvent.

33. The apparatus as claimed in claim 32, wherein the
solvent comprises water.

* * * * #*
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