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) A medical apparatus configured to generate, without mul-
(21)  Appl. No.: 15/278,034 tiple electrodes, a signal corresponding to electrical
(22) Filed: Sep. 28, 2016 1mpuls‘e§ of. aheart, anq to dlSplé‘ly‘ a waveform of that 51‘g£1al,
comprising: a pulse unit comprising sensor(s) for receiving
Publication Classification a single channe?I pulse‘ s‘ignal waveform from a live tissue
and for generating a digital pulse signal; a memory buffer;
(51) Inmt.CL one or more processors configured to constantly apply a
ABIB 5/0402 (2006.01) derivative function to the digital pulse signal and initiate a
AG6IB 5/00 (2006.01) display signal to display a waveform of the derivative
A6IB 5/044 (2006.01) function during a period of time, wherein the waveform of
A6IB 5/04 (2006.01) the derivative function has a shape of an ECG signal
A6IB 8/02 (2006.01) waveform of the subject taken during the period of time,
AG6IB 5/0205 (2006.01) wherein the derivative function includes AP(t)/At, wherein P
(52) US. CL represents the pulse signal waveform and tis a time variable;
CPC ... A61B 5/04028 (2013.01); A61B 5/7278 and a digital display or printer device configured to display
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or print the waveform. Multiple channel embodiment also
included.
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METHOD - 100

UTILIZING A PULSE UNIT COMPRISING AT LEAST ONE
SENSQOR TO RECEIVE A SINGLE CHANNEL PULSE SIGNAL
WAVEFORM FROM A LIVE TISSUE OF A MAMMALIAN
SUBIECT AND TO GENERATE A DIGITAL PULSE SIGNAL
DURING A TIME PERIOD IF THE PULSE SIGNAL WAVEFORM
WAS NOT ALREADY DIGITAL

Lo

STORING THE DIGITAL PULSE SIGNAL IN A COMPUTER-
READABLE MEMORY BUFFER

Y

UTILIZING ONE OR MORE PROCESSORS TO CONSTANTLY
APPLY A DERIVATIVE FUNCTION TO THE DIGITAL PULSE
SIGNAL DURING THE PERIOD OF TIME AS THE DIGITAL
PULSE SIGNAL IS BEING COMPILED, WHEREIN A
WAVEFORM OF THE DERIVATIVE FUNCTION HAS A 8ET OF
PEAKS, THE SET OF PEAKS SHAPED LIKE A SET OF PEAKS
OF AN ECG SIGNAL OF THE HEART OF THE SUBJECT FROM
AN ECG TAKEN DURING THE PERIOD OF TIME, WHEREIN
THE BERIVATIVE FUNCTION COMPRISES AP(TYAT, WHEREIN
P REFPRESENTS THE PULSE SIGNAL WAVEFORMANDITIS A
TIME VARIABLE

12G

5o

¥

INITIATING A DISPLAY SIGNAL TO A DIGITAL DISPLAY
DEVICE TO DISPLAY THE WAVEFORM OF THE DERIVATIVE
FUNCTION

140

¥
DISPLAYING, BY A DIGITAL DISPLAY
DEVICE, THE WAVEFORM OF THE
DERIVATIVE FUNCTION

5
~

130

FIG. 4
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APPARATUS AND METHOD FOR ECG-LIKE
WAVEFORM

FIELD AND BACKGROUND OF THE
INVENTION

[0001] The present invention is in the field of medical
diagnostic devices and methods. More particularly, the pres-
ent invention aims to provide an ECG-shaped waveform
without ECG electrodes.

[0002] An electrocardiograph, commonly called an ECG,
is a graphic recording of the electrical impulses associated
with the heart beat of a subject. It provides very useful
diagnostic information. However, it requires fairly compli-
cated equipment to generate and it is typically too bulky to
be popular for home use, not only because it usually requires
a physician to interpret. Furthermore, it is at least somewhat
uncomfortable for a patient to have six electrode leads
placed on their chest, which is what is required to obtain a
reliable ECG.

[0003] The need exists for an apparatus, preferably a
portable apparatus, that could be used repeatedly, and non-
invasively on patients to obtain an ECG-like reading wher-
ever they are, with minimal effort and discomfort.

SUMMARY OF THE INVENTION

[0004] One aspect of the present invention is a medical
apparatus configured to generate, without multiple elec-
trodes, a signal corresponding to electrical impulses of a
heart of a mammalian subject, and to display a waveform of
that signal, the apparatus comprising a pulse unit comprising
at least one sensor for receiving a single channel pulse signal
waveform from a live tissue of a mammalian subject and for
generating a digital pulse signal during a period of time if the
pulse signal waveform was not already digital; a memory
buffer for receiving and storing the pulse signal waveform
during the period of time; one or more processors configured
to constantly apply a derivative function to the digital pulse
signal and initiate a display signal to a digital display device
to display a waveform of the derivative function during the
period of time, wherein the waveform of the derivative
function has a shape of an ECG signal waveform of the
subject taken during the period of time, wherein the deriva-
tive function includes AP(t)/At, wherein P represents the
pulse signal waveform and t is a time variable; and a digital
display or printer device configured to display or print the
waveform of the derivative function having the shape of the
ECG signal waveform.

[0005] Another aspect of the present invention is a method
of generating, without a plurality of electrodes, a signal that
corresponds to electrical impulses of a heart of a mammalian
subject, and to display a waveform of that signal, the method
comprising utilizing a pulse unit comprising at least one
sensor to receive a single channel pulse signal waveform
from a live tissue of a mammalian subject and to generate a
digital pulse signal during a period of time if the pulse signal
waveform was not already digital; storing the digital pulse
signal waveform in a computer-readable memory buffer;
utilizing one or more processors to constantly apply a
derivative function to the digital pulse signal during the
period of time as the digital pulse signal is being compiled,
wherein a waveform of the derivative function has a set of
peaks, the set of peaks shaped like a set of peaks of an ECG
signal of the heart of the subject from an ECG taken during
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the period of time, wherein the derivative function com-
prises AP(t)/At, wherein P represents the pulse signal wave-
form and t is a time variable; initiating a display signal to a
digital display device to display the waveform of the deriva-
tive function; and displaying, by a digital display device, the
waveform of the derivative function.

[0006] A still further aspect of the present invention is A
medical apparatus configured to generate, a signal corre-
sponding to electrical impulses of a heart of a mammalian
subject, and to display a waveform of that signal, the
apparatus comprising a pulse unit comprising at least two
sensors at different locations of the mammalian subject,
wherein each of the at least two sensors is an optical sensor,
acoustic sensor, mechanical sensor or magnetic sensor, or
any combination thereof, the at least two sensors for receiv-
ing multiple channels of pulse signal waveforms from a live
tissue of the mammalian subject and for generating, for each
channel of the multiple channels, a digital pulse signal
during a period of time if the pulse signal waveform was not
already digital; a memory buffer for receiving and storing
the pulse signal waveform of each channel during the period
of time; one or more processors configured to perform one
of the following: (i) constantly determine a linear operation
in digital pulse signals between any pair of channels of the
multiple channels, (ii) apply a derivative operator to any of
the digital signal outcomes of the linear operation and (iii)
constantly apply a derivative operator to the digital pulse
signal of each channel and determine a linear operation
between derivative functions of each channel of any of pair
of channels, and to initiate a display signal to a digital
display device to display a waveform of at least one of (i) the
linear operation during the period of time, (i1) the derivative
operator during the period of time or (iii) the linear operation
on the derivative operator of each channel during the period
of time, wherein the waveform of either the derivative
function or of the difference between derivative functions of
each channel has a shape of at least one kind of ECG signal
waveform of the subject taken during the period of time,
wherein the derivative function includes AP(t)/At, wherein P
represents the pulse signal waveform and tis a time variable;
and a digital display or printer device configured to display
or print the waveform of the at least one of (i) the linear
operation during the period of time, (ii) the derivative
operator during ate period of time and (iii) the linear
operation on the derivative operator of each channel during
the period of time.

[0007] These and other features, aspects and advantages of
the present invention will become better understood with
reference to the following drawings, descriptions and
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Various embodiments are herein described, by way
of example only, with reference to the accompanying draw-
ings, wherein:

[0009] FIG. 1 is a schematic illustration of an apparatus
using an oximeter as a pulse unit of the apparatus and
displaying P, Q, R, S, T peaks, in accordance with one
embodiment of the present invention;

[0010] FIG. 2 is a schematic illustration of an apparatus
using an optical device as a pulse unit of the apparatus and
displaying P, Q, R, S, T peaks, in accordance with one
embodiment of the present invention;
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[0011] FIG. 3 is a schematic illustration of a system in
which the memory buffer and one or more processors are
and remote from the pulse unit and display or printer device
and accessible by telecommunications network, in accor-
dance with one embodiment of the present invention;

[0012] FIG. 4 is a flowchart showing a method of the
present invention;

[0013] FIG. 5A is a schematic illustration of multiple
channels from multiple sensors of a pulse unit, in accordance
with one embodiment of the present invention; and

[0014] FIG. 5B is a schematic illustration of an apparatus
for multiple channels as in FIG. 5A, in accordance with one
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0015] The following detailed description is of the best
currently contemplated modes of carrying out the invention.
The description is not to be taken in a limiting sense, but is
made merely for the purpose of illustrating the general
principles of the invention, since the scope of the invention
is best defined by the appended claims.

[0016] The present invention generally provides a medical
apparatus and method configured to generate, without mul-
tiple electrodes, a signal corresponding to electrical
impulses of a heart of a mammalian subject, and to display
a waveform of that signal. In one example, the apparatus
includes a pulse unit. The pulse unit comprises at least one
sensor, such as an oximeter, an optical sensor other than an
oximeter, a mechanical sensor, an acoustic sensor, an elec-
trode sensor or a magnetic sensor. The apparatus also
includes a processing unit, which in one non-limiting
example is a processing unit such as that described in U.S.
Pat. Nos. 8,792,948 or 8,335,550. The processing unit is
configured to receive a single channel pulse signal wave-
form (i.e. an analog pulse signal or a digital pulse signal)
from a live tissue of a mammalian subject and generate a
digital pulse signal during a period of time if the pulse signal
waveform was from an analog signal (i.e. was not already
digital). The apparatus also has in some embodiments a
memory buffer for receiving and storing real time digital
pulse data from the digital pulse signal during the period of
time. In some embodiments, one or more processors of the
processing unit are configured to constantly apply a deriva-
tive function to the digital pulse signal and initiate a display
signal to a digital display device to display a waveform of
the derivative function during the period of time. Applicant
unexpectedly discovered that the waveform of the derivative
function has a shape of an ECG signal waveform of the
subject that was or would be taken during the period of time.
In one embodiment, the derivative function includes AP(t)/
At, wherein P represents the pulse signal waveform and t is
a time variable. A digital display device or printer device is
configured to receive the display signal and display or print
the waveform of the derivative function having the shape of
the ECG signal waveform. The memory and one or more
processors can be integrated into one physical device or they
can be remote from the pulse unit. Anyone at home can
obtain a waveform that has the shape of an ECG from a
simple portable device without multiple electrodes or tech-
nical assistance. A doctor can see the PQRST peaks of the
patient’s electrical impulses associated with the patient’s

Mar. 29, 2018

heart from the display of the apparatus and from the output
of the method. In another embodiment, multiple channels
are used.

[0017] The derivative function may be considered the
inner potential within each signal. It has the following shape
{AP(t)/AL} e.g. {(P(+1)-P())/At} or {(P(t)-P(t-1))/At}. In
the case of the embodiment involving multiple channels,
where the processor(s) consider the potential between the
reference channel and each of the one or more channels, the
derivative function is considering the potential between
channels i.e. the potential between Pk and Pj (k=j) without
specifically denoting a reference channel. The derivative
function is also considering the inner potential of each signal
by using the derivative to each channel, i.e. AP,(t)/At for a
channel k. If (P}, P,, ... P,,P,) is a set of multiple channels
where Pr is considered to be the reference channel and all
signals are digital or analog signals acquired by non-ECG
means, a non-ECG signal may be obtained by a sensor that
is not an electrode sensor, for example by an optical sensor
(i.e. either a pulse oximeter that uses an electrode or an
optical sensor of type described in U.S. Pat. Nos. 8,792,948
or 8,335,550 by shining the tissue with light that either
traverses the tissue or is reflected from the tissue) to generate
an electrical signal analog or digital signal. The multi
channel OCG is the synchronized potential (difference)
between the channels P, (k=1,2, . . . K, ker) and the
reference P,, between channels (P, and P, for s=k)) and
within each channel P, by using DP,=AP,(t)/At. The most
surprising case is that of the inner potential signal of a single
channel where no reference is used and the signal is acquired
either optically or electrically, i.e the derivative generates an
BECG-like waveform.

[0018] In contrast to the prior art, in which obtaining an
ECG requires complicated equipment or technical assistance
in a medical setting, the present invention generates a
display or printout of an ECG-like waveform from a simple
device that in some embodiments is portable. The device
either requires no electrodes or in the event that the pulse
unit sensor is an electrode sensor it requires only one simple
electrode.

[0019] The principles and operation of an Apparatus and
Method for ECG-Like Waveform may be better understood
with reference to the drawings and the accompanying
description.

[0020] As seen from FIGS. 1-2, the present invention, in
one embodiment, is a medical apparatus 10 configured to
generate, without multiple electrodes, a signal correspond-
ing to electrical impulses of a heart of a mammalian subject,
and to display a waveform of that signal. When it is said that
the generated signal corresponds to the electrical impulses of
the subject’s heart, this means that the output of the signal’s
displayed waveform is similar to the graphic recording of
the electrical impulses provided by an actual ECG. It does
not mean that the apparatus 10 generates an actual ECG.
[0021] The apparatus comprises a pulse unit 20, for
receiving a single channel analog or digital pulse signal
waveform from a live tissue of a mammalian subject and for
generating a digital pulse signal during a period of time, to
the extent that the pulse signal waveform is not already a
digital pulse signal waveform (i.e. is an analog signal). The
pulse unit 20 comprises at least one sensor 21. The at least
one sensor is an optical sensor (i.e. an oximeter or an optical
sensor of the type described in U.S. Pat. Nos. 9,402,546,
8,792,948 and 8,335,550), an electrode sensor, a mechanical
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sensor, an acoustic sensor or a magnetic sensor or any
combination thereof. The term “combination” as used in this
patent application, when it refers to combinations of sensors,
encompasses (i) a combination of different sensors, includ-
ing two or more of the multiple types listed here, (ii) a new
sensor type that integrates two or more multiple types listed
here within one sensor, and (iii) a combination of two or
more different sensors that includes the new sensor type
mentioned in “(ii)”. The term “mechanical sensor” includes,
by way of non-limiting example, a microphone and an air
tube.

[0022] A memory storage component of a computer sys-
tem, such as a memory buffer 30 of a computer systemn, is
configured to receive and store the pulse signal waveform
(for example in real time) during the period of time. In
general, the computer system, in all embodiments, includes
all necessary hardware and software to perform the func-
tions described herein.

[0023] One or more processors 40, which may form an
integral device or unit with the pulse unit 20 and memory
buffer 30 or may be remote from at least the pulse unit 20,
are configured to constantly apply a derivative function to
the digital pulse signal and preferably to initiate, compute,
transfer, store, display and print the waveform of the deriva-
tive function to a digital display device to display the
waveform of the derivative function. Preferably the display
signal is initiated and outputted during the period of time, for
example in one embodiment the one or more processors are
configured to initiate the signal to the digital display device
while the digital pulse signal is being generated by the pulse
unit. The apparatus 10 includes a digital display device 50 or
printer device 50 configured to receive the display signal and
display or print the waveform of the derivative function
having the shape of the ECG signal waveform (acquired by
ECG electrodes). In some embodiments, the digital device
display 50 is integrated with the pulse unit 20, memory
buffer 30 and processor(s) 40 as a single device. In other
embodiments, the digital display device 50 is separate.
[0024] The waveform of the derivative function has a
shape of an ECG signal waveform of the subject taken
during the period of time. For example, the waveform of the
derivative function has a set of peaks that are shaped like a
set of peaks of the ECG waveform. In one embodiment
shown in FIG. 2 and FIG. 3, the set of peaks of the waveform
of the derivative function that are shaped like the set of
peaks of the ECG signal waveform comprise “P”, “Q”, “R”,
“S” and “T” peaks. One can see the peaks of an ECG signal
in the waveform displayed by digital display device 50. In
some embodiments, the waveform of the derivative function
has a shape that is the same as the ECG waveform from an
ECG.

[0025] In one embodiment, the derivative function
includes AP(t)/At, wherein P represents the pulse signal
waveform and t is a time variable. For example, the deriva-
tive function is Y=AP(t)/At or is Y=-AP(t)/At or is Y=+AP
(t)/At. In each case P represents the pulse signal waveform
and t is a time variable. The derivative function also com-
prises multiplication by a positive or negative constant in
some embodiments. For example, the derivative function is
Y=c-AP(t)/At or is Y=+c-AP(t)/At, wherein “c” is a positive
or negative constant.

[0026] The pulse unit 20 preferably comprises at least one
sensor 21 that is at least one of an optical sensor, a
mechanical sensor, an acoustic sensor, an electrode (electri-
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cal) sensor, a magnetic sensor, and a new sensor type that
combines any of these types of sensors. The at least one
sensor 21 in some embodiments comprises an optical sensor.
[0027] As shown in FIG. 2, in the case of an optical sensor
other than an oximeter, namely the optical sensor described
in U.S. Pat. Nos. 9,402,546 8,792,948 or 8,335,550, the
pulse unit 20 has a receiving portion 9 configured for
receiving a body part 99 of the mammalian subject, in one
example a finger 99 of the subject or a distal portion of the
finger 99. FIG. 2 shows the pulse unit 20 includes an optical
component that comprises at least one sensor, 21, for
example at least one digital sensor 21, for receiving a digital
image of the body part 99 and the digital image is processed
by a processing unit 40 in accordance with U.S. Pat. Nos.
9,402,546 8,792,948 or 8,335,550. In that case, it is pre-
ferred to utilize the receiving portion of the pulse unit 20 to
generate the digital pulse signal at a time that the body part
is sufficiently warm, for example in that it has a temperature
that is 30° C. or greater. Otherwise, the relatively cold
temperature would be expected to generate unwanted noise
in processing the digital image(s).

[0028] FIG. 11isa schematic illustration of an apparatus 10
using an oximeter as a pulse unit 20 of the apparatus 10. FIG.
1 shows a pulse waveform outputted by an oximeter 21
using an oximeter electrode 21A. The oximeter displays
pulse signal waveform 200. The apparatus 10 outputs a
waveform 55 of the derivative function having the shape of
an ECG signal waveform (i.e. an ECG waveform-like dis-
play) that includes P, Q, R, S, T peaks. in accordance with
one embodiment. Although the display 50 in FIG. 1 also
provides descriptive information designating the P, Q, R, S,
T peaks, segments between the peaks or other intervals in
addition to the graphic waveform itself, in other embodi-
ments, one or more of this additional descriptive information
is not displayed or printed for the user.

[0029] In some embodiments, apparatus 10 includes a
temperature sensor (not shown) in order to measure the local
body temperature identifving local low perfusion. Pulse unit
20 preferably has a mechanism for taking the pulse.
[0030] Apparatus 1 0 is configured to generate the wave-
form of the derivative function without use of a plurality of
electrodes and if the at least one sensor does not include an
electrode sensor, in some embodiments without use of any
electrodes.

[0031] Accordingly, in some embodiments, the apparatus
10 is a medical apparatus configured to generate, without
multiple electrodes, a signal corresponding to electrical
impulses of a heart of a mammalian subject, and to display
a waveform of that signal, the apparatus comprising;: a pulse
unit 20 comprising at least one sensor 21 for receiving a
single channel pulse signal waveform from a live tissue of
a mammalian subject and for generating a digital pulse
signal during a period of time if the pulse signal waveform
was not already digital; a memory buffer 30 for receiving
and storing the pulse signal waveform during the period of
time; one or more processors 40 configured to constantly
apply a derivative function to the digital pulse signal and
initiate a display signal to a digital display device to display
a waveform of the derivative function during the period of
time, wherein the waveform of the derivative function has a
shape of an ECG signal waveform of the subject taken
during he period of time, wherein the derivative function
includes AP(t)/At, wherein P represents the pulse signal
waveform and t is a time variable; and a digital display
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device 50 or printer device 50 configured to display or print
the waveform of the derivative function having the shape of
the ECG signal waveform.

[0032] As seen in FIG. 4, a further embodiment of the
invention is a method 100 of generating, without multiple
electrodes, a signal that corresponds to electrical impulses of
a heart of a mammalian subject, and to display a waveform
of that signal. The components described in method 100 are
as described in relation to apparatus 10. Method 100 com-
prises a step 110 of utilizing a pulse unit 20 to generate a
digital pulse signal during a time period from an analog
pulse signal. The pulse unit comprises at least one sensor 21
as in the apparatus 10. This is, in one example, using an
oximeter 21. In another example, the pulse unit 20 com-
prises an optical sensor 21 of the type used in U.S. Pat. Nos.
8,792,948 or 8,335,550,

[0033] Method 100 also includes a step 120 storing the
digital pulse signal in real time in a computer-readable
memory buffer 30. Method 100 further includes a step 130
of utilizing one or more processors to repeatedly, or con-
stantly, apply a derivative function to the digital pulse signal
during the period of time as the digital pulse signal is being
compiled. A waveform of the derivative function has a set of
peaks. In one example, the set of peaks are in one embodi-
ment shaped like a set of peaks of an ECG signal of the heart
of the subject from an ECG taken during the period of time.
For example, the set of peaks shaped like the peaks of the
ECG signal comprise “P”, “Q”, “R”, “S” and “T” peaks.
[0034] In one embodiment, the derivative function
includes AP(t)/At, wherein P represents the pulse signal
waveform and t is a time variable. For example, the deriva-
tive function is Y=AP(t)/At or is Y=-AP(t)/At or is Y=+AP
(t)/At. In each case P is a variable of the digital pulse signal
and t is a time variable. The derivative function also com-
prises multiplication by a positive or negative constant in
some embodiments. For example, the derivative function is
Y=c-AP(t)/At or is Y=+c-AP(t)/At, wherein “c” is a positive
or negative constant.

[0035] Method 100 also includes a step 140 of initiating a
display signal to a digital display device 50 or printer device
50 to display the waveform of the derivative function and a
step 150 of displaying or printing, by a digital display or
printer device, the waveform of the derivative function, for
example displaying the waveform of the derivative function
for the time period.

[0036] Another step of method 100 in some cases com-
prises normalizing the digital pulse signal, for example
before (or after) generating the derivative function.

[0037] In method 100, the one or more processors and the
pulse unit may be utilized as part of one integrated device or
alternatively the one or more processors and memory stor-
age component 30 is remote from the pulse unit 20 in some
embodiments. In general, the components used in the
method 100 of the present invention are the same as in the
apparatus 10 of the present invention, and in other embodi-
ments, the same as in apparatus 10A or any other apparatus
of the present invention.

[0038] The pulse unit 20, as in the apparatus 10 embodi-
ment, may utilize a receiving portion to receive a body part
of the mammalian subject. In some steps of method 100 one
utilizes the receiving portion of the pulse unit 20 to generate
the digital pulse signal at a time that the body part has a
temperature, for example a skin temperature at the finger
that is 30° C. or greater. In accordance with method 100,
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there is a step in some embodiment of utilizing a receiving
portion of the pulse unit to receive a finger of the mamma-
lian subject or utilizing a receiving portion of the pulse unit
to receive a body part of the mammalian subject and
utilizing at least one digital sensor of the pulse unit to
receive a digital image of the body part. Method 100 is in
some embodiments carried out without utilizing any elec-
trodes or in some embodiments without utilizing a plurality
of electrodes and such that the waveform of the derivative
function corresponds to electric impulses of the subject
produced in association with the heartbeat of the subject.

[0039] In a further embodiment involving multiple chan-
nels shown in FIG. 5A-5B, the present invention is a medical
apparatus 10A configured to generate, a signal correspond-
ing to electrical impulses of a heart of a mammalian subject,
and to display a waveform of that signal. The idea is the
same as in apparatus 10 except that there are multiple
channels instead of a single channel and except that the
processing by the processing unit 40A processes multiple
channels. In addition, this embodiment is for sensors of the
pulse unit 20A that do not include electrode sensors. Appa-
ratus 10A comprises: a pulse unit 20 comprising at least two
sensors 21A, 21B, etc., which are situated at different
locations of the mammalian subject, wherein each of the at
least two sensors is an optical sensor, acoustic sensor,
mechanical sensor or magnetic sensor, or any combination
thereof as that term is defined herein. The at least two
sensors are for receiving multiple channels of pulse signal
waveforms from a live tissue of the mammalian subject and
for generating, for each channel of the multiple channels, a
digital pulse signal during a period of time if the pulse signal
waveform was not already digital. Apparatus 10A includes
a memory buffer 30 is for receiving and storing the pulse
signal waveform of each channel during the period of time;
one or more processors 40A configured to perform one of the
following: (i) constantly determine a linear operation in
digital pulse signals between any pair of channels of the
multiple channels, (ii) apply a derivative operator to any of
the digital signal outcomes of the linear operation and (iii)
constantly apply a derivative operator to the digital pulse
signal of each channel and determine a linear operation
between derivative functions of each channel of any of pair
of channels, and to initiate a display signal to a digital
display device to display a waveform of at least one of (i) the
linear operation during the period of time, (ii) the derivative
operator during the period of time or (iii) the linear operation
on the derivative operator of each channel during the period
of time, wherein the waveform of either the derivative
function or of the difference between derivative functions of
each channel has a shape of at least one kind of ECG signal
waveform of the subject taken during the period of time,
wherein the derivative function includes AP(t)/At, wherein P
represents the pulse signal waveform and tis a time variable;
and a digital display 50 or printer device 50 configured to
display or print the waveform of the linear operation, (ii)
derivative operator or of one or more of the linear operations
on the derivative operator of each channel.

[0040] In this case the pulse unit 20 comprises multiple
channels derived from multiple sensors, as shown in FIG. §
including one or more sensors 21a, 215, 21c . . . 21x (for
example 21a, 215, 21c . . . 21g) for receiving one or more
analog pulse signals (or digital signals) from a live tissue
(for example a finger as in apparatus 10) of a mammalian
subject and for generating one or more digital pulse signals
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(if the pulse signal waveform was not already digital) on one
or more channels P, through P, during a period of time. In
certain embodiments, one of the sensors can be considered
a reference sensor 21 on a reference channel P, (for example
P.) during the period of time. The reference digital pulse
signal on the reference channel P is synchronized with the
one or more digital pulse signals on the one or more
channels P, through P,, such that the reference channel and
the one or more digital pulse signals are sampling the data
from the same mammalian subject at the same time.
[0041] Apparatus 10A further comprises a memory buffer
30 for receiving and storing real time digital pulse data from
the one or more digital pulse signals and the reference digital
pulse signal during the period of time. One or more proces-
sors 40 are configured to constantly determine one or more
potentials between the reference digital pulse signal and
each of the one or more digital pulse signals and to initiate
one or more display signals respectively to one or more
digital display devices to display a waveform of each of the
one or more potentials during the period of time. Fach
waveform of the one or more potentials has a shape of at
least one kind of ECG signal waveform of the subject taken
during the period of time. When the present invention
involves multiple channels, the waveform generated will not
show the P, Q, R, S, T peaks shown by the single channel
embodiment of the present invention but will show a dif-
ferent ECG-like waveform 55A (FIG. 5B). The particular
waveform 55A shown in FIG. 5B is not intended to represent
what the different ECG-like waveform 55A will necessarily
look like.

[0042] Apparatus 10A also comprises one or more digital
display devices 50 configured to receive the one or more
display signals and display the waveform of each of the one
or more potentials, the waveform having the shape of the
ECG signal waveform.

[0043] While the invention has been described with
respect to a limited number of embodiments, it will be
appreciated that many variations, modifications and other
applications of the invention may be made. Therefore, the
claimed invention as recited in the claims that follow is not
limited to the embodiments described herein.

What is claimed is:

1. A medical apparatus configured to generate, without
multiple electrodes, a signal corresponding to electrical
impulses of a heart of a mammalian subject, and to display
a waveform of that signal, the apparatus comprising:

a pulse unit comprising at least one sensor for receiving
a single channel pulse signal waveform from a live
tissue of a mammalian subject and for generating a
digital pulse signal during a period of time if the pulse
signal waveform was not already digital;

amemory buffer for receiving and storing the pulse signal
waveform during the period of time;

one or more processors configured to constantly apply a
derivative function to the digital pulse signal and
initiate a display signal to a digital display device to
display a waveform of the derivative function during
the period of time, wherein the waveform of the deriva-
tive function has a shape of an ECG signal waveform
of the subject taken during the period of time, wherein
the derivative function includes AP(t)/At, wherein P
represents the pulse signal waveform and t is a time
variable; and
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a digital display or printer device configured to display or
print the waveform of the derivative function having
the shape of the ECG signal waveform.

2. The apparatus of claim 1, wherein the pulse unit has a
receiving portion configured for receiving a body part of the
mammalian subject.

3. The apparatus of claim 1, wherein the at least one
sensor is at least one of an optical sensor, a mechanical
sensor, an acoustic sensor, an electrode sensor and a mag-
netic sensor or any combination thereof.

4. The apparatus of claim 1, wherein the pulse unit
comprises an optical sensor.

5. The apparatus of claim 1, wherein the pulse unit
comprises a mechanical sensor.

6. The apparatus of claim 1, wherein the pulse unit
comprises an electrode sensor.

7. The apparatus of claim 1, wherein the waveform of the
derivative function includes a set of peaks that are shaped
like “P~, “Q”, “R”, “S” and “T” peaks.

8. The apparatus of claim 1, wherein the waveform of the
derivative function has a shape of an ECG waveform
acquired by electrode of an ECG device

9. The apparatus of claim 1, wherein the derivative
fanction also comprises multiplication by a positive or
negative constant.

10. The apparatus of claim 1, wherein the one or more
processors are configured to initiate, compute, transfer,
store, display and print the waveform of the derivative
function.

11. The apparatus of claim 1, wherein the apparatus is
configured to generate the waveform of the derivative func-
tion without use of a plurality of electrodes.

12. The apparatus of claim 1, wherein the apparatus is
configured to generate the waveform of the derivative func-
tion without use of any electrodes.

13. The apparatus of claim 1, wherein the at least one
sensor is noninvasive.

14. The apparatus of claim 1, wherein one or more of the
pulse unit, memory buffer, one or more processors and
digital display device are situated remotely from at least one
other of the pulse unit, memory buffer, one or more proces-
sors and digital display device.

15. A method of generating, without a plurality of elec-
trodes, a signal that corresponds to electrical impulses of a
heart of a mammalian subject, and to display a waveform of
that signal, the method comprising:

utilizing a pulse unit comprising at least one sensor to
receive a single channel pulse signal waveform from a
live tissue of a mammalian subject and to generate a
digital pulse signal during a period of time if the pulse
signal waveform was not already digital;

storing the digital pulse signal waveform in a computer-
readable memory buffer;

utilizing one or more processors to constantly apply a
derivative function to the digital pulse signal during the
period of time as the digital pulse signal is being
compiled, wherein a waveform of the derivative func-
tion has a set of peaks, the set of peaks shaped like a set
of peaks of an ECG signal of the heart of the subject
from an ECG taken during the period of time, wherein
the derivative function comprises AP(t)/At, wherein P
represents the pulse signal waveform and t is a time
variable;
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initiating a display signal to a digital display device to
display the waveform of the derivative function; and

displaying, by a digital display device, the waveform of
the derivative function.

16. The method of claim 15, wherein the set of peaks
shaped like the peaks of the ECG signal comprise “P”, “Q”,
“R”, “S” and “T” peaks.

17. The method of claim 15, further comprising display-
ing the waveform of the derivative function for the time
period.

18. The method of claim 15, utilizing a derivative function
that comprises Y=plus or minus AP(t)/At times a constant, c,
wherein P is the pulse signal waveform and t is a time
variable.

19. The method of claim 15, utilizing a derivative function
that comprises Y=minus AP(t)/At, wherein P is a variable of
the digital pulse signal and t is a time variable.

20. The method of claim 15, further comprising utilizing
the one or more processors and the pulse unit as part of one
integrated device.

21. The method of claim 15, further comprising utilizing
the receiving portion of the pulse unit to generate the digital
pulse signal at a time that a temperature sensor senses a
temperature of the live tissue.

22. The method of claim 15, further comprising utilizing
a receiving portion of the pulse unit to receive a finger of the
mammalian subject.

23. The method of claim 15, further comprising obtaining
the waveform of the derivative function without utilizing a
plurality of electrodes and such that the waveform of the
derivative function corresponds to electric impulses of the
subject produced in association with the heartbeat of the
subject.

24. The method of claim 15, further comprising obtaining
the waveform of the derivative function without utilizing
any electrodes.

25. A medical apparatus configured to generate, a signal
corresponding to electrical impulses of a heart of a mam-
malian subject, and to display a waveform of that signal, the
apparatus comprising:
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a pulse unit comprising at least two sensors at different
locations of the mammalian subject, wherein each of
the at least two sensors is an optical sensor, acoustic
sensor, mechanical sensor or magnetic sensor, or any
combination thereof, the at least two sensors for receiv-
ing multiple channels of pulse signal waveforms from
a live tissue of the mammalian subject and for genet-
ating, for each channel of the multiple channels, a
digital pulse signal during a period of time if the pulse
signal waveform was not already digital;

amemory buffer for receiving and storing the pulse signal
waveform of each channel during the period of time;

one or more processors configured to perform one of the
following: (i) constantly determine a linear operation in
digital pulse signals between any pair of channels of the
multiple channels, (ii) apply a derivative operator to
any of the digital signal outcomes of the linear opera-
tion and (iii) constantly apply a derivative operator to
the digital pulse signal of each channel and determine
a linear operation between derivative functions of each
channel of any of pair of channels, and to initiate a
display signal to a digital display device to display a
waveform of at least one of (i) the linear operation
during the period of time, (ii) the derivative operator
during the period of time or (iii) the linear operation on
the derivative operator of each channel during the
period of time, wherein the waveform of either the
derivative function or of the difference between deriva-
tive functions of each channel has a shape of at least
one kind of ECG signal waveform of the subject taken
during the period of time, wherein the derivative func-
tion includes AP(t)/At, wherein P represents the pulse
signal waveform and t is a time variable; and

a digital display or printer device configured to display or
print the waveform of the at least one of (i) the linear
operation during the period of time, (i1) the derivative
operator during the period of time and (iii) the linear
operation on the derivative operator of each channel
during the period of time.

* ok % k&
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