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Description

BACKGROUND OF THE INVENTION

[0001] The progress of a normal maternal delivery is
generally driven by two types of labor forces: a primary
force produced by the involuntary contractions of the
uterine muscles, and a secondary force produced by the
increase of intra-abdominal pressure through voluntary
contractions of the abdominal muscles and diaphragm.
During the labor process, these two forces are designed
to work concurrently to provide an increase in intrauterine
pressure that supplies the critical expulsion force on the
fetus. Ideally, the maternal patient will attempt to volun-
tarily contract her abdominal muscles to directly coincide
with the forces of the involuntary uterine contractions or
the instructions provided by a healthcare provider.
[0002] Document US 2002/0193670 presents a meth-
od and apparatus for recording and analyzing uterine
electrical activity, or electromyography (EMG), from the
surface of the abdomen, vagina, or cervix of a patient for
the purpose of diagnosing contractile patterns of the uter-
us in pregnant and non-pregnant women, as well as for
monitoring maternal and foetal ECG and foetal brain ac-
tivity.
[0003] Document WO 2004/08407 relates to a method
of and apparatus for monitoring electrical muscular ac-
tivity non-invasively which is particularly relevant to mon-
itoring uterine contractions during pregnancy and labour.
[0004] However, through the implementation of the
commonly-employed epidural anesthesia, the overall
ability of the maternal patient to manage and direct the
secondary force can be reduced significantly. By blocking
the transmission of signals through nerves in the spinal
cord, the epidural not only causes a loss of pain for the
maternal patient, but also results in the overall loss of
muscular sensation, especially sensation to the abdom-
inal muscles used in the birthing process. Thus, following
an epidural, the maternal patient often cannot tell how
much force is being exerted through the abdominal mus-
cles when "pushing," or whether she is actually pushing
at all. Indeed, in some cases, the maternal patient can
have difficulty isolating and pushing with the correct mus-
cles. In the worst case, the patient voluntary pushing may
be completely out of phase from the uterine contraction,
thus counteracting the desired progression of labor.
[0005] What is needed, therefore, is a system and
method that indicates when a maternal patient should
push and reports to the attending physician and patient
whether the push was an "effective push," or a push that
verifiably progressed the labor toward delivery.

SUMMARY

[0006] Embodiments of the disclosure may provide a
system for processing abdominal EMG signals. The sys-
tem may include a signal processing module having an
internal processing circuit, and at least one pair of elec-

trodes communicably coupled to the signal processing
module and configured to acquire and transmit a raw
abdominal EMG signal from a patient to the internal
processing circuit where the raw abdominal EMG signal
is for amplified and filtered to a frequency band between
about 20Hz and about 150Hz, thereby obtaining a proc-
essed abdominal EMG signal. The system may further
include an analog to digital converter operatively coupled
to the processing circuit and configured to convert the
processed abdominal EMG signal into a digital abdomi-
nal EMG signal, and a computer communicably coupled
to the signal processing module and configured to re-
ceive and process the digital abdominal EMG signal into
a viewable signal representative of abdominal activity.
Using the computer, the intensity of abdominal activity
can be evaluated alongside a uterine EMG signal.
[0007] Embodiments of the disclosure may further pro-
vide a method of processing abdominal EMG signals.
The method may include obtaining a raw analog abdom-
inal EMG signal from a pair of electrodes applied to a
maternal abdomen of a patient, and processing the raw
analog abdominal EMG signal in a signal processing
module by amplifying and filtering the raw analog abdom-
inal EMG signal to a frequency band between about 20Hz
and about 150Hz, thereby obtaining a processed analog
signal. The method may further include converting the
processed analog signal to a digital abdominal EMG sig-
nal, and converting the digital abdominal EMG signal into
a signal representative of abdominal activity using a com-
puter communicably coupled to the signal processing
module.
[0008] Embodiments of the disclosure may further pro-
vide a computer program embodied on a computer-read-
able medium, that when executed by a processor, is con-
figured to control a method for processing abdominal
EMG signals from a patient. The computer program may
include instructions for obtaining a raw analog abdominal
EMG signal from at least one pair of electrodes coupled
to a maternal abdomen of a patient, and processing the
raw analog abdominal EMG signal in a signal processing
module to amplify and filter the raw analog abdominal
EMG signal to a frequency band between about 20Hz
and about 150Hz to obtain an amplified and filtered an-
alog signal. The computer program may include further
instructions for converting the amplified and filtered an-
alog signal to a digital abdominal EMG signal, transmit-
ting the digital abdominal EMG signal to a computer, and
processing the digital abdominal EMG signal in the com-
puter to obtain a signal representative of abdominal ac-
tivity. The computer program may also include instruc-
tions for displaying the signal representative of abdomi-
nal activity on a monitor communicably coupled to the
computer, whereby an intensity of abdominal activity can
be evaluated alongside a uterine EMG signal. The inven-
tion is identified by the appended claims 1-17.
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BRIEF DESCRIPTIONS OF THE DRAWINGS

[0009] The disclosure is best understood from the fol-
lowing detailed description when read with the accom-
panying Figures. It is emphasized that, in accordance
with the standard practice in the industry, various fea-
tures are not drawn to scale. In fact, the dimensions of
the various features may be arbitrarily increased or re-
duced for clarity of discussion.

Figure 1 illustrates a schematic of the abdominal
EMG signal system according to one or more em-
bodiments of the disclosure.

Figure 2 illustrates a schematic of the circuit board
illustrated in Figure 1.

Figure 3 illustrates a schematic diagram of a portion
of the power distribution module disclosed in Figure
2.

Figure 4 illustrates a schematic diagram of a portion
of the power distribution module disclosed in Figure
2.

Figure 5 illustrates a schematic diagram of a portion
of the power distribution module disclosed in Figure
2.

Figure 6 illustrates a schematic diagram of a portion
of the power distribution module disclosed in Figure
2.

Figure 7 illustrates a block circuit diagram of a portion
of an embodiment of the circuit board disclosed in
Figure 2.

Figure 8 illustrates a block circuit diagram of a portion
of an embodiment of the circuit board disclosed in
Figure 2.

Figure 9 illustrates an exemplary schematic electri-
cal circuit for a skin impedance matching system,
according to at least one embodiment of the present
disclosure.

Figure 10 illustrates an exemplary electrical sche-
matic of a resistor ladder network, according to at
least one embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE SPECIFIC EM-
BODIMENTS

[0010] It is to be understood that the following disclo-
sure describes several exemplary embodiments for im-
plementing different features, structures, or functions of
the invention. Exemplary embodiments of components,
arrangements, and configurations are described below

to simplify the present disclosure; however, these exem-
plary embodiments are provided merely as examples and
are not intended to limit the scope of the invention. Ad-
ditionally, the present disclosure may repeat reference
numerals and/or letters in the various exemplary embod-
iments and across the Figures provided herein. This rep-
etition is for the purpose of simplicity and clarity and does
not in itself dictate a relationship between the various
exemplary embodiments and/or configurations dis-
cussed in the various Figures. Moreover, the formation
of a first feature over or on a second feature in the de-
scription that follows may include embodiments in which
the first and second features are formed in direct contact,
and may also include embodiments in which additional
features may be formed interposing the first and second
features, such that the first and second features may not
be in direct contact. The invention is defined by the ap-
pended claims 1-17.
[0011] Additionally, certain terms are used throughout
the following descriptions and claims to refer to particular
components. As one skilled in the art will appreciate, var-
ious entities may refer to the same component by differ-
ent names, and as such, the naming convention for the
elements described herein is not intended to limit the
scope of the invention, unless otherwise specifically de-
fined herein. Further, the naming convention used herein
is not intended to distinguish between components that
differ in name but not function. Further, in the following
discussion and in the claims, the terms "including" and
"comprising" are used in an open-ended fashion, and
thus should be interpreted to mean "including, but not
limited to." All numerical values in this disclosure may be
exact or approximate values unless otherwise specifical-
ly stated. Accordingly, various embodiments of the dis-
closure may deviate from the numbers, values, and rang-
es disclosed herein without departing from the intended
scope. Furthermore, as it is used in the claims or speci-
fication, the term "or" is intended to encompass both ex-
clusive and inclusive cases, i.e., "A or B" is intended to
be synonymous with "at least one of A and B," unless
otherwise expressly specified herein.
[0012] Referring to Figure 1, illustrated is a system 100
for acquiring and processing secondary labor forces, or
abdominal smooth muscle electromyography (EMG) sig-
nals, for observation during and after the labor process.
The system 100 may also be capable of simultaneously
acquiring and processing primary labor forces, or uterine
EMG signals, to allow a physician to detect the onset of
a uterine contraction and direct the maternal patient to
supplement the contraction by pushing with the abdom-
inal muscles.
[0013] Abdominal EMG signals can be detected by
measuring the electrophysiological activity in the abdom-
inal muscle fiber. For instance, when a motor unit fires,
an action potential is carried down the motor neuron to
the muscle, thereby eliciting an action potential in all of
the innervated muscle fibers of that particular motor unit.
When electrodes are placed on the maternal abdomen,
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they may measure the action potential created by a mus-
cle contraction, thereby resulting in a "raw" abdominal
EMG signal.
[0014] The system 100 may include a signal process-
ing module 102 communicably coupled to a computer
104. The signal processing module 102 and the computer
104 may each include hardware. The hardware may in-
clude at least processor-capable platforms, such as cli-
ent-machines (also known as personal computers or
servers) and hand-held processing devices (such as
smart phones, personal digital assistants (PDAs), or per-
sonal computing devices (PCDs), for example). Further,
hardware may include any physical device that is capable
of storing machine-readable instructions, such as mem-
ory or other data storage devices. Other forms of hard-
ware include hardware sub-systems, including transfer
devices such as modems, modem cards, ports, and port
cards. In short, the computer 104 may include any other
micro processing device, as is known in the art. The com-
puter 104 may include a monitor for displaying processed
abdominal EMG signals for evaluation.
[0015] The computer 104 may also include software
for executing machine-readable instructions to produce
a desired result. In at least one embodiment, the software
may include an executable software program created in
commercially-available LABVIEW®. In an exemplary
embodiment, the computer 104 may include, without lim-
itation, a desktop computer, laptop computer, or a mobile
computing device. Moreover, the computer 104 may in-
clude a CPU and memory (not shown), and may also
include an operating system ("OS") that controls the op-
eration of the computer 104. The OS may be supported
by MICROSOFT® Windows®, but in other embodiments,
the OS may be any kind of operating system, including
without limitation any version of the LINUX® OS, any
version of the UNIX® OS, or any other conventional OS
as is known in the art.
[0016] Both the signal processing module 102 and the
computer 104 may be powered via a medical-grade pow-
er cord 106 that may be connected to any typical wall
outlet 108 conveying operating power, which may be 120
volts for U.S.-based applications, but may be different in
foreign-based applications. As can be appreciated, the
system 100 may also be configured to operate on varying
voltage systems present in foreign countries. For the
computer 104, however, the power cord 106 may include
an interim, medical-grade power brick 110 configured to
reduce or eliminate leakage current originating at the wall
outlet 108 that may potentially dissipate through the in-
ternal circuitry of the system 100 or a patient.
[0017] The signal processing module 102 may house
a power supply module 112, a circuit board module 114,
and an analog to digital ("A/D") converter 116. The power
supply module 112 may be configured to supply power
for the signal processing module 102. In particular, the
power supply module 112 may receive operating power
of 120V-60Hz for the U.S. from the wall outlet 108 and
convert that into a 12 volt direct current to be supplied to

the circuit board module 114. In alternative embodi-
ments, the power supply module 112 may be configured
to receive various types of power, for example, DC cur-
rent from a battery or power sources available in foreign
countries. As will be described in more detail below, the
circuit board 114 may be an electronic circuit and be con-
figured to receive, amplify, and filter incoming abdominal
EMG signals.
[0018] The A/D converter 116 may digitize the incom-
ing analog abdominal EMG signals into a viewable digital
signal transmittable to the computer 104 for display as a
signal representative of abdominal activity. Specifically,
the A/D converter 116 may be communicably coupled to
an external USB port 118 located on the body of the signal
processing module 102. In an exemplary embodiment,
the USB port 118 may include a commercially-available
USB 6008, available through NATIONAL INSTRU-
MENTS®. A double-ended USB connection cable 120
may be utilized to communicably couple the USB port
118 to the computer 104. As can be appreciated, how-
ever, the disclosure also contemplates alternative em-
bodiments where the USB port 118 may be replaced with
a wireless adapter and signal transmitter to wirelessly
transmit the processed abdominal EMG data directly to
a receiver located on the computer 104.
[0019] The signal processing module 102 may also in-
clude an EMG communication port 124, which may be
communicably coupled to at least one pair of electrodes
128 and a patient ground electrode via an EMG channel
126. Although only one EMG channel 126 is illustrated,
the disclosure fully contemplates using multiple EMG
channels 126, where each EMG channel 126 is commu-
nicably coupled to a separate pair of electrodes 128. In
an exemplary embodiment, there may be four or more
separate EMG channels 126 entering the EMG commu-
nication port 124.
[0020] Through the electrodes 128, physicians may
acquire and process raw abdominal EMG signals. Spe-
cifically, the electrodes 128 may be configured to meas-
ure the differential muscle potential across the area be-
tween a pair of electrodes 128 and reference that poten-
tial to patient ground. Once the muscle potential is ac-
quired, the raw abdominal EMG signal may then be rout-
ed to an input 130 for processing within the circuit board
114, as will be described below.
[0021] After processing within the circuit board 114,
the processed abdominal EMG signal may be directed
out of the circuit board 114, through an output 132, and
to the A/D converter 116 where the analog abdominal
EMG signal may be digitized for display on the computer
104 as a signal representative of abdominal activity in
the patient. The digitized abdominal EMG signal may be
transmitted to the computer 104 via the USB port 118
and double-ended USB connection cable 120, as de-
scribed above. However, alternative embodiments con-
template transmitting the data wirelessly to the computer
104 via a wireless adapter and signal transmitter/receiver
combination (not shown).
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[0022] According to at least one embodiment, the proc-
essed abdominal EMG signal (i.e., the signal represent-
ative of abdominal activity) may be displayed on the com-
puter 104, stored in a memory (not shown) for future ref-
erence, transmitted, or printed for evaluation by an at-
tending physician. The abdominal EMG signal represent-
ative of abdominal activity may quantify, among other
things, the general intensity of the secondary force (i.e.,
the voluntary contraction of the abdominal muscles) by
the maternal patient. In instances where epidural an-
esthesia is employed and general loss of sensitivity to
abdominal muscles may occur, this may prove advanta-
geous in order to assess whether the maternal patient is
pushing hard enough, or pushing at all, to supplement
the primary force (i.e., the uterine contractions) and
thereby advance the delivery.
[0023] Referring now to Figure 2, illustrated is an ex-
emplary embodiment of the circuit board 114 located in
the signal processing module 102, as described in Figure
1. The circuit board 114 may include a patient side A,
and a wall side B. As explained above, the circuit board
114 may receive a 12V direct current from the power
supply module 112. In particular, the power supply mod-
ule 112 may be communicably coupled to a power dis-
tribution module 202 located within the circuit board 114,
wherein the power distribution module 202 may be con-
figured to supply varying amounts of voltage to the inter-
nal circuitry of the circuit board 114. The power distribu-
tion module 202 may include a wall ground 204 and a
patient ground 206, designed to not only protect the pa-
tient from stray leakage current but also to protect the
internal circuitry from overload, as described below.
[0024] To help facilitate electrical shock protection for
both the patient and the circuitry, the circuit board 114
may include an isolation DC-DC converter 208, or a trans-
former that separates the patient side A from the wall
side B. In exemplary operation, the isolation DC-DC con-
verter 208 may be configured to isolate power signals,
thereby preventing stray charges from crossing over from
one side and causing damage on the opposite side. In
at least one embodiment, the isolation DC-DC converter
208 may include a commercially-available PWR1300 un-
regulated DC-DC converter.
[0025] As illustrated in Figure 2, the circuit board 114
may be divided into a series of channels 210, 212, 214,
216. In the exemplary illustrated embodiment, four chan-
nels 210, 212, 214, 216 are indicated, labeled as CH1,
CH2, CH3, and CH4, respectively, and may extend
across both patient side A and wall side B. Each channel
210, 212, 214, 216 may be communicably coupled to a
separate pair of electrodes 128, as described above.
Once the raw abdominal EMG signal is obtained by the
electrodes 128, the differential signal may then be deliv-
ered to each respective channel 210, 212, 214, 216 for
processing and subsequent display of a signal represent-
ative of abdominal activity.
[0026] Although four separate channels 210, 212, 214,
216 are herein disclosed, alternative embodiments may

include more or less than four. In fact, suitable results
may be achieved by employing a single-channel config-
uration. However, since inaccurate EMG signals can of-
ten result from poor skin impedance or misplacement of
the electrodes 128, a plurality of channels 210, 212, 214,
216 may afford the physician with a plurality of opportu-
nities to acquire an accurate abdominal EMG signal. Fur-
thermore, each channel 210, 212, 214, 216 may be sep-
arately-viewable on the computer 104 (Figure 1) after
signal processing has taken place.
[0027] Similar to the power distribution module 202, as
a precautionary measure the channels 210, 212, 214,
216 on patient side A can be isolated from their counter-
part channels 210, 212, 214, 216 on wall side B by a
linear optocoupler 218. In an exemplary embodiment,
the linear optocoupler 218 may include a commercially-
available IL300 optocoupler, available through VISHAY
SEMICONDUCTORS®, or other similar devices. As can
be appreciated to those skilled in the art, the linear op-
tocoupler 218 may serve to avert potential electrical dam-
age to the circuit 114 and the patient (not shown), as
leakage current will be prohibited from being transmitted
from one side A to the other side B, or vice versa.
[0028] In exemplary operation, the linear optocoupler
218 may be configured to receive a partially processed
EMG signal from the patient side A and create an optical
light signal that transmits across the linear optocoupler
218 to the wall side B. To be able to optically transmit a
signal across the linear optocoupler 218 from the patient
side A to the wall side B, the incoming raw abdominal
EMG signal must first be amplified and filtered, as will be
described in detail below. At the wall side B, the optical
signal may then be converted back into an electrical sig-
nal and then undergo final amplification and filtration
processes, as will also be described below. After final
amplification and filtration on the wall side B, the proc-
essed abdominal EMG signal may then be transmitted
to the A/D converter 116 where the signal can be digitized
for display on the computer 104 (Figure 1).
[0029] Referring now to Figures 3-6, illustrated are ex-
emplary schematic diagrams for an embodiment of the
power distribution module 202, as described above with
reference to Figure 2. To provide clean and safe power
to the circuitry of the circuit board 114, the power distri-
bution module 202 may be configured to filter and amplify
the incoming power signals several times. As can be ap-
preciated, clean power is desired so as to eliminate ex-
ternal noises introduced into the system via the power
supply 112 (Figure 1), thereby allowing the electrodes
128 to accurately register signals created only by the
patient.
[0030] With reference to Figure 3, the power distribu-
tion module 202 may include a 12V input power signal
302 and a signal input ground 304, both derived from the
power supply 112 disclosed in Figure 1. Although the
12V input power signal 302 was previously converted
into a clean, medical-grade power via the power supply
module 112, the power distribution module 202 may be
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designed to further clean the power so as to provide a
safer source of power. To accomplish this, the 12V input
power signal 302 may first be decoupled via a series of
capacitors C1, C2, C3 arranged in parallel of decreasing
capacitance, then be channeled through a voltage reg-
ulator 306 designed to reduce the 12V signal 302 to a
+5V signal 308. As part of this process, the voltage reg-
ulator 306 may reference the +5V signal 308 to a partly-
unsafe field ground 310.
[0031] Following the voltage regulator 306, a series of
capacitors C4, C5, C6 may be connected and configured
to further clean and filter the power, thereby creating a
lower DC voltage. This leads to the isolation DC-DC con-
verter 208, as described above with reference to Figure
2. As previously explained with reference to Figure 2, the
isolation DC-DC converter 208 may be configured to iso-
late the 5V signal 302 on the wall side B, from the patient
side A. The resulting clean and safe voltage is a +VISO
signal 312, referenced to a patient ground 314, a safe
grounding reference.
[0032] With reference to Figure 4, the +5V signal 308
acquired in Figure 3 may be converted into a -5V signal
402. The resulting signals 308, 402 may be used to power
the circuitry located in the channels 210, 212, 214, 216
on the wall side B of the circuit board 114 (Figure 2). In
the illustrated embodiment, the +5V signal 308 is initially
referenced to an unsafe field ground 310, but is subse-
quently filtered and amplified through a series of capac-
itors C9-C13 and a single voltage regulator 404. In an
exemplary embodiment, the voltage regulator 404 may
include a commercially-available LT1054 voltage regu-
lator, available through TEXAS INSTRUMENTS®, or an-
other similar device. The resulting -5V signal 402 may
also be referenced to an unsafe field ground 310. The
polar opposite signals may be required since amplifiers
typically need dual-power supply signals to account for
the positive and negative deflections to obtain the full
sine wave. As will be seen below, the +5V signal 308 and
the -5V signal 402 will be referenced by the several am-
plifiers located in the internal circuitry of each channel
210, 212, 214, 216 on the wall side B of the circuit board
114 (Figure 2).
[0033] With reference to Figure 5, the power distribu-
tion module 202 may be configured to use the clean +VI-
SO 312 signal acquired in Figure 3 and process it into a
+5VISO 502 signal, a much cleaner signal including a
very clean 5 volts of power. This may be accomplished,
by filtering and amplifying the +VISO 312 signal through
a series of capacitors C14, C15, a series of resistors R1,
R2, and a voltage regulator 504. In at least one embod-
iment, the voltage regulator 504 may include the com-
mercially-available LP2951 voltage regulator, available
through NATIONAL SEMICONDUCTOR®. The resulting
+5VISO 502 signal may be referenced to the very safe
patient ground 314.
[0034] Lastly, with reference to Figure 6, the power dis-
tribution module 202 may be configured to draw from the
+5VISO 502 signal acquired in Figure 5 above to create

a -5VISO 602 signal and a -0.5V 604 signal. At the outset,
the +5VISO 502 signal may be referenced to the safe
patient ground 314. As illustrated in Figure 6, the resulting
signals 602, 604 may be created by filtering and ampli-
fying the +5VISO 502 signal through a series of capaci-
tors C16-C23, a series of resistors R3, R4, and a voltage
regulator 606. In an exemplary embodiment, the voltage
regulator 606 may include the commercially-available
LT1054 voltage regulator, available through TEXAS IN-
STRUMENTS®. Moreover, the resulting -5VISO 602 sig-
nal and a -0.5V 604 signal may also both be referenced
to the patient ground 314. As will be seen below, the
+5VISO 502 signal and the -5VISO 602 signal will be
referenced by the several amplifiers located in the inter-
nal circuitry of each channel 210, 212, 214, 216 on the
patient side A of the circuit board 114 (Figure 2).
[0035] Referring now to Figure 7, with continuing ref-
erence to Figure 2, illustrated is a block diagram repre-
sentative of the internal circuitry 700 located on the pa-
tient side A of the circuit board 114 for each channel 210,
212, 214, 216. As illustrated, the internal circuitry 700
may include several stages configured to receive and
process a raw abdominal EMG signal from a patient. As
will be appreciated, however, although the internal cir-
cuitry 700 of only one channel 210, 212, 214, 216 is herein
described, the description may nonetheless apply to
each channel 210,212,214,216.
[0036] As explained above, each channel 210, 212,
214, 216 may be communicably coupled to a pair of elec-
trodes 128a, 128b that are designed to acquire the raw
abdominal EMG signals for processing. Specifically, the
electrodes 128a,b may be configured to measure the dif-
ferential muscle potential across the area between the
two electrodes 128a,b and reference that potential to
ground. As explained below, the electrodes 128a,b may
also implement an impedance matching system that can
provide relatively stable, impedance-independent output
voltages to the internal circuitry 700. The first stage 702
may include an instrumentation amplifier configured to
take the difference between the patient electrode voltag-
es seen at electrodes 128a,b and reference that differ-
ence to a patient ground 314, which may take the form
of an electrode. To support the instrumentation amplifier
in obtaining the differential amplification, the first stage
702 may include an arrangement of several capacitors
and resistors.
[0037] Also included in the first stage 702 may be a
series of diodes configured as a safety feature to ground
out the circuitry in the event an unexpected voltage spike
is introduced via the electrodes 128a,b. A typical diode
voltage drop is 0.7V, allowing the diode act as a switch
that opens when voltage is increased or decreased by
at least 0.7V. For example, in the event of a positive volt-
age spike, such as an emergency defibrillation of the pa-
tient where approximately 1,000V may course through
the patient’s body and potentially enter the electrodes
128a,b, a forward biased diode may be configured to
shunt any positive voltage above the typical 0.7V drop
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that enters via the electrodes 128a,b to ground. Upon
encountering the forward biased diode, the power spike
may be channeled away from the circuit board 114 (Fig-
ure 1) and to the power supply 112 (Figure 1) which is
medically-isolated to the wall outlet 108 (Figure 1), as
described above.
[0038] However, as is known in the art, every time there
is a voltage spike, the voltage will tend to peak and os-
cillate between negative and positive while gradually de-
creasing its oscillation until it stabilizes. Therefore, to
avoid sending an oppositely charged voltage spike back
though the circuit board 114, or even to the patient
through the electrode 128a,b, the circuitry in the first
stage 702 may also include a reverse biased diode con-
figured to absorb any negative voltage spikes exceeding
the 0.7V drop in the negative direction. In an exemplary
embodiment, a set of positive and negative diodes may
be provided for each electrode 128a,b.
[0039] Moreover, the first stage 702 may include at
least one pull-up resistor dedicated to each electrode
128a,b, since in some cases the patient is incapable of
creating enough energy to register a valid abdominal
EMG signal. Therefore, if needed, pull-up resistors may
weakly pull or draw out the abdominal EMG signals from
the patient.
[0040] The second stage 704 may be configured to
provide further protection for the internal circuitry 700,
and also further protect the patient from potentially dan-
gerous leakage current traveling back through any elec-
trodes 128a,b. In particular, the second stage 704 may
include at least one resistor and a series of diodes,
wherein the diodes may be designed to function similar
to the diodes disclosed in the first stage 702 and further
be referenced to a patient ground 314 designed to dissi-
pate any stray excessive voltages. Therefore, the second
stage 704 may serve as a failsafe mechanism in the event
the diodes in the first stage 702 fail to completely absorb
any unexpected peak voltages.
[0041] The third stage 706 and the sixth stage 712 may
each include a high-pass filter, while the fourth stage 708
and the seventh stage 714 may each include a low pass
filter. Throughout the hardware defined herein, the com-
bination of high-pass and low-pass filters may be config-
ured to amplify and filter the incoming abdominal EMG
signals to frequencies broadly located between about
20Hz to about 150Hz, the typical frequency band of ab-
dominal EMG activity found in humans. As can be ap-
preciated, these filtration stages 706, 708, 712, 714 may
eliminate some of the high or low frequency noises nat-
urally emanating from the patient, or from the surrounding
environment. In an alternative exemplary embodiment,
the incoming abdominal EMG signals may be amplified
and filtered to frequencies located between about 20Hz
to about 150Hz by means of a single band-pass filter,
thereby replacing the various filtration stages 706, 708,
712, 714 with a single band-pass filter stage.
[0042] The fifth stage 710 may include yet another volt-
age protection circuit, similar to the protection disclosed

in stage one 702 or stage two 704 above. In particular,
the fifth stage 710 may provide a series of diodes and
resistors configured to prevent the further influx of voltage
surges, thereby protecting the internal circuitry 700 of the
circuit board 114.
[0043] The eighth stage 716 may include a voltage di-
vider configured to reduce the gain accumulated through
the prior stages so as to provide the appropriate amount
of voltage to the ninth stage 718. The ninth stage 718
may include a diode driver circuit having an operational
amplifier ("op amp") configured to adjust a diode config-
uration that is designed to feed data and power to an
optocoupler located in the tenth stage 720. In exemplary
operation, the op amp may not have enough capacity to
power an optocoupler. The diode configuration in the
ninth stage 718, therefore, may compensate for the lack
in voltage stemming from the op amp and be powered
by +5VISO 502 (Figure 5) and referenced to -5VISO 602
(Figure 6). Alternatively, the diode configuration in the
ninth stage 718 may compensate for an excess of voltage
stemming from the op amp, and dissipate excess voltage
safely to ground so as to not damage the ensuing opto-
coupler.
[0044] The tenth stage 720 may correspond to the lin-
ear optocoupler 218, as explained above with reference
to Figure 2. The linear optocoupler 218, also referred to
as an optoisolator, may be configured to receive the part-
ly-processed abdominal EMG signal from the internal cir-
cuitry 700 located on the patient side A and create an
optical light signal that transmits across the optocoupler
218 to the wall side B. It should be noted that no electrical
power is transferred over the linear optocoupler 218 from
the patient side A to the wall side B. Instead, as explained
above with reference to Figures 3 and 4, the wall side B
is powered separately from the patient side A.
[0045] Referring now to Figure 8, with continuing ref-
erence to Figure 2, illustrated is a block diagram repre-
sentative of the internal circuitry 800 located on the wall
side B of the circuit board 114 for each channel 210, 212,
214, 216. As illustrated, the internal circuitry 800 may
include several stages configured to receive the pre-
processed abdominal EMG signal from patient side A
and process that data for analog to digital (A/D) conver-
sion.
[0046] The first stage 802 and the fifth stage 810 of the
internal circuitry 800 may include a low-pass filter de-
signed to filter the abdominal EMG signal from any out-
lying noises, thereby focusing the signal frequency to the
broad frequency band lying between about 20Hz to about
150Hz. As can be appreciated, this frequency band may
be filtered to a more narrow frequency band for more
exact measurements.
[0047] The second stage 804 and the sixth stage 812
may each include a buffer amplifier. The buffer amplifiers
provide electrical impedance transformation from one cir-
cuit to another. Specifically, each buffer amplifier may be
configured to prevent the preceding stages from unac-
ceptably loading the ensuing stages and thereby inter-
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fering with its desired operation.
[0048] The third stage 806 and the fourth stage 808 of
the internal circuitry 800 may be configured as calibrating
stages designed to refine the incoming EMG signals. In
particular, each stage 806, 808 may include a low-pass
filter defined by at least one capacitor and at least one
resistor. However, the third stage 806 may include a tun-
able DC offset, configured to be tuned by the use of a
localized potentiometer. Also, the fourth stage 808 may
include a tunable gain, wherein the amplitude of the in-
coming EMG signal may be altered so as to acquire a
known amplitude. Thus, a trained technician or the phy-
sician may be able to optimize the signal tuning at the
hardware level. Although the frequency band may not be
altered, the amplitude, gain, and DC offset may be ma-
nipulated to suit a particular application.
[0049] The seventh stage 814 may include a combi-
nation high-pass and low-pass filter configured to further
filter the abdominal EMG signal from any outlying noises,
thereby focusing the frequency to the broad frequency
band lying between about 20Hz to about 150Hz.
[0050] The seventh stage 814 may include at least one
60Hz notch filter configured to attenuate any noise gen-
erated by ambient lighting to a very low, unnoticeable
level. As can be appreciated, to accommodate the vary-
ing frequencies outside of the U.S, the notch filter may
be configured to filter a variety of frequencies. The signal
leaving the seventh stage leads to the A/D converter 116
(Figure 2) for digitizing. In an exemplary embodiment,
the A/D converter may include a data acquisition ("DAQ")
card, such as the commercially-available NI 6008, avail-
able through NATIONAL INSTRUMENTS®, as de-
scribed above. Following the A/D converter, as explained
above, the processed signal may be transmitted to the
computer 104 (Figure 1) for software manipulation and
display.
[0051] The computer 104 may be configured to initiate
the LABVIEW® software program, or other equivalent
software programs, to acquire the digitized data and
place it in an internal memory (not shown). The software
may also be configured to algorithmically filter the incom-
ing signal to remove any motion artifacts, or stray signals
resulting from patient movement or someone contacting
the electrodes 128 or leads and thereby causing a spike
in signal activity. To accomplish this, the software may
be programmed with an abdominal EMG threshold that
automatically disregards registered signals that exceed
frequencies lying outside of about 20Hz to about 150Hz.
Alternative software data manipulation may include al-
tering the gain of the signal, and calculating the root mean
square of the data to obtain the signal representative of
abdominal activity.
[0052] Contemplated in the disclosure, therefore, is
hardware and software filtering of incoming abdominal
EMG signals. Such multi-layer frequency filtering may
have the advantageous effect of isolating only the signals
representative of abdominal activity. After full signal
processing has taken place in the computer 104, the

processed data in the form of a signal representative of
abdominal activity can be displayed, stored in memory
for future reference, transmitted, or printed. As can be
appreciated, a software program implemented by the
computer 104 may be employed to execute instructions
configured to carry out the process of presenting the sig-
nals representative of abdominal activity.
[0053] In another exemplary embodiment, the system
100, as generally described herein with reference to Fig-
ures 1-8, may also be used for acquiring and processing
primary labor forces, or uterine contractions, before, dur-
ing, and after delivery. Similar to the abdominal EMG
signals, uterine contractions represent the electrophysi-
ological activity in the muscle fiber of the uterus, and can
be detected as a uterine EMG signal. Upon conception,
uterine contractions commence and comprise coordinat-
ed contractions by individual myometrial cells of the uter-
us. These contractions are triggered by an action poten-
tial, and when electrodes are placed on the maternal ab-
domen, they may measure that action potential, thereby
transmitting a raw uterine EMG signal.
[0054] In an exemplary embodiment configured to ac-
quire and process uterine EMG signals, the signal
processing module 102 and computer 104 may function
substantially similar to the embodiments described
above, except that uterine EMG signals, instead of ab-
dominal EMG signals, are acquired and processed. As
such, the signal processing module 102 and computer
104 will not be described again in detail.
[0055] To be able to acquire and process the uterine
EMG signals, however, the combination of high-pass and
low-pass filters in the system 100 must amplify and filter
the incoming uterine EMG signals to frequencies broadly
located between about 0.2Hz to about 2Hz, the typical
frequency of uterine EMG activity found in humans. For
example, referring to Figure 7, the high pass filters of the
third stage 706 and sixth stage 712, and the low pass
filters of the fourth stage 708 and the seventh stage 714
may be configured to eliminate some of the high or low
frequency noises naturally emanating from the patient
by filtering the incoming uterine EMG signals to frequen-
cies broadly located between about 0.2Hz to about 2Hz.
Furthermore, with reference to Figure 8, the low-pass
filters of the first stage 802 and the fifth stage 810, and
the combination high-pass and low-pass filter of the sev-
enth stage 814 may be designed to further filter the uter-
ine EMG signal from any outlying noises, thereby focus-
ing the signal frequency even closer to the broad fre-
quency band lying between about 0.2Hz to about 2.0 Hz.
[0056] Additionally, the computer 104 may be config-
ured to use the LABVIEW® software program to algo-
rithmically filter the incoming signal to between about
0.3Hz and about 1.0Hz to thereby obtain a more precise
signal representative of uterine activity. During the filtra-
tion process, software manipulation of the data may in-
clude removing any motion artifacts, or stray signals re-
sulting from patient movement or someone contacting
the electrodes 128 or leads and thereby causing a spike
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in signal activity. To accomplish this, the software may
be programmed with a uterine EMG threshold that auto-
matically disregards registered signals that exceed that
limit. Alternative software data manipulation may include
altering the gain of the signal, and calculating the root
mean square of the data to obtain a signal representative
of uterine activity.
[0057] The processed uterine EMG signals (primary
labor force), representing the frequency and intensity of
uterine contractions, may then be evaluated in conjunc-
tion with the processed abdominal EMG signals (second-
ary labor force), representing the intensity of abdominal
contractions. As can be appreciated, an attending phy-
sician may be able to detect when a uterine contraction
is transpiring and direct the maternal patient to push using
the abdominal muscles to supplement the uterine con-
traction.
[0058] Furthermore, being able to view the intensity of
the abdominal EMG signals may prove advantageous in
cases where epidural anesthesia has diminished sensi-
tivity to the abdominal muscles of a maternal patient. As
is often the case, an anesthetized maternal patient may
be unable to calculate the force of a voluntary abdominal
contraction, or may be mistakenly pushing with muscles
other than the abdomen. Such instances may prove
counterproductive to the delivery process. Therefore, by
viewing the abdominal EMG signals, an attending phy-
sician can regulate abdominal contraction and direct the
maternal patient to increase the abdominal contraction
intensity when necessary, thereby serving to advance
the delivery process.
[0059] Regarding the electrodes 128 as described in
Figures 1 and 2, they may further include a hardware-
embedded software solution configured to continuously
monitor the skin-to-electrode impedance. In monitoring
the skin impedance, the electrodes 128 may be config-
ured to alter the input impedance of the monitoring cir-
cuitry to dynamically adapt to the changing impedance
mismatch between the patient skin and the electronics
in the signal processing module 102. In at least one em-
bodiment, the skin-to-electrode impedance may be im-
plemented in a continuous-monitoring mode or time-de-
fined monitoring mode, to allow either real-time imple-
mentation of the impedance matching or predefined
matching based upon the accuracy required by the med-
ical procedure.
[0060] In an exemplary embodiment, the skin-to-elec-
trode impedance matching may be accomplished via the
methods and systems described in co-pending U.S. App.
Ser. No. 12/758,552, entitled "Method and Apparatus to
Determine Impedance Variations in a Skin/Electrode In-
terface". In another exemplary embodiment, the skin-to-
electrode impedance matching may be accomplished as
described below.
[0061] Figure 9 illustrates an exemplary schematic
electrical circuit for a skin impedance matching system
900. The system 900 may be configured to measure the
skin-to-electrode impedance and adaptively alter the in-

put impedance of the electrical monitoring circuitry to
match the measured skin-to-electrode impedance. The
system 900 may include a first matching module, or
measurement circuit, having a skin-to-electrode interface
902 including electrodes 128, a pair of switches 904, a
current sensing differential amplifier 906, an A/D convert-
er 908, and a microprocessor 910.
[0062] In exemplary operation, the measurement cir-
cuit senses the input impedance of the skin-to-electrode
interface, amplifies, digitizes, and provides information
to the microprocessor 910. Within the microprocessor
910, an embedded software routine may be configured
to analyze the incoming data and generate a series of
control signals to a communicably coupled resistor ladder
network 912. In at least one embodiment, the control sig-
nals are 12-bit communications.
[0063] Following the resistor ladder network 912 may
be a second sensing module or mode, a differential am-
plifier 914 may be employed to amplify the incoming elec-
trical signals generated by the patient. In an exemplary
embodiment, a medical device 916, such as the signal
processing module 102 (Figure 1), may be attached to
the amplifier 914 in order to obtain data from the elec-
trodes 128. As can be appreciated, multiple circuits may
be progressively switched using the same electrodes
128, if appropriate. In at least one embodiment, the am-
plifier 914 is not employed. In alternative embodiments,
the amplifier 914 may be integrally-embodied in the med-
ical device 916.
[0064] Referring now to Figure 10, illustrated is an ex-
emplary electrical schematic of at least one resistor lad-
der network 912. As shown, the resistor ladder network
912 may include a plurality of resistors 1002 and micro-
controller-activated switches 1004 to implement a
number of resistor 1002 combinations in parallel, thereby
allowing tremendous accuracy in the total impedance
generated by the combined resistor ladder 912. Depend-
ing on the application, the resistor 1002 values may vary.
For example, in the illustrated exemplary embodiment,
R may equal 1K Ohms, where the value of R may vary
per application.
[0065] In exemplary operation, with continuing refer-
ence to Figures 9 and 10, the electrodes 128 communi-
cably coupled to the electronic monitoring system 900
may first be placed on the patient skin surface. The mi-
croprocessor 910 may then be configured to adjust the
switches 904 to the "ON" or 1 position, thereby creating
a current flow path from Vin, through Rsense, Rlead+,
Rskin, Rlead- to ground. In an exemplary embodiment,
the microprocessor 910 may communicate to the switch-
es 904 with 2-bit, or even 1-bit, signals. The voltage drop,
and thus the current through the resistor Rsense, may
then be measured and amplified by the current-sensing
differential amplifier 906. The resulting analog signal may
then be digitized by the A/D converter 908 and passed
in a multi-bit format to the microprocessor 910. An em-
bedded-software routine in the microprocessor 910 may
be configured to analyze the digitized information and
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thereby calculate the resistive load applied by the skin-
to-electrode interface 902.
[0066] The microprocessor 910 may then create a set
of control signals 1006 (Figure 10) and send them to the
resistor ladder network 912 in order to activate the switch-
es 1004 as needed. Activating the switches 1004 may
include creating a set of parallel resistors 1002 config-
ured to generate an overall resistive load corresponding
to the resistive load created by the skin-to-electrode in-
terface 902. Upon completion of the resistive-matching
operation, the microprocessor 910 may then set the input
switches 904 back to the "OFF" or 0 position, thereby
returning the electronic system 900 to regular operation
as a medical monitoring device, while leaving the resistor
ladder network 912 programmed to match the skin-to-
electrode impedance.
[0067] The exemplary values of resistors 1002 dis-
closed in Figure 2 may be configured to generate a variety
of resistance values by various combinations of switches
1004 that are no more than a 5% variance with any skin
impedance generally between 10K ohms to 100K ohms.
Due to the matching operation, the voltage from moni-
toring the skin through the electrodes 128 may be split
at the junctions 918 where a portion of the voltage flows
through the network 912 and the other portion flows
through the amplifier 914.
[0068] The foregoing has outlined features of several
embodiments so that those skilled in the art may better
understand the detailed description that follows. The in-
vention is defined by appended claims 1-17.

Claims

1. A system (100) for processing and comparing ab-
dominal EMG signals and uterine EMG signals dur-
ing labor, comprising:

a signal processing module (102) having an in-
ternal processing circuit;
a first plurality of skin impedance electrodes
(128) communicably coupled to the signal
processing module and configured to acquire
and transmit a raw abdominal EMG signal from
a patient to the internal processing circuit where
the raw abdominal EMG signal is amplified and
filtered to a frequency band between about 20Hz
and about 150Hz, thereby obtaining a proc-
essed abdominal EMG signal, wherein said first
plurality of impedance electrodes further com-
prises a skin-to-electrode impedance matching
system (900) for monitoring a plurality of skin-
to-electrode impedances and altering the input
impedance of said processing circuit to adapt to
said skin-to-electrode impedances;
a second plurality of skin impedance electrodes
(128) communicably coupled to the signal
processing module (102) and configured to ac-

quire and transmit a raw uterine EMG signal
from a patient to the internal processing circuit
where the raw uterine EMG signal is amplified
and filtered to a frequency band between about
0.2Hz and about 2Hz, thereby obtaining a proc-
essed uterine EMG signal, said second plurality
of impedance electrodes further comprises a
skin-to-electrode impedance matching system
(900) for monitoring a plurality of skin-to-elec-
trode impedances and altering the input imped-
ance of said processing circuit to adapt to said
skin-to-electrode impedances;
an analog to digital converter (116) operatively
coupled to the processing circuit and configured
to convert the processed abdominal EMG signal
into a digital abdominal EMG signal and proc-
essed uterine EMG signal into a digital uterine
EMG signal; and
a computer (104) communicably coupled to the
signal processing module and configured to si-
multaneously receive and process the digital ab-
dominal EMG signal and digital uterine EMG sig-
nal into viewable representation of abdominal
and uterine muscle activity, whereby an intensity
of abdominal muscle activity can be evaluated
alongside a uterine muscle EMG signal such
that abdominal contractions and uterine con-
tractions can be synchronized.

2. The system of claim 1, wherein the computer has a
wireless receiver and the signal processing module
further comprises a wireless transmitter for wireless-
ly transmitting the digital abdominal EMG signal to
the wireless receiver of the computer.

3. The system of claim 1, wherein the signal processing
module further comprises a circuit board (114) hav-
ing a patient side (A) and a wall side (B), the patient
side being separated from the wall side by an isola-
tion DC-DC converter (208) configured to isolate
power signals and prevent stray charges from cross-
ing over from the wall side to the patient side or from
the patient side to the wall side.

4. The system of claim 3, wherein the circuit board fur-
ther comprises a plurality of channels (210, 212, 214,
216) extending across the patient side to the wall
side, each channel being separated by an optocou-
pler configured to prevent potential electrical dam-
age to the circuit board or the patient.

5. The system of claim 1, wherein the computer proc-
esses the digital abdominal EMG signal by removing
motion artifacts from the digital abdominal EMG sig-
nal.

6. The system of claim 1, further comprising software
configured to determine the root mean square of the
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digital abdominal EMG signal to obtain the signal
representative of abdominal activity.

7. The system of claim 6, wherein the signal represent-
ative of abdominal activity is displayed on a monitor.

8. The system according to any one of the preceding
claims, wherein the raw uterine EMG signal is am-
plified and filtered to a frequency band between
about 0.3Hz and about 1Hz.

9. The system of claim 1, wherein the signal processing
module further comprises:

a matching module configured to determine the
skin impedance of the patient by sensing an in-
put impedance from the patient through the plu-
rality of pairs of skin impedance electrodes, and
amplifying and digitizing the input impedance;
a resistor ladder network (912) configured to
match the skin impedance using at least one
resistor;
a microprocessor (910) configured to analyze
the input impedance and generate a series of
control signals to direct the resistor ladder net-
work to match the skin impedance; and
a sensing module configured to sense uterine
EMG signals from the patient through the plu-
rality of pairs of skin impedance electrodes in
conjunction with the resistor ladder network.

10. The system of claim 9, wherein the sensing module
is communicably coupled to the signal processing
module.

11. A method of processing and comparing abdominal
EMG signals and uterine EMG signals during labor,
comprising:

simultaneously obtaining a raw analog abdom-
inal EMG signal and raw analog uterine EMG
signal from a plurality of pairs of skin impedance
electrodes applied to a maternal abdomen of a
patient; monitoring the plurality of skin-to-elec-
trode impedances and altering the input imped-
ance of the monitoring circuitry to adapt to said
skin-to-electrode impedances;
processing the raw analog abdominal EMG sig-
nal in a signal processing module by amplifying
and filtering the raw analog abdominal EMG sig-
nal to a frequency band between about 20Hz
and about 150Hz, thereby obtaining a proc-
essed analog abdominal signal;converting the
processed analog abdominal signal to a digital
abdominal EMG signal;
processing the raw analog uterine EMG signal
in the signal processing module by amplifying
and filtering the raw analog uterine EMG signal

to a frequency band between about 0.2Hz and
about 2Hz, thereby obtaining a processed ana-
log abdominal signal;
converting the processed analog uterine signal
to a digital uterine EMG signal; converting the
digital abdominal EMG signal into a signal rep-
resentative of abdominal muscle activity;
converting the digital uterine EMG signal into a
signal representative of uterine muscle activity;
using a computer communicably coupled to the
signal processing module, whereby an intensity
of abdominal muscle activity can be evaluated
alongside a uterine EMG signal such that ab-
dominal contractions and uterine contractions
can be synchronized.

12. The method of claim 11, further comprising evaluat-
ing the signal representative of abdominal activity in
conjunction with a signal representative of uterine
activity in order to coincide abdominal activity with
uterine activity.

13. The method of claim 12, further comprising matching
a skin impedance of the patient with an impedance
of the pair of electrodes.

14. The method of claim 13, wherein matching the skin
impedance of the patient comprises:

determining the skin impedance of the patient
by sensing an input impedance from the patient,
and amplifying and digitizing the input imped-
ance to obtain a processed input impedance;
analyzing the processed input impedance using
a microprocessor;
generating a control signal to direct a resistor
ladder network to match the skin impedance;
matching the skin impedance using at least one
resistor in the resistor ladder network; and
sensing the raw analog abdominal EMG signals
from the patient through a sensing module cou-
pled to pair of electrodes in conjunction with the
resistor ladder network.

15. The method of claim 14, wherein the sensing module
is communicably coupled to the signal processing
module.

16. The method of claim 11, wherein converting the dig-
ital abdominal EMG signal into a signal representa-
tive of abdominal activity using a computer compris-
es:

removing motion artifacts from the digital ab-
dominal EMG signal; and
determining the root mean square of the digital
abdominal EMG signal.
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17. The system according to any one of claims 11 to 16,
wherein the raw uterine EMG signal is amplified and
filtered to a frequency band between about 0.3Hz
and about 1Hz.

Patentansprüche

1. System (100) zum Verarbeiten und Vergleichen von
EMG-Bauchsignalen und EMG-Uterussignalen
während der Geburtswehen, das Folgendes um-
fasst:

ein Signalverarbeitungsmodul (102) mit einer in-
ternen Verarbeitungsschaltung;
eine erste Mehrzahl von Hautimpedanzelektro-
den (128), die kommunizierbar mit dem Signal-
verarbeitungsmodul gekoppelt und zum Erfas-
sen und Übertragen eines rohen EMG-Bauch-
signals von einem Patienten zur internen Ver-
arbeitungsschaltung konfiguriert ist, wobei das
rohe EMG-Bauchsignal verstärkt und auf ein
Frequenzband zwischen etwa 20 Hz und etwa
150 Hz gefiltert wird, um dadurch ein verarbei-
tetes EMG-Bauchsignal zu erhalten, wobei die
genannte erste Mehrzahl von Impedanzelektro-
den ferner ein Haut-zu-Elektrode-Impedanzab-
gleichsystem (900) zum Überwachen einer
Mehrzahl von Haut-zu-Elektrode-Impedanzen
und zum Verändern der Eingangsimpedanz der
genannten Verarbeitungsschaltung umfasst,
um sie an die genannten Haut-zu-Elektrode-Im-
pedanzen anzupassen;
eine zweite Mehrzahl von Hautimpedanzelekt-
roden (128), die kommunizierbar mit dem Sig-
nalverarbeitungsmodul (102) gekoppelt und
zum Erfassen und Übertragen eines rohen
EMG-Uterussignals von einem Patienten zur in-
ternen Verarbeitungsschaltung konfiguriert ist,
wobei das rohe EMG-Uterussignal verstärkt und
auf ein Frequenzband zwischen etwa 0,2 Hz und
etwa 2 Hz gefiltert wird, um dadurch ein verar-
beitetes EMG-Uterussignal zu erhalten, wobei
die genannte zweite Mehrzahl von Impedanze-
lektroden ferner ein Haut-zu-Elektrode-Impe-
danzabgleichsystem (900) zum Überwachen ei-
ner Mehrzahl von Haut-zu-Elektrode-Impedan-
zen und zum Verändern der Eingangsimpedanz
der genannten Verarbeitungsschaltung um-
fasst, um sie an die genannten Haut-zu-Elektro-
de-Impedanzen anzupassen;
einen Analog-Digital-Wandler (116), der opera-
tiv mit der Verarbeitungsschaltung gekoppelt
und zum Umwandeln des verarbeiteten EMG-
Bauchsignals in ein digitales EMG-Bauchsignal
und eines verarbeiteten EMG-Uterussignals in
ein digitales EMG-Uterussignal konfiguriert ist;
und

einen Computer (104), der kommunizierbar mit
dem Signalverarbeitungsmodul gekoppelt und
zum gleichzeitigen Empfangen und Verarbeiten
des digitalen EMG-Bauchsignals und des digi-
talen EMG-Uterussignals in eine sichtbare Dar-
stellung von Bauch- und Uterusmuskelaktivität
konfiguriert ist, wodurch eine Intensität von
Bauchmuskelaktivität zusammen mit einem
EMG-Uterusmuskelsignal beurteilt werden
kann, so dass Bauchkontraktionen und Uterus-
kontraktionen synchronisiert werden können.

2. System nach Anspruch 1, wobei der Computer einen
drahtlosen Empfänger hat und das Signalverarbei-
tungsmodul ferner einen drahtlosen Sender zum
drahtlosen Senden des digitalen EMG-Bauchsig-
nals zum drahtlosen Empfänger des Computers um-
fasst.

3. System nach Anspruch 1, wobei das Signalverarbei-
tungsmodul ferner eine Leiterplatte (114) mit einer
Patientenseite (A) und einer Wandseite (B) umfasst,
wobei die Patientenseite von der Wandseite durch
einen Isolations-DC-DC-Wandler (208) getrennt ist,
konfiguriert zum Isolieren von Stromsignalen und
zum Verhindern des Überkreuzens von Streuladun-
gen von der Wandseite zur Patientenseite oder von
der Patientenseite zur Wandseite.

4. System nach Anspruch 3, wobei die Leiterplatte fer-
ner mehrere Kanäle (210, 212, 214, 216) umfasst,
die über die Patientenseite zur Wandseite verlaufen,
wobei jeder Kanal durch einen Optokoppler getrennt
ist, konfiguriert zum Verhindern von potentiellen
elektrischen Schäden an der Leiterplatte oder am
Patienten.

5. System nach Anspruch 1, wobei der Computer das
digitale EMG-Bauchsignal durch Entfernen von Be-
wegungsartefakten vom digitalen EMG-Bauchsignal
verarbeitet.

6. System nach Anspruch 1, das ferner Software um-
fasst, konfiguriert zum Bestimmen des Effektivwerts
des digitalen EMG-Bauchsignals, um das für die
Bauchaktivität repräsentative Signal zu erhalten.

7. System nach Anspruch 6, wobei das für Bauchakti-
vität repräsentative Signal auf einem Monitor ange-
zeigt wird.

8. System nach einem der vorherigen Ansprüche, wo-
bei das rohe EMG-Uterussignal verstärkt und auf ein
Frequenzband zwischen 0,3 Hz und etwa 1 Hz ge-
filtert wird.

9. System nach Anspruch 1, wobei das Signalverarbei-
tungsmodul ferner Folgendes umfasst:
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ein Abgleichmodul, konfiguriert zum Bestimmen
der Hautimpedanz des Patienten durch Erfas-
sen einer Eingangsimpedanz vom Patienten
durch die mehreren Paare von Hautimpedanz-
elektroden und Verstärken und Digitalisieren
der Eingangsimpedanz;
ein Widerstandsleiternetzwerk (912), konfigu-
riert zum Abgleichen der Hautimpedanz mit we-
nigstens einem Widerstand;
einen Mikroprozessor (910), konfiguriert zum
Analysieren der Eingangsimpedanz und zum
Erzeugen einer Serie von Steuersignalen zum
Leiten des Widerstandsleiternetzwerks zum Ab-
gleichen der Hautimpedanz; und
ein Erfassungsmodul, konfiguriert zum Erfas-
sen von EMG-Uterussignalen von dem Patien-
ten durch die mehreren Paare von Hautimpe-
danzelektroden in Verbindung mit dem Wider-
standsleiternetzwerk.

10. System nach Anspruch 9, wobei das Erfassungsmo-
dul kommunizierbar mit dem Signalverarbeitungs-
modul gekoppelt ist.

11. Verfahren zum Verarbeiten und Vergleichen von
EMG-Bauchsignalen und EMG-Uterussignalen
während der Geburtswehen, das Folgendes bein-
haltet:

gleichzeitiges Einholen eines rohen analogen
EMG-Bauchsignals und eines rohen analogen
EMG-Uterussignals von mehreren Paaren von
Hautimpedanzelektroden, die auf den materna-
len Bauch einer Patientin aufgebracht werden;
Überwachen der Mehrzahl von Haut-zu-Elektro-
den-Impedanzen und Verändern der Eingang-
simpedanz der Überwachungsschaltung zum
Anpassen an die genannten Haut-zu-Elektro-
den-Impedanzen;
Verarbeiten des rohen analogen EMG-Bauch-
signals in einem Signalverarbeitungsmodul
durch Verstärken und Filtern des rohen analo-
gen EMG-Bauchsignals auf ein Frequenzband
zwischen etwa 20 Hz und etwa 150 Hz, um da-
durch ein verarbeitetes analoges Bauchsignal
zu erhalten; Umwandeln des verarbeiteten ana-
logen Bauchsignals in ein digitales EMG-Bauch-
signal;
Verarbeiten des rohen analogen EMG-Uterus-
signals in dem Signalverarbeitungsmodul durch
Verstärken und Filtern des rohen analogen
EMG-Uterussignals auf ein Frequenzband zwi-
schen etwa 0,2 Hz und etwa 2 Hz, um dadurch
ein verarbeitetes analoges Bauchsignal zu er-
halten;
Umwandeln des verarbeiteten analogen Ute-
russignals in ein digitales EMG-Uterussignal;
Umwandeln des digitalen EMG-Bauchsignals in

ein für Bauchmuskelaktivität repräsentatives Si-
gnal;
Umwandeln des digitalen EMG-Uterussignals in
ein für Uterusmuskelaktivität repräsentatives Si-
gnal;
Benutzen eines Computers, der kommunikativ
mit dem Signalverarbeitungsmodul gekoppelt
ist, wodurch eine Intensität von Bauchmus-
kelaktivität zusammen mit einem EMG-Uterus-
signal beurteilt werden kann, so dass Bauch-
kontraktionen und Uteruskontraktionen syn-
chronisiert werden können.

12. Verfahren nach Anspruch 11, das ferner das Beur-
teilen des für Bauchaktivität repräsentativen Signals
in Zusammenhang mit einem für Uterusaktivität re-
präsentativen Signal beinhaltet, so dass Bauchakti-
vität mit Uterusaktivität zusammenfällt.

13. Verfahren nach Anspruch 12, das ferner das Abglei-
chen einer Hautimpedanz des Patienten mit einer
Impedanz des Elektrodenpaares beinhaltet.

14. Verfahren nach Anspruch 13, wobei das Abgleichen
der Hautimpedanz des Patienten Folgendes bein-
haltet:

Bestimmen der Hautimpedanz des Patienten
durch Erfassen einer Eingangsimpedanz vom
Patienten und Verstärken und Digitalisieren der
Eingangsimpedanz, um eine verarbeitete Ein-
gangsimpedanz zu erhalten;
Analysieren der verarbeiteten Eingangsimpe-
danz mit einem Mikroprozessor;
Erzeugen eines Steuersignals zum Leiten eines
Widerstandsleiternetzwerks, um es an die Hau-
timpedanz anzupassen;
Abgleichen der Hautimpedanz mit wenigstens
einem Widerstand in dem Widerstandsleiter-
netzwerk; und
Erfassen der rohen analogen EMG-Bauchsig-
nale von dem Patienten durch ein Erfassungs-
modul, das mit einem Elektrodenpaar gekoppelt
ist, in Verbindung mit dem Widerstandsleiter-
netzwerk.

15. Verfahren nach Anspruch 14, wobei das Erfas-
sungsmodul kommunizierbar mit dem Signalverar-
beitungsmodul gekoppelt ist.

16. Verfahren nach Anspruch 11, wobei das Umwandeln
des digitalen EMG-Bauchsignals in ein für Bauchak-
tivität repräsentatives Signal mit einem Computer
Folgendes beinhaltet:

Entfernen von Bewegungsartefakten von dem
digitalen EMG-Bauchsignal; und
Bestimmen des Effektivwerts des digitalen
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EMG-Bauchsignals.

17. System nach einem der Ansprüche 11 bis 16, wobei
das rohe EMG-Uterussignal verstärkt und auf ein
Frequenzband zwischen etwa 0,3 Hz und etwa 1 Hz
gefiltert wird.

Revendications

1. Un système (100) de traitement et de comparaison
de signaux d’EMG abdominal et de signaux d’EMG
utérin au cours d’un accouchement, comprenant :

un module de traitement du signal (102) possé-
dant un circuit de traitement interne,
une première pluralité d’électrodes d’impédan-
ce de la peau (128) couplées en communication
au module de traitement du signal et configurées
de façon à acquérir et transmettre un signal
d’EMG abdominal brut à partir d’un patient au
circuit de traitement interne où le signal d’EMG
abdominal brut est amplifié et filtré vers une ban-
de de fréquences entre environ 20 Hz et environ
150 Hz, obtenant ainsi un signal d’EMG abdo-
minal traité, où ladite première pluralité d’élec-
trodes d’impédance comprend en outre un sys-
tème d’appariement d’impédances peau à élec-
trode (900) destiné à la surveillance d’une plu-
ralité d’impédances peau à électrode et à la mo-
dification de l’impédance en entrée dudit circuit
de traitement de façon à l’adapter auxdites im-
pédances peau à électrode,
une deuxième pluralité d’électrodes d’impédan-
ce de la peau (128) couplées en communication
au module de traitement du signal (102) et con-
figurées de façon à acquérir et transmettre un
signal d’EMG utérin brut à partir d’un patient vers
le circuit de traitement interne où le signal
d’EMG utérin brut est amplifié et filtré vers une
bande de fréquences entre environ 0,2 Hz et
environ 2 Hz, obtenant ainsi un signal d’EMG
utérin traité, ladite deuxième pluralité d’électro-
des d’impédance comprenant en outre un sys-
tème d’appariement d’impédances peau à élec-
trode (900) destiné à la surveillance d’une plu-
ralité d’impédances peau à électrode et à la mo-
dification de l’impédance en entrée dudit circuit
de traitement de façon à l’adapter auxdites im-
pédances peau à électrode,
un convertisseur analogique à numérique (116)
couplé de manière opérationnelle au circuit de
traitement et configuré de façon à convertir le
signal d’EMG abdominal traité en un signal
d’EMG abdominal numérique et le signal d’EMG
utérin traité en un signal d’EMG utérin numéri-
que, et
un ordinateur (104) couplé en communication

au module de traitement du signal et configuré
de façon à recevoir et traiter simultanément le
signal d’EMG abdominal numérique et le signal
d’EMG utérin numérique en une représentation
visualisable d’une activité musculaire abdomi-
nale et utérine, grâce à quoi une intensité d’ac-
tivité musculaire abdominale peut être évaluée
parallèlement à un signal d’EMG musculaire
utérin de sorte que des contractions abdomina-
les et des contractions utérines puissent être
synchronisées.

2. Le système selon la Revendication 1, où l’ordinateur
possède un récepteur sans fil et le module de trai-
tement du signal comprend en outre un émetteur
sans fil destiné à l’émission de manière non filaire
du signal d’EMG abdominal numérique vers le ré-
cepteur sans fil de l’ordinateur.

3. Le système selon la Revendication 1, où le module
de traitement du signal comprend en outre une carte
à circuits imprimés (114) possédant un côté patient
(A) et un côté paroi (B), le côté patient étant séparé
du côté paroi par un convertisseur DC-DC d’isolation
(208) configuré de façon à isoler des signaux d’ali-
mentation et empêcher des charges parasites de tra-
verser du côté paroi vers le côté patient ou du côté
patient vers le côté paroi.

4. Le système selon la Revendication 3, où la carte à
circuits imprimés comprend en outre une pluralité de
canaux (210, 212, 214, 216) s’étendant sur le côté
patient vers le côté paroi, chaque canal étant séparé
par un optocoupleur configuré de façon à empêcher
des dommages électriques potentiels à la carte à
circuits imprimés ou au patient.

5. Le système selon la Revendication 1, où l’ordinateur
traite le signal d’EMG abdominal numérique par la
suppression d’artefacts de mouvement du signal
d’EMG abdominal numérique.

6. Le système selon la Revendication 1, comprenant
en outre un logiciel configuré de façon à déterminer
la moyenne quadratique du signal d’EMG abdominal
numérique de façon à obtenir le signal représentatif
d’une activité abdominale.

7. Le système selon la Revendication 6, où le signal
représentatif d’une activité abdominale est affiché
sur un moniteur.

8. Le système selon l’une quelconque des Revendica-
tions précédentes, où le signal d’EMG utérin brut est
amplifié et filtré vers une bande de fréquences entre
environ 0,3 Hz et environ 1 Hz.

9. Le système selon la Revendication 1, où le module
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de traitement du signal comprend en outre :

un module d’appariement configuré de façon à
déterminer l’impédance de la peau du patient
par la détection d’une impédance en entrée à
partir du patient par l’intermédiaire de la pluralité
de paires d’électrodes d’impédance de la peau,
et l’amplification et la numérisation de l’impé-
dance en entrée,
un réseau en échelle de résistances (912) con-
figuré de façon à apparier l’impédance de la
peau au moyen d’au moins une résistance,
un microprocesseur (910) configuré de façon à
analyser l’impédance en entrée et à générer une
série de signaux de commande destinés à diri-
ger le réseau en échelle de résistances de façon
à apparier l’impédance de la peau, et
un module de détection configuré de façon à
détecter des signaux d’EMG utérin à partir du
patient par l’intermédiaire de la pluralité de pai-
res d’électrodes d’impédance de la peau con-
jointement avec le réseau en échelle de résis-
tances.

10. Le système selon la Revendication 9, où le module
de détection est couplé en communication au mo-
dule de traitement du signal.

11. Un procédé de traitement et de comparaison de si-
gnaux d’EMG abdominal et de signaux d’EMG utérin
au cours de l’accouchement, comprenant :

l’obtention simultanée d’un signal d’EMG abdo-
minal analogique brut et d’un signal d’EMG uté-
rin analogique brut à partir d’une pluralité de pai-
res d’électrodes d’impédance de la peau appli-
quées à un abdomen maternel d’un patient, la
surveillance de la pluralité d’impédances peau
à électrode et la modification de l’impédance en
entrée du circuit de surveillance de façon à
l’adapter auxdites impédances peau à électro-
de,
le traitement du signal d’EMG abdominal ana-
logique brut dans un module de traitement du
signal par l’amplification et le filtrage du signal
d’EMG abdominal analogique brut vers une
bande de fréquences entre environ 20 Hz et en-
viron 150 Hz, obtenant ainsi un signal abdominal
analogique traité, la conversion du signal abdo-
minal analogique traité en un signal d’EMG ab-
dominal numérique,
le traitement du signal d’EMG utérin analogique
brut dans le module de traitement du signal par
l’amplification et le filtrage du signal d’EMG uté-
rin analogique brut vers une bande de fréquen-
ces entre environ 0,2 Hz et environ 2 Hz, obte-
nant ainsi un signal abdominal analogique traité,
la conversion du signal utérin analogique traité

en un signal d’EMG utérin numérique, la con-
version du signal d’EMG abdominal numérique
en un signal représentatif d’une activité muscu-
laire abdominale,
la conversion du signal d’EMG utérin numérique
en un signal représentatif d’une activité muscu-
laire utérine,
l’utilisation d’un ordinateur couplé en communi-
cation au module de traitement du signal, grâce
à quoi une intensité d’activité musculaire abdo-
minale peut être évaluée parallèlement à un si-
gnal d’EMG utérin de sorte que des contractions
abdominales et des contractions utérines puis-
sent être synchronisées.

12. Le procédé selon la Revendication 11, comprenant
en outre l’évaluation du signal représentatif d’une
activité abdominale conjointement avec un signal re-
présentatif d’une activité utérine afin de faire coïnci-
der une activité abdominale avec une activité utéri-
ne.

13. Le procédé selon la Revendication 12, comprenant
en outre l’appariement d’une impédance de la peau
du patient avec une impédance de la paire d’élec-
trodes.

14. Le procédé selon la Revendication 13, où l’apparie-
ment de l’impédance de la peau du patient
comprend :

la détermination de l’impédance de la peau du
patient par la détection d’une impédance en en-
trée à partir du patient, et l’amplification et la
numérisation de l’impédance en entrée de façon
à obtenir une impédance en entrée traitée,
l’analyse de l’impédance en entrée traitée au
moyen d’un microprocesseur,
la génération d’un signal de commande destiné
à diriger un réseau en échelle de résistances de
façon à apparier l’impédance de la peau,
l’appariement de l’impédance de la peau au
moyen d’au moins une résistance dans le ré-
seau en échelle de résistances, et
la détection des signaux d’EMG abdominal ana-
logiques bruts à partir du patient par l’intermé-
diaire d’un module de détection couplé à une
paire d’électrodes conjointement avec le réseau
en échelle de résistances.

15. Le procédé selon la Revendication 14, où le module
de détection est couplé en communication au mo-
dule de traitement du signal.

16. Le procédé selon la Revendication 11, où la conver-
sion du signal d’EMG abdominal numérique en un
signal représentatif d’une activité abdominale au
moyen d’un ordinateur comprend :

27 28 



EP 2 575 609 B1

16

5

10

15

20

25

30

35

40

45

50

55

la suppression d’artefacts de mouvement du si-
gnal d’EMG abdominal numérique, et
la détermination de la moyenne quadratique du
signal d’EMG abdominal numérique.

17. Le système selon l’une quelconque des Revendica-
tions 11 à 16, où le signal d’EMG utérin brut est am-
plifié et filtré vers une bande de fréquences entre
environ 0,3 Hz et environ 1 Hz.
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