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ABSTRACT

A motion artifact reduction apparatus and method
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METHOD AND APPARATUS FOR MOTION
ARTIFACT REDUCTION IN ECG HARNESS

BACKGROUND

[0001] An ECG sensor harness is a desirable form of a
device that can be used by the people for home based cardiac
monitoring and that does not require any hook up by medical
professionals. The device needs to detect anomalies includ-
ing, but not limited to, myocardial infarctions (MI), ischemia
and arrhythmia. The ECG harnesses that are currently avail-
able provide limited information and limited performance.
One of the causes for the performance limitation of these
systems may be motion artifacts.

[0002] Motion artifacts may occur when the subject is in
motion during exercise or even moderate movement. Motion
artifacts in the ECG signal may be realized in an impedance
change seen by the sensor. A distorted signal can result in
improper detection of ST segment changes in ECG. In many
current solutions to detect ST segment changes, the user must
remain relatively still to reduce or eliminate motion artifacts
that may interfere with the performance of the system. This
makes the detection of exercise-induced Ischemia difficult, if
not impossible. The motion artifacts may be divided into two
distinct components, those normal to the sensor-body inter-
face and shear those tangential to the sensor-body interface. It
is desirable to have a solution that either eliminates or mini-
mizes both of these components so that clinical quality ST
changes detection is possible with the obtained ECG signal.
[0003] Some solutions attempt to reduce motion artifacts
using additional normal force to push the sensors on the body.
However they are not sufficient in mitigating the motion
artifacts. Harnesses are designed based on dry electrodes
typically and the dry electrodes can’t control shear movement
of the sensors.

[0004] In this respect, before explaining at least one
embodiment of the invention in detail, it is to be understood
that the invention is not limited in its application to the details
of construction and to the arrangement of the components set
forth in the following description or illustrated in the draw-
ings. The invention is capable of other embodiments and of
being practiced and carried outin various ways. In addition, it
is to be understood that the phraseology and terminology
employed herein are for the purpose of description and should
not be regarded as limiting.

SUMMARY OF THE INVENTION

[0005] The present invention may be comprised of at least
one of a plurality of motion artifact reduction components in
or on the harness. These components may be comprised of,
but not limited to, springs, liquid or semi-liquid or semi-solid
adhesive, adhesive pads, adhesive tape, snaps, hook and pile
closures, other attachment means of similar physical or fas-
tening characteristics.

[0006] In one or more embodiments, the components may
be used to reduce the motion artifacts of one or more of a
plurality of ECG electrodes.

[0007] In one or more embodiments, the conmponents may
also be made of hyper-elastic material that stretches and
compresses an electrode spring producing normal force on
Sensor.

[0008] Inoneembodiment, the electrodes used for this may
be dry contact solid metal sensors. The metal may be advan-
tageously chosen for its physical characteristics and may be
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plated for optimal sensitivity. The electrode may be shaped to
fit particular electrical or positional characteristics.

[0009] In one embodiment, the electrodes may be made of
brass or stainless steel for strength and gold-plated to increase
conductivity.

[0010] In one embodiment, the electrode may be round,
ovoid, or rectangular in shape.

[0011] In one or more embodiments, the sensots may be a
two-part sensor; the two-part sensor may be further com-
prised of a permanent sensing element and a removable,
separately fastened or self-adhesive element.

[0012] In one or more embodiments, the self-adhesive ele-
ment may be made of material such as silicone, gel, or neo-
prene.

[0013] In one or more embodiment, the sensing element
may further comprise a spring backing on each sensor that can
push the sensor towards the human body giving normal force
during motion to keep the sensor in constant with the human
body. The spring can be made of any material, including but
not limited to, metal, plastic or rubber or other resilient or
semi-resilient material or combination of materials. The
spring can be any shape: conventional helical, beam which
produces spring force by deflection.

[0014] In one or more embodiments, motion artifact miti-
gation design is used to resolve the movement of an electrode
away from a desired location on a human body.

[0015] In one or more embodiments, the self-adhesive ele-
ment may further comprise a sleeve-type construction. The
sensor may be placed within the sleeve. The sleeves may
adhere to the human body. The sleeves may produce
increased shear resistance and mitigate the shear movement
of the sensor relative to the body.

[0016] In one or more embodiments, the sleeve may be
implemented either as a removable assembly mounted on the
harness.

[0017] Inoneormore embodiments, the sleeve maybe pet-
manently attached to the harness by processes including, but
not limited to, stitching, gluing, or molding.

[0018] In one or more embodiments, the sleeve may be
integrated into the construction of the harness.

[0019] One or more embodiments of the invention may be
use for symptomatic cardiac monitoring or for cardiac moni-
toring during a physical activity for telemedicine or for con-
tinuous monitoring away from a hospital.

[0020] In one or more embodiments, this invention may
also be used as a reliable, compact and first level of screening
device in emergency situations, as a replacement for tradi-
tional twelve lead ECG machine in remote scenarios includ-
ing those in flights or extraterrestrial environments on in
Emergency rooms to give immediate real time indication of
the risk of cardiac events to the patient.

[0021] Cardiac rehab patients as well as other at-risk
patients can use the invention. Home cardiac rehab patients
may also benefit from the invention. Individuals concerned
about fitness can benefit from this invention by regulating
their exercise to remain within safe cardiac stress levels. The
invention may further be implemented as a reusable Holter
monitor.

[0022] In another embodiment, this invention may be used
to monitor chronic or recurring body functions or conditions,
such as snoring or sleep apnea, and report the conditions back
to a doctor, researcher, or other health care professional.
[0023] Withrespect to the above description then, it is to be
realized that the optimum dimensional relationships for the
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parts of the invention, to include variations in size, materials,
shape. form, function and manner of operation, assembly and
use, are deemed readily apparent and obvious to one skilled in
the art, and all equivalent relationships to those illustrated in
the drawings and described in the specification are intended to
be encompassed by the present invention. Therefore, the fore-
going is considered as illustrative only of the principles of the
invention.

[0024] Further, since numerous modifications and changes
will readily occur to those skilled in the art, it is not desired to
limit the invention to the exact construction and operation
shown and described, and accordingly, all suitable modifica-
tions and equivalents may be resorted to, falling within the
scope of the invention.

[0025] Other objectives, features and advantages of the
invention will become apparent from the following descrip-
tion and drawings wherein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG.1 is a front view of the preferred embodiment.
[0027] FIG. 2 is a rear view of the preferred embodiment.

[0028] FIG. 3is aside view of the preferred embodiment of
an electrode.

[0029] FIG. 4isa top view of the preferred embodiment of
an electrode.

[0030] FIG.S5isatop view of exemplary embodiments of a
sleeve.

[0031] FIG. 6 is a perspective view of an exemplary

embodiment of a sleeve.

[0032] FIG. 7a. is a front view of one embodiment of a
harness.

[0033] FIG. 7b. is a front view of yet another embodiment
of a harness.

DETAILED DESCRIPTION

[0034] Referring now to FIG. 1, in one embodiment, the
monitor and harness assembly 100 may be comprised of at
least a first of a plurality of retaining means 102 across the
body. The first of the at least one of a plurality of retaining
means 102 may further comprise an adjustment means 104 to
adjust the size of the first of at least one of a plurality of
retaining means 102. The adjustment means 104 may com-
prise one or more of a buckle, a snap, a hook and pile closure,
a tension adjustment or a means of adjustment of similar
physical use or characteristics.

[0035] The retaining means may further comprise at least
two retaining means, a first retaining means 102 and a second
retaining means 106. The second retaining means 106 may
further comprise a second adjustment means 108. The adjust-
ment means 108 may comprise one or more of a buckle, a
snap, a hook and pile closure, a tension adjustment or a means
of adjustment of similar physical use or characteristics.
[0036] Thesecond retaining means 106 may have a firstand
a second end. The first end may be fixedly or removably
attached to the first retaining means 102. The second retaining
means 106 may then be positioned across the chest of the
wearer and the second end of the first retaining means 102 be
fixedly or removably attached to the first retaining means 102.
[0037] In or more embodiments, the second retaining
means 106 may further comprise one or more retaining means
across at least one of the user’s shoulders to position the first
retaining means 102 on the body of the user accordingly.
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[0038] In one or more embodiments, the first and second
ends of the second retaining means 106 may be fixedly or
removably attached to the first retaining means 102 the first
end towards the front of the user 110 and the second end
towards the rear of the user (not pictured).

[0039] In one or more embodiments, at least a first elec-
trode 112 is positioned at an appropriate position to acquire a
signal from the user’s body.

[0040] Referring now to FIG. 2, in one or more embodi-
ments, the rear view of the monitor and harness assembly may
be a mirror image of the front view. Here, the first retaining
means 102 still encircles the user. Additionally, in one or more
embodiments, the second retaining means 106 may be fixedly
or removably attached to the first retaining means 102 the
second end towards the rear of the user.

[0041] In one or more embodiment, ECG acquisition unit
202 may be positioned on the first restraining means 102.
[0042] Electrodes 204 and 206 may be placed at strategic
positions on the body to acquire the vector across the human
heart so as to capture maximum number of ischemic and
infarction events.

[0043] Referring now to FIG. 3, the ECG electrode assem-
bly 300 is comprised of a gold plated stainless steel sensor
302 surrounded by an adhesive layer 304.

[0044] The restraining means 102 and 106 (not pictured)
may be composed of an outward-facing (“outer”) layer 306
and an inward-facing (“inner”) layer 314.

[0045] The adhesive layer 304 is disposed around the gold-
plated stainless steel sensor 302 and within a portion of the
outer layer of restraining means 306. The outer layer of
restraining means 306 is disposed between the adhesive layer
304 and the backside of the electrode 308.

[0046] In one or more embodiments, the ECG electrode
assembly 300 may include an electrode cable connection 310.
The electrode cable connection 310 is electrically connected
to the harness spring 312. The harness spring 312 is disposed
between the backside of the electrode 308 and the inner layer
of the restraining means 314 and provides normal force to
ensure a good point of contact.

[0047] Referring now to FIG. 4, the adhesive layer 304 is
disposed around the sensor 302 and within a portion of the
outer layer of restraining means 306.

[0048] Referring now to FIG. 5, sleeve assembly 500,
shown in two different embodiments, is comprised of a sleeve
body 502. Sleeve body 502 may, within its length and width,
further define and comprise a sensor port 504. Sensor port 504
may be of any convenient shape through with a sensor may
extend to contact, or close to within the required distance of,
the user’s skin or other necessary body part. Disposed around
sensor port 504 and upon sleeve body 502, is a movement
reduction adhesive layer 304. Adhesive layer 304 may be
comprised of an adhesive or semi-adhesive material, such as
a silicone gel. Sleeve fastening means 508 and 510 may be
disposed on opposite sides of the sleeve body 502, wherein
the sleeve may be removably attached at advantageous posi-
tions on the harness to further reduce the motion of the sensor
upon the user’s body by avoiding shear movement.

[0049] Referring now to FIG. 6, which depicts the sleeve
body 502 wrapped around the first retaining means 102 and
attached by sleeve fastening means 508 and 510. This con-
figuration removably affixes the electrode 302, which is pro-
truding through the sensor port 504, and is surrounded by the
adhesive layer 304.



US 2014/0378848 Al

[0050] Referring now to FIGS. 7a and 75, the monitor and
harness assembly 100 of FIG. 1 further comprises a third
retaining means 702, with a first and second end. In one or
more embodiments, the first and second ends of the third
retaining means 702 may be fixedly or removably attached to
the first retaining means 102 the first end towards the front of
the user 704 and the second end towards the rear of the user
(not pictured).

[0051] Thethird retaining means 702 may further comprise
an adjustment means 706. The adjustment means 706 may
comprise one or more of a buckle, a snap, a hook and pile
closure, a tension adjustment or a means of adjustment of
similar physical use or characteristics.

[0052] The configuration of the third retaining means may
vary with use and the specific embodiments shown here in
FIG. 7a and F1G. 75 are of exemplary use, not a limitation on
the design.

We claim:

1. A motion artifact reduction apparatus comprising:

at least one of a plurality of sensors,

at least one sleeve body with a first end and a second end,

ameans for removably attaching the first end and the sec-

ond end to each other,

at least one sensor port disposed within the at least one

sleeve body; and

an adhesive layer disposed around the sensor port, wherein

the motion artifacts of the at least one of a plurality of
sensors may be reduced by attaching the first end and the
second end of the sleeve body to each other and by the
contact of the adhesive layer to the user’s body at a
desirable location.

2. The motion artifact reduction apparatus of claim 1,
wherein the means for removably attaching the first end and
the second end to each other further comprises one of the
following group: a hook and pile closure, snaps, buttons, a
belt, a zipper, or lacing.
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3. The motion artifact reduction apparatus of claim 1,
wherein the adhesive layer further comprises silicone gel.

4. The method of using a motion artifact reduction appa-
ratus comprising the steps of:

providing at least one of a plurality of sensors,

providing at least one sleeve body with a first end and a

second end,

providing a means for removably attaching the first end and

the second end to each other,

providing at least one sensor port disposed within the at

least one sleeve body; and

providing an adhesive layer disposed around the sensor

port, wherein the motion artifacts of the at least one
sensor may be reduced by attaching the first end and the
second end of the sleeve body to each other and with the
contact of the adhesive layer to the user’s body at a
desirable location.

5. The method of using a motion artifact reduction appa-
ratus of claim 4 wherein the step of providing at least one of
a plurality of sensors further comprises the step of providing
at least one of a plurality of two-part sensors.

6. The method of using a motion artifact reduction appa-
ratus of claim 4 wherein the step of providing at least one of
a plurality of sensors further comprises the step of providing
at least one of a plurality of two-part sensors with spring
backing.

7. The method of using a motion artifact reduction appa-
ratus of claim 4 wherein the step of providing the means for
removably attaching the first end and the second end to each
other further comprises the step of providing one of the fol-
lowing group: a hook and pile closure, snaps, buttons, a belt,
a zipper, or lacing.

8. The method of using a motion artifact reduction appa-
ratus of claim 4 wherein the step of providing an adhesive
layer further comprises the step of providing silicone gel.
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