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HARNESS WITH SENSORS

RELATED APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 11/749,253 titled Harness with
Sensors and filed on the 167 of May, 2007, the entire contents
of which are incorporated herein by reference.

BACKGROUND

[0002] The present invention relates to physiological moni-
toring and in particular to ambulatory physiological monitor-
ing.

[0003] Heart disease is a leading cause of death in the
United States. Some patients would benefit from long-term,
e.g., ECG monitoring outside of a clinical setting for many
heart conditions, including, for example, atrial fibrillation and
myocardial ischemia, which may occur episodically. Some
episodes may occur without patient symptoms. Myocardial
ischemia, if persistent and serious, can lead to myocardial
infarction (heart attack). During a myocardial infarction,
electrophysiological changes are usually seen on the ECG.
For accurate diagnosis and effective treatment of many epi-
sodic heart conditions it is useful to know the frequency and
duration of such episodes, in a timely manner.

[0004] Inconventional long-term ECG monitoring, such as
with continuous Holter monitors or event monitors, the skin is
prepared by atechnician. Chest hair may be shaved or clipped
from men. The skin is abraded to remove dead skin cells, and
cleaned. Abrading often leaves the skin irritated. A technician
trained in electrode placement applies the electrodes to the
skin with an adhesive. The monitor can be worn for up to a
month.

[0005] Each electrode of such conventional monitors is
attached to an insulated wire that is routed to an amplifier to
amplify the ECG signal. The patient has to take care not to
pull on the wires connected to the electrode, because the
electrode could be pulled off the skin.

[0006] Removing the electrode with its strong adhesive
may be painful. Many electrodes also use a gel next to the skin
to improve conductivity of connection of the metal electrode
to the skin. Prolonged exposure to the gel can irritate the skin.
[0007] InECG monitoring, there are several types of signal
noise, called an “artifact”” One kind of noise is caused by
pulling on or rubbing over the wires which can deform the
electrode. Noise can also be caused by the movement of
clothing over the wires, movement of the electrode over the
skin, noise generated by the electrical activities of muscles,
and electromagnetic interference. Because of the various
noise problems and loose wires, ECG signal quality is often
compromised.

SUMMARY

[0008] Aspects of the present invention include a garment
that includes a belt, having first and second end portion with
closures at the end portions to wrap around a user’s chest, a
strap having a first end coupled to a portion of the belt with the
strap having a second end, a pair of shoulder strap portions
each shoulder strap portion having a first end coupled
together at the second end of the strap and a second end and a
back portion that joins the second ends of the pair of shoulder
strap portions, with at least one of the belt, strap portions and
back portion having an accommodation for carrying a sensor.
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[0009] The following embodiments are within the scope of
the invention.
[0010] The second end of'the strap and the first ends of the

pair of shoulder strap portions are unitary in construction. The
second end of the strap and the first ends of the pair of
shoulder strap portions are coupled together by fasteners. The
back portion is unitary in construction with the pair of shoul-
der strap portions. The back portion is coupled to the pair of
shoulder strap portions by a fastener. The back portion, the
strap, and the pair of shoulder strap portions are comprised of
synthetic rubbers based on polychloroprene material.

[0011] Theaccommodation forthe sensor is disposedin the
back portion of the garment, and the garment further com-
prises second and third accommodations disposed in each of
strap portions and a fourth accommodation disposed in the
belt of the garment. The accommodation is a pouch provided
in the garment. The accommodation is a snap that mates with
a corresponding snap on the sensor. The accommodation is
provided in one of the belt, strap portions and back and the
garment further includes at least one conductor to deliver a
signal from the sensor to a processing circuit. The fasteners
are selected from snaps, hook and loop fasteners. The accom-
modation is provided on a first one of the strap portions, in a
portion of the strap portion that rests against a shoulder of a
user. The sensor is permanently attached to the garment, for
example with sewn stitches or with glue.

[0012] The garment further includes a sensor supported by
the accommodation in the harness. The sensor includes a
sensor membrane comprised of an electrically conductive,
flexible material. The sensor membrane has a major surface
thereof that is exposed to make contact with the skin of a
subject, with the major, exposed surface that contacts the skin
being a curved surface. The sensor membrane has a major
surface thereof that is exposed to make contact with the skin
of a subject, with the major, exposed surface that contacts the
skin being a flat surface. The sensor membrane has the major
surface covered with a conductive gel film. The sensor
includes a snap member comprised of an electrically conduc-
tive material and is disposed in intimate contact with the
backside of the sensing membrane to provide an electrical
path for a signal from the sensing membrane. The garment
further includes a sensor frame comprised of a firm, flexible
material supporting the sensor membrane. The garment fur-
ther includes a layer of material surrounding the sensor mem-
brane to absorb sweat. The garment further includes a stiff-
ener member to hold the sides and front of the belt forward of
a user’s body, when the belt is being put on and before it is
fastened by the user.

[0013] Aspects of the present invention include a garment
that includes a belt that is configured to be worn around a
user’s chest, the belt having a pair of ends with closures
disposed at the pair of ends of the belt, at least one strap
having a first end coupled to the belt and a second end, with at
least one of the belt and strap having an accommodation for
carrying a sensor and with portions of the garment that are on
the skin side being comprised a high friction material.

[0014] The following embodiments are within the scope of
the invention.
[0015] The garment further includes a back portion that

connects to the belt and joins the second end of the strap. The
first end of the strap is removably coupled to the belt. The
strap couples between the belt and the back portion in a
manner that the strap traverses the chest of a user. The strap
couples between the belt and the back portionina manner that
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the strap traverses the chest of a user and with the accommo-
dation for carrving a sensor being a first accommodation
disposed on the belt and the garment further comprising a
second accommodation for carrying a second sensor, the
second accommodation disposed on the strap in a region of
the strap that contacts a shoulder of the user.

[0016] Thesensor carried by the strap is attached ina region
of the strap that contacts a shoulder of the user. The belt and
the back portion are configured to secure the belt about the
chest of the user. The garment further includes conductors
attached to the sensors, the conductors being integrated into
the garment. The garment further includes a sensor that is
selected from an ECG sensor, motion sensor, body tempera-
ture sensor, respiration sensor or impedance plethysmogra-
phy sensor. The sensor has an uneven surface having at least
one of the features of nubs, bumps, ridges, grooves or con-
ductive threads to maintain contact with the skin of a user
when sliding over the surface of the skin and/or in the pres-
ence of hair, sweat, or uneven surfaces.

[0017] The shoulder strap is a first shoulder strap and the
garment further includes a second shoulder strap, with the
first and second shoulder straps coupled to the belt and with
the shoulder straps configured to lie across shoulders of the
user, in proximity to the sides of the neck of the user. The
garment further includes a pair of brassiere cups and a second
shoulder strap with the first and second shoulder straps
coupled to the belt through the brassiere cups and with the
shoulder straps configured to carry sensors. The garment is
comprised of synthetic rubbers based on polychloroprene
material. The garment further includes a stiffener to hold the
sides and front of the belt forward of a user’s body, when the
belt is being put on and before it is fastened by the user.
[0018] One or more aspects of the present invention may
provide one or more of the following advantages.

[0019] The wearable harness with integrated ECG sensors
is suitable for long-term heart monitoring since the harness
will likely be relatively comfortable and thus suitable to wear
all day or while sleeping. The harness provides adequate
contact of the sensors to the skin during exercise thus allow-
ing the sensors to provide adequate ECG signal quality. Some
embodiments can be worn comfortably by both men and
women, whereas others are gender specific. The harness is
thin, lightweight and inconspicuous.

[0020] The harness has integrated wiring thus avoiding
entanglement or accidental removal of the wiring from the
sensors. Thus, artifact suppression and patient comfort may
be improved by integrating wiring into the harness, such that
the connecting wires do not become tangled or pulled on by
the sensors as in conventional Holter and event monitors. The
wiring and sensors are shielded to reduce electromagnetic
interference.

[0021] The sensors are made from comfortable materials
that require little or no skin preparation or adhesive, unlike
conventional ECG electrodes. The sensors may include high-
friction materials to keep the sensors from sliding against the
skin. The sensors are held tightly to the user’s skin by tension
from the harness, which is made out of a material (for
example, Neoprene), that generally stays in place against the
skin. Thin Neoprene as used in the harness acts like a second
skin, stretching when the body stretches but not sliding over
the surface of the skin, and keeping the sensors in a fixed
position with respect to the body, instead of pulling the sen-
sors and dragging them across the skin as some conventional
approaches.
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[0022] The harness holds the sensors at fixed and desirable
positions on the body that are suitable for obtaining quality
BCG signals. Because the harness tends to keep the sensors in
place and the sensors themselves tend to resist sliding over the
skin, and being located in areas with reduced muscle noise,
the harness with integrated sensors achieves good quality
ECG during exercise.

[0023] Aspects of the invention are directed to a wearable,
thin and inconspicuous, harness with integrated ECG sensors
and wiring for long-term heart monitoring, that is comfort-
able enough to wear all day and while sleeping. Some
embodiments are suitable for both men and women, while
other gender-specific embodiments are also described. By
integrating, e.g., ECG sensors into the harness it is possible to
eliminate adhesive between the sensor and the skin thus con-
tributing to comfort for the user when using the sensors.
[0024] The details of one or more embodiments of the
invention are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages of
the invention will be apparent from the description and draw-
ings, and from the claims.

DESCRIPTION OF DRAWINGS

[0025] FIG. 11s a front view of a harness on a female torso.
[0026] FIG. 2 is the back view of the harness of FIG. 1.
[0027] FIG. 3 is a block diagram of a typical electronics
module.

[0028] FIG. 4 is a cross-sectional view of a portion of FIG.

1 showing details of connection of the harness of FIG. 1.

[0029] FIG. 51is a front view of an alternative harness.
[0030] FIG. 61s a front view of another alternative harness.
[0031] FIG. 7 is a front view of an example of a harness

configured as a brassiere.

[0032] FIG. 8 is a front view of a female torso wearing the
harness of FIG. 1 with a brassiere.

[0033] FIG. 9 is a diagram depicting movements to secure
the harness of FIG. 1.

[0034] FIG. 10 is a plan view of the harness of FIG. 1
having a stiffener member, the harness laid-out on a surface.

[0035] FIG. 11 is a cross-sectional view of a removable
Sensor.
[0036] FIG. 12 is a cross-sectional view of an alternative

removable sensor.

[0037] FIGS. 13A-13D are cross-sectional views showing
possible surface preparation for sensor membranes.

[0038] FIGS. 14A and 14B are plan views of a sensor.
[0039] FIG. 15 is a cross-sectional view depicting wiring
coupled to a sensor.

DETAILED DESCRIPTION

[0040] Referring to FIGS. 1 and 2, a harness 10 carrying
physiological sensors is shown. The harness 10 is shown
being worn on a female subject, but the harness can be com-
fortably worn by men also. The harness 10 is comprised of a
thin, elastic material. Exemplary materials include synthetic
materials such as synthetic rubbers such as Neoprene® (Du-
Pont Performance Elastomers), other synthetic rubbers based
on polychloroprene (polymer form of Chloroprene). Other
materials could be used. Ideally, the material is one that can be
worn comfortably next to the skin of the subject and has some
resistance to movement or sliding against the skin of the
subject.
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[0041] The harness 10 includes a generally “Y” shaped
front portion 12 (FIG. 1) having a pair of strap portions 124,
124 that rest over shoulders of the subject and meet at a
vertical portion 12¢ below the breast forming a generally “Y”
shape in the front of the harness 10. The strap portions 124,
124 extend over the shoulders and meet at a broad region 18
that rests against the back of the subject, as shown in FIG. 2.
The harness 10 also has a chest belt portion 14 comprised of
two straps 14a, 145 each of which emanates from the broad
region 18 in the back and are disposed around the torso. The
straps 14a, 14b overlap each other in the front under the breast
and are secured together via a hook and loop fastener con-
figuration such as Velcro® (Velcro, Inc. Nashua N.H.), as
depicted in FIG. 4 below.

[0042] The shoulder straps 124, 125 hold or carry shoulder
sensors 30a and 305 that are placed close to the neck of the
subject. The sensors are carried by or in accommodations for
the sensors, which can be attachment mechanisms, pockets
and so forth as will be discussed below. The straps 12a, 125
surround the neck, a placement that minimizes stretch in the
shoulder straps 12a, 125. If a strap stretches too far, the strap
can pull on the sensor, causing noise in the electrical potential
sensed by the sensor from the skin.

[0043] This configuration ofthe harness 10 allows for com-
fortable placement of a plurality of sensors. As illustrated in
FIGS. 1 and 2, five sensors, 30a-30e are supported against the
skin of the subject and disposed to place sensors 30a-30e at
places on the body that are useful for ECG. Described below
are exaniples of particular placement locations for the sensors
for ECG monitoring. Sensors 30a-30e are connected by wires
40 to an electronics module 50. The wires 40 are integrated
into the harness material.

[0044] The components, e.g., straps 12a, 125, vertical
member 12¢, chest band straps 14a, 14, and broad region 18
of the harness can be constructed as individual pieces that are
secured together, either being sown, solvent welded, using a
hook and loop fastener configuration and so forth, depending
on material and other construction considerations. Alterna-
tively, the harness 10 can be molded or otherwise constructed
in a more unitary manner, as shown in FIGS. 1 and 2.
[0045] The harness 10 can be sized to fit men or women, as
well as children. The harness 10 can come in various sizes or
component construction can be employed to fit various com-
ponents of the harness to the individual using various fastener
schemes as mentioned above.

[0046] The shoulder straps 12a and 125 together with the
vertical strap 12¢ provide a Y-shaped harness. The shoulder
sensors 30a and 305 are placed close to the neck on straps that
surround the neck. This placement minimizes stretch in the
shoulder straps. If a strap stretches too much, it can pull on the
sensor, imparting noise in the electronic signal provided from
the sensor. The sensors 30a and 300 are placed near the top of
the shoulder where they are pulled onto the skin by the shoul-
der straps 12a, 12b, regardless of the position of the user.
[0047] The harness 10 comfortably attaches to the user
around the chest with the chest band 14 positioned just under
the pectoral muscles in the front. The chest band 14 can be
adjusted to be snug around the chest with an adjustable clo-
sure, for example, the hook and loop type of fastener men-
tioned above.

[0048] The harness also carries an electronics module 50
that can wireless transmit signals from the sensors to a nearby
computer, PDA or wireless phone. A PDA 43, as shown, may
be carried by the person wearing the harness 10.
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[0049] Referring to FIG. 3, the electronics module 50 typi-
cally includes input connectors 51 that are connected to signal
amplifiers 52a-52b. Typically, two sensors which are in posi-
tions on the subject to pick up a differential signal across the
subject’s heart are input to each differential amplifier. For
example in FIG. 3, four individual sensors (for example 30a-
30d) could be connected to the four inputs 51. Any number of
sensors and amplifiers could be used.

[0050] Thetwo amplifiers receive signals from two sensors
via an integrated wiring system. The signals from the sensors
are amplified, and the amplified signals from these amplifiers
are fed into pre-processing circuitry 54 that prepares the
signals for transmission and subsequent processing. The pre-
processing circuitry 54 can include one or more A/D convert-
ers 53 to digitize the signals from the amplifiers, and may
optionally include filters to filter the signals or perform signal
processing and identification of physiological conditions.
The pre-processing circuitry 54 includes a memory 55 (and/
or storage) and a processor 56 to implement filtering and
processing functions to provide intermediate results and to
store information before transmission. Other circuitry is not
shown for instance, timing, interface circuitry and so forth.
[0051] The pre-processing circuitry 54 couples the pre-
processed signals to a transmitter 58 and antenna 59 that
transmits the signal to a base station 43 (FIG. 1). The signal
may be transmitted using, for example, Zigbee or Bluetooth
protocols, to a base station that can be a computer, PDA (as in
FIG. 1) or wireless phone and so forth. An example of an
electronics module 50 is the Alive heart monitor by Alive
Technologies Pty. Ltd. (International publication No.
WO02005/048830). The Alive heart monitor receives an ECG
signal from 2 sensors, amplifies the signals, digitizes the
signals, and transmits the signals, via the Bluetooth protocol.
[0052] Typically, the electronics module 50 is enclosed in a
case that can be removed from the harness 10 for washing,
and reattached using connectors 51. An alternative is to
enclose the electronics module 50 and its battery in a water-
proof container and permanently attach the electronics mod-
ule 50 to the harness 10.

[0053] In some configurations, the sensors are coupled to
an analog multiplexer and the output of the multiplexer is
coupled to an amplifier. In that configuration a circuit (not
shown) selects which sensor to couple through the analog
multiplexer.

[0054] There are several scenarios for how the sensor har-
ness might be used including, for example, that signals might
be analyzed by the PDA/phone and transmitted to a monitor-
ing center for review by a physician. Alternatively, instead of
attaching an electronics module 50, the harness could be
hard-wired to a hospital ECG monitoring machine, and used
to comfortably monitor ECG on a sleeping patient, for
example.

[0055] Referring to FIG. 4, the chest band 14 (FIG. 1) is
secured around the chest of the subject and the vertical mem-
ber 12¢ is attached to the chest band 14, as shown. A portion
of the underside of the vertical member 12¢ is covered with
hook members, e.g., Velcro® hooks 13a, which mate with
Velcro® loops 15a on a top layer of chest strap 145. The
underside of chest strap 144 is covered with Velcro® hooks
155 that mate with the loops 15¢ on the chest strap 14a. Other
fastening mechanisms are possible, such as snaps, zippers,
hooks, etc.

[0056] The “Y-configuration” 10 of the harness is accept-
able to both men and women and provides specific sensor
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locations to sense voltages for ECG monitoring. However,
there are other strap arrangements that embody the basic idea
of the harness, that is, a thin and comfortable EGG sensor
garment with chest and shoulder straps that can be worn by
men and women.

[0057] The shoulder straps 124, 125 of the harness 10 hold
or carry shoulder sensors 30 and 31 close to the neck of the
subject. By surrounding the neck that placement of the shoul-
der straps minimizes stretch in the shoulder straps and con-
comitant movement of the sensors. Other arrangements are
possible.

[0058] Referring now to FIG. 5, an alternative suspender
harness 60 includes a pair of generally vertical shoulder straps
62a, 625 that are attached to and hold a chest belt 64 in
position in a similar manner as would a pair of suspenders
hold a pair of pants. When worn by a subject, the shoulder
straps 62a, 625 are disposed towards the middle of the shoul-
ders, as compared to the Y-harness 10. The shoulder straps
62a, 626 may tend to stretch more when the arm is lifted.
Sensors 30a-305 are placed near the top of the shoulder straps
62a, 620 where they are pulled onto the skin by the shoulder
straps 62a, 62b.

[0059] The shoulder straps 62a, 625 connect to the chest
belt 64 towards the sides of the chest belt (not the middle as in
the Y model). The harness 60 can also be worn on a woman
because the shoulder straps 62a, 625 are towards the sides of
the chest.

[0060] In the harness 60, e.g., five sensors (30a and 305
being shown) can be provided in the same general locations as
in the'Y harness 10. In addition the harness 60 also has a back
region that can be similar to 16 in FIG. 1 or they can be
connected directly to the chest belt 64. However, because the
shoulder straps 62a, 626 are not as close to the neck, as in the
Y harness 10, the shoulder sensors 30a, 305 may be prone to
more electrical noise in the sensed signal due to muscle move-
ments and sensor movement from the straps being stretched
than would likely occur with the Y harness 10. While the
harness 60 may be less desirable to use when performing
vigorous arm movements, it may be more comfortable to put
on because it does not involve pulling the garment over the
head and it is not tight around the neck as the harness 10.
[0061] Referring to FIG. 6, another variation of the sensor
harness is the single shoulder strap embodiment 80. The
single shoulder strap 80 has one shoulder strap 82 with a
sensor 30a that drapes over one of the shoulders of the sub-
ject, e.g., the right shoulder as shown and is attached to the
chest belt 84 on the opposing side, e.g., the left side of the
chest belt 84.

[0062] The chest belt 84 is in the same position as the other
designs, under the pectoral muscles. The shoulder strap
crosses between the breasts and so is comfortable for women.
[0063] The Y-shaped design 10, the suspender harness 60
and the single strap design 80 can all have the garment cut or
formed in a style acceptable to both genders, as well as
children. Generally, women may accept clothing with some
prototypically masculine cues, while men are less willing to
accept feminine features. For example, very thin shoulder
straps such as those typically found on a bra might be seen as
feminine. For this reason, the harness can have shoulder
straps 15 (FIG. 2) that are at least, e.g., one inch in width.
Other widths are possible. The shoulder straps are also wide
to help distribute the pressure from the tight harness. The
harness 10 features a broad back area 18 that comes up high
towards the neck, a feature often encountered with both male
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chest harnesses and some female sports bras, and so would
likely be acceptable to both men and women.

[0064] Referring now to FIG. 7, an alternative embodiment
100 particularly suited for women is shown. This embodi-
ment is as a bra or brassiere 100 having a pair of straps 102
carrying sensors 30e, 305 and a pair of bra cups 106. The
straps 102 are coupled to the pair of cups 106 at one end and
at the other end are coupled to the back of the bra (not shown,
but similar to 18 of FIG. 2 or alternatively of more conven-
tional brassiere construction). A belt 108 is fitted or coupled
to or is an extension of the underside of the cups of the bra
100, and holds sensors 30¢, 304 flat against the chest just
under the breasts. A sensor (not shown) can be provided at the
back portion of the harness 100.

[0065] Thevariations ofthe sensor harness described above
may work on adult or child body types (thin or fat, large or
small), when suitably sized. The harness (Y shaped, single
strap, and suspenders) can all be worn comfortably with a
conventional bra 110, as illustrated in FIG. 8. Because the
strap 12a, 1256 material can be made thin (e.g., 3 mm or less),
the harness 10 may comfortably and easily fitunder most bras
in the front, where the center of the bra lies on top of the
bottom of the Y strap 12¢. Because the shoulder straps 12 of
the harness are close to the neck, they do not, in general,
overlap the bra shoulder straps.

[0066] Theharness approach 10, 60 and 80 or the variation
100 can provide good quality contact with the skin of the
patient for good quality ECG voltage signal sensing during
rest, exercise and sleep. The harness 10 provides tension to
hold the sensors tightly against the body during rest and
exercise. During rest, the harness 10 provides tension and
positions the sensors in place against the body. During exer-
cise, some sweat may build up under the sensors, which is
beneficial to the function of many types of sensors, providing
reduced resistance between the sensor and the skin.

[0067] Theharness 10, 60and 80 orthe variation 100 can be
made from a material that is thin, strong, and somewhat
elastic, making it comfortable to wear. Ideally, the material
used would be comfortable against the skin, when first put on,
when worn and even when sweating. Ideally, the material will
act like a “second skin” by stretching when the skin stretches,
but not sliding over the surface of the skin. The material can
be washable. The material can be a synthetic rubber such as
Neoprene® (DuPont). Neoprene has a tendency to stay in the
place where it has been put on the skin. When the user sweats,
Neoprene retains a non-slip quality to some degree. However,
large amounts of sweat between skin and Neoprene may
allow the Neoprene to slip against the skin. For high-sweat
applications, the harness material can be manufactured with
holes to allow sweat to evaporate more quickly. The Neoprene
material can have a thickness of 1.5 mm or so, although a
double layer might be preferable, which would be approxi-
mately 3 mm or so in thickness.

[0068] Referring back to FIGS. 1 and 2, several specific
sensor locations are shown for the Y harness 10. The Y har-
ness 10 has two shoulder sensors 30a and 305, two sensors on
the chest band 30¢ and 304, and a sensor on the back 30d. For
theY harness 10, the shoulder sensors 30a and 305 are placed
close to the neck, on a part of the shoulder that does not
experience much movement, in order to reduce the amount of
muscle movement and thus noise imparted to signals sensed
by the sensors 30q, 305. The shoulder sensors 30a, 305 can be
placed on top on the shoulders or on the clavicles. The loca-
tion of the harness on the body (all models) performs very
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well at keeping the sensors in place, because the harness does
not cover much skin area and lies in places that do not expe-
rience much skin movement or stretching.

[0069] The sensor 304 is located in the chest band on the
subject’s left side, in the vicinity of ECG electrode locations
V4 and V5, very close to the heart. Sensor 30c¢, located on the
subject’s right side, is near the V6R position, whereas sensor
30e is positioned in the middle of the subject’s back. These
five sensor locations can be used in a variety of ECG lead
configurations. A differential or bipolar ECG lead from sen-
sor 30a to 305 produces a signal similar to the standard ECG
lead I; sensor 305 to 30d is similar to Lead II; sensor 30a to
304 is similar to Lead III. Sensor 30¢ could be used as a
reference electrode, like conventional electrode location RL.
Lead II is well-known as the best lead for detecting P waves
in the ECG, which are useful for diagnosing particular heart
conditions like atrial fibrillation.

[0070] Wearable sensors may not provide as reliable a sig-
nal as conventional ECG electrodes with adhesive. Therefore,
it may be desirable to set up 2 or 3 independent bipolar leads,
such as a lead from sensor 305 to 304 (Lead IT), and another
lead from sensor 30a to 30c¢, for example. With independent
leads, even if one sensor loses contact and become unusable,
the other lead still provides a signal for an ECG. The back
sensor 30e (see FIG. 2) is well-positioned for picking up ST
segment changes in the ECG, which can indicate ischemia.

[0071] For each user, the harness will place the sensors in
the same position every time the harness is put on, because its
shape tends to put it on the same place on the body. Therefore,
sensors remain in substantially the same position, and
changes in ECG can be measured over time, which is useful
for detecting conditions like the onset of ischemia, in which
changes in ECG morphology occur over a period of time.

[0072] Referring to FIG. 9, another alternative 10' to the
harness 10 (FIG. 1) has a stiff but flexible chest strap 14' that
when put on, holds its shape to present the side straps 14a' and
144 in a position forward of the body so the user can easily
grasp them. The chest strap is flexible enough for the user to
pull the strap tightly around the chest and secure the chest
strap 14' by touching the ends of the side straps together,
which are held fast by, for example, Velcro. The bottom of the
Y, 12¢, is pulled down and attached to the chest strap 14". To
take the harness off, the process is reversed. Any wearable
physiological monitor should be easy to put on and take off,
because many of the people who need monitoring for cardiac
diseases are sick or elderly and have limited mobility.

[0073] Referring now to FIG. 10, one way to provide a
harness with the desired affect of presenting the sides 14a' and
144" in front of the body is to attach or embed a stiff plastic
material 110 to the harness, to maintain curvature in the
harness as shown in FIG. 9. The stiffener 110 can be placed in
between two layers of Neoprene that make up the material of
the harness 10. The stiffener 110 is curved in a U shape (not
shown, but as would be viewed into the page) causing the
chest belt ends 144" and 145' to be oriented as shown in FIG.
9.

[0074] When theY harness 10 of FIGS. 12, and9 is laid on
a flat surface, it looks as in FIG. 10, with the end of vertical
portion 12¢ at the top of the figure, and the left and right ends
of the chest strap 14a and 146 at the left and right ends of the
figure. The shoulder straps 12a, 125 form a neck-hole 112.
TheY harness 10 is put on by first placing the head-hole 112
over the head, with the vertical portion 12¢ in front.
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[0075] The harness 10, 10', 60, and 80 or the variation 100
are configured to place ECG sensors at physiologically intet-
esting and useful places on the subject. However, the harness
can hold other types of sensors, some of which can be of use
in interpreting or processing the ECG signal. The harness
could incorporate motion sensors to detect motion that can be
used, for example, to invalidate portions of time in the ECG
signal from a nearby ECG sensor when a large amount of
motion is detected and the signal was thus presumably cor-
rupted by noise caused by the motion of the sensors relative to
the skin. A respiration sensor can be provided by placing a
sensor in the chest band 11 which can measure stretch of the
chest band. This signal can be used in ECG processing, for
example to remove respiration artifact. ECG sensors can be
used in conjunction with impedance plethysmography sen-
sors to measure cardiac output. Sensors to measure surface
skin temperature may add to the overall measure of user
health.

[0076] Sensors could be permanently integrated into the
harness 10, 10', 60, and 80 or the variation 100. Several
wearable sensor materials, discussed in more detail below, are
robust enough to be washed along with the harness 10, 10", 60,
and 80 or the variation 100. Another option is to have some
portion or all of the sensors removable and/or disposable.
This would allow different types of sensors to be used for
different activities. For example, exercise generates signifi-
cantly more sweat than sedentary activity, so different sensor
designs could be used depending on the anticipated level of
perspiration.

[0077] Referring to FIG. 11, a removable sensor 150 for
sensing voltages from the skin to provide a signal for ECG
monitoring is shown in cross section, disposed in a portion of
aharness, e.g., harness 10 (FIG. 1). The removable sensor 150
has a snap 152. The snap 152 is attached to a sensor frame or
housing 154 that is comprised of a firm but flexible material
(e.g., rubber). The housing 154 is used to support a more
flimsy, e.g. compliant lower Young’s modulus material that
provides a sensor membrane 156. The sensing membrane 156
is comprised of an electrically conductive and flexible mate-
rial, e.g., a conductive rubber or conductive silicone and is
disposed inside the housing 154 and has a major surface
thereof that is exposed so that the sensing membrane 156 can
make contact with the skin. The sensing membrane 156 can
be flat or can be curved as shown, to insure secure and
adequate contact with the skin.

[0078] The sensing membrane 156 may be temporarily
covered with a conductive gel or a hydrogel film 158. A thin
hydrogel film could be cut to size, and would provide excel-
lent skin conduction to a wearable sensor material such as
conductive silicone. Hydrogel, however, is not very durable
and so the hydrogel might be used for, e.g., a day and then
discarded and replaced.

[0079] The snap 152 is comprised of an electrically con-
ductive material, e.g., a metal, conductive plastic, or hard
conductive rubber and is disposed in intimate contact with the
backside of the sensing membrane 156 to provide an electri-
cal path for a signal from the sensing membrane 156 to a
mating snap 160 on the harness. This contact can be provided
either by having the membrane in intimate contact with a back
portion 1544 of housing 154 or though an aperture (not
shown) in the back portion 154 to allow the snap 152 to be
directly connected to the membrane.

[0080] The harness in this example would have an accom-
modation for the sensor 150. Here the accommodation is a
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mating snap 160. The removable sensor 150 thus attaches to
the harness by mating the snap 152 on the sensor 150 with the
corresponding mating snap 160 on the harness. In this con-
figuration a wire 40 would be coupled to the mating snap 160
to carry theelectrical signal to the electrical circuitry (FIG. 3).
The garment’s snap 160 attaches to the harness by being
disposed through an aperture in the material and crimped to
surrounding material ofthe harness to hold the snap 160 to the
harness.

[0081] Referring to FIG. 12, another example of a remov-
ably attachable sensor for use with the harnesses or other
garments is shown. This sensor is configured to fit into an
accommodation that is a pocket 18 or opening in the harness
or other types of garments. The pocket could be formed by
fabricating the garment from two layers of material 20. The
sensor 150 is shaped so that the bottom of the sensor 162 fits
in the pocket 18. The sensor 150 may fit snugly in the pocket
18, in which ease the harness would provide the function of
holding the sensor in place, as previously discussed. Alterna-
tively, the sensor 150 could fit loosely in the pocket 18,
allowing the garment or harness to move and stretch. The face
of the sensor 150 would preferably be a high friction material
to hold the sensor against the skin.

[0082] There are sensors that do not need direct skin con-
tact, such as capacitively coupled sensors for measuring
ECG. These types of sensors could slip into a pocket in the
garment and would not need to be in direct contact with the
skin of the subject.

[0083] Thus, sensor attachment could be a permanent
attachment to the garment or could be removable. Parts or all
of a removable sensor could be disposable (e.g. the hydrogel
membrane). Other examples of mechanisms for removable
sensors include conductive Velcro or other hook and loop type
fastener mechanisms, a buttonhole in garment (with the sen-
sor configured as a round button-like object), and sensor
prongs that fit in holes in the garment.

[0084] The ECG sensors can be provided with electrodes
comprised of metal such as a conventional silver/silver chlo-
ride compound. While this metal material could be used, the
metal material is somewhat inflexible, does not naturally stick
to the skin, and can become slippery in the presence of per-
spiration. Other materials can be used such as conductive
silicone, a wearable material commonly used for shock
therapy electrodes, or conductive rubber provided by adding
conductive, skin-friendly materials such as silver, gold or
carbon to liquid rubber and molding the composition into the
desired shape of a sensor. Other conductive materials can be
used such as a conductive fabric provided by weaving fine
threads of silver together with conventional fabric threads; or
coating fabric threads with metal. Hydrogels can be used as a
thin layer between any of these wearable sensor materials and
the skin as previously mentioned. These materials are suitable
for sensing EGG signals from the skin without any skin
preparation. The shape of the sensor can help maintain con-
tact with the skin.

[0085] Referring now to FIGS. 11 and 12, a smooth
rounded sensor that would gently push against the skin to
make contact is shown. FIGS. 13A-13D shows cross sections
of sensor faces showing different textures. In FIG. 13A, the
sensor 150 has a sensor face 1564 with nubs or bumps 166
shaped like gumdrops on the surface of the sensor that
touches the skin. This configuration of the surface would be
suitable for working around body hair, as the nubs would have
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a good chance of pressing in between the hairs to reach the
skin. Excessive sweat could also be channeled between the
nubs 166.

[0086] FIG. 13B shows a sensor face 1565 having sharp
ridges 168 which may be more suitable for reaching the skin
through hair, than the nubs 166 of FIG. 13A. Sweat could also
be channeled through the grooves in between the ridges 168.
[0087] FIG. 13C shows another variation with grooves cut
into the sensor face 156¢ forming softer ridges 170. In FIG.
13D conductive threads 172 are provided in the sensor face
1584 and help maintain contact with the skin even when the
sensor is sliding across the surface of the skin.

[0088] Referring to FIGS. 14A, 14B, a ring of material
159a could be placed around the sensing material 156 to
provide one or two functions: to prevent the sensor from
sliding by providing a high-friction material, and to induce
sweat for better sensor conductivity by providing a water
resistant material. Common wearable materials such as rub-
ber and soft silicone provide both functions: they are high-
friction and waterproof, which induces sweat.

[0089] Sweat is a good conductor for ECG sensors, and
inducing a little sweat can help maintain skin contact and
conductivity. However, if there is too much sweat, the sensor
may slide against the skin, inducing noise in the signal, and
the excess sweat may be uncomfortable. For this reason it
may be beneficial to have a sweat absorbing ring 1595 that
surrounds the rest of the sensor. The sweat-absorbing material
1595 can be made of cotton, for example.

[0090] The sensing material may be in the shape of a flat
disk, as shown in FIG. 14A, and made of a conductive fabric
which can absorb some sweat. These fabrics can tend to dry
out when the user is not perspiring, which may drastically
reduce the sensor’s conductivity. One solution is to apply a
waterproof or water resistant backing 1594 to the sensing
material 156, to help keep the sensing material 156 damp by
sweat. The material 1594 extends beyond the edges of the
sensing material 156 to make contact with the skin and pro-
vide the high-friction function, while also providing a water
resistant barrier around the sensing material 156 to induce
sweat. For applications where large amounts of sweat are
anticipated, the sweat disk 1594 could be constructed of water
resistant material that allows some evaporation. The sweat-
absorbing ring 1596 shown in FI1G. 14B does not overlap any
other part of the sensor, but is a separate ring to ensure direct
skin contact and prevent sweat from dripping down from the
Sensor.

[0091] The sensing material 156, friction ring 159a and
sweat-absorbing ring 1595 are shown as circular shapes.
However, other shapes such as rectangular can be used or the
rings can be provided in alternating strips and so forth.
[0092] The ideal physiological sensor would be able to
induce enough sweat for good conduction, but wick away
excess sweat. In the absence of the ideal, users may desire to
have different sensors for different activities, different
amounts of sweat, and differences in comfort. Users may
differ in how dry their skin is, how much body hair they have,
or how much they sweat, requiring different sensors. To work
in the presence of sweat or hair, an uneven surface will allow
parts of the sensor to reach the skin and make good contact.
[0093] Referring now to FIG. 15, construction details of a
garment with a sensor 150 in the process of being perma-
nently attached, and an example of the associated integrated
sensor wiring is shown. The garment, e.g., harmess 10, 10, 60,
and 80 is made up in this example of two layers of material 20.
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Sandwiched between the two layers of material 20 is a wire
180 which, in addition to being insulated, may optionally be
shielded. Shielding can be useful because wires in a garment
can pick up electromagnetic interference (EMI) such as 60
Hertz line noise or radio interference. Shielding also extends
over the outside of the garment over the area of the sensors
(not shown) to protect the sensors from picking up EMI.
Sensor shielding consists of a thin metal material, possibly
fabric, which is electrically wired to the wire shielding.

[0094] The wire 180 includes metal conductors 184. The
insulation and shielding (if any) are stripped from the end of
the wire 180, leaving the bare conductors 184 exposed. These
bare conductors 184 are threaded through an aperture 186 in
the garment to attach to the sensor 150. One way to attach the
sensor 150 is with conductive epoxy 188 which may first be
applied to the back of the sensor 150. To construct the gar-
ment, the sensor 150 with epoxy 188 is pressed down upon the
exposed conductors 184 and permanently attached to the
material 20. The wire 180 can be laid in the material 20 in an
S shape to allow for the stretching of the garment.

[0095] The garments or harness 10, 10', 60 and 80 are
wearable and may be relatively comfortable for wearing all
day or while sleeping, for extended periods of time. The
harness material, being flexible and somewhat elastic,
imparts some comfort in the wearing of the harness. The
sensors are comprised of skin-friendly materials, e.g., mate-
rials chat generally do notirritate the skin and are flexible next
to the skin, increasing the sense of comfort. The wiring from
each sensor would be integrated into the garment, e.g., har-
ness. Besides its comfortable tactile properties, comfort of the
garment is enhanced by its thin and lightweight construction.
It is wearable in everyday use because it is non-bulky and
therefore inconspicuous under most clothes.

[0096] The garments or harness 10, 10', 60 and 80 have
comfortable sensors that do not use adhesive against the skin
and yet can stay in place against the skin. The mechanisms
that make this possible include a tensile force imparted to the
sensors to hold the sensors against the body by the garments
or harness 10, 10', 60 and 80, and also in some embodiments
a high-friction material that tends to stay in place against the
body. The garments or harness 10, 10', 60 and 80 allow
sensors to be placed at physiologically useful places on the
body, but also allow body movement that results in minimal
stretch of the garment (for example, shoulder straps are close
to the neck, so that arm movements result in minimal stretch-
ing of the shoulder straps). The sensors may also have a
slightly sticky or tacky surface to help hold them in place.

[0097] The harnesses 10, 10", 60 and 80 have a minimal
amount of fabric (as compared to a T shirt with integrated
sensors, for example), so there is minimal force on sensors as
a response to body movement. If a sensor should become
unusable during exercise because of noise problems, the gar-
ments have the capability of providing multiple independent
ECG leads.

[0098] For user convenience, the garments are washable,
e.g., Neoprene is commonly used in wetsuits and is washable.
The wearable sensor materials (with the exception of the
hydrogel which absorbs water) including conductive rubber,
conductive silicone and metallized fabric are all washable.
Wiring can be covered with a waterproof sheath of, e.g., a
plastic. The electronics can be “potted” in an RTV or the
potting material and permanently integrated into the garment,
or can be made removable from the garment. If removable,
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the garment’s connector to the electronics could be covered
with a waterproof cover to allow washing.

[0099] A number of embodiments of the invention have
been described. Nevertheless, it will be understood that vari-
ous modifications may be made without departing from the
spirit and scope of the invention.

What is claimed is:

1. A garment comprising;

a belt that is configured to be worn around a user’s chest,
the belt having a pair of ends with closures disposed at
the pair of ends of the belt;

at least one strap of unitary construction having a first end
connected to the belt at a first front side of the belt and a
second end, with at least one of the belt and the at least
one strap having an accommodation for carrying a sen-
sor and with material that comprise both the belt and the
at least one strap being a polychloroprene synthetic rub-
ber to provide the garment for those portions that rest
against the skin of a person wearing the garment with a
high level of adherence against the skin, stretching, but
not sliding over the surface of the skin.

wherein the strap couples between the belt and a back
portion in a manner that the strap diagonally traverses
the chest of a user and with the accommodation for
carrying a sensor being a first accommodation disposed
on the belt and the garment further comprising a second
accommodation for carrying a second sensor, the second
accommodation disposed on the strap in a region of the
strap that contacts a shoulder of the user and the lower
back portion integrally joins with the belt.

2. The garment of claim 1 further comprising:

aback portion that connects to the belt and joins the second
end of the strap.

3. The garment of claim 1 wherein the first end of the strap

is removably coupled to the belt.

4. The garment of claim 1 wherein the at least one strap
connects between the belt and the back portion in a manner
that the strap diagonally traverses the chest of a user, connect-
ing to the back portion on a second, opposite side of the belt.

5. The garment of claim 1 wherein the accommodation for
the sensor carried by the strap is attached in a region of the
strap that contacts the shoulder of the user.

6. The garment of claim 2 wherein the belt and the back
portion are configured to secure the belt about the chest ofthe
user.

7. The garment of claim 1 further comprising:

conductors to attach to the sensors, the conductors being
integrated into the garment.

8. The garment of claim 2 wherein the garment further

comprises:

a sensor that is selected from the group consisting of an
ECG sensor, motion sensor, body temperature sensor,
respiration sensor and impedance plethysmography sen-
sof.

9. The garment of claim 8 wherein the sensor has an uneven
surface having at least one of the features of nubs, bumps,
ridges, grooves or conductive threads to maintain contact
with the skin of a user when sliding over the surface of the
skin.

10. The garment of claim 1 wherein the strap is a first
shoulder strap and the garment further comprises:

a second shoulder strap, with the first and second shoulder

straps coupled to the belt and with the shoulder straps
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configured to lie across shoulders of the user, in prox-
imity to the sides of the neck of the user.
11. The garment of claim 1 wherein the strap is a first
shoulder strap, the garment further comprising:
a pair of brassiere cups; and
a second shoulder strap with the first and second shoulder
straps coupled to the belt through the brassiere cups and
with the shoulder straps configured to carry sensors.
12. The garment of claim 1 wherein the garment is com-
prised of synthetic rubbers based on polychloroprene mate-
rial.
13. The garment of claim 1 wherein the garment further
comprises:
a stiffener member to hold the sides and front of the belt
forward of a user’s body, when the belt is being put on
and before it is fastened by the user.
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