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(7) ABSTRACT

The described physiology sensor is worn on a single finger to
capture one or more different physiological signals and has a
sensor body including first and second raised mounds, pro-
truding from its surface and being longitudinally spaced-
apart such as to define a transverse air gap therebetween. The
mounds each retain electrodes which abut palmar surfaces of
the single finger. The sensor also has one or more physiologi-
cal sensing devices housed within the body, including a skin
conductance sensing device. The sensor can also have at least
one of a temperature sensing device, and a photoplethysmog-
raphy sensing device. A processor is housed within the body
and communicates with the electrodes and the sensing
devices to apply an electrical excitation thereto, and to pro-
cess the physiological measurements.
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FINGER-MOUNTED PHYSIOLOGY SENSOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from U.S. provi-
sional patent application No. 61/792,326 filed Mar. 15, 2013
and entitled “Compact sensor device to acquire multiple
physiological signals from the finger”, the entire contents of
which are incorporated by reference herein.

TECHNICAL FIELD

[0002] The application relates generally to biofeedback
sensors and, more particularly, to a sensor and a method for
capturing different physiological signals from a single finger.

BACKGROUND OF THE ART

[0003] The palmar surfaces of fingers and hands are opti-
mal for detecting relevant skin conductance feedback. Fin-
gers are also ideal for sensing other relevant psychophysi-
ological signal types like skin temperature and blood volume
pulse (BVP).

[0004] In typical biofeedback practice, sensors are usually
separately attached to the fingers to detect these types of
signal. For example, two sensors are mounted to two different
fingers and used to detect or measure skin conductance, a
third sensor might be mounted to a third finger and used to
measure the temperature of the skin, while a fourth sensor
mightbe mounted to a fourth finger and used to measure BVP.
[0005] The use of separate sensors to detect these signals
presents certain disadvantages. Firstly, attaching and remov-
ing the sensors can require a significant amount of time, and
be cumbersome. Secondly, occupying so many fingers of the
hand with sensors reduces comfort for the user, and reduces
her/his ability to manipulate objects with the occupied hand.
Thirdly, using so many sensors can be relatively expensive.

SUMMARY OF THE INVENTION

[0006] Inoneaspect, there is provided a physiology sensor
adapted to be worn on a single finger of a wearer, the sensor
comprising: a one-finger sensor body having a finger-facing
surface and defining a longitudinal axis, the sensor body
including first and second raised mounds protruding from the
finger-facing surface and being longitudinally spaced-apart
such as to define a transverse air gap therebetween, the first
and second raised mounds respectively retaining first and
second electrodes each defining a skin-abutting electrode
surface being raised relative to the finger-facing surface and
adapted to abut longitudinally spaced-apart palmar surfaces
of the single finger; one or more physiological sensing
devices housed within the body, the physiological sensing
devices including a skin conductance sensing device operable
to measure skin conductance using the first and second elec-
trodes when abutted against the palmar surfaces of the single
finger; and a processor housed within the body and in com-
munication with the electrodes and the physiological sensing
devices, the processor modulating application of an electrical
excitation to the skin conductance sensing device and pro-
cessing physiological signals captured by the at least one
physiological sensing device.

[0007] In another aspect, there is provided a physiology
sensor adapted to be worn on a single finger of a wearer to
capture a number of different physiological signals, the
physiology sensor comprising: a one-finger sensor body hav-
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ing a finger-facing surface and defining a longitudinal axis,
the sensor body including first and second raised mounds
protruding from the finger-facing surface and being longitu-
dinally spaced-apart such as to define a transverse air gap
therebetween, the first and second raised mounds respectively
retaining first and second electrodes each defining a skin-
abutting electrode surface being raised relative to the finger-
facing surface and adapted to abut longitudinally spaced-
apart palmar surfaces of the single finger; two or more
physiological sensing devices housed within the sensor body,
the physiological sensing devices comprising: a skin conduc-
tance sensing device; and at least one of atemperature sensing
device and a photoplethysmography sensing device; the skin
conductance sensing device being operable to measure skin
conductance using the first and second electrodes, the tem-
perature sensing device being disposed beneath the second
electrode and thermally coupled therewith for sensing tem-
perature of the skin abutted against the skin-abutting elec-
trode surface of the second electrode, and the photoplethys-
mography sensing device includingat least one optical sensor
disposed beneath the first electrode and optically communi-
cating with the skin abutting against the electrode surface
thereof, the electrode surface of the first electrode being
adapted to transmit light therethrough; and a processor
housed within the body and in communication with the elec-
trodes and the at least two physiological sensing devices, the
processor modulating application of an electrical excitation
to the skin conductance sensing device and processing physi-
ological signals captured by the at least two physiological
sensing devices.

[0008] Inyetanother aspect, there is provided a method for
capturing a plurality of different physiological signals from
palmar surfaces of a single finger with a physiology sensor,
the method comprising: providing the physiology sensor with
first and second electrodes mounted to a sensor body, the first
and second electrodes having skin-abutting electrode sur-
faces which are elevated relative to a surface of the body;
contacting spaced-apart palmar surfaces of the single finger
with the skin-abutting electrode surfaces of the respective
first and second electrodes of the sensor; and using the sensor
to capture skin conductance and at least one of temperature
and blood volume pulse, the step of capturing skin conduc-
tance of the skin of the palmar surfaces of the single finger
including applying an electrical excitation to the electrodes.

[0009] Themethod described above may further include, in
certain embodiments, the following additional features.

[0010] Contacting the spaced-apart palmar surfaces may
include contacting the palmar surfaces of a distal segment and
an adjacent intermediate segment of the single finger with
separate electrodes.

[0011] Capturing at least temperature of the skin may
include thermally coupling a temperature sensing device to
the second electrode to measure temperature of the skin abut-
ted thereagainst.

[0012] Capturing at least blood volume pulse may include
projecting a light beam through one or more openings in the
first electrode against the skin of a palmar surface abutted
thereagainst, and receiving the light beam returned by the
skin of the palmar surface through the same or another open-
ing in the first electrode.

[0013] Capturing skin conductance may include applying
AC square wave pulses to the electrodes and sampling the
electrical excitation at the end of each AC square wave pulse.
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[0014] Capturing skin conductance may also include wire-
lessly transmitting captured data on skin conductance, and at
least one of temperature of the skin and blood volume pulse.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Reference is now made to the accompanying figures
in which:
[0016] FIG.11is a perspective view of a physiology sensor,

according to an embodiment;

[0017] FIG. 2 is a cross-sectional view of a part of the
sensor of FIG. 1;

[0018] FIG.3isa cross-sectional view of another part of the
sensor of FIG. 1;

[0019] FIG. 4is a perspective view of the sensor of FIG. 1
having a strap and being shown mounted to a finger;

[0020] FIG. 5is a block diagram showing components of
the physiology sensor of FIG. 1; and

[0021] FIG. 6isa flow diagram of a method for capturing a
plurality of different physiological signals from spaced-apart
palmar surfaces of a single finger with a sensor.

DETAILED DESCRIPTION

[0022] FIGS. 1 to 4 illustrate generally a sensor 10 which
can be mounted to, and removed from, a single finger 60. The
sensor 10 is used to detect and capture one or more physi-
ological signals for the general but not exclusive purpose of
biofeedback. These physiological signals can be detected and
measured with a single sensor 10 mounted to a single finger
60 of a wearer’s hand, in contrast to some conventional sen-
sors which require that sensors be mounted to multiple fingers
in order to detect or measure the signals in question. The
sensor 10 has a sensor body 20 which can be mounted to the
finger 60, one or more physiological sensing devices, each of
which is operable to sense and/or measure a physiological
property, and a processor 50 which controls the application of
an electrical excitation and the processing of the data captured
by the sensing devices.

[0023] The sensor body 20 (or simply “body 20”") provides
the corpus to the sensor 10, and houses many or all of the
components described herein. It can be mounted to, and
removed from, the single finger 60 of the wearer. Such mount-
ing can involve the body 20 being attached to the single finger
60, or the single finger 60 being placed on the body 20. This
mounting can be facilitated or accomplished with a strap 12
having opposed ends which can be mounted to the body 20 so
as to secure it to the single finger 60. The strap 12 can have
multiple apertures 11 or holes along its length which facilitate
the circulation of air between the single finger 60 and the strap
12 50 as to reduce or prevent sweat from accumulating on the
skin surface of the single finger 60, which is further discussed
below. The body 20 can have one or more attachment mem-
bers 14 spaced apart on the body 20 so that the strap 12 can
attach to the body 20 using different holes along its length,
thereby allowing the wearer to vary the tension applied by the
strap 12. Such a strap 12 advantageously allows for different
single fingers 60 and differently-sized single fingers 60 to be
accommodated on the same body 20. It can thus be appreci-
ated that the body 20 is a “one-finger” body 20 because it can
be used with only one finger 60 in order to capture or measure
one or more physiological signals.

[0024] The body 20 can therefore assume the appropriate
configuration needed to achieve such functionality, and can
be made from any suitable material for this purpose. The body
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20 has a finger-facing surface 22 extending along the surface
of the body 20 which will face the single finger 60 when the
sensor 10 is in use. Since the single finger 60 is elongated
along its length, the body 20 is also elongated and defines a
longitudinal axis 24, which is not limited to extending along
a middle or central portion of the body 20.

[0025] The body 20 also includes a first raised mound 26;
and a second raised mound 26ii which provide the structure
against which the single finger 60 is applied, as further
explained below. The term “raised” refers to the protrusion or
distancing of the mounds 267,26/ from the finger-facing sur-
face 22 of the body 20, in that the mounds 26:,26ii are both
elevated with respect to the finger-facing surface 22. The
distance at which the mounds 26i,26ii protrude from the
finger-facing surface 22 is relatively small, for example pref-
erably between about 0.5 mm and about 2.5 mm. Mounds
26i,26ii protruding by as much as about 4 mm to about 5 mm
are also possible, and the distance can be selected as a func-
tion of the aesthetic and ergonomic requirements of the body
20, among other possible factors. The mounds 26i,26ii are
longitudinally spaced-apart, meaning that they are separated
by a distance along the longitudinal axis 24. This separation
of the mounds 26i,26ii defines an air gap 28 between them,
which facilitates the circulation of air between the mounds
26i,26ii. The air gap 28 also serves to isolate each of the
mounds 264,26ii, and the electrodes disposed thereon, from
one another. As further explained below, this isolation helps
to reduce or prevent the growth of the effective electrode
surface area, which can otherwise result from the build-up of
perspiration on the palmar surfaces.

[0026] The first mound 26; and the second mound 26ii
retain a first electrode 21/ and a longitudinally spaced-apart
second electrode 21ii, respectively. Each of the electrodes
21i,21ii has a skin-abutting electrode surface 23, which is also
raised with respect to the finger-facing surface 22, and which
enters into contact with the skin of the single finger 60 when
mounted to the body 20. The electrode surface 23 of each
electrode 21;,21ii abuts against the longitudinally spaced-
apart palmar surfaces of the single finger 60. The area of the
electrode surface 23 can be sufficiently large to enable
adequate contact between the palmar surface of the single
finger 60 and the electrode surface 23, to enable capture of a
psychophysiologically relevant and useful skin conductance
signal. The area of the electrode surface 23 can be chosen so
that it is small enough to be no larger than the available
surface area on the palmar surfaces of the smallest fingers 60
under consideration. Such a criterion helps to ensure that the
entire electrode surface 23 would be in contact with the pal-
mar surfaces of the vast majority of fingers 60, which can help
to provide a more stable skin conductance reading. In one
embodiment, the electrodes 214,21ii are coplanar with each
other, at an elevation that is above the finger-facing surface
22. In an alternative embodiment, the first and second elec-
trodes 217,21ii may be disposed at different angular positions
relative to each other and/or relative to the finger-facing sur-
face 22. In yet another alternate embodiment, the electrodes
21i,21ii are pivotally mounted to their respective mounds
264,261, such that the electrodes 21i,21ii appear to float above
the finger-facing surface 22, and can be selectively angled
with respect thereto in order to better conform to the surfaces
of each of the abutted palmar surfaces of the finger. As such,
the electrodes 214,214 may not necessarily be coplanar, espe-
cially when pivoted to form different angles with the finger-
facing surface 22.
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[0027] Tt can therefore be appreciated that since the elec-
trodes 217,21ii are themselves spaced apart on their respective
mounds 267,26ii along the length of the body 20, they will
therefore abut against the palmar surfaces of the single finger
60 at similarly spaced-apart positions. The spaced-apart posi-
tions of the palmar surface can be defined on a same finger
segment or phalange of the single finger 60, or generally more
often, on separate finger segments of the single finger 60. For
example, and in reference to FIG. 4, the electrode surfaces 23
of each electrode 214,21ii can abut against the palmar surface
of adjacent finger segments, such as the palmar surface of the
distal finger segment 16 and the palmar surface of the inter-
mediate finger segment 18. In such a configuration, the air gap
28 is aligned with the joint connecting the distal and interme-
diate finger segments 16,18. Alternatively, the electrode sur-
faces 23 of each electrode 21i,21ii can abut against the palmar
surface of the distal finger segment 16 and the palmar surface
of the proximal finger segment 17.

[0028] Referring to FIG. 3, one of the electrodes 217,217,
typically the first electrode 21/, may have one or more open-
ings 27 extending through the electrode surface 23. The open-
ings 27 allow for the transmission and receipt of light there-
through, as will be further described below. One or more of
the openings 27 can be sealed so as to prevent the ingress of
debris or fluids, while still allowing for the light to be trans-
mitted therethrough. Such sealing can be achieved with a
glass or plastic lens, or with a suitable epoxy as shown in FIG.
3, among other possibilities.

[0029] Each electrode 21i,21ii serves as a platform which
facilitates the measurement of the one or more different
physiological signals. The electrodes 21,21ii can be any sur-
face which act as an electrical conductor so as to permit a flow
of electric current to and from the skin of the single finger 60.
As such, at least the electrode surfaces 23 can be made of any
suitable conductive and biocompatible material, such as
stainless steel or gold. The electrodes 21i,21ii can also be
made of a plated or metal alloy, such as gold-plated copper.
Similarly, the electrodes 21i,21ii can take any suitable con-
figuration to achieve such functionality. For example, the
electrodes 21/,21/i shown in the embodiment of FIG. 1 are
substantially “egg-shaped”, where the wider portions of the
electrodes 21/,21ii are disposed relatively close to one
another across the air gap 28, and where the thinner portions
are disposed further away from one another. Such a shape of
the electrodes 214,21ii can be ergonomically suitable for dif-
ferently-sized single fingers 60. The size of the electrodes
21i,21ii can also vary. In one possible embodiment, each
electrode 21,21ii can have approximate dimensions of about
10 mmx12 mm, and they can be longitudinally spaced-apart,
center to center, by about 18 mm. The distance between the
closest points of the two electrodes 21/,21ii can be approxi-
mately 6 mm.

[0030] The electrode surfaces 23 of each of the electrodes
21i,21ii can be circumscribed by correspondingly shaped and
relatively thin non-conductive peripheral rims 25, which sur-
round the raised electrodes surfaces 23. While the electrodes
may be mounted to the raised mounds of the sensor body such
that no such rims are present, the thinness of the non-conduc-
tiveregion or the rim 25, when present, can help to control the
quantity of conductive electrode surface 23 area in contact
with the skin, and can help to limit the potential growth in
effective skin area through sweat accumulation on non-con-
ductive surfaces adjacent to the electrodes 21i,21ii. The
expression “non-conductive” refers to the ability of the
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peripheral rims 25 to prevent or significantly reduce the con-
ductance of electric current therethrough. In most instances,
such non-conductivity is derived from the material composi-
tion of the peripheral rims 25, which can be the same as that
of the body 20. The peripheral rims 25 can be coplanar with
the electrode surfaces 23, slightly elevated with respect to the
electrode surfaces 23, or lower than the electrode surfaces 23,
as required.

[0031] At least the spacing of the electrodes 217,217 and
their elevation with respect to the finger-facing surface 22 can
help to prevent the onset or accumulation of perspiration on
the surface of the skin of the single finger 60. The apertures in
the strap 12, as well as the relative thinness of the non-
conductive peripheral rims 25 which surround their electrode
surfaces 23, can also contribute. The prevention or reduction
of perspiration on the skin of the single finger 60 helps to
improve or maintain the psychophysiological relevance of the
skin conductance readings, which is one of the different
physiological signals which the sensor 10 can capture.

[0032] Skinconductanceis typically measured by passinga
current through the skin. In most conventional sensors, elec-
trodes are placed on separate fingers, and the current is passed
through the hand between these fingers. However, where the
electrodes are mountable to the same finger and in proximity
to one another, there is a risk of skin conductance “sweat
bridging”. Sweat bridging occurs when sweat builds up on the
surface of the skin between adjacent electrodes such that the
current used to excite the electrodes is able to travel directly
between the electrodes along the moisture path created by the
sweat, and thus not through the skin. Sweat bridging therefore
reduces the psychophysiological relevance of the skin con-
ductance readings, and can lead to inaccurate measurements.
Similarly, when electrodes are adjacent to, and approximately
co-planar with, a larger non-conductive surface, sweat can
accumulate on the skin surface in contact with this adjacent
non-conductive surface because this skin surface lacks air
circulation. Furthermore, if sweat is allowed to accumulate
over the area of skin surrounding one or the other electrode
(even if not directly between the two electrodes), current can
flow out from the periphery of the electrodes into the moist
area surrounding the pads, then into the skin in contact with
this surrounding area. This phenomenon can effectively
increase the surface area of the skin conducting the excitation
current, and affect the psychophysiological relevance of the
conductance reading.

[0033] The sensor 10 disclosed herein is able to palliate or
overcome these phenomena because the electrodes 217,21ii
are spaced apart and raised across the air gap 28, which
isolates the electrodes 21/,21/i from one another, and encour-
ages or allows the circulation of air between the electrodes
21i,21ii, thus allowing for evaporative drying to occur on the
surface of the skin of the single finger 60. Furthermore, if
present, the thinness or minimal dimensions of the non-con-
ductive peripheral rims 25 surrounding of the electrode sur-
faces 23 minimises the skin’s contact with non-electrode
surfaces when compared to thicker peripheral boundaries. In
so doing, the peripheral rims 25 help to ensure that the only
significant contact the skin of the single finger 60 makes with
the body 20 is against the electrode surfaces 23. It can there-
fore be appreciated that in minimising or eliminating these
phenomena, the sensor 10 can help to achieve more psycho-
physiological relevant measurements of the conductance of
the skin of the single finger 60.
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[0034] The sensor 10 has one or more physiological sens-
ing devices. Whilethe sensing devices may share components
in the signal chain, each of the sensing devices can be selec-
tively operated independently of the others in order to mea-
sure the desired physiological property. All of the sensing
devices are housed within the body 20 and thus do not enter
into direct contact with the palmar surfaces of the single
finger 60. This positioning of the sensing devices within the
body 20 prevents them from interfering with the electrodes
21i,21ii, thus allowing the electrodes 214,21/ to measure the
skin conductance of the single finger 60 unimpeded. Further-
more, the sheltering of the sensing devices within the body 20
protects them from abrasion and corrosion.

[0035] TItwill be appreciated that up to three sensing devices
are disclosed herein, but the sensor 10 can have as few as one
sensing device or more than three sensing devices as may be
required for sensing physiological properties which are the
same or different than the ones disclosed. The term “sensing”
refers to the ability of the sensing devices to perform any one
or a combination of, detecting, capturing, or measuring the
physiological signals, as required. Referring to FIGS. 2 and 3,
the sensing devices of the sensor 10 include at least a skin
conductance sensing device 32 as well as, one or both of a
temperature sensing device 34 and a photoplethysmography
(or PPG) sensing device 36. Accordingly, in one embodiment
the sensor 10 may include only a skin conductance sensing
device 32. In another embodiment, the sensor 10 may include
a skin conductance sensing device 32, in addition to a tem-
perature sensing device 34. In yet another embodiment, the
sensor may include skin conductance sensing device 32, in
addition to a PPG sensing device 36. In yet a further embodi-
ment, and as depicted in FIGS. 1-4, the sensor 10 includes all
three sensing devices, namely a skin conductance sensing
device 32, a temperature sensing device 34 and a photopl-
ethysmography (PPG) sensing device 36.

[0036] The skin conductance sensing device 32 is housed
within the body 20, and cooperates with, and may be integral
to, both of the first and second electrodes 21i,21ii. It uses the
electrodes 21i,21ii to measure the conductance of the skin of
the single finger 60 when the electrode surfaces 23 are in
contact with the palmar surfaces of the single finger 60. The
measured skin conductance can be used for detecting stress
responses, among other possibilities. In a typical operation,
skin conductance is measured by passing an electric current
through the electrode surface 23 of either one of the first or
second electrode 21,21ii, then through the skin contacting
this electrode surface 23. The current then goes through this
skin, into a relatively low resistance area inside the single
finger 60, and exits the inside of the single finger 60 via the
skin in contact with the other electrode surface 23 of the other
electrode 217,21/, and through a reference resistor to an equi-
potential point. The skin conductance can then be determined
from the ratio between the total applied voltage and the volt-
age appearing across the reference resistor or that appearing
across the electrodes 217,211,

[0037] The temperature sensing device 34 is also housed
within the body 20, and is disposed beneath one of the elec-
trodes 214,21, typically the second electrode 21ii. The tem-
perature sensing device 34, which can be a thermistor, is
thermally coupled to the second electrode 21ii and is used to
measure the temperature of the skin which abuts against the
electrode surface 23 of the second electrode 21ii. Since the
electrode surface 23 of the second electrode 21ii is in good
thermal and electrical contact with the palmar surface of the
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single finger 60 when abutted against it, it is advantageous to
use the second electrode 21ii to capture skin temperature. In
this regard, the thickness of the second electrode 21ii can be
thinner than that of the first electrode 21 in order to facilitate
heat transfer from the palmar surface to the temperature sens-
ing device 34. However, it is not optimal to place the tem-
perature sensing device 34 directly on this electrode surface
23 because it will occupy an important area of the electrode
surface 23 and prevent it from properly measuring skin con-
ductance. Therefore, the temperature sensing device 34 is
placed away from the second electrode 21 ii inside the body
20, and thermally coupled to the second electrode 217i. The
expression “thermally coupled” refers to the conductive heat
transfer link formed between the palmar surface of the finger
60 and the temperature sensing device 34. This link helps to
capture the heat transferred by the palmar surface of the single
finger 60. This link or connection can take many forms. For
example, multiple circuit board vias 37 can be used to ther-
mally link the temperature sensing device 34 to the second
electrode 21ii. In another possible configuration, a circuit
board 31 or flexible board can also be housed within the body
20 and placed between the sensing devices and the electrodes
21i,21ii. The temperature sensing device 34 can be soldered
to the circuit board 31, and the circuit board 31 can be
attached to the underside or sensor body-facing surface of the
electrodes 217,21ii with a thermally and electrically conduc-
tive adhesive layer 33. This indirect contact between the
temperature sensing device 34 and the second electrode 21ii
thus allows for stable and consistent measurements of the
temperature of the skin on the palmar surface in contact with
the second electrode 21ii, while minimising or preventing
interference with the ability of the second electrode 21ii to
measure skin conductance. In so doing, the temperature sens-
ing device 34 is able to provide the second electrode 21ii with
at least a dual functionality.

[0038] ThePPG sensing device 36 is also housed within the
body 20. The PPG sensing device 36 is operable to optically
detect a change in blood volume, and in particular, may be
used to detect the blood volume pulse (BVP) from a palmar
surface of the single finger 60. In so doing, the PPG sensing
device 36 can be used to detect heartbeats, and thus, measure
the wearer’s heart rate. The PPG sensing device 36 can have
one or more optical sensors disposed beneath the first elec-
trode 21/, which has one or more openings 27 extending
through its electrode surface 23. The PPG sensing device 36
is able to optically communicate with the palmar surface of
the single finger 60 via these one or more openings 27 by
sending light to impact the palmar surface through the one or
more openings 27. and by receiving returned light therefrom.
Each of the optical sensors or optodes therefore can generate
or receive a light beam. Optionally, and referring to FIG. 5,
the PPG sensing device 36 can be a pairing of an optical
emitter 35 and an optical receiver 39. The optical emitter 35 or
LED, which emits a visible or infrared light through one or
more of the openings 27, and an optical receiver 39, which
receives the same light through the same or another one of the
openings 27 as reflected by the skin of the palmar surface of
the single finger 60.

[0039] The positioning of the temperature sensing device
34 within the body 20 beneath the second electrode 21 1i and
the position of the PPG sensing device 36 within the body 20
beneath the first electrode 217 can provide several advantages,
particularly when the first electrode 21/ and the second elec-
trode 21ii are adapted to abut against the distal finger segment
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16 and the intermediate finger segment 18 of the single finger
60, respectively. Firstly, positioning the PPG sensing device
36 to optically communicate with the palmar surface of the
distal finger segment 16 appears to provide more stable and
consistent BVP readings. Secondly, the positioning of the
temperature sensing device 34 and the PPG sensing device 36
to communicate with the intermediate and distal finger seg-
ments 18,16, respectively, allows for the body 20 ofthe sensor
10 to be moved away from the junction of the single finger 60
to its hand, thereby allowing for increased mobility and utility
of this single finger 60 about its junction with the hand or
improved comfort of the wearer. Thirdly, the positioning of
the temperature sensing device 34 and the PPG sensing
device 36 to communicate with adjacent finger segments
positions the electrodes 217,217 and the air gap 28 across a
finger joint connecting these two finger segments, which can
further facilitate the evaporative drying discussed above.

[0040] Referring to FIG. 5, the sensor 10 also has a proces-
sor 50 housed within the body 20, or mounted thereto. The
processor 50 can be a microcontroller or other electronic
circuit which applies an electrical excitation to the one or
more sensing devices, and communicates with the electrodes
21:,21ii and sensing devices to process the physiological
signals they capture. The processor 50 is programmed to
control the supply of the electrical excitation. Similarly, the
term “process” refers to the ability of the processor 50 to
receive the raw data captured by the sensing devices, tempo-
rarily storethis data in a suitable computable data storage, and
transmit the data wirelessly or otherwise to a remote process-
ing unit for manipulation or display. The wireless transmis-
sion of raw data can be accomplished using a wireless com-
munication module 52 integrated with the processor 50 or
separate therefrom, such as a Bluetooth® module, or by using
WiFi®. The processor 50 has apower source 54, which can be
a battery or a lithium cell, housed within the body 20 which
powers the sensor 10, thus allowing it to operate. In most
embodiments, the processor 50 supplies the electrical excita-
tion directly to the sensing devices. The electrical excitation
applied can be steady-state DC or AC current. When measur-
ing skin conductance with the skin conductance sensing
device 32 and the electrodes 217,21/, the long term applica-
tion of DC excitation can lead to electrode polarization,
where the electrodes charge up like a battery and oppose the
flow of current, thus reducing the apparent skin conductance
and skewing skin conductance readings.

[0041] When necessary to overcome or palliate this effect,
the processor 50 can apply a relatively low-frequency excita-
tion using an AC square wave generator 56, which can apply
an AC square wave pulse to the electrodes 21/,21ii and the
sensing devices. The resultant skin conductance measure-
ment can be determined from measuring or sampling the
difference between the voltage at the ends of alternating AC
square wave pulses. It is known that skin has a significant
capacitive component, meaning that after a step in the applied
voltage, steady state DC current is not established right away
and instead drops off from an initial higher level as the skin
capacitance changes. Since conventional measurement tech-
niques use DC current, the sensor 10 disclosed herein can
sample the resultant AC excitation after the maximum
amount of settling time has elapsed, such as just before the
next voltage reversal. The use of AC electrical excitation
furthermore facilitates the nulling of amplifier offset in the
sensing circuit, and also advantageously allows for a higher
level excitation to be used because the applicable medical
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standards allow higher limits for AC excitation compared to
DC excitation. The use of this higher level AC excitation can
provide lower noise skin conductance readings.

[0042] A typical skin conductance measurement operation
using AC excitation can be as follows. A low frequency AC
square wave excitation is applied to the electrodes 217,21ii in
series with a resistor, thereby forming a voltage divider. The
resultant voltage between the electrodes 217,21ii is measured
at the end of each half cycle, and the difference is taken as a
peak to peak voltage. Skin conductance can be determined
from the ratio between the voltage applied to the entire volt-
age divider and the voltage appearing across the electrodes
21i,21ii, by computation either by the processor 50 or in an
associated application program.

[0043] Having described at least some of the features of the
sensor 10, a method 100 for capturing a plurality of different
physiological signals with a physiology sensor will now be
described in reference to FIG. 6.

[0044] The method 100 includes contacting spaced-apart
palmar surfaces of the single finger with respective first and
second raised electrodes of the sensor, shown as 102 in FIG.
6. Such contact with the thermally and electrically conductive
electrodes allows for the one or more different physiological
signals to be captured. This contacting can include securing
the palmar surfaces to the body of the sensor with a strap, and
can also include contacting the palmar surface of a distal
segment and an adjacent intermediate segment of the single
finger with separate electrodes.

[0045] The method 100 also includes distancing the con-
tacted spaced-apart palmar surfaces of the single finger from
a body of the sensor, shown as 104 in FIG. 6. This distancing
is generally achieved with the structure of the body of the
sensor itself.

[0046] The method 100 also includes capturing skin con-
ductance of the skin of the palmar surfaces of the single finger
by applying an electrical excitation to the electrodes, and
capturing at least one of temperature of the skin and blood
volume pulse, shown as 106 in FIG. 6. This can include
applying an electrical excitation to allow the sensing devices
to capture their respective physiological signals. The appli-
cation of the electrical excitation can include applying AC
square wave pulses to the electrodes, or to the sensing
devices, such as via a resistor. The application of the electrical
excitation can further include sampling the electrical excita-
tion at the end of each AC square wave pulse in order to
determine the skin conductance of the palmar surface of the
single finger.

[0047] The method 100 can also include measuring con-
ductance of the skin with the first and second electrodes,
thermally coupling a temperature sensing device to the sec-
ond electrode to measure temperature of the skin abutted
thereagainst, and generating a light beam with a PPG sensing
device which projects through an opening of the first elec-
trode. Diffused light is received back through the same or
another opening, from the skin of the palmar surface, to be
captured by an optical receiver, in order to detect the BVP.
The capturing in 106 therefore allows for the capturing of the
skin conductance of the palmar surface of the skin, and at least
one other physiological signals (i.e. skin temperature, and
BVP) with independent sensing devices.

[0048] The capturing of 106 can include thermally cou-
pling the temperature sensing device to the second electrode
when it is in contact with the palmar surface of the interme-
diate segment of the single finger. Similarly, generating the
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light beam can include directing the light beam against the
palmar surface of the distal segment of the single finger and
receiving a reflected light beam from this palmar surface. In
addition, measuring the conductance of the skin can include
measuring the difference in voltage at the end of alternating
ACsquare wave pulses, such as those applied by an AC square
wave generator.

[0049] Further optionally, capturing the conductance of the
skin can include marking or detecting a reduction in contact
between one or more of the palmar surfaces and the corre-
sponding electrode against which it is abutted. It is known that
in conditions of relatively extreme motion of the single finger
and the affixed sensor, the skin of the palmar surfaces may
momentarily separate from the electrodes, thereby reducing
the surface area of the skin in contact with the electrodes and
resulting in a momentary decrease in measured skin conduc-
tance. When this momentary decrease in skin conductance
oceurs, it is typically also accompanied by a deviation in the
BVP signal, such as a spike or a significant decrease. This can
be misleading because the deviation in the BVP signal is not
necessarily indicative of any physiological event occurring in
the wearer, and can thus lead to inaccurate or missing heart
rate readings. It is therefore desirable to mark or detect these
misleading BVP readings so that they can be identified and
disregarded when the raw data of the physiological signal
measurements is analysed. One possible technique for detect-
ing these misleading BVP readings is to identify the skin
conductance measurements which are suggestive of a
reduced skin contact with the electrodes. These identified
skin conductance measurements can be algorithmically com-
bined with the misleading BVP readings so that the mislead-
ing BVP readings can be excluded, or marked as suspect.
[0050] The above description is meant to be exemplary
only, and one skilled in the art will recognize that changes
may be made to the embodiments described without depart-
ing from the scope of the invention disclosed. For example,
although the sensor 10 disclosed herein is shown mounted to
the index finger, it can be appreciated that it can be mounted
to any other single finger 60 or the thumb. Still other modifi-
cations which fall within the scope of the present invention
will be apparent to those skilled in the art, in light of a review
of this disclosure, and such modifications are intended to fall
within the appended claims.

1. A physiology sensor adapted to be worn on a single
finger of a wearer, the sensor comprising:

aone-finger sensor body having a finger-facing surface and
defining a longitudinal axis, the sensor body including
first and second raised mounds protruding from the fin-
ger-facing surface and being longitudinally spaced-
apart such as to define a transverse air gap therebetween,
the first and second raised mounds respectively retaining
first and second electrodes each defining a skin-abutting
electrode surface being raised relative to the finger-fac-
ing surface and adapted to abut longitudinally spaced-
apart palmar surfaces of the single finger;

one or more physiological sensing devices housed within
the body, the physiological sensing devices including a
skin conductance sensing device operable to measure
skin conductance using the first and second electrodes
when abutted against the palmar surfaces of the single
finger; and

a processor housed within the body and in communication
with the electrodes and the physiological sensing
devices, the processor modulating application of an
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electrical excitation to the skin conductance sensing
device and processing physiological signals captured by
the at least one physiological sensing device.

2. The physiology sensor as defined in claim 1, wherein the
physiological sensing devices further include a temperature
sensing device, the temperature sensing device comprising a
thermistor disposed beneath the second electrode and ther-
mally coupled therewith for sensing temperature of the skin
abutted against the skin-abutting electrode surface of the sec-
ond electrode.

3. The physiology sensor as defined in claim 2, wherein the
first electrode has one or more openings in the skin-abutting
electrode surface thereof, and the physiological sensing
devices include a photoplethysmography sensing device hav-
ing an optical emitter and an optical receiver both disposed
beneath the first electrode, the optical emitter being operable
to generate a light beam to project through at least one of said
openings of the first electrode against the skin abutting
against the electrode surface thereof, and the optical receiver
being operable to receive the light beam returned by the skin
through the same or another one of said openings.

4. The physiology sensor as defined in claim 1, wherein the
first electrode has one or more openings in the skin-abutting
electrode surface thereof, and the physiological sensing
devices include a photoplethysmography sensing device hav-
ing an optical emitter and an optical receiver both disposed
beneath the first electrode, the optical emitter being operable
to generate a light beam to project through at least one of said
openings of the first electrode against the skin abutting
against the electrode surface thereof, and the optical receiver
being operable to receive the light beam returned by the skin
through the same or another one of said openings.

5. The physiology sensor as defined in claim 1, wherein the
mounds each protrude from the finger-facing surface of the
body a minimum distance of between about 0.5 mm and about
2.5 mm.

6. The physiology sensor as defined in claim 1, wherein
each of'the first and second raised mounds has a non-conduc-
tive peripheral rim which circumscribes the electrode surface
of each of the first and second electrodes.

7. The physiology sensor as defined in claim 1, wherein the
processor includes an AC square wave generator communi-
cating with at least the first and second electrodes to apply AC
square wave pulses thereto.

8. The physiology sensor as defined in claim 1, wherein the
skin-abutting electrode surface of each of the first and second
electrodes is substantially egg-shaped and defines a wide end
and a thin end, the wide ends of the skin-abutting electrode
surfaces being positioned adjacent one another across the air
gap.

9. The physiology sensor as defined in claim 1, wherein the
first and second electrodes are longitudinally spaced apart a
distance corresponding to a distance between the palmar sut-
faces of a distal segment and an adjacent intermediate seg-
ment of the single finger.

10. The physiology sensor as defined in claim 1, wherein
the processor includes a circuit board housed within the body,
the circuit board being secured to an inwardly facing surface
of at least one of the first and second electrodes with a ther-
mally and electrically conductive adhesive.

11. The physiology sensor as defined in claim 1, wherein
the processor includes a wireless communication module
operable to wirelessly transmit data captured by the physi-
ological sensing devices.
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12. The physiology sensor as defined in claim 2, wherein
the temperature sensing device is a thermistor.

13. The physiology sensor as defined in claim 1, further
comprising an elongated strap having opposed ends fasten-
able to the body for securing the body to the single finger, the
strap having a plurality of air-flow apertures therein spaced
apart along at least a portion of a length of the strap.

14. A physiology sensor adapted to be worn on a single
finger of a wearer to capture a number of different physiologi-
cal signals, the physiology sensor comprising:

aone-finger sensor body having a finger-facing surface and
defining a longitudinal axis, the sensor body including
first and second raised mounds protruding from the fin-
ger-facing surface and being longitudinally spaced-
apart such as to define a transverse air gap therebetween,
the first and second raised mounds respectively retaining
first and second electrodes each defining a skin-abutting
electrode surface being raised relative to the finger-fac-
ing surface and adapted to abut longitudinally spaced-
apart palmar surfaces of the single finger;

two or more physiological sensing devices housed within
the sensor body, the physiological sensing devices com-
prising: a skin conductance sensing device;

and at least one of a temperature sensing device and a
photoplethysmography sensing device; the skin conduc-
tance sensing device being operable to measure skin
conductance using the first and second electrodes, the
temperature sensing device being disposed beneath the
second electrode and thermally coupled therewith for
sensing temperature of the skin abutted against the skin-
abutting electrode surface of the second electrode, and
the photoplethysmography sensing device including at
least one optical sensor disposed beneath the first elec-
trode and optically communicating with the skin abut-
ting against the electrode surface thereof, the electrode
surface of the first electrode being adapted to transmit
light therethrough; and

a processor housed within the body and in communication
with the electrodes and the at least two physiological
sensing devices, the processor modulating application
of an electrical excitation to the skin conductance sens-
ing device and processing physiological signals cap-
tured by the at least two physiological sensing devices.

15. The physiology sensor as defined in claim 14, wherein
the physiological sensing devices include the skin conduc-
tance sensing device, the temperature sensing device and the
photoplethysmography sensing device.
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16. The physiology sensor as defined in claim 14, wherein
the mounds each protrude from the finger-facing surface of
the body a minimum distance of between about 0.5 mm and
about 2.5 mm.
17. The physiology sensor as defined in claim 14, wherein
each of'the first and second raised mounds has a non-conduc-
tive peripheral rim which circumscribes the electrode surface
of each of the first and second electrodes.
18. The physiology sensor as defined in claim 14, wherein
the temperature sensing device is a thermistor in conductive
heat transfer communication with the second electrode.
19. The physiology sensor as defined in claim 14, wherein
the first electrode has one or more openings in the skin-
abutting electrode surface thereof, and the photoplethysmog-
raphy sensing device has an optical emitter and an optical
receiver both disposed beneath the first electrode, the optical
emitter adapted to generate a light beam to project through at
least one of said openings of the first electrode against the skin
abutting against the electrode surface thereof, and the optical
receiver adapted to receive the light beam returned from the
skin through the same or another one of said openings.
20. The physiology sensor as defined in claim 14, wherein
the processor has an AC square wave generator communicat-
ing with at least the first and second electrodes to apply AC
square wave pulses thereto.
21. The physiology sensor as defined in claim 14, wherein
the processor has a wireless communication module operable
to wirelessly transmit data captured by the at least one physi-
ological sensing device.
22. The physiology sensor as defined in claim 14, further
comprising an elongated strap having opposed ends mount-
able to the sensor body for securing the body to the single
finger, the strap having a plurality of apertures spaced apart
along a length of the strap.
23. A method for capturing a plurality of different physi-
ological signals from palmar surfaces of a single finger with
a physiology sensor, the method comprising:
providing the physiology sensor with first and second elec-
trodes mounted to a sensor body, the first and second
electrodes having skin-abutting electrode surfaces
which are elevated relative to a surface of the body;

contacting spaced-apart palmar surfaces of the single fin-
ger with the skin-abutting electrode surfaces of the
respective first and second electrodes of the sensor; and

using the sensor to capture skin conductance and at least
one of temperature and blood volume pulse, the step of
capturing skin conductance of the skin of the palmar
surfaces of the single finger including applying an elec-
trical excitation to the electrodes.
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