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7) ABSTRACT

A physiological signal collection electrode comprising a
signal collection portion, a signal output terminal and a
signal transmission portion interconnecting the signal col-
lection portion and the signal output terminal, wherein the
signal collection portion comprises a signal collection pad
and the signal transmission portion comprises a signal
transmission pad, wherein the signal collection portion and
the signal transmission portion are integrally formed into an
elongate and conductive electrode pad which extends in a
longitudinal direction along a longitudinal axis; wherein the
signal collection portion has a signal collection surface for
making abutment contact with a signal surface and the signal
collection surface is parallel to the longitudinal axis; and
wherein the signal output terminal is parallel to the signal
collection surface, extends transversely to the longitudinal
axis and protrudes above the signal collection surface.
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PHYSIOLOGICAL SIGNAL COLLECTION
APPARATUS AND PERFORMANCE
MONITORING APPARATUS
INCORPORATING SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of Hong
Kong Patent Application No. 18104351.5 filed on Mar. 29,
2018, the contents of which are incorporated herein by
reference in its entirety.

FIELD

[0002] The present disclosure relates to physiological sig-
nal collection apparatus, and more particularly to chest-worn
physiological signal collection apparatus. This invention
also relates to performance monitoring apparatus compris-
ing a physiological signal collector and a signal processing
device for processing collected physiological signals. More
specifically, although not solely limited thereto, the present
invention also relates to chest-worn swim monitors.

BACKGROUND

[0003] Physiclogical signal collectors are useful for col-
lecting physiological data of a person during physical exer-
cises, during medical examination or during everyday life.
Typical physiological signals which are commonly collected
for processing and analyzing include ECG, heart rate, blood
pressure, blood oxygen content, body temperature. The
collected signals are typically processed and converted into
data which provide information on the state of health,
physical fitness, or physical performance of a person.

[0004] A chest strap is a known type of physiological
signal collectors adapted to be chest-worn by a person for
collecting physiological signals during physical exercises or
activities. Physiological signals commonly collected by a
chest strap include, for example, heart-rate, ECG pulses,
skin conductivity, infra-red absorption or other electrical or
opto-electrical signals measurable from the skin of a person.

[0005] A typical chest strap usually includes a plurality of
electrodes or sensors which is mounted on a flexible plastic
chest strap in a spaced apart manner to collect weak physi-
ological signals in electrical or optical form from a human
body for differential signal processing. Each electrode typi-
cally comprises a signal reception pad having a signal
reception surface with a surface area large enough to collect
signals which are strong enough for processing by a signal
processing device, such as a heart rate signal processor.

[0006] The flexible plastic strap is usually a pre-assembled
strap which comprises a length adjustment or tension adjust-
ment arrangement to tighten the strap against the body of a
person, usually the chest, during use to provide electrical
contact between the electrodes and the skin of a user. The
strap is usually made of soft plastics to provide flexibility for
body wearing and electrical insulation between the elec-
trodes. The tensions adjustment arrangement typically com-
prises a length of soft plastic strap portion which runs around
buckle or clasp arrangements.

[0007] It would be advantageous to provide improvement
chest straps to mitigate shortcomings of conventional chest
straps.
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SUMMARY

[0008] There is disclosed an ECG signal collection elec-
trode. The ECG signal collection electrode comprises a
signal collection portion, a signal output portion and a signal
transmission portion interconnecting the signal collection
portion and the signal output portion; wherein the signal
collection portion comprises an elongate signal collection
pad, the signal transmission portion comprises an elongate
signal transmission pad, and the signal output portion com-
prises an elongate metallic signal output terminal; wherein
the signal collection pad and the signal transmission pad are
integrally molded of a flexible conductive and moldable
material to form an elongate and flexible conductive pad;
wherein the flexible conductive pad extends along a longi-
tudinal axis and the signal output terminal extends trans-
versely to the longitudinal axis, the longitudinal axis defin-
ing a longitudinal direction; wherein the signal transmission
pad has an input end which is in abutment with the signal
collection pad and an output end which is a free end distal
from the input end; and wherein the signal output terminal
extends along the output end of the signal transmission pad
and is in continuous physical and electrical abutment contact
with the output end as it extends along the output end of the
signal transmission pad.

[0009] There is also disclosed an ECG signal collection
apparatus comprising a strap having longitudinal free ends
and ECG signal collection electrodes. The strap comprises a
first longitudinal free end and as a second longitudinal free
end, the second longitudinal free end being distal to the first
longitudinal free end. The ECG signal collection electrodes
comprises a first ECG signal collection electrode which is
mounted on the first longitudinal free end and a second ECG
signal collection electrode which is mounted on the second
longitudinal free end, wherein at least one of the first ECG
signal collection electrode and the second ECG signal
collection electrode is an ECG signal collection electrode
according to any of the claims.

[0010] There is also disclosed a physiological signal appa-
ratus comprising an ECG signal collection apparatus accord-
ing to any claim and an electronic apparatus. The electronic
apparatus comprises a housing and signal input receptacles
on the housing, wherein the signal input receptacles are
adapted for closely fitted reception of the signal output
terminals of the first ECG signal collection electrode and the
second ECG signal collection electrode, and wherein each
one of the signal input receptacles comprises a signal input
terminal exposed inside the signal input receptacles such
that when the signal output terminals of the first ECG signal
collection electrode and the second ECG signal collection
electrode are securely received inside the signal input recep-
tacles, a signal transfer path from the ECG signal collection
apparatus and the electronic apparatus is formed to facilitate
transfer of collected physiological signals to the electronic
apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The disclosure will be described by way of
example and with reference to the accompanying Figures, in
which:

[0012] FIGS. 1A and 1B are, respectively, top plan view
and bottom plane view of a signal collection apparatus 100
in a partially folded configuration according to the disclo-
sure,
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[0013] FIG. 1C is a bottom plan view of the signal
collection apparatus 100 in a spread configuration,

[0014] FIGS. 1D1 and 1D2 are perspective views of an
example signal output terminal 126 of the example signal
collection apparatus 100,

[0015] FIG. 1D3 is an end view of the signal output
terminal 126 viewed from one longitudinal end,

[0016] FIGS. 1E and 1F are perspective views of the
signal collection apparatus 100 in a partially looped con-
figuration,

[0017] FIGS. 2A and 2B are perspective views of a
physiological signal apparatus 200 according to the disclo-
sure,

[0018] FIGS. 2C and 2D are, respectively, top plan and
side views of the example physiological signal apparatus
200,

[0019] FIG. 3A is a top plan view of an example ECG
signal collection electrode 120 according to the disclosure,
and

[0020] FIGS. 4A, 4B and 4C are various views of an
example electronic apparatus 20 which is attachable to the
signal collection apparatus 100 to form an example physi-
ological signal apparatus 200,

[0021] FIGS. 5A and 5B are perspective views of a
physiological signal monitoring assembly comprising a sig-
nal collection apparatus and a strap-ends connector of the
present disclosure,

[0022] FIGS.5C1 and 5C2 are partially exploded perspec-
tive views of the assembly of FIG. 5A showing the strap and
the signal collection apparatus,

[0023] FIG. 5C3 is a perspective view with major parts of
the signal collection apparatus of FIGS. 5C1 and 5C2 further
exploded,

[0024] FIG. 5C4 is a perspective view showing a pair of
electrodes fixed on the strap;

[0025] FIGS. 6A1, 6A2, 6A3 and 6A4 are various views
of the first signal collection electrode of the assembly of
FIG. 5A,

[0026] FIGS. 6B1, 6B2, 6B3 and 6B4 are various views of
the second signal collection electrode of the assembly of
FIG. 5A,

[0027] FIGS. 7A1, 7A2, 7A3 and 7A4 are various views
showing a portion of the main housing and the anchoring
terminal housings,

[0028] FIG. 8A1 is a schematic side view taken along the
longitudinal direction of the signal output terminal in the
region of the electronic device,

[0029] FIG. 8A2 is an enlarged cross-sectional view of a
portion of FIG. 8A1, and

[0030] FIG. 8A3 is a cross-sectional view showing
anchoring relationships between the signal collection appa-
ratus and the main housing of the electronic device taken
along the longitudinal direction of the strap.

DETAILED DESCRIPTION

[0031] An example signal collection apparatus comprises
a strap and a pair of example physiological signal collection
electrodes mounted on the strap. The example physiological
signal collection electrodes of the example signal collection
apparatus 100 comprise a pair of ECG signal collection
electrodes 120A, 120B and the ECG signal collection elec-
trodes are mounted on longitudinal ends of a flexible strap
140, as depicted in FIGS. 1A and 1B. The example signal
collection apparatus 100 is adapted for wearing on a living
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body for collection of ECG signals from the chest cage of
the living body when the apparatus is worn on the living
body and the strap is configured as a chest strap suitable for
attaching the physiological signal collection electrodes to
the chest of the living body. The living body is also referred
to herein as a user or a wearer.

[0032] The example flexible strap 140 is elongate, has a
longitudinal axis X-X' which defines a longitudinal direc-
tion, and extends between a first longitudinal end and a
second longitudinal end. The signal collection apparatus 100
is configurable between a partially folded configuration of
FIGS. 1A and 1B and a spread configuration of FIG. 1C. In
the spread configuration of FIG. 1C, the signal collection
apparatus 100 is substantially linear and the longitudinal
axis X-X' is substantially a straight line. In the partially
looped configuration of FIGS. 1A and 1B, the signal col-
lection apparatus 100 follows the shape (or more exactly, the
random shape) of the flexible strap.

[0033] The example flexible strap is elastic or resilient and
is resiliently stretchable between a first length which is a
neutral, un-tensioned, length of the strap when the strap is
under no longitudinally applied stretching tension and a
second length which is an extended length when the strap is
under a longitudinally applied stretching tension. The sec-
ond length is longer than the first length, which is an
unstretched, neutral, length of the strap. The flexible strap
may be formed from an elastomeric material. Example
elastomeric material suitable for forming the flexible and
elastic strap include or example, from Spandex, Lycra or
elastane, and for example, by weaving. In some embodi-
ments, the chest strap is formed by a combination of
stretchable and non-stretchable strap portions without loss of
generality.

[0034] The ECG signal collection electrodes comprise a
first ECG signal collection electrode 120A and a second
BCG signal collection electrode 120B. The first ECG signal
collection electrode 120A and the second ECG signal col-
lection electrode 120B are on opposite longitudinal ends of
the strap 120. As depicted in the Figures, the first ECG signal
collection electrode is mounted on the first longitudinal end
of the flexible strap and the second ECG signal collection
electrode is mounted on the second longitudinal end of the
flexible strap. The first ECG signal collection electrode and
the second ECG signal collection electrode collectively form
a pair of ECG signal collection electrodes each having a
signal collection surface for ECG signal collection.

[0035] When in example use, the signal collection appa-
ratus 100 is worn on the body of a wearer such that the signal
collection surfaces of the first and second signal collection
electrodes are in physical abutment and electrical contact
with the chest, and more particularly the left and right chest
cages, of the wearer. When the signal collection apparatus
100 is in use and worn on a user, the signal collection
apparatus 100 is formed into a closed loop, for example,
formed into a loop when in cooperation with an electronic
apparatus, for example, a signal transmission apparatus or a
signal processing apparatus, which is attached to the longi-
tudinal ends of the signal collection apparatus 100, as
depicted in FIGS. 2A and 2B.

[0036] The length of the strap 140 is adjustable, selectable
and/or customized so that when the signal collection appa-
ratus 100 is duly worn, the tension, for example, stretching
tension, present in the strap will operate to urge the first and
second signal collection electrodes inwardly towards the
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body of the wearer so that the signal collection surfaces of
the first and second signal collection electrodes are urged
towards and are in compressive contact with the skin of the
wearer. To facilitate effective ECG signal collection, the first
and second signal collection electrodes are positioned such
that their signal collection surfaces are respectively on the
left and right chest cage portions of the wearer.

[0037] In this example, the first and second signal collec-
tion electrodes are identical ECG signal collection elec-
trodes. Each one of the first and second signal collection
electrodes is an ECG signal collection electrode comprising
a signal collection portion, a signal output portion and a
signal transmission portion interconnecting the signal col-
lection portion and the signal output portion.

[0038] The ECG signal collection electrode 120A, 120B is
elongate and extends along a longitudinal axis which defines
a longitudinal direction. When the ECG signal collection
electrode 140A, 140B is mounted on the strap, the longitu-
dinal axis of the ECG signal collection electrode 140A,
140B and the longitudinal axis X-X' of the flexible strap are
aligned or co-axial.

[0039] The signal collection portion of the ECG signal
collection electrode comprises a signal collection pad 122.
The signal collection pad is elongate and comprises a signal
collection surface 122A and a back surface which is parallel
to the signal collection surface, but opposite facing. The
distance between the signal collection surface and the back
surface defines the thickness of the signal collection pad.
The signal collection surface has a signal collection area and
the signal collection area is devised so that ECG signals of
a sufficiently large signal amplitude will be collected when
in use. In this example, the signal collection surface has a
signal collection area of approximately 15 square centime-
ters (cm?), measuring 8 cm (length) and 1.9 cm (width) with
rounded longitudinal ends. In general, a signal collection
surface of between 9-25 square centimeters (cm>) would be
useful and the signal collection surface may have a length of
between 6-10 cm and a width of between 1.5-2.5 cm.
[0040] The signal collection pad includes a signal output
end at a longitudinal end and the signal transmission portion
is in abutment with the signal collection pad at the signal
output end of the signal collection pad. The signal collection
surface 122A is also referred to as an upper surface and the
back surface is referred to as a lower surface for ease of
reference.

[0041] The signal transmission portion of the ECG signal
collection electrode comprises a signal transmission pad
124. The signal transmission pad is elongate and forms a
conductive bridge which extends from the signal collection
surface to connect the signal output terminal and the signal
collection portion, or more specifically, to connect the signal
output end of the signal collection portion and the signal
output terminal. The signal transmission pad includes an
upper surface which is on the same side as the upper surface
of the signal collection pad and a lower surface which is on
the same side as the lower surface of the signal collection
pad.

[0042] Both the signal collection pad and the signal trans-
mission pad extend along the longitudinal axis X-X' and
have the longitudinal axis X-X' as their center axes. In other
words, the signal collection pad and the signal transmission
pad have a common center axis. In this example, both the
signal collection pad and the signal transmission pad are
laterally symmetrical about their respective center axis,
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which is the common axis. In some embodiments, the signal
collection pad and/or the signal transmission pad are not
laterally symmetrical or may not have a common center axis
without loss of generality.

[0043] The signal output terminal 126 is an elongate
conductive member which is to function as a distributed
signal output terminal. The signal output terminal is
regarded as a distributed output since it has a signal output
area which is comparable to the cross-sectional area of the
signal output end of the signal transmission pad or the
cross-sectional area of the signal output end of the signal
collection pad. The cross-sectional area is measured in a
direction transversal to the longitudinal axis of the signal
collection pad and/or the signal transmission pad.

[0044] The elongate signal output terminal 126 extends
along a longitudinal axis Y-Y' to define its length. The
longitudinal axis Y-Y' is orthogonal or substantially orthogo-
nal to the longitudinal axis X-X'. In other words, the
elongate signal output terminal 126 extends a transverse
direction which is transverse to the longitudinal direction
defined by the longitudinal axis X-X".

[0045] Referring to FIGS. 1D1, 1D2 and 1D3, the
example signal output terminal 126 comprises a conductive
main body 128 which extends along the longitudinal axis
Y-Y". The conductive main body is an elongate body having
an interior compartment and an entry aperture which defines
an entry into the interior compartment. The interior com-
partment is defined by an interior wall (or an interior
boundary wall) which also defines the entry aperture. The
interior wall extends along the transverse direction to define
an elongate entry aperture and an elongate interior compart-
ment. The interior compartment is a receptacle compartment
for fitted or (closely fitted) reception of the output end of the
signal transmission pad and is formed as a through slot
which extends through the main body. The through slot
extends along a slot axis which is parallel to the longitudinal
axis Y-Y' of the signal output terminal 126. The main body
has a generally C-shaped or U-shaped cross-section, with
the entry aperture at the opening portion of the C-shaped or
U-shaped cross-section. The entry aperture and/or the inte-
rior slot is/are shaped and/or dimensioned for fitted (or
closely fitted) reception of the output end of the signal
transmission pad. To facilitate fitted (or optionally closely
fitted) reception of the output end of the signal transmission
pad, the entry aperture and/or the interior slot has a trans-
versal clearance which is comparable or slightly smaller
than the thickness of the output end of the signal transmis-
sion pad. The transversal clearance of the entry aperture
and/or the interior slot is measured in a direction (the
transverse direction) which is orthogonal to the longitudinal
direction (or overall longitudinal direction) of the longitu-
dinal direction defined by the longitudinal axis X-X'. The
main body of the signal output terminal 126 is laterally
symmetrical about a center axis Z-Z', and the center axis
Z-7' 1s orthogonal to both the X-X' and Y-Y" axes.

[0046] The signal output terminal 126 includes optional
fasteners for securing or fastening the main body 128 with
the signal transmission pad, and corresponding fastener
bores for receiving the fasteners. The main body has a
uniform cross-section along its length, except at the fastener
bores. In this example, there are two fasteners and two
fastener bores. In other embodiments, there may be one
fastener or more than two fasteners for securing the signal
output terminal to the signal transmission pad without loss
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of generality. Where the signal output terminal is integrally
molded with or on the signal transmission pad, there may be
no need for external or additional fasteners. In this example,
the example fasteners depicted in FIGS. 1D1 and 1D2 are
threaded screws.

[0047] The example main body of the example signal
output terminal 126 is a hollow metal bar, for example, a
copper bar, an aluminum bar, a stainless-steel bar or other a
bar of other metals or alloys. In some embodiments, the
main body is made of a moldable material such as a
conductive polymeric material. for example, carbonized
rubber. For example, the main body may be formed of the
same materials as the materials forming the signal collection
pad and/or signal transmission pad. In some embodiments,
the signal collection pad and/or signal transmission pad
and/or the main body of the output terminal are integrally
formed as a single flexible piece.

[0048] The main body of the example signal output ter-
minal is shaped and dimension for closely fitted reception of
the output end of the signal transmission pad. To facilitate
the closely fitted reception, the main body of the example
signal output terminal and the output end of the signal
transmission pad are a well-matched snap-fit pair, and the
main body of the example signal output terminal is shaped
and dimension to function as a clamp or clamping member
to clamp on the output end of the signal transmission pad. As
the main body of the example signal output terminal has a
C-shaped cross section, the main body and/or the signal
output terminal is also a C-clamp shaped electrical connec-
tor. When the C-clamp connector is attached to the signal
transmission pad, the output end of the signal transmission
pad is guarded, covered or protected to enhance durability.
[0049] As the main body of the example signal output
terminal and the output end of the signal transmission pad
are a well-matched snap-fit pair, the internal boundary wall
is contiguous or abutment contact with the output end of the
signal transmission pad. Since the internal boundary wall of
the signal output terminal is in contiguous or abutment
contact with the output end of the signal transmission pad,
the intermal boundary wall of the signal output terminal,
which defines the entry aperture and the interior compart-
ment, defines a distributed signal input portion of the signal
output terminal. The internal boundary wall of the signal
output terminal includes an upper boundary wall, a lower
boundary wall and a peripheral wall interconnecting the
upper and lower boundary walls. When the signal output
terminal is mounted on the signal transmission pad, which
effectively means when the signal output terminal is
mounted on the output end of the signal transmission pad,
the upper and lower surfaces on the output end of the signal
transmission pad are in contiguous or abutting physical and
electrical contact with the upper and lower boundary walls
of the signal output terminal. When the signal output ter-
minal is mounted on the signal transmission pad, the output
end of the signal transmission pad is in compressive contact
with the signal output terminal. More specifically, the output
end of the signal transmission pad is compressively sand-
wiched between the upper and lower boundary walls. Each
one of the upper and lower boundary walls is an elongate
conductive wall and the upper and lower boundary walls
cooperate to define an elongate, distributed signal input of
the signal output terminal.

[0050] Referring to FIGS. 1A and 1B, the first ECG signal
collection electrode 120A is mounted on a first longitudinal
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end of the strap 140 and the second ECG signal collection
electrode 120A is mounted on the second longitudinal end of
the strap 140. The first and second longitudinal ends of the
strap 140 are opposite longitudinal ends, or more exactly
opposite longitudinal free ends, of the strap 40, and the
distance between the first and second longitudinal ends of
the strap 140 defines the length of the strap or the signal
collection apparatus 100. In this example, the ECG signal
collection electrodes 120A, 120B are attached to the strap
140, for example, by gluing such as hot-melt glue or
hot-melt gluing or other permanent attachment means.
[0051] The ECG signal collection electrodes 120A, 120B
are disposed such that the main bodies of the respective
output terminals of the signal output terminals form the free
longitudinal ends of the apparatus 100.

[0052] Each one of the first and second signal collection
electrodes is an ECG signal collection electrode 120 com-
prising a signal collection portion, a signal output portion
and a signal transmission portion interconnecting the signal
collection portion and the signal output portion, as depicted
in FIG. 3A.

[0053] The signal collection portion 122 is molded of a
flexible and conductive material and comprises a base
portion and a signal collection pad. The signal collection pad
comprises a signal collection surface 123 which is elevated
above and surrounded by the base portion. After the ECG
signal collection electrode has been mounted on the strap,
the elevated signal collection surface 123 projects above the
surrounding base portion and surrounding strap fabrics such
that when the ECG signal collection electrode is mounted on
the strap, the signal collection surface 123 is exposed for
skin contact with the user while the surrounding base portion
is covered by a fabric surface of the strap. The strap
optionally comprises a plurality of layers and the ECG
signal collection electrode is retained between two adjacent
fabric layers of the strap. In some embodiments, the ECG
signal collection electrode is glued on an outer/inner surface
of the strap and the entire signal collection portion is
exposed.

[0054] The signal transmission portion is connected in
series with the signal collection portion and continues lon-
gitudinally from the signal collection portion. In this
example, the signal transmission portion is formed of the
same material as the signal collection portion, and the signal
collection portion and the signal transmission portion are
integrally molded as a single flexible conductive pad. In this
example, the signal collection surface 123 is also elevated
above the upper surface of the signal transmission pad. The
single flexible conductive pad of the integrally formed signal
collection portion and the signal transmission portion has a
substantially uniform thickness along its length. The
example signal collection portion 122 has a substantially
uniform width along its length, which is a dimension mea-
sured along the longitudinal direction X-X'. The signal
transmission portion has an initial width which is equal to
the width of the signal collection portion 122 and tapers to
narrow as it extends towards its output end, which is an end
distal to the signal collection portion. The initial width is the
width of the signal transmission portion proximal the signal
collection portion. In this example, the output end of the
signal transmission pad is more than 50% of the initial width
or the width of the signal collection surface. In some
embodiments, the output end of the signal transmission pad
has a width which is the same or comparable to the initial
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width or the width of the signal collection surface. In some
embodiments, the output end of the signal transmission pad
has a width which is between 50% and 100% of the initial
width or the width of the signal collection surface, for
example, between 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%. 95%, 100% or any range or ranged
selectively defined by combining any of the aforesaid val-
ues. In this example, the signal output terminal 126 has a
length which is equal to the width of the output end of the
signal transmission pad. In some embodiments, the signal
output terminal 126 has a length which is larger, for example
slightly larger, than or smaller, for example, slightly smaller,
than the width of the output end of the signal transmission
pad. Preferably, the signal output terminal 126 has a length
which is comparable to the width of the output end of the
signal transmission pad.

[0055] With the signal output terminal clamping on the
output end of the signal transmission pad, the signal output
terminal has an upper portion which projects above the
upper surface of the signal transmission pad and a lower
portion which projects below the upper surface of the signal
transmission pad. For the avoidance of doubt, the terms
‘above’ and ‘below’ and other directional terms are relative
and are used herein for ease of description and are not
intended to be restrictive.

[0056] In this example, the signal output terminal is made
of a highly conductive metal and is rigid. In other examples,
the signal output terminal is made of a resilient flexible and
conductive material and can be rigid, semi-rigid or flexible.
[0057] The main body of the signal output terminal has an
outward-facing outer peripheral wall which delimits the
outer boundary of the signal output terminal. This outer
peripheral wall defines a distributed signal output surface of
the signal output terminal or a distributed signal output
surface of the signal collection apparatus. This outer periph-
eral wall is elongate and generally surrounds the elongate
interior compartment.

[0058] In the assembled form of the signal collection
apparatus 100, the signal output terminals 126 form the free
longitudinal ends of the signal collection apparatus 100, as
depicted in FIGS. 1A, 1B, 1E and 1F.

[0059] In example applications, the example signal col-
lection apparatus 100 is used together with an electronic
apparatus, for example, a signal transmitter, a physiological
signal processor, an electronic signal processing apparatus,
etc., as depicted in FIGS. 2A and 2B. the assembly of the
signal collection apparatus 100 and the electronic apparatus
20 forms a physiological signal apparatus 200.

[0060] An example electronic apparatus 20 comprises a
housing, electronic circuitry disposed inside the housing and
a pair of signal input receptacles on the housing, as depicted
in FIG. 2A. The example housing is a plastic housing as a
convenient example and signal input receptacles are dis-
posed on two lateral sides of the housing. Each of the signal
input receptacle comprises a receptacle which is shaped and
dimensioned receive the signal output terminal in a closely
fitted manner. In order to facilitate closely fitted reception of
the signal output terminal, the receptacle is shaped and
dimensioned to correspond closely to and match the shape
and dimensions of the signal output terminal.

[0061] The electronic circuitry of the electronic apparatus
20 includes signal input terminals for receiving physiologi-
cal signals collected by the signal collection apparatus 100.
In this example, the electronic circuitry includes a first signal
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input terminal for making electrical connection with the
signal output terminal of the first ECG signal collection
electrode 120A and a second signal input terminal for
making electrical connection with the signal output terminal
of the second ECG signal collection electrode 120B. The
electronic circuitry is mounted or accommodated inside the
housing and each one of the signal input terminals includes
a conductive portion which is exposed inside the signal input
receptacle so that the signal output terminals can establish
signal transmission contact with the corresponding signal
input terminals. In this example, each signal input terminal
includes a resiliently biased pin connector which is resil-
iently urged and protrudes into the interior of the signal input
receptacles so that when the signal output terminals are
received inside the signal input receptacles, a firm electrical
contact is established between the signal output terminals
and the signal input terminals to facilitate transfer of col-
lected physiological signals from the signal collection appa-
ratus 100 to the electronic apparatus 20.

[0062] In some embodiments, the electronic circuitry
comprises a signal amplifier for amplifying the collected and
transferred physiological signals to facilitate subsequent or
further signal processing. In some embodiments, the elec-
tronic circuitry comprises signal processing means to pro-
cess the collected and transferred physiological signals for
further or immediate processing so that useful information
can be provided to a user locally. In some embodiments, the
electronic circuitry comprises signal transmission arrange-
ments, for example, a wireless signal transmitter to facilitate
outward transmission of collected and/or processed physi-
ological signals and/or data to facilitate external processing.

[0063] Referring to FIGS. 2A, 2B, 2C, 2D, 4A, 4B and 4C,
the electronic apparatus 20 comprises signal input recep-
tacles on two lateral sides of the housing. Each signal input
receptacle is elongate and is shaped and dimensioned to
correspond to or to match the shape and dimensions of the
signal output terminal 126.

[0064] To assemble the physiological signal apparatus
200, a user will insert the signal output terminal of the first
ECG signal collection electrode into a first signal input
receptacle on the electronic apparatus 20 and to insert the
signal output terminal of the second ECG signal collection
electrode into a second signal input receptacle on the elec-
tronic apparatus 20. To insert an ECG signal collection
electrode into a signal input receptacle, the user would need
to align the signal output terminal 126 with the signal input
receptacle such that the center axis Z-7' of the signal output
terminal 126 is aligned with the center axis of the signal
input receptacle. When the two parts are duly aligned,
progress of the signal output terminal 126 into the signal
input receptacle will force the pin connector of the electronic
circuitry to retract resiliently and urged against the outer
surface of the signal output terminal 126 to establish a firm
and secured signal connection path between the signal
output terminal 126 and the signal input terminal of the
electronic apparatus 20. When the signal output terminals
126 of the first and second ECJ signal collection electrodes
120A, 120B have been inserted into the signal input recep-
tacles 22 and retained, for example, by friction or by resilient
engagement between the resiliently urged pin connector, a
loop-shaped physiological signal apparatus 200 as depicted
in FIGS. 2A and 2B are formed. In typical applications, the
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loop shaped physiological signal apparatus 200 is to be
formed after an open loop strap 140 is placed to surround the
living body.

[0065] When the physiological signal apparatus 200 is
duly worn on the living body, with the ECG signal collection
electrodes 120A, 120B in abutment contact with different
body portions, ECG signals will be collected by the ECG
signal collection electrodes 120A, 120B and transferred to
the electronic apparatus 20 via the signal output terminals
and the signal input terminals.

[0066] In some embodiments, the signal input terminal
inside the signal input receptacle may be a distributed
connector. For example, the signal input terminal may
include a tubular metallic portion which is to resiliently
receive and engage with the signal output terminal to
facilitate signal transfer without loss of generality.

[0067] An example physiological signal monitoring appa-
ratus 200 comprises a strap 20, a pair of physiological signal
collection electrodes mounted on the strap, and an electronic
device 40 connected to the strap and the electrodes and
comprising electronic circuitry, as depicted in FIGS. 5A and
SB.

[0068] The pair of example physiological signal collection
electrodes comprises an example first signal collection elec-
trode 220A and an example second signal collection elec-
trode 220B, as depicted in FIGS. 6A1 to 6A4 and 6B1 to
6B4. Each example physiological signal collection electrode
220 comprises a signal collection portion 222, a signal
output terminal 226, and a signal transmission bridge 224
interconnecting the signal collection portion and the signal
output terminal. The signal collection portion 222, the signal
transmission bridge 224 and the signal output terminal 226
are distributed sequentially along a central axis A-A' of the
signal collection electrode, and the central axis is also a
longitudinal axis which defines a longitudinal direction of
the electrode.

[0069] The signal collection portion 222 is a signal col-
lection pad comprising a signal collection surface 222' for
making abutment contact with the body of a wearer to
facilitate collection of physiological signals from the body
surface, the signal collection surface is an exposed surface
which is parallel to and faces away from the local strap
surface on which the signal collection portion 222 is
mounted. The signal collection portion 222 has a back
surface 222" which is parallel to and in abutment contact
with the local strap surface. The signal collection surface
222 has a signal collection area which is large enough to
collect physiological signals having a sufficiently large sig-
nal magnitude suitable for output and for processing by the
electronic device 40. The signal collection surface 222" is
generally parallel to the longitudinal axis of the signal
collection electrode 220 and the longitudinal axis of the
signal output terminal, which is orthogonal to the longitu-
dinal axis of the signal collection electrode 220, the longi-
tudinal axis of the signal collection electrode 220 and the
longitudinal axis of the signal output terminal cooperating to
define a signal collection plane.

[0070] In embodiments such as the present, the signal
collection portion comprises an elevated signal collection
surface portion which is elevated from a base signal collec-
tion surface portion, which surrounds the elevated signal
collection surface portion so that the elevated signal collec-
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tion surface portion defines a signal collection island 2221
surrounded by the base signal collection surface portion
2222,

[0071] In embodiments such as the present, the signal
collection portion 222, comprising the signal collection
island 2221 and the surrounding base portion 2222, are
integrally formed from a flexible and conductive moldable
soft material such as carbonized rubber or carbonized plas-
tics. The signal collection portion 222 may be made of a
flexible and conductive fabric, including woven and non-
woven fabrics. The signal collection portion has a generally
uniform thickness along its width, the width being defined in
a direction orthogonal to the longitudinal direction of the
electrode. Where the signal collection portion has a signal
collection island 2221, the signal collection island 2221 is a
signal collection pad having a generally uniform thickness
and a generally uniform width, and the surrounding base
portion 2222 has the same or another generally uniform
thickness and width.

[0072] The signal transmission bridge 224 is to facilitate
conduction of electrical signals between the signal collection
portion 222 and the signal output terminal 226. In example
applications, physiological signals, in the form of low-
frequency electrical pulses collected by the signal collection
portion, are to be transmitted forwardly to the signal trans-
mission bridge 224 and then forwardly to the signal output
terminal 226 for ultimate output. The electrical signals are to
travel in the longitudinal direction of the electrode 220, the
longitudinal direction defining an electrical conduction path
of the shortest distance between the signal collection portion
222 and the signal output terminal 226. The example signal
transmission bridge 224 is made of a flexible and conductive
material and comprises a flexible bridging portion which
extends between the signal collection surface and the signal
output terminal. The bridging portion comprises a body-
facing surface which is parallel to the signal collection
surface and an outward-facing surface which faces away
from the wearer during use. The bridging portion continues
electrically and physically from the forward longitudinal end
of the signal collection portion and the signal output termi-
nal is connected to the forward longitudinal end of the signal
transmission bridge 224. In embodiments such as the pres-
ent, the signal collection portion 222 and the signal trans-
mission bridge 224 are integrally formed, for example,
molded, from the same material. The signal collection
portion 222 and the signal transmission bridge 224 may have
the same width, although in some embodiments the signal
transmission bridge 224 has a smaller width than the signal
collection portion 222. The signal transmission bridge 224
may have a width which is 65-85% of the width of the signal
collection portion 222.

[0073] Each of the signal collection portion 222 and the
signal transmission bridge 226 is elongate and has a low-
profile form factor. A low-profile form factor herein means
having a width which is substantially larger than its thick-
ness. The signal collection pad (or pad in short) and the
bridge portion resembles the form factor of a strip of an
elongate tab. The example pad and bridge portion have an
example width-to-thickness ratio of 23:1, 4:1 or 5:1. In
example embodiments, the signal collection portion and the
signal transmission bridge are integrally formed, for
example, from a flexible and resilient conductive material
such as carbonized rubber so that the signal collection
electrode 220 is in the form of an elongate strip or tab. In
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example embodiments such as the present, the pad and the
bridge portion have substantially same or uniform thickness
along the longitudinal axis.

[0074] The strap 20 has a first longitudinal end 22A, a
second longitudinal end 22B and an intermediate portion 22
interconnecting the first and second longitudinal ends 22A,
22B, and the intermediate portion 22 defines an effective
length of the strap along its center longitudinal axis. The first
signal collection electrode 220A is mounted on the interme-
diate portion 22 of the strap 20, with its signal output
terminal 226 proximal and terminating the first longitudinal
end 22A. The signal output terminal 226 extends orthogo-
nally to the longitudinal axis of the signal collection elec-
trode 220A and parallel to the signal collection surface to
encapsulate the signal output end portion of the first signal
collection electrode 220A. The signal output terminal 226
encapsulates the entire width of the signal output end portion
of the first signal collection electrode 220A as depicted in
FIGS. 6A1 to 6A4, or a substantial width portion thereof.
The signal collection portion 222 of the first signal collec-
tion electrode 220A is mounted on the intermediate portion
22 of the strap and extends longitudinally away from the first
longitudinal end 22A and longitudinally towards the second
longitudinal end 22B in a direction opposite to the direction
extension of the second signal collection electrode 220B.
The example signal output terminal 226 has a generally
C-shaped cross-section along its length to form a C-shaped
clamp and the signal output end portion of the signal
collection electrode 220A, 2208 is retained inside the inter-
nal compartment of the C-shaped clamp and is compres-
sively engaged so that good electrical contact is made
between the signal output end portion and the signal output
terminal 226 to facilitate effective and efficient physiological
signal transfer.

[0075] Similarly, the second signal collection electrode
220B is mounted on the intermediate portion 22 of the strap
20, with its signal output terminal 226 proximal and termi-
nating the second longitudinal end 22B, and with the signal
output terminal 226 extending orthogonally to the longitu-
dinal axis of the signal collection electrode 220B and
parallel to the signal collection surface to encapsulate the
signal output end portion of the second signal collection
electrode 220B. The signal output terminal 226 encapsulates
the entire width of the signal output end portion of the
second signal collection electrode 220B as depicted in FIGS.
6B1 to 6B4, or a substantial width portion thereof. The
signal collection portion 222 of the second signal collection
electrode 220B is mounted on the intermediate portion 22 of
the strap and extends longitudinally away from the second
longitudinal end 22B and longitudinally towards the first
longitudinal end 22A in a direction opposite to the direction
extension of the first signal collection electrode 220A.

[0076] In embodiments such as the present, each one of
the first and second longitudinal ends 22A, 22B is a free end
so that the strap 20 is convertible between an open-ended
belt and a closed loop when in cooperation with a strap-ends
connector (or strap connector in short). The strap 20 may be
made of fabrics, for example, a breathable, non-conductive
and resiliently stretchable fabric, including woven and non-
woven fabrics. The strap 20, or more specifically the imme-
diate portion 22 of the strap, is intended to function as an
insulated carrier or an insulated substrate of the signal
collection electrodes 220A, 220B and the associated elec-
tronic device. The intermediate portion 22 of the strap 20
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provides partial physical shielding to the back surface of the
signal collection electrode, and more specifically to the
signal collection pads and the bridge portions so that the
pads and bridge portions of the signal collection electrodes
220A, 220B are visually hidden when viewed towards the
user with the electronic device in sight. In addition, the
intermediate portion 22 of the strap is to mechanically shield
the pads and the bridge portions from at least a substantial
portion of the longitudinally elongating tension to promote
durability and reliability, since the end of the electrode distal
from the signal output terminal is floatingly carried on the
intermediate portion and is not fastened to a longitudinal end
of the strap. The term floatingly herein means portion of the
intermediate portion of the strap between the distal ends of
the electrodes is more elongate-able then the portions which
are in abutment with the pads and the bridging portions.
[0077] The strap 20 and the pair of signal collection
electrodes 220A, 220B mounted thereon collectively form a
signal collection strap which is also a signal collection
apparatus 230. In embodiments such as the present, the
signal collection apparatus 230 is a passive apparatus having
passive components for passive collection of physiological
signals. The signal collection apparatus is to cooperate with
an electronic device to facilitate signal processing, data
storage and/or for on-ward transmission of signals or data.
In example embodiments such as the present, the electronic
device is configured as a strap-ends connector which con-
verts the open-ended strap apparatus into a closed-loop
signal collection and processing apparatus.

[0078] The electronic device 40 which is to function as a
strap-ends connector is also a physiological signal hub
(signal hub in short). Physiological signals collected by the
first and second electrodes 220A, 2208 are to flow into the
electronic device 40 and the electronic circuitry thereof is to
process the collected signals according to the design of the
electronic circuitry. The electronic circuitry may comprise
signal processing circuitry, data storage circuitry and/or data
transmission circuitry for onward transmission of raw or
processed data.

[0079] In example embodiments such as the present, the
electronic device 40 and the electrodes 220A, 220B are in
physical and electrical connection so that collected physi-
ological signals are to flow into the electronic circuitry and
processed by circuitry therein.

[0080] The electronic device 40 comprises a rigid main
housing 42, a first hub terminal 44A on a first side of the
main housing forming a first retention terminal and a second
hub terminal 44B on a second side of the main housing
forming a second retention terminal, the second hub termi-
nal being on a diametrically opposite side of the of first hub
terminal, as depicted in FIGS. 5A, 5B and 7A1-7A4. The
main housing 42 defines a hollow internal compartment
inside which the electronic circuitry is housed. The first hub
terminal 44 A comprises a first retention device for retention
of the first signal output terminal and a first signal input
terminal of the signal hub. The second hub terminal 44B
comprises a second retention device for retention of the
second signal output terminal and a second signal input
terminal of the signal hub. During normal use when the
assembly in a physiological signal collection mode and
when physiological signals are to be collected from a user or
wearer, the signal collection apparatus is in an anchored
mode and is anchored on the electronic device 40 as a signal
hub, with the first signal output terminal anchoring on the
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first retention terminal and with the second signal output
terminal anchoring on the second retention terminal. When
in the anchored mode, the first signal output terminal 226 of
the first signal collection electrode 220A is mechanically
retained by the first retention device of the signal hub and is
prevented from separation in the longitudinal direction even
when the first signal output terminal 226 is subject to a
longitudinal separation force, and the second signal output
terminal 226 of the second signal collection electrode 220B
is mechanically retained by the second retention device of
the signal hub and is prevented from separation in the
longitudinal direction even when the second signal output
terminal 226 is subject to a longitudinal separation force
opposite to the longitudinal separation force on the first
signal collection electrode 220A.

[0081] In embodiments such as the present, the output
terminal 226 is for snap-fit latched engagement with the first
retention device of the hub terminals 44A, 44B. To facilitate
snap-fit latched engagement, the output terminal 226 and the
hub terminals 44A, 44B respectively comprise complemen-
tary snap-fit latching components and/or have complemen-
tary shapes and dimensions to facilitate closely-fitted recep-
tion and to enhance snap-fit latching.

[0082] In embodiments such as the present, the output
terminal 226 and its corresponding retention terminal on the
hub terminals 44A, 44B are relatively movable along a
traverse direction to the strap longitudinal axis so that the
output terminal 226 can move into or out of mechanical
engagement with a corresponding retention terminal.
[0083] When the signal collection apparatus 230 is in
anchored engagement with the signal hub 40, the signal
collection assembly comprising the signal collection appa-
ratus 230 and the signal hub 40 is in the configuration of a
closed loop. Therefore, the first retention terminal also
functions as a first anchoring terminal and the second
retention terminal also functions as a second anchoring
terminal. The intermediate portion 22 of the strap 20 is in the
form of an elastic band and is flexible, resilient and stretch-
able or elongate-able in the longitudinal direction. When in
normal use, the strap assembly comprising the signal col-
lection apparatus and the signal hub is worn as a closed loop
on the body of the user, with the intermediate portion of the
strap subject to an elongating tension in the longitudinal
direction and with the signal collection surfaces of the signal
collection electrodes in abutment contact with spaced apart
naked body portions of the user. When in the normal use
configuration, the signal collection surfaces of the signal
collection electrodes 220A, 220B will be in compressive
physical to establish electrical contact with the respective
exposed body surfaces of the spaced apart body portions of
the user. The length of the intermediate portion of the strap
is adjusted according to the size of the user, or more
specifically the size of the body portion of the user, in order
to produce an appropriate level of radial compressive ten-
sion for effective electrical signal collection from the
exposed body surface of the user. The strap may be woven
from elastic yarns to provide elasticity and breathability. To
enhance comfort and breathability, the signal collection
portion and/or the signal transmission portion may be per-
forated.

[0084] The signal output terminal 226 of the signal col-
lection electrode 220 comprises a main body and a recep-
tacle. The main body is elongate and extends along a
longitudinal direction between a first longitudinal end and a
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second longitudinal end, the longitudinal direction being
defined by a longitudinal axis which is also a center axis of
the main body, and the longitudinal direction of the main
body is orthogonal or substantially orthogonal to the longi-
tudinal direction of the signal collection electrode 220. The
main body has an outer peripheral wall defining an outer
peripheral surface and interconnecting the first and second
longitudinal ends.

[0085] The receptacle comprises an open channel for
receiving a signal output end portion 2241 of the signal
collection electrode 220. The open channel is elongate,
extends between the first and second longitudinal ends, and
has a channel axis which is a center axis of the channel. In
example embodiments such as the present, the channel axis
is parallel to the longitudinal axis of the main body. The
open channel has an entry aperture formed on the first
longitudinal end and an electrode bridge passage aperture
formed on the outer peripheral surface. The electrode bridge
passage aperture is defined by a bridge passage window
which is formed on the outer peripheral surface. The bridge
passage window has a width which is wider, for example
slightly wider, than the width of the signal output end
portion of the signal collection electrode and a depth which
is larger, for example slightly larger, than the thickness of the
signal output end portion of the signal collection electrode.
In general, the bridging portion passage window defines a
transversal aperture which is a window aperture having a
clearance or clearance dimensions sufficient to permit slide
entry of the portion of the bridging portion which is imme-
diately proximal the signal output end portion into the bridge
passage window by moving or sliding in a lateral or trans-
versal direction (which is parallel to the longitudinal direc-
tion of the main body) while preventing through-passage of
the signal output terminal across the window by moving in
the longitudinal direction of the signal collection electrode
(which is orthogonal to the longitudinal direction of the
main body).

[0086] In embodiments such as the present, the open
channel extends between a first entry aperture which is
formed on the first longitudinal end and a second entry
aperture which is formed on the second longitudinal end. In
addition, the aperture defined by the bridging portion pas-
sage window is a through aperture extending between the
first and second longitudinal ends. When the aperture is a
through aperture on the outer peripheral surface of the main
body, the portion of the bridging portion which is immedi-
ately proximal the signal output end portion into the bridge
passage window can slide into the anchoring terminal in
either, that is opposite, transversal directions.

[0087] The main body of the signal output terminal 226
comprises an upper body portion, a lower body portion and
a forward body portion interconnecting the upper and lower
body portions. Each of the body portions is elongate and
extends in the longitudinal direction of the main body and
the body portions cooperate to define the open channel and
the window aperture. The upper body portion has an
upward-facing upper surface which is an outer surface in
abutment contact with the anchoring terminal and a down-
ward-facing lower surface which is an interior surface, the
downward-facing surface defining a ceiling portion of the
open channel. The lower body portion has an upward-facing
upper surface which is an interior surface defining a floor
portion of the open channel and a downward-facing lower
surface which is an outer surface in abutment contact with
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the anchoring terminal. The forward body portion forms the
forward (or forward-most) end of the signal collection
electrode and comprises a forward-facing surface which is in
abutment contact with the anchoring terminal and a rear-
ward-facing surface which is opposite facing and proximal
the longitudinal end of the bridging portion. The forward
body portion orthogonally intercepts the center longitudinal
axis of the signal collection electrode. The upper body
portion, the lower body portion and the forward body
portion cooperate to define an internal compartment for
receiving a signal output end portion of the signal collection
electrode 220.

[0088] In embodiments such as the present, the upward-
facing surface of the upper body portion is an upper surface
of the signal output terminal and is a convex surface with
respect to the center axis of the main body, the downward-
facing surface of the lower body portion is a lower surface
of the signal output terminal and is a convex surface with
respect to the center axis of the main body, and the forward-
facing surface of the forward body portion is the forward-
most surface of the signal collection electrode and is a
convex surface with respect to the center axis of the main
body. Optionally, the curved surfaces of the outer surfaces of
the body portions of the main body share a common radius
of curvature with respect to the center longitudinal axis of
the main body, so that the main body is a cylindrical body,
which means a generally and not necessarily absolutely
cylindrical body herein. In some embodiments, the main
body has an oval, square or polygonal cross section.
[0089] The upper body portion of the signal output termi-
nal projects upwardly to protrude above the upper major
surface of the signal transmission bridge while the lower
body portion of the signal output terminal projects down-
wardly to protrude below the lower major surface of the
signal transmission bridge, the upper and lower major sur-
face cooperating to define thickness of the bridging portion
of the signal transmission bridge.

[0090] A forward longitudinal end portion of the signal
transmission bridge or bridging portion is received inside the
open channel for forward transmission of electrical signals
collected by the signal collection electrode to the electronic
device connected to the pair of signal collection electrodes.
The forward longitudinal end of the portion of the signal
transmission bridge is retained inside the open channel, for
example, by compressive clamping force exerted by coop-
eration of the upper and lower body portions and/or by
means of fastening means.

[0091] Inexample, embodiments, the fastener means com-
prises a screw or a plurality of screws which penetrates
through the upper or lower body portion of the signal output
terminal in a direction orthogonal to both the main body
center axis and the electrode center axis to engage with the
forward longitudinal end portion of the signal transmission
bridge, which is a signal output end portion of the signal
collection electrode.

[0092] In some embodiments, the upper body portion
and/or the lower body portion of the signal output terminal
is/are in compressive engagement with the signal transmis-
sion bridge to facilitate efficient signal transfer between the
signal collection electrode and the electronic device.
[0093] In some embodiments, the forward end of the
signal collection electrode is mounted on the strap end as a
substrate, in which case at least the upper major surface of
the signal transmission bridge, which faces the wearer
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during use, is in compressive engagement with the upper
body portion of the signal output terminal.

[0094] In example embodiments, the length of the main
body is comparable to or approximately equal to the width
of the bridging portion or the width of the forward longitu-
dinal end of the portion of the signal transmission bridge.
[0095] In example embodiments such as the present, the
main body is made of a highly conductive metal such as
copper, copper alloy, nickel and/or chromium alloy such as
a nickel or chromium steel.

[0096] In example embodiments such as the present, the
main housing 42 of the electronic device 40 comprises an
upper housing portion and a lower housing portion which
are made of hard plastics and are fastened together to form
a water-tight housing to define an internal circuitry com-
partment for housing the electronic circuitry. The man
housing 42 comprises a peripheral wall which surrounds the
internal compartment, as depicted in FIGS. 7A1 to 7A4.
[0097] The hub terminal 44A, 44B of the electronic device
40 comprises a hub terminal housing which defines an
output terminal receptacle 44A2, 44B2 for mechanical
retention of and electrical connection with the signal output
terminal 226 of the signal collection electrode. The hub
terminal housing projects laterally outwards from a lateral
side of the main housing 42 and the hub terminals 44A, 44B
are on opposite diametrical sides of the circuitry compart-
ment, the opposite diametrical sides being on the longitu-
dinal axis of the signal collection electrodes. The hub
terminal is a lateral extension of the main housing 42 of the
electronic device and defines an output terminal receptacle
for receiving the signal output terminal 226 of a signal
collection electrode 220A, 220B.

[0098] The receptacle comprises a channel for receiving
the signal output terminal 226, a strap passage aperture
44A4, 44B4 to permit a portion of the strap 22 to pass
through the receptacle, and an entry aperture to permit the
signal output terminal 226 to enter into the receptacle, as
depicted more clearly in FIGS. 8A1 to 8A3. The example
channel of the hub terminal 44A, 44B is an open channel,
with entry aperture defining an entry end of the open
channel, so that the signal output terminal 226 can slide into
the receptacle along the longitudinal direction of the signal
output terminal 226 and through entry at the entry aperture
on a longitudinal end of the channel. The channel has a
center axis which is orthogonal to the longitudinal axis of the
signal collection electrode 220A, 220B. The strap passage
aperture is defined by a pair of aperture-defining walls each
having an edge parallel to the channel center axis to define
an elongate strap passage aperture. The dimensions of the
strap passage aperture, in particular the height, are large
enough to permit through-passage of the strap in the longi-
tudinal direction but are not large enough to permit through-
passage of the signal output terminal 226 in the longitudinal
direction. The receptacle has an internal compartment hav-
ing dimensions comparable to that of the signal output
terminal 226 for closely fitted reception. The receptacle has
internal walls which defines the open channel. Exposed
electrical contacts for making electrical contact with the
signal collection electrode 220A, 220B are formed on and/or
protruding radially inwards from internal walls.

[0099] When the signal output ends of the signal collec-
tion apparatus 230 are received inside the hub terminals
44A, 44B, the longitudinal axis of the output signal terminal
is aligned (that is coaxial) with the center axis of the output
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terminal receptacle 44A2, 44B2. The signal output end
portion of the signal collection apparatus 230, comprising
longitudinal end portions of the signal collection electrode
220A, 220B and the strap 22, is mechanically fastened to the
signal output terminal 226 by fastening means. The fasten-
ing means penetrates through the signal output end portion
of the signal collection apparatus 230 and anchors on the
upper and lower body portions of the signal output terminal
226, as depicted in FIGS. 8A1 and 8A2. The example
fastener means comprises a pair of screws, and each screw
has a shank which extends orthogonally through the signal
output end portion of the signal collection apparatus 230.
The signal output end portion of the signal collection
apparatus 230 occupies almost all the space inside the hub
terminals 44A, 44B to ensure good electrical contact with
the exposed electrical contacts 446 inside the hub terminals
44A, 44B and the exposed electrical contacts 446 are in
electrical connection with the electronic circuitry of the
electronic device 40.

[0100] A localized indentation or dent is formed on the
outer peripheral surface of the main body of the signal
output terminal 226. In the present example embodiment,
the den is formed on the middle of the main body and the
exposed resilient contact 446 comprises a rounded contact
peak which projects upwardly from a lower body portion of
the output terminal receptacle 44A2, 44B2 to complemen-
tarily engage with the dent on the signal output terminal 226.
[0101] Referring to FIG. 8A3, exposed resilient contacts
446 are formed inside the receptacle and protrudes radially
inwards to resilient engage with the signal output terminal
226 to facilitate good mechanical and electrical contact by
friction engagement for efficient signal transfer. The contact
446 is formed from a metal strip which is bent into the shape
having a wider base in abutment with the output terminal
receptacle 44A2, 44B2 and a round contact peak projecting
radially into the open channel and elevated from an inner
base surface of the output terminal receptacle 44A2, 44B2.
[0102] In embodiments such as the present, the signal
collection electrodes are for collecting ECG signals and the
signal collection surface has an example length of between
8 ¢cm-20 ¢cm and a width of between 1.5 ¢cm-2.5 ¢m, with
rounded corners at the longitudinal ends. The bridging
portion has an example length of between 5 cm-12 cm and
a width of between 1.0-2.2 cm.

[0103] In embodiments such as the present, the apparatus
and the electrodes are for collecting and processing low-
frequency electrical pulses such as ECG pulses or muscle
contraction pulses having a frequency range of between tens
to hundreds or cycles. Of course, electronic circuitry for
processing higher-frequency components of the physiologi-
cal signals may be included without loss of generality.
[0104] Insome embodiments, the signal collection portion
222, the signal transmission bridge 224 and the signal output
terminal 226 are integrally formed as a single piece, for
example, from conductive rubber or soft metal or conductive
fabrics.

[0105] While the present disclosure has been explained
with reference to example or embodiments, it should be
appreciated that the embodiments are only described to
illustrate the invention and are not meant for restricting the
scope of invention. For example, while a swim monitor strap
has been illustrated as an example, a strap of the present
invention could be used for running or other activities
without loss of generality.
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1. A physiological signal collection electrode comprising
a signal collection portion, a signal output terminal and a
signal transmission portion interconnecting the signal col-
lection portion and the signal output terminal, wherein the
signal collection portion comprises a signal collection pad
and the signal transmission portion comprises a signal
transmission pad, wherein the signal collection portion and
the signal transmission portion are integrally formed into an
elongate and conductive electrode pad which extends in a
longitudinal direction along a longitudinal axis; wherein the
signal collection portion has a signal collection surface for
making abutment contact with a signal surface and the signal
collection surface is parallel to the longitudinal axis; and
wherein the signal output terminal is parallel to the signal
collection surface, extends transversely to the longitudinal
axis and protrudes above the signal collection surface.

2. The signal collection electrode of claim 1, wherein the
signal transmission portion comprises an elongate bridge
portion which is molded of a flexible and conductive mate-
rial and which has a substantially uniform thickness and/or
a substantially uniform width along its length, the length
being defined in a direction parallel to the longitudinal axis
and the width being defined in a direction orthogonal to the
longitudinal axis and parallel to the signal collection surface;
wherein the elongate bridge portion has a first longitudinal
end which is in abutment with the signal collection portion
and a second longitudinal end which is in abutment with the
signal output terminal; wherein the second longitudinal end
of the signal transmission portion is a signal output end
portion and the signal output terminal forms a rigid or
semi-rigid conductive encapsulation encapsulating the sig-
nal output end portion of the signal transmission portion, the
conductive encapsulation extending in a transversal direc-
tion which is orthogonal to the longitudinal axis and parallel
to the signal collection surface; and wherein the conductive
encapsulation has a height comparable to or larger than the
thickness of the bridge portion, the height being defined in
a direction orthogonal to the signal collection surface and
orthogonal to the longitudinal axis.

3. The signal collection electrode of claim 2, wherein the
conductive encapsulation has a C-shaped cross section along
its length; and/or wherein the conductive encapsulation has
a G-shaped cross section at a fastening location along its

length.

4. The signal collection electrode of claim 3, wherein the
signal output terminal has a substantially uniform height
along its length, the length being orthogonal to the longitu-
dinal axis and parallel to the signal collection surface.

5. The signal collection electrode of claim 1, wherein the
signal transmission pad has a signal output end portion at a
longitudinal end distal from the signal collection portion,
and wherein the signal output terminal is formed as a
transversely extending protuberance and has a thickness
which is substantially higher than the thickness of the signal
transmission pad or the thickness of the signal output end
portion of the signal transmission pad.

6. The signal collection electrode of claim 1, wherein the
signal transmission pad has a signal output end portion at a
longitudinal end distal from the signal collection portion,
wherein the signal collection pad has a signal collection
surface which is a body-facing surface or an inward-facing
surface and a non-signal collection surface which is a
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non-body-facing surface or an outward-facing surface, and
wherein the signal output terminal projects above and below
the signal collection pad.

7. The signal collection electrode of claim 6, wherein the
signal output terminal projects from a first height above the
inward-facing surface and a second height below the out-
ward-facing surface for substantially, the first height and the
second height cooperating to define thickness of the signal
output terminal.

8. The signal collection electrode of claim 7, wherein the
first height and the second height are equal.

9. The signal collection electrode of claim 8, wherein the
thickness of the signal output terminal is substantially higher
than the thickness of the signal transmission pad or the
thickness of the signal output end portion of the signal
transmission pad.

10. The signal collection electrode of claim 8, wherein the
signal output terminal comprises a hollow elongate conduc-
tive member, and the hollow elongate conductive member
comprises an output end receptacle for receiving the output
end of the signal transmission pad; and wherein the output
end receptacle has an elongate interior compartment and an
elongate entry aperture in abutment with the elongate inte-
rior compartment, and the entry aperture is to provide an
entry for the output end of the signal transmission pad to
enter into the interior compartment.

11. The signal collection electrode of claim 10, wherein
the signal output terminal extends along a transversal direc-
tion to define its width, and the interior compartment is a
through slot extending through the width of the signal output
terminal.

12. The signal collection electrode of claim 11, wherein
the signal output terminal includes upper and lower elongate
interior walls which cooperate to define upper and lower
limits of the elongate interior compartment, and wherein the
upper and lower elongate interior walls are to function as
distributed signal input surfaces for receiving signals from
the signal transmission pad.

13. The signal collection electrode of claim 12, wherein
the signal output terminal has an outer boundary and
includes an exterior boundary wall which defines the outer
boundary, and wherein the exterior boundary wall defines a
distributed signal output surface of the ECG signal collec-
tion electrode.

14. The signal collection electrode of claim 1, wherein the
signal output terminal is formed as a clamp, for example, a
C-clamp, and clamps on the signal output end of the signal
transmission pad.

15. The signal collection electrode of claim 1, wherein the
signal output terminal is a distributed signal output terminal
having a length comparable to the width of the signal
transmission pad or the signal collection pad.

16. A physiological signal collection apparatus compris-
ing an extendable strap having a first longitudinal end and a
second longitudinal end which is distal from the first lon-
gitudinal free end, and a pair of physiological signal col-
lection electrodes mounted on the strap, wherein the physi-
ological signal collection electrode comprises a signal
collection portion, a signal output terminal and a signal
transmission portion interconnecting the signal collection
portion and the signal output terminal, wherein the signal
collection portion comprises a signal collection pad and the
signal transmission portion comprises a signal transmission
pad, wherein the signal collection portion and the signal
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transmission portion are integrally formed into an elongate
and conductive electrode pad which extends in a longitudi-
nal direction along a longitudinal axis; wherein the signal
collection portion has a signal collection surface for making
abutment contact with a signal surface and the signal col-
lection surface is parallel to the longitudinal axis; and
wherein the signal output terminal is parallel to the signal
collection surface, extends transversely to the longitudinal
axis and protrudes above the signal collection surface;
wherein the pair of physiological signal collection electrodes
comprises a first signal collection electrode having a first
signal output terminal encapsulating the first longitudinal
end and a second signal collection electrode having a second
signal output terminal encapsulating the second longitudinal
end, wherein each of the first and second signal collection
electrodes is a physiological signal collection electrode
having the signal collection portion, the signal transmission
portion and the signal output terminal, the signal output
terminal of the first signal collection electrode being the first
signal output terminal and the signal output terminal of the
second signal collection electrode being the second signal
output terminal.

17. The physiological signal collection apparatus of claim
16, wherein the conductive encapsulation has a C-shaped
cross section along its length; and/or wherein the conductive
encapsulation has a G-shaped cross section at a fastening
location along its length; and wherein the first and second
signal output terminals are physically connected to an elec-
tronic device, the electronic device having a main housing
and a pair of anchoring terminals; wherein the pair of
anchoring terminals comprises a first anchoring terminal on
a first side of the main housing and a second terminal on a
second side of the main housing, the first and second
anchoring terminals being on opposite longitudinal sides of
the main housing; wherein the anchoring terminals and the
signal output terminal cooperate to form a snap-fit mechani-
cal latch and electrical signal contacts.

18. The physiological signal collection apparatus of claim
17, wherein the anchoring terminal comprises an anchor
terminal housing which defines a terminal receptacle, the
terminal receptacle comprises an open channel for reception
of the signal output terminal and an entry aperture on a
lateral side of the receptacle to permit slide entry of the
signal output terminal into the open channel along a longi-
tudinal direction of the signal output terminal, wherein the
receptacle comprises exposed resilient electrical contacts for
making direct electrical connection between the output
terminal and electronic circuitry inside the main housing,
wherein the receptacle comprises a strap passage aperture
which permits passage of the strap but not passage of the
signal output terminal in the longitudinal direction.

19. The physiological signal collection apparatus of claim
17, wherein the electronic device comprises a housing and
signal input receptacles on the housing, wherein the signal
input receptacles are adapted for closely fitted reception of
the signal output terminals of the first signal collection
electrode and the second signal collection electrode, and
wherein each one of the signal input receptacles comprises
a signal input terminal exposed inside the signal input
receptacles such that when the signal output terminals of the
first signal collection electrode and the second signal col-
lection electrode are securely received inside the signal input
receptacles, a signal transfer path from the signal collection
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apparatus and the electronic apparatus is formed to facilitate
transfer of collected physiological signals to the electronic
device.

20. The physiological signal collection apparatus of claim
17, wherein the signal collection electrode is an ECG signal
collection electrode.
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