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7) ABSTRACT

A physiologic sensor pod comprises a housing including first
and second electrodes on a bottom surface thereof, and a third
electrode on a top surface thereof. Within the housing is a
battery, a battery charging circuit, an ECG sensor circuit,
switch circuitry, and a controller adapted to control at least a
portion of the switch circuitry. When the switch circuitry is in
a first configuration the first and second electrodes are con-
nected to the battery charging circuit. When the switch cir-
cuitry is in a second configuration, the first and second elec-
trodes are connected, respectively, to first and second inputs
of the ECG sensor circuit. When the switch circuitry is in a
third configuration, one or both of the first and second elec-
trodes is/are coupled to a first input of an ECG sensor circuit
and the third electrode is coupled to a second input ofthe ECG
sensor circuit.
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PHYSIOLOGICAL SENSOR POD AND
CHARGING UNIT

PRIORITY CLAIMS

[0001] This application claims priority to U.S. Provisional
Patent Application No. 62/099,920, filed Jan. 5, 2015, which
is incorporated herein by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIGS.1A, 1B and 1C are, respectively, perspective,
side and rear views of a physiological sensor pod according to
an embodiment of the present technology.

[0003] FIG. 2A illustrates a wrist band including an open-
ing into which the physiological sensor pod introduced in
FIGS. 1A, 1B and 1C can be inserted.

[0004] FIG. 2B illustrates the wrist band of FIG. 2A with
the sensor pod introduced in FIGS. 1A, 1B and 1C inserted
within the opening of the wrist band.

[0005] FIG. 3 depicts an example block diagram of electri-
cal components that are located within the housing of the
physiological sensor pod introduced in FIGS. 1A, 1B and 1C,
according to an embodiment.

[0006] FIG. 4 illustrates additional details of the switch
circuitry and sensor circuitry introduced in FIG. 3, according
to an embodiment.

[0007] FIGS. 5A and 5B are, respectively, perspective and
top views of the charging unit that is used to charge the sensor
pod introduced in FIGS. 1A, 1B and 1C, according to an
embodiment.

[0008] FIG. 6 provides details of a reset detection circuit of
the sensor pod, according to an embodiment.

[0009] FIGS. 7A, 7B and 7C illustrate an elastic ring that
can be attached to an article of apparel or clothing, and used
to selectively attach a sensor pod to the article of apparel or
clothing, according to an embodiment.

[0010] FIG. 8A illustrates the sensor pod, introduced in
FIGS. 1A, 1B and 1C, attached to a tight fitting shirt, accord-
ing to an embodiment.

[0011] FIG. 8B illustrate two of the sensor pods, introduced
in FIGS. 1A, 1B and 1C, attached to a pair of socks, according
to an embodiment.

[0012] FIG. 8C illustrates the sensor pod(s), introduced in
FIGS. 1A, 1B and 1C, attached to an arm band, according to
an embodiment.

[0013] FIG. 8D illustrates the sensor pod, introduced in
FIGS. 1A, 1B and 1C, attached to a headband.

[0014] FIG. 8E illustrates the sensor pod, introduced in
FIGS. 1A, 1B and 1C, attached to a swim cap.

[0015] FIG. 9 illustrates the sensor pod, introduced in
FIGS. 1A, 1B and 1C, hanging from a necklace in a similar
manner that a pendant hangs from a necklace.

[0016] FIG. 10 illustrates the sensor pod, introduced in
FIGS. 1A, 1B and 1C, attached to a head mounted display
device.

[0017] FIG. 11 illustrates the sensor pod, introduced in
FIGS. 1A, 1B and 1C, attached to a helmet.

[0018] FIGS. 12A, 12B and 12C illustrates a lapel adaptor
that is configured to be selectively attached with or to the
sensor pod, introduced in FIGS. 1A, 1B and 1C, to enable the
sensor pod to be clipped to a lapel, a shirt pocket, a pant
pocket, or the like.
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DETAILED DESCRIPTION

[0019] In the following detailed description, reference is
made to the accompanying drawings that form a part hereof,
and in which is shown by way of illustration specific illustra-
tive embodiments. It is to be understood that other embodi-
ments may be utilized and that mechanical and electrical
changes may be made. The following detailed description is,
therefore, not to be taken in a limiting sense. In the description
that follows, like numerals or reference designators will be
used to refer to like parts or elements throughout. In addition,
the first digit of a reference number identifies the drawing in
which the reference number first appears.

[0020] FIGS.1A, 1B and 1C are, respectively, perspective,
side and rear views of a physiological sensor pod 100 accord-
ing to an embodiment of the present technology. The physi-
ologic sensor pod 100 can be more succinctly referred to as a
sensor pod 100, or can be referred to more generally as a
sensor device 100, a user-wearable device 100, or simply a
device 100. The sensor pod 100 is shown as including a
housing 102 having a top surface 104, a bottom surface 114
and a peripheral surface 110 extending between the top sur-
face 104 and the button surface 114. The housing 102 also
includes a groove 112 within and extending about the periph-
eral surface 110. A battery, and electronic circuitry, including,
but not limited to, a processor, memory, a wireless interface,
switch circuitry, and a battery charging unit are located within
the housing 102, as will be described in additional detail
below. A majority of the housing 102 can be made ofa plastic,
acarbon composite, aluminum or some other metal, but is not
limited thereto.

[0021] Where one or more light emitting elements and/or
one or more light detectors are located within the housing
102, and the material of which a majority of the housing 102
1s made is not light transmissive, the housing can include light
transmissive windows (e.g., made of a clear or other light
transmissive material) that allows light to enter and/or exit
through the housing windows. The housing 102 can be made
in two parts (e.g., a top part and a bottom part) that are
connected together to encase the battery and electronic cit-
cuitry of the sensor pod 100. Where the housing 102 is made
in two parts, the two parts can be primarily made of the same
material, or of different materials.

[0022] In accordance with specific embodiments, the sen-
sor pod 100 can wirelessly communicate with a base station
(e.g., 352 in FIG. 3), which can be a mobile phone, a tablet
computer, a personal data assistant (PDA), a laptop computer,
a desktop computer, or some other computing device that is
capable of performing wireless communication. More spe-
cifically, the sensor pod can include a wireless interface that
enables it to communicate with and sync with a base station.
The base station can, e.g., include a health and fitness soft-
ware application and/or other applications, which can be
referred to as apps. The sensor pod 100 can upload data
obtained by the sensor pod 100 to the base station, so that such
data can be used by a health and fitness software application
and/or other apps stored on and executed by the base station.
[0023] Referring specifically to FIG. 1A, the top surface
104 of the housing 102 includes a top electrode 106¢. In the
embodiment shown, the top surface 104 of the housing 102
includes a goal indicator 107, which is shown as comprising
aplurality of individually activateable light emitting elements
arranged in a semicircle. The light emitting elements of the
goal indicator 107 are preferably located within the housing
102, but are viewable through the top surface 104 of the
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housing 102. The top surface 104 of the housing 102 further
includes a plurality of mode indicator icons 108a, 1085, 108¢
and 1084, which are used to indicate the present operational
mode of the sensor pod 100. The mode indicator icons are
shown as including a calories burned icon 108a, a walking
icon 1085, a running icon 108¢ and a heart icon 1084. Light
emitting elements within the housing 102, below the mode
indicator icons 1084, 1085, 108¢ and 1084, can selectively
emit light to illuminate one of the icons to indicate the mode
in which the sensor pod 100 is operating. A user, through use
of a base station (e.g., 352 in FIG. 3), can select the mode, or
the sensor pod 100 or base station may select the mode based
on data obtained from various sensors, algorithms, apps and/
or the like. Although not shown, the housing 102 of the sensor
pod 100 can optionally include a digital display that can be
used, e.g., to display the time, date, day of the week and/or the
like, and can also be used to display activity and/or physi-
ological metrics, such as, but not limited to, heart rate (HR),
heart rate variability (HRV), calories burned, steps taken,
distance walked and/or run, and/or sleep metrics.

[0024] Thehousing 102, and more generally the sensor pod
100, can optionally also include an outward facing ambient
light sensor (ALS) 105, which can be used to detect ambient
light, and thus, can be useful for detecting whether it is day-
time or nighttime, as well as for other purposes. Where the
sensor pod 100 includes an ALS 105, the ALS can be placed
behind a light transmissive window in the upper surface of the
housing 102. Such an ALS 105 can include one or more
photodetector, each of which can be a photoresistor, photo-
diode, phototransistor, photodarlington or avalanche photo-
diode, but is not limited thereto.

[0025] Referring now to FIG. 1C, the bottom surface 114 of
the housing 102 is shown as including a pair of spaced apart
electrodes 106a and 1065, and plurality of light transmissive
windows 116 for one or more light emitting elements and one
or more light detecting elements of a photoplethysmography
(PPG) sensor, discussed in more detail below. Additionally,
the bottom surface of the housing 102 is shown as including
a thermally conductive metal contact 118 for a skin tempera-
ture sensor, also discussed in more detail below. The ther-
mally conductive metal contact 118 can be made of aluminum
or copper, but is not limited thereto. Exemplary electrical
components and modules that can be included within the
housing 102 of the sensor pod 100 are shown in and described
below with reference to FIG. 3.

[0026] Inaccordance with an embodiment, the housing 102
is water tight and water proof; or at least water resistant. More
generally, the sensor pod 100 is water tight or water resistant
so that it can get wet and still operate. In accordance with an
embodiment, to increase a probability that the sensor pod 100
remains water tight, the sensor pod 100 is designed such that
once it is manufactured its housing 102 is not intended to be
opened. For example, the housing 102 can be hermetically
sealed. Accordingly, in such an embodiment the battery (e.g.,
310 in FIGS. 3 and 4) is not replaceable, but rather, is only
rechargeable. This also means that the battery cannot be tem-
porarily removed and replaced to reset the sensor pod 100 in
the event that the sensor pod 100 gets stuck in an operational
loop, crashes or otherwise malfunctions. Further, to increase
a probability that the sensor pod 100 remains water tight, in
accordance with an embodiment there is/are no actionable
buttons on the sensor pod 100. In such an embodiment, there
is no button on the sensor pod 100 that can be used to reset the
sensor pod 100 if it gets stuck in an operational loop, crashes
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or otherwise malfunctions. Accordingly, in accordance with
an embodiment, a reset button (e.g., 540 in FIGS. 5A and 5B)
is instead located on a charging unit (e.g., 500 in FIGS. 5A
and 5B) that is used to charge the battery (e.g., 310 in FIGS.
3 and 4) of the sensor pod 100, and the sensor pod 100 is
configured to detect when the reset button on the charging
unit 1s activated, as will be described in additional detail
below with reference to FIGS. 5A, 5B and 6.

[0027] FIG. 2A illustrates a wrist band 202 that includes an
opening 204 into which the groove 112 of the sensor pod 100
fits to secure sensor pod 100 in place. FIG. 2B illustrates the
wrist band 202 with the sensor pod 100 secured within the
opening 204. The sensor pod 100 can alternatively be placed
in asimilar opening in a chest strap, headband, swim cap, arm
band, or some other user wearable band, strap, article of
apparel or device. For example, a chest strap that is intended
to strap the sensor pod 100 to a person’s chest may resemble
the wrist band 202 shown in FIGS. 2A and 2B, but would be
longer in length to enable the strap to fit around a person’s
chest. In still other embodiments, the sensor pod 100 can be
placed into a pocket within a sock or tight fitting shirt (e.g., a
bicycle shirt) or other article of apparel or clothing that
includes a pocket for the sensor pod. Such a pocket can
include an opening that enables the backside of the sensor
pod, which includes windows for a PPG or other optical
sensor, electrodes or other sensor elements, to contact the
wearer’s skin to thereby enable the sensor(s) to operate prop-
erly. The opening in the pocket can also enable the groove 112
in the sensor pod 100 to be snapped into a correct position and
held in place against a user’s skin. The sensor pod 100 can
alternatively be placed in an opening, slot and/or pocket ina
helmet (e.g., a bicycle, motorcycle, skateboard, football,
baseball, hockey, snowboard or ski helmet) or other headwear
(e.g., a beanie, a baseball cap or any other type of hat). The
sensor pod 100 may alternatively be placed in an opening, slot
and/or pocket in a pair of glasses or a head mounted display
(HMD) that positions the back surface 114 of the sensor pod
100 against a user’s temple.

[0028] FIG. 3 depicts a block diagram of electrical compo-
nents 300 of the sensor pod 100, according to an embodiment,
which are located within the housing 102 of the sensor pod
100. More specifically, the components within the dashed
block labeled 300 are exemplary electrical components of the
sensor pod 100, which are powered by the battery 310. Refer-
ring to FIG. 3, the sensor pod 100 is shown as including a
microcontroller 302 that includes a processor 304, memory
306 and a wireless interface 308. It is also possible that the
memory 306 and wireless interface 308, or portions thereof,
are external the microcontroller 302. Other electronic com-
ponents 300 of the sensor pod 100 can include, but are not
limited to, a battery charging circuit 340, sensor circuitry 330,
a temperature sensor circuit 344, a driver circuit 332, a light
detector circuit 338, a motion sensor 342, a photoplethys-
mography (PPG) sensor 333 and the optional ALS 105. It is
also possible that electronic components 300 include more or
less components than shown. The battery 310 is used to power
the various components of the sensor pod, and a battery
charger circuit 340 is used to charge the battery 310. While
not specifically shown, the sensor pod 100 can also include
one or more voltage regulators that are used to step-up and or
step-down the voltage provided by the battery 310 to appro-
priate levels to power the various components of the sensor
pod 100. The microcontroller 302, or the processor 304
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thereof, receives signals from the various sensors and sensor
circuits, or more generally, from the various circuitry.

[0029] Attheleft in FIG. 3 are small rectangular blocks that
schematically represent the electrodes 106a, 1065 and 106¢
and the temperature sensor contact 118, introduced above in
the discussion on FIGS. 1A and 1C. The electrodes 106a,
1065 and 106¢ can be referred to collectively as electrodes
106, or individually as an electrode 106. For simplicity, in
FIG. 3 the electrode 106¢ is shown as being next to the
electrodes 106a and 1065. However, as can be appreciated
from FIGS. 1A and 1C, the electrode 106¢ is remotely located
relative to the electrodes 106a and 1065. More specifically,
the electrodes 1064 and 1065 are located on the bottom sur-
face 114 of the housing 102, as shown in FIG. 1C, and the
electrode 106¢ is located on the top surface 104 of the housing
102, as shown in FIG. 1A. Alternatively, the electrode 106¢
can be located on an upper portion of the peripheral surface
110 of the housing 102, so long as it does interfere with the
groove 112 and is accessible (e.g., can be touched by a user’s
finger) when the sensor pod 100 is inserted within an opening
in a wrist band (e.g., 202 in FIGS. 2A and 2B), chest band or
other apparel that enables a user to wear the sensor pod 100.
More generally, FIG. 3 is not intended to show the precise
locations of the various sensors, electrodes, contact, electrical
components, windows, etc. of the sensor pod 100.

[0030] Also shown at the left in FIG. 3 is a block represent-
ing the window(s) 116 for a light source 334 and a light
detector 336 of a photoplethysmography (PPG) sensor 333.
The PPG sensor 333 includes the light source 334 that is
driven by a driver circuit 332, and the light detector 336
whose output is provided to a light detector circuit 338. The
driver circuit 332 can be controlled by the microcontroller
302 or the processor 304 thereof. The driver circuit 332 can
include, e.g., a current source and a switch that selectively
provides the current produced by the current source to the
light source 304. An output of the light detector circuit 338
can be provided to the microcontroller 302 or the processor
304 thereof. The light source 334 can include one or more
light emitting elements, each of which can be a light emitting
diode (LED), incandescent lamp or laser diode, but is not
limited thereto. While it is preferred that the light source 334
emit infrared (IR) light, because the human eye cannot detect
IR light, the light source 334 can alternatively produce light of
other wavelengths. The light detector 336 can include one or
more photodetectors (also referred to as light detecting ele-
ments), each of which can be a photoresistor, photodiode,
phototransistor, photodarlington or avalanche photodiode,
but is not limited thereto. In accordance with an embodiment,
the light source 334 includes a single IR LED, and the light
detector 336 includes four photodiodes arranged around the
single IR LED. For example, referring briefly back to FIG.
1C, the center one of the windows 116 can allow light to be
emitted by the single IR LED, and the four other windows 116
surrounding the center window can allow reflected/scattered
light to be incident of the four photodiodes that surround the
single IR LED.

[0031] Referring again to FIG. 3, the light source 334 is
selectively driven by the driver circuit 332 to emit light. When
the light source 334 emits light a portion of the emitted light
is reflected or backscattered by patient tissue, and reflected/
backscattered light is received by the light detector 336. In
this manner, changes in reflected light intensity are detected
by the light detector 336, which outputs a PPG signal indica-
tive of the changes in detected light, which are indicative of
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changes in blood volume. The light detector circuit 338 can,
e.g., convert the PPG signal output by the light detector 336
from a current signal to a voltage signal, and filter and/or
amplify the PPG signal. Additionally, the PPG signal can be
converted to a digital signal using an analog-to-digital con-
verter (ADC), if the PPG signal is to be analyzed in the digital
domain. Such an ADC can be part of the light detector circuit
338, part of the microcontroller 302, are independent thereof.
Each cardiac cycle in the PPG signal generally appears as a
peak, thereby enabling the PPG signal to be used to detect
peak-to-peak intervals, which can be used to calculate heart
rate (HR) and heart rate variability (HRV). In accordance with
certain embodiments, the light source 334 emits light of two
different wavelengths that enables non-invasive monitoring
of arterial oxygen saturation using pulse oximetry tech-
niques.

[0032] The sensor pod 100 is also shown as including a
motion sensor 342. In accordance with an embodiment the
motion sensor 342 is an accelerometer. The accelerometer
can be a three-axis accelerometer, which is also known as a
three-dimensional (3D) accelerometer, but is not limited
thereto. The accelerometer may provide an analog output
signal representing acceleration in one or more directions.
For example, the accelerometer can provide a measure of
acceleration with respect to X, y and z axes. The motion sensor
342 can alternatively be a gyrometer, which provides a mea-
sure of angular velocity with respect to X, y and z axes. It is
also possible that the motion sensor 342 is an inclinometer,
which provides a measure of pitch, roll and yaw that corre-
spond to rotation angles around x, y and z axes. It is also
possible the sensor pod 100 includes multiple different types
of motion sensors, some examples of which were just
described. Depending upon the type(s) of motion sensor(s)
used, such a sensor can be used to detect the posture of a
portion of a user’s body (e.g., a wrist or chest) on which the
sensor pod 100 is being worn. The output(s) of the motion
sensor 342 can be provided to the microcontroller 302 or the
processor 304 thereof.

[0033] A block labeled sensor circuitry 330 is used to gen-
erally refer to the various sensor circuits (discussed in more
detail below) that can be selectively connected, by switch
circuitry 328, to various different combinations of the elec-
trodes 106a, 1065 and 106¢. For example, as will be described
in more detail below with reference to FIG. 4, the sensor
circuitry 330 can include one or more electrocardiogram
(ECG) sensor circuit, a bioimpedance analysis (BIA) sensor
circuit, and a capacitive sensor circuit, but is not limited
thereto. The temperature sensor contact 118 is shown as being
connected to the temperature sensor circuit 344.

[0034] The wireless interface 308 can wireless communi-
cate withabase station (e.g., 352), which as mentioned above,
can be a mobile phone, a tablet computer, a PDA, a laptop
computer, a desktop computer, or some other computing
device that is capable of performing wireless communication.
The wireless interface 308, and more generally the sensor pod
100, can communicate with a base station 352 using various
different protocols and technologies, such as, but not limited
to, Bluetooth™, Wi-Fi, ZigBee or ultrawideband (UWB)
communication. In accordance with an embodiment, the
wireless interface 308 comprises telemetry circuitry that
include a radio frequency (RF) transceiver electrically con-
nected to an antenna (not shown), e.g., by a coaxial cable or
other transmission line. Such an RF transceiver can include,
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e.g., any well-known circuitry for transmitting and receiving
RF signals via an antenna to and from an RF transceiver of a
base station 352.

[0035] FIG. 4 will now be used to describe additional
details of the switch circuitry 328 and sensor circuitry 330
introduced in FIG. 3. Referring to FIG. 4, the sense circuitry
330is shown as including a 1st ECG sensor circuit 402, a 2nd
ECG sensor circuit 404, a galvanic skin resistance (GSR)
sensor circuit 406, a bioimpedance analysis (BIA) sensor
circuit 408 and a capacitive sensor circuit 410. As can be
appreciated from FIG. 4, the switch circuitry 328 enables
these various sensor circuits, of the sensor circuitry 330, to
share the same electrodes 106. In an embodiment, the micro-
controller 302 (or some other controller) produces one or
more switch control signals that selectively control how and
when individual ones (or subsets of) the electrodes 106 is/are
connected to the various inputs of the sensor circuits 402, 404,
406,408 and 410. As can also be appreciated from F1G. 4, the
switch circuitry 328 can be used to selectively connect the two
bottom electrodes 106a and 1064 to the battery charging
circuit 340. More generally, the switch circuitry 328 enables
two (or more) of the same electrodes 106 to be used, albeit at
different times, by the battery charging circuit 340 and one or
more sensor circuits (e.g., 402, 404, 406, 408 and/or 410).
Also shown in FIG. 4 is a reset detection circuit 420, addi-
tional details of which are discussed below with reference to
FIG. 6.

[0036] In FIG. 4, the switch circuitry 328 is schematically
shown as including switches 402a, 4025, 402¢, 4024, 402¢,
402f'and 402g. The switches can be implemented using tran-
sistor types of switches, but are not limited thereto. For
example, in accordance with an embodiment, the switches
402¢ are implemented using reed switches.

[0037] When the switches 4024 are closed, also referred to
as activated, the electrodes 106a and 1064 are connected to
the battery charging circuit 340. When the switches 4025 are
closed, the electrodes 106a and 1064 are connected to the 1%
ECG sensor circuit 402. The 1 ECG sensor circuit 402 is
used to sense an ECG signal between the two bottom elec-
trodes 1064 and 1065 when the electrodes 106a and 1065 are
contact with a person’s chest. When the two bottom elec-
trodes 106a and 1065 of the sensor pod 100 are against
another portion of a person’s body (e.g., a person’s wrist),
instead of against a person’s chest, an ECG signal cannot be
sensed between the two bottom electrodes 106a and 1065.
[0038] When the switches 402¢ are closed, the electrodes
1064 and 106¢ are connected to the 2 ECG sensor circuit
402. The 2"¢ ECG sensor circuit 404 is used to sense an ECG
signal between at least one of the bottom electrodes 1064,
1065 that is in contact with a person’s skin (e.g., on their
wrist) and the top (or side) electrode 106¢ that is in contact
with another portion of the person’s skin (e.g., a finger on the
opposite hand). In other words, an ECG signal can be sensed
when one (or both) of the electrodes 1064, 1065 are in contact
with a user’s arm (or other body part) and the electrode 106¢
is in contact with a user’s finger on their other arm, in which
case a circuit is completed that extends across the user’s chest
cavity that includes their heart.

[0039] While the 2"¢ ECG sensor circuit 404 is being used,
both of the bottom electrodes 106a and 1065 can be shorted to
oneanother by the switch 402g (such that they function as one
large electrode) and connected to one input of the 2" ECG
sensor circuit 404, while the other input of the 2" ECG sensor
circuit 404 is connected to the top (or side) electrode 106¢.
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Alternatively, while the 27 ECG sensor circuit 404 is being
used, only one of the bottom electrodes 106a or 1065 is
connected to one input of the 2"¢ ECG sensor circuit 404,
while the other input of the 2"¢ ECG sensor circuit 404 is
connected to the top (or side) electrode 106¢. In other words,
one of the bottom electrodes 106a or 1065 may not be con-
nected the 2" ECG sensor circuit 404. More specifically,
while the switches 402¢ are closed, the switch 402g can
optionally also be closed, in which case the electrodes 106a
and 1065 are shorted (i.e., connected) together and function
as one larger single electrode.

[0040] The 1*‘and 2"¢ ECG sensor circuits 402 and 404 can
each include one or more low power, precision amplifiers
with programmable gain and/or automatic gain control, band-
pass filtering, and a threshold detection circuit, as known in
the art, to selectively sense an ECG signal of interest. In an
embodiment, the maximum gain provided by the 2°¢ ECG
sensor circuit 402 is greater than the maximum gain provided
the 1**ECG sensor circuit404. Inaccordance with an embodi-
ment, the 1 and 2”¢ ECG sensor circuits 402 and 404 share at
least some circuitry. In an embodiment, there is only one ECG
sensor circuit that is used regardless of whether an ECG
signal is being sensed between the two bottom electrodes
106a and 1065, or between one (or both) of the bottom elec-
trodes 1064, 1065 and the top (or side) electrode 106¢. In the
embodiment where there is only one ECG sensor circuit, the
switch circuitry 328 connects each of the bottom electrodes
106a and 1065 to a different one of the two inputs of the ECG
sensor circuit when the sensor pod 100 is placed against a
person’s chest; and the switch circuitry 328 connects the one
(or both) of the bottom electrodes 1064, 1065 to the one of the
inputs of the ECG sensor circuit, and connects the top (or
side) electrode 106¢ to the other input of the ECG sensor
circuit, when the sensor pod 100 is placed against another
portion of the user’s body, besides their chest, such as on a
person’s wrist.

[0041] When the switches 4024 are closed, the electrodes
1064 and 1065 are connected to the GSR sensor circuit 406.
The GSR sensor circuit 406 is used to senses a galvanic skin
resistance between a pair of the electrode 106 (e.g., the elec-
trodes 106a and 1065) that are in contact with a person’s skin.
The galvanic skin resistance measurement will be relatively
low when a user is wearing the sensor pod 100 such that the
electrodes 1064 and 1065 are against their skin. By contrast,
the galvanic skin resistance measurement will be very high
when the electrodes 106a and 1065 are not in contact with the
user’s skin. The galvanic skin resistance measurement, which
can also be referred to as a galvanic skin response, may also
vary based on levels perspiration.

[0042] When the switches 402e are closed, the electrodes
1064 and 1065 are connected to the BIA sensor circuit 408.
The BIA sensor circuit 408 is used to measure impedance, at
one or more frequencies, between a pair of the electrodes 106
(e.g., the electrodes 1064 and 1065) that are in contact with a
person’s skin.

[0043] When the switch 402fis closed, the electrode 106a
is connected to the capacitive sensor circuit 410. The switch
402¢ can also be closed, in which case the electrodes 1064
and 1064 are shorted together and are connected to the capaci-
tive sensor circuit 410. The capacitive sensor circuit 420 is
used to measure a capacitance between one (or both) of the
electrode 106a, 106 and a person’s skin, which information
can be used, e.g., to determine whether or not the sensor pod
100 is in contact with a person’s skin. In accordance with an
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embodiment, one (or both) of the electrode 1064, 106 func-
tion as one plate of a capacitor, while an object (e.g., a user’s
wrist or chest) functions as the other plate of the capacitor.
The capacitive sensor circuit 420 can indirectly measure
capacitance, and thus proximity, e.g., by adjusting the fre-
quency of an oscillator in dependence on the proximity of an
object relative to the electrode(s) 106 connected to the capaci-
tive sensor circuit 420, or by varying the level of coupling or
attenuation of'an AC signal in dependence on the proximity of
an object relative the electrode(s) 106 connected to the
capacitive sensor circuit 420.

[0044] In accordance with an embodiment, the switches
402¢ are implemented as switches that are normally closed,
while the other switches (e.g., the switches 4025-402g) are
implemented as switches that are normally open. By having
the switches 402a be normally closed, the electrodes 106a
and 1065 are by default connected to the battery charging
circuit 340. This way, if a voltage generated by the battery 310
drops so low that it cannot provide sufficient power to the
microcontroller 302 (or another switch controller) to control
the switch circuitry 328, then the sensor pod 100 is in a state
that the battery 310 can be charged. More generally, the
switch circuitry 328 is, by default, in a configuration that
connects the electrodes 106a and 1065 to the battery charging
circuit 340, so that if an energy level of the battery 310 is
insufficient to power the microcontroller 302 and/or the
switch circuitry 328 the battery 310 can still be charged using
a charging unit (e.g., 500 in FIGS. 5A and 5B).

[0045] As mentioned above, in accordance with an embodi-
ment the switches 4024 that are used to selectively connect
the electrodes 106a and 10654 to the battery charging circuit
340 are implemented as reed switches. A reed switch is an
electrical switch operated by a magnetic field. In other words,
the switches 402a can be magnetically actuated reed
switches. Where the switches 402a are implemented as reed
switches, the reed switches can be open in their default state,
and physically located within the sensor pod 100 such that
when the sensor pod 100 s sitting on/against the charging unit
(e.g., 500 in FIGS. 5A and 5B) one or more magnets (e.g.,
516a and 5165 in FIGS. 5A and 5B) of the charging unit cause
the reed switches to switch to a closed (i.e., activated) state,
which causes the electrodes 106 and 106 of the sensor pod
100 to be connected to the battery charging circuit 340 of the
sensor pod 100. In other words, referring briefly to FIGS. 5A
and 5B, when the sensor pod 100 is placed on/against the
charging unit 500, the magnet(s) 5164 and/or 5165 can cause
the switches 402a, implemented as reed switches, to connect
the electrodes 1064 and 1065 to the battery charging circuit
340 so that the battery 310 can be charged.

[0046] Referring again to FIG. 3, the sensor pod 100 is
shown as including various detectors or trackers, including an
on-body detector 312, a sleep detector 314, a sleep metric
detector 316, a heart rate (HR) detector 318, a heart rate
variability (HRV) detector 320, an activity detector 322, a
calorie burn detector 324 and a time and date tracker 326. The
various detectors and trackers may communicate with one
another, as will be explained below. Each of these detectors
and trackers 312, 314, 316, 318, 320, 322, 324 and 326 can be
implemented using software, firmware and/or hardware. It is
also possible that some of these detectors and trackers are
implemented using software and/or firmware, with others
implemented using hardware. Other variations are also pos-
sible. In accordance with a specific embodiments, each of
these detectors or trackers 312, 314, 316, 318, 320, 322, 324
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and 326 is implemented using software code that is stored in
the memory 306 and is executed by the processor 304. The
memory 306 is an example of a tangible computer-readable
storage apparatus or memory having computer-readable soft-
ware embodied thereon for programming a processor (e.g.,
304) to perform a method. For example, non-volatile memory
can be used. Volatile memory such as a working memory of
the processor 304 can also be used. The computer-readable
storage apparatus may be non-transitory and exclude a propa-
gating signal.

[0047] The on-body detector 312 uses signals and/or data
obtained from one or more of the above described sensors
and/or sensor circuits to determine whether the sensor pod
100 is being worn by a user (also referred to herein as a
person). For example, the on-body detector 312 can use sig-
nals/and/or data obtained from the light source 334 and light
detector 336 (which can collectively be referred to as a PPG
sensor 333), the GSR sensor circuit 406, the temperature
sensor circuit 344, the capacitive sensor circuit 410 and/or the
motion sensor 342 to determine whether the sensor pod 100 is
being worn by a user. The on-body detector 312 can be used
to selective operate the sensor pod 100 in a low power mode
when the on-body detector 312 detects that the sensorpod 100
is not being worn by a user. Additional details of the on-body
detector 212 are described in U.S. patent application Ser. No.
14/341,248, titled “User-Wearable Devices with Power Con-
serving Features,” which was filed Jul. 24, 2014.

[0048] The sleep detector 314 uses signals and/or data
obtained from one or more of the above described sensors to
determine whether a user, who is wearing the sensor pod 100,
is sleeping. For example, signals and/or data obtained using
the motion sensor 342 can be used to determine when a user
is sleeping. This is because people typically move around less
when sleeping compared to when awake. For another
example, if the sensor pod 100 includes an outward facing
ambient lightsensor (ALS) (e.g., 105 in FIG. 1A) then signals
and/or data obtained using the outward facing ALS can addi-
tionally or alternatively be used to determine when a user is
sleeping. This is because people typically sleep in a relatively
dark environment with low levels of ambient light. Addition-
ally, if the user’s arm posture can be detected from the motion
sensor 342, then information about arm posture can also be
used to detect whether or not a user is sleeping. The sleep
detector 314 can also be used to detect when a user, who is
wearing the sensor pod 100, wakes up, as well as when the
user is awake.

[0049] The sleep metric detector 316 uses signals and/or
data obtained from one or more of the above described sen-
sors and/or other detectors and trackers to quantify metrics of
sleep, such as total sleep time, sleep efficiency, number of
awakenings, and estimates of the length or percentage of time
within different sleep states, including, for example, rapid eye
movement (REM) and non-REM states. The sleep metric
detector 316 can, for example, use signals and/or data
obtained from the motion sensor 342 and/or from the HR
detector 318 to distinguish between the onset of sleep, non-
REM sleep, REM sleep and the user waking from sleep. One
or more quality metric of the user’s sleep can then be deter-
mined based on an amount of time a user spent in the different
phases of sleep. Such quality metrics can be uploaded to a
base station (e.g., 352) for display and/or further analysis.
Additionally, or alternatively, if the sensor pod 100 included
a digital display, such metrics can be displayed on such a
digital display.
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[0050] The HR detector 318 can use signals and/or data
obtained from the PPG sensor 333 to detect HR. For example,
the PPG sensor 333 can be used to obtain a PPG signal from
which peak-to-peak intervals can be detected, which can also
be referred to as beat-to-beat intervals. Additionally, or alter-
natively, beat-to-beat intervals can be determined from an
ECG signal obtained using an ECG sensor circuit (e.g., 402 or
404 in FIG. 4) by measuring the time interval between
R-waves or other features of the ECG signal. The beat-to-beat
intervals, which are intervals between heart beats, can be
converted to HR using the equation HR=(1/beat-to-beat inter-
val)*60. Thus, if the beat-to-beat interval=1 sec, then HR=60
beats per minute (bpm); or if the beat-to-beat interval=0.6 sec,
then HR=100 bpm. In an embodiment, the HR detector 318
can measure the beat-to-beat intervals of a PPG signal, and
also measure the beat-to-beat intervals of an ECG signal, and
use an average of the two types of beat-to-beat intervals to
detect HR. In another embodiment, there can be a determina-
tion of whether a PPG signal or an ECG signal has a greater to
signal-to-noise ratio (SNR), and which ever one of the PPG
and ECG signals has a greater SNR can be used by the HR
detector 318 to detect HR. The user’s HR can be uploaded to
a base station (e.g., 352) for display and/or further analysis.
Additionally, or alternatively, if the sensor pod 100 included
a digital display, HR or information indicative can be dis-
played on such a digital display.

[0051] The HRV detector 320 can use signals and/or data
obtained from the PPG sensor 333 and/or one of the ECG
sensor circuits 402 or 404 to detect HRV. For example, in the
same manner as was explained above, beat-to-beat intervals
can be determined from a PPG signal obtained using the PPG
sensor 333. Additionally, or alternatively, beat-to-beat inter-
vals can be determined from an ECG signal obtained using an
ECG sensor circuit (e.g., 402 or 404 in FIG. 4) by measuring
the time interval between R-waves or other features of the
ECG signal. HRV can be determined by calculating a mea-
sure of variance, such as, but not limited to, the standard
deviation (SD), the root mean square of successive differ-
ences (RMSSD), or the standard deviation of successive dif-
ferences (SDSD) of a plurality of consecutive beat-to-beat
intervals. Alternatively, or additionally, an obtained PPG sig-
nal and/or ECG signal can be converted from the time domain
to the frequency domain, and HRV can be determined using
well known frequency domain techniques. In an embodi-
ment, the HRV detector 320 can measure the beat-to-beat
intervals of a PPG signal, and also measure the beat-to-beat
intervals of an ECG signal, and use an average of the two
types of beat-to-beat intervals to detect HRV. In another
embodiment, there can be a determination of whether a PPG
signal or an ECG signal has a greater to signal-to-noise ratio
(SNR), and which ever one of the PPG and ECG signals has
a greater SNR can be used by the HRV detector 320 to detect
HRV. The user’s HRV can be uploaded to a base station (e.g.,
352) for display and/or further analysis. Additionally, or alter-
natively, if the sensor pod 100 included a digital display, HRV
or information indicative thereof can be displayed on such a
digital display.

[0052] The activity detector 322 can determine a type and
amount of activity of a user based on information such as, but
not limited to, motion data obtained using the motion sensor
342, heart rate as determined by the HR detector 318, skin
temperature as determined by the skin temperature sensor
340, and time of day. The activity detector 322 can use motion
data, obtained using the motion sensor 342, to determine the
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number of steps that a user has taken with a specified amount
of time (e.g., 24 hours), as well as to determine the distance
that a user has walked and/or run within a specified amount of
time. Activity metrics can be uploaded to a base station (e.g,,
252) for display and/or further analysis. Additionally, or alter-
natively, if the sensor pod 100 included a digital display, such
metrics can be displayed on such a digital display. The goal
indicator 107, shown in FIG. 1A, can also be used to inform
a user of how close they are to reaching an activity related
goal, which can be a steps goal or a distance goal.

[0053] The calorie burn detector 324 can determine a cur-
rent calorie burn rate and an amount of calories burned over a
specified amount of time based on motion data obtained using
the motion sensor 342, HR as determined using the HR detec-
tor 318, and/or skin temperature as determined using the skin
temperature sensor 340. A calorie burn rate and/or an amount
of calories burned can uploaded to a base station (e.g., 252)
for display and/or further analysis. Additionally, or alterna-
tively, if the sensor pod 100 included a digital display, such
information can be displayed on such a digital display. The
goal indicator 107, shown in FIG. 1A, can also be used to
inform a user of how close they are to reaching a calories
burned goal.

[0054] The time and date tracker 326 can keep track of the
time of day, date, and/or the like. The time and date tracker
326 of the sensor pod 100 can be synced with a similar tracker
of the base station 352. The time and data tracker 326 can
provide time of day and date information to the other detec-
tors described herein and/or can be used to date and/or time
stamp collected data.

[0055] The sensor pod 100 can include less modules than
shown in FIG. 3, more modules than show and/or alternative
types of modules. For example, the sensor pod 100 can also
include a body water content module and/or a body fat con-
tent module that calculates the user’s body water content
and/or body fat percentage based on measurements obtained
using the BIA sensor circuit 408. Alternatively, the base sta-
tion 352 can calculate body water content and/or body fat
content based on data obtained using the BIA sensor circuit
408 of the sensor pod 100. For another example, the sensor
pod 100 can include a stress module that estimates a user’s
stress level based on measures obtained using the GSR sensor
circuit 406, one of the ECG sensor circuits 402, 404 and/or the
skin temperature sensor circuit 344. Alternatively, the base
station 352 can estimate the user’s stress level based on data
obtained from the GSR sensor circuit 406, one of the ECG
sensor circuits 402, 404 and/or the skin temperature sensor
circuit 344 of the sensor pod 100.

[0056] The sensor pod 100 can also include respiration
module that determines respiration rate from a PPG signal
obtained using the PPG sensor 333 and/or from the ECG
signal obtained using an ECG sensor circuit 402 or 404. For
another example, a blood pressure module can determine
blood pressure from PPG and ECG signals by determining a
metric of pulse wave velocity (PWV) and converting the
metric of PWV to a metric of blood pressure. More specifi-
cally, a metric of PWV can be determining by determining a
time from a specific feature (e.g., an R-wave) of an obtained
ECG signal to a specific feature (e.g., a maximum upward
slope, a maximum peak or a dicrotic notch) of a simulta-
neously obtained PPG signal. An equation can then be used to
convert the metric of PWV to a metric of blood pressure.
These are just a few examples of other types of modules or
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detectors that can be included within sensor pod 100, which
are not intended to be all encompassing,

[0057] Referring again to FIG. 3. the microcontroller 302,
or the processor 304 thereof, can determine which switches of
the switch circuitry 328 to open and close based on which
mode the sensor pod 100 is operating in. For example, when
the sensor pod 100 is ina HR or HRV detection mode, and the
sensor pod 100 is resting against a person’s chest (such that
the electrodes 106a and 1065 are contacting the person’s
skin), the switches 4025 can be closed. For another example,
when the sensor pod 100 is in a HR or HRV detection mode,
and the sensor pod 100 is strapped to a person’s wrist (e.g.,
using the wrist band 202 in FIGS. 2A and 2B), then the
switches 402¢ (and optionally also the switch 402g) can be
closed. For still another example, when the sensor pod 100 is
in a mode where galvanic skin resistance needs to be mea-
sured, then the switches 402¢ can be closed. The sensor pod
100 itself can decide when to change modes. Alternatively, or
additionally, a base station (e.g., 352) in wireless communi-
cation with the sensor pod 100 can select which mode the
sensor pod 100 is operating in. As mentioned above, in accor-
dance with an embodiment, the switches 402a are normally
closed, and the other switches are normally open, so that a
default mode for the sensor pod 100 is a battery charging
mode.

[0058] FIGS. 5A and 5B are, respectively, perspective and
top views of a charging unit 500 that is used to charge the
sensor pod 100 in accordance with an embodiment. The
charging unit 500 is shown as including a housing 514 having
a pair of electrical contacts 506a and 5065. The electrical
contacts 5064 and 5065 are spaced apart from one another and
are intended to be electrically coupled to the bottom elec-
trodes 1064 and 1064 of the sensor pod 100, when the sensor
pod100is placed upon the charging unit 500. A cable 530 that
includes an adaptor 532 (e.g., a USB adaptor) that pluggable
into a power source (e.g., a computing device) to provide
power to the charging unit 500. The cable 530 can alterna-
tively include a plug having prongs that can be plugged into
an electrical wall socket to provide power to the charging unit.
Other ways of providing power to the charging unit 500 are
also possible and within the scope of embodiments described
herein, as would be appreciated by one of ordinary skill in the
art reading this description.

[0059] The charging unit 500 includes electrical circuitry
within the housing 514 that generates a predetermined volt-
age (+/—a tolerance) between the electrical contacts 506a and
506b. When the electrical contacts 506a and 5065 are in
contact with the electrodes 106a and 1065 of the sensor pod
100, the battery charging circuit 340 of the sensor pod 100 is
powered by the charging unit 500 and the battery 310 of the
sensor pod 100 is charged. Such powering of the battery
charging circuit 340, through use of a direct contact electrical
coupling between the electrical contacts 506a and 5065 of the
charging unit 500 and the battery charging circuitry 330 of the
sensor pod 100, provides for faster and more efficient charg-
ing of the battery 310 than would be possible if there was
instead an inductive coupling between the charging unit 500
and the battery charging circuitry 330 of the sensor pod 100.
[0060] In accordance with an embodiment, the electrical
contacts 506« and 5064 are magnetic. The electrical contacts
506a and 5065 can themselves be magnetic, or more likely, a
magnet 516a can be located below the electrical contact 506a
and a magnet 5165 can be located below the electrical contact
506b. Magnetizing the electrical contacts 506a and 5065
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(e.g., using adjacent magnets 516a and 5165) makes it easier
fora person to correctly place the electrodes 106a and 1065 of
the sensor pod 100 against (e.g., on top of) the electrical
contact 5064 and 5065, and helps keep the electrodes 1064
and 1065 of the sensor pod 100 properly aligned with and
against the electrical contact 5064 and 5065 during charging
of the battery 310 of the sensor pod 100. The magnets 516a
and 5165 can be permanent magnets. Alternatively, the mag-
netic force of the magnets 516a and 5165 can be generated
using electricity, e.g., by generating an electromagnetic field.

[0061] In an embodiment, the charging unit 500 includes a
light source 522 and a light detector 524, which collectively
can operate as an optical proximity detector that is used to
detect when the sensor pod 100 is resting on/against the
charging unit 500. In accordance with an embodiment, the
charging unit 500 only generates the predetermined voltage
(+/-a tolerance) between its electrical contacts 506a and
5065 when the charging unit detects that a sensor pod 100 is
resting on and/or against the charging unit 500. There are
various different techniques that the charging unit 500 canuse
to detect when that a sensor pod 100 is resting on/against the
charging unit 500. In one embodiment, the light source 522
and the light detector 524 operate as an optical proximity
sensor to detect whether or not a sensor pod 100 is resting
on/against the charging unit 500. In other words, the charging
unit 500 can utilize the light source 522 and the light detector
524, operating as an optical proximity detector, to detect
when a sensor pod 100 is resting on/against the charging unit
500. The charging unit 500 can alternatively use other tech-
niques to detect when a sensor pod 100 is resting on/against
the charging unit 500 while also being within the scope of the
embodiments described herein.

[0062] The charging unit 500 is also shown as including a
reset button 540 that can be used to reset the sensor pod 100
while the sensor pod 100 is resting on/against the charging
unit 500. The sensor pod 100 may need to be reset, e.g., if it
gets stuck in an operational loop, crashes or otherwise mal-
functions. While the reset button 540 is shown as being
located on the side of the housing 514, the reset button 540
canbe located at a myriad of other locations. Referring briefly
back to FIG. 4, in accordance with an embodiment the reset
detection circuit 420 detects when the rest button on the
charging unit 500 is activated, and in response thereto, out-
puts a reset signal that is provided to a reset pin of the micro-
controller 302 of the sensor pod 100. Additional details of the
operation of the reset detection circuit 420, according to
specific embodiments, are described below with reference to
FIG. 6. The inclusion of a reset button 540 on the charging
unit 500 is especially useful where the sensor pod 100 has no
activatable buttons (and thus, no the sensor pod 100 has no
reset button) and where the housing 102 of the sensor pod 100
is not intended to be opened (and thus, the sensor pod 100
cannot be reset by removing and replacing its battery 310
within its housing 102).

[0063] FIG. 6 provides details of a reset detection circuit
420 of the sensor pod 100 according to an embodiment. In
FIG. 6, the components shown to the left of the vertical
dashed line are components of the charging unit 500, and the
components shown to the right of the vertical dashed line are
components of the sensor pod 100. In FIG. 6, the electrodes
1064 and 1065 of the sensor pod 100 are shown as being in
contact, respectively, with the electrical contacts 506a and
506b of the charging unit 500. The charging unit 500 is shown
as including a voltage regulator 602 that generates a first
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output voltage V1 or a second output voltage V2, where V2 is
greater than V1. In accordance with certain embodiments, V2
is at least 20% greater than V1, V2 is preferably at least 50%
greater than V1, and even more preferably V2 is at least twice
V1. In an embodiment, the voltage regulator 602 normally
produces the first output voltage V1, which is the nominal
voltage that is used by the battery charging circuit 340 to
charge the battery 310. For example, the voltage V1 can be
3.3V, but is not limited thereto. In response to the reset button
(e.g., 540 in FIGS. 5A and 5B) being pressed, the voltage
regulator 602 generates the second output voltage V2, which
can be, e.g., 8Y, but is not limited thereto. Numerous other
components can be included within the charging unit 500,
such as, but not limited to, a DC-DC converter, or an AC-DC
converter, one of which can provide a voltage input to the
voltage regulator 602, as would be appreciated by one or
ordinary skill in the art reading this disclosure.

[0064] In accordance with certain embodiments of the
present technology, the reset detection circuit 420 is adapted
to output a reset signal, which causes the sensor pod 100 to be
reset, when a voltage between the electrodes 106a and 1065 is
greater than a reset threshold level. In the specific embodi-
ment shown in FIG. 6, the reset detection circuit 420 is shown
as including a comparator 622 that compares a voltage V3 to
a reference voltage (Vref), wherein the voltage V3 is indica-
tive of the voltage output by the voltage regulator 602, or
more generally, is indicative of the voltage between the elec-
trical contacts 506a and 5060 of the charging unit 500. The
voltage V3 can actually be equal to V1 or V2, are can be
stepped down versions thereof produced using the resistors
R1 and R2 and/or some other circuitry. The reference voltage
(Vref) is indicative of the reset threshold level.

[0065] Still referring to FIG. 6, in accordance with an
embodiment the output of the comparator 622, which will be
either high or low, is the reset signal generated by the reset
detection circuit 420. When the voltage V3 is less than Vref,
then the output of the comparator 622 will be low. When the
voltage V3 is greater the Vref, then the output of the com-
parator 622 will be high. In other words, the comparator 622
outputs the reset signal when the voltage V3 (indicative of the
voltage between the electrodes 106a and 1065) is greater than
the reference voltage (Vref) (indicative of the reset threshold
level). Assuming the reset pin of the microcontroller 302 is
active high, this means that when V3 is greater than Vref, the
microcontroller 302 will be reset. More specifically, when the
voltage output by the voltage regulator 602 is sufficiently high
to cause the voltage V3 to exceed Vref, then the microcon-
troller 302, and more generally the sensor pod 100, will be
reset. This is just one exemplary implementation of the reset
detection circuit 420. For example, the inverting (-) and non-
inverting (+) inputs of the comparator 622 can be swapped if
the microcontroller 302 is instead adapted to be reset in
response to a low input signal being provided to its reset pin.
For another example, the voltage V3 provided to the com-
parator need not be generated using the resistors R1 and R2.
Rather, in an alternative embodiment, one of the inputs of the
comparator 622 can receive that actual voltage level (V1 or
V2) provided by the charging unit 500 to the sensor pod 100.
Other variations are also possible, as would be appreciated by
one of ordinary skill in the art reading this disclosure. In such
variations, the reset detection circuit 420 detects when the
voltage provide by the charging unit 500 is above its nominal
voltage level, and more specifically above a reset threshold
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level, and interprets such a detection as an indication that a
reset signal should be generated to reset the sensor pod 100.
[0066] As explained above in the discussion of FIGS. 2A
and 2B, the sensor pod 100 can be inserting into an opening
204 in a wrist band 202, or some other band or strap, such as
aheadband, arm band or some other user wearable band, strap
or device. As also noted above, the sensor pod 100 can alter-
natively be placed into a pocket within a sock or tight fitting
shirt (e.g., a bicycle shirt) or other article of apparel or cloth-
ing that includes a pocket for the sensor pod 100. Such a
pocket can include an opening that enables the backside of the
sensor pod 100, which includes windows for the PPG sensor
(and/or other optical sensor(s)), electrodes and/or other sen-
sor elements, to contact the wearer’s skin to thereby enable
the sensor(s) to operate properly. Such an opening can also
enable the groove 112 in the sensor pod 100 to be snapped into
a correct position and held in place against a user’s skin. The
sensor pod 100 can alternatively be placed in an opening, slot
and/or pocket in a helmet (e.g., a bicycle, motorcycle, skate-
board, football, baseball, hockey, snowboard or ski helmet) or
other headwear (e.g., a beanie, a baseball cap or any other
type of hat). The sensor pod 100 may alternatively be placed
an opening, slot and/or pocket in a pair of glasses or a head
mounted display (HMD) that positions the back surface 114
of the sensor pod 100 against a user’s temple.

[0067] FIGS.7A, 7B and 7C will now be used to explain in
more detail how the sensor pod 100 can be selectively
attached to an article of apparel or clothing. Referring to FIG.
7A, an elastic ring 700 is shown as being attached to piece of
fabric 720 such that an opening in the fabric is aligned with an
opening 704 in the elastic ring 700. The elastic ring 700 is
shown as having oval or elliptical shape and generally has the
same shape as the circumferential surface 110 of the sensor
pod 100. In accordance with an embodiment, an inner cit-
cumference 702 of the elastic ring 700 1s slightly smaller than
the outer circumference of the groove 112 in the circumfer-
ential surface 110 of the sensor pod 100. This enables the
groove 112 in the sensor pod 100 to be snapped into the
opening 704 in the elastic ring 700 and held in place, e.g.,
against the skin of a user wearing the article of apparel or
clothing that includes the piece of fabric 720. The elastic ring
700 can be sewn into the fabric 720 using stitches 706 made
of thread or a similar material. While two rows of the stitches
706 are shown in FIGS. 7A, 7B and 7C, a single row of
stitches can be used, or more than two rows of stitches can be
used. The elastic ring 700 can be made of silicon, rubber, or
some other similar elastic material.

[0068] FIG. 7B illustrates a perspective cross-sectional
view of the elastic ring 700 along the dashed line BC-BC in
FIG. 7A, according to an embodiment. Referring to FIG. 7B,
a slit 705 extends from an outer circumference 703 of the
elastic ring 700 toward, but not all the way to, the inner
circumference 702 of the elastic ring 700. A portion of the
fabric 720 is inserted into the slit 705 and then a peripheral
portion of the elastic ring 700 is sewn, by the stitches 706, to
the fabric 720. Additionally, or alternatively, an adhesive can
be used to attach a portion of the fabric 720 within the slit 705.
[0069] FIG. 7C illustrates a perspective cross-sectional
view of the elastic ring 700 along the dashed line BC-BC in
FIG. 7A, according to another embodiment. Referring to FIG.
7C, the elastic ring 700 is shown as including two sub-com-
ponents, including a main ring 700a and a support ring 7004.
Both the main ring 700a and the support ring 7005 can be
made of silicon, rubber, or some other similar elastic material.
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Alternatively, the support ring 7005 can be made of a more
rigid material, since the support ring 70056 does not need to be
stretched. As can be appreciated from FIG. 7C, a portion of
the fabric 720 is placed between a peripheral portion of the
main ring 700a and the support ring 7005. The peripheral
portion of the main ring 7004 and the support ring 7005 are
stitched together with the portion of the fabric 720 therebe-
tween to thereby attach the elastic ring 700 to the fabric 720.
[0070] FIG. 8A illustrates a tight fitting shirt 8004 having
an elastic ring 700 (described with reference to FIGS. 7A, 7B
and 7C) attached thereto. FIG. 8A also shows the sensor pod
100 snapped into the elastic ring 700 and thereby selectively
attached to the shirt 800a.

[0071] FIG. 8B illustrates a pair of socks 8005 having an
elastic ring 700 (described with reference to FIGS. 7A, 7B
and 7C) attached thereto. FIG. 8B also shows one of the
sensor pods 100 snapped into the elastic ring 700 in each of
the socks 8005 and thereby attached to the socks 8004,
[0072] FIG. 8C illustrates an arm band 800¢ having an
elastic ring 700 (described with reference to FIGS. 7A, 7B
and 7C) attached thereto. FIG. 8C also shows one of the
sensor pods 100 snapped into the elastic ring 700 in the arm
band 800¢ and thereby attached to the arm band 800c. FIG.
8C further illustrates that the arm band 800¢ can also carry a
mobile phone, which as explained above, may function as a
base station for the sensor pod 100.

[0073] FIG. 8D illustrates the sensor pod 100 attached to a
headband 8§004.

[0074] FIG. 8E illustrates the sensor pod 100 attached to a
swim cap 8§00e.

[0075] FIG. 9illustrates the sensor pod 100 hanging from a
necklace 902, in a similar manner that a pendant hangs from
a necklace.

[0076] FIG. 10 illustrates the sensor pod 100 attached to a
head worn display device 1000. The sensor pod can similarly
be attached to other types of glasses.

[0077] FIG. 11 illustrates the sensor pod 100 attached to a
helmet body 1100. The helmet body 1100 is shown as includ-
ing a pair of connectors 1102a and 11025 attached to a portion
of the helmet body 1100 that is intended to rest against a
user’s forehead. These connectors 1102a and 11025 enable
the physiologic sensor pod 100 to be selectively attached to
the helmet body 1100. An elastic ring type of connector, the
same or similar to the elastic ring 700 described above, can be
used in place of the pair of connectors 1102a and 11025.
Other types of connectors that enable the sensor pod 100 to be
selectively connected to the helmet body 1100 are also pos-
sible and within the scope of the embodiments described
herein.

[0078] FIG. 12A illustrates a lapel adaptor 1200 that is
configured to be selectively attached with or to the sensor pod
100 to enable the sensor pod 100 to be clipped to a lapel, a
shirt pocket, a pant pocket, or the like. The lapel adaptor 1200
includes a first portion 1201 that is adapted to be selectively
attached to the sensor pod 100, a second portion 1202, and a
third portion 1203 between the first and second portions 1201
and 1202. The third portion 1203 is adapted to enable the
second portion 1202 to be folded toward the first portion
1201, and vice versa, and thus the third portion 1203 operates
as a hinge, and thus, can be referred to as a hinge or a hinged
portion 1203. The second portion 1202 includes a pair of
magnets 1206a and 12065 that are spaced apart from one
another by approximately the same distance that the elec-
trodes 106a and 1064 are spaced apart from one another on
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the bottom surface 114 of the sensor pod 100. In accordance
with an embodiment, the entire lapel adaptor 1200, except for
the magnets 1206a and 12065, is made of'silicon, rubber, or
some other flexible material. In accordance with another
embodiment, the first portion 1201 and the third portion 1203
of the lapel adaptor is made of silicon, rubber, or some other
flexible material, and the second portion 1202 is made of a
more rigid material, such as plastic or aluminum. The mag-
nets 1206« and 12065 can be made of magnetic stainless
steel, but are not limited thereto. Other variations are possible
and within the scope of embodiments described herein.
[0079] The first portion 1201 of the lapel adaptor 1200
includes an elastic ring 1207 having an opening 1204. The
elastic ring 1207 is shown as having oval or elliptical shape
and generally has the same shape as the circumferential sur-
face 110 of the sensor pod 100. In accordance with an
embodiment, an inner circumference of the elastic ring 1207
is slightly smaller than the outer circumference of the groove
112 in the circumferential surface 110 of the sensor pod 100.
This enables the groove 112 in the sensor pod 100 to be
snapped into the opening 1204 in the elastic ring 1207 and
held in place.

[0080] FIG. 12B is a perspective view of the lapel adaptor
1200 with the sensor pod 100 snapped into the opening in the
elastic ring 1207 of the first portion 1201 of the lapel adaptor
1200. F1IG. 12C is a side view of the lapel adaptor 1200 with
the sensor pod 100 snapped into the opening in the elastic ring
1207 of the first portion 1201 of the lapel adaptor 1200, with
the second portion 1202 folded toward the first portion 1201
such that the magnets 1206a and 12065 are aligned, respec-
tively, with the electrodes 106¢ and 1065 on the bottom
surface 114 of the sensor pod 100. In this configuration, the
magnet 1206a and the electrode 1064 are attracted to one
another, and the magnet 12065 and the electrode 1065 are
similarly attracted to one another. While not shown in FIG.
12C, a portion of a lapel, pocket or other article of apparel or
clothing can be positioned between the magnets 12064 and
12065 and the electrodes 106a and 1065. Nevertheless, the
magnetic force between the magnets 12064 and 12065 and
the electrodes 1064 and 1065 will maintain the lapel adaptor
1200 in its folded position. The magnets 12065 and 1206a can
be permanent magnets. Alternatively, the magnets 12065 and
12064 can include metal segments behind which permanent
magnets are located to thereby magnetize the metal segments.
[0081] In the FIGS. and the above description, the sensor
pod 100 was shown as and described as having an oval or
elliptical circumferential shape. In alternative embodiments
the sensor pod 100 can have alternative circumferential
shapes, such as circular, rectangular, or square, but not limited
thereto. Where the sensor pod 100 has an alternative circum-
ferential shape, the elastic rings (e.g., 700 and 1207)
described herein, which are used to selectively attached the
sensor pod 100 to an article of apparel or clothing, or to an
lapel adaptor, can similarly have such an alternative circum-
ferential shape.

[0082] The foregoing detailed description of the technol-
ogy herein has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit the
technology to the precise form disclosed. Many modifications
and variations are possible in light of the above teaching. The
described embodiments were chosen to best explain the prin-
ciples of the technology and its practical application to
thereby enable others skilled in the art to best utilize the
technology in various embodiments and with various modi-
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fications as are suited to the particular use contemplated. It is
intended that the scope of the technology be defined by the
claims appended hereto. While various embodiments have
been described above, it should be understood that they have
been presented by way of example, and not limitation. It will
be apparent to persons skilled in the relevant art that various
changes in form and detail can be made therein without
departing from the spirit and scope of the invention. The
breadth and scope of the present invention should not be
limited by any of the above-described exemplary embodi-
ments, but should be defined only in accordance with the
following claims and their equivalents.

What is claimed is:

1. A physiologic sensor pod comprising:

a housing including a top surface, a bottom surface and a
peripheral surface extending between the top and bot-
tom surfaces;

a first electrode on the bottom surface of the housing;

asecond electrode on the bottom surface of the housing and
spaced apart from the first electrode;

a battery within the housing;

a battery charging circuit within the housing;

an electrocardiogram (ECG) sensor circuit within the
housing, powered by the battery, and adapted to sense an
ECG signal;

switch circuitry within the housing and electrically
coupled to the first and second electrodes; and

acontroller within the housing, powered by the battery, and
adapted to control at least a portion of the switch cir-
cuitry;

wherein when the switch circuitry is in a first configuration
the first and second electrodes are connected to the bat-
tery charging circuit; and

wherein when the switch circuitry is in a second configu-
ration, the first electrode is connected to a first input of
the ECG sensor circuit and the second electrode is con-
nected to a second input of the ECG sensor circuit.

2. The physiologic sensor pod of claim 1, wherein the
battery charging circuit charges the battery while the first and
second electrodes are in contact with first and second electri-
cal contacts of a charging unit that is connected to a power
source and the switch circuitry is in the first configuration.

3. The physiologic sensor pod of claim 2, wherein the
switch circuitry is in the first configuration by default, so that
if an energy level of the battery is insufficient to power the
controller and/or the switch circuitry the battery can still be
charged.

4. The physiologic sensor pod of claim 2, wherein a portion
of the switch circuitry that is used to connect the first and
second electrodes to the battery charging circuit, while the
switch circuitry is in the first configuration, comprises mag-
netically actuated reed switches.

5. The physiologic sensor pod of claim 4, wherein the
magnetically actuated reed switches are actuated by magnets
of the charging unit when the first and second electrodes are
placed in contact with the first and second electrical contacts
of the charging unit, thereby causing the switch circuitry to be
in the first configuration.

6. The physiologic sensor pod of claim 1, further compris-
ing:

athird electrode on the top surface of the housing;

wherein when the switch circuitry is in a third configura-
tion, one or both of the first and second electrodes is/are
coupled to a first input of an electrocardiogram (ECG)
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sensor circuit within the housing, and the third electrode
is coupled to a second input of the ECG sensor circuit;
and

wherein the ECG sensor circuit that is used while the
switch circuitry is in the third configuration can be the
same as, different than, or share a portion of its circuitry
with, the ECG sensor circuit that is used while the switch
circuitry is in the second configuration.

7. The physiologic sensor pod of claim 1, wherein the
housing is water tight and thereby protects the battery, the
battery charging circuit, the ECG sensor circuit, the switch
circuitry and the controller, which are within the housing,
from water and other moisture.

8. The physiologic sensor pod of claim 1, wherein the
housing is not intended to be opened.

10. The physiologic sensor pod of claim 1, wherein the
peripheral surface of the housing includes a groove that
enables the housing to be selectively inserted into and
removed from an opening in a wrist band, chest band or an
article of apparel that is adapted to be worn by a user.

11. The physiologic sensor pod of claim 1, further com-
prising:

a photoplethysmography (PPG) sensor within the housing
and adapted to obtain a PPG signal that can be used to
detect at least one of heart rate (HR) or heart rate vari-
ability (HRV);

wherein the PPG sensor includes a light source and a light
detector; and

wherein the bottom surface of the housing includes one or
more light transmissive windows that enables light emit-
ted by the light source of the PPG sensor to exit the
housing and enables at least a portion of the emitted light
that is reflected from a user’s skin to be detected by the
light detector of the PPG sensor.

12. The physiologic sensor pod of claim 1, further com-

prising:

awireless interface that enables data obtained by the physi-
ologic sensor pod to be wirelessly transferred to a base
station and enables commands to be received from a
base station.

13. A method for use with a physiologic sensor pod that

includes

a housing including a top surface, a bottom surface and a
peripheral surface extending between the top and bot-
tom surfaces;

a first electrode on the bottom surface of the housing;

asecond electrode on the bottom surface of the housing and
spaced apart from the first electrode;

a battery within the housing;

a battery charging circuit within the housing;

an electrocardiogram (ECG) sensor circuit within the
housing, powered by the battery, and adapted to sense an
ECG signal;

switch circuitry within the housing and electrically
coupled to the first and second electrodes; and

acontroller within the housing, powered by the battery, and
adapted to control at least a portion of the switch cir-
cuitry;

the method comprising:

during a first period of time configuring the switch circuitry to
be in a first configuration that causes the first and second
electrodes to be connected to the battery charging circuit; and
during a second period of time, that is different than the first
period of time, configuring the switch circuitry to be in a
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second configuration that causes the first electrode to con-
nected to a first input of the ECG sensor circuit and the second
electrode to be connected to a second input of the ECG sensor
circuit.

14. The method of claim 13, wherein the physiologic sen-
sor pod further comprises a third electrode on the top surface
of the housing, and wherein the method further comprises:

during a third period of time, that is different than the first

and second periods of time, configuring the switch cir-
cuitry to be in a third configuration that causes one or

both of the first and second electrodes to be coupled to a

first input of an electrocardiogram (ECG) sensor circuit

within the housing, and the third electrode to be coupled
to a second input of the ECG sensor circuit;

wherein the ECG sensor circuit that is used while the

switch circuitry is in the third configuration can be the

same as, different than, or share a portion of'its circuitry
with, the ECG sensor circuit that is used while the switch
circuitry is in the second configuration.

15. The method of claim 14, wherein:

during the first period of time the first and second elec-

trodes are placed against first and second electrical con-

tacts of a charging unit that is connected to a power
source and the battery charging circuit charges the bat-
tery;

during the second period of time the first and second elec-

trodes are placed against a chest of a user; and

during the third period of time the first and second elec-

trodes are placed against a wrist of one of a user’s arms

and the third electrode is touched by a finger of the other
one of the user’s arms.

16. A system, comprising:

a physiologic sensor pod including

a physiologic sensor pod housing including a top sut-
face, a bottom surface and a peripheral surface
extending between the top and bottom surfaces;

a first electrode on the bottom surface of the physiologic
sensor pod housing;

a second electrode on the bottom surface of the physi-
ologic sensor pod housing and spaced apart from the
first electrode;

a battery within the physiologic sensor pod housing;

a battery charging circuit within the physiologic sensor
pod housing;

an electrocardiogram (ECG) sensor circuit within the
physiologic sensor pod housing, powered by the bat-
tery, and adapted to sense an ECG signal,

switch circuitry within the physiologic sensor pod hous-
ing and electrically coupled to the first and second
electrodes; and
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a controller within the physiologic sensor pod housing,
powered by the battery, and adapted to control at least
a portion of the switch circuitry;

a charging unit including
a charging unit housing including a first electrical con-

tact and a second electrical contact spaced apart from
the first electrical contact; and

a voltage regulator within the charging unit housing and
adapted to produce a voltage between the first and
second electrical contacts;

wherein while the first and second electrodes of the physi-
ologic sensor pod are in contact with the first and second
electrical contacts of the charging unit, and the switch
circuitry isin a first configuration that causes the first and
second electrodes of the physiologic sensor pod to be
connected to the battery charging circuit, the voltage
produced by the voltage regulator of the charging unit
powers the battery charging circuit of the physiologic
sensor pod which causes the battery of the physiologic
sensor pod to be charged.

17. The system of claim 16, wherein while the switch
circuitry is in a second configuration, the first electrode of the
physiologic sensor pod is connected to a first input of the ECG
sensor circuit and the second electrode of the physiologic
sensor pod is connected to a second input of the ECG sensor
circuit, thereby enabling the ECG sensor circuit to sense an
ECG signal between the first and second electrodes of the
physiologic sensor pod.

18. The system of claim 16, wherein the switch circuitry is
in the first configuration by default, so that if an energy level
of the battery is insufficient to power the controller and/or the
switch circuitry the battery can still be charged when the first
and second electrodes of the physiologic sensor pod are
placed in contact with the first and second electrical contacts
of the charging unit.

19. The system of claim 16, wherein a portion of the switch
circuitry that is used to connect the first and second electrodes
to the battery charging circuit, when the switch circuitry is in
the first configuration, comprises magnetically actuated reed
switches.

20. The system of claim 19, wherein the magnetically
actuated reed switches are actuated by magnets within the
charging unit when the first and second electrodes are placed
in contact with the first and second electrical contacts of the
charging unit, thereby causing the switching circuitry to be in
the first configuration.
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