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(57) ABSTRACT

The technology described herein is related to a two-phase
deployment-initiated wakeup mechanism for a body-mount-
able electronic device. During a first phase of the two-phase
wakeup mechanism, a motion sensor detects an acceleration
event indicative of deployment of the device onto the body
of the user. During a second phase of the two-phase mecha-
nism, control circuitry can be adapted to be enabled by the
acceleration event. Once enabled, the control circuitry can
verify that the device has been launched onto the body of a
user via a deployment applicator in which the device is
retained until deployment. Once verified, the control cir-
cuitry can wake up the body-mountable electronic device by
transitioning the device from a sleep state to a functional (or
operational) state.
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TWO-PHASE DEPLOYMENT-INITIATED
WAKEUP MECHANISM FOR
BODY-MOUNTABLE ELECTRONIC DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 16/168,527, filed on Oct. 23, 2018,
titled “Two-Phase Deployment-Initiated Wakeup Mecha-
nism for Body-Mountable Electronic Device,” now allowed;
which claims priority to and benefit from U.S. Provisional
Patent Application No. 62/577,323, filed on Oct. 26, 2017,
titled “Two-Phase Deployment-Initiated Wakeup Mecha-
nism for Body-Mountable Electronic Device”; both of
which are expressly incorporated by reference herein.

BACKGROUND

[0002] Disposable electronic devices such as medical
body-mountable (or wearable) devices, and the like, need to
be small, low cost and energy efficient. These devices often
include a variety of electronic components such as power
sources, microcontrollers, sensors, etc. The power sources
typically include non-replaceable batteries having limited
capacities. Prior to deployment, a body-mountable device
often remains unused for an extended period of non-opera-
tional time, e.g., transport, storage, etc. If power is enabled
(even at reduced levels) during the non-operational time,
then current leakage can significantly reduce the amount of
energy available to the device during a functional (or opera-
tional) state. To overcome these current leakage problems,
body-mountable devices are often designed with batteries
having larger capacities. Unfortunately, the larger capacity
batteries increase both the footprint or size of a body-
mountable device and production costs.

[0003] To further improve energy efficiency, some body-
mountable devices utilize low-power modes. Various
mechanisms are utilized to wake the body-mountable
devices up from a low-power mode, however, these wakeup
mechanisms often require additional components that are
expensive both in terms of increased production costs and
increased footprint or size of the device. Regardless, many
of the existing wakeup mechanisms are unreliable, e.g.,
prone to false wakeups.

[0004] Owverall, the examples herein of some prior or
related systems and their associated limitations are intended
to be illustrative and not exclusive. Upon reading the fol-
lowing, other limitations of existing or prior systems will
become apparent to those of skill in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] In order to describe the manner in which the
above-recited and other advantages and features can be
obtained, a more particular description is set forth and will
be rendered by reference to specific examples thereof which
are illustrated in the appended drawings. Understanding that
these drawings depict only typical examples and are not
therefore to be considered to be limiting of its scope,
implementations will be described and explained with addi-
tional specificity and detail through the use of the accom-
panying drawings.

[0006] FIG. 1 depicts a block diagram illustrating an
example mountable device deployment system including
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body-mountable electronic device with a two-phase deploy-
ment-initiated wakeup mechanism, according to some
embodiments.

[0007] FIG. 2 depicts a state diagram illustrating example
operations of a two-phase deployment-initiated wakeup
mechanism, according to some embodiments.

[0008] FIGS. 3A and 3B depict flow diagrams illustrating
example operations for reliably transitioning a body-mount-
able electronic device from a sleep state to a functional (or
operational) state responsive to deployment of the mount-
able device by a deployment applicator onto the body of a
user, according to some embodiments.

[0009] FIG. 4 depicts example components of a body-
mountable electronic device including a two-phase deploy-
ment-initiated wakeup mechanism, according to some
embodiments.

[0010] FIGS. 5A, 5B and 5C depict diagrams illustrating
an example operational environment during various stages
of deploying a body-mountable electronic device retained in
a mountable device deployment system onto a user body,
according to some embodiments.

[0011] FIG. 6 depicts a flow diagram illustrating example
operations for verifying deployment of a body-mountable
electronic device using a biosensor adapted to detect an
analyte or interstitial fluid, according to some embodiments.
[0012] FIG. 7 depicts a flow diagram illustrating example
operations for verifying deployment of a body-mountable
electronic device using a wireless transmitter adapted to
establish a wireless connection with a personal communi-
cation device, according to some embodiments.

[0013] FIG. 8 depicts a flow diagram illustrating example
operations for verifying deployment of a body-mountable
electronic device via one or more accelerometer gestures,
according to some embodiments.

[0014] The drawings have not necessarily been drawn to
scale. Similarly, some components and/or operations may be
separated into different blocks or combined into a single
block for the purposes of discussion of some of the embodi-
ments of the present technology. Moreover, while the tech-
nology is amenable to various modifications and alternative
forms, specific embodiments have been shown by way of
example in the drawings and are described in detail below.
The intention, however, is not to limit the technology to the
particular embodiments described. On the contrary, the
technology is intended to cover all modifications, equiva-
lents, and alternatives falling within the scope of the tech-
nology as defined by the appended claims.

DETAILED DESCRIPTION

[0015] Examples are discussed in detail below. While
specific implementations are discussed, it should be under-
stood that this is done for illustration purposes only. A
person skilled in the relevant art will recognize that other
components and configurations may be used without parting
from the spirit and scope of the subject matter of this
disclosure. The implementations may include machine-
implemented methods, computing devices, or computer
readable medium.

[0016] The technology described herein is directed to a
two-phase deployment-initiated wakeup mechanism for a
body-mountable electronic device. During a first phase of
the two-phase wakeup mechanism, a motion sensor detects
an acceleration event indicative of deployment of the device
onto the body of the user. The acceleration event enables
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control circuitry thereby transitioning the device from a
sleep state to a temporary wakeup verification state. During
a second phase of the two-phase mechanism, the control
circuitry verifies that the device has been launched onto the
body of a user via a deployment applicator in which the
device is retained until deployment. Once the control cir-
cuitry verifies that the device has been launched onto the
body of a user, the control circuitry wakes up the body-
mountable electronic device by transitioning the device from
the wakeup verification state to a functional (or operational)
state. As discussed herein, the term ‘body-mountable
devices’ encompasses implantable medical devices, mount-
able devices, partially implantable devices, such as continu-
ous glucose monitoring (CGM) devices, and the like, etc.
[0017] The wakeup mechanism and techniques discussed
herein are implemented using existing components of the
body-mountable device, including a motion sensor that is
adapted to measure activity of the user during the function
(or operational) state. Among other benefits, the wakeup
mechanism reduces or eliminates sensor leakage during
non-operational time, e.g., transport, storage, etc., and
reduces the likelihood of false wakeups while enabling
reliable transition from the sleep state to the functional (or
operational) state with minimal user interaction.

[0018] In some embodiments, the motion sensor com-
prises an accelerometer that is adapted to detect the high
g-force event indicative of deployment of the device onto
the body of a user via an applicator. The detection will then
wake up a microcontroller (or control circuitry) from an
off-state to initiate a second phase of confirmation or veri-
fication. During the second phase, the microcontroller
attempts to verify that the body-mountable electronic device
is deployed by monitoring for and detecting occurrence of a
second deployment indicator.

[0019] FIG. 1 depicts a block diagram illustrating an
example mountable device deployment system 100 includ-
ing body-mountable electronic device 120 with a two-phase
deployment-initiated wakeup mechanism, according to
some embodiments. The two-phase deployment-initiated
wakeup mechanism is adapted to reliably wake up the
body-mountable electronic device 120 responsive to deploy-
ment (or launching) of the device onto a body of a user via
a deployment applicator 110. As shown in the example of
FIG. 1, the device deployment system 100 includes the
deployment applicator 110 and the body-mountable elec-
tronic device 120 that is inserted or otherwise retained by the
deployment applicator 110 prior to deployment.

[0020] The deployment applicator 110 can launch or oth-
erwise deploy the body-mountable electronic device 120
onto the body of a user. As shown in the example of FIG. 1,
the deployment applicator 110 includes a deployment
mechanism 115 and a trigger mechanism 116. Additional or
fewer components are possible. The deployment mechanism
115 can include a spring-loaded assembly, a magnetic
assembly, or any other apparatus that is able to generate a
sufficient launch force F to launch (or deploy) the body-
mountable electronic device 120 onto the body of a user.
[0021] The trigger mechanism 116 is communicatively
and/or mechanically coupled with the deployment mecha-
nism 115 such that activating (or exercising), e.g., pressing,
the trigger mechanism 116 causes the deployment mecha-
nism 115 to launch the body-mountable electronic device
120. As shown in the example of FIG. 1, the trigger
mechanism 116 comprises a mechanical button or latch
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mechanism, however, the trigger mechanism 116 can be any
mechanical, electrical, etc., mechanism capable of triggering
the deployment mechanism 115.

[0022] The body-mountable electronic device 120 can be
any electronic device that is adapted to monitor and/or sense
conditions of the user once the device is deployed onto a
body of the user. As shown in the example of FIG. 1, the
body-mountable electronic device 120 includes a motion
sensor 122, control circuitry 124 and a power source 126. In
some embodiments, the motion sensor 122 can be an accel-
erometer such as, for example, a three-axis digital acceler-
ometer capable of providing a digital output indicating
acceleration of the body-mountable electronic device 120.
[0023] The control circuitry 124 can include one or more
microprocessors, microcontrollers, memories, modules,
engines, components, etc., that are configured to verify that
the body-mountable electronic device is deployed onto a
body of a user during a second phase of the two-phase
wakeup mechanism. In some embodiments, the control
circuitry 124 generates a second deployment indicator
responsive to verification that the body-mountable elec-
tronic device has been deployed onto a body of a user via the
deployment applicator 110.

[0024] The power source 126 can include one or more
disposable energy storage devices and any related charging
and/or regulator circuitry that provides power to components
of the body-mountable electronic device 120. For example,
power source 126 can include one or more batteries, capaci-
tors, or other energy storage devices. Although not shown in
the example of FIG. 1, the body-mountable electronic device
120 can include one or more additional components such as
processors, controllers, memories, etc.

[0025] To enhance the longevity of power source 126, the
body-mountable electronic device 120 is shipped and stored
in a sleep (or pseudo-off) state. As noted above, the body-
mountable electronic device 120 includes a two-phase
deployment-initiated wakeup mechanism that reliably
wakes up the body-mountable electronic device 120 from
the sleep (or pseudo-off state) responsive to deployment (or
launching) of the device onto a body of a user.

[0026] During a first phase of the two-phase wakeup
mechanism, motion sensor 122 monitors for the occurrence
of a first deployment indictor signifying detection of an
acceleration that exceeds a predetermined threshold indica-
tive of deployment of the body-mountable electronic device
onto the body of the user. For example, the first deployment
indictor can signify detection of a g-force event that exceeds
a predetermined threshold g-force value. As discussed
herein, the body-mountable electronic device 120 is retained
in deployment applicator 110 until the device is deployed.
[0027] Responsive to detection of the first deployment
indictor, control circuitry 124 is enabled for a second phase
of the two-phase wakeup mechanism. During the second
phase, the control circuitry attempts to verify that the
body-mountable electronic device is deployed onto a body
of a user by monitoring for occurrence of a second deploy-
ment indicator during a second phase of the two-phase
wakeup mechanism.

[0028] In some embodiments, the deployment mechanism
115 includes a minimally invasive mechanism for deploying
a biosensor in or on the body of the user. For example, the
body-mountable electronic device 120 can include an
extendable spring-loaded needle adapted to insert the bio-
sensor into the body of the user upon deployment. An
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example deployment mechanism 115 including the extend-
able spring-loaded needle is shown and discussed in greater
detail with reference to FIGS. S5A-5C. Referring to the
second phase of the two-phase wakeup mechanism, in some
embodiments, the control circuitry 124 can generate the
second deployment indicator when an electrical current
measured by the biosensor exceeds a predetermined thresh-
old current value.

[0029] As noted above, the body-mountable electronic
device 120 can be any electronic device primarily adapted to
monitor and/or sense health-related information associated
with the user during an operational state. The body-mount-
able electronic device 120 can provide feedback regarding
the health-related information back to the user, e.g., via a
built-in interface, via personal communication device, etc.
[0030] In some embodiments, the body-mountable elec-
tronic device 120 includes a wireless transmitter operably
coupled with control circuitry 124 that directs the wireless
transmitter to establish a communication channel with the
personal communication device. Although not shown in the
example of FIG. 1, the personal communication device can
be any communication device capable of establishing a
wireless connection with the body-mountable electronic
device 120 for receiving health-related information. Addi-
tionally, the personal communication device can include a
display for presenting the health-related information to the
user. Example personal communication devices include, but
are not limited to, mobile phones, smart watches, etc.
[0031] Insome embodiments, the control circuitry 124 can
monitor the wireless connection and detect the second
deployment indicator responsive to successfully establishing
a wireless connection between the wireless transmitter and
the personal communication device prior to expiry of a
timeout period. This process ensures that the user has
intentional launched the body-mountable electronic device
onto his or her body.

[0032] Insome embodiments, the control circuitry 124 can
be configured to monitor the motion sensor 122 and recog-
nize gestures during the second phase of the two-phase
wakeup mechanism. In such instances, the control circuitry
124 can detect the second deployment indicator responsive
to detection of a gesture. In some embodiments, a gesture
can include a gesture pattern or series of movements. For
example, the gesture pattern or series of movements can be
a series of taps (on or near the device) by the user or some
other movements unlikely to occur by accident.

[0033] FIG. 2 depicts a state diagram 200 illustrating
example operations of a two-phase deployment-initiated
wakeup mechanism, according to some embodiments. As
shown in the example of FIG. 2, the state diagram 200
includes states 210, 220 and 230, entry actions 212, 222 and
232, and transition conditions 215, 225 and 226. The
example state operations and transitions shown in state
diagram 200 may be performed in various embodiments by
a body-mountable electronic device such as, for example,
body-mountable electronic device 120 of FIG. 1, or one or
more microcontrollers, modules, engines, or components
associated therewith. Additional or fewer states, entry
actions and transition conditions are possible.

[0034] A body-mountable electronic device is placed in
sleep state 210 at manufacture time to conserve energy
during extended periods of non-operational time, e.g., trans-
port, storage, etc. During a first phase of the two-phase
wakeup mechanism, a motion sensor is activated to perform
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entry action 212. As noted herein, during the sleep state 210,
other components of the body-mountable electronic device
are disabled. Entry action 212 includes detecting a first
deployment indicator. As discussed herein, the first deploy-
ment indicator signifies occurrence of an acceleration event
indicative of deployment of the body-mountable electronic
device via a deployment applicator, e.g., a g-force that
exceeds a predetermined g-force threshold.

[0035] In the example of FIG. 2, the first deployment
indicator acts as transition condition 215 transitioning the
body-mountable electronic device from the sleep state 210
to a wakeup verification state 220. Upon entering to the
wakeup verification state 220, entry action 222 is performed.
As shown in the example of FIG. 2, entry action 222
includes enabling control circuitry for detecting a second
deployment indicator to verify the deployment of the body-
mountable electronic device via a deployment applicator.
[0036] As discussed herein, deployment of the body-
mountable electronic device can be verified in a variety of
ways. For example, if the body-mountable electronic device
is meant to operate while paired to a personal communica-
tion device, e.g., mobile phone or smart watch, then a lack
of connectivity within a threshold time can indicate a false
wakeup. Likewise, if the body-mountable electronic device
includes a biosensor, the biosensor readings can be sampled
to verity deployment of the sensor and thereby verify
deployment of the body-mountable electronic device. For
example, if the body-mountable electronic device comprises
a continuous glucose monitoring system, an analyte sensor
adapted to measure glucose is typically placed beneath the
skin. If the sensor is not connected, i.e., the sensor is not in
interstitial fluid, then a current flowing through the sensor
will be less than a threshold value.

[0037] Yet another way deployment of the body-mount-
able electronic device can be verified is through the use of
accelerometer gestures. In some embodiments, verification
can be achieved through the detection a gesture or gesture
pattern, e.g., three taps and the body-mountable electronic
device transitions from the wakeup verification state to an
operational state.

[0038] While operating in the wakeup verification state
220, the second deployment indicator acts as transition
condition 225 transitioning the body-mountable electronic
device to an operational state 230 when detected. Upon
entering to the operational state 230, entry action 232
enables a normal operation of the body-mountable electronic
device. As discussed herein, during the operational state
230, the body-mountable electronic device 120 is adapted to
perform its primary functions, e.g., monitoring and/or sens-
ing health-related information associated with the user on
which the device is deployed and providing feedback
regarding the health-related information. It is appreciated
that primary functionality is disabled during sleep state 210
and wakeup verification state 220.

[0039] FIGS. 3A and 3B depict flow diagrams illustrating
example operations 300A and 300B, respectively, for reli-
ably transitioning a body-mountable electronic device from
a sleep state to a functional (or operational) state responsive
to deployment of the mountable device by a deployment
applicator onto the body of a user, according to some
embodiments. More specifically, the example operations
300A depict an implementation whereby the motion sensor
detects a first deployment indicator and example operations
300B depict an implementation whereby control circuitry
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detects the first deployment indicator. The example opera-
tions 300A and 300B may be performed in various embodi-
ments by a body-mountable electronic device such as, for
example, body-mountable electronic device 120 of FIG. 1,
or one or more microcontrollers, modules, engines, or com-
ponents associated therewith. Additional or fewer states,
entry actions and transition conditions are possible.

[0040] Referring first to the example of FIG. 3A, to begin,
at 301, during a first phase of the two-phase wakeup
mechanism, a motion sensor of the body-mountable elec-
tronic device monitors for occurrence of a first deployment
indicator while in a sleep state. As discussed herein, the first
deployment indicator signifies an acceleration event indica-
tive of deployment of the body-mountable electronic device
onto the body of the user. At decision 303, the body-
mountable electronic device determines if the first deploy-
ment indicator is detected. If the first deployment indicator
is not detected, the motion sensor continues to monitor, at
301, for occurrence of the first deployment indicator.
[0041] However, if the first deployment indicator is
detected, at 305, control circuitry of the body-mountable
electronic device is enabled thereby transitioning the body-
mountable electronic device from a sleep state to a wakeup
verification state for a second phase of the two-phase
wakeup mechanism. At decision 307, the body-mountable
electronic device determines if the second deployment indi-
cator is detected. If the second deployment indicator is not
detected, the body-mountable electronic device returns to
the sleep state and the motion sensor continues to monitor,
at 301, for occurrence of the first deployment indicator.
However, if the second deployment indicator is detected, at
309, control circuitry transitions the body-mountable elec-
tronic device from the wakeup verification state to an
operational state.

[0042] The examples discussed herein primarily include a
motion sensor that is adapted to detect the first deployment
indicator, e.g., a g-force that exceeds a predetermined
threshold. However, in some implementations, the control
circuitry can be enabled by any motion and the control
circuitry can be adapted to detect the first deployment
indicator, e.g., motion exceeding a threshold. The example
of FIG. 3B illustrates this implementation and discusses the
operation in greater detail.

[0043] Referring next to the example of FIG. 3B, to begin,
at 311, during a first phase of the two-phase wakeup mecha-
nism, a motion sensor of the body-mountable electronic
device monitors for motion while the device is in a sleep
state (e.g., control circuitry or microcontroller in sleep state).
At decision 313, the motion sensor determines if motion is
detected. If motion is detected, at 315, control circuitry of
the body-mountable electronic device is enabled thereby
transitioning the body-mountable electronic device from a
sleep state to a wakeup verification state for a second phase
of the two-phase wakeup mechanism.

[0044] At decision 317, the control circuitry of the body-
mountable electronic device determines if the first deploy-
ment indicator is detected. As discussed herein, the first
deployment indicator signifies an acceleration event indica-
tive of deployment of the body-mountable electronic device
onto the body of the user. If the first deployment indicator is
not detected, the body-mountable electronic device returns
to the sleep state and the motion sensor continues to monitor,
at 311, for occurrence of motion. However, if the first
deployment indicator is detected, at 319, the control cir-
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cuitry of the body-mountable electronic device monitors for
occurrence of the second deployment indicator. At decision
321, the body-mountable electronic device determines if the
second deployment indicator is detected. If the second
deployment indicator is not detected, then the motion sensor
continues to monitor, at 311, for occurrence of motion.
However, if the second deployment indicator is detected, at
309, the control circuitry transitions the body-mountable
electronic device from the wakeup verification state to an
operational state.

[0045] FIG. 4 depicts example components of a body-
mountable electronic device 400 including a two-phase
deployment-initiated wakeup mechanism, according to
some embodiments. The body-mountable electronic device
can be body-mountable electronic device 120 of FIG. 1,
although alternative configurations are possible. As illus-
trated in the example of FIG. 4, example components 400
include power source 410, microcontroller 420, motion
sensor 430, biosensor 440, and wireless transceiver 450.
Additional or fewer components are possible.

[0046] Power source 410 provides power to the other
example components 400. The power source 410 can
include one or more energy storage devices and any related
charging and/or regulator circuitry. In some embodiments,
power source 410 can include one or more disposable
batteries, capacitors, or other energy storage devices.
[0047] The microcontroller 420 can be a small computer
or other circuitry that retrieves and executes software from
memory 425. The microcontroller 420 may be implemented
within a single device or system on a chip (SoC) or may be
distributed across multiple processing devices that cooperate
in executing program instructions. As shown in the example
of FIG. 4, the microcontroller 420 includes memory 425, a
communication interface 427, and a processing system 429.
The microcontroller 420 is operatively or communicatively
coupled with various sensors including the motion sensor
430 and the biosensor 440. Additionally, as shown in the
example of FIG. 4, the microcontroller 420 is operatively or
communicatively coupled with the wireless transceiver 450.
[0048] The memory 425 can include program memory and
data memory. As shown, memory 425 includes a wakeup
module 422. Other modules are also possible. Although
shown as software modules in the example of FIG. 4,
functionality of wakeup module 422 can be implemented
individually or in any combination thereof, partially or
wholly, in hardware, software, or a combination of hardware
and software.

[0049] The communication interface 427 may include
communication connections and devices that together facili-
tate communication with auxiliary (or personal communi-
cation) devices such as, for example, mobile phones or smart
watches, as well as other electronic devices via at least
wireless transceiver 450. The processing system 429 can
include one or more processor cores that are configured to
retrieve and execute the wakeup module 422 for reliably
assisting in performing the two-phase wakeup mechanism as
discussed herein.

[0050] The motion sensor 430 senses motion of the body-
mountable electronic device. The motion sensor can be, for
example, a three-axis digital accelerometer that provides a
digital output indicating acceleration of the body-mountable
electronic device to the microcontroller 420.

[0051] The biosensor 440 detects an analyte or interstitial
fluid. In some embodiments, biosensor 440 can be a hair-like
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sensor that is positioned just beneath the surface of the skin
of a user upon deployment. In some embodiments, the
biosensor 440 provides the microcontroller 420 with raw
values of the readings.

[0052] The wireless transceiver 450 can be, for example,
a Bluetooth™ or Bluetooth Low Energy™ (BLE) trans-
ceiver. Other wireless transceiver technologies, including
Wi-Fi™ and Infrared technologies are also possible. In some
embodiments, the body-mountable electronic device 400 is
adapted to pair with a personal communication device 480,
e.g., a smart phone or watch. As discussed herein, the pairing
process can be monitored and used as a second phase of the
two-phase wakeup mechanism. For example, if there is no
Bluetooth Low Energy (BLE) connection within a predeter-
mined timeout period, e.g., ten minutes, then the system
times out.

[0053] Referring to the wakeup module 422, in operation,
the module can direct the microcontroller 420 to perform
one or more operations to verify deployment of a body-
mountable electronic device 400 responsive to detection of
acceleration event indicative of the deployment of the body-
mountable electronic device. Performing the operations can
result in a determination that the acceleration event was a
false wakeup, e.g., not a deployment onto a body of a user
via the deployment applicator. In such instances, the micro-
controller 420 directs the body-mountable electronic device
to return or remain in a sleep state. Alternatively, if the
operations result in a determination that the body-mountable
electronic device was deployed onto the body of a user via
the deployment applicator, then the body-mountable elec-
tronic device transitions to an operational state.

[0054] As discussed herein, during the operational state,
the body-mountable electronic device 400 performs its pri-
mary functions, e.g., monitors and/or senses health-related
information associated with the user.

[0055] FIGS. 5A-5C depict diagrams illustrating an
example operational environment 500 during various stages
of deploying a body-mountable electronic device 520
retained in a mountable device deployment system 505 onto
a user body 550, according to some embodiments. More
specifically, the examples of FIGS. 5A, 5B and 5C illustrate
the example deployment environment 500 prior to deploy-
ment of the body-mountable electronic device 520 on the
user body 550, during deployment of the body-mountable
electronic device 520 on the user body 550, and after
deployment of the body-mountable electronic device 520 on
the user body 550, respectively.

[0056] As shown in the examples of FIGS. 5A-5C, the
example operational environment 500 includes a mountable
device deployment system 505 and user body 550. The
mountable device deployment system 505 includes a
deployment applicator 510 and the body-mountable elec-
tronic device 520. The deployment applicator 510 can
launch or otherwise deploy the body-mountable electronic
device 520 onto the user body 550. The body-mountable
electronic device 520 can include a base having a bio-
compatible adhesive disposed on a proximal surface for
removably attaching the body-mountable electronic device
to skin of the user.

[0057] The deployment applicator 510 includes a deploy-
ment mechanism 515 and a trigger mechanism 516. As
shown in the examples of FIGS. 5B and 5C, the deployment
mechanism 515 is in the form of an extendable spring-
loaded needle that is adapted to insert a hair-like biosensor
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526 just beneath the surface of the user body 550 upon
deployment. The trigger mechanism 516 is communica-
tively and/or mechanically coupled with the deployment
mechanism 515 such that exercising, e.g., pressing, the
trigger mechanism 516 causes the deployment mechanism
515 to launch the body-mountable electronic device 520. As
shown in the example of FIGS. 5A-5C, the trigger mecha-
nism 516 comprises a mechanical button or latch mecha-
nism, however, the trigger mechanism 516 can be any
mechanical, electrical, etc., mechanism capable of triggering
the deployment mechanism 515.

[0058] The body-mountable electronic device 520 can be
any electronic device that is adapted to monitor and/or sense
conditions of the user once the device is deployed onto a
body of the user. In some embodiments, the body-mountable
electronic device 520 can be a body-mountable electronic
device 120 of FIG. 1, although alternative configurations are
possible.

[0059] As shown in the example of FIGS. 5A-5C, the
body-mountable electronic device 520 includes a motion
sensor 522, control circuitry 524 and a power source (not
shown). In some embodiments, the motion sensor 522 can
be an accelerometer capable of providing an output indicat-
ing accelerations detected by the body-mountable electronic
device 520.

[0060] Referring first to FIG. 5A, FIG. 5A illustrates a first
phase of the two-phase wakeup mechanism as motion sensor
522 monitors for the occurrence of a first deployment
indictor signifying detection of an acceleration event that
exceeds a predetermined threshold indicative of deployment
of the body-mountable electronic device 520 onto the user
body 550.

[0061] As shown in the example of FIG. 5B, responsive to
detection of the first deployment indictor, control circuitry
524 is enabled for a second phase of the two-phase wakeup
mechanism. During the second phase, the control circuitry
524 attempts to verify that the body-mountable electronic
device is deployed onto the user body 550 by monitoring for
occurrence of a second deployment indicator during the
second phase.

[0062] As shown in the example of FIG. 5C, during the
second phase of the two-phase wakeup mechanism, the
control circuitry 524 generates the second deployment indi-
cator when an electrical current measured by the biosensor
526 exceeds a predetermined threshold current value. As
discussed herein, the body-mountable electronic device 520
can be any electronic device primarily adapted to monitor
and/or sense health-related information associated with the
user during an operational state. Once deployed, the body-
mountable electronic device 520 can provide feedback
regarding the health-related information back to the user,
e.g., via a built-in interface, via personal communication
device, etc. The feedback can provide useful real-time or
near real-time health-related information to a user. For
example, glucose levels and information on how the glucose
levels are affected by food, activities, etc., can be provided
to a user with type I, II or prediabetes.

[0063] FIGS. 6-8 depict flow diagrams illustrating
example operations performed during a second phase of a
two-phase wakeup mechanism, according to some embodi-
ments. The example operations discussed with reference to
FIGS. 6-8 may be performed in various embodiments by a
body-mountable electronic device such as, for example,
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body-mountable electronic device 120 of FIG. 1, or one or
more microcontrollers, modules, engines, or components
associated therewith.

[0064] As discussed herein, the body-mountable elec-
tronic device is shipped and stored in a sleep (or pseudo-off)
state. The body-mountable electronic device includes a
two-phase deployment-initiated wakeup mechanism that
reliably wakes up the body-mountable electronic device
from the sleep (or pseudo-off) state to a functional (or
operational) state responsive to deployment (or launching)
of the device onto a user body. During a first phase of the
two-phase wakeup mechanism, a motion sensor detects an
acceleration event indicative of deployment of the device
onto the body of the user. During a second phase of the
two-phase mechanism, control circuitry is enabled to verify
that the device has been launched onto the body of a user
and, thus, reduce a likelihood of a false wakeup, e.g.,
unintended transitions to the functional (or operational)
state.

[0065] Referring first to the example of FIG. 6, FIG. 6
depicts a flow diagram illustrating example operations 600
for verifying deployment of a body-mountable electronic
device using a biosensor adapted to detect an analyte or
interstitial fluid, according to some embodiments.

[0066] To begin, at 601, the body-mountable electronic
device applies a voltage to the biosensor and, at 603,
measures the current across the biosensor. As discussed
herein, if the biosensor (analyte) sensor is deployed, i.e., the
sensor is in interstitial fluid, then a current will be flowing
through the device. Likewise, if the biosensor (analyte)
sensor is not deployed, i.e., the sensor is not in interstitial
fluid, then a current should not be flowing through the
device.

[0067] At decision 605, the body-mountable electronic
device determines if the measured current exceeds a prede-
termined current threshold. It is appreciated that in humid
environments, it is possible to detect a small current flow
even when the biosensor is not deployed. Accordingly, the
predetermined current threshold can be set to a nominal
value to reduce false wakeups in humid environments. If the
measured current does not exceed the predetermined current
threshold, the body-mountable electronic device remains or
returns to the sleep state. However, if the measured current
does exceed the predetermined current threshold, at 609, the
body-mountable electronic device generates the second
deployment indicator.

[0068] FIG. 7 depicts a flow diagram illustrating example
operations 700 for verifying deployment of a body-mount-
able electronic device using a wireless transmitter adapted to
establish a wireless connection with a personal communi-
cation device, according to some embodiments.

[0069] To begin, at 701, the body-mountable electronic
device enables the wireless transmitter. For example, the
body-mountable electronic device can enable a BLE trans-
ceiver of the body-mountable electronic device. Once
enabled, the device is discoverable and can be paired with a
personal communication device such as, for example, per-
sonal electronic device 480 of FIG. 4. At 703, the body-
mountable electronic device starts a timer. The timer can
count up or down, but a wireless connection must be
established within a predetermined timeout or period.
[0070] At 705, the body-mountable electronic device
monitors a connection status of the wireless transmitter and,
at decision 707, determines if a connection has been estab-
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lished, e.g., if the body-mountable electronic device and the
personal communication device have paired. If a connection
has not been established, at decision 709, the body-mount-
able electronic device determines if the timeout period has
occurred. For example, if there is no BLE connection within
a predetermined timeout period, e.g., ten minutes, then the
system times out and, at 711, returns to a sleep (or pseudo-
off) state. Returning to decision 707, if a connection is
established, at 713, the body-mountable electronic device
generates the second deployment indicator which, in the
example of FIG. 7, is indicative of establishment of a
wireless connection between the wireless transmitter and the
personal communication device prior to expiry of the tim-
eout period.

[0071] FIG. 8 depicts a flow diagram illustrating example
operations 800 for verifying deployment of a body-mount-
able electronic device via one or more accelerometer ges-
tures, according to some embodiments.

[0072] To begin, at 801, the body-mountable electronic
device monitors the motion sensor for detection of an
accelerometer gesture or pattern of gestures. At decision
803, the body-mountable electronic device determines if the
accelerometer gesture or pattern of gestures is detected. If
not, the body-mountable electronic device continues moni-
toring the motion sensor at step 801. Otherwise, at 805, the
body-mountable electronic device compares the detected
gesture or pattern of gestures to a predetermined gesture or
pattern. For example, a pattern of gestures can include a
series of movements or taps. At decision 807, the body-
mountable electronic device determines if there is a match.
If there is not a match, at decision 809, the body-mountable
electronic device determines if a timeout period has
occurred. If the timeout period has occurred, at 811, the
body-mountable electronic device returns to a sleep (or
pseudo-off) state. Otherwise, the body-mountable electronic
device continues to monitor for gestures at 801. Returning to
decision 807, if the gesture or pattern of gestures match a
predetermined gesture or pattern, at 813, the body-mount-
able electronic device generates the second deployment
indicator.

[0073] Certain inventive aspects may be appreciated from
the foregoing disclosure, of which the following are various
examples.

Example 1

[0074] A mountable device deployment system compris-
ing: a body-mountable electronic device including: a motion
sensor adapted to detect a first deployment indicator, the first
deployment indicator comprising an acceleration event
indicative of deployment of the body-mountable electronic
device, and control circuitry adapted to transition the body-
mountable electronic device from a sleep state to a wakeup
verification state responsive to the first deployment indica-
tor, and to transition the body-mountable electronic device
from the wakeup verification state to an operational state
responsive to detecting a second deployment indicator; and
a deployment applicator having the body-mountable elec-
tronic device retained therein, the deployment applicator
including a deployment mechanism adapted to launch the
body-mountable electronic device.

Example 2

[0075] The system of Example 1, wherein the body-
mountable electronic device further includes a biosensor
adapted to detect an analyte or interstitial fluid.
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Example 3

[0076] The system of Example 2, wherein the deployment
mechanism comprises an extendable spring-loaded needle
adapted to insert the biosensor into a body of a user upon
deployment, and wherein the acceleration event is indicative
of the launching of the extendable spring-loaded needle.

Example 4

[0077] The system of Example 3, wherein the deployment
applicator is adapted to retain the body-mountable electronic
device until the extendable spring-loaded needle retracts and
thereby disposing the body-mountable electronic device on
the body of the user and the biosensor beneath a surface of
skin of the user.

Example 5

[0078] The system of Example 3, wherein the body-
mountable electronic device further includes: a base having
a bio-compatible adhesive disposed on a proximal surface
for attaching the body-mountable electronic device to skin
of the user.

Example 6

[0079] The system of Example 2, wherein the control
circuitry is further adapted to detect the second deployment
indicator when an electrical current measured by the bio-
sensor matches a preset pattern.

Example 7

[0080] The system of Example 6, wherein the electrical
current measured by the biosensor matches the preset pattern
when the electrical current exceeds a predetermined thresh-
old value.

Example 8

[0081] The system of Example 1, wherein the body-
mountable electronic device further includes: a wireless
transmitter operably coupled with the control circuitry and
adapted to transmit information to a communication device,
wherein the control circuitry is further adapted to detect the
second deployment indicator responsive to establishment of
a wireless connection between the wireless transmitter and
the communication device prior to expiry of a timeout.

Example 9

[0082] The system of Example 1, wherein the control
circuitry is further adapted to detect the second deployment
indicator responsive to detecting a gesture pattern in motion
signals outputted by the motion sensor.

Example 10

[0083] The system of Example 9, wherein the gesture
pattern comprises a pattern of body mountable electronic
device movements, a pattern of rotations, a pattern of taps,
or a combination thereof.

Example 11

[0084] The system of Example 1, wherein detecting the
acceleration event includes detecting a g-force that exceeds
a predetermined g-force threshold.
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Example 12

[0085] The system of Example 1, wherein the deployment
applicator further comprises: a triggering mechanism
mechanically coupled with the deployment mechanism and
adapted to direct the deployment mechanism to launch the
body-mountable electronic device responsive to activation.

Example 13

[0086] A body-mountable electronic device comprising: a
motion sensor adapted to detect, during a first phase of a
two-phase wakeup mechanism while the body-mountable
electronic device is in a sleep state, a first deployment
indicator comprising an acceleration event indicative of
deployment of the body-mountable electronic device; and a
microcontroller enabled by the acceleration event and
adapted to: transition the body-mountable electronic device
from the sleep state to a wakeup verification state; verify that
the body-mountable electronic device is deployed onto a
body of a user during a second phase of the two-phase
wakeup mechanism, wherein the microcontroller detects a
second deployment indicator responsive to a verification that
the body-mountable electronic device is deployed; and tran-
sition the body-mountable electronic device from the
wakeup verification state to an operational state responsive
to detecting the second deployment indicator.

Example 14

[0087] The body-mountable electronic device of claim 13,
further comprising: a biosensor operably coupled with the
microcontroller and adapted to detect an analyte or intersti-
tial fluid, wherein the microcontroller detects the second
deployment indicator when an electrical current measured
across the biosensor exceeds a predetermined threshold
value.

Example 15

[0088] The body-mountable electronic device of claim 13,
further comprising: a wireless transmitter operably coupled
with the microcontroller and adapted to transmit information
to a communication device, wherein the microcontroller is
further adapted to detect the second deployment indicator
responsive to establishment of a wireless connection
between the wireless transmitter and the communication
device prior to expiry of a timeout.

Example 16

[0089] The body-mountable electronic device of claim 13,
wherein the microcontroller is further adapted to detect the
second deployment indicator responsive to detecting a ges-
ture pattern in motion signals outputted by the motion
sensor.

Example 17

[0090] The body-mountable electronic device of claim 13,
wherein the acceleration event includes detecting a g-force
that exceeds a predetermined g-force threshold.

Example 18

[0091] A method of waking up a body-mountable elec-
tronic device, the method comprising: monitoring for occur-
rence of a first deployment indicator while in a sleep state,
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wherein the first deployment indicator comprising an accel-
eration event indicative of deployment of the body-mount-
able electronic device onto a body of a user; responsive to
detecting the first deployment indicator, enabling control
circuitry adapted to detect occurrence of a second deploy-
ment indicator, wherein enabling the control circuitry tran-
sitions the body-mountable electronic device from the sleep
state to a wakeup verification state; and responsive to
detecting the second deployment indicator, transitioning the
body-mountable electronic device from the wakeup verifi-
cation state to an operational state.

Example 19

[0092] The method of claim 18, wherein to detect the
occurrence of the second deployment indicator, the control
circuitry is further adapted to: apply a voltage to a biosensor,
wherein the biosensor is adapted to detect an analyte or
interstitial fluid; measure a current across the biosensor;
determine if the current across the biosensor exceeds a
predetermined threshold; and detect the second deployment
indicator responsive to the current across the biosensor
exceeding the predetermined threshold.

Example 20

[0093] The method of claim 18, wherein to detect the
occurrence of the second deployment indicator, the control
circuitry is further adapted to: monitor a connection status of
a wireless transmitter of the body-mountable electronic
device; and detect the second deployment indicator respon-
sive to detecting a wireless connection between the wireless
transmitter and a communication device prior to expiry of a
timeout.

Example 21

[0094] The method of claim 18, wherein to detect the
occurrence of the second deployment indicator, the control
circuitry is further adapted to: monitor the motion sensor for
occurrence of a gesture pattern in motion signals outputted
by the motion sensor; and detect the second deployment
indicator responsive to detecting the gesture pattern in the
motion signals outputted by the motion sensor.

Example 22

[0095] A mountable device deployment system compris-
ing: a body-mountable electronic device including: a motion
sensor adapted to detect motion, and control circuitry
adapted to enable responsive to detecting the motion and,
once enabled, determine if the motion comprises an accel-
eration event indicative of deployment of the body-mount-
able electronic device, and when the acceleration event is
indicative of deployment of the body-mountable electronic
device, transition the body-mountable electronic device to
an operational state responsive to detecting a second deploy-
ment indicator; and a deployment applicator having the
body-mountable electronic device retained therein, the
deployment applicator including a deployment mechanism
adapted to launch the body-mountable electronic device.

[0096] The functional block diagrams, operational sce-
narios and sequences, and flow diagrams provided in the
Figures are representative of exemplary systems, environ-
ments, and methodologies for performing novel aspects of
the disclosure. While, for purposes of simplicity of expla-
nation, methods included herein may be in the form of a

Oct. 29, 2020

functional diagram, operational scenario or sequence, or
flow diagram, and may be described as a series of acts, it is
to be understood and appreciated that the methods are not
limited by the order of acts, as some acts may, in accordance
therewith, occur in a different order and/or concurrently with
other acts from that shown and described herein. For
example, those skilled in the art will understand and appre-
ciate that a method could alternatively be represented as a
series of interrelated states or events, such as in a state
diagram. Moreover, not all acts illustrated in a methodology
may be required for a novel implementation.

[0097] The descriptions and figures included herein depict
specific implementations to teach those skilled in the art how
to make and use the best option. For the purpose of teaching
inventive principles, some conventional aspects have been
simplified or omitted. Those skilled in the art will appreciate
variations from these implementations that fall within the
scope of the invention. Those skilled in the art will also
appreciate that the features described above can be com-
bined in various ways to form multiple implementations. As
a result, the invention is not limited to the specific imple-
mentations described above, but only by the claims and their
equivalents.

What is claimed is:

1. A two-phase deployment-initiated wakeup apparatus
comprising:

means for monitoring for occurrence of a first deployment
indicator indicative of deployment of a body-mount-
able electronic device;

means for enabling, responsive to occurrence of the first
deployment indicator, control means for monitoring for
occurrence of a second deployment indicator,

wherein enabling the control means transitions the
body-mountable electronic device from a first state
to a second state; and

means for transitioning, responsive to occurrence of the
second deployment indicator, the body-mountable elec-
tronic device from the second state to an operational
state.

2. The two-phase deployment-initiated wakeup apparatus
of claim 1, wherein the first state consumes less power than
the second state.

3. The two-phase deployment-initiated wakeup apparatus
of claim 2, wherein the second state consumes less power
than the operational state.

4. The two-phase deployment-initiated wakeup apparatus
of claim 1, wherein the first deployment indicator comprises
an acceleration event indicative of the deployment of the
body-mountable electronic device.

5. The two-phase deployment-initiated wakeup apparatus
of claim 4, wherein the acceleration event comprises a
g-force that exceeds a predetermined g-force threshold.

6. The two-phase deployment-initiated wakeup apparatus
of claim 1, further comprising:

the control means monitoring for the occurrence of the
second deployment indicator.

7. The two-phase deployment-initiated wakeup apparatus
of claim 6, wherein the second deployment indicator com-
prises an indication that a measured electrical current
matches a preset pattern or exceeds a predetermined thresh-
old value.
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8. The two-phase deployment-initiated wakeup apparatus
of claim 6, wherein the second deployment indicator com-
prises a gesture pattern in motion signals outputted by the
motion sensor.
9. The two-phase deployment-initiated wakeup apparatus
of claim 8, wherein the gesture pattern comprises a pattern
of body mountable electronic device movements, a pattern
of rotations, a pattern of taps, or a combination thereof.
10. The two-phase deployment-initiated wakeup appara-
tus of claim 1, further comprising:
means for detecting the first deployment indicator.
11. The two-phase deployment-initiated wakeup appara-
tus of claim 1, further comprising:
means for detecting the second deployment indicator.
12. A body-mountable electronic device comprising:
a sensor adapted to monitor for occurrence of a first
deployment indicator indicative of deployment of the
body-mountable electronic device; and
control circuitry enabled by the occurrence of the first
deployment indicator, the control circuitry adapted to:
transition the body-mountable electronic device from a
first state to a second state;

during the second state, monitor for occurrence of a
second deployment indicator; and

transition the body-mountable electronic device from
the second state to an operational state responsive to
the occurrence of the second deployment indicator.

13. The body-mountable electronic device of claim 12,
wherein the first state consumes less power than the second
state, and the second state consumes less power than the
operational state.

14. The body-mountable electronic device of claim 12,
wherein the sensor comprises a motion sensor, and the first
deployment indicator comprises an acceleration event
indicative of the deployment of the body-mountable elec-
tronic device.

15. The body-mountable electronic device of claim 12,
wherein the control circuitry is further adapted to detect the
occurrence of the second deployment indicator by:

applying a voltage to a biosensor, wherein the biosensor
is adapted to detect an analyte or interstitial fluid;

measure a current across the biosensor;
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determine if the current across the biosensor exceeds a

predetermined threshold; and

detect the occurrence of the second deployment indicator

responsive to the current across the biosensor exceed-
ing the predetermined threshold.

16. A non-transitory computer readable storage media
having program instructions stored thereon that, when
executed by one or more processors, direct the one or more
processors to:

monitor for occurrence of a first deployment indicator

indicative of deployment of a body-mountable elec-
tronic device;

in response to occurrence of the first deployment indica-

tor,

transition a body-mountable electronic device from a
first state to a second state, and

enable control circuitry to monitor for occurrence of a
second deployment indicator; and

in response to the occurrence of the second deployment

indicator, transition the body-mountable electronic
device from the second state to an operational state.

17. The non-transitory computer readable storage media
of claim 16, wherein the first state consumes less power than
the second state, and wherein the second state consumes less
power than the operational state.

18. The non-transitory computer readable storage media
of claim 16, wherein the first deployment indicator com-
prises an acceleration event indicative of the deployment of
the body-mountable electronic device.

19. The non-transitory computer readable storage media
of claim 18, wherein the acceleration event comprises a
g-force that exceeds a predetermined g-force threshold.

20. The non-transitory computer readable storage media
of claim 16, wherein the program instructions, when
executed by the one or more processors, further direct the
one or more processors to:

detect the occurrence of the second deployment indicator

when an electrical current measured across a biosensor
exceeds a predetermined threshold value,

wherein the biosensor is operably coupled with the con-

trol circuitry and adapted to detect an analyte or inter-
stitial fluid.



