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(57) Abstract: A system and related methods for powering a device module of 0T device with an energy harvesting module. A su-
percapacitor is charged by the energy harvesting module and discharged to the device module to power the device module. The dis-
charge from the supercapacitor may be scheduled to power demanding tasks to provide sufficient recharging periods for the superca-
pacitor and avoid discharging the supercapacitor when the supercapacitor is insufficiently charged.
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ENERGY HARVESTING SYSTEM FOR IOT DEVICES

LA

PRIORITY APPLICATION
{0801} This application claims the benefit of prionity to U.S. Application
Serial No. 14/969,925, filed December 15, 2015, which s incorporated herein by

reference 1n its entirety.

10 TECHNICAL FIELD
[0002] This document pertains generallv, but not by wav of limitation, to
energy harvesting systems and related methods for powering Internet of Things

(10T} devices.

i5 BACKGROUND
{0803} Many IoT devices can be configured for monttoring or other
functions m remote geographic locations or other locations where the 10T device
cannot be powered by a power grid. These IoT devices can be powered by self-
contained power sources that typically include batteries for powering the

20 sensors, transmitters, receivers, and other device modules of the IoT device.
Recently, energy harvesters, such as solar panels and wind turbines, have been
mtegrated into foT devices to continually recharge the batteries of the IoT device
if the batteries are depleted from powering the device modules. While the energy
harvesters permit recharging of discharged baiteries, the rechargeable batteries

25 sull require regular maintenance and replacement hampering the effectiveness of
the IoT device. The continual and repeated recharging of the chemical batteries
eradually reduces the effective charge that can be received by the batteries and
eveniually require that no longer effective batteries to be replaced. In addition,
certain 10T devices regularly perform tasks requiring substantial power

30 discharges, such as long range and substantial data or message transmissions,
which further reduces the effectiveness of the battertes over time.
[0004] As the meffective batteries must often be replaced within the
overall life of the foT device, the 10T device is constructed with an access panel

or other doorway to permit access to the batteries. However, the access point can

42
n

also permit moisture and other contaminants to penetrate the interior of the foT
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device and damage the device. As these tvpes of 10T devices are often placed in
focations with harsh and/or turbulent weather for providing monitoring of those
locations, the IoT devices are often subjecied {o inclement weather and other
sttuations, such as flooding, which could exploit the battery replacement access

5 panel and cause moistire or containments to penetrate the foT device.
[O005] Similarly, chemical batteries are vulnerable to reduced
effectiveness when subjected to exireme cold or warm temperatures and/or at
high attitudes. As such, insulation or other special precautions to prevent
reduced effectiveness or failure of the 10T device due to msufficient power

10 provided by the batteries. The added precautions increase the expense and

complexity of the loT device. In addition, heating or cooling systerns will further
drain the battery and reduce the overall effectiveness of the foT device.
[O006] As such, powering the IoT device with the battery significantly
hinders the longevity of the IoT device and increases the maintenance required

15 by the IoT device.

BRIEF DESCRIPTION OF THE DRAWINGS

10007} In the drawings, which are not necessarily drawn to scale, like

numerals may describe similar components in different views. Like numerals
20 baving different letter suffixes mayv represent different instances of similar

components. The drawings iHustrate generally, by way of example, but not by

way of limitation, various embodiments discussed in the present document.

{00603} Figure 1A is a schematic diagram of an {07 device according to

an example of the present disclosure in which an energy harvesting module s
25 integral to the loT device.

[0009] Figure 1B is a schematic diagram of an IoT device according to

an example of the present disclosure having a supercapaciior rechargeable by an

energy harvesting modile and a non-rechargeable secondary battery.

{0010} Figure 1C is a schematic diagram of an {oT device according to
30 an exampie of the present disclosure in which an energy harvesting module is

remoie from a supercapacitor of the IoT device.

0011 Figure 1D 15 a schematic diagram of an [oT device according to

an example of the present disclosure having two energy harvesting modules

configurad to convert energy from different energy sousces.

o]
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{0012} Figure 2 A is circutt diagram of a hybrid power circuif according
1o an example of the present disclosure.
18013} Figure 2B is a circuit diagram of the hyvbrid power circuit
depicted in FIG. 2A, wherein power 1s being discharged from the supercapacitor
5 when the supercapacitor has a higher voltage than the batiery.
[0014] Figure 2C is a circuit diagram of the hvbrid power circuit
depicted in FIG. 2A, wherein power 15 being discharged from the secondary
battery.
{0015} Figure 3 is a voltage profile of a supercapacitor and a battery
10 according to an example of the present disclosure, wherein an energy harvesting
device 1s continually recharging the supercapacitor.
[0016] Figure 4 is a voltage profile of a supercapacitor and a battery
according to an example of the present disclosure, wherein recharging the
supercapactior by an energy harvesting device is halted and the battery is
15  supplementing the supercapacitor.
{0617} Figure 5 is a schematic diagram of a process for scheduling tasks
according to available energy according to an example of the present disclosure.
{6018} Figure 6 1s a schematic diagrar of a process for determining
whether maintenance of an loT device is required according to an example of the
20 present disclosure.
{0019] Figure 7 is a schematic diagram illustrating an example controller

module for running any one or more of the methodologies discussed herein.

DESCRIPTION OF EMBODIMENTS

25 j0020] The present inventors have recognized, among other things, that a
problem to be solved can include the increased maintenance and gradually
reducing effectiveness of 10T devices resulting from the use of batteries as the
primary or sole power source for IoT devices. In an example, the present subject
matter can provide a solution to this problem, such as by providing an loT

30 device that may have a supercapacitor powering a device module and an energy
harvesting module for recharging the sapercapacitor. As the device module 1s
powered by the discharge of the supercapacitor, the {oT device may be energy
source agnostic and the energy harvesting module may be selected according to
the most readily available energy source.

3
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{0021} The energy harvesting module may continuously charge or
regularly recharge the supercapacitor without gradually reducing charge capacity
as with conventional chemical batieries. Similarly, the supercapacitor may be
repeatedly fully discharged without impacting the overall charge capacity of the
supercapacitor. In addition, the supercapacitor is less susceptible to reduced
performance or damage from extreme temperatures then chemical batteries. As
such, regular replacement of the battery may be avoided thereby permitting a
more complete sealing of the IoT device against moisture and contaminants.
{00622} In an example, the foT device may be configured to evaluate
energy consumption of the device module during an initial training period.
During the initial training peniod, a controller may evaluate energy demanding
tasks for the device module and power harvesting by the power harvesting
module. The controller may alter the queue of tasks to schedule the tasks to align
with power harvesting windows such that the supercapacitor is continually
echarged by the power harvesting module as the supercapacitor is discharged.
This configuration may also schedule the energy demand task when energy
source for the power harvesting module 15 more abundant.
[0023] In an example, the training period can correspond fo the rated
lifetime of the secondary battery. In at least one example, the training period can
fast at least one year to allow the controlier to understand diurnal, seasonal and
annual vanations in energy availability and consumption 1o adapt accordingly.
For example, less solar energy is available during the shorter daylight hours of
winter than during the longer davlight hours of summer. In contrast, more wind
may be available during winter storms that calmer summer days. The controller
may alter the queue of tasks to execute energy demanding tasks following a
pertod of supercapacitor recharging to maximize the harvesting of available
energy. In an example, the controller may alter the queue of tasks to operate the
IoT device to mumimize energy consumption and energy demanding tasks until a
charging period for the supercapacitor can be scheduled.
{00624} In an example, the IoT device may inciude a hvbrid power circuit
mcluding a supercapacitor and a secondary battery arranged in parallel {o
discharge power to the device module. The hybrid power circuit may be biased
such that the supercapacitor is the primary power source for the device module
and draws power from the secondary battery when the supercapacitor is

4
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depleted. In an example, during high energy demanding tasks such as
transmission of information, the supercapacitor may initially power the device
module and the secondary battery may power the device module when the
supercapacitor is depleted. The controller may schedule energy demanding tasks
5 to align with power harvesting windows such that the supercapacitor is

continually recharged by the power harvesting module as the supercapacitor is
discharged to avoid discharging the secondary battery. The controller may alter
the queue of tasks to execute energy demanding tasks following a period of
super capacitor recharging to maximize the harvesting of available energy and

10 minimize use of the secondary battery. In an example, the controller may alter
the queue of tasks to operate the ToT device to minimize energy consumption
and energy demanding tasks until the supercapacitor can be recharged. As the
secondary battery supplements the supercapacitor rather than operating as the
primary power source, the secondary battery 1s discharged and recharged less

15 frequently thereby extending the functional life of the battery and/or avoiding
the reduced effective charge resulting from repeated recharging of the battery.
[18025] As depicted 1n FIGS. 1A 10 1D, an ToT device 10, according to an
example, may include an energy harvesting module 12, at least one
supercapacitor 14 and at least one device module 16. The energy harvesting

20 module 12 may be operably connected to the supercapacitor 14 for charging the
supercapacitor 14, which is operably connected to each device module 16 for
discharging power to each device module 16. In an example, a controller module
24 may be configured 1o control power distribution from the supercapacitor 14 to
each device module 16, As depicted in FIGS, 2A-2C, in an example, an IC Boost

25 may step up the voltage outputted by the energy harvesting module 12 to the
supercapaciior 14.
[026] In an example, the energy harvesting module 12 may be
miegrated nio the IoT device 10 as depicted in FIG. 1A In this configuration,
the IoT device 10 can be self-contained and sealed to minimize potential entry

30 points into the IoT device 10. In at least one example, the 10T device 10 may be
mounted (o an existing power grid or other energy harvesting devices in a
parasitic fashion such that the energyv harvesting module 12 draws power from
the power grid or other energy harvesting devices to charge the supercapacitor

14.

W
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[0027] In an example, as depicted in FIG. 1C, the energy harvesting
module 12 may be remoie from the supercapacitor 14, wherein the energy
harvesting module 12 may be electrically connected to the supercapacitor 14 o
charge the supercapacitor 14. In this configuration, the energy harvesting module
12 may be larger than an integrated energy harvesting module 12, thereby
permitting gathering of energy from certain ambient energy sources that could
require a larger energy gathering module 12 including, but not limited fo solar,
microwave, wind, water, and geothermal. Alternatively, in at least one example,
the remotely positioned energy harvesting module 12 may be configurad to draw
from a power grid or other energy harvesting devices in a parasitic fashion to
charge the supercapacitor 14.

[0028] In at least one example, the energy harvesting module 12 may be
configured to convert info electrical energy at least one of, but not lmited,
mechanical motion, kinetic inductance, electromagnetic inductance, thermal
energy, ambient temperature change, and electromagnetic radiation provided by
ambient sources. The ambient sources can include, but are not limited to, solar
energy, wind energy, tidal or hyvdroelectric energy, geothermal energy, hyvdro or
air temperature change energy, magoetic energy, and nuclear energy.

{0029] In at least one example, the energy harvesting module 12 may be
configured to generate electrical energy from a consumable fuel source. The fuel
source may include, but is not limited to gasoline, diesel, natural gas, ethanol,
coal, nuclear, biomass, salt, sand, and synthetic fuels. The energy harvesting
module 12 may be configured io kinetic energy provided by a user {o allow
manual charging of the [oT device 10 as needed.

100306} In at least one example, the energy harvesting module 12 may be
configurad to parasitically draw electricity from an existing electrical source
mcluding, but not limited to, an existing power gnd or other energy harvesting
or generators. In this configuration, the IoT device 10 can include a converter for
varying the electricity drawn from the existing electrical source.

{00631} As depicted 1n FIG. 1D, in at least one example, the ToT device
10 can include at teast a first energy harvesting module 124 and a second energy
harvesting module 12B. The energy harvesting modules 12A, 128 may be
configurad to convert energy from the same energy source to increase the energy
supplied and/or reduce the size of the energy harvesting modules 12ZA, 12B. In at

6
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least one example, the energy harvesting modules 12A, 12B may be configured
to convert energy from different energy sources to increase flexibility in timing
and/or energy that can be supplied in recharging of the supercapacitor 14, As
depicted in FIG. 1D, the energy harvesting module 12A moay convert solar
5 energy and the energy harvesting module 12B may convert wind energy.

[0032] The supercapaciior 14 may comprise a wound or stacked
capacitor wherein a plurality of electrode plates are arranged in parallel. In this
configuration, each electrode sandwich may operate as an Flectric Double Layer
Capacitor (“EDLC™) to maximize the surface area to volume ratio of the

10 supercapacitor 14, Tn an at least one example, supercapacitor 14 may comprise a
hybrid capacitor in addition fo or in place of an EDLC. As illustrated, the [oT
davice 10 includes a single supercapacitor 14. It is contemplated that the loT
device 10 may include a plurality of supercapacitors 14 to increase the amount
of power that may be stored by the supercapacitors 14. In this configuration, the

15 plurality of supercapacitors 14 may be arranged in paraliel.
{60633} The device modules 16 may inciude, but are not limited o, a
plurality of modules includes sensors, transmitters, receivers, data storage
modules and other modules tor foT devices configured for long term monitoring.
The device module 16 is intended 1o generally refer to the modules of ToT device

20 10 and is not intended o be limiting.
{0034] As depicted in FIG. 1A, the IoT device 10 may include a
secondary battery 20 to provide a hvbrid power supply that may supplement the
supercapacitor 14, As llustrated in FIG. 1A, 1n an example, the energy
harvesting module 12 may be operably connected to the secondary battery 20 for

25 charging the secondary battery 20, which discharges power to each device
module 16, In at least one example, the foT device 10 may be connectable to a
DC source to recharge a depleted secondary battery 20. Allernatively, as
Hlustrated 1 FIG. 1B, the secondary battery 20 may be a non-rechargeable
battery, which may have a longer effective life than an equivalent rechargeable

30 batterv. In this configuration, the IoT device 10 may be configured to permit
swapping of a depleied secondary battery 20 with a charged secondary battery
20. The controller raodule 24 mav be configured to control power distribution
from the secondary battery 20 to each device module 16. In an example, the
controlier module 24 mav be configured to direct power to each device module

)
7
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16 from the supercapacitor 14 until the supercapacitor 14 is depleted. Upon
depletion of the supercapacitor 14, the controller module 24 may be configured
io direct power from the secondary battery 20 {0 each device module 16
[0035] As depicted 1n FIG. 2A, a hvbnid power circuit 25, according to
5 an example, may include a primary power source path 26 and a batiery source
path 28. The primary power source path 26 may extend from the supercapacitor
14 to the device modules 16. In an example, the energy harvesting module 12
may be operably connected to the primary source path 26. The battery source
path 28 may extend from the secondary battery 20 to the device modules 16.

10 [0036] A swiiching circuit 30 may be operably connected 1o the power
source path 26 and the battery source path 28 and swiich between the
supercapacitor 14 and the secondary battery 20 as the power source for the
device modules 16, The switching circuit 30 may include a comparator 32, a
primary path metal-oxide-senuconductor field-effect transistor ("MOSFET™)

15 3da, and a battery path MOSFET 34b for comparing the voltage supplied by the
supercapacitor 14 and the secondary battery 20 and performing biased fow-
leakage switching between the supercapaciior 14 and the secondary battery 20,
{6037] As depicted 1n FIGS. 2A-C, in an example, the primary source
path 26 may include a Schottky diode 36a for preventing inadvertent reverse

20 power flows in the primary source path 26. The batiery source path 28 may
include a Schottky diode 36b for preventing inadvertent reverse power flows in
the battery source path 28.

{0035} In an example, the ouiput voliage of the supercapacitor 14 is
greater than the output voltage of the secondary battery 20 such that the

25 switching circunt 30 15 biased toward the supercapacitor 14 and only supplies
power trom the secondary battery 20 when the supercapacitor 14 is sufficiently
depleted. As Hustrated in FIGS. 2B and 3, during high energy demand tasks,
such as transmission of messages (e.g. Msg #1, Msg #2, Msg #3, Msg #4), the
supercapacitor voltage Ve may decrease as the supercapacitor 14 is depleted.

30 The energy harvesting module 12 may recharge the supercapaciior 14 between
the high energy demand tasks without or munimally relying on energy discharge
from the secondary battery 20, as illustrated by the secondary battery voltage
YVean in FIG. 3. This arrangement avoids bursty current usage from the secondary
battery 20, which extends the hifetime of the batiery. As illustrated in FIGS. 2C

8
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and 4, in situations where the energy harvesting module 12 cannot sufficiently
recharge the supercapacitor 14 between the high energy tasks {e.g. unable to
collect solar energy at night), the secondary batterv 20 may provide
supplemental energy for performung any intervening high energy dernand task
5 (Msg#3).

[6039] Ags illustrated in FIG. 3, a method for scheduling tasks 100 may
mclude a task selection 102, a voltage comparison 104, and a total energy
evaluation 106. This method 100 may be implemented by the controlier 24. In an
example, the controller 24 may be a microprocessor for receiving instructions

16 from computer readable mediom.
{6040} The task selection 102 may include querving a task queue of
scheduled energy demanding tasks for the device modules 16 including, but not
himited to, message {ransmission; message reception; sensor operation; and data
collection. The task queue may comprise a chronological list of energy

15  demanding tasks. For an example, the task queue can mclude collecting data
with the sensor operation and transmiiting the corresponding information to a
remole receiver. In an example, the task gqueue can include performing certain
energy demanding tasks at certain timne frames. The energy demanding tasks and
mitial queue may be preprogranmuned or received via message transmission from

20 aremote controller.
{0041} The voltage comparison 104 mav include comparing the output
voltage Ve of the supercapacitor 14 and the output voltage Via of the
secondary battery 20 to determine if the output voltage Ve exceads the Vi, If
the Ve does not exceed the Vi, energy demanding task is rescheduled to the

25 queue to delay the energy demanding task until etther the supercapacitor 14 s
sufficient 1o perform the energy demanding task. In an example, the energy
demanding task can be designated as a high priority task. If designated at a high
priority task, the controller may proceed to the total energy evaluation 106 and
immediately supply power the available power to perform the energy demanding

30 iask even if the oulput voltage Ve does not exceed the Vi, As such, the
secondary battery 20 can be discharged in the performance of high priority tasks
if the output voltage Ve 15 mnsufficient. High priority tasks may mclude, but are
not limited to, message transmissions corresponding to detected emergency
situations and detected 10T device 10 malfunctions or damage. High priority

9
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tasks may include, but are not limited to, message transmissions corresponding
o detected emergency situations and detected (0T device 10 malfunctions or
damage. This configuration alfows delaying high energy demand, low prionty
tasks to allow the supercapacitor 14 to be sufficientlv charge to be the sole
power provider for the scheduled task and avoid any discharge of the secondary
battery 20. High energy demand, low priority tasks may include, but are not
himited to. ordinary message transmissions and data uploads.
[0042] The total energy evaluation 106 may include evaluating the
output voltage Veqp of the supercapacitor 14 and the output voliage Vi of the
secondary battery 20 to determine if sufficient power for performing the
schedule energy demanding task may be provided from the supercapacitor 14,
the secondary battery 20 and combination thereof. If the supercapacitor 14 and
the secondary battery 20 cannot provide sufficient power, the energy demanding
task 1s returned to the queue for performance later when etther the supercapacitor
14 and/or the secondary battery 20 is sufficiently recharged. In an example, if
the total energy evaluation 106 determines that insufficient power may be
provided to perform the energy demanding task, the energy demanding task 1s
retumned to the task queue even if the energy demanding task s a high priority
task. If sufficient power may be provided by the supercapacitor 14 and/or the
secondary battery 20, the scheduled task may be performed if the energy
demanding task is a high prionity task. In at least one example, if the energy
emanding task passes the voliage comparison 104, but insufficient power can
be provided by the supercapacitor 14 and/or the secondary batter 20 when
evaluated at the total energy evaluation 106,
[0043] In an example, if the secondary battery 20 is depleted, the voliage
output Vegp of the supercapacitor 14 will always exceed the voltage outpirt Voau
and the total energy evaluation 106 is the deciding step on whether the scheduded
energy demanding task is performed or queued until the supercapacitor 14 is
sufficiently charged. This configuration prolongs the effective life of the IoF
device 10 by allowing the foT device 10 to be used after the secondary battery
20 ts depleted or the effective charge carried by the secondary battery 20 1s
reduced by repeated recharging.
{00441 As lustrated in FIG. 6, a method for evaluating secondary
battery 20 usage 120 may include recording energy usage statistics 122; usage

10
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comparison 124; and alert generation 126. As discussed above, regular
recharging of a secondary battery 20 may reduce the effective charge that may
be retained by the battery. Accordingly, the method 120 may be used to
regularly evaluate the usage of the secondary battery 20 and alert the user 1s over
5 use of the secondary battery 20 may occur. This method 120 mayv be

implemented by the controller 24. In an example, the controller 24 may be a
NICTOPTOCESSOr receiving instructions from computer readable medium.
[0045] The recording of energy usage statistics 122 may include
coliecting statistics on the usage of the supercapaciior 14 and the secondary

10 batiery 20 over a predelermined period of time. The usage statistics may include,
but are not luwated to, the amount of power discharged; the duration of power
discharge; the frequency of power discharge and the total power discharged
during scheduled task.
{0046} The usage comparison 124 may include comparing the usage

15  duration of the supercapacitor 14 and the usage duration of the secondary battery
20. If the usage duration of the supercapacitor 14 exceeds the usage duration of
the secondary battery 20, the method 120 15 discontinued for a predetermined
pertod and restarted after the period has passed. In an example, a different usage
statistic may be used, such as, but not limited to, the amount of power

20 discharged; the frequency of power discharge and the total power discharged
during scheduled task.
[0047] The alert generation 126 may include, upon determination that the
usage of the secondary battery 20 exceeds the usage of the supercapacitor 14,
generating of an alert. In an example, the alert may be telemetry data transmitted

25 to aremote receiver such that adjustments to the supercapacitor 14 or energy
harvesting module 12 may be made if needed. A remote user may evaluate the
received telemetry data and vary the scheduled tasks to reduce the energy
consumption of the device modules 16. Alternatively, the capacity of the super
capacity 14 and/or the energy supply capabilities of the energy harvesting

30 module 12 may be upgraded or adjusied in response to the received telemetry
data. In at least one example, the coniroller 24 may adjust scheduling of tasks
100 to mininize the energy demands on the secondary battery 20.
[0048] FIGG. 7 1s a block diagram iHustrating an example controller
module 24 upon which any one or more of the methodologies herein discussed

11
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may be run. In alternative embodiments, the machine operates as a standalone
device or mav be connected {e.g., networked) to other machines. In a networked
deployment, the machine may operate in the capacity of either a server or a
client machine i server-client network environments, or it may act as a peer
machine in peer-to-peer {or distributed} network environments. The machine
may be a personal computer (PC), a tablet PC, a set-top box {(STB), a Personal
Digital Assistant (PIDA), a mobile telephone, a web appliance, a network router,
switch or bridge, or any machine capable of executing instructions {sequential or
otherwise} that specifyv actions to be taken by that machine. Further, while only
a single machine i3 illustrated, the term “machine” shall also be taken to include
arry collection of machines that individually or jointly execute a set (or multiple
sets) of instructions to perform any one or more of the methodologies discussed
herein,

[06049] Example computer svstern 200 includes a processor 202 {e.g., a
central processing unit (CPU), a graphics processing unit {GPU) or both}, a main
memory 201 and a static memory 206, which communicate with each other via a
bus 208, The computer system 200 may further include a display umt 210, an
alphanumeric input device 217 (e.g., a kevboard), and a user interface (Ul)
navigation device 211 {e.g., amouse}. In one embodiment, the display unit 210,
input device 217 and Ul navigation device 211 are a touch screen display. The
computer svstem 200 may additionally include a storage device (e g., drive unit)
216, a signal generation device 218 (e.g., a speaker), a network interface device
220, and one or more sensors 221, such as a global positioning system (GPS)
sensor, compass, accelerometer, or other sensor.

[0050] The storage device 216 includes a machine-readable medium 222
on which 13 stored one or more sets of data structures and instructions 223 (e.g.,
software) embodying or utilized by any one or more of the methodologies or
functions described herein. The instructions 223 may also reside, completely or
at least partially, within the main memory 201 and/or within the processor 202
during exaecution thereof by the computer system 200, with the main memory
201 and the processor 202 also constitufing machine-readable media.

{0051 While the machine-readable medium 222 is illustrated in an
example embodiment o be a single medium, the term "machine-readable
medium” may include a single medium or mudtiple media (e.g., a centralized or
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distributed database, and/or associated caches and servers) that store the one or
more instructions 223. The term “machine-readable medium” shall also be taken
io include any tangible mediom that i1s capable of storing, encoding or carrying
mstructions for execution by the machine and that cause the machine to perform
any one of more of the methodologies of the present disclosure or that is capable
of storing

w2

encoding or carrving data stractures utilized by or associated with
such instructions. The term “machine-readable medium” shall accordingly be
taken o include, bt not be limited to, solid-state memonies, and optical and
magnetic media. Specific examples of machine-readable media include non-
volatite memory, including, by way of example, semiconductor memory devices
(e.g.. Electrically Prograromable Read-Only Memory (EPROM), Electrically
Erasable Programmable Read-Only Memory (EEPROM)) and flash memory
devices; magnetic disks such as internal hard disks and removable disks;
magneto-optical disks; and CD-ROM and DVD-ROM disks.

[0052] The instructions 223 may further be transmitted or received over
a communications network 226 using a transmission medium via the network
mterface device 220 utilizing any one of a number of well-known transfer
protocols (e.g, HTTP) Examples of communication networks inchude a local
area network (LAN), a wide area network {WAN), the Internet, mobile
telephone networks, Plain (3ld Telephone (POTS) networks, and wireless data
networks {e.g., Wi-Fi® and WiMax® networks). The term “{ransmission
medium” shall be taken to include any intangible medium that is capable of
storing, encoding or carrying instructions for execution by the machine, and
mcludes digital or analog communications signals or other intangible medium to

facilitate commurication of such software.

Yanous Notes & Examples

053] Example 1 1s a system for powering a device module, the system
comprising. an energy harvesting module; and a supercapacitor chargeable by
the energy harvesting module; wherein the supercapacitor is configured to
discharge power {0 the device module at a supercapacitor voliage.

[6054] In Example 2, the subject matter of Example 1 optionally
mncludes, wherein the energy harvesting module is configured 1o collect energy

from an ambient source, the ambient source comprising at feast one of solar

i
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panels, wind turbines, hydroeleciric generators, tidal generators, kinetic
induction generators, electromagnetic induction generators, gecthermal
generators, and heat pump generators.
[0055] In Example 3, the subject matter of any one or more of Examples
5 1-2 optionally include, wherein the energy harvesting module is configured fo

generate energy from a fuel source, the fuel source comprising at least one of
gasoline generators, diesel generators, and natural gas generators.
[0056] In Example 4, the subject matier of any one or more of Examples
1-3 optionally include, wherein the system comprises: a supercapacitor bank

10 including a plurahity of supercapacitors arranged in parallel; wherein the
plurality of supercapacitors are chargeable by the energy harvesting module and
configurad to discharge power to the device module.
[B057] In Example §, the subject matier of any one or more of Examples
1-4 optionally include, whereim the supercapacitor operates as at least one of an

15 electric double laver capacitor and a hvbrid capacitor.
{0058} In Example 6, the subject matter of any one or more of Examples
1-5 optionally include, the system comprising: a controller selectively
distributing power discharged by the supercapacitor to the device module,
[0059] In Example 7, the subject matter of Exampie 6 optionally

20 inciudes, wherein the controller is configured to: identify at least one energy
demanding task of the device module requiring power from the supercapacitor.
[0060] In Example ¥, the subject matier of Example 7 optionally
includes, wherein the coniroller is configured o schedule the at least one energy
demanding task such that the supercapacitor discharges power to the device

25 module as the supercapacitor is being charged by the energy harvesting module.
[0061] In Example 9, the subject matter of anv one or more of Examples
7-8 optionally include, wherein the controlier 1s configured to: schedule a
charging period following power discharge from the supercapacitor during the at
least one energy demanding task such that the supercapacitor is recharged by the

30 energy harvesting module following the at least one energy demanding task.
18662] In Example 10, the subject matter of any one or more of
Examples 6-9 optionally include, wherein the controller is configured to:
evaluate energy usage statistics for the supercapacitor, the energy usage statistics
mnclude at feast one of amount of power discharged, duration of power discharge,

14



WO 2017/105665 PCT/US2016/060620

frequency of power discharge and total power discharged during the at least one
energy demanding task; and generate an alert if the energy usage statistics
mdicate msufficient power for the at least one energy demanding task.
{0063} In Example 11, the subject matter of anv one or more of

5  Examples 1-10 optionally include, further comprising: a secondary battery
configurad to discharge power to the device module at a batiery voliage.
[6064] In Example 12, the subject matier of Example || optionally
includes, wherein the supercapacitor and the secondary bhattery are arranged in
paraliel.

10 [0065] In Example 13, the subject matter of any one or more of
Examples 9-12 optionally include, wherein the supercapacitor voitage is greater
than the battery voltage such that power output to the device module is biased to
the supercapacitor until the supercapacitor is discharged.

{0066] In Example 14, the subject matter of any one or more of

15  Examples 1113 optionally include, further comprising: a controller selectively
distribuiing power discharged by at least one of the supercapacitor and the
secondary battery 1o the device module.

[6067] In Example 15, the subject matter of Exarople 14 optionally
mncludes, wherein the controller is configured to: compare the supercapacitor

20 voliage {o the batiery voltage; and discharge power from the supercapacitor {o
the device module when the supercapacitor voltage exceeds the battery voltage.
[0068] In Example 16, the subject matier of anv one or more of
Examples 14-15 optionally include, wherein the controlier 1s configured to:
evaluate supercapacitor voltage and the battery voltage to determine an available

25 charge of the supercapacitor and the secondary battery; and discharge power
from the supercapacitor and the secondary battery when the available charge is
sufficient to power the device module,

[B065] In Example 17, the subject matter of any one or more of
Examples 14-16 optionally include, wherein the controlier is contigured to:

30 identifv at least one energy demanding task of the device module; and
selectively discharge power from at least one of the supercapacitor and the
secondary battery.

0070} In Example 18, the subject matter of Example 17 optionally
includes, wherein the controller is configured to: compare the supercapacitor
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voltage to the battery voltage; and delay the at least one energy demanding task
when the battery voltage exceeds the supercapacitor voltage until the
supercapacitor is recharged by the energy harvesting module,
{0071} In Example 19, the subject matter of anv one or more of
5 Examples 17-18 optionally include, wherein the controller is configured to:

compare the supercapacitor voliage to the battery voltage: and schedule the at
least one energy demanding task such that the supercapacitor dischargess power
to the device module as the supercapacitor is being charged by the energy
harvesting module when the batterv voliage exceeds the supercapacitor voltage.

10 {0072 In Example 20, the subject matter of any one or more of
Examples 17-19 optionally include, wherein the controller 1s configured to:
schedule a charging period following power discharge from the supercapacitor
during the at least one energy demanding task such that the supercapacitor s
recharged by the energy harvesting module following the at least one energy

15  demanding task.
{6673} In Example 21, the subject matter of any one or more of
Examples 17-20 optionally include, wherein the controlier 1s configured 1o
evaluate supercapacitor voltage and the battery voltage to determine an available
charge of the supercapacitor and the secondary battery; and delay the at least one

20 energy demanding task when the available charge is insufficient to perform the
at least one energy demanding task.
{0074} I Example 22, the subject matter of any one or more of
Examples 14-21 optionally include, wherein the controlier 1s configured to:
evaluate energy usage statistics for the supercapacitor and the secondary battery,

25 the energy usage statistics include at least one of amount of power discharged,
duration of power discharge. frequency of power discharge and total power
discharged during the at feast one energy demanding task.
[075] In Example 23, the subject matter of Example 22 optionally
includes, wherein the coniroller is configured to: generate an alert if the

30 collected energy usage statistics indicate that usage of the secondary battery
exceeds usage of the supercapacitor.
[60756] In Example 24, the subject matter of Exarople 23 optionally

mcludes, further comprising: a transnutter module; and a remote receiver;
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wherein the alert comprises telemetry data transnmuttable to the remote receiver
by the transmitter module for evaluating the received telemetry data.

18677} In Example 25, the subject matter of any one or more of
Examples 14-24 optionally include, further comprising: a recetver module;

5 wherein the controller is configured 1o receive instructions via the receiver
module to modify power discharge from at least one the supercapacitor and the
secondary battery,

[0078] Fxample 26 is a method for powering a device module, the
method comprising: generating energy with an energy harvesting modude;

16 charging a supercapacitor with energy generated by the energy harvesting
module; and discharging power frora the supercapacitor to the device module at
a supercapacitor voltage.
[(79] In Example 27, the subject matter of Example 26 optionally
mcludes, wherein the energy harvesting module generates energy by collecting

15 energy from an ambient source and comprises at least one of solar panels, wind
turbines, hydroeleciric generators, tidal generators, kinetic induction generators,
electromagnetic induction generators, geothermal generators, and heat purmp
generators.
{0080} In Example 28, the subject matter of any one or more of

20 Examples 26-27 optionally include, wherein the energy harvesting module
generates energy from a fuel source selected and comprises at least one of
gasoline generators, diesel generators, and natural gas generators.
{0081} In Example 29, the subject matter of any one or more of
Examples 26-28 optionally include, wherein the energy harvesting module

25 charges a supercapacitor bank mncluding a plurality of supercapacitors arranged
n parallel, the plurality of supercapacitors are configured fo discharge power to
the device module.
[3082] In Example 30, the subject matter of any one or more of
Examples 26-29 optionally include, wherein the supercapacitor operates as at

30 least one of an elecinic double layer capacitor and a hybrid capacitor.
106083} In Example 31, the subject matter of any one or more of
Examples 26-30 optionally include, further comprising: selectively distnbuting
power discharge from the supercapacitor according to power usage of the device
module.
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{0084} In Example 32, the subject matier of anv one or more of
Examples 2631 optionally include, further comprising: identifying at least ong
energy demanding task of the device module requiring power from the
supercapacitor.

5 {BO8E] In Example 33, the subject matter of Example 32 optionally
includes, further comprising: scheduling the at least one energy demanding task
such that the supercapacitor discharges power 1o the device module as the
supercapactior is being charged by the energy harvesting module.

{0086] In Example 34, the subject matter of any one or more of

10 Examples 32-33 optionally include, further comprising: scheduling a charging
pertod following power discharge from the supercapacitor during the at least one
energy demanding task such that the supercapacitor is recharged by the energy
harvesting module following the at least one energy demanding task.
{0087} In Example 35, the subject matter of any one or more of

15  Examples 32-34 optionally include, further comprising: evaluating energy usage
statistics for the supercapacitor, wherein the energy usage statistics include at
least one of amount of power discharged, duration of power discharge,
frequency of power discharge and total power discharged during the at least one
energy demanding task; and generating an alert if the energy usage statistics

20 indicate insufficient power for the at ieast one energy demanding task.
{G088] In Example 36, the subject matter of any one or more of
Examples 26-35 optionally include, further comprising: discharging power from
a secondary battery io the device module at a baitery voltage.
{6089} In Example 37, the subject matter of Exarple 36 optionally

25 includes, wherein the supercapacitor and the secondary battery are arranged in
paraliel.
{0090 In Example 38, the subject matter of Example 37 optionally
mcludes, wherein the supercapacitor voliage 1s greater than the battery voltage
such that power output to the device module s biased to the supercapacitor until

30 the supercapacitor is discharged.
{0691} In Example 39, the subject matter of any one or more of
Examples 36-38 optionally include, further comprising: selectively distnbuting
power discharge from at least one of the supercapacitor and the secondary
battery according to power usage of the device module,
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[0092] In Example 40, the subject matier of anv one or more of
Examples 3639 optionally include, further comprising: comparing the
supercapacitor voltage to the battery voltage: and discharging power from the
supercapacitor to the device module when the supercapacitor voltage exceeds the
5 battery voltage.
[0093] In Example 41, the subject matter of anv one or more of
Exaroples 36-40 optionally mclude, further comprising: evaluating
supercapacitor voltage and the battery voltage to deternune an available charge
of the supercapacitor and the secondary battery, and discharging power from the
10 supercapacitor and the secondary battery when the available charge is sufficient
io power the device module,
[0094] In Example 42, the subject matter of any one or more of
Examples 36-41 optionally inchude, further comprising: identifving at least one
energy demanding task of the device module; and selectively discharging power
15  from at least one of the supercapacitor and the secondary battery.
{0085} In Example 43, the subject matter of Example 42 optionally
mcludes, further comprising: comparing the supercapacitor voltage to the battery
voltage: and delaying the at least one energy demanding task when the battery
voltage exceeds the supercapacitor voltage until the supercapacitor is recharged
20 by the energy harvesting module.
{0096] In Example 44, the subject matter of any one or more of
Examples 42-43 optionally include further comprising: comparing the
supercapacitor voitage to the battery voltage: end scheduling the at least one
energy demanding task such that the supercapacitor discharges power (o the
25 device module as the supercapacitor is being charged by the energy harvesting
module when the battery voltage exceeds the supercapacitor voltage.
{00971 In Example 45, the subject matter of any one or more of
Exarples 42-44 optionally include, further comprising: scheduling a charging
period following power discharge from the supercapacitor during the at least one
30 energy demanding task such that the supercapacitor is recharged by the energy
harvesting module following the at least one energy demanding task.
{6098] In Example 46, the subject matter of anv one or more of
Examples 4245 optionally include, further comprising: evaluating
supercapaciior voltage and the baitery voltage io determine an available charge
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of the supercapacitor and the secondary battery; and delaying the at least one
energy demanding task when the available charge is insufficient to perform the
at least one energy demanding task.
{6099} In Example 47, the subject matter of anv one or more of

5 Examples 36-46 optionally include, further comprising: evaluating energy usage
statistics for the supercapacitor and the secondary battery, the energy usage
statistics include at least one of amount of power discharged, duration of power
discharge, frequency of power discharge and total power discharged during the
at least one energy demanding task.

10 [60106] In Example 48, the subject matter of Example 47 optionally
mcludes, further comprising: generating an alert if the collected energy usage
statistics indicate that usage of the secondary battery exceeds usage of the
supercapacitor,

{00101} In Example 49, the subject matter of Example 48 optionally

15 includes, further comprising: transmitting the alert to a remote receiver by a
transmitter module, wherein the alert comprises telemetry data; and evaluating
the received telemetry data
[00102] In Example 50, the subject matter of anv one or more of
Examples 36-49 optionally include, further comprising: receiving instructions o

20 modify power discharge from the supercapacitor and the secondary battery.
[00103] Example 51 1s an apparatus comprising means for perforning any
of the methods of Examples 26-50.

{06104} Example 52 15 at least one machine-readable medivm including
mstructions, which when execuled by a machine, cause the machine to perform

25 operations of any of the methods of Examples 26-50.

[00105] Example 53 1s an apparatus for powering a device module, the
apparatus comprising: means for generating energy with an energy harvesting
module; means for charging a supercapacitor with energy generated by the
energy harvesting module; and means for discharging power from the

30 supercapacitor to the device module at a supercapacitor voltage.

{06106} In Example 54, the subject matter of Exarmple 53 optionally
mcludes, wherein the energy harvesting module is configured to collect energy
from an ambient source and comprises at [east one of solar panels, wind
turbines, hydroelectric generators, tidal generators, kinetic induction generators,
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electromagnetic induction generators, geothermal generators, and heat pump
generators.
1806107} In Example 55, the subject matter of any one or more of
Examples 53-34 optionally include, wherein the energy harvesting module is

5 configured to generate energy from a fuel source and comprises at least one of
gasoline generators, diesel generators, and natural gas generators.
{00108} In Example 56, the subject matter of any one or more of
Examples 53-55 optionally include, wherein the apparatus comprises: a
supercapacitor bank including a plurality of supercapacitors arranged in parallel;

10 wherein the plurality of supercapacitors are chargeable by the energy harvesting
module and configured to discharge power to the device module.

[00109] In Example 57, the subject matter of any one or more of
Exarples 53-56 optionally include, wherein the supercapacitor operates as at
least one of an electric double layer capacitor and a hybnid capacitor.

15 {00110} In Example 38, the subject matier of anv one or more of
Examples 53-57 optionally include, further comprising: means for selectively
distributing power discharge from the supercapaciior according 1o power usage
of the device module.

[00111] In Example 59, the subject matter of Example 58 optionally

20 inciudes, further comprising: means for identifying at least one energy
demanding task of the device module requiring power from the supercapacitor.
{00112} In Example 60, the subject matier of anv one or more of
Examples 58-59 optionally include, further comprising: means for scheduling
the at least one energy demanding task such that the supercapacitor discharges

25 power to the device module as the supercapacitor is being charged by the energy
harvesting module.

[B0113] In Example 61, the subject matter of any one or more of
Exaraples 58-60 optionally imnchude, further comprising: means for scheduling a
charging period following power discharge from the supercapacitor during the at

30 least one energy demanding task such that the supercapaciior is recharged by the
energy harvesting module following the at least one energy demanding task.
{00114} In Example 62, the subject matter of anv one or more of
Examples 58-61 optionally include, further comprising: means evaluating
energy usage statistics for the supercapacitor, the energy usage statistics inciude
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at least one of amount of power discharged, duration of power discharge,
frequency of power discharge and total power discharged during the at least one
energy demanding task; and means for generating an alert if the energy usage
statistics indicate msufficient power {or the at least one energy demanding task.
5 {68115 In Example 63, the subject matter of anv one or more of
Exampies 53-62 optionally include, further comprising: means for discharging
power from a secondary batiery 1o the device module at a battery voltage.
{00116} In Example 64, the subject matier of Example 63 optionally
includes, wherein the supercapacitor voltage is greater than the baftery voltage

10 such that power output to the device module is biased to the supercapactior uniil
the supercapacitor is discharged.

[00117] In Example 65, the subject matter of Example 64 optionally
mncludes, wherein the supercapacitor voltage is greater than the battery voltage to
bias power output to the device module to the supercapacitor until the

15  supercapacitor is discharged.

{00115} In Example 66, the subject matter of any one or more of
Examples 63-65 optionally include, further comprising: means for selectively
distributing power discharge from at least one of the supercapacitor and the
secondary battery according to power usage of the device module.

20 {B8119i In Example 67, the subject matter of Example 66 optionally
mcludes, further comprising: means for comparing the supercapacitor voltage to
the battery voltage; and means for discharging power from the supercapacitor to
the device module when the supercapacitor voltage exceeds ihe batiery voliage.
1806120} In Example 68, the subject matter of any one or more of

25 Examples 66-67 optionally include, further comprising: means for comparing
the supercapacitor voltage to the batiery voltage; and means for discharging
power from the supercapacitor and the secondary battery when the available
charge 1s suffictent to power the device module.

{00121} I Example 69, the subject matter of any one or more of

30 Examples 66-68 optionally include, further comprising: means for identifving at
jeast one energy demanding task of the device module; and means for selectively
discharging power from at feast one of the supercapacitor and the secondary

battery.
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{00122} I Example 70, the subject matter of Example 69 optionally
includes, further comprising: means for comparing the supercapacitor voltage to
the battery voltage; and means for delaying the at least one energy demanding
task when the battery voltage exceeds the supercapacitor voltage until the
supercapacitor is recharged by the energy harvesting module.

[00123] In Example 71, the subject matter of anv one or more of
Exaroples 69-70 optionally include, further comprising: means for comparing
the supercapacitor voltage to the battery voltage; and means for scheduling the at
feast one energy demanding task such that the supercapaciior discharges power
io the device module as the supercapacitor s being charged by the energy
harvesting module when the batiery voliage exceeds the supercapacitor voltage.
[00124] In Example 72, the subject matter of any one or more of
Exaraples 69-71 optionally imnchude, further comprising: means for scheduling a
charging period following power discharge from the supercapacitor during the at
least one energy demanding task such that the supercapacitor is recharged by the
energy harvesting module following the at least one energy demanding task.
{00125] In Example 73, the subject matter of any one or more of
Examples 69-72 optionally include, further comprising: means for evaluating
supercapacitor voltage and the battery voltage 1o determine an available charge
of the supercapacitor and the secondary batterv, and means for delaying the at
least one energy demanding task when the available charge is insufficient to
perform the at least one energy demanding task.

{00126} In Example 74, the subject matter of any one or more of
Examples 6673 optionally include, wherein the controlier 1s configured 1o
means for evaluating energy usage statistics for the supercapacitor and the
secondary battery, the energy usage statistics include af least one of amount of
power discharged, duration of power discharge, frequency of power discharge
and total power discharged during the at least one energy demanding task.
{00127} I Example 75, the subject matter of Example 74 optionally
includes, wherein the coniroller is configured to. means for generating an alert if
the collected energy usage stalistics indicate that usage of the secondary battery
exceeds usage of the supercapacitor.

[00128] In Example 76, the subject matter of Example 75 optionally
includes, further comprising: means for transmitting the alert to a remote

2
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eceiver by a transmitier module, wherein the alert comprises telemetry data; and
means for evaluaiing the received telemetry data.
180129} In Example 77, the subject matter of Example 76 optionally
mcludes, further comprising: means for receiving instructions to modify power
5 discharge from the supercapacitor and the secondary battery.

[00130] Example 78 1s a svstem for powering a device module, the system
comprising: a controller configured to read computer readable mstructions and
configured to control powering of the device module.

{00131} In Example 79, the subject matter of Example 78 optionally

10 includes, wheremn the energy harvesting module is configured to collect energy
from an ambient source and coroprises at least one of solar panels, wind
turbines, hydroelectric generators, tidal generators, kinetic induction generators,
glectromagnetic induction generators, geothermal generators, and heat pump
generators.

15 {60132} In Example 80, the subject matier of anv one or more of
Examples 78-79 optionally include, wherein the energy harvesting module 1s
configured to generate energy from a fuel source and comprises at least one of
gasoline generators, diesel generators, and natural gas generators.

[00133] In Example 81, the subject matter of anv one or more of

20 Examples 78-80 optionally include, wherein the system comprises: a
supercapacttor bank including a plurality of supercapacitors arranged in paraliel;
wherein the plurality of supercapacitors are chargeable by the energy harvesting
module and configured (o discharge power 1o the device module.

180134} In Example 82, the subject matter of any one or more of

25  Examples 78-81 optionally include, wherein the supercapacitor operates as at
least one of an electric double layer capacitor and a hybrid capacitor.

[B0135] In Example 83, the subject matter of any one or more of
Examples 78-82 optionally include, wherein the mstructions for controlling
powering of a device module comprises instructions for: selectively distributing

30 power discharge from the supercapacitor according to power usage of the device
module.

[60136] In Example 84, the subject matter of Exarople 83 optionally

mncludes, wherein the instructions for controlling powering of a device module
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comprises instructions for: identifying at feast one energy demanding task of the
device module requiring power from the supercapacitor.
{66137} In Example 85, the subject matter of Example 84 optionally
mcludes, wherein the instructions for controlling powering of a device module
5 comprses instructions for: scheduling the at least one energy demanding {ask

such that the supercapacitor discharges power 1o the device module as the
supercapactior 1s being charged by the energy harvesting module.
{00138] In Example 86, the subject matier of anv one or more of
Examples 8485 optionally include, wherein the instructions for controlling

16 powering of a device module comprises instructions for: scheduling a charging
pertod following power discharge from the supercapacitor during the at least one
energy demanding task such that the supercapacitor is recharged by the energy
harvesting module following the at least one energy demanding task.
{060139] In Example 87, the subject matter of any one or more of

15  Examples 83-86 optionally include, wherein the instructions for controlling
powering of a device module comprises instructions for: evaluating energy usage
statisiics for the supercapacitor, the energy usage statistics include at least one of
armount of power discharged, duration of power discharge, frequency of power
discharge and total power discharged during the at ieast one energy demanding

20 task; and generating an alert if the energy usage statistics indicate insufficient
power for the at least one energy demanding task.
{00140} In Example 48, the subject matier of anv one or more of
Examples 78-87 optionally include, further comprising: discharging power from

a secondary battery {0 the device module at a baitery voltage.

25 [60141] In Example 89, the subject matter of Exarople 88 optionally
mncludes, wherein the supercapacitor and the secondary battery are arranged in
paratiel.

[80142] In Example 90, the subject matter of Example §9 optionally

mncludes, wherein the supercapacitor voltage is greater than the batterv voltage
30 such that power output to the device module is biased to the supercapaciior until

the supercapacitor is discharged.

{00143 In Example 91, the subject matter of anv one or more of

Examples 890 optionally include, wherein the instructions for controlling

powering of a device module comprises instructions for: selectively distributing
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power discharge from at least one of the supercapacitor and the secondary

battery according to power usage of the device module.

[00144] In Example 92, the subject matter of Example 91 optionally

mcludes, wherein the instructions for controlling powering of a device module
5 comprses instructions for: comparing the supercapacitor voltage to the battery

voltage, and discharging power from the supercapaciior to the device module

when the supercapacitor voliage exceeds the battery voltage.

[00145] In Example 93, the subject matier of anv one or more of

Examples 91-92 optionally include, wherein the instructions for controlling

16 powering of a device module cormprises instructions for: evaluating
supercapacitor voltage and the battery voltage to determine an available charge
of the supercapacitor and the secondary hattery; and discharging power from the
supercapaciior and the secondary battery when the available charge is sufficient
to power the device module.

15 {00146} In Example 94, the subject matier of anv one or more of
Examples 91-93 optionally include, wherein the instructions for controlling
powering of a device module comprises instructions for: identifving at least one
energy demanding task of the device module; and selectively discharging power
from at feast one of the supercapacitor and the secondary battery.

20 {B01471 In Example 95, the subject matter of Example 94 optionally
mcludes, wherein the instructions for controlling powering of a device module
comprises instructions for: comparing the supercapaciior voltage to the battery
voltage: and delaying the at least one energy demanding task when the battery
voltage exceeds the supercapacitor voltage until the supercapacitor is recharged

25 by the energy harvesting module.

[00148] In Example 96, the subject matter of any one or more of
Exarmples 94-935 optionally include, wherein the mstructions for controlling
powering of a device module comprises instructions for: comparing the
supercapacttor voltage to the hatterv voltage: and scheduling the at least one

30 energy demanding task such that the supercapacitor discharges power to the
device module as the supercapacitor 1s being charged by the energy harvesting
module when the battery voltage exceeds the supercapacitor voltage.

{00149] In Example 97, the subject matter of any one or more of
Examples 94-96 optionally include, wherein the mstructions for controlling
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powering of a device module comprises instructions for: scheduling a charging
period following power discharge from the supercapacitor during the at least one
energy demanding task such that the supercapacitor is recharged by the energy
harvesting module following the at least one energy demanding task.

5 {60150 In Example 98, the subject matter of anv one or more of
Examples 94-97 optionally include, wherein the mstructions for controlling
powering of a device module comprises instructions for: evaluating
supercapacitor voltage and the battery voltage to deternune an available charge
of the supercapacitor and the secondary battery; and delaying the at ieast one

10 energy demanding task when the available charge is insufficient to perform the
at least one energy demanding task.
[00151] In Example 99, the subject matter of any one or more of
Examples 91-98 optionally include, wherein the mstructions for controlling
powering of a device module comprises instructions for: evaluating energy usage

15 statistics for the supercapacitor and the secondary battery, the energy usage
statistics include at least one of amount of power discharged, duration of power
discharge, frequency of power discharge and total power discharged during the
at least one energy demanding task.
[00152] In Example 100, the subject matter of Example 99 optionally

20 inciudes, wherein the instructions for controlling powering of a device module
comprises instructions for: generating an alert if the collected energy usage
statistics indicate that usage of the secondary battery exceeds usage of the
supercapacitor.
{00153] In Example 101, the subject matter of Example 100 optionally

25 includes, wherein the instructions for controlling powering of a device module
comprises instructions for: transmitting the alert to a remote receiver by a
transmutier module, wherein the alert comprises telemetry data; and evaluating
the received telemetry data.
[00154] In Example 102, the subject matter of any one or more of

30 Examples 91101 optionally include, wherein the instructions for controlling
powering of a device module comprises instractions for: receiving instractions to

modify power discharge from the supercapacitor and the secondary battery.
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[00155] Fach of these non-limiting examples may stand on its own, or
may be combined in any permuiation or combination with any one or more of
the other examples.
[00156] The above detailed description includes references fo the

5 accompanying drawings, which form a part of the detailed description. The
drawings show, by way of illustration, specific embodiments in which the
present subject matter may be practiced. These embodiments are also referred to
herein as “examples.” Such examples may include elements inn addition to those

shown or described. However, the present inventors also contemplate examples

Ju—
—~

in which only those elements shown or described are provided. Moreover, the
present inventors also contemplate examples using any combination or
permutation of those elements shown or described {(or one or more aspects
thereof), either with respect (o a particular example (or one or more aspecis
thereof), or with respect to other examples (or one or more aspects thereof)
15  shown or described herein,
{00157} In the event of inconsistent usages between this document and
any documents so incorporated by reference, the usage n this document
controls,
[00158] In this document, the terms “a” or “an” are used, as s common in
20 pateni documents, to include one or more than one, independent of any other
mstances or usages of “at least one” or “one or more.” In this document, the terma
“or” is used to refer to a nonexclusive or, such that “A or B” includes “A but not
B.” “B but not A" and “A and B,” unless otherwise indicated. In this document,
the terms “mcluding” and “in which”™ are used as the plain-English equivalenis
25 of the respective terms “comprising” and “wherein.” Also, in the following
claims, the terms “including”™ and “comprising™ are open-ended, that is, a
sysiem, device, article, composition, formulation, or process that includes
elements i addition to those listed after such a term in a claim are still deemed
to fall within the scope of that claim. Moreover, in the following claims, the
30 terms “first,” “second,” and “third,” etc. are used merely as labels, and are not
imntended 1o impose numerical requirements on their objecis.
[00159] Method examples described herein may be machine or computer-
implemented at least in part. Some examples may include a computer-readable
medium or machine-readable medium encoded with instructions operable o
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configure an electronic device to perform methods as desciibed in the above
examples. An implementation of such methods may include code, such as
microcode, assembly language code, a higher-level language code, or the like,
Such code may include computer readable instructions for performing various

5  methods. The code may form portions of computer program products. Further, in
an example, the code may be {angibly stored on one or more volaiile, non-
transitory, or non-volatile tangible computer-readable media, such as during
execution or at other fimes. Examples of these tangible computer-readable media
may include, but are not limited to, hard disks, removabie magnetic disks,

10 removable optical disks (e.g., compact disks and digital video disks), magnetic
cassettes, memory cards or sticks, random access memories (RAMSs), read only
memories (ROMs}, and the like,

[0160] The above description is mtended to be llustrative, and not
restrictive. For example, the above-described examples {or one or more aspecis

15 thereof) may be used in combination with each other. Gther embodiments may
be used, such as by one of ordinary skill in the art upon reviewing the above
description. The Abstract is provided to comply with 37 CF.R. §1.72(b), to
allow the reader to quickly ascertain the nature of the techmical disclosure. 1t 1s
submitted with the understanding that it will not be used to interpret or limut the

20 scope or meaning of the claims. Also, in the above Detatled Description, various
features may be grouped together to streamline the disclosure. This should not
be interpreted as intending that an unclaimed disclosed feature is essential to any
claim. Rather, inventive subject matter may lie in less than all features of a
particular disclosed embodiment. Thus, the following claims are hereby

25 incorporated into the Detailed Description as examples or embodiments, with
each claim standing on its own as a separate embodiment, and it is contemplated
that such embodiments may be combined with each other in various
combinations or permutations. The scope of the present subject matter should be
determined with reference to the appended claims, along with the full scope of

30 equivalents to which such claims are entitled.
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WHAT IS CLAIMED I§:

1. A system for powering a device module, the system comprising:
an energy harvesting module; and
5 a super capacitor chargeable by the energy harvesting module;
wherein the super capacitor is configured to discharge power to the

device module at a super capacitor voltage.

2. The svstem of claim 1, wherein the energy harvesting module is

J—
—~

configured to collect energy from an ambient source, the ambient source
comprising at least one of solar panels, wind turbines, hvdroelectric generators,
tidal generators, kinetic induction generators, electromagnetic induction

generaiors, geothermal generators, and heat pump generators.

15 3 The svstem of claim 1, wherein the energy harvesting module is
configured to generate energy from a fuel source, the fuel source comprising at

least one of gasoline generators, diesel generators, and natural gas generators.

4, The system of claim 1, wherein the system comprises:
2G a super capacitor bank including a plurality of super capacitors arrangad
in parallel;
wherein the plurality of super capacitors are chargeable by the energy

harvesting module and configured to discharge power io the device module.

25 5 The system of claim 1, wherein the super capaciior operates as at least

one of an electric double layer capacitor and a hybrid capacitor.

6. The system of claim 1, further comprising:
a secondary battery configured to discharge power to the device module

30 at a battery voliage.

7. The system of claim 6, wherein the super capactior and the secondary

batterv are arranged in parallel.
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8. The svstem of claim 7, wherein the super capacitor voltage is greater
than the battery voltage such that power ouiput to the device module 1s biased to

the super capacitor until the super capacitor is discharged.

5 9 The system of claim 6, further comprising:
a controller selectively distributing power discharged by at least one of

the super capacitor and the secondary battery to the device module.

10.  The system of claim ©, wherein the controller 1s configured to:

10 evaluate energy usage statistics for the super capacitor and the secondary
battery, the energy usage statistics include at least one of amount of power
discharged, duration of power discharge, frequency of power discharge and total
power discharged during the at least one energy demanding task.

15 11, The system of claim 10, wherein the controller is configurad to:

generate an alert if the collected energy usage statistics indicate that
usage of the secondary battery exceeds usage of the super capacifor.
12. The systent of claim 11, further comprising;
20 a transmitter module; and
a remote receiver;
wherein the alert comprises telemetry data transmittable to the remote
receiver by the transmiiter module for evaluating the received telemetry data.

25 13, The svstem of claim 9, further comprising:

areceiver module;

wherein the controller 1s configured to receive instractions via the
receiver modide to modify power discharge from at least one the super capacitor
and the secondary battery.

30

14, A method for powering a device module, the method comprising:
generating energy with an energy harvesting module;
charging a super capacitor with energy generated by the energy

harvesting module; and

(4l
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10

30

discharging power from the super capacitor to the device module at a
super capaciior voltage.
15. The method of claim 14, further comprising:

identifving at least one energy demanding task of the device module

requiring power from the super capacitor.

16. The method of claim 13, further comprising:
scheduling the at least one energy demanding task such that the super
capacttor discharges power to the device module as the super capacitor is being

charged by the energy harvesting module.

17. The method of claim 15, further comprising:

scheduling a charging pernod following power discharge from the super
capacttor during the at least one energy demanding task such that the super
capacitor is recharged by the energy harvesting module following the at least one

energy demanding task.

18, The method of claim 14, further comprising:
discharging power from a secondary battery to the device module at a

battery voliage.

19. The method of claim 18, further comprising;
comparing the super capacitor voltage to the battery voliage; and
discharging power from the super capacitor to the device module when

the super capacitor voltage exceeds the battery voltage.

24, The method of claim 18, further comprising:

evaluating super capacitor voltage and the battery voltage to determine an
available charge of the super capaciior and the secondary batierv: and
discharging power {tom the super capacitor and the secondary battery when the

available charge is sufficient to power the device module.

(ad
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21 The method of claim 18, further comprising:
identifving at least one energy demanding task of the device module:; and
selectively discharging power from at least one of the super capacitor and the

secondary battery.

22 The method of claim 21, further comprising:

comparing the super capacitor voltage to the battery voltage; and

defaying the at least one energy demanding task when the battery voltage
exceeds the super capacitor voltage until the super capacitor is recharged by the

10 energy harvesting module.

23. The method of claim 21, further comprising:

comparing the super capacitor voltage to the battery voltage; and

scheduling the at least one energy demanding task such that the super capacitor
15  discharges power to the device module as the super capacitor is being charged

by the energy harvesting module when the battery voltage exceeds the super

capacttor voltage,

24, An apparatus comprising means for performing any of the methods of

20 claims 14-23.

25. At least one machine-readable medium including instructions, which
when executed by a machine, cause the machine to perform operations of any of

the methods of ¢claims 14-23.

(ad
(23
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