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57 ABSTRACT

Systems and methods are disclosed herein for determining
the remaining useful life of a battery cell that includes the
battery cell’s internal resistance and/or shock loading. In one
example implementation, the systems and methods dis-
closed herein monitor acceleration information over time
based on information received from an accelerometer inte-
grated in a battery cell and electrical information for at least
one electrical parameter of the battery cell over time. The
information is stored for determining remaining useful life.
In another example implementation, the systems and meth-
ods disclosed herein determine a voltage drop across the
battery cell and a current output of the battery cell. The
systems and methods determine an internal cell resistance of
the battery cell based on charge or discharge voltage and
current information.
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SYSTEMS AND METHODS FOR A BATTERY
ODOMETER WITH ACTIVE SHOCK
ANDVIBRATION MONITORING

INTRODUCTION

The present disclosure relates to batteries, and in particu-
lar to analyzing and monitoring batteries to determine
remaining useful life.

SUMMARY

As battery cells age, both with respect to time and usage,
the performance of the battery cell degrades. While battery
management systems may be used for battery modules or
battery packs, which are assembled from individual battery
cells, these systems monitor the state of the entire module or
pack as opposed to individual cells. With the ever-increasing
ubiquitousness of electric vehicles and other electric
devices, so too does the demand for batteries that meet
certain performance criteria. Additionally, the secondary
market for used batteries, and unused units that are deemed
too old for use, grows commensurate with the increase in
popularity of electric devices and other battery energy
systems. However, one drawback to repurposing such bat-
tery cells (e.g., removed from a module or pack) with current
battery monitoring technology is the inability to quantita-
tively and qualitatively know or measure the remaining
useful life of the individual battery cells.

In accordance with some embodiments of the present
disclosure, battery odometer systems and methods are pro-
vided for monitoring a battery cell and providing real-time
information regarding the remaining useful life of the bat-
tery cell that includes, for example, a qualitative and quan-
titative history. The battery odometer considers information
from one or more sensors, including one or more acceler-
ometers, a thermometer, a voltage sensor, or a current sensor.
In some embodiments, the battery odometer determines
whether the battery cell experiences a shock load that
exceeds an acceptable threshold, for example, by continu-
ously or periodically measuring and recording the battery
cell’s acceleration. If the battery cell experiences a shock
load that exceeds a threshold, the battery odometer may
provide a real-time indication of such, for example, via a
display or other indicator. In other embodiments, the battery
odometer periodically determines the battery cell’s internal
resistance (or impedance), for example, by measuring the
cell’s open circuit voltage and its voltage drop with a known
resistance, to determine the cell’s internal resistance. In
some embodiments, this is accomplished by discharging a
pulse into an internal fuse (or resister) of the battery cell. In
other embodiments, the battery odometer determines other
performance characteristics, including the voltage output,
the current output, temperature, watt-hour throughput, num-
ber of charge-discharge cycles, discharge depth, and/or age.

Accordingly, techniques of the present disclosure can be
applied to determine the remaining useful life of a battery.
In an example implementation, the battery odometer
receives information from various sensors to determine the
battery’s remaining useful life. For example, the battery
odometer may receive voltage information from a voltage
sensor to determine the voltage output of the battery cell
and/or the voltage drop across the battery cell. Additionally,
the battery odometer may receive current information from
a current sensor to determine the current output and/or input
of the battery cell. In some implementations, the battery
odometer determines the battery cell’s internal resistance
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2

based on the voltage information and/or the current infor-
mation. The internal cell resistance may be stored on a
storage device (e.g., a memory). In some implementations,
one or more of the components of the battery odometer may
be integrated into the battery cell. For example, the voltage
sensor, the current sensor, and/or the storage device (e.g.,
memory) may be integrated in the battery cell.

In another example implementation, the battery odometer
receives information from an accelerometer and determines
the acceleration that the battery cell experiences. In some
implementations, if the battery odometer determines that the
battery cell experiences an acceleration that exceeds a
threshold, the battery odometer stores such information on a
storage device (e.g., a memory) that is integrated into the
battery cell. In other implementations, the battery odometer
stores and/or sends a notification to an external device, for
example, a remote storage device (e.g., a memory) or a
notification system. In some implementations, the informa-
tion used to determine an acceleration maximum and/or
whether the acceleration exceeded the threshold is stored
and/or sent to a notification system. In some implementa-
tions, the acceleration information may be displayed on a
local or remote display.

In some implementations, the battery odometer deter-
mines the internal resistance of the battery cell by applying
a pulse discharge to the battery cell. In such implementa-
tions, the battery odometer may apply the pulse discharge to
an internal resistor of the battery cell. In some implemen-
tations the battery odometer may apply the pulse discharge
to an internal fuse of the battery cell. In such implementa-
tions the internal fuse may have a known resistance. In some
implementations, the pulse discharge originates from a
capacitor. In such implementations, the internal resistance of
the battery cell is determined by applying a DC or an AC (or
simulated AC) pulse charge to the battery cell. In some
implementations, the capacitor is integrated into the battery
odometer.

In some implementations, the battery odometer may
determine the temperature of the battery cell. In such imple-
mentations, the battery odometer may receive temperature
information from a temperature sensor that is near to or
integrated in the battery cell. The temperature sensor may be
configured to detect the internal temperature of the battery
cell. In other implementations, the temperature sensor may
be configured to detect an ambient temperature adjacent the
battery cell. In other implementations, the temperature sen-
sor may be configured to determine the internal temperature
of one or more energy units of the battery cell. The tem-
perature information may be used by the battery odometer in
determining the remaining useful life of the battery cell. The
temperature information may be stored in a storage device
(e.g., a memory). Alternatively or in addition, the tempera-
ture information may be sent to an external device, for
example, an external storage device and/or a notification
system.

In some implementations, the battery odometer deter-
mines the number of charge-discharge cycles of the battery
cell. In such implementations, the battery odometer may use
voltage information retrieved from one or more voltage
sensors and/or current information retrieved from one or
more current sensors to determine the number of charge-
discharge cycles of the battery cell. In some implementa-
tions, the battery odometer may additionally determine a
discharge depth of the battery cell, i.e., the amount of energy
input into and/or output from the battery cell. In some
implementations, the discharge depth of the battery cell is
stored at a storage device (e.g., a memory). In other imple-
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mentations, the discharge depth is sent to an external device,
for example, an external storage device (e.g., a remote a
memory) and/or a notification system.

In some implementations, the battery odometer deter-
mines one or more of the parameters continuously. For
example, the battery odometer may continuously monitor
the voltage output of the battery cell. In other implementa-
tions, the battery odometer determines one or more of the
parameters periodically. For example, the battery odometer
may determine the voltage output of the battery cell once per
every unit of time (e.g., every second, every minute, every
day, every week, every month, every year), once per every
number of throughput Watt-hours (e.g., every 1000 Watt-
hours of output), and/or once per every number of charge-
discharge cycles, or any combination thereof.

In some implementations, the battery odometer may
optionally include a display. In such implementations, the
battery odometer may include any type of display, for
example, those that support a graphical user interface.
Example displays include liquid crystal displays (LCD),
light-emitting diode displays (LED), organic light-emitting
diode displays (OLED), quantum dot displays (QLED), or
any combination thereof. Alternatively or in addition, the
display may include lights or lighted switches to convey one
or more of the parameters monitored and/or determined by
the battery odometer.

In an example implementation, the systems and methods
disclosed herein monitor acceleration information over time
based on information received from an accelerometer inte-
grated in a battery cell. The systems and methods monitor
electrical information for at least one electrical parameter of
the battery cell over time. The systems and methods store the
acceleration information and the electrical information for
determining remaining useful life of the battery cell. In some
implementations, the acceleration information is stored in
memory integrated in the battery cell. In some implemen-
tations, the systems and methods of the present disclosure
additionally determine a maximum acceleration based on the
acceleration information and store the maximum accelera-
tion.

In some implementations, at least one electrical parameter
includes one or more of a voltage output of the battery cell
or a current output of the battery cell.

In some implementations, the systems and methods of the
present disclosure additionally determine a number of
charge-discharge cycles of the battery cell. In some imple-
mentations, such determination is based on the monitored
electrical information.

In some implementations, the systems and methods of the
present disclosure additionally determine a discharge depth
for each charge-discharge cycle of the battery cell based on
the electrical information and the number of charge-dis-
charge cycles of the battery cell.

In some implementations, the systems and methods of the
present disclosure additionally determine a maximum or
minimum value of the acceleration information and the at
least one electrical parameter. In some implementations,
storing the acceleration information and the electrical infor-
mation includes storing the maximum or minimum values.

In some implementations, the systems and methods of the
present disclosure additionally determine the remaining use-
ful life of the battery cell indicative of the battery cell’s
projected performance. In some implementations, it is based
on the acceleration information and the electrical informa-
tion.

In another example implementation of the present disclo-
sure, the systems and methods described herein determine a
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voltage drop across the battery cell based on voltage infor-
mation received from a voltage sensor integrated in the
battery cell. The systems and methods determine a current
output of the battery cell based on current information
received from a current sensor integrated in the battery cell.
The systems and methods determine an internal cell resis-
tance of a battery cell based on the voltage information and
the current information. The systems and methods store the
internal cell resistance on a memory integrated in the battery
cell.

In some implementations, determining the internal resis-
tance of the battery cell includes applying a pulse discharge
to the battery cell that includes a voltage similar to a rated
use voltage of the battery cell, and the voltage information
relates to the pulse discharge applied to the battery cell. In
some implementations, determining the internal resistance
of the battery cell includes applying a pulse charge to the
battery cell that includes a voltage similar to a rated use
voltage of the battery cell, and the voltage information
relates to the pulse charge applied to the battery cell.

In some implementations, the pulse charge or discharge is
discharged into an internal resistor of the battery cell.

In some implementations, determining the internal cell
resistance of the battery cell is performed on a periodic
basis.

In some implementations, the periodic basis is one or
more of: once per a unit of time, once per every predeter-
mined number of throughput watt-hours, or once per every
predetermined number of discharge cycles.

In some implementations, the systems and methods of the
present disclosure additionally store the voltage information
and the current information.

In some implementations, the systems and methods of the
present disclosure additionally receive temperature informa-
tion from a temperature sensor and store the temperature
information at the memory.

In some implementations, the systems and methods of the
present disclosure additionally determine a number of
charge-discharge cycles of the battery cell based on at least
one of the voltage information or the current information. In
some implementations, the number of charge-discharge
cycles of the battery cell is stored at the memory.

In some implementations, the systems and methods of the
present disclosure additionally determine a discharge depth
of the battery cell for each charge-discharge cycle of the
battery cell. In some implementations, the discharge depth
of the battery cell is stored at the memory.

In some implementations, the systems and methods of the
present disclosure additionally determine an identification of
the battery cell and transmit the identification of the battery
cell and the internal cell resistance via a near-field commu-
nication (NFC) transceiver configured to wirelessly transmit
information to an external device.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and advantages of the
disclosure will be apparent upon consideration of the fol-
lowing detailed description, taken in conjunction with the
accompanying drawings, in which:

FIG. 1 depicts an illustrative schematic diagram of an
example battery cell with an integrated battery odometer, in
accordance with various embodiments of the disclosure;

FIGS. 2A-2B depict illustrative perspective views of two
example cylindrical-type battery cells, in accordance with
various embodiments of the disclosure;
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FIGS. 3A-3B illustrate perspective views of an example
battery cell with an externally integrated battery odometer,
in accordance with various embodiments of the disclosure;

FIGS. 4A-4B depicts illustrative perspective views of
example battery cells with externally integrated battery
odometers, in accordance with various embodiments of the
disclosure;

FIGS. 5A-5B depict illustrative perspective views of an
example battery cell comprising multiple energy units, in
accordance with various embodiments of the disclosure;

FIGS. 6 A-6B depict illustrative two views of an example
battery cell comprising multiple energy units, in accordance
with various embodiments of the disclosure;

FIGS. 7A-7B depict illustrative perspective views of two
example pouch-type or prismatic-type battery cells with
externally and internally integrated battery odometers, in
accordance with various embodiments of the disclosure;

FIGS. 8A-8B depict illustrative perspective views of an
example pouch-type or prismatic battery cell with an exter-
nally integrated battery odometer, in accordance with vari-
ous embodiments of the disclosure;

FIGS. 9A-9B depict illustrative perspective views of an
example battery cell comprising multiple energy units, in
accordance with various embodiments of the disclosure;

FIG. 10 depicts an illustrative process of an example
energy monitoring system, in accordance with embodiments
of the disclosure;

FIG. 11 depicts an illustrative process of an example
energy monitoring system, in accordance with embodiments
of the disclosure;

FIG. 12 depicts an illustrative process of an example
energy monitoring system, in accordance with embodiments
of the disclosure; and

FIG. 13 depicts an illustrative process of an example
energy monitoring system, in accordance with embodiments
of the disclosure.

DETAILED DESCRIPTION

FIG. 1 illustrates an example schematic diagram of an
example battery cell 105 with an integrated battery odometer
110, according to various embodiments of the present dis-
closure. In an embodiment, battery cell 105 includes battery
odometer 110 and one or more energy units 120. Battery
odometer 110 may include memory 112, control circuitry
114, and input-output (1/0) circuitry 116. Battery cell 105
may further include accelerometer 131, voltage sensor 132,
current sensor 133, thermometer 134, and/or resistor/fuse
135. Battery odometer 110 communicates with one or more
components, for example, accelerometer 131, voltage sensor
132, current sensor 133, and thermometer 134. In some
embodiments, battery odometer 110 communicates with one
or more other external components via /O circuitry 116.

In an embodiment, battery odometer 110 receives accel-
eration information from accelerometer 131 integrated into
battery cell 105. Battery odometer 110 analyzes the accel-
eration information to determine the shock loading that
battery cell 105 experiences. Although a single accelerom-
eter may be illustrated and described, any number of accel-
erometers may be implemented without departing from the
contemplated embodiments. For example, accelerometer
131 may be embodied by single-axis accelerometer (i.e.,
capable of detecting acceleration in one direction). In
another example, accelerometer 131 may be embodied by
multiple single-axis accelerometers. In such an example,
accelerometer 131 may include three individual single-axis
accelerometers, configured to detect acceleration in each of
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three axes (i.e., up-down (z-axis), left-right (x-axis), back-
forward (y-axis)). In other examples, accelerometer 131 may
be embodied by a single multi-axis accelerometer, i.e.,
capable of detecting acceleration in multiple directions.
Additionally, accelerometer 131 may include multiple accel-
erometers configured similarly to add redundancy and/or to
increase the robustness of the acceleration detection.

Although a particular type of accelerometer may be
illustrated and described, any type of accelerometer may be
implemented without departing from the contemplated
embodiments. Example types of accelerometers that may be
implemented include bulk micromachined capacitive accel-
erometers, bulk micromachined piezoelectric resistive
accelerometers, capacitive spring mass system base accel-
erometers, DC response accelerometers, electromechanical
servo (servo force balance) accelerometers, high gravity
accelerometers, high temperature accelerometers, laser
accelerometers, low frequency accelerometers, magnetic
induction accelerometers, modally tuned impact hammer
accelerometers, null-balance accelerometers, optical accel-
erometers, pendulous integrating gyroscopic accelerometers
(PIGA), piezoelectric accelerometers, quantum (rubidium
atom cloud, laser cooled), resonance accelerometers, seat
pad accelerometers, shear mode accelerometers, strain
gauge accelerometers, surface acoustic wave (SAW) accel-
erometers, surface micromachined capacitive (MEMS)
accelerometers, thermal (submicrometric CMOS process)
accelerometers, triaxial accelerometers, vacuum diode with
flexible anode accelerometers, potentiometric accelerom-
eters, and LVDT type accelerometers.

In some embodiments, battery odometer 110 receives
voltage information from voltage sensor 132. In such
embodiments, battery odometer 110 analyzes the voltage
information to determine voltage-related parameters. For
example, battery odometer 110 may analyze voltage infor-
mation to determine the voltage output of battery cell 105,
the voltage drop of battery cell 105 (i.e., the voltage differ-
ence between an open circuit voltage of battery cell 105 and
the voltage output when battery cell 105 is connected to a
resistor of a known resistance (e.g., resistor/fuse 135)),
and/or the voltage input of battery 110. Although only a
single voltage sensor 132 may be illustrated and described,
any number of voltage sensors 132 may be implemented
without departing from the contemplated embodiments. For
example, battery cell 105 may include multiple voltage
sensors 132, for example, a voltage sensor configured to
detect the voltage of battery cell 105 and a voltage sensor
configured to detect the voltage output of battery cell 105.

Although voltage sensor 132 may be illustrated and
described as detecting voltage related to battery cell 105 as
a whole, voltage sensor 132 may be configured to detect
voltage information related to each one of the one or more
of energy units 120. In such embodiments for example, each
one of the one or more energy units may have one or more
voltage sensors attached thereto.

Although a particular type of voltage sensor may be
illustrated and described, voltage sensor 132 may be embod-
ied by any type of voltage sensor capable of implementing
one or more of the embodiments discussed herein. For
example, voltage sensor 132 may be embodied by a resistive
divider voltage sensor, a capacitive divider voltage sensor, a
Hall effect voltage sensor, an electrostatic voltage sensor, a
piezoelectric voltage sensor, an optical voltage sensor, an
inductive voltage sensor, or a fiber optic voltage sensor.
Additionally, in embodiments with more than one voltage
sensor 132, each one of the multiple voltage sensors 132
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may be embodied by the same type of voltage sensors or
different types of voltage sensors.

In some embodiments, battery odometer 110 receives
current information from current sensor 133. In some
embodiments, current sensor 133 may be configured to
detect the current output and/or input of battery cell 105.
Additionally, each of the one or more energy units 120 may
include a current sensor without departing from the contem-
plated embodiments. In such embodiments, battery odom-
eter 110 may receive current information from each of the
one or more energy units 120. Although battery cell 105 may
be illustrated and described as including a single current
sensor, any number of current sensors may be implemented
without departing from the contemplated embodiments. In
such embodiments for example, each one of the one or more
energy units may have one or more current sensors attached
thereto. In such a configuration, battery odometer 110 is able
to detect and monitor current information for each one of the
one or more energy units 120 as well as the entirety of
battery cell 105. For example, battery odometer 110 may
detect that a particular energy unit of the one or more energy
units 120 is underperforming based on the current informa-
tion of that particular energy unit, thereby detecting and
identifying which of the one or more energy units 120 needs
replacement or is otherwise not performing at a particular
level.

Additionally, although a single type of current sensor may
be illustrated and described, any type of current sensor may
be implemented without the parting from the contemplated
embodiments. Example types of current sensors that may be
used include current transformers, DC-CT platise flux cur-
rent sensors, fluxgate/zero flux current sensors, open-loop
hall effect current sensors, closed-loop hall effect current
sensors, fiber-optic currents sensors, shunt resistor current
sensors, and Rogowski coil current sensors.

In some embodiments, battery odometer 110 receives
temperature information from thermometer 134. In some
embodiments, thermometer 134 is configured such that
battery odometer 110 determines the temperature of battery
cell 105. In other embodiments, thermometer 134 is config-
ured such that battery odometer 110 determines the ambient
temperature of the environment in which battery cell 105 is
located. In other embodiments, thermometer 134 is config-
ured such that it detects the temperature of one or more
energy units 120. Battery odometer 110 may detect and track
one or more temperature parameters over time. In some
embodiments, battery odometer stores one or more mini-
mum and/or maximum values of battery cell 105. Such
information may be stored locally, for example, at memory
112. Although battery cell 105 may be illustrated and
described as including a single thermometer, any number of
thermometers may be implemented without departing from
the contemplated embodiments. Additionally, although a
single type of thermometer may be illustrated and described,
any type of thermometer may be implemented without the
parting from the contemplated embodiments. Example types
of thermometers that may be used include digital thermom-
eters, mercury-in-glass thermometers, thermocouples,
pyrometers, plastic strip thermometers, liquid-in-glass ther-
mometers, bimetallic strip thermometers, platinum resis-
tance thermometers, and probe thermometers.

In some embodiments, battery odometer 110 optionally
includes display 118. In such embodiments, battery odom-
eter 110 may include any type of display, for example, those
that support a graphical user interface. Example displays
include liquid crystal displays (LCD), light-emitting diode
displays (LED), organic light-emitting diode displays
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(OLED), quantum dot displays (QLED), or any combination
thereof. Alternatively or in addition, the display may include
lights or lighted switches to convey one or more of the
parameters monitored and/or determined by the battery
odometer.

In some embodiments, battery cell 105 includes resistor/
fuse 135. Although certain embodiments may be illustrated
and described as including a resistor or a fuse, battery cell
105 may include resistor 135, fuse 135, or resistor/fuse 135
without departing from the contemplated embodiment.

In other embodiments, battery cell 105 includes capacitor
137. Although certain embodiments may be illustrated and
described as including a particular type and/or configuration
of capacitor, any suitable type and/or configuration of
capacitor(s) may be used without departing from the con-
templated embodiments. For example, capacitor 137 may be
embodied by ceramic capacitors, film and paper capacitors,
aluminum, tantalum, and niobium electrolytic capacitors,
polymer capacitors, supercapacitors, and silver mica, glass,
silicon, airgap, and vacuum capacitors, or any combination
thereof may be implemented without departing from the
contemplated embodiments.

In some embodiments, battery odometer 110 uses an AC
pulse charge (or simulated AC pulse charge) to determine
the internal resistance of battery cell 105 and/or one or more
energy units 120. In such an embodiment, battery cell 105
includes an insulated-gate bipolar transistor (IGBT) that
applies a simulated AC discharge into one or more energy
units 120. Battery odometer 110 uses information gathered
during the AC discharge to, e.g., determine the internal
resistance (ACIR) of one or more energy units 120. Any type
of IGBT may be implemented. For example, a Punch
Through IGBT or PT-IGBT (also known as asymmetrical
IGBT) and/or a Non-Punch Through IGBT or NPT-IGBT
(also known as asymmetrical IGBT), without departing from
the contemplated embodiments. Although an IGBT may be
illustrated and described as providing the pulse charge to
battery cell 105 and/or one or more energy units 120, any
device capable of applying a DC or AC (or simulated AC)
pulse charge to the battery may be implemented without
departing from the contemplated embodiments. For
example, a MOSFET, H-Bridge, Full-Bridge, Half-Bridge,
PWM controller, as well as SiC, GaN switches, and/or other
wideband gap semiconductors may be implemented to effec-
tuate the functionality discussed herein.

As used herein, the term “battery cell” refers to a device
that converts chemical energy into electric energy and
includes an anode and a cathode separated by an electrolyte
and produces voltage and current. A battery cell may contain
one or more energy units, each energy unit having an anode
and a cathode separated by an electrolyte that produces
voltage and current. When a battery cell comprises multiple
energy units, the energy units are connected in parallel such
that the energy units function as a single energy unit.

FIGS. 2A and 2B illustrate perspective views of two
example embodiments of cylindrical-type battery cells hav-
ing externally and internally integrated battery odometers
210, according to various embodiments of the present dis-
closure. With reference to FIG. 2A, battery cell 205 includes
positive terminal 222 and negative terminal 224. Although
positive terminal 222 and negative terminal 224 may be
illustrated and described in a specific configuration with
respect to battery cell 205, positive terminal 222 and nega-
tive terminal 224 may be configured in any manner suitable
to implement the embodiments described herein. Battery
cell 205 includes battery odometer 210 integrated in battery
cell 205. As illustrated, battery odometer 210 is integrated in
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battery cell 205 by being attached to the exterior of battery
cell 205. Although battery odometer 210 may be illustrated
and described as being attached to the exterior of battery cell
205, some or all of battery odometer 210 may be located
within battery cell 205.

In another example embodiment and with reference to
FIG. 2B, battery cell 205 includes battery odometer 210 that
is integrated in battery cell 205. Battery cell 205 includes
positive terminal 222 and negative terminal 224. As illus-
trated, battery odometer 210 is located within the jacket or
casing of battery cell 205.

FIGS. 3A and 3B illustrate perspective views of an
example battery cell 305 with an externally integrated
battery odometer 310, according to various embodiments of
the present disclosure. FIG. 3A depicts an illustrative per-
spective view of battery cell 305 in its assembled state; FIG.
3B depicts an illustrative exploded view of battery cell 305
in a disassembled or preassembly state. As illustrated, bat-
tery odometer 310 includes first portion 312 and second
portion 314. Battery cell 320 may comprise one or more
energy units within its case (not shown). First portion 312 is
located near positive terminal 322 of battery cell 320. First
portion 312 includes a terminal (not shown) contacting
positive terminal 322 and positive terminal 316. Similarly,
second portion 314 includes terminal 318 contacting nega-
tive terminal 324 and further includes negative terminal 319.
As assembled, battery odometer 310 is integrated with
battery cell 320 to form battery cell 805. As illustrated, first
portion 312 of battery odometer 310 is attached or otherwise
affixed to battery cell 320 such that the terminal of first
portion 312 contacts positive terminal 322 of battery cell
320. Similarly, second portion 314 is located near negative
terminal 324 such that terminal 318 contacts negative ter-
minal 324 of battery cell 320. Although not illustrated,
battery odometer 310 may further include various compo-
nents, for example, memory, control circuitry, input output
circuitry, one or more accelerometers, one or more voltage
sensors, current sensors, one or more thermometers, and/or
one or more resistors or fuses. First portion 312 may
communicate with second portion 314 using any wired or
wireless communication techniques.

In some embodiments, first portion 312 includes a voltage
sensor and a current sensor. Additionally, second portion 314
includes a voltage sensor and a current sensor. In such
embodiments, battery odometer 310 determines the voltage
of battery cell 320 using the voltage sensors located within
the first portion of 312 and second portion of 314. Addi-
tionally, battery odometer 310 determines the current input
and the current output of battery cell 320 using the current
sensors embedded within first portion 312 and/or second
portion 314. In this way, battery odometer 310 implements
various techniques of the present disclosure. In the illus-
trated embodiment, battery odometer 310 may be added to
existing commercially available battery cells.

Although first portion of 312 may be illustrated and
described as being located near positive terminal 322 of
battery cell 320, first portion 312 may be located anywhere
without departing from the contemplated embodiments.
Similarly, although second portion of 314 may be illustrated
and described as being located near negative terminal 324 of
battery cell 320, second portion of 314 may be located
anywhere, without departing from the contemplated
embodiment.

FIGS. 4A and 4B illustrate perspective views of two
example embodiments of battery cells 420 with externally
integrated battery odometers 412, 414, according to various
embodiments of the present disclosure. In an example
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embodiment and with reference to FIG. 4A, battery cell 405
includes battery cell 420 and battery odometer 414 located
near the bottom of battery cell 420 (as illustrated). Although
not illustrated, battery odometer 414 may include various
components, for example, memory, control circuitry, input
output circuitry, one or more accelerometers, one or more
voltage sensors, one or more current sensors, one or more
thermometers, and/or more resistors or fuses. In some
embodiments, battery odometer 414 may optionally include
adisplay. As illustrated, battery odometer 414 is located near
negative terminal 424 of battery cell 420. Battery odometer
414 includes terminal 419 (not shown) that contacts negative
terminal 424 of battery cell 420.

In another example embodiment and with reference to
FIG. 4B, battery cell 405 includes battery cell 420 and
battery odometer 412 located near the top of battery cell 420
(as illustrated). Although not illustrated, battery odometer
412 may include various components, for example, memory,
control circuitry, input output circuitry, one or more accel-
erometers, one or more voltage sensors, one or more current
sensors, one or more thermometers, one or more resistors,
fuses, and/or capacitors. In some embodiments, battery
odometer 412 may optionally include a display. Battery
odometer 412 is located near positive terminal 422 of battery
cell 420. Battery odometer 412 includes positive terminal
416 that contacts positive terminal 422 of battery cell 420.
In the illustrated embodiments of FIGS. 4A and 4B, battery
odometer 412, 414 may be added to a commercially avail-
able battery cell energy unit 420.

FIGS. 5A and 5B illustrate perspective views of an
example battery cell 505 comprising multiple energy units
520, according to various embodiments of the present dis-
closure. Battery cell 505 includes battery odometer 510,
energy units 520, connector 540, case 550, positive terminal
522, and negative terminal 524. Although FIGS. 5A and 5B
illustrate perspective views of opposite sides of an example
battery cell 505, the features illustrated in FIGS. 5A and 5B
may be independently implemented, without departing from
the contemplated embodiments. Although battery cell 505
may be illustrated and described as including ten energy
units 520, any number of energy units 520 may be imple-
mented without departing from the contemplated embodi-
ments. Energy units 520 are electrically coupled in parallel
and function as a single energy unit for battery cell 505. For
example, the voltage of energy units 520 corresponds to the
voltage of battery cell 505. Battery odometer 510 may
include various components, for example, memory, control
circuitry, and input-output circuitry. Additionally, battery
odometer 510 may optionally include a display. Battery cell
505 may additionally include various components, for
example, one or more accelerometers, one or more voltage
sensors, one or more current sensors, one or more thermom-
eters, and/or one or more resistors or fuses.

In some embodiments, battery cell 505 includes one or
more voltage sensors. In such embodiments, the one or more
voltage sensors may be configured to detect the input and/or
output voltage of battery cell 505. In other such embodi-
ments, one or more voltage sensors may be configured to
detect the input and/or output voltage of one or more energy
units 520. In this way, battery cell 505 is able to detect the
input and/or output voltage of battery cell 505 and/or the
input and/or output voltage of energy units 520.

In some embodiments, battery cell 505 includes one or
more current sensors. In such embodiments, the one or more
current sensors may be configured to detect the input and/or
output current of battery cell 505. In other such embodi-
ments, one or more current sensors may be configured to
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detect the input and/or output current of one or more energy
units 520. In this way, battery cell 505 is able to detect the
input and/or output current of battery cell 505 and/or the
input and/or output current of any individual energy unit
520.

In some embodiments, battery cell 505 includes one or
more accelerometers to detect the acceleration experienced
by battery cell 505. The one or more accelerometers may be
located within one or more of energy units 520, within
battery odometer 510, within the interior of casing 550, on
the exterior of casing 550, or any combination thereof. In
some embodiments, battery cell 505 includes one or more
single-axis accelerometers, e.g., accelerometers that are con-
figured to detect acceleration in one or more of the x-, y-, and
z-axes. In other embodiments, battery cell 505 includes a
single, multi-axis accelerometer, e.g., a single accelerometer
that detects acceleration in the x-, y-, and z-axes.

In some embodiments, battery cell 505 includes one or
more thermometers. In such embodiments, the one or more
thermometers may be located and/or configured to detect the
temperature of various components of battery cell 505. For
example, one or more of energy units 520 may include a
thermometer that detects the internal temperature of energy
unit 520. In another example, battery cell 505 may have one
or more thermometers located within case 550 and be
configured to detect the temperature of the air or compo-
nents within case 550. In another example, battery cell 505
includes one or more thermometers configured to detect the
ambient temperature in which battery cell 505 is located.

FIGS. 6A and 6B illustrate two views of an example
battery cell 605 comprising multiple energy units 620,
according to various embodiments of the present disclosure.
Battery cell 605 includes battery odometer 620, connector
640, one or more energy units 620, case 650, positive
terminal 622, and negative terminal 624. Battery cell 605
additionally includes one or more components, for example,
memory, control circuitry, input output circuitry, one or
more accelerometers, one or more voltage sensors, one or
more current sensors, one or more thermometers, one or
more resistors or fuses, or any combination thereof. Battery
cell 605 may optionally include a display. In some embodi-
ments, battery cell 605 includes additional components for
implementing other features of battery cell 605, for example,
cooling passages 652 and busbars and current collectors.
Connector 640 may be illustrated and described as a wired
port. Connector port 640 may be embodied by any wired or
wireless device capable transferring information to and from
battery cell 605 (including battery odometer 620), without
departing from the contemplated embodiments.

In some embodiments, battery cell 605 includes one or
more voltage sensors. In such embodiments, the one or more
voltage sensors may be configured to detect the input and/or
output voltage battery cell 605. In other such embodiments,
one or more voltage sensors may be configured to detect the
input and/or output voltage of one or more energy units 620.
In this way, battery odometer 620 is able to detect the input
and/or output voltage of battery cell 605 and/or the input
and/or output voltage of energy units 620.

In some embodiments, battery cell 605 includes one or
more current sensors. In such embodiments, the one or more
current sensors may be configured to detect the input and/or
output current of battery cell 605. In other such embodi-
ments, one or more current sensors may be configured to
detect the input and/or output current of one or more energy
units 620. In this way, battery odometer 620 is able to detect
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the input and/or output current of battery cell 605 and/or the
input and/or output current of any individual energy unit
620.

In some embodiments, battery cell 605 includes one or
more accelerometers to detect the acceleration experienced
by battery cell 605. The one or more accelerometers may be
located within one or more of energy units 620, within
battery odometer 610, within the interior of casing 650, on
the exterior of casing 650, or any combination thereof. In
some embodiments, battery cell 605 includes one or more
single-axis accelerometers, e.g., accelerometers that are con-
figured to detect acceleration in one or more of the x-, y-, and
z-axes. In other embodiments, battery cell 605 includes a
single, multi-axis accelerometer, e.g., a single accelerometer
that detects acceleration in the x-, y-, and z-axes.

In some embodiments, battery cell 605 includes one or
more thermometers. In such an embodiment, the one or
more thermometers may be located and/or configured to
detect the temperature of various components of battery cell
605. For example, one or more of energy units 620 may
include a thermometer that detects the internal temperature
of energy unit 620. In another example, battery cell 605 may
have one or more thermometers located within case 650 and
configured to detect the temperature of the air or compo-
nents within case 650. In another example, battery cell 605
includes one or more thermometers configured to detect the
ambient temperature in which battery cell 605 is located. In
some embodiments, battery cell 605 corresponds to battery
cell 505, but with a different internal configuration of energy
units.

FIGS. 7A and 7B illustrate perspective views of two
example embodiments of pouch-type or prismatic-type bat-
tery cells 705 having externally and internally integrated
battery odometers 710, according to various embodiments of
the present disclosure. With reference to FIG. 7A, battery
cell 705 includes positive terminal 722 and negative termi-
nal 724. Although positive terminal 722 and negative ter-
minal 724 may be illustrated and described in a specific
configuration with respect to battery cell 705, positive
terminal 722 and negative terminal 724 may be configured
in any manner suitable to implement the features described
herein. Battery cell 705 includes battery odometer 710
integrated in battery cell 705. As illustrated, battery odom-
eter 710 is integrated in battery cell 705 by being attached
to the exterior of battery cell 705. Although battery odometer
710 may be illustrated and described as being attached to the
exterior of battery cell 705, some or all of battery odometer
710 may be located within battery cell 705.

In another example embodiment and with reference to
FIG. 7B, battery cell 705 includes battery odometer 710 that
is integrated in battery cell 705 by being located within the
jacket or casing of battery cell 705. Battery cell 705 includes
positive terminal 722 and negative terminal 724. As illus-
trated, battery odometer 710 is integrated in battery cell 705
by being located entirely within battery cell 705.

FIGS. 8A and 8B illustrate perspective views of an
example battery cell 805 with an externally integrated
battery odometer 810, according to various embodiments of
the present disclosure. FIG. 8A depicts an illustrative per-
spective view of battery cell 805 in its assembled state; FIG.
8B depicts an illustrative exploded view of battery cell 805
in a disassembled or preassembly state. As illustrated, bat-
tery odometer 810 is affixed or otherwise attached to energy
unit 830. In some embodiments and as illustrated, battery
odometer 810 is located near the top of battery cell 820 and
connects to positive terminal 822 and negative terminal 824
of battery cell 820. Battery odometer 810 includes a terminal
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(not shown) contacting positive terminal 822. Similarly,
battery odometer 810 includes a terminal (not shown) con-
tacting negative terminal 824. Battery odometer 810
includes positive terminal 816 and negative terminal 819.

As illustrated in FIG. 8A, battery odometer 810 is exter-
nally integrated with battery cell 820 to form battery cell
805. Battery odometer 810 is attached or otherwise affixed
to battery cell 820 such that the positive contact terminal
(not shown) of battery odometer 810 contacts positive
terminal 822 of battery cell 820. Similarly, negative terminal
(not shown) of battery odometer 810 contacts negative
terminal 824 of battery cell 820. Although not illustrated,
battery odometer 810 may further include various compo-
nents, for example, memory, control circuitry, input output
circuitry, one or more accelerometers, one or more voltage
sensors, current sensors, one or more thermometers, and/or
one or more resistors or fuses.

In some embodiments, battery odometer 810 includes a
voltage sensor and a current sensor configured to detect the
voltage and current related to positive terminal 822 and/or
negative terminal 824. In such embodiments, battery odom-
eter 810 determines the voltage of battery cell 820 using the
voltage sensors located within battery odometer 810. Addi-
tionally, battery odometer 810 determines the current input
and/or the current output of battery cell 820 using the current
sensors embedded within battery odometer 810. In this way,
battery odometer 810 implements various techniques of the
present disclosure. In the illustrated embodiment, battery
odometer 810 may be added to existing commercially avail-
able pouch-type or prismatic-type battery cells.

Although battery odometer 810 is illustrated and
described as being located near the terminals of battery cell
820, battery odometer 810 may be located anywhere on or
within battery cell 820 without departing from the contem-
plated embodiments.

FIGS. 9A and 9B illustrate perspective view of an
example battery cell 905 comprising multiple pouch-type
energy units 920, according to various embodiments of the
present disclosure. In some embodiments, battery cell 905
includes energy units 920, battery odometer 910, connector
940, case 950, positive battery terminal 922 and negative
battery terminal 924.

Battery odometer 910 may include various components,
for example, memory, control circuitry, and input-output
circuitry. Additionally, battery cell 905 may optionally
include a display. In some embodiments, battery cell 905
may additionally include various sensors, for example, one
or more accelerometers, one or more voltage sensors, one or
more current sensors, one or more thermometers, or one or
more resistors or fuses, or any combination thereof.

In some embodiments, battery cell 905 includes one or
more voltage sensors. In such embodiments, the one or more
voltage sensors may be configured to detect the input and/or
output voltage battery cell 905. In other such embodiments,
one or more voltage sensors may be configured to detect the
input and/or output voltage of one or more energy units 920.
In this way, battery cell 905 is able to detect the input and/or
output voltage of battery cell 905 and/or the input and/or
output voltage of energy units 920.

In some embodiments, battery cell 905 includes one or
more current sensors. In such embodiments, the one or more
current sensors may be configured to detect the input and/or
output current of battery cell 905. In other such embodi-
ments, one or more current sensors may be configured to
detect the input and/or output current of one or more energy
units 920. In this way, battery cell 905 is able to detect the
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input and/or output current of battery cell 905 and/or the
input and/or output current of any individual energy unit
920.

In some embodiments, battery cell 905 includes one or
more accelerometers to detect the acceleration experienced
by battery cell 905. The one or more accelerometers may be
located within one or more of energy units 920, within
battery odometer 910, within the interior of casing 950, on
the exterior of casing 950, or any combination thereof. In
some embodiments, battery cell 905 includes one or more
single-axis accelerometers, e.g., accelerometers that are con-
figured to detect acceleration in one or more of the x-, y-, and
z-axes. In other embodiments, battery cell 905 includes a
single, multi-axis accelerometer, e.g., a single accelerometer
that detects acceleration in the x-, y-, and z-axes.

In some embodiments, battery cell 905 includes one or
more thermometers. In such an embodiment, the one or
more thermometers may be located and/or configured to
detect the temperature of various components of battery cell
905. For example, one or more of energy units 920 may
include a thermometer that detects the internal temperature
of energy unit 920. In another example, battery cell 905 may
have one or more thermometers located within case 950 and
configured to detect the temperature of the air or compo-
nents within case 950. In another example, battery cell 905
includes one or more thermometers configured to detect the
ambient temperature in which battery cell 905 is located.

In some embodiments, battery cell 905 includes addi-
tional structures and components. For example, battery cell
905 may include cooling tubes 952, busbars, and other
components to implement the techniques described herein.
In some embodiments, battery cell 905 corresponds to
battery cells 505 and 605, but with a different internal
configuration of energy units.

FIG. 10 illustrates an exemplary process for monitoring
certain parameters of an energy system, according to various
embodiments of the present disclosure. At 1005 process
1000 starts. In some embodiments, process 1000 starts based
on user input. In other embodiments, process 1000 starts
based on the occurrence of a catalyzing event. For example,
process 1000 may start once a unit of time has elapsed. In
such an example, process 1000 may be undertaken once per
second, once per minute, once per hour, once per day, once
per week, once per month, or any combination thereof.

At 1010, process 1000 determines current based on cur-
rent information received from one or more current sensors
1015 (e.g., current sensors 133, 1135). In some embodi-
ments, process 1000 determines the current flow into the
battery cell at which the one or more current sensors 1015
are installed. In other embodiments, process 1000 deter-
mines the current flow out of the battery cell at which the one
or more current sensors 1015 are installed. Additionally or
alternatively, process 1000 may determine the current into
and/or out of one or more energy units of the battery cell.
One or more of the parameters considered or determined at
1010 may be stored, for example, at memory 1045.

At 1020, process 1000 determines voltage of the battery
cell based on voltage information received from one or more
voltage sensors 1025 (e.g., voltage sensor 132, 1115). In
some embodiments, process 1000 determines the voltage of
the battery cell at which the one or more voltage sensors
1025 are installed. In some embodiments, process 1000
determines the voltage of the battery cell without resistance
(referred to as open circuit voltage). Process 1000 may
alternatively or additionally determine the voltage of the
battery cell with a known resistance. In such embodiments,
process 1000 may compare the open circuit voltage to the
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voltage determined with the known resistance, thereby
determining the voltage drop of the battery cell. In some
embodiments, process 1000 uses a fuse of the battery cell as
the known resistance when determining the voltage drop. In
other embodiments, a capacitor (e.g., capacitor 137 as
discussed with respect to FIG. 1) may be used to apply a
pulse charge into the battery cell to determine the cell’s
charge internal resistance. In other embodiments, an IGBT
may be used to apply a pulse charge to the battery cell to
determine the cell’s internal resistance. Although techniques
of determining voltage may be illustrated and discussed with
respect to determining the voltage of a battery cell, such
techniques may be applied to determining various voltage
parameters for one or more of the energy units of the battery
cell. For example, process 1000 may determine the voltage
of one or more energy units of the battery cell. One or more
of the parameters considered or determined at 1020 may be
stored, for example, at memory 1045.

At 1030, process 1000 determines temperature based on
temperature information received from one or more tem-
perature sensors 1035 (e.g., temperature sensor 134). In
some embodiments, process 1000 determines the internal
temperature of one or more of the energy units of the battery
cell. In other embodiments, process 1000 determines the
temperature of the air within the battery cell. In other
embodiments, process 1000 determines the temperature of
cooling fluid used to cool components of the battery cell. In
yet other embodiments, process 1000 determines the ambi-
ent temperature of the environment in which the battery cell
is located. One or more of the parameters considered or
determined at 1030 may be stored, for example, at memory
1045.

At 1040, process 1000 determines the internal resistance
of the battery cell. For example, process 1000 may consider
determined voltage parameters (for example, those dis-
cussed with respect to 1020) and determined current param-
eters (for example, those discussed with respect to 1010) to
determine the internal resistance of the battery cell. In some
embodiments, process 1000 implements the following equa-
tion to determine the battery cell’s internal resistance (ISR):

-7
ISR = (T)R
where
V,=Voltage Without Resistance (i.e., Open Circuit Volt-
age)

V,=Voltage with Known Resistance

R=Known Resistance

In some embodiments, the internal resistance of a battery
cell may vary based on the battery cell’s state of charge.
Thus, in some embodiments, process 1000 determines the
battery cell’s internal resistance at varying states of charge.
In such embodiments, process 1000 may use a capacitor
(e.g., capacitor 137 as discussed with respect to FIG. 1) to
apply the voltage to the battery cell. In such embodiments,
the capacitor may be configured to charge the capacitor
during normal use and store that energy to apply a pulse
discharge into the battery cell. Such embodiments enable
process 1000 to determine the battery cell’s charge internal
resistance.

In some embodiments, process 1000 determines the inter-
nal resistance of the battery cell using an AC pulse dis-
charge. For example, process 1000 may consider determined
voltage parameters (for example, those discussed with
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respect to 1020) and determined current parameters (for
example, those discussed with respect to 1010) to determine
the internal resistance of the battery cell. In some embodi-
ments, process 1000 implements the following equation to
determine the battery cell’s AC internal resistance (ACIR):

V, —
acr=2""
L -1
where
V,=Voltage Without Resistance (i.e., Open Circuit Volt-
age)

V,=Voltage with Known Resistance

[,=Current Without Resistance (i.e., 0)

[,=Current with Known Resistance

In some embodiments, process 1000 additionally or alter-
natively determines the conductance of the battery cell.
Conductance is a measure of the ease with which electric
current flows through the materials of the battery cell.
Conductance (G) may be expressed as the inverse of the
internal resistance:

1 ¥,
G=—=—2—
ISR~ R(V2-V2)
where
V,=Voltage Without Resistance (i.e., Open Circuit Volt-
age)

V,=Voltage with Known Resistance

R=Known Resistance
One or more of the parameters considered or determined at
1040 may be stored, for example, at memory 1045.

At 1050, process 1000 determines the remaining useable
life of the battery cell. In some embodiments, process 1000
considers voltage parameters (e.g., those discussed with
respect to 1010), current parameters (e.g., those discussed
with respect to 1020), temperature parameters (e.g., those
discussed with respect to 1030), internal resistance/conduc-
tance (e.g., as discussed with respect to 1040), or any
combination thereof.

In some embodiments, process 1000 determines a single
alphanumerical value indicative of the remaining useable
life of the battery cell (e.g., A-F, 1-10, 1-100, etc.). In such
embodiments, process 1000 may weight one or more of the
various parameters such that it has a higher or lower impact
on the remaining useable life value. For example, process
1000 may weight internal cell resistance such that it has a
higher impact on the value than the voltage output of the
battery cell. Although weighting a single parameter higher
or lower is discussed, process 1000 may weight any number
of parameters to any degree, without departing from the
contemplated embodiments. Although remaining useful life
may be discussed as being expressed as an alpha numeric
value, the remaining useful life of the battery may be
expressed using any applicable parameters. For example, the
remaining useful life may be expressed as a percentage, in
terms of amp-hours, as a length of time, or any combination
thereof.

Memory illustrated and described with respect to 1045
may be any type of storage device. For example, one or more
of the parameters and/or information discussed herein may
be stored locally (e.g., at a memory or storage device located
at the battery cell) or remotely (e.g., at a memory or storage
device not located at the battery cell). Moreover, memory
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may be embodied by any device capable of storing infor-
mation, including a hard drive, a flash drive, magnetic
storage, optical storage, etc., or any combination thereof.
Additionally, information retrieved from sensors or other
data sources that are not located at the battery cell may be
stored on memory at 1045. For example, a storage device
local to a battery cell may store information obtained from
sensors located at other battery cells. In such an array
configuration, a single storage device at a particular battery
cell may store information related to other battery cells.

At 1060, process 1000 determines whether threshold(s)
is/fare met. In various embodiments, process 1000 may
consider thresholds for one or more parameters. For
example, process 1000 may consider one or more thresholds
related to voltage, current, temperature, charge-discharge
cycles, internal resistance, or any combination thereof.

In an example embodiment, process 1000 determines
whether the voltage output of the battery cell drops below a
minimum threshold of, for example, 2.50 volts. In such an
embodiment, process 1000 considers information from one
or more voltage sensors (e.g., as discussed with respect to
1020) and compares that information to the minimum
threshold value. If the voltage information indicates that the
voltage output of the battery cell is below 2.50 volts, process
1000 may send that information to communicator 1055,
which may then generate a notification. In some embodi-
ments, process 1000 may store the notification and/or infor-
mation relating to the low voltage condition (e.g., the
voltage minimum threshold, the detected voltage informa-
tion, the time and/or date of the occurrence, notification
information, the number of charge-discharge cycles preced-
ing or otherwise related to the low voltage condition, current
and/or temperature information related to the low voltage
condition, or any combination thereof).

In another example embodiment, process 1000 deter-
mines whether the voltage output of the battery cell exceeds
a maximum threshold of, for example, 3.70 volts. In such an
embodiment, process 1000 considers information from one
or more voltage sensors (e.g., as discussed with respect to
1020) and compares that information to the maximum
threshold value. If the voltage information indicates that the
voltage output of the battery cell exceeds 3.70 volts, process
1000 may send that information to communicator 1055,
which may then generate a notification. In some embodi-
ments, process 1000 may store the notification and/or infor-
mation relating to the high voltage condition (e.g., the
voltage maximum threshold, the detected voltage informa-
tion, the time and/or date of the occurrence, notification
information, the number of charge-discharge cycles preced-
ing or otherwise related to the high voltage condition,
current and/or temperature information related to the high
voltage condition, or any combination thereof). In some
embodiments, process 1000 may optionally implement
actions based on the voltage condition. For example, if
process 1000 determines that the voltage maximum has been
reached, process 1000 may implement a safety measure, for
example, causing the battery cell to be disconnected from
the system, thereby electrically isolating the battery cell.

Although a particular minimum and maximum voltage
value may be illustrated and described, any appropriate
minimum or maximum value may be implemented without
departing from the contemplated embodiments. For
example, the minimum or maximum voltage value may
depend on the type of battery cell, the configuration of the
battery cell, environmental conditions, the useful remaining
life of the battery cell, or any other factor relevant of the
battery cell’s performance, or any combination thereof.
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In some embodiments, process 1000 may undertake an
action based on the determined voltage condition. In such an
embodiment, process 1000 may, for example, display a low
voltage notification at a display associated with the battery
cell, schedule the battery cell for recharge, implement
recharging of the battery cell, disconnect and/or connect the
battery cell from an electrical network, or any combination
thereof.

In another example embodiment, process 1000 deter-
mines whether the current output of the battery cell exceeds
a maximum threshold of, for example, 300 milliamps. In
such an embodiment, process 1000 considers information
from one or more current sensors (e.g., as discussed with
respect to 1010) and compares that information to the
maximum threshold value. If the current information indi-
cates that the current output of the battery cell exceeds 400
amps, process 1000 may send that information to commu-
nicator 1055, which may then generate and send a notifica-
tion. In some embodiments, process 1000 may store the
notification and/or information relating to the high current
condition (e.g., the current maximum threshold, the detected
current information, the time and/or date of the occurrence,
notification information, the number of charge-discharge
cycles preceding or otherwise related to the high current
condition, voltage and/or temperature information related to
the high current condition, or any combination thereof). In
some embodiments, process 1000 may undertake an action
based on the determined current condition. In such an
embodiment, process 1000 may, for example, display a high
current notification at a display associated with the battery
cell, schedule the battery cell for maintenance, implement
discharging of the battery cell, disconnect and/or connect the
battery cell from an electrical network, or any combination
thereof.

Although a discharge threshold of 300 milliamps may be
illustrated and described, any applicable minimum and/or
maximum may be implemented without departing from the
contemplated embodiments. For example, minimums and
maximum in terms of amps or amp-hours may be imple-
mented. Alternatively, applicable minimums and maximums
may be implemented as a factor of the battery cell’s capacity
charged or discharged over a given amount of time. In such
an example embodiment, the maximum discharge may be
set at 2 times the capacity of a battery. In such an embodi-
ment where the battery capacity (C) is 1000 mA, an example
maximum discharge may be set as 2C or discharging the
1000 mA hour battery over 30 minutes. Additionally, appli-
cable minimums and maximums may vary depending on
many factors. For example, the minimums and maximums
implemented may vary depending on the type of battery, the
remaining useful life of the battery, the state of charge of the
battery, the temperature of the battery, the capacity of the
battery, the age of the battery, historical information relevant
to the battery, or any other applicable factor, or any com-
bination thereof.

Although certain thresholds may be illustrated and
described herein as relating to voltage or current, any
threshold value relating to any parameter relevant to process
1000 or a battery cell may be considered without departing
from the contemplated embodiments. For example, process
1000 may consider maximum and minimum thresholds for
relating to temperature information, internal resistance, con-
ductance, remaining useable life, charge-discharge cycles,
throughput watt hours, or any combination thereof. Addi-
tionally, relevant thresholds considered by process 1000 are
not limited to absolute values. For example, process 1000
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may consider a percentage and/or a root mean square (RMS)
value as a minimum or maximum threshold.

Moreover, maximum or minimum threshold values may
be dependent on other values. For example, process 1000
may consider a combination of temperature and current
when assessing whether a threshold is met. In another
example, process 1000 may adjust thresholds based on other
information. For example, a current threshold for a battery
cell at a higher temperature may be different than a current
threshold for the same battery cell at a lower temperature. In
another example, process 1000 may adjust (e.g., raise or
lower) threshold values based on, for example, a number of
charge-discharge cycles. In such an example, process 1000
may lower a minimum threshold value for a voltage output
for a battery cell that has experienced a high number of
charge-discharge cycles. Conversely, process 1000 may
raise a voltage output minimum threshold for a battery cell
that has experienced little to no charge discharge cycles (i.e.,
the battery is new).

In the event that process 1000 determines that a threshold
is not met, process 1000 continues to 1065 where process
1000 exits.

One or more of the steps discussed with respect to FIG.
10 may be implemented at various control circuitry devices,
for example, control circuitry 114. Additionally, such steps
may be undertaken by one or more devices, for example,
battery odometer 110, 210, 310, 510, 610, 710, 810, 910,
1010, 1110. The steps may be undertaken when monitoring
a battery cell, for example, battery cell 105, 305, 320, 405,
420, 505, 605, 705, 805, 820, 905; and/or when monitoring
individual energy units, for example, energy unit 120, 520,
620, 920, 1020, 1120.

FIG. 11 illustrates an exemplary process for an energy
system, according to various embodiments of the present
disclosure. At 1105 process 1100 starts. In some embodi-
ments, process 1100 starts based on user input. In other
embodiments, process 1100 starts based on the occurrence
of a catalyzing event. For example, process 1100 may start
once a unit of time has elapsed. In such an example, process
1100 may be undertaken once per second, once per minute,
once per hour, once per day, once per week, once per month,
or any combination thereof.

At 1110, process 1100 determines electrical parameter(s)
based on information received from one or more sensors, for
example, current sensor(s) 133, 1015, 1135, and/or voltage
sensor(s) 132, 1025, 1115. Process 1100 may determine
electrical parameters relating to, for example, voltage input
(s), voltage output(s), current input(s), current output(s),
internal resistance(s), conductance(s), or any combination
thereof. Process 1100 determines additional or alternative
electrical parameters, for example, those discussed with
respect to 1010, 1020, 1030, 1040, and 1060, as discussed
with respect to FIG. 10.

At 1120, process 1100 determines acceleration. In some
embodiments, process 1100 retrieves acceleration informa-
tion from one or more accelerometers 1125 (e.g., acceler-
ometer 131). In an example, process 1100 receives accel-
eration information relating to one or more directions. For
example, accelerometer 1125 may be configured to detect
acceleration in a single direction, e.g., vertical. In such an
example, process 1100 may receive that information and
determine magnitude of the vertical acceleration. In some
embodiments, one or more accelerometers 1125 may be
configured to measure acceleration in more than one direc-
tion, e.g., by having multiple accelerometers configured to
detect acceleration in one direction or by having a single
accelerometer that is configured to detect acceleration in
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multiple directions. In some embodiments, process 1100
may proceed directly to 1150 once it has determined accel-
eration.

Although techniques of determining acceleration may be
illustrated and discussed with respect to determining the
acceleration experienced by a battery cell, such techniques
may be applied to determining various parameters for one or
more of the energy units of the battery cell. For example,
process 1100 may determine the acceleration experienced by
one or more energy units of the battery cell. One or more of
the parameters considered or determined at 1120 may be
stored, for example, at memory 112, 1045, 1145.

At 1140, process 1100 determines remaining useable life
of the battery cell. In some embodiments, process 1100
considers voltage, and/or current parameters (e.g., those
discussed with respect to 1110), acceleration, and/or internal
resistance, or any combination thereof.

In some embodiments, process 1100 determines a single
alphanumerical value indicative of the remaining useable
life of the battery cell (e.g., A-F, 1-10, 1-100, etc.). In such
embodiments, process 1100 may weight one or more of the
various parameters such that it has a higher or lower impact
on the remaining useable life value. For example, process
1100 may weight acceleration higher than other parameters
discussed. Additionally, process 1100 may weight accelera-
tion in a particular direction higher than other directions. In
such an example, process 1100 may weight vertical accel-
eration higher than acceleration in other directions. In other
examples, process 1100 may weight certain parameters
higher or lower based on other parameters, for example,
time. Although weighting a single parameter higher or lower
may be discussed, process 1100 may weight any number of
parameters to any degree, without departing from the con-
templated embodiments. In one illustrative example, a new
battery cell may have a remaining useable life of 100 and
one or more acceleration thresholds may be used in con-
nection with determining the remaining useable life. For
example, if the new battery cell were dropped on a hard
surface and experienced high acceleration (e.g., 5,000 gs)
that exceeds a first threshold, the remaining useable life may
be reduced by 5 to 95. However, if the battery cell were to
experience an acceleration greater than a second higher
threshold, the remaining useable life may be reduced by 10
to 90. High acceleration may reduce the remaining useable
life by a fixed amount or by a percentage amount.

Memory illustrated and described with respect to 1145
may be any type of storage device. For example, one or more
of the parameters and/or information discussed herein may
be stored locally (e.g., at a memory or storage device located
at the battery cell) or remotely (e.g., at a memory or storage
device not located at the battery cell). Moreover, memory
may be embodied by any device capable of storing infor-
mation, including a hard drive, a flash drive, magnetic
storage, optical storage, etc., or any combination thereof.
Additionally, information retrieved from sensors or other
data sources that are not located at the battery cell may be
stored on memory at 1145. For example, a storage device
local to a battery cell may store information obtained from
sensors located at other battery cells. In such an array
configuration, a single storage device at a particular battery
cell may store information related to other battery cells.

At 1150, process 1100 determines whether threshold(s)
is/fare met. In various embodiments, process 1100 may
consider thresholds for one or more parameters. For
example, process 1100 may consider one or more thresholds



US 12,339,325 BI

21

related to acceleration, voltage, current, temperature,
charge-discharge cycles, internal resistance, or any combi-
nation thereof.

In an example embodiment, process 1150 determines
whether an acceleration threshold is met. In such an embodi-
ment, process 1100 may consider the acceleration informa-
tion determined at, for example, 1120, to determine whether
the battery cell experiences an acceleration (sometimes
referred to as shock loading) that exceeds a threshold. For
example, process 1100 may consider whether the battery cell
experiences an acceleration that exceeds 100 gs. In such an
example, process 1100 compares the information deter-
mined at 1120 to determine whether that acceleration is
greater than 100 gs. In the event that process 1100 deter-
mines that the acceleration exceeds 60 gs process 1100 may
proceed to step 1155. Although a particular acceleration
value may be illustrated and described as being a maximum,
any shock loading value may be implemented as a maximum
without departing from the contemplated embodiments.
Additionally, the applicable maximum may be static or
dynamic. In a dynamic embodiment, the applicable value
may vary depending on, for example, the type of battery, the
remaining useful life of the battery, the state of charge of the
battery, the temperature of the battery, the capacity of the
battery, the age of the battery, historical information relevant
to the battery, or any other applicable factor, or any com-
bination thereof. In the event that process 1100 determines
that the battery cell did not experience an acceleration that
exceeds 100 gs, process 1100 may proceed to step 1160. In
some embodiments, process 1100 proceeds from 1150 to
1165.

Although certain thresholds may be illustrated and
described herein as relating to acceleration, any threshold
value relating to any parameter relevant to process 1100 or
a battery cell may be considered without departing from the
contemplated embodiments. For example, process 1100 may
consider maximum and minimum thresholds for relating to
temperature information, internal resistance, conductance,
remaining useable life, charge-discharge cycles, throughput
watt hours, or any combination thereof. Additionally, rel-
evant thresholds considered by process 1100 are not limited
to absolute values. For example, process 1100 may consider
a percentage as a minimum or maximum threshold.

Moreover, maximum or minimum threshold values may
be dependent on other values. For example, process 1100
may consider a combination of temperature and acceleration
when assessing whether a threshold is met. In another
example, process 1100 may adjust thresholds based on other
information. For example, an acceleration threshold for a
battery cell at a higher temperature may be different than an
acceleration threshold for the same battery cell at a lower
temperature. In another example, process 1100 may have
different acceleration thresholds for different directions. In
such an example, the threshold value for lateral acceleration
may be higher or lower than the threshold value for vertical
acceleration. Alternatively, process 1100 may vary the accel-
eration thresholds based on the orientation of the battery
cell, the orientation of the energy units within a battery cell,
or a combination thereof.

In some embodiments, the threshold values for one or
more parameters may be static or dynamic. In another
example, process 1100 may adjust (e.g., raise or lower)
threshold values based on, for example, a number of charge-
discharge cycles or age of the battery cell. In such an
example, process 1100 may lower a maximum threshold
value for acceleration for a battery cell that has experienced
a high number of charge-discharge cycles. Conversely, pro-
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cess 1100 may raise an acceleration maximum threshold for
a battery cell that has experienced little to no charge dis-
charge cycles (i.e., the battery is new).

Any information associated with 1150 may optionally be
stored, for example, at memory 1145. Continuing with the
previous example, process 1100 may store the raw acceler-
ometer information retrieved from 1125, the information
considered and the results of 1110 and 1120, information
relating to the remaining usable life, as determined at 1140,
the acceleration threshold considered, whether the threshold
was met, any notifications or other information sent or used
at 1155, or any combination thereof.

At 1160, process 1100 optionally displays information. In
some embodiments, process 1100 sends a notification per-
taining to one or more parameters discussed herein, for
example, via communicator 1155. The same notification
may be displayed at 1160. In some embodiments, the
information is displayed at a display associated with a
battery cell. In such embodiments, a display may be asso-
ciated with battery cell that is capable of displaying a
graphical user interface, for example, a display panel. In
other embodiments, the display may be embodied by a
digital read out or by illuminating buttons or lights. For
example, the battery cell may have an indicator light that
indicates, when illuminated, that process 1100 has deter-
mined that the battery cell has experienced an acceleration
that exceeds one or more thresholds.

At the conclusion of 1160, process 1100 proceeds to step
1165 where it exits the process. In some embodiments,
process 1100 does not execute 1160 and, in such embodi-
ments, proceeds from 1150 to 1165. In some embodiments,
at the conclusion of 1165, process 1100 may return to one or
more points, for example, to 1105 where the process cycle
starts.

One or more of the steps discussed with respect to FIG.
11 may be implemented at various control circuitry devices,
for example, control circuitry 114. Additionally, such steps
may be undertaken by one or more devices, for example,
battery odometer 110, 210, 310, 510, 610, 710, 810, 910,
1010, 1110. The steps may be undertaken when monitoring
a battery cell, for example, battery cell 105, 305, 320, 405,
420, 505, 605, 705, 805, 820, 905; and/or when monitoring
individual energy units, for example, energy unit 120, 520,
620, 920, 1020, 1120.

FIG. 12 illustrates an example technique for counting a
number of occurrences, according to various embodiments
of the present disclosure. As illustrated, process 1200 deter-
mines the number of occurrences that a parameter or con-
dition is met and maintains a running count of those occur-
rences. In an embodiment, process 1200 may count the
number of occurrences that a battery cell has experiences an
acceleration (e.g., a shock loading) that exceeds particular
thresholds. In such an example, process 1200 may be
configured to determine the number of occurrences that a
detected acceleration (P) occurs between the values of X =5
gs; X,=40 gs; X;=60 gs; and X,=100 gs. In such an
example, process 1200 receives sensor information and
iteratively compares it to the threshold values and incre-
ments the counters accordingly.

To illustrate by example, the sensor parameter received
indicates that the battery cell experienced an acceleration of
50 units of gravity (gs). In such an example, process 1200
first compares the acceleration to X; (5 gs). Since 50 is
greater than 5, process 1200 proceeds to the next compari-
son. Process 1200 then compares 50 gs to X, (40 gs). Since
50 is greater than 40, process 1200 proceeds to the next
comparison. Process 1200 then compares 50 gs to X5 (60



US 12,339,325 BI

23

gs). Since 50 is less than or equal to 60 gs and is greater than
or equal to 40 gs, process 1200 increments the C; counter by
one increment.

To illustrate by another example, the sensor parameter
received indicates that the battery cell experienced an accel-
eration of 3 gs. In such an example, process 1200 first
compares the acceleration to X, (5 gs). Since 3 is less than
or equal 5, process 1200 returns and does not increment any
counter.

Although process 1200 may be illustrated and described
as counting the number of occurrences that acceleration
exceeds certain thresholds, any type of sensor information or
any other parameter relevant to the various embodiments of
the present disclosure may be counted and maintained
without departing from the contemplated embodiments. For
example, the techniques described with respect to FIG. 12
my additionally or alternatively be applied to voltage param-
eters, current parameters, temperature parameters, internal
resistance parameters, conductance parameters, temperature
parameters, charge-discharge cycle parameters, throughput
watt hours parameters, or any combination thereof.

One or more of the steps discussed with respect to FIG.
12 may be implemented at various control circuitry devices,
for example, control circuitry 114. Additionally, such steps
may be undertaken by one or more devices, for example,
battery odometer 110, 210, 310, 510, 610, 710, 810, 910,
1010, 1110. The steps may be undertaken when monitoring
a battery cell, for example, battery cell 105, 305, 320, 405,
420, 505, 605, 705, 805, 820, 905; and/or when monitoring
individual energy units, for example, energy unit 120, 520,
620, 920, 1020, 1120.

FIG. 13 illustrates an example process for testing and
recording data, according to various embodiments of the
present disclosure. The techniques illustrated and described
with respect to FIG. 13 may be undertaken in accordance
with other embodiments of the present disclosure. For
example, the techniques of process 1300 may be undertaken
at 1010, 1020, 1030, 1040, 1050, or any combination
thereof, as discussed with respect to F1G. 10. The techniques
of process 1300 may also be undertaken at 1110, 1120, 1140,
1160, or any combination thereof, as discussed with respect
to FIG. 11.

At 1305, process 1300 starts. In some embodiments,
process 1300 may start based on user input, for example, a
user selecting a testing and recording operational state. In
other embodiments, process 1300 starts in response to a
catalyzing event, for example, a load being applied to the
battery cell, a unit of time has elapsed, a number of charge-
discharge cycles has occurred, a number of throughput watt
hours has occurred, or any other occurrence relevant to the
techniques discussed herein.

At 1310, process 1300 determines whether a testing or
compliance mode has been selected. In some embodiments,
selecting a testing/compliance mode may be achieved
through user input. For example, a user may select that
process 1300 enter into the testing/compliance mode using
a user interface. In other embodiments, testing/compliance
mode may be selected periodically, for example, once per
year (or any other relevant unit of time). In other embodi-
ments, testing/compliance mode may be selected based on a
catalyzing event. In the event that process 1300 determines
that the testing/compliance mode has been selected, process
1300 proceeds to 1315. In the event that process 1300
determines that testing/compliance mode has not been
selected, process 1300 proceeds to 1330.

At 1315, process 1300 determines whether raw data is to
be recorded. In some embodiments process 1300 determines

10

15

20

25

30

35

40

45

50

55

60

65

24

whether raw data should be recorded based on user input. In
other embodiments, process 1300 determines whether raw
data should be recorded based on a profile associated with
the battery cell. In such an embodiment, the profile may
indicate that raw data is to be recorded under certain
conditions, for example, a periodic testing and recording
cycle. In the event that process 1300 determines that raw
data is not to be recorded, process 1300 proceeds to 1325. In
the event that process 1300 determines that raw data is to be
recorded, process 1300 proceeds to 1320.

At 1320, process 1300 records raw data. To illustrate by
way of example, process 1300 may be undertaken when the
energy system determines whether a voltage minimum
threshold has been met (for example, at 1020 as discussed
with respect to FIGS. 10 and/or 1110 as discussed with
respect to FIG. 11). In such an example, process 1300 may
record the raw data received from a voltage sensor (for
example, voltage sensor 1025 as discussed with respect to
FIG. 10 and/or voltage sensor 1115 as discussed with respect
to FIG. 11). The raw data may be recorded at any storage
device, whether local or remote to the battery cell. For
example, raw data may be recorded at memory 1045 as
discussed with respect to FIG. 10 and/or memory 1145, as
discussed with respect to FIG. 11.

At 1325, process 1300 applies testing/compliance criteria
and records results. In an embodiment, process 1300 imple-
ments histogram logging whereby process 1300 determines
whether certain parameters meet or exceed certain thresh-
olds and increments a counter based on the number of
occurrences. Such a technique is illustrated and described in
process 1200, as discussed with respect to FIG. 12. In this
way, process 1300 stores relevant information efficiently
without needing to store raw data. In some embodiments
however, process 1300 may undertake 1320 and 1325
whereby histogram logging is implemented while process
1300 stores raw data.

Returning to 1330, process 1300 determines whether a
parameter threshold is met. Continuing with the previous
example, process 1300 determines whether a voltage mini-
mum threshold of 2.49 volts has been met (for example, at
1020 and/or 1060 as discussed with respect to FIGS. 10
and/or 1110 and/or 1150 as discussed with respect to FIG.
11). In such an example, process 1300 compares information
received from a voltage sensor (for example, voltage sensor
1025 as discussed with respect to FIG. 10 and/or voltage
sensor 1115 as discussed with respect to FIG. 11) to a
minimum threshold value of 2.50 volts. In the event that
process 1300 determines that the threshold is met, process
1300 continues to 1335. In the event that process 1300
determines that the threshold is not met, process 1300
proceeds to 1340.

At 1335, process 1300 records a burst log. Continuing
with the previous example, in the event that process 1300
determines that the output voltage of a battery cell is below
the minimum threshold process 1300 stores such burst log
information in a memory (for example, memory 112 as
discussed with respect to FIG. 1, memory 1045 as discussed
with respect to FIG. 10, and/or memory 1145, as discussed
with respect to FIG. 11). Burst log information may include
raw sensor data and/or high-resolution parameter data before
and after the threshold event. For example, if the measured
temperature exceeds a threshold, the raw temperature values
may be recorded for an amount of time (e.g., 5 minutes)
before the threshold event and for an amount of time (e.g.,
15 minutes) after the threshold event. In some embodiments,
the raw sensor data may be recorded for other parameters as
well (e.g., current, voltage, acceleration, etc.).
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At 1340, process 1300 records standard or basic data. For
example, process 1300 may record the parameter that was
considered along with maximum and/or minimum values/
thresholds that pertain to that parameter. Continuing with the
earlier example, process 1300 may record the voltage mini-
mum threshold value of 2.50 volts. In some embodiments,
process 1300 optionally record the determined voltage that
was compared to the minimum threshold value. In other
embodiments, process 1300 may optionally record ancillary
data associated with the determination, for example, date/
time information indicating of when the determination was
undertaken.

At 1345, process 1300 determines whether the process is
complete. Process 1300 may determine whether the process
is complete based on an any parameter relevant to the
techniques discussed herein. For example, process 1300 may
be determine whether the process is complete based on a
profile associated with a battery cell. In another example
process 1300 may be determine that the process is complete
based on user input. In the event that process 1300 deter-
mines that process 1300 is not complete, process 1300
returns to 1310. In the event that process 1300 determines
that the process is complete, process 1300 proceeds to 1350.

At 1350, process 1300 outputs data. In some embodi-
ments, process 1300 outputs the data to be displayed at a
display (for example, 1160, as discussed with respect to FIG.
11). In some embodiments, process 1300 outputs data to
other systems or processes for further consideration or use.
For example, process 1300 may output the data to a notifi-
cation system that sends a notification using a communicator
(for example communicator 1055, as discussed with respect
to FIG. 10 and/or communicator at 1155 as discussed with
respect to FIG. 11).

One or more of the steps discussed with respect to FIG.
13 may be implemented at various control circuitry devices,
for example, control circuitry 114. Additionally, such steps
may be undertaken by one or more devices, for example,
battery odometer 110, 210, 310, 510, 610, 710, 810, 910,
1010, 1110. The steps may be undertaken when monitoring
a battery cell, for example, battery cell 105, 305, 320, 405,
420, 505, 605, 705, 805, 820, 905; and/or when monitoring
individual energy units, for example, energy unit 120, 520,
620, 920, 1020, 1120.

The processes discussed herein are intended to be illus-
trative and not limiting. For instance, the steps of the
processes discussed herein may be omitted, modified, com-
bined, and/or rearranged, and any additional steps may be
performed without departing from the scope of the inven-
tion. More generally, the above disclosure is meant to be
illustrative and not limiting. Only the claims that follow are
meant to set bounds as to what the present invention
includes. Furthermore, it should be noted that the features
and limitations described in any one embodiment may be
applied to any other embodiment herein, and flowcharts or
examples relating to one embodiment may be combined
with any other embodiment in a suitable manner, done in
different orders, or done in parallel. In addition, the systems
and methods described herein may be performed in real
time. It should also be noted that the systems and/or methods
described above may be applied to, or used in accordance
with, other systems and/or methods.

What is claimed is:

1. A method comprising:

monitoring, from an accelerometer integrated in a battery

cell, acceleration information over time;

monitoring electrical information for at least one electri-

cal parameter of the battery cell over time; and
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storing, at a memory integrated in the battery cell, the
acceleration information and the electrical information
for determining remaining useable life of the battery
cell.

2. The method of claim 1 further comprising:

determining, based on the acceleration information, a
maximum acceleration, wherein storing the accelera-
tion information comprises storing the maximum accel-
eration.

3. The method of claim 1, wherein:

the at least one electrical parameter comprises one or
more of a voltage output of the battery cell or a current
output of the battery cell.

4. The method of claim 1 further comprising:

determining, based on the monitored electrical informa-
tion, a number of charge-discharge cycles of the battery
cell.

5. The method of claim 4 further comprising:

determining, based on the electrical information and the
number of charge-discharge cycles of the battery cell,
a discharge depth for each charge-discharge cycle of
the battery cell.

6. The method of claim 1 further comprising:

determining, using control circuitry, a maximum or mini-
mum value of the acceleration information and the at
least one electrical parameter, wherein storing the
acceleration information and the electrical information
comprises storing the maximum or minimum values.

7. The method of claim 1 further comprising:

determining, using control circuitry, the state of health of
the battery cell indicative of the battery cell’s projected
performance based on the acceleration information and
the electrical information.

8. A system comprising:

an accelerometer integrated in a battery cell;

control circuitry configured to:
receive acceleration information from the accelerom-

eter;
monitor the acceleration information over time; and
monitor electrical information for at least one electrical
parameter of the battery cell over time; and
memory integrated into the battery cell configured to:
store the acceleration information and the electrical
information for determining remaining useable life
of the battery cell.

9. The system of claim 8, wherein:

the control circuitry is further configured to determine,
based on the acceleration information, a maximum
acceleration; and

the memory is further configured to store the maximum
acceleration.

10. The system of claim 8, wherein:

the control circuitry is further configured to receive, from
a temperature sensor, temperature information; and

the memory is further configured to store the temperature
information.

11. The system of claim 8 further comprising:

a display communicatively coupled to the control cir-
cuitry and configured to display the stored acceleration
information and the electrical information.

12. The system of claim 11 further comprising:

a button communicatively coupled to the control circuitry
and the display, the button configured to:
receive a user input; and
based on receiving the user input, cause the stored

acceleration information and the electrical informa-
tion to be displayed on the display.
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13. The system of claim 8 further comprising:

an electrical port communicatively coupled to the control
circuitry and configured to transmit the acceleration
information and the electrical information to an exter-
nal device.

14. The system of claim 8 further comprising:

a near-field communication (NFC) transceiver communi-
catively coupled to the control circuitry and configured
to wirelessly transmit the acceleration information and
the electrical information to an external device.

15. The system of claim 8, wherein:

the at least one electrical parameter comprises one or
more of a voltage output of the battery cell or a current
output of the battery cell.

16. The system of claim 8, wherein the control circuitry

is further configured to:

determine, based on the monitored electrical information,
a number of charge-discharge cycles of the battery cell.

17. The system of claim 16, wherein the control circuitry

is further configured to:
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determine, based on the electrical information and the
number of charge-discharge cycles of the battery cell,
a discharge depth for each charge-discharge cycle of
the battery cell.

18. The system of claim 8, wherein:

the control circuitry is further configured to determine a
maximum or minimum value of the acceleration infor-
mation and the at least one electrical parameter; and

the memory is further configured to store the maximum or
minimum values for the acceleration information and
the electrical information.

19. The system of claim 8, wherein the control circuitry

is further configured to:

determine, using control circuitry, the remaining useable
life of the battery cell indicative of the battery cell’s
projected performance based on the acceleration infor-
mation and the electrical information.

20. The system of claim 8, wherein:

the battery cell comprises a casing; and

the accelerometer, control circuitry, and the memory are
located within the casing.

#* #* #* #* #*



	Front Page
	Drawings
	Specification
	Claims

