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DESCRIPTION

TECHNICAL FIELD

[0001] The present disclosure relates generally to rechargeable batteries and more particularly
to a monitoring circuit embedded within a rechargeable battery.

BACKGROUND

[0002] Rechargeable batteries are used in many applications, for example as backup power
for electrical powered systems or as the power source for motorized vehicles and machinery.
For example telephone switchboards or cellular telephone networks may be powered by a
wired electricity network from an electricity provider but may have multiple rechargeable
batteries in a power cabinet to keep the switchboard or network functioning in case of power
failure. Likewise a warehouse may use battery powered forklifts or other motorized machinery
to operate the warehouse.

[0003] The rechargeable batteries may be charged and discharged regularly according to a
maintenance schedule to prolong their life. Generally the maintenance schedule is designed
for an average battery and not based on the actual status of a specific battery. Some batteries
(e.g. for powering a motorized forklifty may be charged every night and have the power
consumed every day. Alternatively, some batteries may only have their power consumed when
there is a power failure in the wired electricity network. Therefore it is hard to provide accurate
instructions for dealing with a specific battery.

[0004] Additionally, the recommendations from the manufacturer for dealing with the battery
especially for new models may be based on theoretical knowledge and not from actual usage
in the field, which is hard to accurately acquire. Even when such information is collected from
users it may not be accurate since it relies on user recorded information and not from actual
measurements in the battery.

SUMMARY

[0005] An aspect of an embodiment of the disclosure relates to a monitoring circuit that is
installed within a rechargeable battery to monitor the status of the battery and provide
information collected by the monitoring circuit to a server. The server analyzes the information
from multiple users using the same model battery and provides instructions regarding the care
for the battery to increase the battery life. The status information includes keeping track of the
charge level of the battery, when the battery was charged and indications regarding the current
health of the battery. The server analyzes the history of many batteries and determines rules



DK/EP 3718193 T3

for prolonging the life of the battery. Optionally, the server may use a classifier to build a
statistical model or train a neural network to provide instructions based on the status
information provided by the battery.

[0006] There is thus provided according to an exemplary embodiment of the disclosure, a
system for monitoring rechargeable batteries, comprising:

A computerized server;

A monitoring circuits installed in a rechargeable battery and configured to periodically sample
the status of the rechargeable battery and communicate the sampled information to the server;

Wherein the server analyzes the sampled information from the monitoring circuits of one or
more rechargeable batteries and provides instructions for dealing with each rechargeable
battery to a communication device of an administrator in charge of dealing with each
rechargeable battery.

[0007] In an exemplary embodiment of the disclosure, the monitoring circuit comprises a
voltage sensor, a current sensor and a resistance sensor. Optionally, the monitoring circuit
comprises a global positioning system chip. In an exemplary embodiment of the disclosure, the
monitoring circuit comprises a temperature sensor. Optionally, the monitoring circuit
periodically communicates the status information to the server at a lower frequency than
sampling the status. In an exemplary embodiment of the disclosure, the monitoring circuit
includes a storage mode of operation in which the monitoring circuit tests the rechargeable
battery to determine if the rechargeable battery has been connected to a consumer device to
be charged and provide power, and does not communicate with the server. Optionally, the
monitoring circuit automatically changes from the storage mode to a consumer mode that
periodically samples the status of the rechargeable battery, when the monitoring circuit
identifies that the rechargeable battery started to receive charge or started to provide charge
at the inputs or outputs of the rechargeable battery. In an exemplary embodiment of the
disclosure, the status of the rechargeable battery includes measurement of internal resistance
and internal charge. Optionally, the server builds a statistical model from the sampled status of
multiple monitoring circuits, to recommend maintenance of the battery based on the sampled
status of the rechargeable battery. Alternatively or additionally, the server trains a neural
network from the sampled status of multiple monitoring circuits, to recommend maintenance of
the rechargeable battery based on the sampled status of the battery.

[0008] There is further provided according to an exemplary embodiment of the disclosure, a
method of monitoring rechargeable batteries, comprising:

Periodically sampling the status of a rechargeable battery by a monitoring circuit installed in the
rechargeable battery;

Communicating the sampled information to a computerized server;
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Analyzing the sampled information from the monitoring circuits of one or more rechargeable
batteries at the server; and

Providing instructions for dealing with each rechargeable battery to a communication device of
an administrator in charge of dealing with each rechargeable battery.

[0009] US patent publication No: 2018/267109 A1 (Kutkut Nasser) dated September 20, 2018
describes a distributed cloud based battery monitoring system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present disclosure will be understood and better appreciated from the following
detailed description taken in conjunction with the drawings. Identical structures, elements or
parts, which appear in more than one figure, are generally labeled with the same or similar
number in all the figures in which they appear, wherein:

Fig. 1 is a schematic illustration of a system including a server and a rechargeable battery with
a monitoring circuit, according to an exemplary embodiment of the disclosure;

Fig. 2 is a schematic illustration of operation modes of the monitoring circuit, according to an
exemplary embodiment of the disclosure; and

Fig. 3 is a flow diagram of a method of monitoring rechargeable batteries, according to an
exemplary embodiment of the disclosure.

DETAILED DESCRIPTION

[0011] Fig. 1 is a schematic illustration of a system 100 including a computerized server 160
and a rechargeable battery 110 with a monitoring circuit 120, according to an exemplary
embodiment of the disclosure. In an exemplary embodiment of the disclosure, the monitoring
circuit 120 is initially installed within the rechargeable battery 110 during manufacture of the
rechargeable battery 110. Alternatively, the monitoring circuit may be connected to the battery
externally. Optionally, the monitoring circuit 120 includes a processor 126 and a memory 128 to
control functionality of the monitoring circuit 120. In an exemplary embodiment of the
disclosure, when the battery 110 is installed in a consumer device the monitoring circuit 120
monitors the status of the battery 110 and transmits the information to server 160. Server 160
analyzes the information and provides recommendations for handling the battery 110 to an
administrator that is in charge of the battery 110 based on the actual measurements from
within the battery 110. Additionally, server 160 collects status information from multiple
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batteries (e.g. optimally all batteries in use of each model) and improves the recommendations
based on the experience of the multiple batteries. The recommendations can instruct the
administrator when to charge the specific battery 110 (e.g. every day or every two days), when
to discharge the specific battery 110 (e.g. for devices that only discharged the battery when
there is a power failure), when to discard/recycle the battery 110 (e.g. if the battery reaches a
state that it cannot hold a minimal amount of charge). The instructions enhance the quality of
the environment by extending the life of battery 110, reducing pollution and distancing the need
to recycle the components of the battery.

[0012] In an exemplary embodiment of the disclosure, the monitoring circuit includes a global
positioning system (GPS) chip 122 to identify the location of the monitoring circuit 120 and a
wireless transceiver 124 to communicate with a server 160 over a communication network 140.
Optionally, the wireless transceiver 124 may communicate over a cellular network (e.g. using
CDMA, GSM and/or LTE protocols), RF network or other types of wireless communication
networks.

[0013] In an exemplary embodiment of the disclosure, monitoring circuit 120 includes a motion
sensor 130 (e.g. a magnetometer, accelerometer, gyroscope) to identify motion or vibrations of
the rechargeable battery 110. Additionally, the monitoring circuit 120 may include a
temperature sensor 132 to sense the conditions in which the battery is functioning and which
may affect the internal resistance and time required to charge or discharge the battery. Further
additionally, the battery may include a current sensor 134, a voltage sensor 136 and/or a
resistance sensor 138 to evaluate the power consumption status of the battery.

[0014] In an exemplary embodiment of the disclosure, the status information transmitted to the
server 160 can include:

. A unique ID of the battery, for example a unique serial number;

. A time stamp of the time at which the status of the battery was sampled;

. Internal resistance of the battery;

. Voltage measured from the input/output line of the battery;

. Current consumption measured from the input/output line of the battery;

. Temperature inside the battery;

. Geographic location of the battery (e.g. based on readings of the GPS chip 122);

. Motion status of the battery (e.qg. if the battery is stationary or in motion);

9. Charge status (e.g. level of charge, depth of discharge, time required to charge, time
required to discharge); and

© 0N O
0 N OAWN

other parameters

In an exemplary embodiment of the disclosure, the server 160 receives information of each
battery 110 in use and keeps track of usage history of the battery including number of times
charged, charge level after each charge cycle, battery power before/after charging and/or
additional details that reflect the current health of the battery 110 (e.g. indicating if a battery is
getting weaker, holds less charge or reaches a level in which the battery can no longer be
used or needs special treatment). Server 160 analyzes the information using artificial
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intelligence (Al) algorithms and/or machine learning algorithms to determine how to optimally
handle the rechargeable batteries 110 of a specific model, for example to prolong the battery
life and enhance the battery performance. Optionally, server 160 applies a classifier to build a
statistical model or train a neural network to recommend maintenance of the battery to
maximize the life of the battery 110. In an exemplary embodiment of the disclosure, server 160
compares the treatment received by batteries that are getting weaker to batteries that
remained strong.

[0015] In an exemplary embodiment of the disclosure, the models used may include decision
trees, K-nearest neighbors, artificial neural networks and/or support vector machines.
Optionally, server 160 stores the status information received from batteries 110 in a database
162 and employs an analysis program 164 to analyze the status information.

[0016] Fig. 2 is a schematic illustration of operation modes 200 of the monitoring circuit 120,
according to an exemplary embodiment of the disclosure. In an exemplary embodiment of the
disclosure, the monitoring circuit 120 is in one of the following modes 200:

1. 1. Storage mode 220 - wherein the battery 110 is being shipped to the consumer, the
monitoring circuit 120 is initially powered up and consumes a minimal amount of current,
for example about 25 pA. Optionally, periodically (e.g. every few minutes) the monitoring
circuit 120 tests the battery 110 consuming a larger amount of current (e.g. 10mA) for a
short period (e.g. 250ms) to determine if the battery 110 is receiving power or providing
power (e.g. being charged or discharged) to determine if the monitoring circuit 120
should remain in storage mode or change to another mode.

2. 2. Consumer mode 230 - wherein the battery 110 is installed at the consumer (e.g. as
part of a power backup cabinet). In this mode monitoring circuit 120 is mainly waiting
and consumes a minimal amount of current, for example about 25 pA while waiting,
however periodically (e.g. every few minutes) monitoring circuit 120 samples the status
of the battery 110. Optionally, the status information may include for example the time,
the temperature, the internal resistance of the battery, voltage or current on the output
or input of the battery, if the battery is being charged or providing charge, the location of
the battery 110 or other information. In an exemplary embodiment of the disclosure,
monitoring circuit 120 stores the information in memory 128 for transmitting to server
160 at a later time. In an exemplary embodiment of the disclosure, sampling consumes
more power than waiting (e.g. about 12mA for about 350ms). Optionally, periodically
(e.g. once a day or every few hours) monitoring circuit 120 communicates with server
160 to relay the stored information including identification of the battery 110 (e.g. a
unique battery identifier), so that the server can monitor usage of the battery as
explained above (e.g. including keeping track of charging and discharging of the
battery). In an exemplary embodiment of the disclosure, communicating may consume
about 50mA for about 1-2 minutes. Optionally, while communicating the server receives
the information from the monitoring circuit 120 and can provide instructions to the
monitoring circuit 120, for example to increase/decrease the sampling frequency or
increase/decrease the period for communicating with the server. In an exemplary
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embodiment of the disclosure, sampling is performed at a frequency that is higher than
the frequency of communicating. Alternatively, the frequencies may be equal or almost
equal.

[0017] In some embodiments of the disclosure, server 160 provides notifications to a system
administrator in charge of handling battery 110, for example to immediately discharge or
charge the battery or to schedule maintenance at a specific time (e.g. charging or discharging
at a specific time). Optionally, the administrator may have a computer 150 or smartphone 152
or other communication device to receive the notifications from the server 160. Alternatively or
additionally, server 160 may send the administrator an email, SMS or other type of message.

[0018] 3. Movement mode 240 -if during sampling in consumer mode 230 the monitoring
circuit 120 determines that an event occurred, for example the battery 110 is disconnected
from the wired power source, is in motion, the battery 110 moved out of a specific geographic
boundary, the battery 110 is disconnected for more than a preselected amount of time, the
battery 110 is disconnected and in motion or other occurrences that do not match
preprogrammed settings of the battery 110 then monitoring circuit 120 immediately
communicates with server 160 and starts to continuously notify the server 160 of its location
(e.g. based on the measurements of the GPS chip 122). Server 160 then notifies the system
administrator by device 150 or 152 of the event. In an exemplary embodiment of the
disclosure, monitoring circuit 120 continues to communicate with server 160 (e.g. every few
minutes or seconds) as long as the battery 110 can power the monitoring circuit (e.g. for about
1-7 days). Optionally, server 160 may instruct monitoring circuit 120 to increase or decrease
the reporting rate. for example if the battery 110 is far away from a security force, server 160
may instruct the monitoring circuit 120 to reduce the commination frequency to prolong battery
life, whereas when the security forces are near, server 160 may instruct monitoring circuit 120
to increase the communication rate. Optionally, if the battery 110 was intentionally removed by
the system administrator, the system administrator may notify server 160 to notify monitoring
circuit 120 to return to storage mode 220 as if it is being shipped and waiting for installation at
the consumer. Likewise the system administrator or server 160 may instruct monitoring circuit
120 to return to consumer mode 230 (e.g. if no real problem occurred - a false event).

[0019] Fig. 3 is a flow diagram of a method 300 of monitoring rechargeable batteries 110,
according to an exemplary embodiment of the disclosure. In an exemplary embodiment of the
disclosure, the monitoring circuit 120 is installed (310) in battery 110. The monitoring circuit
120 activates (315) storage mode 220 for marketing the battery 110 and shipping the battery
110 to a consumer. In storage mode 220 the battery is programmed to consume (320) minimal
current (e.g. taking minimal actions such as programming processor 126 to execute a timer or
counter to decide when to perform actions). Periodically the monitoring circuit 120 tests (325)
the voltage input/output line of the battery 110 to determine if the battery has been installed in
a consumer system and is activated. If not activated monitoring circuit 120 continues to
consume minimal current to prolong the life of the battery 110. If activated monitoring circuit
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120 activates (330) consumer mode 230 in which it is charged and discharged as needed to
serve as part of the consumer system (e.g. a power backup system of a communication
network).

[0020] In consumer mode 230 monitoring circuit 120 generally consumes minimal current
(335) and periodically with a high frequency (e.g. every 5-10 minutes) samples (340) the state
of the battery to record the activities and health of the battery. Optionally, the sampled
information is recorded in memory 128 of battery 110. Additionally, periodically with a low
frequency (e.g. once every 12 hours or once a day) monitoring circuit 120 communicates (345)
with server 160 to provide the sampled information from memory 128 for analysis and to
receive commands from the server 160.

[0021] In an exemplary embodiment of the disclosure, server 160 analyzes (370) the
information in real-time and instructs the monitoring circuit 120 responsive to the sampled
information that was provided, for example to increase or decrease the sampling rate or
communication rate. Alternatively or additionally, server 160 analyzes (370) the sampled
information and transmits instructions to the system administrator how to deal with the battery
(375) to enhance the health of the battery 110, for example to charge the battery at a specific
time or refrain from charging the battery for a specific amount of time (e.g. to disconnect the
charge power and wait another day until recharging the battery).

[0022] In an exemplary embodiment of the disclosure, when sampling (340) the state of the
battery monitoring circuit 120 analyzes the sampled information to identify if the state is normal
or if an abnormal event occurred, for example the battery 110 is disconnected from the power
source, is disconnected from providing power to a consumer system, if the battery is in motion
or if the battery exited or entered a predefined geographical region or a combination of the
above. Optionally, if an abnormal event occurred monitoring circuit 120 activates (350)
movement mode 240 in which the monitoring circuit 120 begins to communicate (355) with the
server at a high frequency, for example every 1-5 minutes. Optionally, the monitoring circuit
120 continuously retrieves location information from GPS chip 122 and transmits it to server
160.

[0023] In an exemplary embodiment of the disclosure, server 160 notifies (360) the system
administrator to check the physical location of the system where the battery was installed to
confirm if the battery 110 was stolen or if it was removed for maintenance or monitoring circuit
120 gave notification for other reasons. Accordingly, the system administrator may instruct the
server 160 to reset the operation mode of the monitoring circuit 120, for example back to
activate (315) storage mode 220, for example in a case that the battery was disconnected for
shipping to a different location. Alternatively, the system administrator may request to reset
monitoring circuit 120 back to consumer mode 230, in case of a false alarm. Further
alternatively, if the battery was stolen, the system administrator may track the battery (365) to
repossess it with the help of security forces.

[0024] In an exemplary embodiment of the disclosure, server 160 transfers the location
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information from monitoring circuit 120 to the system administrator devices (150, 152) or
enables the administrator devices (150, 152) to access the information, for example by an
application that receives data from the server, so that the battery 110 may be located by the
system administrator and/or law enforcement forces. In some embodiments of the disclosure,
server 160 may provide instructions to monitoring circuit 120, for example to increase or
decrease the frequency for communicating with the server 160 or to change modes of
operation, for example to return to consumer mode 230 or storage mode 220.
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Patentkrav

1. System (100) til overvagning af genopladelige batterier (110), omfattende:
en computerstyret server (160);
et overvagningskredslgb (120) installeret i et genopladeligt batteri (110) og
konfigureret til periodisk at sample statussen af det genopladelige batteri
(110) og kommunikere den samplede information til serveren (160);
hvor overvagningskredslgbet (120) er konfigureret til at fungere i en af en
flerhed af driftsmodi (200) og aendringsmodi (200) automatisk baseret pa
en bestemmelse foretaget under funktion i en af modiene (200);
hvor serveren (160) er konfigureret til at analysere den samplede
information fra overvagningskredslgbene (120) af et eller flere
genopladelige batterier og tilvejebringer instruktioner til handtering af hvert
genopladelige batteri (120); og
hvor serveren (160) kan tilvejebringe instruktioner til
overvagningskredslgbet (120) om at a&ndre driftsmodussen (200).

2. Systemet (100) ifglge krav 1, hvor overvagningskredslgbet (120) omfatter en
spandingssensor (136), en strgmsensor (134) og en modstandssensor (138); og
eventuelt eller fortrinsvis en GPS-chip (122); og/eller en temperatursensor (132).

3. Systemet (100) ifglge krav 1, hvor overvagningskredslgbet (120) er
konfigureret til periodisk at kommunikere statusinformationen til serveren (160)

ved en lavere frekvens end sampling af statussen.

4. Systemet (100) ifglge krav 1, hvor overvagningskredslgbet (120) inkluderer en
lagringsmodus (220) af drift, i hvilken overvagningskredsigbet (120) er
konfigureret til at teste det genopladelige batteri (110) for at bestemme, om det
genopladelige batteri (110) er blevet forbundet til en forbrugerindretning, som
skal oplades, og tilvejebringer effekt, og ikke kommunikerer med serveren (160).

5. Systemet (100) ifglge krav 4, hvor overvagningskredslgbet (120) er
konfigureret til automatisk at skifte fra lagringsmodussen (220) til en
forbrugermodus (230), som periodisk samples statussen af det genopladelige
batteri (110), nar overvagningskredslgbet (120) identificerer, at det genopladelige



DK/EP 3718193 T3

2

batteri (110) begyndte at modtage opladning eller begyndte at tilvejebringe
opladning ved indgangene eller udgangene af det genopladelige batteri (110).

6. Systemet (100) ifglge krav 1, hvor statussen af det genopladelige batteri (110)
5 inkluderer maling af indre modstand og indre opladning.

7. Systemet (100) ifglge krav 1, hvor serveren (160) er konfigureret til at bygge

en statistisk model ud fra den samplede status af flere overvagningskredslgb

(120), til at anbefale service af det genopladelige batteri (110) baseret pa den
10 samplede status af det genopladelige batteri (110).

8. Systemet (100) ifglge krav 1, hvor serveren (160) er konfigureret til at traene

et neuralt netveerk ud fra den samplede status af flere overvagningskredslgb

(120), til at anbefale service af det genopladelige batteri (110) baseret pa den
15 samplede status af det genopladelige batteri (110).

9. Fremgangsmade (300) til overvagning af genopladelige batterier (110),
omfattende:
periodisk (340) sampling af statussen af et genopladeligt batteri (110) via
20 et overvagningskredslgb (120) installeret i det genopladelige batteri (110);
kommunikation (355) af den samplede information til en computerstyret
server (160);
hvor overvagningskredslgbet (120) fungerer i en af en flerhed af driftsmodi
(200) og andringsmodi (200) automatisk baseret pa en bestemmelse
25 foretaget under funktion i en af modiene (200);
analysering (370) af den samplede information fra
overvagningskredslgbene (120) af et eller flere genopladelige batterier
(110) ved serveren (160); og
tilvejebringelse af instruktioner (375) til handtering af hvert genopladeligt
30 batteri (110) til en kommunikationsindretning (152) af en administrator,
som star for handtering af hvert genopladelige batteri (110); og
hvor serveren (160) kan tilvejebringe instruktioner til
overvagningkredslgbet (120) om at aendre driftsmodussen (200).
10. Fremgangsmaden (300) ifglge krav 9, hvor overvagningskredsigbet (120)
35 omfatter en spaandingssensor (136), en strgmsensor (134) og en modstands-
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sensor (138); og eventuelt eller fortrinsvis en GPS-chip (122); og/eller en
temperatursensor (132).

11. Fremgangsmaden (300) ifglge krav 9, hvor overvagningskredslgbet (120)
periodisk kommunikerer (345) statusinformationen til serveren (160) ved en
lavere frekvens end sampling af statussen.

12. Fremgangsmaden (300) ifglge krav 9, hvor overvagningskredsigbet (120)
inkluderer en lagringsmodus (220) af drift, i hvilken overvagningskredslgbet (120)
tester det genopladelige batteri (110) for at bestemme, om det genopladelige
batteri (110) er blevet forbundet til en forbrugerindretning, som skal oplades, og
tilvejebringer effekt, og ikke kommunikerer med serveren (160); og eventuelt
eller fortrinsvis hvor overvagningskredslgbet (120) automatisk skifter fra lagrings-
modussen (220) til en forbrugermodus (230), som periodisk samples statussen af
det genopladelige batteri (110), ndr overvagningskredslgbet (120) identificerer, at
det genopladelige batteri (110) begyndte at modtage opladning eller begyndte at
tilvejebringe opladning ved indgangene eller udgangene af det genopladelige
batteri (110).

13. Fremgangsmaden (300) ifglge krav 9, hvor statussen af det genopladelige
batteri (110) inkluderer maling af indre modstand og indre opladning.

14. Fremgangsmaden (300) ifglge krav 9, hvor serveren (160) bygger en
statistisk model ud fra den samplede status fra flere overvagningskredslgb (120),
til at anbefale service af det genopladelige batteri (110) baseret pa den samplede

status af det genopladelige batteri (110).

15. Fremgangsmaden (300) ifglge krav 9, hvor serveren (160) traener et neuralt
netvaerk ud fra den samplede status fra flere overvagningskredslgb (120) til at
anbefale service af det genopladelige batteri (110) baseret pa den samplede
status af det genopladelige batteri (110).
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