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(54) SYSTEMS AND METHODS FOR DETERMINING AND MANAGING BATTERY CHARGING 
RULES OF A BATTERY EXCHANGE STATION

(57) The present disclosure relates to methods (700)
and associated systems for charging exchangeable en-
ergy storage devices positioned in a device-exchange
station (40). The method (700) includes, for example, (1)
receiving demand information (701); (2) determining a
charging plan for the device-exchange station (40) at
least partially based on a state-of-charge (SoC) of each
of the exchangeable energy storage devices positioned
in the device-exchange station (40), the demand infor-
mation, and an available power of the device-exchange
station (40) (703); (3) generating a charging command
for each of the exchangeable energy storage devices
based on the charging rule (705); and (4) transmitting
the charging command to the device-exchange station
(40) (707).
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Description

TECHNICAL FIELD

[0001] The present technology is directed to systems
and methods for determining and managing charging
rules of an exchangeable energy storage device posi-
tioned in a storage-device exchange station.

BACKGROUND

[0002] Many factors may affect a rechargeable bat-
tery’s performance and life span, such as, the operating
or charging conditions thereof. For an exchangeable bat-
tery system that handles a large number of exchangeable
batteries (which may include various types of batteries),
it is difficult to know how to properly charge each of the
batteries so as to maintain its best possible performance.
It is even more difficult when these exchangeable batter-
ies are deployed and have been used by various users
under different operating conditions. Improper charging
can negatively impact a battery’s energy-efficiency and
life span. Therefore, it is advantageous to have an im-
proved system and method to address this issue.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Embodiments of the disclosed technology will
be described and explained through the use of the ac-
companying drawings.

Figure 1 is a schematic diagram illustrating a system
in accordance with embodiments of the disclosed
technology. The system is configured to collect in-
formation from multiple sampling batteries.

Figure 2 is a schematic diagram illustrating a system
in accordance with embodiments of the disclosed
technology. The system is configured to determine
a battery charging rule for an exchangeable battery
to be charged.

Figure 3 is a schematic diagram illustrating a station
system in accordance with embodiments of the dis-
closed technology.

Figure 4 is a schematic diagram illustrating a server
system in accordance with embodiments of the dis-
closed technology.

Figures 5A-5C are schematic diagrams illustrating
battery charging characteristics or patterns in ac-
cordance with embodiments of the disclosed tech-
nology.

Figure 6 is a flowchart illustrating a method (e.g.,
performed by a programmed processor) in accord-
ance with embodiments of the disclosed technology.

Figure 7 is a flowchart illustrating a method (e.g.,
performed by a programmed processor) in accord-
ance with embodiments of the disclosed technology.

[0004] The drawings are not necessarily drawn to
scale. For example, the dimensions of some of the ele-
ments in the figures may be expanded or reduced to help
improve the understanding of various embodiments.
Similarly, some components and/or operations may be
separated into different blocks or combined into a single
block for the purposes of discussion of some of the em-
bodiments. Moreover, although specific embodiments
have been shown by way of example in the drawings and
described in detail below, one skilled in the art will rec-
ognize that modifications, equivalents, and alternatives
will fall within the scope of the appended claims.

DETAILED DESCRIPTION

[0005] In this description, references to "some embod-
iments," "one embodiment," or the like, mean that the
particular feature, function, structure or characteristic be-
ing described is included in at least one embodiment of
the disclosed technology. Occurrences of such phrases
in this specification do not necessarily all refer to the
same embodiment. On the other hand, the embodiments
referred to are not necessarily mutually exclusive.
[0006] The present technology is directed to systems
and methods for charging (or managing) exchangeable
energy storage devices positioned in a device-exchange
station. In some embodiments, the device-exchange sta-
tion can be a battery-exchange station. In some embod-
iments, the device-exchange station can be a public sta-
tion (e.g., to serve general users who subscribe a battery
exchange plan, a semi-private station (e.g., to serve a
particular group of users, such as users in a corporation,
a school, a delivery fleet, etc.), or a private station (e.g.,
to serve a private group of users such as a household).
The present technology can provide, based on a predict-
ed exchange demand, a "charging plan" for the battery-
exchange station to charge the batteries therein. In the
present disclosure, the "charging plan" refers to a strat-
egy of creating a set of instructions (e.g., generated by
a server) sent to the battery-exchange station, and the
instructions that are informative regarding how to charge
one or more batteries therein so as to meet a predicted
exchange demand. The predicted exchange demand
can be predictions on exchanges of batteries/battery us-
ages during the following time periods, such as, 2 bat-
teries to be picked up by a user in 2 hours, 4 batteries to
be picked up by another two users in 4 hours, etc. In
some embodiments, the system includes a plurality of
device-exchange stations connected to a server. The
predicted exchange demands are calculated/derived for
each of the device-exchange stations by the server
based on the empirical information regarding exchange
information and predicted exchange information in the
past. The server may store and maintain (e.g., update
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periodically based on new coming data) the predicted
exchange demands of the device-exchange stations as
the demand information in a memory of the server (or a
database connected to the server). By this arrangement,
the present technology can effectively prepare ex-
changeable energy storage devices to meet the predict-
ed demand (e.g., without wasting energy to charge, dis-
charge, or maintain a battery that is not to be picked up
in a near future, according to the predicted demand). The
exchangeable energy storage devices can be used for
powering vehicles, mobile devices, etc. The exchange-
able energy storage devices can also be used to power
to households or the places that do not have mains elec-
tricity coverage.
[0007] In addition to forming charging plans based on
the predicted demand, one embodiment of the present
technology also determines the charging plan based on
one or more characteristics of the batteries (e.g., the "bat-
tery information" discussed below). In other words, these
batteries can be prepared/charged based on particular
"charging rules" or "charging profiles" that correspond to
characteristics thereof. For example, the charging rules
can define how to charge a particular battery with certain
amount of current at a specific voltage for a period of
time. The charging rules can vary based on one or more
of the characteristics of the batteries together with the
demand prediction (e.g., with the knowledge of how a
battery ages or degrades as well as a predicted demand,
the system knows how to charge the battery by selecting
suitable charging rules/profiles). By this arrangement,
the present technology can increase the lives of the bat-
teries by selecting suitable charging rules to charge/dis-
charge the same (e.g., not to charge a battery in a (rel-
atively) fast charging process unless necessary so as to
mitigate or reduce battery degradation). In some embod-
iments, the charging rules can be stored in a server. The
server can manage, maintain, and update these charging
rules periodically or in response to a triggering event. In
some embodiments, the triggering event includes an ex-
change of the exchangeable energy storage devices po-
sitioned in the device-exchange station, a change to the
available power, a change to demand information, and/or
a reservation for the exchangeable energy storage de-
vices positioned in the device-exchange station.
[0008] In the present disclosure, once the suitable
"charging rules" (or "charging profiles") are determined,
the system (e.g., a server) can generate a corresponding
set of "charging commands" and then transmit these
charging commands to the battery-exchange station for
implementation. To elaborate, for example, the charging
command is a command specifying how to charge a par-
ticular battery at a certain charging rate. The charging
commands can be updated periodically (e.g., by the serv-
er) based on the charging rules selected for each of the
exchangeable energy storage devices and be sent to the
multiple device-exchange stations. For example, the
state (e.g., SoC/temperature) of a battery can change
with time, and accordingly the charging commands will

be updated.
[0009] In some embodiments, the present method can
include, for example, (1) receiving demand information
(e.g., a plurality of predicted exchange demands) for a
device-exchange station; (2) determining a charging plan
for the device-exchange station at least partially based
on a state-of-charge (SoC) of each of the exchangeable
energy storage devices positioned in the device-ex-
change station, the demand information, and an available
power of the device-exchange station; (3) generating a
charging command for each of the exchangeable energy
storage devices based on the charging rule; and (4) trans-
mitting the charging command to the device-exchange
station. The "charging plan" includes "charging rules" se-
lected or customized for each of energy storage devices
positioned in the device-exchange stations based on the
characteristics of the batteries and demand information,
and the "charging commands" are generated based on
the corresponding "charging rules." For example, a serv-
er can manage multiple device-exchange stations con-
nected thereto by sending charging commands or the
like to each of the stations. Description below discusses
embodiments regarding how to generate/select the
"charging rules."
[0010] The present technology is also directed to sys-
tems and methods for determining and managing charg-
ing rules of an exchangeable battery based on analyzing
multiple sampling batteries with similar or the same char-
acteristics of the exchangeable battery. The present dis-
closure relates to a method and system for determining
and managing charging rules for exchangeable energy
storage devices (e.g., batteries) positioned in an energy-
storage-device exchange station. More particularly, the
present system provides a customized battery charging
rule (e.g., it describes how and when an exchangeable
battery positioned in a battery-exchange station should
be charged and can include charging patterns. Based on
the customized battery charging rules (e.g., determined
based on one or more characteristics, features, and/or
patterns of the exchangeable battery), the battery can be
charged to achieve one or more objectives such as in-
creasing/maximizing battery life spans, enhancing bat-
tery performances, and/or improving energy efficiency.
[0011] To achieve the foregoing objectives, the
present system can first collect information from multiple
sampling batteries. In some embodiments, the sampling
batteries can include exchangeable batteries that are
currently deployed in a battery-exchange marketplace.
For example, the sampling batteries can include batteries
that have been used by a user (e.g., a battery plan sub-
scriber) to power the user’s electric vehicle. In some em-
bodiments, the sampling batteries can include batteries
not yet on the market (e.g., those that are tested or stored
in factories, warehouses, laboratories, etc.). In some em-
bodiments, the disclosed system can collect information
from multiple sources (e.g., battery exchange stations,
electric vehicles, batteries, user mobile devices, etc.). In
some embodiments, the disclosure system can collect
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information from a database.
[0012] The present system is configured to collect var-
ious types of battery information, such as, one or more
of (1) battery manufacturing information, (2) battery char-
acteristic information, (3) battery charging information,
(4) battery usage information, and (5) other suitable bat-
tery information (e.g., a unique battery identity serial
number created by a battery exchange plan provider for
tracking or administrative purposes). Through analyzing
these sets of information and comparing the analysis re-
sults (e.g., as reference information) with the character-
istics of a battery (i.e., the above-described types of bat-
tery information that this battery may be) to be charged,
the present system can better understand the battery to
be charged, and therefore is able to generate a detailed,
customized charging rule for that battery.
[0013] Examples of the battery manufacturing informa-
tion include battery manufacturers (e.g., batteries made
by different manufacturers may have different character-
istics, although their battery specifications may be the
same), manufacturing dates (e.g., batteries made on dif-
ferent dates may have different characteristics), manu-
facturing batches (e.g., batteries made in different batch-
es may still have different characteristics), hardware ver-
sions, firmware versions, cell types, and/or manufactur-
ing serial numbers (e.g., batteries made in a batch can
still have different characteristics).
[0014] Examples of the battery characteristic informa-
tion include a battery capacity (e.g., full charge capacity,
FCC), a battery discharging capacity (e.g., how much
current can a battery provide under certain conditions),
state-of-health (SOH), and/or a suggested battery work-
ing temperature (e.g., a temperature range such as 5 to
35 degrees Celsius).
[0015] Examples of the battery charging information
include current state of charge (SOC) information, cur-
rent battery temperature information, current cell temper-
ature information, current circuit temperature informa-
tion, error status information (e.g., an error or a warning
message produced by a battery management system
(BMS) in the battery responsive to an abnormal charge
or discharge event), a suggested battery charging tem-
perature (e.g., a temperature range such as 25 to 40
degrees Celsius), a suggested battery charging current
(e.g., a constant or regulated current), a suggested bat-
tery charging voltage (e.g., a constant or regulated volt-
age), a suggested battery charging cycle (e.g., at least
one full charging per week), a suggested battery charging
speed (e.g., increasing from zero to 10% of the full ca-
pacity of a battery in 5 minutes), and/or a suggested bat-
tery charging time (e.g., not to be continuously charged
for more than 5 hours).
[0016] Examples of battery usage information include
battery age information (e.g., use time and/or cycle
count), a battery direct current internal resistance (DCIR)
information, an actual battery charging temperature (e.g.,
a battery was charged yesterday at 30 degrees Celsius
and at 35 degrees Celsius earlier today for 25 minutes),

an actual battery charging current (e.g., 1-200 Amperes),
an actual battery charging voltage (e.g., 1-220 volts), an
actual battery charging cycle (e.g., a battery has been
through 50 full charge cycles and 125 partial cycles), an
actual battery charging speed or charging rate (e.g., 20
Amperes per hour), an actual battery charging time (e.g.,
a battery was charged for 56 minutes yesterday), an ac-
tual battery working temperature (e.g., a battery was op-
erating at 35 degrees Celsius yesterday for 2 hours), and
an actual battery discharging time (e.g., a battery dis-
charges at its full current capacity for 66 minutes yester-
day).
[0017] Examples discussed above are only embodi-
ments of the present disclosure. In other embodiments
or implementations, the present system can collect other
types of information to support its analysis for customized
battery charging rules. For example, the system of the
present technology can collect environmental informa-
tion (e.g., weather forecast) or other suitable information
(e.g., a power outage notice from a power source used
for charging, a fee schedule of a power source, an event
notice indicating there will be an event held near a battery
exchange station in two days, etc.) that can potentially
affect a charging process for the battery to be charged.
In some embodiments, the fee schedule of a power
source can indicate different fees by drawing power dur-
ing various time periods, so the charging rules for the
batteries in one battery exchange station can be select-
ed/customized based on the above-described economic
condition.
[0018] In some embodiments, system of the present
technology analyzes the collected information and gen-
erates or identifies a set of charging patterns for various
types of batteries (e.g., as the characteristic curves/lines
shown in Figures 5A-5C). The generated or identified
patterns can then be used as "reference information" or
guidance for charging one or more batteries to be
charged to achieve an objective or goal. For example,
based on the analysis, the present technology can gen-
erate a customized charging rule that can maintain the
maximum capacity of a particular type of battery as long
as possible. As another example, the present technology
can generate a customized charging rule that can in-
crease/maximize the life span of a type of battery. In
some embodiments, the present technology can gener-
ate a customized charging rule that enables a specific
type of battery to have a maximum number of charging
cycles (e.g., after 500 charging cycles, the battery can
still have 90% of its original capacity). In other embodi-
ments, the present technology can have other types of
suitable objectives (e.g., customer satisfaction, battery
performance, user experience, etc.).
[0019] In some embodiments, the customized battery
charging rule can be selected from two or more candidate
charging rules (e.g., the system can include 10 common-
ly-used charging patterns as the candidate charging
rules). For example, the disclosed system can generate
a set of candidate charging rules for a system operator
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to select from. For example, the disclosed system can
have a set of candidate charging rules based on "battery
health" (e.g., charging cycles or possible degradation).
Battery "degradation" can mean a decrease of its full
charge capacity (FCC) after charging/discharging. For
example, the set of candidate charging rules based on
"battery health" can include: (1) for batteries with
90-100% FCC (e.g., minor or no degradation) or within
500 charging cycles, the system will stop charging these
batteries when their battery cell temperatures exceed a
threshold value (e.g., 50°C); (2) for batteries with 80-90%
FCC (e.g., acceptable degradation) or within 500-700
charging cycles, the system can keep charging these bat-
teries when their battery cell temperatures range from,
for example, 50°C to 55°C, if the system determines that
a battery demand is high (e.g., to sacrifice the "battery
health" to fulfill the battery demand); and (3) for batteries
with less than 80% FCC or beyond 700 charging cycles,
the system will charge these batteries with a relative low
current and start planning to remove such batteries from
the system.
[0020] In some embodiments, the set of candidate
charging rules can be designed to achieve one or more
"battery health" goals. For example, the disclosed system
can provide three default candidate charging rules (i.e.,
Rules A, B, and C) for a system operator to choose from.
Rule A can be designed to achieve the highest possible
battery healthy. For example, if Rule A is implemented
to charge a battery, the battery is expected to have a
minor degradation (e.g., a 5%-10% decrease of its FCC)
after 700 charging cycles. Rule B can be designed to
achieve an intermediate battery-healthy goal. For exam-
ple, if Rule B is implemented to charge a battery, the
battery is expected to have a minor degradation (e.g., a
5%-10% decrease of its FCC) after 500 charging cycles
(e.g., fewer than Rule A). Rule C can be designed to
achieve a strategic goal (e.g., to fulfill battery demands)
and maintain the battery health at an acceptable level.
For example, if Rule C is implemented to charge a bat-
tery, the battery is expected to have a greater degradation
(e.g., a 10%-15% decrease of its FCC) after 500 charging
cycles.
[0021] In the embodiments discussed above, Rule A
can charge the battery with a relative low current for a
relatively long time, compared to Rules B and C. For ex-
ample, Rule A only allows a maximum 10-Ampere charg-
ing current, whereas Rule B allows a maximum 15-Am-
pere charging current. For example, Rule A needs one
hour to complete a charging cycle from 20% FCC to 95%
FCC, whereas Rule C only needs a half hour to do so.
[0022] The temperature thresholds for Rules A, B, and
C can be different. For example, the temperature thresh-
old for Rule A is 45°, the temperature threshold for Rule
B is 52°C, and the temperature threshold for Rule C is
55°C. The reference factors, thresholds and logic of
charging rules (e.g., Rules A, B and C) can be set or
updated based on (1) system preference information; (2)
results of statistical analyses; (3) results of machine train-

ing of historical data; (4) simulations of historical/real-
time data; and/or (5) results of experiments.
[0023] In some embodiments, the candidate charging
rules can be determined based on environmental condi-
tions such as an ambient temperature or humidity. For
example, the disclosed system can have a set of candi-
date charging rules that applies to batteries located in a
"hot" environment (e.g., over 38°C), and have another
set of candidate charging rules that applies to batteries
located in a "cold" environment (e.g., below 10°C).
[0024] In some embodiments, the candidate charging
rules can be determined based on predicted battery de-
mands (e.g., within a predetermined time interval such
as a hour). For example, the disclosed system can have
a set of candidate charging rules that applies to batteries
located in a high-demand battery exchange station (e.g.,
to charge batteries as soon as possible with a relatively
high temperature tolerance, such as 55°C), and have an-
other set of candidate charging rules that applies to bat-
teries located in a low-demand battery exchange station
(e.g., not charging when a battery temperature excesses
a threshold value). In some embodiments, the predicted
battery demands are generated based on analyses in-
volving a clustering process and/or a machine learning
process. For example, the disclosed system collects bat-
tery demand information (e.g., the number of battery ex-
changes in the past, battery reservations, user behavior,
etc.) from various sampling stations. The system then
performs a clustering process (e.g., by a K-means clus-
tering process) to determine multiple demand clusters.
The clusters can be characterized by both "station" and
a "time interval." For example, Cluster A can represent
the battery demand for Station X during 1 a.m. to 4 a.m.,
Cluster B can represent the battery demand for Station
Y during 5 p.m. to 6 p.m., and Cluster C can represent
the battery demand for Station Z during 2 a.m. to 4 a.m.
[0025] In some embodiments, the disclosed system
can perform a "just-in-time" charging process. In such
embodiments, the system charges a battery in a relatively
slow way (e.g., using lower current for a longer period of
time or charging the battery during a time period that
charging power is less expensive) until a battery demand
is confirmed (e.g., a user reservation or a predicted de-
mand), so that the battery could be fully charged before
it is provided to the user). Charging with lower current
can result in better battery health and/or longer battery
life. Once the battery demand is confirmed, the system
can then charge the battery in a relatively fast fashion
(e.g., using higher current for a shorter period of time),
so as to meet the battery demand. When the confirmed
battery demand is a predicted demand, the system can
only charge the batteries to meet that demand. For ex-
ample, Rule B needs one hour to complete a charging
cycle from 20% FCC to 95% FCC and is set as a default
charging rule for battery exchange station A. In some
embodiments, if the next confirmed battery demand at
the battery exchange station A is a predicted demand
occurring in 4 hours later, then the system can switch to
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Rule A to slowly charge the batteries so as to keep the
battery healthy.
[0026] In some embodiments, the disclosed system
(e.g., a server) can perform a simulation for a new or an
updated battery charging rule, such that a station system
can globally or locally determine whether to implement
the new or updated battery charging rule. For example,
the system can determine that a first battery exchange
station was turned offline for regular maintenance. The
system then generates an updated battery charging plan
(which can include multiple charging rules) for a second
battery exchange station close to the first battery ex-
change station. For example, the system determines that
turning the first battery exchange station offline results
in an increase of the battery demand for the second bat-
tery exchange station. Accordingly, the system sends an
updated battery charging plan to the second battery ex-
change station.
[0027] After receiving the updated battery charging
plan, the second battery exchange station can perform
a simulation for the updated battery charging plan. The
simulation is performed as a background process that
does not substantially interfere with the implementation
of an existing battery management plan. In some em-
bodiments, the simulation includes simulating a charging
process for a battery positioned in the second battery
exchange station, based on the updated battery charging
plan. In some embodiments, the simulation includes sim-
ulating whether implementing the updated battery charg-
ing plan can generate a sufficient number of charged
batteries to meet the actual demand. For example, due
to the expected demand increase, the updated battery
charging plan requests the second battery exchange sta-
tion to charge its batteries at an increased charging rate
faster than a normal rate (which is used is the existing
battery charging plan). After a period of time (e.g., 12
hours), the simulation result is generated (e.g., charging
at the increased charging rate results in a 5-degree-Cel-
sius temperature increase for the whole station). The sim-
ulation result is then compared to the actual demand. For
example, the actual demand indicates that using the nor-
mal rate to charge the batteries still meets the actual de-
mand in the past 12 hours (e.g., there was no user waiting
for reserved batteries). In such embodiments, the second
battery exchange station can determine not to implement
the updated battery charging plan.
[0028] In some embodiments, the candidate charging
rules can be determined based on economic or financial
conditions (e.g., costs or expenses associated with
charging, such as fees for electricity used to charging,
rental fees for placing a device-exchange station on a
land, etc.). For example, the disclosed system can have
a set of candidate charging rules that applies to batteries
located in an area where charging cost varies from time
to time (e.g., to charge batteries only at a discounted
rate), and have another set of candidate charging rules
that applies to batteries located in an area where charging
cost remains constant (e.g., able to charge batteries at

all time).
[0029] In some embodiments, the candidate charging
rules can be determined based on the battery reference
information (examples are discussed in detail below),
such as the number of battery charge cycles, health in-
dex, cell type of the batteries, etc. For example, if the
system determines that a battery is new (e.g., with a new
cell type or packaging mechanism), the system may
choose a charging rule with a higher charging current
(e.g., since the battery is new, the higher charging current
can charge the battery faster without significantly degrad-
ing the battery).
[0030] In some embodiments, the candidate charging
rules can be determined based on a combination of the
various factors discussed above. In some embodiments,
the disclosed system can generate a default charging
rule for a battery exchange station to follow (i.e., a battery
exchange station will charge all batteries positioned
therein based on this default charging rule). Because the
batteries located at the same battery location may have
some factors in common (e.g., same environmental con-
dition, battery demands, charging cost, etc.), it can be
advantageous (e.g., to save computing resources) for
the system to assign the same charging rules to the bat-
teries located in the same battery exchange station. In
some embodiments, the assigned charging rules can be
further adjusted based on battery-specific information
(e.g., to change the assigned default rule based on the
characteristic of an inserted battery). In some embodi-
ments, the charging rule can be set according to several
factors/conditions with weightings that need not corre-
spond to a condition that is named/understood or con-
trolled/supervised by an operator. In such embodiments,
the charging rule can be a series of conditional determi-
nations and may not look like the characteristic
curves/lines shown in Figures 5A-5C.
[0031] In some embodiments, the candidate charging
rules can be stored and/or maintained by a server. In
such embodiments, the server can send or dispatch up-
dated charging rules or commands to battery exchange
stations periodically (e.g., a command such as "to charge
the battery at Slot 2 with 200mA for 10 minutes"). In some
embodiments, each battery exchange station can store
or maintain a set of default battery charging rules to
charge the batteries positioned therein and the set of
default battery charging rules could be updated by the
server periodically (e.g., daily, weekly, quarterly, etc.).
[0032] In some embodiments, when a user inserts a
battery into a battery slot of a battery exchange station
(namely, a battery exchange at the battery exchange sta-
tion), the present system (e.g., a battery exchange station
or a combination of one or more battery exchange sta-
tions and a server) detects the existence of the inserted
battery and then initiates an analysis process. The sys-
tem can start by pulling battery information associated
with the inserted battery from a memory attached to the
inserted battery. The system then compares the battery
information from the inserted battery with the generated
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characteristics/patterns (e.g., the "reference informa-
tion") to see if there is a match (or a substantive match).
If so, the system can accordingly generate a customized
charging rule (or select one from candidate charging
rules) for the inserted battery to achieve a predetermined
objective (e.g., increase/maximize battery performance
or life span, minimize charging expenses, meet certain
predicted demand, etc.) or to meet the assigned demand
while achieving one of the predetermined objectives. If
not, the system can generate a customized charging rule
based on default rules (e.g., identify a closest reference
based on the inserted battery’s manufacturing informa-
tion; identify a closest reference based on the inserted
battery’s usage information; etc.). By this arrangement,
the present system can effectively provide suitable, cus-
tomized charging rules for each inserted battery and ac-
cordingly enhance overall system efficiency.
[0033] Another aspect of the present disclosure is to
provide a battery charging rule in a real-time (e.g., milli-
seconds to seconds) or near real-time (e.g., minutes to
hours) manner. For example, when a user positions a
battery in a battery exchange station, the present system
can immediately provide a suitable charging rule for that
battery. In some embodiments, the system can further
adjust the charging rule based on other factors such as
a predicted demand of battery, charging cost, user re-
quests/reservations, environmental conditions, future or
current events, etc.
[0034] For example, the system may accelerate a
charging process (e.g., by using a faster charging proc-
ess with a higher charging rate or charging voltage) at
least because it expects a large battery demand in two
hours based on user’s reservations for batteries. As an-
other example, the system can delay a charging process
(e.g., by using/selecting a slower charging rule/profile
with a lower charging rate or charging voltage) because
there is no immediately need to complete the charging
process (e.g., it’s in the middle of the night and the system
does not expect any immediate battery demand) or be-
cause doing so may lower charging expenses (e.g., a
power source offers a lower rate during off-peak hours).
In some embodiments, for example, the system can pri-
oritize available batteries in a station based on their
SoCs. The system can then determine how to charge
these batteries based on the characteristics of the bat-
teries (e.g., the characteristics can be represented by
charging rules). For example, the system can only charge
batteries in a certain SoC range (e.g., 50-80%). For ex-
ample, assume that it is 10 a.m. now and a predicted
demand shows that there will be 4 battery exchanges in
Station ST1 at 8 p.m. and there is no predicted battery
demand from now to 8 p.m. Station ST1 now has 4 bat-
teries within the 50-80% SoC range. It takes 2 hours for
Station ST1 to prepare/charge these 4 batteries to reach
an SoC threshold (e.g., 90%). In this example, Station
ST1 can plan to start charging these batteries at 6 p.m.
Accordingly, the present disclosure is capable of provid-
ing suitable charging plans (e.g., based on charging rules

and predicted demands) for a battery exchange service
provider to achieve various goals (e.g., customer satis-
faction, minimize overall charging expenses, etc.).
[0035] This disclosure describes systems and meth-
ods designed to provide customized battery charging
rules in a real-time or near real-time manner. Various
embodiments may provide one or more of the following
technological improvements: (1) efficient real-time or
near real-time battery charging rules ready for a battery
exchange station to follow; (2) ability to effectively in-
crease/maximize battery life spans and performances;
(3) ability to enable an operator to set up desirable battery
charging rules based on multiple factors; and (4) ability
to provide enhanced user experiences by offering a sat-
isfying battery experience in an energy-efficient fashion.
[0036] In the following description, for the purposes of
explanation, numerous specific details are set forth in
order to provide a thorough understanding of embodi-
ments of the present technology. It will be apparent, how-
ever, that embodiments of the present technology may
be practiced without some of these specific details.
[0037] Figure 1 is a schematic diagram illustrating a
system 100 in accordance with embodiments of the dis-
closed technology. The system 100 is configured to (1)
collect information from multiple sampling batteries 101
(shown as 101A-C in Figure 1); (2) generate a plurality
of charging rules based on the collected information; and
(3) based on the charging rules and predicted battery
demand, generate charging plans for a plurality of bat-
tery-exchange stations (the charging plans include "bat-
tery-specific" charging commands for the station to im-
plement). In some embodiments, the sampling batteries
101 can be selected from all of the batteries owned or
managed by an operator of the system 100. The system
100 includes a server 103, a database 105 coupled to
the server 103, and a battery exchange station 107. As
shown, the battery exchange station 107 can communi-
cate with the server 103 via a wired or wireless commu-
nication network 109. Each of the sampling batteries 101
includes a battery memory 113 (shown as 113A-C in Fig-
ure 1). The battery memory 113 is configured to store
and record battery information associated with the cor-
responding sampling battery 101. In some embodiments,
the battery memory 113 can be coupled to a controller
(e.g., a control chip, a processor, etc., not shown in Figure
1) attached to the sampling battery 101. The controller
can manage the battery information stored in the battery
memory 113.
[0038] As shown in Figure 1, the server 103 is config-
ured to (1) collect battery information from the battery
memory 113A through the battery exchange station 107
via the network 109; (2) generate a plurality of charging
rules based on the collected information; and (3) based
on the charging rules and predicted battery demand, gen-
erate a charging plan for the battery exchange station
107. In some embodiments, the server 103 can directly
receive battery information from the battery memory
113B via the network 109. The server 103 can also re-
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ceive battery information from the battery memory 113C
through a mobile device 111 (e.g., a battery user’s smart-
phone that has an app configured to manage the sam-
pling battery 101C) via the network 109. After collecting
the battery information, the server 103 can analyze the
collected battery information to determine or identify bat-
tery characteristics or patterns that can be used as ref-
erence information to select charging rules from the da-
tabase 105 or to generate customized battery charging
rules. In some embodiments, the server 103 can receive
battery information via a vehicle (e.g., via a vehicle con-
troller that monitors the battery positioned therein). In
some embodiments, the server 103 can receive battery
information via a charging device (e.g., a charger that
enables a user to charge a battery by household recep-
tacles). Embodiments of the server 103 are discussed in
detail below with reference to Figure 4.
[0039] In some embodiments, the server 103 can man-
age multiple battery-exchange stations 107 based on de-
mand information and the SoCs of the batteries in each
of the battery-exchange stations 107. The server 103 can
determine a charging plan (and generate charging com-
mands) for each of the exchangeable energy storage de-
vices based on the charging rule.
[0040] For example, assume the battery-exchange
station 107 has 6 batteries therein (batteries B1-B6). Bat-
teries B1-B6 have SoCs as follows: 92%, 90%, 72%,
65%, 45%, and 30%, respectively. In some embodi-
ments, to provide a satisfying user experience, the sys-
tem 100 can set a SoC threshold (e.g., 90% SoC or an
adjustable threshold between 85% and 95% SoC) so that
only batteries that exceed this threshold can be regarded
as batteries that can be exchanged or ready to be picked
up by a user. In some embodiments, each of the batteries
B1-B6 can have a priority value (e.g., to determine which
battery is to be exchanged prior to the rest). For example,
the priority values of the batteries B1-B6 can be assigned
as "1," "2," "3," "4," "5," and "6" according to the SoC (and
other characteristics) of each battery. In some embodi-
ments, the batteries B1-B6 can be categorized into two
groups while keeping the priority values, "ready to be
picked up" (batteries B1 and B2 for having SoC more
than 90%) and "not ready" (batteries B3-B6 for having
SoC less than 90%). In some embodiments, there can
be a third group, such as "locked batteries," which can
include batteries that need to be maintained or replaced.
[0041] In one example, assume that it takes about 2.5
hours to charge a battery from zero SoC to 90% SoC.
The system 100 can get demand information (e.g., pre-
dicted battery demands) for at least the next two hours
(to allow enough time to charge batteries B1-B6). In other
words, the determination of a charging plan for the battery
exchange station 107 is based on the predicted demand
of the batteries and the required time for fully charging a
battery.
[0042] Assume that the predicted demand for the next
hour is 2 batteries, and the predicted demand for the hour
after the next hour is 4 batteries. Therefore, the sever

103 of the system 100 can select the charging rules for
the batteries B1-B6 based on the demand information.
In this example, the system 100 can determine to (1)
maintain the SoCs of batteries B1 and B2; (2) charge
batteries B3 and B4 based on a relatively slow charging
rule (e.g., their SoCs are close to the 90% threshold;
using the relatively slow charging process can decrease
heat generated during the process, which is beneficial
for battery lives); and (3) charge batteries B5 and B6
based on a relatively fast charging rule (e.g., to meet the
predicted demand).
[0043] The determination of whether to charge the bat-
teries in the "ready-to-be-picked-up" group is based on
available power of the battery-exchange station 107. Al-
so, the available power can also be a factor to determine
charging rates of the batteries. In one example, the sys-
tem 100 can determine to (a) charge batteries B1 and
B2 based on a charging rule following which to charge
batteries at a constant voltage when the SoC of these
batteries are over the SoC threshold; (b) charge batteries
B3 and B4 based on a relatively slow charging rule (e.g.,
charge the batteries at a charging rate of 0.3C when the
SoC of the batteries are under 90%, where "C" means
the "C-Rate" for battery charging); e.g., the capacity of a
battery is commonly rated at "1C," meaning that a fully
charged battery rated at 1A-hr should provide 1A for one
hour); and (c) charge batteries B5 and B6 with a relatively
fast charging rule (e.g., charge the batteries at a charging
rate of 0.7C when the SoCs of batteries are under 70%).
When the available power is limited in this battery-ex-
change station 107, the server 103 of the system 100
may generate charging commands based on the select-
ed charge rules and available power of the battery ex-
change station 107, so that the batteries B5 and B6 may
be charged in a rate lower than 0.7C, and the estimated
time to fully charge these two batteries can be longer.
[0044] In one aspect, the server 103 of the system 100
can send a package of charging commands (e.g., the
items (a), (b) and (c) for batteries B1-B6 described above)
generated based on a set of charging rules stored in the
server 103 to the battery-exchange station 107. By this
arrangement, the system 100 can provide various charg-
ing schemes to meet the predicted demands, without un-
necessarily sacrificing of battery durability (e.g., in the
foregoing example, the durability of batteries B5 and B6
are sacrificed for meeting the predicted demand some-
how).
[0045] In some embodiments, the disclosed technolo-
gy enables the server 103 to manage a plurality of bat-
teries in various battery-exchange stations 107 by (1)
periodically or frequently generating charging commands
for these batteries based on the charging rules selected
for each of the batteries currently position on the battery
exchange station 107; and (2) sending the generated
commands to the battery-exchange stations 107. For ex-
ample, the system 100 can select new charging rule to
generate new charging commands for each of the bat-
teries currently positioned in the battery exchange station
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107 in response to a triggering event such as an ex-
change of the exchangeable energy storage devices po-
sitioned in the device-exchange station 107, a change to
the available power, a change to demand information, or
a reservation for the exchangeable energy storage de-
vices positioned in the device-exchange station 107. For
example, if that a battery exchange occurs at the battery-
exchange station 107 before the server 103 makes its
prediction, then the batteries B1 and B2 are provided to
a user according to their set priorities (i.e., the priority
values assigned), and two batteries with SoCs lower than
50% are returned back to the battery exchange station
107. The demand information remains the same but the
situation of the SoCs of the batteries are different. As a
result, the server 103 of the system 100 updates the
whole charging plan in response to this battery exchange,
which may include (1) selecting charging rules for every
battery in the battery exchange station 107 and (2) gen-
erating new charging commands for the batteries based
on the updated charging rules respectively. Embodi-
ments are discussed in detail below.
[0046] For example, an associated method can in-
clude, for example (S1) calculating the number of batter-
ies in multiple stations (e.g., similar to the station 107);
(S2) determining priorities of the batteries (e.g., based
on SoCs); and (S3) grouping the batteries based on the
priorities. For example, the batteries can be divided into
three groups, first, second and third groups. The first
group has batteries with 90% or more SoC, the second
group has 90% or lower SoC, and a third group has
"locked," "non-chargeable" or "non-exchangeable" bat-
teries (due to maintenance/replacement schedules). Us-
ing the above-mentioned batteries B1-B6 (with SoCs:
92%, 90%, 72%, 65%, 45%, and 30%) as an example,
B1 and B2 are assigned to the first group, and B3-B6 are
assigned to the second group. In this example, no bat-
teries are assigned to the third group. B1 has the highest
priority, and B6 has the lowest priority. In some examples
where there are other significant differences on charac-
teristics of batteries (e.g., age of batteries or cell type of
the batteries), the priority can also be adjusted based on
these characteristics.
[0047] The associated method can further include:
(S4) receiving a battery demand prediction in a time in-
terval (e.g., the next two hours or other time intervals in
other embodiments). The time interval is determined
based on an average of charging time required by the
batteries (e.g., two hours). For example, the battery de-
mand prediction for the next hour is "2" (i.e., two battery
exchanges are expected), and the battery demand pre-
diction is "4" during the hour after the next hour. In this
embodiment, battery B1 and B2 can be used to meet the
next hour demand, and batteries B3-B6 can be pre-
pared/charged to meet the demand for the hour after the
next hour.
[0048] The associated method can further include:
(S5) determining available power to charge the batteries
(e.g., available power that the battery-exchange station

107 can utilize, an expected power outage, etc.); (S6)
based on the priority, selecting a battery to be charged;
and (S7) determining/selecting a charging rule for each
of the batteries.
[0049] Assume that one of the charging rules (namely,
the charging rule CR1) include that (a) for batteries with
SoC higher than 95% (including 95%), using a "slowest"
charging process (e.g., 0.2C); and (b) for batteries with
SoC lower than 95%, using a "faster" charging process
(e.g., 0.7C). The charging rule CR1 can be chosen when
it is required to meet a predicted demand (e.g., unless
to meet an urgent demand, it is preferred to use the slower
charging process for better battery life expectancy).
[0050] Also, another charging rule (namely, the charg-
ing rule CR2) can include that (a) charging batteries with
SoC higher than 90% (including 90%) at a first charging
rate (e.g., 0.2C, the "slowest" charging process); (b)
charging batteries with SoC from 60% to 90% at a second
charging rate (e.g., 0.4C, a "slower" charging process);
and (c) charging batteries with SoC lower than 60% at a
third charging rate (e.g., 0.7C, the "faster" charging proc-
ess). In our example, batteries B5 and B6 are chosen to
be charged based on the charging rule CR1 (e.g., it will
probably take two hours to fully charge batteries B5 and
B6). Batteries B1 and B2 can be charged based on the
charging rule CR2 since SoCs of the batteries B1 and
B2 exceed the SoC threshold. Batteries B3 and B4 can
also be charged based on the charging rule CR2, since
it is easy to meet the demand assigned to batteries B3
and B4 using the charging rule CR2.
[0051] In some embodiments, the associated method
can further include: (S8) determining charging rates (e.g.,
charging rate "C" discussed above) based on the char-
acteristics of the batteries (e.g., a current temperature,
SoC, etc.). This step can be considered as a "fine-tuning"
of the charging rules. For example, the method can in-
clude using SoC to determine the charging rates for each
of the batteries. For example, batteries B1 and B2 (with
SoC higher than 90%) can be charged with 0.2C, the
"slowest" charging process in reference with the charging
rule CR2 that is chosen for batteries B1 and B2 in step
(S7). Batteries B3 and B4 (SoC in the range of 89-60%)
at the rate of "0.4C." Batteries B5 and B6 (with SoC in
the range of 50-0%) at the rate of "0.7C" with reference
to the charging rule CR1. In some embodiments, the
charging rules further include conditions regarding the
temperature of batteries. For example, in condition (c) of
the charging rule CR2, the batteries with SoC lower than
60% are charged with the third charging rate (e.g., 0.7C),
but if the temperature of the batteries is over a certain
temperature threshold (e.g., 50 degree Celsius), the bat-
teries would be charged with the second charging rate
(e.g., 0.4C), so as to prevent the batteries from overheat-
ing, which may not only damage the batteries, but also
affect the user experience.
[0052] In some embodiments, the associated method
can further include: (S9) adjusting charging rates (e.g.,
charging rate "C" discussed above) based on other fac-
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tors such as available power to charge (e.g., as discussed
in above-mentioned step S5). In some embodiments,
when there is an expected power outage and the device-
change station 107 only has limited power to charge the
batteries, it can only charge batteries in a certain SoC
range (e.g., SoC 50-80%). For example, only batteries
B3 and B4 are charged. As another example, there can
be only limited power supplied from mains electricity so
that the device-exchange station is not capable of charg-
ing all the batteries positioned therein based on the cor-
responding charging rules. Also, there can be multiple
battery exchange station units (e.g., a modular design
that enables easy, quick expansion) at the same location
that need to share available power. In some instances,
the power can be supplied by renewable power sources
(e.g., solar panels) and the power provided by these
sources may vary with time.
[0053] In some embodiments, the associated method
can further include: (S10) generating charging com-
mands for each of the batteries (e.g., batteries B1-B6)
based on the determined charging rules and the adjust-
ed/determined charging rates. The server 103 can then
send the generated charging commands to each of the
device-exchange stations 107. The device-exchange
stations 107 can then implement the charging com-
mands. In other words, each of the charging commands
includes the exact value of adjusted/determined charging
rate so that the device-exchange stations 107 can charge
the batteries positioned therein by the corresponding
charging commands. The server 103 can continuously
monitor the status of the batteries (SoC, temperature,
etc.) and update the charging commands according to
the charging rules that correspond to the batteries, re-
spectively.
[0054] The foregoing embodiments (e.g., step S1-S10)
discuss how to form "charging plans" for device-ex-
change stations 107 based on predicted demands for
energy storage devices. The server 103 can form charg-
ing plans for each of the device-exchange stations 107
connected to the server 103, respectively. As discussed,
the "charging plan" represents an overall strategy for the
server 103 to manage all the connected device-exchange
stations 107 and the energy storage devices therein, so
as to meet the demand from users while keeping the
energy storage devices healthy and durable. The "charg-
ing plan" for each of the device-exchange station includes
"charging rules" to be selected and assigned for energy
storage devices in the device-exchange station 107. The
charging rules describe details of charging an energy
storage device (and a corresponding objective that can
be achieved thereby). Also, "charging commands" for
each of energy storage devices positioned in the device-
exchange stations 107 are generated based on the as-
signed/selected "charging rules" and can be updated fre-
quently based on current conditions of the battery (e.g.,
SoC, temperature, etc.) and the assigned/selected
charging rules.
[0055] The database 105 can store information asso-

ciated with the present disclosure (e.g., demand infor-
mation, information collected by the server 103, informa-
tion analyzed by the server 103, information generated
by the server 103 (e.g., charging rules, charging plans,
or charging commands), reference information, user ac-
count information, user battery plans, user histories, user
behavior, user driving/riding habits, environmental con-
ditions, event information, etc.). In some embodiments,
the database 105 can be a publicly accessible database
(e.g., weather forecast database, travel alert database,
traffic information database, location service database,
map database, etc.) maintained by government or private
entities. In some embodiments, the database 105 can be
a private database that provides proprietary information
(e.g., user account, user credit history, user subscription
information, etc.).
[0056] The network 109 can be a local area network
(LAN) or a wide area network (WAN), but it can also be
other wired or wireless networks. The network 109 can
be the Internet or some other public or private network.
The battery exchange station 107 or the mobile device
111 can be connected to the network 109 through a net-
work interface (e.g., by wired or wireless communica-
tion). The server 103 can be coupled to the database 105
via any kind of local, wide area, wired, or wireless net-
work, including the network 109 or a separate public or
private network. In some embodiments, the network 109
includes a secured network that is used by a private entity
(e.g., a company, etc.).
[0057] In some embodiments, the battery exchange
station 107 can be configured to collect battery informa-
tion from the sampling batteries 101 and perform the
analysis discussed above. In such embodiments, the bat-
tery exchange station 107 can analyze the collected bat-
tery information to determine or identify battery charac-
teristics or patterns that can be used as reference infor-
mation for generating customized battery charging rules.
Such reference information can be stored locally (e.g.,
in the battery exchange station 107) or can be transmitted
or uploaded to the server 103. Embodiments of the bat-
tery exchange station 107 are discussed in detail below
with reference to Figures 2 and 3.
[0058] Figure 2 is a schematic diagram illustrating a
system 200 in accordance with embodiments of the dis-
closed technology. The system 200 is configured to de-
termine a customized battery charging rule or profile for
an exchangeable battery 201. The system 200 includes
a server 203, a database 205, and a battery exchange
station 207. The server 203, database 205, and the bat-
tery exchange station 207 can communicate with one
another via a network 209. As shown, the battery ex-
change station 207 includes (i) a display 215 configured
to interact with a user, and (ii) a battery rack 219 having
eight battery slots 217a-h configured to accommodate
batteries to be charged.
[0059] During operation, there are only six battery slots
(e.g., slots 217a, 217b, 217d, 217e, 217f, and 217h) oc-
cupied by batteries, and the remaining two slots (e.g.,
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slots 217c and 217g) are reserved for a user to insert a
battery to be exchanged (e.g., low power batteries). The
batteries B1-B6 discussed above or sampling batteries
101A-101C discussed in Figure 1 can be positioned in
these battery slots 217a-h, respectively. In some embod-
iments, the battery exchange station 207 can have dif-
ferent arrangements such as different numbers of racks,
displays, and/or slots. In some embodiments, the battery
exchange station 207 can include modular components
(e.g., modular racks, modular displays, etc.) that enable
an operator to conveniently install or expand the battery
exchange station 207. The battery exchange station 207
can be electrically coupled to one or more power sources
(e.g., power grid, power lines, power storage, power sta-
tion/substations, solar cells, wind-powered generators,
fuel powered generators, etc.) to receive power to charge
the batteries positioned therein and to perform other op-
erations (e.g., to communicate with the server 203). In
some embodiments, a user can remove a battery from
the battery exchange station 207, without inserting one
beforehand. In some embodiments, the battery ex-
change station 207 can have a locking mechanism for
securing the batteries positioned therein. In some em-
bodiments, the battery exchange station 207 can be im-
plemented without the locking mechanism.
[0060] As discussed above with reference to Figure 1,
a set of reference information can be generated based
on battery information collected from the multiple sam-
pling batteries 101. In some embodiments, the reference
information can be stored in the database 205 or the serv-
er 203. A user can insert an exchangeable battery 201
(which includes a battery memory 213 configured to store
various types of battery information discussed above)
into an empty battery slot (e.g., slot 217c, as shown in
Figure 2) of the battery exchange station 207. The battery
exchange station 207 can collect the battery information
and transmit the same to the server 203. The server 203
analyzes the collected battery information and compares
it with the stored reference information. The sever 203
accordingly generates a customized battery charging
rule for the exchangeable battery 201 to achieve an ob-
jective.
[0061] In some embodiments, the server 203 can iden-
tify one or more characteristics of the exchangeable bat-
tery 201 and generates the customized battery charging
rule by finding a match (or a general match) from the
reference information. In some embodiments, the server
103 can first identify a previous charging rule for the ex-
changeable battery 201 (e.g., from the collected informa-
tion) and then adjust it based on the reference information
so as to generate the customized battery charging rule
for the exchangeable battery 201. For example, a recent
analysis/study (which can be part of the reference infor-
mation) may suggest that the exchangeable battery 201
can perform better if it is charged at a specific tempera-
ture for a period of time. The server 103 can accordingly
adjust the previous charging rule to generate an updated
charging rule.

[0062] In some embodiments, the reference informa-
tion can be stored in the battery exchange station 207.
In such embodiments, the battery exchange station 207
can analyze/compare the collected information and the
reference information to generate the customized charg-
ing rule. The battery exchange station 207 can also lo-
cally store/manage a set of generated customized charg-
ing rules for future use. In some embodiments, the battery
exchange station 207 can upload the generated custom-
ized charging rules to the server 203 for future use.
[0063] Figure 3 is a schematic diagram illustrating a
(charging) station system 300 in accordance with em-
bodiments of the disclosed technology. As shown, the
station system 300 includes a processor 301, a memory
303, a user interface 305, a communication component
307, a battery management component 309, one or more
sensors 311, a storage component 313, and a charging
component 315 coupled to multiple battery slots 317a-n.
The processor 301 is configured to interact with the mem-
ory 303 and other components (e.g., components
305-317) in the station system 300. The memory 303 is
coupled to the processor 301 and is configured to store
instructions for controlling other components or other in-
formation in the station system 300.
[0064] The user interface 305 is configured to interact
with a user (e.g., receiving a user input and presenting
information to the user). In some embodiments, the user
interface 305 can be implemented as a touchscreen dis-
play. In other embodiments, the user interface 305 can
include other suitable user interface devices. The storage
component 313 is configured to store, temporarily or per-
manently, information, data, files, or signals associated
with the station system 300 (e.g., information measured
by the sensors 313, information collected by the batteries
317a-n, reference information, charging instructions, us-
er information, etc.).
[0065] The communication component 307 (e.g., de-
vices suitable for communicating under Bluetooth, infra-
red, cellular, IEEE 802.11, etc.) is configured to commu-
nicate with other systems, such as a vehicle 31 (e.g., an
electric vehicle that uses the exchangeable battery 201
as its power source), a mobile device 32 (e.g., a battery
user’s smartphone that has an app configured to manage
the exchangeable battery 201), a server 33 (e.g., the
server 103, 203 or the server system 400 to be discussed
below with reference to Figure 4), other station stations,
and/or other devices.
[0066] The battery management component 309 is
configured to collect battery information from various
sources and to analyze the collected information. For ex-
ample, the battery management component 309 can col-
lect information regarding the batteries positioned in the
battery slots 317a-n, information regarding the station
system 300, information regarding one or more power
sources 34, information regarding a user (e.g., received
from the mobile device 32 via the communication com-
ponent 307), and/or information regarding the vehicle 31.
In some embodiments, the battery management compo-
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nent 309 can transmit or upload the collected information
to the server 33 for further analysis or process. After re-
ceiving the battery information, the server 33 can analyze
the received battery information and compare it to the
reference information so as to generate a customized
battery charging rule for batteries to achieve predeter-
mined objectives.
[0067] In some embodiments, the battery manage-
ment component 309 can manage the batteries posi-
tioned in the batter slots 317 based on instructions from
the server 33 (which can function in the ways similar to
the server 103, 303 and the server system 400 to be
discussed in detail below with reference to Figure 4). In
some embodiments, the battery management compo-
nent 309 can periodically communicate with the server
33 to request updated instructions.
[0068] In some embodiments, the battery manage-
ment component 309 can analyze the collected battery
information associated with a battery inserted in one of
the battery slots 317 and compare the collected battery
information with the reference information. The battery
management component 309 can accordingly generate
a customized battery charging rule for the inserted bat-
tery based on the comparison. In some embodiments,
the customized battery charging rule can be determined
by the server 33.
[0069] The charging component 315 is configured to
control a charging process for each of the batteries po-
sitioned in the battery slots 317a-n. The battery slots
317a-n are configured to accommodate and charge the
batteries positioned and/or locked therein. The charging
component 315 receives power from the power sources
34 and then uses the power to charge the batteries po-
sitioned in the battery slots 317a-n, based on predeter-
mined customized charging rules, either received from
the server 33 or generated by the battery management
component 309.
[0070] In some embodiments, the customized charg-
ing rules can be adjusted based on a battery demand
prediction generated by the server 33 (e.g., the battery
demand prediction can be generated based on predicted
user behavior, station characteristics, events close to a
battery exchange station, etc.). For example, the station
system 300 can delay to implement a battery charging
rule if it determines that there is no sufficient power from
the power sources 34 to implement the battery charging
rule.
[0071] The sensors 311 are configured to measure in-
formation associated with the station system 300 (e.g.,
working temperature, environmental conditions, power
connection, network connection, etc.). The sensors 311
can also be configured to monitor the batteries positioned
in the battery slots 317a-n. The measured information
can be sent to the battery management component 309
and/or the server 33 for further analysis. In some embod-
iments, the measured information can be included in the
reference information that is used to generate the cus-
tomized charging rules. For example, the customized

charging rules can vary depending on the temperature
surrounding the station system 300 or the temperatures
at the battery slots 317.
[0072] Figure 4 is a schematic diagram illustrating a
server system 400 in accordance with embodiments of
the disclosed technology. The server system 400 is con-
figured to collect information associated with multiple bat-
teries that can be deployed or managed by the server
system 400. The server system 400 is also configured
to analyze the collected information and generate, based
on the analysis, a customized battery charging rule for a
client station 40 to control a charging process therein. In
some embodiments, the client station 40 can be imple-
mented as the battery exchange station 107 or 207 dis-
cussed above. In other embodiments, the client station
40 can be implemented as other suitable client devices.
The server 33, 103 or 203 described above can have a
structure, components, and/or elements similar to those
of the server system 400.
[0073] As shown in Figure 4, the server system 400
includes a processor 401, a memory 403, input/output
(I/O) devices 405, a storage component 407, a charging
rule analysis component 409, a power source analysis
component 411, a station analysis component 413, a us-
er behavior analysis component 417, a vehicle analysis
component 419, and a communication component 421.
The processor 401 is configured to interact with the mem-
ory 403 and other components (e.g., components
405-421) in the server system 400.
[0074] The I/O devices 405 are configured to commu-
nicate with an operator (e.g., receive an input therefrom
and/or present information thereto). In some embodi-
ments, the I/O devices 405 can be one component (e.g.,
a touch screen display). In some embodiments, the I/O
devices 405 can include an input device (e.g., keyboards,
pointing devices, card reader, scanner, camera, etc.) and
an output device (e.g., a display, network card, speaker,
video card, audio card, printer, speakers, or other exter-
nal device).
[0075] The storage component 407 is configured to
store, temporarily or permanently, information, data,
files, or signals associated with the server system 400
(e.g., collected information, reference information, infor-
mation to be analyzed, analysis results, etc.). In some
embodiments, the storage component 407 can be a hard
disk drive, flash memory, or other suitable storage
means. The communication component 421 is config-
ured to communicate with other systems (e.g., the client
station 40 or other stations) and other devices (e.g., a
mobile device carried by a user, a vehicle, etc.).
[0076] The charging rule analysis component 409 is
configured to collect and store (e.g., in the storage com-
ponent 407) battery information to be analyzed. The col-
lected information can be collected from multiple sam-
pling batteries from various sources (e.g., battery ex-
change stations, electric vehicles, batteries, user mobile
devices, etc.). The collected battery information includes,
for example, one or more of (1) battery manufacturing
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information (e.g., battery manufacturers, manufacturing
dates, manufacturing batches, manufacturing serial
numbers, hardware versions, firmware versions, cell
types, etc.), (2) battery characteristic information (e.g., a
battery capacity, a battery discharging capacity, a sug-
gested battery working temperature, SOH, etc.); (3) bat-
tery charging information (e.g., SOC information, a cur-
rent battery temperature, a current cell temperature, a
current circuit temperature, an error status, a suggested
battery charging temperature, a suggested battery
charging current, a suggested battery charging voltage,
a suggested battery charging cycle, a suggested battery
charging speed, a suggested battery charging time, etc.);
(4) battery usage information (e.g., a battery age, a bat-
tery internal resistance, an actual battery charging tem-
perature, an actual battery charging current, an actual
battery charging voltage, an actual battery charging cy-
cle, an actual battery charging speed, an actual battery
charging time, an actual battery working temperature, an
actual battery discharging time, etc.), and (5) battery
identity information (e.g., a unique battery serial number
for each deployed battery). After receiving the collected
information, the charging rule analysis component 409
can analyze the collected information.
[0077] Each type of collected information above can
be analyzed to identify charging characteristics/patterns
that may affect a battery’s charging process. The identi-
fied charging characteristics/patterns can be in a form of
characteristic curves/lines shown in Figures 5A-5C, to
be discussed in detail below). These identified charac-
teristics/patterns can be considered by the charging rule
analysis component 409 to generate a battery charging
rule for batteries in the client station 40.
[0078] In some embodiments, the charging rule anal-
ysis component 409 can prioritize the collected informa-
tion based on their relative importance or reliability. For
example, the charging rule analysis component 409 can
use the "battery manufacturer" (or types of battery cells,
in other embodiments) as a primary factor and set other
items as secondary factors when determining a battery
charging rule for the client station 40. In such embodi-
ments, the system 400 can identify a charging curve (e.g.,
as shown in Figures 5A-5C, to be discussed in detail
below) for the client station 40 based on the manufacturer
of the battery to be charged. The charging rule analysis
component 409 can then consider other secondary fac-
tors to adjust the identified charging curve.
[0079] In some embodiments, the charging rule anal-
ysis component 409 can give different types of collected
information different weightings. For example, the charg-
ing rule analysis component 409 can set the weightings
for the "state of charge," the "battery charging tempera-
ture," and the "charging current" as 50%, 20%, and 30%.
In such embodiments, the identified characteristics/pat-
terns for each type of collected information can then be
combined based on the foregoing weightings. In some
embodiments, the charging rule analysis component 409
can determine which types of collected information to be

included based on empirical studies, results of a machine
learning process, and/or system operator’s preference.
[0080] In some embodiments, the charging rule anal-
ysis component 409 can determine the priorities or
weightings for each type of the collected information
based on the reliability of the collected information. For
example, for information measured and collected from
memories coupled to the batteries, the charging rule
analysis can give it higher weighting or priority because
the server system 400 considers such information is di-
rect/internal and thus more reliable than indirect/external
information such as environmental conditions (e.g., a
weather forecast, an event notice, etc.).
[0081] In some embodiments, the charging rule anal-
ysis component 409 can communicate and work together
with other components in the system 400 (e.g., compo-
nents 411-419) to generate a customized battery charg-
ing rule for batteries in the client station 40. In some em-
bodiments, however, the system 400 can operate without
components 411-419.
[0082] The power source analysis component 411 is
configured to analyze the status (e.g., reliability, stability,
continuity, etc.) of one or more power sources that are
used to power the client station 40 for charging the bat-
teries therein. For example, the power source analysis
component 411 can determine that a power source used
to supply power to the client station 40 will be interrupted
during 1 a.m. to 3 a.m. on a particular date, and then the
power source analysis component 411 can accordingly
adjust a charging rule. In some embodiments, the power
source analysis component 411 can also consider the
cost for charging in different time periods. For example,
the power source analysis component 411 can determine
that the charging cost from a power source is reduced
during off-peak hours. The power source analysis com-
ponent 411 can determine whether it is feasible for the
client station 40 to charge its batteries during the off-peak
hours. If so, the power source analysis component 411
can adjust the charging rule to reduce charging costs.
[0083] The station analysis component 413 is config-
ured to categorize the multiple battery exchange stations
into various types and identify representative character-
istics/patterns for each type, such that the charging rule
analysis component 409 can use such information as
basis for its analysis. For example, the station analysis
component 413 can analyze the collected information
and divide the multiple battery exchange stations into
various types based on their battery demands. Based on
these types, the charging rule analysis component 409
and the station analysis component 413 can quickly de-
termine a suitable battery charging rule, especially in cas-
es where the collected information is insufficient for the
charging rule analysis component 409 to perform a nor-
mal analysis.
[0084] Similar to the station analysis component 413,
the user behavior analysis component 417, and the ve-
hicle analysis component 419 are also configured to cat-
egorize the user behavior and vehicles powered by the
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batteries, respectively, into various types and identify
representative characteristics/patterns for each type.
The user behavior analysis component 417 can receive
a reservation for a battery from a smartphone or other
computing device associated with the server and can cat-
egorize the user behavior based on how they exchange
and/or use the batteries. For example, a user can be very
demanding on battery performance (e.g., a professional
racer). As another example, another user may only use
battery to power its vehicle for daily errands (e.g., picking
up children or grocery shopping). If a user reserves a
battery at the client station 40, the client station 40 then
provides information associated with the reservation to
the server system 400. The server system 400 can then
determine the type/category of the user who made the
reservation and accordingly adjust the battery charging
rule for the client station 40. In some embodiments, such
adjustment can be made by the client station 40.
[0085] The vehicle analysis component 419 can cate-
gorize the types of vehicles that users are planning to
operate. For each type of vehicles, the vehicle analysis
component 419 can determine which types of batteries
work best for each type of vehicles. For example, the
vehicle analysis component 419 can determine that an
electric scooter works best with a specific type of battery
after a particular charging process. In such embodi-
ments, the vehicle analysis component 419 can work with
(e.g., provide details to) the demand analysis component
409 to adjust the battery demand prediction (and the cor-
responding charging instructions), if the server system
400 receives related vehicle information. In some em-
bodiments, such information can be found in the user
profiles or account information. In other embodiments,
such vehicle information can be provided by the client
station 40 to the server system 400.
[0086] In some embodiments, the server system 400
can generate a customized battery charging rule for the
batteries in the client station 40 in a real-time or near real-
time manner. In such embodiments, the server system
400 monitors the status of the client station 40. Once
there is a change (e.g., a user just removed two fully-
charged batteries and left two empty ones at the client
station 40) or a potential change (e.g., a user makes a
reservation to exchange batteries at the client station 40)
that may affect the charging process of the client station
40, the server system 400 can perform the analysis men-
tioned above and generate an updated battery charging
rule for the client station 40 to follow. In some embodi-
ments, the change or potential change can be transmitted
to the server system 400 from a mobile device (e.g., a
user uses an app installed thereon to make a battery
reservation), another server (e.g., a web-service server
associated with an app used by a user), and/or the client
station 40.
[0087] Figures 5A-5C are schematic diagrams illustrat-
ing battery charging characteristics or patterns in accord-
ance with embodiments of the disclosed technology. Fig-
ure 5A illustrates "step-charge" battery charging profiles

(or rules) in accordance with embodiments of the dis-
closed technology. As shown in Figure 5A, a battery
charging profile 51 can be illustrated based on the rela-
tionship between the state of charge (SOC) and the
charging current of a battery (or a type of battery). The
battery charging profiles 51, 52, and 53 are different types
of "step-charge" profiles. When charging a battery based
on this type of profile, the battery is charged by different
currents in different charging stages. For example, the
battery charging profile 51 refers to a charging process
wherein the charging current decreases when the battery
is close to its full charge capacity. The battery charging
profile 52 refers to a charging process having a first por-
tion 52A and a second portion 52B. In the first portion
52A, the charging current remains constant. In the sec-
ond portion 52B, the charging voltage remains constant
(and accordingly the charging current varies). In some
embodiments, a charging profile can include two or more
stages. For example, the battery charging profile 53 re-
fers to a charging process having a first portion 53A, a
second portion 53B, and a third portion 53C. In the first
portion 53A and the second portion 53B, the charging
currents remain constant. In the third portion 53C, the
charging voltage remains constant (and accordingly the
charging current varies).
[0088] Selecting different charging profiles or rules re-
sults in different changing commands. For example, if
the system determines that the charging process for bat-
tery X is governed by the battery charging profile 51 and
assume that the current SoC of battery X is 80% SoC,
then the system can generate a corresponding charging
command (e.g., to charge battery X at charging current
C1 (e.g., 2 Ampere) shown in Figure 5A or at other volt-
age). In some embodiments, if the current SoC of battery
X is 20% SoC, then the system can generate another
charging command (e.g., to charge battery X at charging
current C2 (e.g., 15 Ampere). As a result, battery A can
be charged at different rates, varying with its SoC. For
example, when its SoC is high, it will be charged by a
slower charging process. When its SoC is low, it will be
charged by a faster charging process.
[0089] In some embodiments, the charging profile can
be illustrated or characterized by other factors such as a
"C-rate." The "C-rate" can be defined as a rate at which
a battery is charged (or discharged) relative to its capac-
ity. For example, a battery can have a full capacity of
1000 mA-hour. For this battery, a charging rate of 500mA
corresponds to a C-rate of "0.5," which means, by this
charging rate, the battery can increase 50% of its capacity
per hour. In some embodiments, the disclosed system
can use "C-rate" to characterize charging profiles.
[0090] In Figures 5B and 5C, six two-dimensional char-
acteristic curves (or lines) 501A-C and 505A-C are
shown. In other embodiments, however, the character-
istic curves can be three-dimensional or multiple-dimen-
sional, depending on the number of factors to be consid-
ered when generating such characteristic curves.
[0091] Referring to Figure 5B, the characteristic curves
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501A-C represent charging features for battery A. The
charging features are generated (e.g., by a server such
as the server system 400 or by a station such as the
station system 300) based on information associated with
multiple sampling batteries (e.g., the collected informa-
tion mentioned above). In some embodiments, these
characteristic curves 501A-C can be compared with ac-
tual measurements so as to verify and/or enhance the
accuracy of these curves (e.g., compare the character-
istic curve 501A with a curve generated by actual meas-
urement from battery A). In such embodiments, the re-
sults of the comparison can be used to further adjust the
characteristic curves 501A-C. In some embodiments, the
present technology can use this approach to fine-tune its
analysis based on various factors, weightings for the fac-
tors, algorithms, etc.
[0092] As shown in Figure 5B, the characteristic curve
501A indicates that the battery to be charged is charged
in a "step-charge" fashion. The characteristic curve 501B
indicates that the charging temperature of the battery to
be charged should be decreased when the charging time
increases to achieve a pre-determined objective (e.g.,
increase/maximize battery capacity, longest battery life,
etc.). The characteristic curve 501C indicates that the
charging current for the battery to be charged should be
kept generally the same when charging to achieve the
pre-determined objective.
[0093] Turning to Figure 5C, the characteristic curves
505A-C represent charging features for Battery B. The
charging features are generated (e.g., by a server such
as the server system 400 or by a station such as the
station system 300) based on information associated with
multiple sampling batteries (e.g., the collected informa-
tion mentioned above). In some embodiments, these
characteristic curves 505A-C can be compared with ac-
tual measurements so as to verify and/or enhance the
accuracy of these curves (e.g., compare the character-
istic curve 505A with a curve generated by actual meas-
urement from Battery B). In such embodiments, the re-
sults of the comparison can be used to further adjust the
characteristic curves 505A-C. In some embodiments, the
present technology can use this approach to fine-tune its
analysis based on various factors, weightings for the fac-
tors, algorithms, etc.
[0094] As shown in Figure 5C, for example, the char-
acteristic curve 505A indicates that when the SOC in-
creases, the battery exchange station temperature
should be decreased to achieve a pre-set goal. The char-
acteristic curve 505B indicates that when the SOC in-
creases, the charging voltage should be decreased
"stepwise" to achieve the pre-set goal. As shown in Fig-
ure 5C, without wishing to be bonded by theory, the char-
acteristic curve 505C includes a peak portion 507. The
peak portion 507 indicates that when the SOC of Battery
B reaches certain levels, the charging current can be
increased so as to achieve the pre-set goal.
[0095] In some embodiments, the present technology
can provide multiple types of characteristic curves or pat-

terns that can be used as reference information to deter-
mine how to charge a particular battery to achieve an
objective or a goal. In some embodiments, the objective
or goal can be determined based on financial reasons
(e.g., to reduce operation expenses), customer satisfac-
tion (e.g., to provide highest possible battery experience
to a user), or other suitable factors. In some embodi-
ments, the charging rules/profiles can be represented by
one or more conditions, criteria, and/or parameters (e.g.,
characteristics of the batteries or characteristics of the
device-exchange stations) and are not limited to the
curves shown in Figures 5A-5C.
[0096] Figure 6 is a flowchart illustrating a method 600
in accordance with embodiments of the disclosed tech-
nology. The method 600 is configured to generate a
charging rule for an exchangeable battery positioned in
a battery-exchange station. The method 600 is also con-
figured to instruct the station to charge the exchangeable
battery based on the generated charging rule. The meth-
od 600 can be implemented (1) by a server (e.g., the
server system 400 discussed above) with a battery ex-
change station (e.g., the station system 300) or (2) by a
battery exchange station alone. The method 600 starts
at block 601 by receiving from a memory attached to the
exchangeable battery (e.g., a battery to be charged), a
set of battery information. The battery information in-
cludes battery manufacturing information, battery char-
acteristic information, battery charging information, and
battery usage information.
[0097] At block 603, the method 600 continues by an-
alyzing the received information based on predetermined
reference information. In some embodiments, the prede-
termined reference information is generated based on
information collected from multiple sampling batteries.
The sampling batteries and the exchangeable battery
have at least one characteristic in common, and therefore
the present technology can use this characteristic in com-
mon to determine which part of the collected information
(and also how much weighting should be assigned there-
to) is going to be used to determine a charging rule for
the exchangeable battery.
[0098] At block 605, the method 600 then determines
available power to be supplied to each of the battery ex-
change station before a target time period. At block 607,
a charging rule for the exchangeable battery is generated
to achieve a pre-determined objective. The charging rule
is to be implemented during a charging period which is
before the target time period.
[0099] At block 609, the method 600 includes instruct-
ing a charging control component of the battery-ex-
change station to charge the exchangeable battery ac-
cording to the charging rule (e.g., by sending correspond-
ing charging commands to the battery-exchange station
or by sending corresponding charging commands to a
charging control component from a processor of the bat-
tery-exchange station). The method 600 then returns and
waits for further instructions.
[0100] In some embodiments, the charging rules de-
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scribed therein can be characterized, determined, de-
fined, predicted, and/or "trained" based on historical data
collected by the disclosed system and can be further ad-
justed based on updated data (e.g., new battery usage
data, new user behavior data, etc.). In some embodi-
ments, the charging rules can be updated every
day/week/month/season based on the updated data.
[0101] Figure 7 is a flowchart illustrating a method 700
in accordance with embodiments of the disclosed tech-
nology. The method 700 is for charging exchangeable
energy storage devices (e.g., batteries) positioned in a
device-exchange station. The method 700 can be imple-
mented by a server (e.g., the server system 400 dis-
cussed above). The method 700 starts at block 701 by
receiving demand information for the device-exchange
station. At block 703, the method 700 continues by de-
termining a charging plan for the device-exchange station
at least partially based on a state-of-charge (SoC) of each
of the exchangeable energy storage devices positioned
in the device-exchange station, the plurality of predicted
exchange demands, and an available power of the de-
vice-exchange station (e.g., from a power source, a pow-
er grid, etc.). The charging plan includes at least one
charging rule for each of the exchangeable energy stor-
age devices positioned in the device-exchange station.
[0102] At block 705, the method 700 generates a
charging command for each of the exchangeable energy
storage devices based on the charging rule. At block 707,
the method 700 continues by transmitting the charging
command to the device-exchange station. In some em-
bodiments, the method 700 includes periodically updat-
ing the charging plan or updating the charging plan in
response to a triggering event. In some embodiments,
the triggering event includes an exchange of the ex-
changeable energy storage devices positioned in the de-
vice-exchange station, a change to the available power,
and/or a reservation for the exchangeable energy stor-
age devices positioned in the device-exchange station.
[0103] In some embodiments, the charging plan (e.g.,
for a station) is determined at least partially based on a
type (e.g., the types of batteries as discussed above) of
the energy storage devices of the device-exchange sta-
tion. Based on the charging plan, the system can deter-
mine one or more suitable charging rules for each of the
energy storage devices. The system can then generate
charging commands (e.g., particular instructions for the
station to implement) and transmit the same to the de-
vice-exchange station.
[0104] In some embodiments, the charging command
can be generated at least partially based on a charger
type of a charger positioned in the device-exchange sta-
tion (e.g., battery exchange stations 107, 207, station
system 300 or client station 40). The charger is config-
ured to charge one or more of the energy storage devices.
For example, the charger type can include a one-versus-
one type (e.g., one battery, one charger), a two-versus-
one type (e.g., two batteries share one charger), or a
four-versus-one type (e.g., four batteries share one

charger). In such embodiments, the system considers
the availability of charger when it determines the charging
plan. For example, referring to Figure 2, the slots 217d,
217h can share one charger, and accordingly there is
one battery in the slots 217d, 217h can be charged at
one time.
[0105] In some embodiments, the device-exchange
station (e.g., battery exchange stations 107, 207, station
system 300 or client station 40) can be a first device-
exchange station, and the method can include determin-
ing the charging plan for the first device-exchange station
at least partially based on a status of a second device-
exchange station adjacent to or near by the first device-
exchange station. For example, when the service provid-
ed by the second device-exchange station is interrupted
(e.g., due to a maintenance event or a power outage),
the system can adjust its charging plan for the first station
to address the predicted demands for the second station.
[0106] In some embodiments, the method can include
assigning a priority value to each of the exchangeable
energy storage devices (e.g., based on their SoCs) po-
sitioned in the device-exchange station. The method can
also include determining the charging plan for the device-
exchange station at least partially based on the priority
value. Please refer to the foregoing embodiments asso-
ciated with batteries B1-B6. Based on the priority values,
the system can determine which batteries to be charged
first and exchanged first.

Claims

1. A method (700) for charging exchangeable energy
storage devices positioned in a device-exchange
station (40), the method (700) comprising:

receiving demand information for the device-ex-
change station (40) (701);
determining a charging plan for the device-ex-
change station (40) at least partially based on a
state-of-charge (SoC) of each of the exchange-
able energy storage devices positioned in the
device-exchange station (40), the demand infor-
mation, and an available power of the device-
exchange station (40), the charging plan includ-
ing at least one charging rule for each of the
exchangeable energy storage devices posi-
tioned in the device-exchange station (40) (703);
generating a charging command for each of the
exchangeable energy storage devices based on
the charging rule for each of the exchangeable
energy storage devices (705); and
transmitting the charging commands to the de-
vice-exchange station (40) (707).

2. The method (700) of claim 1, further comprising:

periodically updating the charging plan for the
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device-exchange station (40); and
updating the charging plan in response to the
triggering event on the device-exchange station
(40).

3. The method (700) of any one of claims 1 or 2, further
comprising customizing the at least one charging
rule for each of the exchangeable energy storage
devices based on a predetermined objective.

4. The method (700) of claim 3, further comprising ad-
justing the charging plan based on an economic con-
dition.

5. The method (700) of any one of claims 1 to 4, wherein
the charging plan is determined (703) at least par-
tially based on a type of the energy storage devices
of the device-exchange station (40).

6. The method (700) of claim 5, wherein the type of the
device-exchange station (40) includes a public type,
a semi-private type, or a private type.

7. The method (700) of any one of claims 1 to 6, wherein
the charging command is generated (705) at least
partially based on a charger type of a charger posi-
tioned in the device-exchange station (40);
wherein preferably the charger type includes a one-
versus-one type, a two-versus-one type, or a four-
versus-one type.

8. The method (700) of any one of claims 1 to 7, wherein
the device-exchange station (40) is a first device-
exchange station (40), and wherein the method (700)
comprises:

determining the charging plan for the first de-
vice-exchange station (40) at least partially
based on a status of a second device-exchange
station (40) adjacent to the first device-ex-
change station (40);
wherein preferably the status of the second de-
vice-exchange station (40) includes a normal
status or a service-interrupted status, and
wherein the service-interrupted status results
from a maintenance event or a power outage.

9. The method (700) of any one of claims 1 to 8, further
comprising:

assigning a priority value to each of the ex-
changeable energy storage devices positioned
in the device-exchange station (40); and
determining the charging plan for the device-ex-
change station (40) at least partially based on
the priority value and the demand information;
wherein preferably the priority value is deter-
mined based on the SoC of each of the ex-

changeable energy storage devices positioned
in the device-exchange station (40).

10. The method (700) of any one of claims 1 to 9, further
comprising:

categorizing the exchangeable energy storage
devices positioned in the device-exchange sta-
tion (40) into a first group, a second group, and
a third group, wherein the first group includes
the exchangeable energy storage devices that
have more than an SoC threshold and that are
not locked, and wherein the second group in-
cludes the exchangeable energy storage devic-
es that have less than the SoC threshold and
that are not locked, and wherein the third group
includes the exchangeable energy storage de-
vices that are locked; and
determining the charging plan for the device-ex-
change station (40) at least partially based on
numbers exchangeable energy storage devices
in the first group, the second group, and the third
group.

11. The method (700) of any one of claims 1 to 10, where-
in the demand information includes a first demand
prediction for a first hour and a second demand pre-
diction for a second hour following the first hour;
preferably the method (700) further comprising:

assigning a priority value to each of the ex-
changeable energy storage devices positioned
in the device-exchange station (40); and
determining the charging plan for the device-ex-
change station (40) at least partially based on
the priority value and the first demand prediction
and the second demand prediction.

12. The method (700) of any one of claims 1 to 11, where-
in the at least one charging rule is determined based
on one or more characteristics of the exchangeable
energy storage devices, and wherein the one or
more characteristics incudes a current temperature,
battery manufacturing information, battery charac-
teristic information, battery charging information or
battery usage information.

13. The method (700) of any one of claims 1 to 12, where-
in the at least one charging rule includes a relatively
fast charging rule or a relatively slow charging rule,
and wherein the method further comprises determin-
ing whether to use the relatively fast charging rule
or the relatively slow charging rule based on the de-
mand information.

14. A server (400) comprising:
a processor (401) configured to--
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receive demand information for a device-ex-
change station (40) (701);
determine a charging plan for the device-ex-
change station (40) at least partially based on a
state-of-charge (SoC) of each of exchangeable
energy storage devices positioned in the device-
exchange station (40), the demand information,
and an available power of the device-exchange
station (40), the charging plan including at least
one charging rule for each of the exchangeable
energy storage devices positioned in the device-
exchange station (40) (703);
generate a charging command for each of the
exchangeable energy storage devices based on
the charging rule for each of the exchangeable
energy storage devices (705); and
transmit, via a communication component (421),
the charging commands to the device-exchange
station (40) (707).

15. The server (400) of claim 14, wherein the processor
(401) is configured to update the charging plan in
response to a triggering event, and wherein the trig-
gering event includes an exchange of the exchange-
able energy storage devices positioned in the de-
vice-exchange station (40), a change to the available
power, a change to the demand information, or a
reservation for the exchangeable energy storage de-
vices positioned in the device-exchange station (40).
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