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STORAGE DEVICES FROM CHARGING STATIONS

(57) The present disclosure relates to methods and
associated systems for managing a plurality of device-ex-
change stations. The method (1100) includes, for exam-
ple, (1) determining a score for each of the plurality of
device-exchange stations based on an availability of en-
ergy storage devices positioned in each of the device-ex-
change stations (1105); (2) determining a sequence of
the plurality of device-exchange stations based on the
score of each of the device-exchange stations (1107);
and (3) determining a price rate for each of the device-ex-
change stations by mapping the sequence of the de-
vice-exchange stations to a characteristic curve corre-
sponding to a distribution of the price rate (1109).
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Description

BACKGROUND

[0001] Some electric vehicles are powered by exchangeable batteries. For such electric vehicles, having sufficiently-
charged batteries available to users when they want to make a battery exchange is an important factor in providing a
satisfying user experience. However, it is very difficult to predict when and where a user may want to exchange a battery.
For a battery exchange system that handles a large number of batteries, it is even more difficult for the system to predict
the battery demands and respond accordingly. In addition, charging batteries and maintaining the state of charge of
these batteries require a significant amount of energy. Unnecessary charging or maintaining can negatively affect a
system’s cost-efficiency and energy-efficiency. Therefore, it is advantageous to have an improved system and method
to address the foregoing issues.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Embodiments of the disclosed technology will be described and explained through the use of the accompanying
drawings.

Figure 1A is a schematic diagram illustrating an incentivized battery exchange system in accordance with embod-
iments of the disclosed technology.

Figure 1B is a schematic diagram illustrating a system in accordance with embodiments of the disclosed technology.
The system is configured to collect battery demand information from multiple battery exchange stations.

Figure 1C is a schematic diagram illustrating a clustering process for dividing battery demand information into
multiple clusters in accordance with embodiments of the disclosed technology.

Figure 1D is a schematic diagram illustrating clustering performed in accordance with embodiments of the disclosed
technology.

Figure 1E is a schematic diagram illustrating a battery score described in embodiments of the disclosed technology.

Figure 1F is a schematic diagram illustrating a use of a genetic algorithm to determine battery demand characteristic
functions (fc) in accordance with embodiments of the disclosed technology.

Figure 1G is a schematic diagram illustrating multiple battery demand characteristic functions (fc) in accordance
with embodiments of the disclosed technology.

Figure 1H is a flowchart illustrating a process for setting a battery exchange price based on battery demand information
in accordance with embodiments of the disclosed technology.

Figure 1I is a schematic diagram illustrating a characteristic curve in accordance with embodiments of the disclosed
technology.

Figure 1J is a flowchart illustrating a process for setting a battery exchange price based on battery demand information
in accordance with embodiments of the disclosed technology.

Figure 2 is a schematic diagram illustrating a server system in accordance with embodiments of the disclosed
technology.

Figure 3 is a schematic diagram illustrating a station system and a vehicle system in accordance with embodiments
of the disclosed technology.

Figures 4A-4C and 5A-5C are screenshots showing user interfaces of a battery exchange station, a mobile device,
or a dashboard (of a vehicle) in accordance with embodiments of the disclosed technology.

Figure 6 is a flowchart illustrating a method in accordance with embodiments of the disclosed technology.
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Figure 7A is a schematic diagram illustrating characteristics of multiple station systems in accordance with embod-
iments of the disclosed technology.

Figure 7B is a schematic diagram illustrating characteristics during multiple time frames of a station system in
accordance with embodiments of the disclosed technology.

[0003] The drawings are not necessarily drawn to scale. For example, the dimensions of some of the elements in the
figures may be expanded or reduced to help improve the understanding of various embodiments. Similarly, some com-
ponents and/or operations may be separated into different blocks or combined into a single block for the purposes of
discussion of some of the embodiments. 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 recognize that modifications, equivalents, and
alternatives will fall within the scope of the appended claims.

DETAILED DESCRIPTION

[0004] In this description, references to "some embodiments," "one embodiment," or the like, mean that the particular
feature, function, structure or characteristic being 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.
[0005] The present technology is directed to systems and methods for dynamically allocating energy (e.g., stored in
a battery) among multiple exchangeable energy storage devices (e.g., exchangeable, rechargeable battery) stations by
dynamically setting battery exchange prices in various battery exchange stations. More particularly, the present tech-
nology is directed to systems and methods for predicting/analyzing battery demands and then fulfilling the predicted
demands. When a battery demand is predicted, there will be several ways to fulfill the predicted battery demand. First,
a system can provide a sufficient number of (fully-charged) batteries to meet the predicted battery demand. Second, a
system can adopt a "user-influencing" approach so as to increase a battery supply (e.g., ask a user to return a properly-
charged battery back to the system) or to decrease a battery demand (e.g., request a user to delay a battery exchange)
by changing or influencing user behavior (e.g., by providing motivation or incentives for users to do so). In some em-
bodiments, battery users can be motivated to change their behavior by advertisement, notification, games, encourage-
ments, etc. In some embodiments, battery users can be incentivized by a lower battery exchange price or other suitable
incentives (e.g., credits, reward points, etc.) One way to incentivize battery users is to dynamically adjust battery exchange
prices at various battery exchange stations, such that the users can be incentivized to exchange batteries at a low-
demand station (e.g., to decrease the battery demand at a high-demand station) or to return properly charged batteries
(e.g., 80-90% charged) to a high-demand station (e.g., to increase the battery supply).
[0006] The present disclosure also relates to a method and system for dynamically allocating energy (e.g., stored in
a battery) among multiple exchangeable energy storage device (e.g., exchangeable, rechargeable battery) stations
based on a pricing strategy. More particularly, the present technology is directed to systems and methods for predicting
and analyzing a battery demands and accordingly managing batteries positioned in multiple stations. The present system
collects battery demand information (e.g., from various sources such as a battery memory attached to a battery, battery
exchange stations, vehicles, user mobile devices, etc.). For example, the battery demand information can include "the
number of exchanged batteries at a particular station during a certain period of time," "the number of batteries exchanged
by a user during a certain period of time," or other suitable information (e.g., the characteristics of the exchanged batteries
such as their manufacturers, state of charge (SoC), etc.).
[0007] Figure 1H provide a process 1000 regarding how a battery exchange price is set based on battery demand
information. In short, the disclosed system can first collect historical battery demand information (block 1001) and then
analyze the collected information based on a clustering process (e.g., block 1003). As discussed below, the clustering
process can divide collected battery demand information into various clusters. Each cluster represents a battery demand
type. Based on the clustering result, the disclosed system can further determine a dynamic battery pricing strategy (block
1005), which can be used to motivate battery users to fulfill a predicted battery demand. Embodiments are discussed
in detail below.
[0008] In the clustering process, the system can divide the collected battery demand information into multiple clusters
based on one or more factors. In some embodiments, the clusters can be determined based on time periods (e.g., a
cluster represents 9 a.m. to 10 a.m., whereas another cluster represents 3 p.m. to 5 p.m.). Embodiments regarding
determining the clusters based on time periods are discussed in detail with reference to Figure 1C. In some embodiments,
the clusters can be determined based on types of battery stations (e.g., a "high-demand-all-time" type, a "high-demand-
peak-hours" type, a "high-demand-holidays" type, a "high-demand-weekends" type, a "high-demand-events" type, a
"low-demand-all-time" type, etc.; related details are discussed in detail below). In some embodiments, the clusters can
be determined based on locations (e.g., a location of a battery exchange, or the location of a vehicle for a vehicle-to-
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vehicle battery exchange). In some embodiments, the clusters can be determined based on other suitable factors. In
one or more of the embodiments discussed below, the clusters are determined based on both "when a battery exchange
happens" and "the type of the battery stations." In some embodiments, the clusters can be determined or characterized
by various other factors and therefore cannot be readily identified as being closely related to a single factor or two factors.
In some embodiments, the clusters can be determined based on a result of a machine learning process. In some
embodiments (e.g., embodiments discussed below with reference to Figures 1I and 1J), the clustering process can be
skipped.
[0009] In some embodiments, clusters with a rate (e.g., the "battery price rate" discussed below) greater than "1" may
represent high demand (or a predicted upcoming high demand) where a user is charged a higher rate for a charged
battery or conversely is paid a higher rate to sell back a charged battery (e.g., a "sell-back rate"). The sell-back rate for
the user can be determined at least partially based on the price rate, the score and the size of the device-exchange
stations. For example, a small but busy station may not have the ability to prepare enough batteries to meet a demand
in time, so the sell-back rate for this station can be set higher so that the user can help the station to meet the demand.
In some embodiments, clusters with a rate (e.g., the "battery price rate" discussed below) lower than "1" represent lessor
demand where a user is charged a lower rate for a charged battery or is paid a lower rate to sell back a charged battery.
[0010] In some embodiment, a central server of the disclosed system receives all these use statistics, weather reports,
special event data etc. and tries to develop a supply-demand function for each charging station or cluster. By dynamically
developing a supply/demand curve for each station/cluster, the energy use of the entire system can be better balanced.
[0011] Based on the two factors (e.g., time and the station type), the present system then divides the collected battery
demand information into multiple clusters C1-Cn (Examples of the clusters can be found in Figure 1C, which includes 8
clusters Levels 1-8). The multiple clusters C1-Cn can be ranked based on the number of battery exchanges "per station"
and per "time interval" (e.g., one hour or two hours). For example, C1 can represent the smallest number of battery
exchanges per station and per time interval, and Cn can represent the largest number of battery exchanges per station
and per time interval. For example, C1 can represent 0-10 battery exchanges per hour at one station, C2 can represent
1-25 battery exchanges, C3 can represent 26-50 battery exchanges, C4 can represent 51-100 battery exchanges, Cn
can represent 10,000 and above battery exchanges, and so on.
[0012] In the illustrated embodiments, elements in Cluster C1 can include "time period 1 a.m. to 3 a.m. at Station A"
(which is characterized as a low-demand-all-time type of station), "time period 2 a.m. to 6 a.m. at Station B" (which is
characterized as a high-demand-events type), and other time-type combinations that fall within the battery exchange
numbers represented by cluster C1. As another example, Cluster Cn can include "time period 9 a.m. to 9:45 a.m. at
Station C" (which is characterized as a high-demand-peak-hours type), "time period 10 a.m. to 5 p.m. on Saturdays at
Station D" (which is characterized as a high-demand-weekends type), and other time-type combinations that fall within
the battery exchange number represented by cluster Cn.
[0013] In some embodiments, the multiple clusters can be determined based on the collected battery demand infor-
mation. For example, the multiple clusters can be determined based on a K-means clustering process, which is discussed
in detail below with reference to Figure 1D.
[0014] To be able to motivate battery users to take actions (e.g., to increase a battery supply or to decrease a battery
demand during a certain time period), the disclosed system can dynamically adjust the battery exchange price at each
battery station. The disclosed system can achieve this goal by generating a dynamic pricing model as described below.
[0015] For each cluster, the present system can generate a characteristic function (fc), which reflects the relationship
between the availability of batteries and a price rate. In some embodiment, the characteristic function is determined
based on an "energy ratio" of the cluster, and a "battery price rate."
[0016] The energy ratio is determined based on an available battery energy associated with a battery exchange event.
The energy ratio can be defined as a ratio of "battery score" to a "battery count." In short, the battery score can be
defined as a battery energy level (e.g., state of charge, SoC) of a battery when the battery is exchanged (e.g., removed
by a user from a battery exchange station). For example, the battery score can be "1" when the battery energy level is
more than 90% (e.g., being 90% charged) when that battery is exchanged. In some embodiments, the battery score can
be "0.3" when the battery energy level is at 82% (e.g., being 82% charged) when that battery is exchanged. In some
embodiments, the battery score can be defined as an index indicating whether a battery station has sufficient fully
charged batteries. Embodiments regarding the battery score are discussed below with reference to Figure 1E.
[0017] The "battery count" can represent the number of available batteries at the battery exchange station. For example,
the battery count can be "3" if a battery exchange station has three fully-charged batteries available for a user to swap.
As another example, the battery count can be "6" if a battery exchange station has six 90% charged batteries available
for a user to swap.
[0018] Based on the "battery score" and the "battery count," the energy ratio can be determined. The energy ratio can
be used to generate the characteristic function. Embodiments of the characteristic function are discussed below with
reference to Figure 1G. For example, the horizontal axis of the figure shown in Figure 1G represents the energy ratio,
whereas the vertical axis of the same figure represents the "battery price rate."



EP 3 506 188 A1

5

5

10

15

20

25

30

35

40

45

50

55

[0019] As described above, each cluster has a corresponding characteristic function (fc). The corresponding charac-
teristic function can be in form of curves, as shown in Figure 1G. These curves indicate that, even during the time intervals
in the same cluster, users can receive batteries with different battery exchange prices (e.g., the "Rate" shown in Figure
1G) if the energy ratio of the battery station changes.
[0020] The "battery price rate" is a reference pricing number reflecting how much a battery exchange service provider
charges a user for a battery exchange. The battery price rate can have a maximum value and a minimum value (i.e.,
the range of the price rate). The "battery price rate" is a factor determined by a system operator. In some embodiments,
a system operator can determine a "base rate" as the price for a battery user to consume one unit of power (e.g., 1 Ahr).
The battery exchange price can then be calculated by multiplying the base rate by the amount of power consumed. The
present system can predict a possible battery demand (e.g., by determining the characteristic functions for each cluster)
based on the collected battery demand information and the determined battery price rate (e.g., higher priced batteries
should have less demand). The determined characteristic functions can then be used as guidance to determine a battery
exchange price at each corresponding battery exchange station in each time interval. The battery exchange price can
be "dynamic" because the characteristic functions can be generated or updated in a real-time (e.g., milliseconds to
seconds) or near real-time (e.g., minutes to hours) fashion. In some embodiments, the clustering process can also be
"dynamic" in a similar fashion (e.g., the clustering process can be performed in a real-time or near real-time manner).
[0021] In some embodiments, the characteristic functions can be determined based on a machine learning process.
In some embodiments, the characteristic functions can be determined based on a generic algorithm (GA). Embodiments
of the generic algorithm are discussed below with reference to Figure 1F.
[0022] As an alternative technique, in some embodiments, the disclosed system can determine battery exchange
prices based on a characteristic curve (e.g., a normal distribution curve or a "bell curve," or a curve adjusted (e.g.,
skewed) from the normal distribution curve, etc.). For example, Figure 1I illustrates a characteristic curve 151 in accord-
ance with embodiments of the present technology. The horizontal axis in Figure 1I represents the battery price rate (as
discussed above with reference to Figure 1G). As shown, the characteristic curve 151 is in a pricing range from 0.8
(minimum) to 1.2 (maximum), which can be set by the system or a system operator. When the battery price rate is "1,"
the supply and demand of the batteries are assumed to be balanced. When the battery price rate is higher than "1," the
battery price is relatively high so that the battery demand can be decreased. When the battery price rate is lower than
"1," the battery price is relatively low such that the users can be influenced, and the battery demand may increase. As
shown in Figure 1I, a critical battery price rate is set as "1.1" (e.g., 110% of the average battery price rate "1") to prevent
the battery price from going too high to negatively affect users’ battery experience (e.g., users can be upset when paying
at a higher rate). In some embodiments, when the battery price rate is lower than "1," the battery price may be lower
than the system operator’s expenses/costs for providing/preparing the battery, therefore the system operator may want
to limit such situation to avoid losing profit.
[0023] The vertical axis in Figure 1I represents the probability density, which means, most of the price rates that are
to be assigned to the device-exchange station are near the peak of the characteristic curve 151 (e.g., the peak is indicative
of an "expectation value" of the characteristic curve 151, to be discussed in detail below). The characteristic curve 151
is a distribution that can be used to dynamically adjust battery price rates for a plurality of batteries (or other suitable
energy storage devices) in an administrative area (e.g., a city, a county, a neighborhood, etc.) or a geometric area e.g.,
a circular area with a diameter of 5-25 kilometers). In some embodiments, the plurality of device-exchange stations can
be located within an area where a determined group of users (e.g., employees of a company, faculty of a school, etc.)
frequently exchange energy storage devices.
[0024] By using the characteristic curve 151, the disclosed system determines the battery price in a particular area
and makes sure the distribution of the battery prices in various battery-exchange stations in that area are in accordance
with the distribution of the characteristic curve 151 (e.g., only a limited amount of batteries are "expensive" or "cheap,"
while the most of the batteries are set at a normal price (e.g., the average price rating "1" or slightly lower/above "1").
By this arrangement, the system can provide a dynamic and balanced battery pricing structure in selected areas, so as
to enhance user experiences and balance energy (e.g., stored in batteries) among battery-exchange stations. For
example, the battery-exchange stations can be ranked or arranged in an order based on their battery scores (e.g., from
high to low) so as to form a "sequence" of the stations. Then the price rate for each station can be determined by
"mapping" the sequence to the characteristic curve 151. The disclosed embodiments associated with the characteristic
curve 151 are discussed below with reference to Figure 1J.
[0025] In some embodiments, the disclosed system can adjust the price rate based on proximity or adjacency of the
battery-exchange stations. For example, station A1 and station A2 are in proximity (e.g., within 1 kilometer). The disclosed
system can adjust the price rates of stations A1 and A2 to the same price rate (e.g., an average of the price rates originally
determined for stations A1 and A2 based on the characteristic curve 151). In some embodiments, one of the price rates
of stations A1 and A2 can be set at a lower rate (or a higher rate) so as to let the users be aware of the change of the
price rates and keep them interested in exchanging/swapping a cheaper battery.
[0026] In some embodiments the disclosed system can further adjust the price rates based on geographic areas or
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administrative districts. In some embodiments, for example, each administrative district or geographic area can have a
sub-characteristic curve (e.g., similar to the characteristic curve 151, such as a normal distribution curve), and the price
rates for the stations in each administrative district or geographic area can be further adjusted based on the sub-
characteristic curves. In this case, the sub-characteristic curves may be determined based on the price rates of the
device-exchange stations within the geographic areas or administrative districts. For example, the average of the price
rates of the device-exchange stations within the geographic areas can be set as the expectation value of the sub-
characteristic curve (which can be different from the expectation value of the characteristic curve 151). The stations in
administrative district AD1 can be ranked based on their battery scores to form a sub-sequence of the stations in AD1.
By mapping the sub-sequence of stations in AD1 to the sub-characteristic curve for AD1, the price rates for the stations
in AD1 can be further adjusted. The same approach can be used for the stations in administrative districts with a similar
size (e.g., administrative district AD2). Accordingly, the present technology can balance the price rate in each adminis-
trative district or geographic area.
[0027] Adjusting the price rates of the device-exchange stations in a small geographic area can make the users more
willing to exchange/swap cheaper batteries (e.g., since there are cheaper batteries in only a few blocks away, it’s
convenient for the users). Balancing the price rates of the device-exchange stations in different administrative districts
(e.g., a larger area) includes setting similar expectation values to the sub-characteristic curves (though a price rate range
can still be different). By this configuration, users who live in a dense area (e.g., AD1 is located in a downtown area and
the battery demand there is strong) do not feel that they have to get expensive batteries all the time (e.g., more expensive
than those in administrative district AD2, which is a rural area). In some embodiments, the system may re-adjust the
price rates of the device-exchange stations based on simple rules and instructions, rather than mapping on a curve such
as the sub-characteristic curve mentioned above.
[0028] Figure 1J is a flowchart illustrating a method 1100 in accordance with embodiments of the disclosed technology.
The method 1100 is for managing a plurality of device-exchange stations (e.g., battery-exchange stations). For example,
the method 1100 can balance expected demands for energy storage devices (e.g., batteries) in these stations by dy-
namically adjusting the device-exchange prices at these stations. The method 1100 can be implemented by a server or
a server system having a processor (e.g., Figure 2). For example, at block 1101, the method determines a price rate
range for exchanging energy storage devices in the plurality of device-exchange stations. The price rating range has a
maximum rate (e.g., rate "1.2" in Figure 1I) and a minimum rate (e.g., rate "0.8" in Figure 1I). Once the price rate range
is determined, a characteristic curve based on the price rate range can be determined, as shown at block 1103. The
characteristic curve indicates a distribution of the price ratings for the plurality of device-exchange stations. In some
embodiments, the characteristic curve can be a normal distribution or a "bell curve." In other embodiments, the charac-
teristic curve can be a skewed curve or other suitable distribution.
[0029] In some embodiments, the characteristic curve can also be determined based on an "expectation value." As
discussed in detail below, the "expectation value" indicates a system operator’s pricing strategy. In other words, whether
the system operator can expect an additional profit based on a pricing strategy. For example, when the system operator
sets the expectation value as "1," the system does not expect to generate any additional profit. If the system operator
sets the expectation value higher than "1," then the system operator expects to have some additional profit. If the system
operator sets the expectation value lower than "1," then the system operator expects to have less profit (in some
embodiments, may lose profit). Embodiments of the expectation value are discussed below with reference to Equation
C below. The expectation value determines the "peak" or "center" of the characteristic curve. In the embodiments shown
in Figure 1I, the characteristic curve 151 has a peak 152 slightly above the average price rating "1." In such embodiments,
by implementing this pricing strategy, a profit is expected.
[0030] At block 1105, the method 1100 continues by determining a score (e.g., the "battery score" discussed above
with reference to Figure 1E) for each of the plurality of device-exchange stations based on the availability of energy
storage devices positioned in each of the device-exchange station. In some embodiments, the availability of energy
storage devices (which can be reflected by the associated scores) can be an available energy-storage-device count
(e.g., in one device-exchange station). In such embodiments, the method 1100 can include determining the available
energy-storage-device count based on a difference between a predicted device demand and a predicted device supply.
For example, the difference can be "how many batteries are available in the next two hours (e.g., 4 batteries at Station
A)" The difference can be calculated based on a predicted battery demand (e.g., 2 battery exchanges are expected in
two hours) and a predicted battery supply (e.g., Station A can prepare 6 batteries ready to be picked up in two hours).
[0031] At block 1107, the method 1100 continues by determining a sequence of (e.g., ranking or sorting) the plurality
of device-exchange stations based on the scores. In some embodiments, the plurality of device-exchange stations can
be placed in an order such that stations with higher scores (e.g., more available batteries) have lower ranking (e.g., a
higher battery supply results in a lower price rating).
[0032] At block 1109, based on the sequence, the method 1100 determines a price rate for each of the device-exchange
stations by mapping the sequence of the device-exchange stations to the characteristic curve. For example, assume
that (1) there are five Stations A1-A5; (2) the expectation ration is "1," and (3) the maximum rating is "1.2" and the
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minimum rating is "0.8;" and (4) Stations A1-A5’s scores are "5," "4," "3" "2," and "1," respectively. In this embodiment,
after mapping the characteristic curve with a normal distribution, Station A5’s price rating is "1.2," Station A4’s price
rating is "1.1," Station A3’s price rating is "1," Station A2’s price rating is "0.9," and Station A1’s price rating is "0.8." By
this arrangement, the disclosed system can effectively adjust price ratings for each of the device-exchange stations.
[0033] In some embodiments, the disclosed system can effectively adjust price ratings for each of the device-exchange
stations such that most of the stations have price rating at the peak of the characteristic curve. For example, assume
that (1) there are ten Stations B1-B10; (2) the expectation ration is "1," and (3) the maximum rating is "1.3" and the
minimum rating is "0.7;" and (4) Stations B1-B10’s scores are "5," "3," "3," "3," "3," "3," "3," "3," "3," and "1," respectively.
In this embodiment, after mapping the characteristic curve with a normal distribution, Station B10’s price rating is "1.3,"
Station B10’s price rating is "1.3," Stations B2-B9’s price ratings are "1," and Station B1’s price rating is "0.7."
[0034] In some embodiments, the system can adjust the price rate of at least one device-exchange station of the
device-exchange stations based on a location of the at least one device-exchange station. For example, Station X is
located at an important traffic junction with a high battery demand. Although the battery demand is high, to provide
satisfying user experience for users exchanging batteries in Station X, the system can assign a lower price rating to
Station X.
[0035] In the embodiments discussed above with reference to Figures 1I and 1J, the stations can still be divided into
various clusters (e.g., based on the factors discussed above with reference to Figure 1C). For each of the clusters, the
disclosed system can generate a characteristic curve. The characteristic curves for different clusters can be different
(e.g., with different price rating ranges).
[0036] Generally speaking, the present disclosure includes two sets of embodiments for managing multiple device-
exchange stations. The first set of embodiments (those discussed with reference to Figures 1C-1H) consider multiple
clusters and each of the clusters has a characteristic curve. This first approach may need more computing resources
but can provide a more detailed result. The second set of embodiments (those discussed with reference to Figures 1I
and 1J) utilize a simplified approach by generating the characteristic curve based on a normal distribution curve. This
second approach provides a quick, convenient scheme for managing multiple device-exchange stations.
[0037] Although using different approaches, the two sets of embodiments share the same concept in most of the
calculations. For example, when calculating the battery score, the first set of embodiments use the methods discussed
in Figure 1E. As shown in Figure 1E, the battery score is considered as "0" before the battery’s SoC reaches 75%. This
is because it usually takes a half to one hour to charge a battery from 75% to 90%, and therefore a battery with SoC
lower than 75% cannot be considered as readily available. Similarly, In the second set of embodiments, the battery
scores of the batteries are also determined based on their SoCs (using a simplified approach by setting an SoC threshold
to determine whether a battery is "available.").
[0038] Another aspect of the present technology is that it incentivizes a user to exchange a battery at a particular
location by a dynamic pricing strategy generated based on the battery demand characteristic functions mentioned above.
Figure 1A is a schematic diagram illustrating an incentivized battery exchange system in accordance with embodiments
of the disclosed technology.
[0039] As shown in Figure 1A, a battery exchange station 10 can includes 6 batteries 11 A, 11B, 12A, 12B, 13A, and
13B positioned therein. The battery exchange station 10 also includes two empty slots A, B for a user to insert batteries.
During a regular battery exchange event, a user can insert up to two empty batteries in the slots A, B and then take
away two fully charged batteries (or nearly fully charged batteries, or batteries with higher SoC than an inserted battery)
from the battery exchange station 10. In some embodiments, the battery exchange station 10 can be configured to only
allow certain types of batteries to be inserted (e.g., batteries with less than 40% charged) or taken out (e.g., batteries
that are more than 80% charged).
[0040] In the embodiments illustrated in Figure 1A, the batteries 11 A, 11B are 50% charged. The batteries 12A, 12B
are 30% charged. The batteries 13A, 13B are 39% charged. In other words, currently there are no available batteries
(with more than a 50% charge) for a user to swap. Based on the battery demand prediction for station 10, the system
can generate a predicted battery demand for battery exchange in the near future. For example, the predicted demand
for battery exchange can be generated based on historical data. In some embodiments, the predicted demand can be
generated based on a machine learning process (e.g., to figure out the weightings of various associated factors and
then accordingly predict a future demand). In some embodiments, the predicted demand for battery exchange can be
a predicted demand for the next 12 or 24 hours. In response to the predicted battery demand, the present system can
send a notice to battery users/holders (e.g., via a push notice through an app installed in a user’s mobile device), asking
them to trade in their charged batteries for credits, cash, or other bonus points (e.g., generated based on the corresponding
characteristic functions mentioned above). For example, an incentivized user can bring in two 80% charged batteries
15A, 15B to the station 10 (e.g., insert them in slots A, B) and then take away the two 50% charged batteries 11A, 11B.
Although the batteries 11A, 11B are only 50% charged, they may be sufficient for the incentivized user’s needs (e.g., a
short range commuter). By this arrangement, the present system can quickly balance available energy (e.g., stored in
batteries) among multiple battery exchange stations by a dynamic pricing process. Embodiments of the notice to the
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users are described below with reference to Figure 4A-5C.
[0041] The disclosed system can predict demands for exchangeable energy storage devices (e.g., batteries) in a real-
time or near real-time manner. The disclosed technology collects information from multiple sources (e.g., battery ex-
change stations, electric vehicles, batteries, user mobile devices, etc.), analyzes the same, and generates reference
information that can be used to predict demands for exchangeable energy storage devices for an exchange station
during a particular time period. The collected information can include, for example, the locations of sampling stations
(e.g., the sampling stations can be selected from all of the multiple battery exchange stations coupled to a server and
managed by an operator), events nearby the sampling stations, environmental conditions close to the sampling stations,
and user behavior (e.g., battery usage, user driving/riding history, user behavior, user habits, etc.) associated with the
sampling stations. After analyzing the collected information, the system determines or identifies characteristics or power
consumption patterns for various types of battery exchange stations. The determined or identified characteristics/patterns
can then be used as guidance to determine the type of stations (which can be used as a factor during the station clustering
process mentioned above).
[0042] In some embodiments, the present disclosure can categorize the sampling stations based on their locations.
For example, the sampling stations can be characterized as a "heavy-traffic" type, an "intermediate-traffic" type, or a
"light-traffic" type based on the distances between a main traffic artery/road and the sampling stations. In some embod-
iments, the "heavy-traffic" type stations can be defined as stations within 1 kilometer of the main traffic artery, the
"intermediate-traffic" type stations can be defined as stations ranging from 1 kilometer to 5 kilometers from the main
traffic artery, and the "light-traffic" type stations can be defined as stations having at least 5 kilometers away from the
main traffic artery. The present disclose can further identify battery demands for each type of stations during a particular
period of time (e.g., within a day, as shown in Figure 7A).
[0043] In some embodiments, the battery demands can be described as the minimum number of fully-charged (or
substantially-fully-charged) batteries necessary to satisfy all users who want to exchange batteries during the particular
period of time. For example, the disclosed system may determine that Station A needs to have 123 fully-charged batteries
available during 8 a.m. to 11 a.m. on Mondays. In some embodiments, the battery demands can be described as the
minimum amount of power (e.g., charging current in amperes, A) that is necessary to charge/maintain the minimum
number of required fully-charged batteries before/during the particular period of time. For example, the disclosed system
can determine that, to enable Station A to provide 123 fully-charged batteries during 8 a.m. to 11 a.m., the required
charging current is 500A supplied from 5 a.m. to 7:30 a.m. on the same day.
[0044] Once the battery demands are determined for each type of sampling stations (e.g., the "heavy-traffic" type, an
"intermediate-traffic" type, or a "light-traffic" type mentioned above), the disclosed system can further use such information
to predict a battery demand for a target battery exchange station. For example, the target battery exchange station can
be a newly-deployed station within 1 kilometer from a heavy-traffic street similar to the main traffic artery mentioned
above. In such embodiments, the present disclosure can use the determined battery demands (e.g., described as demand
curves shown in Figures 7A and 7B, or in other characteristic forms or patterns) to determine how to operate the target
battery exchange station (e.g., how to charge/maintain the batteries therein during particular periods of time). By this
arrangement, the present disclosure enables an operator to maintain or control a battery exchange station in an energy-
efficient manner.
[0045] In some embodiments, the disclosed system may also categorize the sampling stations based on surrounding
environmental conditions (e.g., close to a tourist attraction or an office building) and/or particular events (e.g., natural
events such as typhoon, hurricane, severe weather conditions, cold/heat waves etc., or contrived events such as a
professional sports game, special sales events, etc.). For example, the sampling stations can be characterized as a
"city-commuter" type, a "tourist-attraction" type, or an "event-driven" type based on the surrounding environmental
conditions. For example, the "city-commuter" type can have a battery demand pattern that has a high demand during
peak commuting hours. As another example, the "tourist-attraction" type can have a battery demand pattern that has a
high demand during holidays or weekends. Similarly, the "event-driven" type can have a battery demand pattern that
has a high demand during the events.
[0046] In some embodiments, the disclosed system may further categorize the sampling stations based on user
behavior (e.g., the time, location, and frequency that a user exchanges a battery, a user’s driving/riding habits, a user’s
routes for operating a vehicle, etc.) associated with the sampling stations. For example, the sampling stations can be
characterized as a "grocery-shopper" type, a "street-racer" type, or a "mountain-climber" type based on the surrounding
environmental conditions. For example, the "grocery-shopper" type can have a battery demand pattern that indicates
frequent short-distance travels of users to a particular location (e.g., a grocery store). The "street-racer" type can have
a battery demand pattern that indicates its users are prone to hit a full throttle when staring their vehicles (e.g., the station
is close to a professional racing track). The "mountain-climber" type can have a battery demand pattern that indicates
its users are prone to take uphill routes when operating their vehicles (e.g., the station is close to an entrance of a
mountain scenic pass).
[0047] In some embodiments, the disclosed system may use machine learning techniques to enhance the accuracy
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of the battery demand predictions performed. In some examples, the disclosed system may use supervised machine
learning techniques (e.g., to verify the result of the training and provide feedback) to improve the accuracy. In some
embodiments, the disclosed system may use unsupervised machine learning techniques (e.g., to enable the system to
independently figure out how to train and improve) to improve the accuracy.
[0048] Another aspect of the present disclosure is to provide an updated battery demand reference at all time (or, in
a real-time or near real-time manner). For example, when a new user subscribes to a battery plan that enables the user
to exchange batteries in existing battery exchange stations, the disclosed system may determine a type of the new user
and identify a corresponding battery demand pattern accordingly. For example, the new user can be identified as a
"high-demanding" type at least because the new user purchases a "high-performance" battery package. In such em-
bodiments, the present system will take into account the impact of the new user in its future analysis and prediction
based on the identified type. In some embodiments, similarly, when a new battery exchange station is deployed, the
present system will also take into consideration of its impact in its future analysis and predictions. As a result, the disclosed
system is capable of providing most updated and thus most accurate analysis result for battery demand prediction. In
other embodiments, the disclosed system can update battery demand information periodically.
[0049] In some embodiments, the disclosed system enables each of the battery exchange stations to be operated
"offline." In such embodiments, the present disclosure provides a set default rules and patterns for each of the battery
exchange stations to follow, provided that the battery exchange stations do not receive further (or updated) instructions
from a server. For example, some stations may be at a place where a network connection can be interrupted from time
to time. In these cases, these stations can still function properly when they are offline (e.g., not connected to the server).
The disclosed system can also set up a set of rules regarding "aging instructions" for these stations to follow. For example,
the disclosed system instructs theses stations to follow the previous instructions transmitted by the server as long as
the previous instructions were created no more than 2 hours ago. Once the 2-hour threshold is met, these stations can
go back to default demand patterns that are stored in these stations. In other embodiments, the rules and the time
threshold can vary depending on various factors such as the locations/types of the stations.
[0050] In some embodiments, the disclosed system may predict a battery demand based on a user request or one or
more triggering events. Embodiments of the triggering events include, for example, a power outage, a surge of battery
demand that was not considered by the system as a factor in its previous predictions, an accident, a natural disaster,
etc. In such embodiments, the system can initiate a prediction analysis in response to the triggering event and transmit
the analysis result to the multiple stations.
[0051] This disclosed system describes systems and methods designed to provide battery demand predictions and
dynamic pricing strategies 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 demand prediction and dynamic
pricing adjustment; (2) the ability to effectively and dynamically balance energy (e.g., stored in batteries) among multiple
battery exchange stations by setting up pricing for battery exchange; and (3) the ability to provide enhanced user
experiences by offering satisfying battery experience in an energy-efficient fashion.
[0052] In the following description, for the purposes of explanation, numerous specific details are set forth in order to
provide a thorough understanding of embodiments of the present technology. It will be apparent, however, that embod-
iments of the present technology may be practiced without some of these specific details.
[0053] Figure 1B is a schematic diagram illustrating a system 100 in accordance with embodiments of the disclosed
technology. As shown, the system 100 includes one or more battery exchange stations 101A-D, a main server 103, a
database 105, and a network 107. As shown, the battery exchange stations 101A, 101D are wirelessly coupled to the
main server 103 via the network 107. The battery exchange stations 101B, 101C are coupled to the main server 103
via the network 107 via wired connections. The main server 103 is further coupled to the database 105, which can store
reference information (e.g., battery demand reference information as shown in Figures 7A and 7B).
[0054] Using the battery exchange station 101A as an example, in the illustrated embodiment, the station 101A can
include a battery exchange rack 113 and a user interface 115 (e.g., a display) positioned thereon. As shown, the battery
exchange rack 113 can include eight battery slots 117a-h to accommodate batteries. During operation, there are only
six battery slots (e.g., slots 117a, 117b, 117d, 117e, 117f, and 117h) are occupied by batteries, and the remaining two
slots (e.g., slots 117c and 117g) are reserved for a user to insert batteries to be exchanged (e.g., low power or depleted
batteries). In some embodiments, the battery exchange stations 101A-D can have different arrangements such as
different numbers of racks, displays, and/or slots. In some embodiments, the battery exchange stations 101A-D can
include modular components (e.g., modular racks, modular displays, etc.) that enable an operator to conveniently install
or expand the battery exchange stations 101A-D. The battery exchange stations 101A-D can be electrically coupled to
one or more power sources (e.g., power grid, power lines, power storage device, etc.) to receive electric power to charge
the batteries positioned therein and to perform other operations (e.g., to communicate with the main server 103).
[0055] In some embodiments, the main server 103 can be an edge server that receives client requests and coordinates
fulfillment of those requests through other servers, such as servers 109A-C. The servers 109A-C are further coupled to
databases 111A-C. Although each of the main server 103 and the servers 109A-C is displayed logically as a single
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server, these servers can each be a distributed computing environment encompassing multiple computing devices
located at the same or at geographically disparate physical locations.
[0056] In some embodiments, the main server 103 and the servers 109A-C can each act as a server or client to other
server/client devices. As shown, the main server 103 connects to the database 105. The servers 109A-C can each
connect to one of the databases 111A-C. As discussed above, each of the main server 103 and the servers 111A-C
can correspond to a group of servers, and each of these servers can share a database or can have its own database.
[0057] The databases 105, 111A-C store information associated with the disclosed system (e.g., information collected
by the main server 103, information analyzed by the main server 103, information generated by the main server 103,
reference information, user account information, user battery plans, user histories, user behavior, user habits, etc.). In
some embodiments, some of the information stored may come from publicly accessible databases (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, some of the information stored may come from private databases
that provide proprietary information (e.g., user account, user credit history, user subscription information, etc.).
[0058] In the illustrated embodiments, the main server 103 is configured to collect information regarding battery de-
mands from the battery exchange stations 101A-D. For example, the collected information can include one or more of,
(1) the locations of the battery exchange stations 101A-D; (2) the numbers of the batteries located in the battery exchange
stations 101A-D; (3) the numbers/locations of the batteries not located in the battery exchange stations 101A-D (e.g.,
the batteries are currently installed in vehicles or otherwise held or stored by users); (4) the status of charge of the above-
mentioned batteries; (5) the usage histories of the batteries; (6) events close to the battery exchange stations 101A-D;
(7) environmental conditions close to the battery exchange stations 101A-D; (8) user behavior (e.g., battery usage, user
driving/ridging history, user behavior, user habits, etc.) associated with the sampling stations or the batteries; and/or (9)
other suitable information.
[0059] After collecting such information, the main server 103 then analyzes the collected information to identify char-
acteristics or patterns for the battery exchange stations 101A-D. For example, the main server 103 can determine one
or more battery demand characteristics/patterns based on the analysis. The determined characteristics/patterns can
then be used as guidance for operating the battery exchange stations 101A-D or for operating other battery exchange
stations coupled to the main server 103. The determined characteristics/patterns can also be used to generate battery
pricing strategies (e.g., the incentivized battery exchange mentioned above with reference to Figure 1A) for the battery
exchange stations 101A-D. Embodiments regarding operations of the main server 103 are discussed below with reference
to Figure 2.
[0060] The network 107 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 107 can be the Internet or some other public or private network. The battery
exchange stations 101A-D can be connected to the network 107 through a wired or wireless network interface. While
the connections between the main server 103 and the servers 109A-C are shown as separate connections, these
connections can be any kind of local, wide area, wired, or wireless network, including the network 107 or a separate
public or private network. In some embodiments, the network 107 includes a secure network that is used by a private
entity (e.g., a company, etc.).
[0061] Figure 1C is a schematic diagram illustrating a clustering process for dividing battery demand information (e.g.,
a set of historical battery exchange demand data collected from multiple battery stations) into multiple clusters in ac-
cordance with embodiments of the disclosed technology. The clustering process is used to divide collected (or analyzed)
battery demand information into multiple clusters for further battery-pricing analysis. As shown in Figure 1C, the disclosed
technology can divide collected battery demand information into multiple clusters based on different time periods. For
example, during weekdays, the present technology can divide all the time periods into five levels (levels 1-5). As shown,
the present technology can divide all the time periods during weekends into three levels (levels 6-8). Each level can
represent different battery demand level (e.g., different battery exchange counts).
[0062] For example, the "Level 1" cluster can represent battery stations that have 400-500 battery exchange counts
in certain time interval during weekdays (e.g., the battery stations near a main train station with time interval from 9 a.m.
to 10 a.m.). For example, the "Level 6" cluster can represent battery stations that have 100-300 battery exchange counts
in certain time interval during weekends (e.g., the battery stations near a bus stop with time interval from 4 p.m. to 5:15
p.m.; or the battery stations near a suburban gas station with time interval from 7 p.m. to 8 p.m.). As shown, there are
eight clusters of battery demands after the clustering process shown in Figure 1C.
[0063] Figure 1D is a schematic diagram illustrating a visualized clustering analysis in accordance with embodiments
of the disclosed technology. As shown in Figure 1D, the clustering is designed to determine multiple 2-dimensional
representative points (e.g., points C1, C2 and C3 shown in Figure 3D) from multiple 2-dimensional data points (e.g.,
generated based on collected or analyzed data). In the illustrated example, the X1 axis can represent "time periods" and
the X2 axis can represent "number of available batteries" or "types of the battery stations." The disclosed system can
select other factors to perform the clustering analysis. For example, in some embodiments, the X1 axis can represent
"number of battery exchanges" and the X2 axis can represent "number of available batteries." The clustering process
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discussed in the present technology can determine most suitable representative points for the generated data points.
In some embodiments, the clustering process can be performed in multiple (e.g., more than two) dimensions.
[0064] In some embodiments, the clustering process can be performed based on a K-means algorithm. An example
objective equation of the K-means algorithm is shown as Equation (A) below. In Equation (A), the terms "C1-Ck" represent
the clusters to be determined, the term "Xij" are factors to be considered, and the parameters "i, i’, j, and p" are calculation
variables. By minimizing the objective equation below, suitable clusters C1-Ck and elements therein can be determined. 

[0065] Figure 1E is a schematic diagram illustrating a battery score described in accordance with embodiments of the
disclosed technology. As mentioned above, the "battery score" can be used to determine an energy ratio for determining
characteristic functions (fc). The battery score can be defined as the battery energy level (e.g., state of charge, SoC) of
a battery when the battery is exchanged (e.g., removed by a user from a battery exchange station). As shown in Figure
1E, the battery score can be used to evaluate the SoC of the batteries in a battery exchange station (e.g., by giving the
batteries some "ratings"). As described herein, the battery score and the battery count (discussed above) are indexes
to identify a current charging status or a battery availability of each battery exchange station. These indexes are informative
for the system to know its current battery supply situation and enable the system to dynamically adjust the price rate
accordingly. In some embodiments, the battery count can be obtained from a straightforward observation.
[0066] As shown in Figure 1E, a battery score curve or line 121 indicates the relationship between the battery energy
level (shows as SoC in percentage) and the battery score. For example, the battery score is "1" when the SoC is more
than 90% (e.g., batteries with SoC higher than 90% can be characterized as "available" batteries, which are ready for
a user to pick up and use, and therefore have a relatively high battery score). For the SoCs from "90%" to "82%," the
corresponding battery scores decrease proportionally from "1" to "0.3" (e.g., these batteries need to be charged so as
to become "available" batteries, and therefore have an intermediate battery score). For the SoCs from "82%" to "75%,"
the corresponding battery scores decrease proportionally from "0.3" to "0." When the SoC is less than 75%, the battery
score is "0" (e.g., these batteries need to be charged for a longer time to become "available" batteries and therefore
have a relatively low battery score). In such embodiments, the 75% SoC can be a battery quality threshold that indicates
the lowest charged level of batteries that a user can get from a battery station (e.g., to maintain user’s battery experiences
and service quality by not providing insufficiently charged batteries). In other embodiments, the battery score can be
defined differently based on a machine learning process or by considering other suitable factors.
[0067] In some embodiments, the energy ratio can be defined as a ratio of a "sum of the battery score" to a "battery
count." In some embodiments, the "battery count" can mean the number of batteries at the battery exchange station.
For example, the battery count can be "6" if a battery exchange station has six batteries on its rack (i.e., no matter
whether these batteries are "available" for a user to swap or not). In other embodiments, however, the "battery count"
can mean the number of available batteries at the battery exchange station. For example, the battery count can be "3"
if a battery exchange station has three fully-charged batteries available for a user to swap. As another example, the
battery count can be "6" if a battery exchange station has six 90% charged batteries available for a user to swap.
[0068] In some embodiments, the energy ratio can be determined based on Equation (B) below. In Equation (B) below,
the battery count is further deducted by "prediction counts" which can be determined based on predicted battery demands
(e.g., generated based on battery station types shown in Figures 7A and 7B) or user reservations. As a result, the energy
ratio (which is derived from the battery count, the prediction count, and the battery score) can be considered a normalized,
weighted index that is indicative and useful for determining dynamic battery exchange price rates. It is noted that the
calculation of energy ratio may vary (e.g., different from equation (B)) due to practical needs or new simulation results. 

[0069] Figure 1F is a schematic diagram illustrating using a genetic algorithm (GA) to determine battery demand
characteristic functions (fc) in accordance with embodiments of the disclosed technology. The battery demand charac-
teristic functions can then be used to determine a battery pricing strategy (e.g., details are discussed with reference to
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Figure 1G). The GA can be used to determine suitable characteristic functions for each determined cluster (e.g., fc1-fc5
shown in Figure 1G, which respectively correspond to Level 1-5 shown in Figure 1C). As shown, the present technology
can use the clustered battery demand information as "initial population" (block 131), then evaluate its "fitness F" (block
133). The "fitness F" is defined in Equation (C) below. The term "ExpRatio" refers to the "expectation value" or an
"expectation ratio," which corresponds to a system operator’s pricing strategy. For example, when the system operator
sets the expectation ratio as "1," the system does not expect to generate any additional profit based on the dynamic
pricing strategies discussed herein. If the system operator sets the expectation ratio as "1.2," then the system expects
to an additional 20% profit based on the dynamic pricing strategies. In this embodiment, the time interval is set as 1
hour, and the term "exchangevm_hour" refers to the "number of battery exchanges per hour in a battery station." The term
"VM" stands for battery "vending machine" (e.g., the battery exchange station). 

[0070] Characteristic function (fc) is a variable function that the disclosed system determines. The term
"exchangevm_hour" is historical data or predicted demand information that the disclosed system uses to feed in the fitness
function F. In some embodiments, the term "exchangevm_hour" can be determined or "trained" through a machine learning
process. If the system finds the characteristic functions (fc) for every clusters and determines that the "fitness F" equals
(or is close to) zero (or other constant), then the present system can determine that F is converged (block 135). Then
the suitable characteristic functions (fc) can be determined (block 137). If not, the present system will go through a
selection process (block 139) and a recombination process (block 141, including crossover and mutation processes) to
generate a new "population" for further evaluation (go back to block 133). In other embodiments, other suitable machine
learning algorithms or techniques can be used to determine the characteristic functions. The fitness function F disclosed
herein is only an example to show how to analyze historical data based on a genetic algorithm to obtain desired char-
acteristic functions (fc). In other embodiments, the fitness function F can be in different forms depending on practical
considerations or other calculation factors. For example, the fitness function F can be a multi-objective genetic algorithm
(MOGA) or multi-objective optimization algorithm (MOOA). For example, the fitness function F can be:

[0071] In other words, the fitness function F in equation (C) is trained and optimized for one purpose (i.e., the expectation
ratio), whereas the fitness function F in equation (D) can be trained and optimized for one or more purposes while giving
a weighting to each purpose. For example, a sub-fitness-function fi can be set to approximate the desired expectation
ratio as described in equation (C), and another sub-fitness-function f2 can be optimized for another purpose (e.g., the
shortest distance to downtown, lowest power cost in corresponding time intervals at a location, etc.). W1 and W2 are
weighting values that can be set by a system operator.
[0072] Figure 1G is a schematic diagram illustrating multiple battery demand characteristic functions in accordance
with embodiments of the disclosed technology. As shown in Figure 1G, five battery demand characteristic functions
fc1-c5 are determined based on clustering and the GA calculation process mentioned above. The battery demand char-
acteristic functions fc1-c5 can be used to determine a dynamic pricing strategy. For example, for the battery stations in
cluster 1, the system can use battery demand characteristic function fc1 to determine how to set up the price (e.g.,
between the maximum and minimum rates) based on a given energy ratio (which can be determined by individual battery
station and transmitted to a server). By this arrangement, the present technology can dynamically set a battery exchange
price so as to achieve energy efficiency (e.g., to balance the energy among multiple battery exchange stations) without
compromising users’ battery experiences. In some embodiments, the disclosed system uses the battery demand char-
acteristic functions to determine a battery exchange price rate for multiple battery exchange stations.
[0073] For example, if the system predicts that there will be a high demand at battery station A in this time interval,
the system would put battery station A in this time interval into Cluster 5 (e.g., Level 5) and have the dynamic price rate
fits with the characteristic function fc5, so that the dynamic price rate would get high easily if the energy ratio is decreased.
For example, the dynamic price rate might change from 0.9 to 1.2 after an event that one fully charged battery has been
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swapped out by a user. In some embodiments, the dynamic price rate of battery station A in another time interval (e.g.,
being clustered as Cluster 1) would only change from 0.9 to 0.95. As the battery exchange price rate for Station A
increases, the battery demand may decrease (e.g., a user originally plans to swap a battery there decides not to exchange
it during the high-demand time) or the battery supply may increase (e.g., a user can "trade in" his fully charged battery
at Station A for credit, cash, bonus points, etc.) In some embodiments, the dynamic price rate for a battery "sell-out"
event (e.g., to motivate battery users to take batteries from a low-demand station) and a battery "trade-in" event (e.g.,
to motivate battery users to turn in qualified batteries to a high-demand station) might be related or proportional to each
other but not exactly the same.
[0074] Figure 2 is a schematic diagram illustrating a server system 200 in accordance with embodiments of the
disclosed technology. The server system 200 is configured to collect information associated with multiple batteries that
can be deployed or managed by the system 200. The server system 200 is also configured to analyze the collected
information and transmit, based on the analysis, a signal or an instruction to a client station 20 to control a process (e.g.,
a charging process) therein. In some embodiments, the client station 20 can be implemented as the battery exchange
stations 101A-D discussed above.
[0075] As shown in Figure 2, the server system 200 includes a processor 201, a memory 203, input/output (I/O) devices
205, a storage component 207, a demand analysis component 209, a power source analysis component 211, a station
analysis component 213, a battery analysis component 215, a user behavior analysis component 217, a vehicle analysis
component 219, and a communication component 221. The processor 201 is configured to interact with the memory
203 and other components (e.g., components 205-221) in the server system 200. In some embodiments, the processor
201 can be a single processing unit or multiple processing units in a device or distributed across multiple devices. The
processor 201 can be coupled to other hardware devices, for example, with the use of a bus, such as a PCI (Peripheral
Component Interconnect) bus or SCSI (Small Computer System Interface) bus. The processor 201 can communicate
with a hardware controller for devices, such as for the components 205-221.
[0076] The memory 203 is coupled to the processor 201 and is configured to store instructions for controlling other
components or other information in the server system 200. In some embodiments, the memory 203 can include one or
more of various hardware devices for volatile and non-volatile storage and can include both read-only and writable
memory. For example, the memory 203 can comprise random access memory (RAM), processor registers, read-only
memory (ROM), writable non-volatile memory, flash memory, device buffers, and so forth. The memory 203 is not a
propagating signal divorced from underlying hardware and accordingly is non-transitory. The memory 203 can further
include a program memory that stores programs and software, such as an operating system. The memory 203 can also
include a data memory that can store information associated with the server system 200.
[0077] The I/O devices 205 are configured to communicate with an operator (e.g., receive an input therefrom and/or
present information thereto). In some embodiments, the I/O devices 205 can be one component (e.g., a touch screen
display). In some embodiments, the I/O devices 205 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 external device).
[0078] The storage component 207 is configured to store, temporarily or permanently, information/data/files/signals
associated with the server system 200 (e.g., collected information, reference information, information to be analyzed,
analysis results, etc.). In some embodiments, the storage component 207 can be a hard disk drive, flash memory, or
other suitable storage means. The communication component 221 is configured to communicate with other systems
(e.g., the client station 20 or other stations) and other devices (e.g., a mobile device carried by a user, a vehicle, etc.).
[0079] The demand analysis component 209 is configured to collect and store (e.g., in the storage component 207)
information to be analyzed. The collected information can include (1) the locations of multiple sampling stations (e.g.,
in some embodiments, including the client station 20; in other embodiments, however, not including the client station
20); (2) the numbers of the batteries located in the multiple sampling stations; (3) the numbers and locations of the
batteries not located in the multiple sampling stations; (4) information regarding battery manufacturers, production
dates/batches, the number of charging cycles that a battery has gone through, working temperatures that a battery has
experienced, charging/discharging energy amount/rates of batteries, full/current charging capacities of the batteries,
and/or other suitable battery information; (5) activities or events that can potentially change users’ battery experience
(e.g., the way users utilize/exchange batteries); (6) environmental conditions that can potentially change users’ battery
experience; and/or (7) user profile information regarding user battery plans user driving/riding histories, user behavior,
user habits, etc. After receiving the collected information, the demand analysis component 209 can analyze the collected
information. Each type of collected information above is analyzed to identify characteristics/patterns for this particular
type of collected information (e.g., in a form of characteristic curves shown in Figures 7A and 7B, to be discussed in
detail below). These identified characteristics/patterns can be considered, individually or in combination, by the demand
analysis component 209 to generate a battery demand prediction for the client station 20.
[0080] The demand analysis component 209 is also configured to perform the clustering process (e.g., Figures 1C
and 1D), generate the battery demand characteristic functions based on a machine learning process (e.g., Figures 1F
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and 1G), and then accordingly provide a dynamic battery pricing strategy for the client station 20. The dynamic battery
pricing strategy enables a system operator to balance the energy among multiple client stations 20 so as to meet users’
battery demand.
[0081] In some embodiments, the demand analysis component 209 can prioritize the collected information based on
their relative importance or reliability. For example, the demand analysis component 209 can use the "locations of the
battery exchange stations" as a primary factor and set other items as secondary factors when determining a battery
demand prediction for the client station 20. In such embodiments, the system 200 can identify a daily battery demand
curve (e.g., as shown in Figures 7A and 7B, to be discussed in detail below) for the client station 20 based on the
locations of the sampling stations. The demand analysis component 209 can then consider other secondary factors to
adjust the identified daily battery demand curve. For example, the demand analysis component 209 can increase the
battery demand prediction if it determines that expected users for the client station 20 are high-demand users, based
on the user profile information.
[0082] In some embodiments, the demand analysis component 209 gives different types of collected information
different weightings. For example, the demand analysis component 209 can set the weightings for the "locations of the
stations," the "user behavior," and the "environmental condition" as 50%, 20%, and 30%. In such embodiments, the
identified characteristics/patterns for each type of collected information can then be combined based on the foregoing
weightings. In some embodiments, the demand analysis component 209 can determine which types of collected infor-
mation to be included in the prediction based on empirical studies, results of a machine learning process, and/or system
operator’s preference.
[0083] In some embodiments, the demand analysis component 209 determines 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 demand analysis component 209 can give it higher weighting
or priority because the system 200 considers such information is direct/internal and thus more reliable than indirect/ex-
ternal information such as environmental conditions (e.g., a weather forecast, an event notice, etc.). In some situation,
the indirect/external information can be severe enough such that the system will give it a higher priority (e.g., a ty-
phoon/hurricane approaches, a concert is held close to a battery exchange station, etc.).
[0084] In some embodiments, the demand analysis component 209 communicates and work together with other
components in the system 200 (e.g., components 211-219) to generate the battery demand prediction for the client
station 20. In some embodiments, however, the system 200 can operate without components 211-219.
[0085] The power source analysis component 211 is configured to analyze the status (e.g., reliability, stability, conti-
nuity, etc.) of one or more power sources that are used to power the client station 20 for charging the batteries therein.
For example, the power source analysis component 211 can determine that a power source used to supply power to
the client station 20 will be interrupted during 1 a.m. to 3 a.m. on a particular date, and then the power source analysis
component 211 can accordingly adjust a charging instruction to the client station 20 based on the battery demand
prediction. For example, the original battery demand prediction can indicate that the client station 20 needs 5 fully-
charged batteries during 2 a.m. on the particular date. Due to the determined possible power supply interruption, the
power source analysis component 211 can instruct the client station 20 to charge the batteries needed prior to 1 a.m.
on the particular date.
[0086] In some embodiments, the power source analysis component 211 also considers the cost for charging in
different time periods. For example, the power source analysis component 211 can determine that the charging cost
from a power source is reduced during off-peak hours. The power source analysis component 211 determines whether
it is feasible for the client station 20 to charge its batteries during the off-peak hours based on the battery demand
prediction from the demand analysis component 209. If so, the power source analysis component 211 can instruct the
client station 20 to charge the batteries during these off-peak hours such that to reduce charging costs.
[0087] The station analysis component 213 is configured to categorize the multiple sampling stations into various
types and identify representative characteristics/patterns for each type, such that the demand analysis component 209
can use such information as basis for its analysis. For example, the station analysis component 213 can analyze the
collected information and divide the multiple sampling stations into various types based on the battery demands. For
example, the stations can be categorized as "high-demand-all-time," "high-demand-peak-hours," "high-demand-holi-
days," "high-demand-weekends," "high-demand-events," and "low-demand-all-time." In some embodiments, the "high-
demand-all-time" type can indicate that the station is located on a busy street. The "high-demand-peak-hours" type can
infer that the station is frequently visited by commuting users during the peak hours. The "high-demand-holidays" type
or the "high-demand-weekends" type can indicate that such stations are located at a tourist attraction or a site-seeing
point. The "high-demand-events" type can means that the station is located at an event-holding facility or stadium. The
"low-demand-all-time" can indicate that the station is a strategic station that is built up as a relay station between two
major cities. Based on these types, the demand analysis component 209 and the station analysis component 213 can
determines a suitable battery demand prediction to the client station, especially in cases where the collected information
is insufficient for the demand analysis component 209 to perform a normal analysis. For example, the demand analysis
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component 209 and the station analysis component 213 first determines the type of a station and use a typical demand
prediction curve for that station.
[0088] Similar to the station analysis component 213, the battery analysis component 215, the user behavior analysis
component 217, and the vehicle analysis component 219 are also configured to categorize the batteries, user behavior,
and vehicles powered by the batteries, respectively, into various types and identify representative characteristics/patterns
for each type. For example, the battery analysis component 215 can categorize the batteries based on their manufacturers,
ages, original full charging capacities (FCCs), current FCCs, charging cycles, experienced working temperatures,
charge/discharge profiles (e.g., steady or having peaks), battery hardware/firmware version, battery cell type, battery
SoC, battery cell temperature, battery State-of-Health (SoH), battery age (time in use and/or charging cycle counts),
battery circuit temperature, battery error status, battery direct current internal resistance (DCIR), etc. Such types or
categories can facilitate the demand analysis component 209 to fine tune its battery demand prediction (and the corre-
sponding charging instructions) for the client station 20, provided the system 200 knows what types of batteries are
positioned in the client station 20 (e.g., such information can be provided to the server 200 by the client station 20). For
example, if the system 200 knows that the batteries made by manufacturer A requires more charging time than the
batteries made by manufacturer B, the system 200 can plan accordingly.
[0089] Similarly, the user behavior analysis component 217 can categorize 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 profes-
sional 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). Once a user reserves a battery at the client station 20, the client station 20 then
provides information associated with the reservation to the server system 200. The server system 200 can then determine
the type/category of the user made the reservation and accordingly adjust the battery demand prediction (and the
corresponding charging instructions) for the client station 20. In some embodiments, such adjustment can be made by
the client station 20. For example, if the system 200 knows that the batteries made by manufacturer A perform better
for professional-racing users than the batteries made by manufacturer B, the system 200 can plan accordingly.
[0090] The vehicle analysis component 219 can categorize the types of vehicles that users are planning to operate.
For each type of vehicles, the vehicle analysis component 219 can determine which types of batteries work best for
each type of vehicles. For example, the vehicle analysis component 219 can determine that an electric scooter works
best with a specific type of battery after a particular charging process. In such embodiments, the vehicle analysis
component 219 can work with the demand analysis component 209 to adjust the battery demand prediction (and the
corresponding charging instructions), if the server system 200 receives related vehicle information. In some embodiments,
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 20 to the server system 200. For example, if the system 200 knows that the batteries
made by manufacturer A perform better for vehicles X than the batteries made by manufacturer B, the system 200 can
plan accordingly.
[0091] In some embodiments, the server system 200 can provide the battery demand prediction to the client station
20 in a real-time or near real-time manner. In such embodiments, the server system 200 monitors the status of the client
station 20. Once there is a change (e.g., a user just removed two fully-charged batteries and left two empty ones at the
client station 20) or a potential change (e.g., a user makes a reservation to exchange batteries at the client station 20)
that may affect the charging process of the client station 20, the server system 200 can perform the analysis mentioned
above and generate an updated battery demand prediction for the client station 20 to follow. In some embodiments, the
change or potential change can be transmitted to the server system 200 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 20.
[0092] In some embodiments, the client station 20 can be a new client station (e.g., not included in the sampling
stations). In such embodiments, the server system 200 can generate the battery demand prediction based on previously
collected information and/or previously analysis performed by the server system 200 (e.g., as reference information).
For example, the server system 200 can determine that the client station 20 can be a certain type of station (e.g., the
"heavy-traffic" type, the "intermediate-traffic" type, the "light-traffic" type, the "city-commuter" type, the "tourist-attraction"
type, the "event-driven" type, etc.) and then generate the battery demand prediction based on the determined type.
[0093] In some embodiments, the server system 200 can manage multiple client stations simultaneously. In such
embodiments, the server system 200 can monitor these client stations, collect information therefrom, and generate the
battery demand prediction for each of the client stations.
[0094] Figure 3 is a schematic diagram illustrating a station system 300 and a vehicle system 30 in accordance with
embodiments 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 eight battery slots 317a-h. The processor
301 is configured to interact with the memory 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
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components or other information in the station system 300.
[0095] 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 display. In other
embodiments, the user interface 305 can include other suitable user interface devices. The storage component 313 is
configured to store, temporarily or permanently, 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-h, reference information,
charging instructions; user information, etc.). The communication component 307 is configured to communicate with
other systems (e.g., the vehicle system 30, a server 33, and/or other station stations) and other devices (e.g., a mobile
device 31 carried by a user).
[0096] The battery management component 309 is configured to manage and control the batteries positioned in the
battery slots 317a-h. In some embodiments, the battery management component 309 can manage the batteries based
on instructions from the server 33 (which can function in the ways similar to the server system 200, in some embodiments).
In some embodiments, the battery management component 309 can manage the batteries based on predetermined
instructions or guidance (e.g., dynamic pricing strategies) stored in the station system 300 (e.g., in the storage component
313). In some embodiments, the battery management component 309 can periodically communicate with the server 33
to request update instructions.
[0097] In some embodiments, the battery management component 309 can also be configured to collect information
regarding the batteries positioned in the battery slots 317a-h, information regarding the station system 300, information
regarding one or more power sources 35, information regarding a user (e.g., received from the mobile device 31 via the
communication component 307), and/or information regarding the vehicle system 30. The battery management compo-
nent 309 can transmit or upload the collected information to the server 33 for further analysis or process.
[0098] The sensors 311 are configured to measure information 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-h. The measured information can be sent to the
battery management component 309 and the server 33 for further analysis.
[0099] The charging component 315 is configured to control a charging process for each of the batteries positioned
in the battery slots 317a-h. In some embodiments, the station system 300 can include other numbers of battery slots.
The battery slots 317a-h are configured to accommodate and charge the batteries positioned and/or locked therein. The
charging component 315 receives power from the power sources 35 and then uses the power to charge the batteries
positioned in the battery slots 317a-h, based on a predetermined charging plan received from the server 33 or stored
in the storage component. In some embodiments, the charging plan can be determined based on a battery demand
prediction generated by the server 33. For example, using the battery demand prediction to determine how much electric
power is required to charge the batteries located in the battery slots 317a-h.
[0100] As shown in Figure 3, the vehicle 30 can be implemented as an electric scooter, an electric car, etc. The vehicle
30 includes a processor 319, a memory 321, a battery 323, a motor 325, an input device 327, a dashboard display 329,
a storage device, one or more sensors 333, and a communication component 335. The processor 319 is configured to
interact with the memory 321 and other components (e.g., components 323-335) in the vehicle system 30. The memory
321 is coupled to the processor 319 and is configured to store instructions for controlling other components or other
information in the vehicle system 30. The storage device 331 can have similar functions as the storage component 313
or 207. The communication component 335 can have similar functions as the communication component 307 or storage
component 313 or 221. The dashboard display 329 is configured to visually present information to a user (e.g., information
associated with the vehicle system 30).
[0101] The battery 323 is configured to power the motor 325 such that the motor 325 can move the vehicle system
30. The battery 323 can be an exchangeable battery. When the battery 323 is running out of power, a user of the vehicle
system 30 can exchange or swap the battery 323 at the station system 300. For example, the user can remove the
battery 323 from the vehicle system 30 and then position the battery 323 in one of the battery slots 317a-h (e.g., an
empty one without a battery positioned therein). The user can then take a fully-charged battery in the battery slots 317a-
h and then install it in the vehicle system 30.
[0102] In some embodiments, when the user positions the battery 323 in one of the battery slots 317a-h, the station
system 300 can detect the existence of that battery and pull information therefrom. For example, the battery management
component 309 can pull information associated with that battery (e.g., battery usage history, battery identity, charging
cycles, full charging capacity, vehicle information of the vehicles that the battery 323 has been associated with, user
activities that the battery 323 has been involved, etc.) from a battery memory 337 inside, or coupled to, the battery 323.
In some embodiments, the information in the battery memory 337 can be transmitted to the server 33 via the commu-
nication component 335 or via the mobile device 31.
[0103] Figures 4A-4C and 5A-5C are screenshots showing user interfaces of a battery exchange station, a mobile
device, or a dashboard (of a vehicle) in accordance with embodiments of the disclosed technology. In Figure 4A, a user
interface 401 can notify a user that a battery exchange station is offering a "1.7" battery price rate. The battery price rate
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higher than "1" indicates a high battery demand (e.g., at the current time interval or has a high predicted demand in the
next time interval). When a user receives a notice of this high battery price rate, the user may change his or her behavior
accordingly. For example, a user who originally plans to swap a battery at that station may delay his battery exchange
(e.g., waiting for a better/lower rate). As another example, a user who currently possesses charged batteries may consider
to "trade in" or "sell" the batteries. For example, if the user trades in a battery at the "1.7" rate, the user can receive
additional 70% credit/cash/points compared to the normal rate (which is "1"). If the user wants to take this offer, the user
can hit the button "YES" shown in the user interface 401 and ride 70 kilometers to that station.
[0104] In Figure 4B, a user interface 403 shows that a notification 405 can be displayed at a corner of the user interface
403, reminding a user that there is a pending battery exchange offer. In the illustrated embodiment, the notification 405
indicates that an offered battery price rate is "0.8," which means if the user goes to a particular battery station to swap
a battery, the user can get a 20% discount of the normal price.
[0105] In some embodiments, as shown in Figure 4C, a user interface 407 can particularly ask a user to trade in a
battery with 80% charged for a 40% charged battery. In Figures 5A-5C, battery offers with different prices can be displayed
on a map, with a first indication 409 showing numbers of available batteries and a second indication 411 showing battery
price rates.
[0106] Figure 6 is a flowchart illustrating a method 600 in accordance with embodiments of the disclosed technology.
The method 600 is configured to balancing available energy among multiple battery-exchange stations. The method
600 can be implemented by a server (e.g., the server system 200). In some embodiments, the method 600 can be
implemented by a battery exchange station (e.g., the station system 300). The method 600 starts at block 601 by receiving
battery demand information from multiple sampling battery exchange stations. In some embodiments, these energy
storage devices can be located in multiple sampling stations, vehicles, or otherwise held/stored by a user.
[0107] At block 603, the method 600 continues by dividing the battery demand information into multiple clusters based
on battery demand time, a battery station type, and a battery exchange number of the cluster. At block 605, the method
600 then generates a characteristic function for each of the clusters. The characteristic function is determined based on
an energy ratio and a battery price rate (e.g., Figure 1G). At block 607, the method 600 then determines a dynamic
battery price for each cluster based on the characteristic function. The energy ratio is determined based on a battery
energy level associated with a battery exchange event (e.g., a user changes a battery at a station) and an available
battery count associated with the battery exchange event. The energy ratio of a battery station is indicative of a relative
value at a particular time. For example, if the energy ratio of a station is high, it may indicate that its current energy
supply is sufficient to cover the current demand. If the energy ratio of a station is low, it may indicate that its current
energy supply is not enough. Accordingly, the present system can initiate a dynamic pricing process to incentivize users
to carry or transport charged batteries to this station. For example, at block 609, the method 600 can generate a notice
to a user to incentivize the user to exchange a battery based on the dynamic battery price. The method 600 then returns
and waits for further instructions.
[0108] Figure 7A is a schematic diagram illustrating characteristics of multiple station systems in accordance with
embodiments of the disclosed technology. In Figure 7A, three two-dimensional characteristic curves 701A, 701 B and
701C are shown. In other embodiments, however, the characteristic curves can be three-dimensional or multiple-dimen-
sional, depending on the number of factors to be considered when generating such characteristic curves.
[0109] The characteristic curves 701A-C represent battery demand predictions (or power consumption predictions)
for Stations A-C that are generated (e.g., by a server such as the server system 200) based on information associated
with multiple sampling stations (e.g., the collected information mentioned above). In some embodiments, these charac-
teristic curves 701A-C can be compared with actual measurements so as to verify and/or enhance the accuracy of these
curves (e.g., compare the characteristic curve 701A with a curve generated by actual measurement performed at Station
A). In such embodiments, the results of the comparison can be used to further adjust the characteristic curves 701A-C.
In some embodiments, the present technology can use this approach to fine-tune its analysis based on various factors,
weightings for the factors, algorithms, etc.
[0110] As shown in Figure 7A, the characteristic curve 701A has a peak portion 703 which can indicate that Station
A is a "high-demand-peak-hours" type station. The characteristic curve 701B has a smooth curve which may indicate
that Station B has a relative high battery demand in certain time period (e.g., in the mornings) and therefore can be a
"commuter" type station. As for Station C, the characteristic curve 701C has a plateau portion 705 in the middle of a
day. The plateau portion 705 can indicate that Station C has a relatively high battery demand at noon which can be
caused by the traffic to a famous restaurant close to Station C. In some embodiments, the present technology can
provide multiple types of characteristic curves or patterns that can be used as reference information to determine battery
demand predictions for a battery exchange station.
[0111] Figure 7B is a schematic diagram illustrating characteristics during multiple time frames of a station system in
accordance with embodiments of the disclosed technology. In Figure 7B, three characteristic curves 707A-C for Station
X are shown. The characteristic curves 707A-C represent battery demand predictions for Station X in different time
frames (e.g., a day, a week, and a year) generated based on information associated with multiple sampling stations.
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[0112] As shown, the characteristic curve 707A has two peak portions 708 and 709. The peak portions 708 and 709
can indicate commuter traffics close to Station X. The characteristic curve 707B has a plateau portion 711 during the
weekdays, which may indicate Station X is close to a road that are intensively used by commuters on weekdays, rather
than weekends. The characteristic curve 707C also has two peak portions 713 and 714 in February and July, respectively.
These two peak portions 713 and 714 can indicates battery demands caused by events held in a stadium (e.g., in
February and July) close to Station X.
[0113] In some embodiments, the present technology can provide other types of characteristics or patterns by selecting
different factors in different time frames. By this arrangement, the present technology enables an operator to effectively
predict a battery demand for a particular battery exchange station (no matter this station is new or an existing one). The
present technology provides flexibility to effectively maintain multiple battery exchange stations. The present technology
can enhance energy-efficiency and thus reduce overall expense for charging batteries.
[0114] In some embodiments, to enhance user experience, when the system determines to adjust a battery exchange
price for a battery station, the disclosed system can perform this in a "smooth" manner such that users do not experience
dramatic price change in a short period of time. For example, the disclosed system can determine that the battery
exchange price rate at Station Z during 5-6 p.m. is "0.7" and that the battery exchange price rate at Station Z during 6-7
p.m. is "1.2." The system can start to gradually increase the battery exchange price rate at Station Z from 5:40 p.m. For
example, the disclosed system can set the price as "0.9" at 5:45 p.m., "1.0" at 5:50 p.m., and "1.1" at 5:55 p.m. By this
arrangement, users can be aware of the upcoming price increase.
[0115] In some embodiments, the battery exchange prices at each battery station in proximity can be further adjusted.
For example, Stations A, B, and C are in Area X (e.g., an administrative district, a neighborhood, etc.). Users who
exchange batteries in Area X can potentially exchange batteries at Stations A, B, and C. To avoid a significant price
difference among Stations A, B, and C, the system can set the battery exchange price in Area X as an average price of
the calculated prices of Stations A, B, and C (e.g., calculated based on embodiments discussed above with reference
to Figure 1G). Accordingly, the users in Area X do not see a significant price difference at different stations in that area.
The foregoing feature can be named as a "regional average" feature.
[0116] In some embodiments, the present method can be implemented without the clustering process (Figure 1C). In
such embodiments, the method includes, for example, (1) determining a "price rate" for each of the stations; (2) calculating
a score of each stations based on availability batteries and predicted battery demand; (3) sorting the stations based on
the scores of each of the batteries therein; (4) defining a characteristic curve according to preset requirements (e.g.,
expect ratio, lower bound, upper bound, etc.), wherein the characteristic curve corresponds to distributions of ratings;
(5) Mapping the sorted stations with the characteristic curve and determining the corresponding rating of each of the
stations.
[0117] In the embodiments discussed herein, a "component" can include a processor, control logic, a digital signal
processor, a computing unit, and/or other suitable devices.

Claims

1. A method (1100) for managing a plurality of device-exchange stations, the method comprising:

determining a score for each of the plurality of device-exchange stations based on an availability of energy
storage devices positioned in each of the device-exchange stations (1105);
determining a sequence of the plurality of device-exchange stations based on the score of each of the device-
exchange stations (1107); and
determining a price rate for each of the device-exchange stations by mapping the sequence of the device-
exchange stations to a characteristic curve corresponding to a distribution of the price rate (1107).

2. The method (1100) of claim 1, wherein the characteristic curve is determined based on an expectation value and
a range of the price rate, and wherein the expectation value and the range of the price rate are determined based
on a user input;

3. The method (1100) of any one of claims 1 or 2, wherein the score is derived from an available energy-storage-
device count;
preferably the method (1100) further comprising determining the available energy-storage-device count based on
a difference between a predicted device demand and a predicted device supply.

4. The method (1100) of any one of claims 1 to 3, further comprising adjusting the price rate of at least two device-
exchange stations of the device-exchange stations that are adjacent to each other by averaging the price rates of
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the at least two device-exchange stations of the device-exchange stations.

5. The method (1100) of any one of claims 1 to 4, wherein:

at least two first device-exchange stations of the device-exchange stations are located in a first administrative
district;
at least two second device-exchange stations of the device-exchange stations are located in a second admin-
istrative district;
the method (1100) further comprises:

generating a first adjusted price rate for each of the first device-exchange stations based on a first sub-
characteristic curve; and
generating a second adjusted price rate for each of the second device-exchange stations based on a second
sub-characteristic curve;

wherein preferably a first average of the first adjusted rates for the first device-exchange stations is generally
the same as a second average of the second adjusted rates for the second device-exchange stations.

6. The method (1100) of any one of claims 1 to 5, further comprising:

dividing the device-exchange stations into at least two sets of device-exchange stations based on adjacency
of the device-exchange stations;
creating a sub-sequence for the device-exchange stations in each of the at least two sets; and
adjusting the price rate for each of the device-exchange stations in each of the at least two sets by mapping
the sub-sequence to a sub-characteristic curve.

7. The method (1100) of any one of claims 1 to 6, further comprising adjusting a sell-back price rate of at least one
device-exchange station of the device-exchange stations based on the price rate of the at least one device-exchange
station so as to provide an incentive to a user to sell back a charged battery.

8. The method (1100) of any one of claims 1 to 7, further comprising:

dividing the plurality of device-exchange stations into first and second clusters; and
adjusting the characteristic curve to form a first characteristic curve for the first cluster and to form a second
characteristic curve for the second cluster.

9. A system for managing a plurality of device-exchange stations, the system comprising:

a processor configured to--

determine a score for each of the plurality of device-exchange stations based on an availability of energy
storage devices positioned in each of the device-exchange stations (1105);
determine a sequence of the plurality of device-exchange stations based on the score of each of the device-
exchange stations (1107); and
determine a price rate for each of the device-exchange stations by mapping the sequence of the device-
exchange stations to a characteristic curve corresponding to a distribution of the price rate (1109);

wherein preferably the characteristic curve is determined based on an expectation value and a range of the
price rate, and wherein the expectation value and the range of the price rate are determined based on a user input.

10. The system of claim 9, wherein the score is derived from an available energy-storage-device count, and wherein
the processor is configured to determine the available energy-storage-device count based on a difference between
a predicted device demand and a predicted device supply.

11. A method (600) for balancing available energy among multiple battery-exchange stations, the method (600) com-
prising:

receiving battery demand information from multiple sampling battery exchange stations (601);
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generating a characteristic function based on the received battery demand information, wherein the characteristic
function is determined based on an energy ratio and a battery price rate, wherein the energy ratio is determined
based on a battery energy level associated with a battery exchange event and an available battery count
associated with the battery exchange event, and wherein the battery price rate is determined based on a
characteristic curve corresponding to a distribution of price ratings (605); and
determining a battery price for each of the multiple battery-exchange stations based on the characteristic function
(607).

12. The method (600) of claim 11, further comprising generating a notice to motivate a user to exchange a battery based
on the determined battery price (609).

13. The method (600) of any one of claims 11 or 12, further comprising:
dividing the battery demand information into multiple clusters based on battery demand time interval, a battery
station type, and a battery exchange number of the cluster (603).

14. The method (600) of claim 13, further comprising:
generating the characteristic function for each of the clusters (605).

15. The method (600) of claim 14, further comprising:

determining the battery price for each cluster based on the characteristic function (607);
wherein preferably the characteristic function is generated based on a generic algorithm (GA), and wherein the
multiple clusters are determined based on a K-means clustering algorithm.
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