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provided. The drone battery charger operates from an internal bat-
tery and may charge a drone battery multiple times because the ca-
pacity of the drone battery charger internal battery is many times
larger than the done battery.
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PORTABLE DRONE BATTERY CHARGING SYSTEM
BACKGROUND

Field
[0001] Aspects of the present disclosure relate generally to portable battery charging

systems, and more particularly, to a portable drone battery charging system.

Background

[0002] Many battery charging systems are available on the market. However, the
battery charging needs of drone aircrafts are specific for these devices and common
systems have not addressed them adequately.

[0003] As the demand for flight times increase, it will be important to address battery

recharging issues in-field.

SUMMARY

[0004] The following presents a simplified summary of one or more aspects of the
disclosed approach, in order to provide a basic understanding of such aspects. This
summary is not an extensive overview of all contemplated features of the disclosure,
and is intended neither to identify key or critical elements of all aspects of the disclosure
nor to delineate the scope of any or all aspects of the disclosure. Its sole purpose is to
present some concepts of one or more aspects of the disclosure in a simplified form as a

prelude to the more detailed description that is presented later.

[0005] In one aspect, the disclosure provides a drone battery charging system that is
portable.
[0006] Another aspect of the disclosure provides a drone battery charging system that

provides recharging of its battery from multiple sources, including direct current (DC)
and alternating current (AC) sources.

[0007] Yet another aspect of the disclosure provides a portable drone battery charging
system that may charge multiple batteries simultaneously.

[0008] Still yet another aspect of the disclosure provides a portable drone battery
charging system that may manage the safe charging of multiple batteries independently
from each other.

[0009] Still yet another aspect of the disclosure provides a portable drone battery
charging system that may manage the charging of multiple batteries, each battery being

of a different type.
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[0010] These and other aspects of the invention will become more fully understood

upon a review of the detailed description, which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These and other sample aspects of the disclosure will be described in the detailed
description that follow, and in the accompanying drawings.

[0012] FIG. 1 is a block diagram conceptually illustrating an example of a portable
drone battery charging system configured in accordance with various aspects of the
disclosed drone battery charging system.

[0013] FIG. 2 is a block diagram conceptually illustrating an example of a charging
module configured in accordance with various aspects of the disclosed drone battery
charging system.

[0014] FIG. 3 is a flow diagram conceptually illustrating operation of the charging
module configured in accordance with various aspects of the disclosed drone battery
charging system.

[0015] In accordance with common practice, some of the drawings may be simplified
for clarity. Thus, the drawings may not depict all of the components of a given
apparatus (e.g., device) or method. Finally, like reference numerals may be used to

denote like features throughout the specification and figures.

DETAILED DESCRIPTION

[0016] The detailed description set forth below in connection with the appended
drawings is intended as a description of various configurations and is not intended to
represent the only configurations in which the concepts described herein may be
practiced. The detailed description includes specific details for the purpose of providing
a thorough understanding of various concepts. However, it will be apparent to those
skilled in the art that these concepts may be practiced without these specific details. In
some instances, well known structures and components are shown in block diagram
form in order to avoid obscuring such concepts.

[0017] A drone battery charging system configured in accordance with various aspects
of the disclosed portable drone battery charging system is illustrated in FIG. 1 as a
drone battery charging system 100. the drone battery charging system 100 includes a
DC input 1, a battery pack 2, a battery status monitor 3, a battery protector 4, a power

switch 5, and a charging module 11.
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[0018] The DC input 1 is a DC power source, preferably providing a voltage at a level
ranging from 12v to 19v. An example of a suitable DC power source is a car or marine
battery. As described further below, the DC input 1 is used to charge the drone battery
charging system 100 for portable use.

[0019] The battery pack 2 allows the drone battery charging system 100 to be used
away from the DC power source, and includes at least one battery pack for powering the
charging module 11. In one aspect of the disclosed system, the battery pack 2 includes
as many as seven (7) lithium (li)-polymer batteries with an output of approximately 16 ~

20 amps at 29.4v.

[0020] The battery status monitor 3 provides monitoring of voltage and capacity of the
system).

[0021] The battery protector 4 provides over-current as well as over/under voltage
protection.

[0022] The power switch 5 activates the charging modules in the charging module 11,

as further described herein.

[0023] The charging module 11, as shown in FIG. 2, includes a timer module a 6, a
charging control circuit 7, a timer module b 8, and a charging status monitor 9. The
charging module 11 is used to charge the be charged battery 10. An example of the be
charged battery 10 may include a 17.5v battery such as those used for the DJI™
Phantom 3 drone system. The charging module 11 may be used to charge other types of
drone batteries.

[0024] The timer module A 6 may be used to shut down #7, #8, and #9 in a
predetermined number of seconds (such as 30 seconds) if #10 is not detected/connected
after #5 is pressed.

[0025] The charging control circuit 7 provides control of the charging activity, and will
start when #5 is pressed.

[0026] The timer module B 8 will active #9 after 40 seconds when # 5 is pressed.

[0027] The charging status monitor 9 may be activated by timer module B 8, and will
shut down the charging control circuit 7 if the connected battery's voltage is higher than
the setting voltage.

[0028] FIG. 3 illustrates a process 300 where the charging module 11 is able to charge
batteries of different types in accordance to various aspects of the disclosed approach.

[0029] At 302, the charging module 11 sets a first charge level at which the charging

module 11 will attempt to charge the battery. In one aspect of the disclosed approach,
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this level is the lowest level with which the charging module 11 may work. For
example, the battery pack may be the smallest battery pack in terms of number of cells,
such as a single cell.

[0030] At 304, the charging module 11 detects charging status of the battery. In one
aspect of the disclosed approach, the charging module 11 may attempt to detect an
amount of current flowing to the battery. In another aspect of the disclosed approach,
the charging module 11 may attempt to detect an information signal being
communicated with the battery. This information signal may include charging status as
well as other sideband information, such as current, voltage, temperature, etc., as
reported from the battery.

[0031] At 306, the charging module 11 determines if the battery is charging based on
the detected current from 304. In one aspect of the disclosed approach, the charging
module 11 may determine whether the battery is being charged based on a minimal
amount of detected current. In another aspect of the disclosed approach, the charging
module 11 may determine whether the battery is being charged based on detected
current over a period of time. In yet another aspect of the disclosed approach, the
charging module 11 may determine whether the battery is being charged based on other
detected signals. If it is determined that the battery is being charged, then operation of
the process 300 will end. Otherwise, operation will continue with 308.

[0032] At 308, the charging module 11 will increase the charging level to the next level
for a battery of a larger size. For example, the charging level will be increased for a
battery with a higher number of cells. Operation will then return to 304, where the
charging module 11 will detect charging status.

[0033] Through the process 300, the charging module 11 may charge a variety of
battery types safely. The process 300 thus provides the charging module 11 to ensure
compatibility with a variety of batteries because proper voltage, current, and other levels
may be detected and controlled. For example, by slowly increasing the charge level, a
battery of a lower number of cells will not be charged with voltage levels that are larger
than what that battery may handle.

[0034] Those of skill would appreciate that any of the various illustrative logical blocks,
modules, processors, means, circuits, and algorithm steps described in connection with
the aspects disclosed herein may be implemented as electronic hardware (e.g., a digital
implementation, an analog implementation, or a combination of the two, which may be

designed using source coding or some other technique), various forms of program or
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design code incorporating instructions (which may be referred to herein, for
convenience, as “software” or a “software module™), or combinations of both. To
clearly illustrate this interchangeability of hardware and software, various illustrative
components, blocks, modules, circuits, and steps have been described above generally
in terms of their functionality. Whether such functionality is implemented as hardware
or software depends upon the particular application and design constraints imposed on
the overall system. Skilled artisans may implement the described functionality in
varying ways for each particular application, but such implementation decisions should
not be interpreted as causing a departure from the scope of the present disclosure.

[0035] The various illustrative logical blocks, modules, and circuits described in
connection with the aspects disclosed herein may be implemented within or performed
by an integrated circuit (“IC”), an access terminal, or an access point. The IC may
comprise a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, electrical components, optical components, mechanical components, or
any combination thereof designed to perform the functions described herein, and may
execute codes or instructions that reside within the IC, outside of the IC, or both. A
general purpose processor may be a microprocessor, but in the alternative, the processor
may be any conventional processor, controller, microcontroller, or state machine. A
processor may also be implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core, or any other such configuration.

[0036] It is understood that any specific order or hierarchy of steps in any disclosed
process is an example of a sample approach. Based upon design preferences, it is
understood that the specific order or hierarchy of steps in the processes may be
rearranged while remaining within the scope of the present disclosure. The
accompanying method claims present elements of the various steps in a sample order,
and are not meant to be limited to the specific order or hierarchy presented.

[0037] The steps of a method or algorithm described in connection with the aspects
disclosed herein may be embodied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software module (e.g., including
executable instructions and related data) and other data may reside in a data memory

such as RAM memory, flash memory, ROM memory, EPROM memory, EEPROM
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memory, registers, a hard disk, a removable disk, a CD-ROM, or any other form of
computer-readable storage medium known in the art. A sample storage medium may be
coupled to a machine such as, for example, a computer/processor (which may be
referred to herein, for convenience, as a “processor”) such the processor can read
information (e.g., code) from and write information to the storage medium. A sample
storage medium may be integral to the processor. The processor and the storage
medium may reside in an ASIC. The ASIC may reside in user equipment. In the
alternative, the processor and the storage medium may reside as discrete components in
user equipment. Moreover, in some aspects any suitable computer-program product
may comprise a computer-readable medium comprising codes (e.g., executable by at
least one computer) relating to one or more of the aspects of the disclosure. In some
aspects a computer program product may comprise packaging materials.

[0038] The previous description is provided to enable any person skilled in the art to
practice the various aspects described herein. Various modifications to these aspects
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other aspects. Thus, the claims are not intended to be limited
to the aspects shown herein, but are to be accorded the full scope consistent with the
language of the claims, wherein reference to an element in the singular is not intended
to mean "one and only one" unless specifically so stated, but rather "one or more."
Unless specifically stated otherwise, the term "some" refers to one or more. A phrase
referring to "at least one of" a list of items refers to any combination of those items,
including single members. As an example, "at least one of: a, b, or ¢" is intended to
cover: a; b; ¢; aand b; a and ¢; b and c; and a, b and ¢. All structural and functional
equivalents to the elements of the various aspects described throughout this disclosure
that are known or later come to be known to those of ordinary skill in the art are
expressly incorporated herein by reference and are intended to be encompassed by the
claims. Moreover, nothing disclosed herein is intended to be dedicated to the public
regardless of whether such disclosure is explicitly recited in the claims. No claim
element is to be construed under the provisions of 35 U.S.C. §112, sixth paragraph,
unless the element is expressly recited using the phrase "means for" or, in the case of a

method claim, the element is recited using the phrase "step for."
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CLAIMS

1. A method for charging a battery comprising:

setting a charge level for charging the battery;

detecting a charging status of the battery based on the charge level;
determining if the battery is charging based on the detected charging status;

increasing the charge level to a higher charge level if the battery is not charging.
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