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(54) DRIVE MODULE FOR SUBMERSIBLE AUTONOMOUS VEHICLE

(57) A drive module (900) for submersible autono-
mous vehicles is disclosed. The drive module includes a
propulsion element (904) configured to engage and ro-
tate against a surface, a motor (912) configured to drive
the propulsion element, and a controller (910) configured

to cause the motor to drive the propulsion element. The
drive module also includes a housing (902) configured
to be removably, releasably coupled to the exterior of a
submersible autonomous vehicle. The motor and the
controller are disposed within the housing.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit to and is a con-
tinuation-in-part of U.S. Patent Application No.
15/344,249, filed November 4, 2016, and entitled "Drive
Module for Submersible Autonomous Vehicle," the dis-
closure of which is incorporated herein by reference in
its entirety.

FIELD OF INVENTION

[0002] The present invention relates to the field of au-
tonomous vehicles and, in particular, to a drive system
or module for a submersible autonomous vehicle, and
even more particularly, to an add-on drive system or mod-
ule for a pool cleaning robot.

BACKGROUND

[0003] Autonomous vehicles are being introduced into
an ever increasing number of facets of daily life in order
to automate various tasks, such as cleaning a pool, clean-
ing an indoor space, and maintaining a lawn. Additionally
or alternatively, autonomous vehicles (also referred to
herein as robots) may be used for entertainment, law
enforcement, and a wide range of other purposes. There
are many types of autonomous vehicles; however, many
of these autonomous vehicles, such as submersible au-
tonomous vehicles (e.g., pool cleaners) only include one
type or manner of propulsion at least because it is often
not economically efficient to include a second type of
propulsion (e.g., a second drive system).
[0004] For example, since pool cleaners often require
a pump or suction system to clean a pool, it is often eco-
nomically efficient (and efficient in terms of space and
size) to utilize the pump system for both cleaning and
propulsion (e.g., as opposed to including a dedicat-
ed/second drive system). As a more specific example,
U.S. Patent No. 8,273,183, incorporated herein by refer-
ence, discloses an autonomous pool cleaner with a water
jet propulsion system that draws in water for both clean-
ing and propulsion. In order to utilize the drawn-in water
to propel or move the pool cleaner along a surface, the
pump system discharges the drawn-in water, as a pres-
surized stream, at an acute angle with respect to the sur-
face. In the particular example of U.S. Patent No.
8,273,183, the pressurized stream may be discharged in
different directions to control steering of the submersible
autonomous vehicle. Similarly, many indoor cleaning ro-
bots many only include two powered wheels. However,
over time, these drive/propulsion systems will typically
require maintenance, part replacement, or some other
repair due to the wear and tear associated with repeated
usage.
[0005] Unfortunately, since autonomous vehicles may
be quite complicated and may be pre-assembled, main-

tenance frequently requires an end-user to transport the
robot to a mechanic, manufacturer, or some other spe-
cialized technical service provider familiar with the drive
system and/or the entire robot. Alternatively, an end-user
may attempt to disassemble a robot and/or drive system
with tools to try to assess and fix the problems on their
own. However, often, an end-user can only disassemble
a small portion of the robot (or a drive system) because
the major components have been coupled together with
specialized tools (e.g., tools machined or developed spe-
cifically for assembling/disassembling this particular ro-
bot). Moreover, even if the end-user can determine the
problem, a part or portion of the drive system may be
broken and, thus, may require a user to identify and order
the correct replacement part. Consequently, regardless
of how an end-user attempts to resolve a maintenance
issue, an end-user will often be without a working drive
system (and robot) for an extended period of time. Since
autonomous vehicles are typically unable to function
without a working drive system, this may render the au-
tonomous vehicle useless for an extended period of time.
[0006] Moreover, as technology advances, new parts,
programming, and configurations may be developed for
robotic drive systems. These advancements may im-
prove various aspects of the robots (e.g., battery tech-
nology, ability to navigate different terrains, surfaces, in-
creased robot efficiency or power, etc.); however, most
robots cannot be upgraded and, instead, must be re-
placed to obtain a technological upgrade. In fact, many
robots cannot even be reconfigured and, thus, are only
useful for certain, specific tasks (e.g., cleaning certain
types or shapes of pools) and may require a user to buy
different robots for different tasks. For example, many
pool cleaning robots are provided by the manufacturer
to the end-user in a compact, ready-to-use way, and the
end-user is given little or no choice on how to configure
of the robot. Then, if a user notices a problem with the
drive system of the robot, the user has no options for
adjusting the drive system to try to overcome the problem
(and the user may also be unable to return or exchange
the robot since the problems may only become apparent
during extended, post purchase, use).
[0007] In view of at least the aforementioned issues, a
self-contained drive module that can be removably at-
tached to an autonomous vehicle as a replacement or
supplemental drive system is desirable.

SUMMARY

[0008] The present invention relates to a drive system
or module for an autonomous vehicle and, in particular,
a submersible autonomous vehicle. The drive module
includes a drive motor that drives a propulsion element
(e.g., a wheel or wheels, or an endless track) to propel
the robot along surfaces (lawn, carpet, flooring, pool sur-
faces, pool deck, etc.), whether above or below water
(e.g., submerged). Consequently, the drive module is
mechanically isolated from any mechanical systems
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(e.g., gear trains) included within the body of an auton-
omous vehicle to which the drive module is coupled (e.g.,
a "host" autonomous vehicle). In accordance with at least
one embodiment of the present invention, the drive mod-
ule is also electronically isolated, insofar as the drive
module need not be operatively coupled (via a wired or
wireless connection) to any systems included within the
body of a robot. Instead, a self-contained drive module
can simply be removably coupled to an autonomous ve-
hicle and operate independently. Alternatively, a drive
module may be operatively and/or electronically coupled
to systems included within the body of a robot for specific
requirements, such as to draw power from or supply pow-
er to electronic components included within the body of
the robot, and/or to retrieve/receive/communicate control
instructions to and from a control system included within
the body of the robot (or electrically coupled to the robot).
[0009] The present invention avoids problems posed
by known autonomous vehicles (e.g., maintenance and
configuration issues) by providing a modular drive sys-
tem that can be configured for many different autono-
mous vehicles. Consequently, if the drive system includ-
ed on an autonomous vehicle malfunctions, requires
maintenance, or is otherwise inadequate for some rea-
son (e.g., obsolete battery technology), the drive module
presented herein can be coupled to the autonomous ve-
hicle to supplement or replace the drive system of the
host autonomous vehicle. This minimizes the downtime
of autonomous vehicles with broken drive systems while
also maximizing the flexibility of a particular autonomous
vehicle (e.g., to complete a wide variety of tasks).
[0010] Put another way, the drive module presented
herein allows existing autonomous robots and, in partic-
ular, submersible robots, to be easily upgraded or recon-
figured. As an example of an upgrade, the drive module
may include the newest battery technology (e.g., smaller
and/or more powerful batteries) and may be utilized to
upgrade the battery life of an existing submersible, au-
tonomous robot. The battery within the drive module
could be a rechargeable battery that could, optionally, be
removable from the module and could be recharged in a
charging station via a contact-based charging system or
a contactless charging system. At the same time, the
drive module presented herein provides a drive system
that can be easily maintained and/or fixed without remov-
ing an entire robot from service (e.g., a malfunctioning
drive module of the present invention can simply be re-
placed with another drive module of the present inven-
tion).
[0011] As is described in further detail below, the drive
module can be coupled to an autonomous vehicle with
rapidly releasable coupling mechanisms, insofar as a
rapidly releasable coupling mechanism includes any
coupling that can be rapidly achieved without the use of
any specialized tools (e.g., without any tools) and without
any special skills or knowledge, such that a rapidly re-
leasable coupling mechanism can be engaged or disen-
gaged easily by an end-user. For example, a rapidly re-

leasable coupling mechanism may include snap-fitting
mechanisms, tongue and groove mechanisms, resilient
mechanisms (e.g., detents, living hinges, etc.), half-turn
or quarter turn latches and/or plug and socket mecha-
nisms. Consequently, each drive module can be quickly
and easily replaced by an end-user. In fact, in some em-
bodiments, the components of the drive module present-
ed herein may also be coupled together in a manner that
allows each component to be individually removed from
the drive module without removing or disassembling oth-
er components to simplify maintenance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] To complete the description and in order to pro-
vide for a better understanding of the present invention,
a set of drawings is provided. The drawings form an in-
tegral part of the description and illustrate an embodiment
of the present invention, which should not be interpreted
as restricting the scope of the invention, but just as an
example of how the invention can be carried out. The
drawings comprise the following figures:

FIG. 1 is a front perspective view of an example au-
tonomous swimming pool cleaner including at least
one drive module configured in accordance with a
first exemplary embodiment of the present invention.
FIG. 2 is a front perspective view of another example
autonomous swimming pool cleaner including at
least one drive module configured in accordance
with a second exemplary embodiment of the present
invention.
FIG. 3 is a side, sectional view of the drive module
of FIG. 2.
FIGs. 4A-C are side perspective views of a main
body of the pool cleaner and the drive module of FIG.
2 and, collectively, FIGS, 4A-C schematically illus-
trate mounting the drive module on the main body,
according to an exemplary embodiment of the
present invention.
FIG. 5 is a side, sectional view of the drive module
of FIG. 1.
FIG. 6 is an exploded, side perspective view of the
drive module of FIG. 1.
FIG. 7 is a front, sectional view of the drive module
of FIG. 1.
FIG. 8 is a flow chart illustrating operations of the
drive module of FIG. 1 during propulsion of an au-
tonomous vehicle.
FIG. 9 is a top plan view of another embodiment of
a drive module for an autonomous vehicle, such as
the autonomous vehicle of FIG. 1 or FIG. 2.

DETAILED DESCRIPTION

[0013] The following description is not to be taken in a
limiting sense but is given solely for the purpose of de-
scribing the broad principles of the invention. Embodi-

3 4 



EP 3 511 488 A2

4

5

10

15

20

25

30

35

40

45

50

55

ments of the invention will be described by way of exam-
ple, with reference to the above-mentioned drawings
showing elements and results according to the present
invention.
[0014] Generally, the drive module presented herein
includes a propulsion element, such as a wheel or end-
less track, and a motor configured to drive the propulsion
element. In some embodiments, the motor may be cou-
pled to the propulsion element via a gear train, power
train, or other such components. Additionally, the drive
module includes a controller that is operable to control
the drive motor (e.g., to control speed and direction of a
motor shaft). In some embodiments, the drive module
also includes a second motor configured to engage and
drive an internal system of an autonomous vehicle on
which the drive module is attached (and, thus, the second
motor may be referred to as an internal system motor or
pump motor) and the controller may also be operable to
control the second motor.
[0015] As is explained in further detail below, in some
embodiments, the drive module may also alternately or
concurrently include a communications module that al-
lows the controller to communicate with a control system
included in an autonomous vehicle to which the drive
module is coupled (e.g., a host autonomous vehicle)
and/or with other drive modules that are also coupled to
the host autonomous vehicle. Consequently, a drive
module may receive instructions (via a wired or wireless
connection) from, send feedback or control instructions
to, or otherwise communicate with the control systems
or the other drive modules included on or within the body
of a host robot (e.g., a submersible, pool cleaning robot).
Additionally or alternatively, the drive module may in-
clude memory with drive instructions for controlling the
drive motor.
[0016] Similarly, in some embodiments, the drive mod-
ule may draw power from power systems of a host robot,
but in other embodiments, the drive module may include
an internal power source. In still further embodiments the
drive module may draw power from a host robot and also
include an internal power source. Regardless, the drive
module may be configured to power a motor, controller,
and any other powered components included in the drive
module. Additionally or alternatively, the drive module
may be configured to provide power to electronic systems
included within the host autonomous vehicle. Conse-
quently, if the drive module includes enhanced battery
technology (as compared to battery technology included
on the existing host autonomous vehicle), the drive mod-
ule may provide longer battery life, enhanced power at-
tributes, and any other such advantages afforded by the
enhanced battery technology to the existing host auton-
omous vehicle. As mentioned above, the drive module’s
battery could be recharged in a charging station via a
contact-based charging system or a contactless charging
system.
[0017] The drive modules presented herein in accord-
ance with the present invention may be individually cou-

pleable to an autonomous vehicle with rapidly releasable
coupling mechanisms, such as snap-fit mechanisms, or
other similar mechanisms, such that each drive module
can easily be removed from the main body (e.g., without
disassembling other portions of the autonomous vehi-
cle). Consequently, an end-user may easily remove a
drive module for maintenance, replacement, or repair.
Additionally, if a robot has a broken drive system, a user
may simply install (or replace) a drive module onto the
robot, instead of taking the robot out of service for an
extended period of time for inconvenient and costly main-
tenance. One particular embodiment for individually, re-
leasably coupling an exemplary drive module of the
present invention to a host autonomous vehicle is de-
scribed below in connection with FIGs. 4A-C; however,
this is merely an example and any rapidly releasable cou-
pling may be used to couple any embodiment of the drive
module to a host autonomous vehicle.
[0018] In many known submersible autonomous vehi-
cles, components of the autonomous vehicle’s drive sys-
tem are distributed throughout the autonomous vehicle.
Consequently, the drive systems are not removable and
are difficult to repair. Alternatively, some submersible au-
tonomous vehicles include components of a drive system
(e.g., a motor) disposed externally of a main body of the
autonomous vehicle. However, these drive systems are
often interconnected with systems included within the au-
tonomous vehicle (e.g., external components are elec-
trically connected to a power source disposed within the
main body of the autonomous vehicle) and/or not remov-
able, let alone easily removable, from the main body.
[0019] Easy removal and replacement facilitate a do-
it-yourself (DIY) approach and/or workaround for main-
tenance and repairs, while also allowing an end-user to
reconfigure or upgrade an autonomous vehicle, if de-
sired. For example, an end-user may easily reconfigure
an autonomous vehicle between different drive configu-
rations, perhaps to add rear-wheel drive to a front-wheel
drive autonomous vehicle (thereby creating a four-wheel
drive vehicle) or to add traction propulsion to an auton-
omous vehicle (e.g., pool cleaner) with jet or fluid propul-
sion. As another example, the drive module could be
used to provide the motive force for moving water around
inside the submersible autonomous vehicle (for cleaning
a pool, for example). In this example, a shaft extending
outward from within the body of the submersible auton-
omous vehicle could be mated with the drive module
where a bladed-member, like a fan blade, attached to
the end of the shaft within the body of the vehicle can be
driven by the motor within the external drive module.
Thus, the body of the submersible autonomous vehicle
need not include any internal motor or pump to operate.
Put briefly, the drive module presented herein allows the
end-user to design and configure an autonomous vehicle
according to their needs, encouraging a DIY approach
for improvement and reconfigurations.
[0020] Now referring to FIGs. 1 and 2 for a high-level
description of two autonomous vehicles including exem-
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plary drive modules in accordance with the present in-
vention. FIG. 1 shows an autonomous pool cleaner 10
including a drive module 100, while FIG. 2 shows an au-
tonomous pool cleaner 20 including a drive module 200.
Although both of the depicted autonomous vehicles are
submersible pool cleaners, it is to be understood that the
drive modules described herein could also be installed
on other types of autonomous vehicles configured to trav-
el along a surface (e.g., ground-based autonomous ve-
hicles), such as autonomous vacuums, autonomous
lawn mowers, etc. Moreover, features incorporated in
one embodiment (e.g., drive module 100) could easily
be incorporated into another embodiment (e.g., drive
module 200), or vice versa.
[0021] The particular pool cleaner 10 shown in FIG. 1
typically includes free-wheeling wheels and is driven
(e.g., propelled) via water jets exiting the top of the pool
cleaner at sharp angles. The free-wheeling wheels con-
tact the inner surfaces of the pool (walls and floor) and
roll thereon as the water jets propel the pool cleaner 10.
However, in the illustrated embodiment, the two front
wheels have been replaced with drive modules 100 con-
figured as wheels in accordance with the present inven-
tion. The drive modules 100 are described in further detail
below in connection with FIGs. 5-7, but, generally, the
drive modules 100 add a second propulsion system to
the pool cleaner 10 that can be operated together with
the jet (fluid) propulsion system included in robot 10 or
as an alternative to the jet (fluid) propulsion system. For
example, the drive modules 100 may drive the robot 10
in portions of the pool where the jet propulsion system
may struggle (e.g., certain corners and/or walls) and/or
in situations where the jet propulsion system is malfunc-
tioning (e.g., when the jet propulsion system is clogged).
As is also described below in further detail, the drive mod-
ules 100 may receive power from, supply power to, and/or
communicate with systems included in the robot 10 in
order to work together and/or as an alternative to the jet
propulsion system included in robot 10.
[0022] By comparison, the pool cleaner 20 shown in
FIG. 2 is typically driven by endless tracks that receive
power from a motor disposed within a main housing of
the pool cleaner 20, but have been replaced with or sup-
plemented by self-contained drive modules 200. The
drive modules 200 are described in further detail below
in connection with FIGs. 3 and 4A-C, but, generally, the
drive modules 200 may include any components (e.g., a
power source, motor, controller with drive instructions,
etc.) needed to allow the drive modules 200 to propel the
pool cleaning robot 20 without interacting with any com-
ponents or systems included in the pool cleaning robot
20. For example, the drive modules 200 may include a
complete power train housed therein and, thus, may be
mechanically isolated from mechanical systems included
in the pool cleaner 20. Despite the mechanical differenc-
es between drive module 100 and drive module 200, both
drive modules may be sealed such that any electrical
components, gears, or other components that might be

negatively impacted by exposure to water, are protected
when the robots 10, 20 are submerged under water.
[0023] Moreover, both drive modules may include a
power source and necessary program instructions to op-
erate a power train and propulsion element included
therein, if desired. For example, the drive module 200
may include an internal power source and program in-
structions stored in memory, so that the drive module
may also be operatively and electronically isolated from
systems included in the pool robot 20. However, despite
these capabilities, in some embodiments, the drive mod-
ules may be operatively and/or electronically coupled to
systems of a host submersible robot. For example, the
drive module 200 may be electronically coupled to a pow-
er system within the body of the robot 20 in order to re-
ceive power from the robot 20 and/or the drive module
200 may be operatively coupled to a control system within
the body of the robot 20 in order to receive drive instruc-
tions from the control system. Moreover, these connec-
tions may allow a drive module (e.g., drive module 200)
to supply power and/or control instructions to systems
included within a host autonomous robot (e.g., a sub-
mersible pool cleaner without on-board intelligence),
possibly allowing the autonomous robot to be detached
from a tether or cord that attaches the cleaner to an ex-
ternal source of power and/or instructions.
[0024] FIG. 3 depicts the drive module 200 included in
FIG. 2, according to an exemplary embodiment of the
present invention. As mentioned above, the drive module
200 is a self-contained drive module 200 and, thus, in-
cludes a controller 280 that is configured to control a mo-
tor 270 to drive a propulsion element 260. For example,
the controller 280 may control the rotational speed and
rotational direction of a motor shaft for any desirable pe-
riods of time. The controller 280 and motor 270 are dis-
posed within a housing 202 and the propulsion element
260 is disposed externally of the housing 202. In at least
some embodiments, the housing comprises a water-tight
enclosure and, thus, protects the controller 280, the mo-
tor 270, and any other components disposed therein from
water exposure when the drive module 200 is utilized
with a submersible robot.
[0025] In this particular embodiment, the propulsion el-
ement 260 is an endless track extending around the
housing 202 and the drive module 200 includes a gear
train 272 and drive gears 274 configured, through well-
known mechanical coupling methods to impart motion
from the motor 270 to the propulsion element 260 so that
the propulsion element 260 engages and rotates against
a surface to create a driving or propelling force. The drive
module may also include a guide pulley 276 configured
to stabilize the endless track 260. However, in other em-
bodiments, the drive module 200 may include any ele-
ments or components to stabilize or support the propul-
sion element 260 and impart motion from the motor 270
to the propulsion element 260. Moreover, in other em-
bodiments, the propulsion element 260 may be any ele-
ment that may engage and provide motion along a sur-
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face. As an example, in some embodiments, the motor
270 may impart motion directly to a propulsion element
260 configured as a wheel that engages and rotates
against a surface of a pool.
[0026] Regardless of the configuration of the motor 270
and propulsion element 260, the controller 280 is gener-
ally configured to control the motor 270 and, thus, is gen-
erally configured to control propulsion provided by the
drive module 200. The controller 280 may include a mem-
ory 282 and a processor 284. While the figure shows a
signal block 284 for a processor, it should be understood
that the processor 284 may represent a plurality of
processing cores, each of which can perform separate
processing. Meanwhile, memory 282 may include ran-
dom access memory (RAM) or other dynamic storage
devices (e.g., dynamic RAM (DRAM), static RAM
(SRAM), and synchronous DRAM (SD RAM)), for storing
information and instructions to be executed by processor
284. The memory 282 may also include a read only mem-
ory (ROM) or other static storage device (e.g., program-
mable ROM (PROM), erasable PROM (EPROM), and
electrically erasable PROM (EEPROM)) for storing static
information and instructions for the processor 284. In ad-
dition, the memory 282 may be used for storing temporary
variables or other intermediate information during the ex-
ecution of instructions by the processor 284. Although
not shown, in some embodiments, the controller may in-
clude a bus or other communication mechanism for com-
municating information between the processor 284 and
memory 282
[0027] The controller 280 may also include special pur-
pose logic devices (e.g., application specific integrated
circuits (ASICs)) or configurable logic devices (e.g., sim-
ple programmable logic devices (SPLDs), complex pro-
grammable logic devices (CPLDs), and field program-
mable gate arrays (FPGAs)), that, in addition to micro-
processors and digital signal processors may individual-
ly, or collectively, are types of processing circuitry. The
processing circuitry may be located in one device or dis-
tributed across multiple devices.
[0028] The controller 280 performs a portion or all of
the processing steps of the invention in response to the
processor 284 executing one or more sequences of one
or more instructions contained in a memory, such as
memory 282. Such instructions may be read into memory
282 from another computer readable medium. One or
more processors in a multiprocessing arrangement may
also be employed to execute the sequences of instruc-
tions contained in memory 282. In alternative embodi-
ments, hard-wired circuitry may be used in place of or in
combination with software instructions. Thus, embodi-
ments are not limited to any specific combination of hard-
ware circuitry and software.
[0029] Put another way, the controller 280 includes at
least one computer readable medium or memory for hold-
ing instructions programmed according to the embodi-
ments presented, for containing data structures, tables,
records, or other data described herein. Examples of

computer readable media are compact discs, hard disks,
floppy disks, tape, magneto-optical disks, PROMs
(EPROM, EEPROM, flash EPROM), DRAM, SRAM, SD
RAM, or any other magnetic medium, compact discs
(e.g., CD-ROM), or any other optical medium, or any oth-
er medium from which a computer can read.
[0030] Embodiments presented herein include soft-
ware stored on any one or any combination of non-tran-
sitory computer readable storage media, for controlling
the controller 280, for driving a device or devices for im-
plementing the invention, and for enabling the controller
280 to interact with a human user (e.g., an end-user).
Such software may include, but is not limited to, device
drivers, operating systems, development tools, and ap-
plications software. Such computer readable storage
media further includes a computer program product for
performing all or a portion (if processing is distributed) of
the processing presented herein. The computer code de-
vices may be any interpretable or executable code mech-
anism, including but not limited to scripts, interpretable
programs, dynamic link libraries (DLLs), Java classes,
and complete executable programs. Moreover, parts of
the processing may be distributed for better performance,
reliability, and/or cost.
[0031] Still referring to FIG. 3, the drive module may
also include a power source/interface 294 configured to
supply power to the controller 280 and motor 270 and a
communications module 292. As mentioned, in some
embodiments, the drive module may be electronically
and operatively isolated. In these embodiments, the drive
module 200 may not need a communications module 292
and the power source 294 may be a battery or other such
power source that is configured to supply power to the
controller 280 and motor without receiving any continu-
ous external power.
[0032] The communication module 292 may provide a
two-way data communication coupling to a pre-existing
controller within the body of the autonomous vehicle.
Wireless links may also be implemented to communica-
tively couple the communication module 292 to a pre-
existing controller within the body of the autonomous ve-
hicle and/or an external source of instructions (e.g., ex-
ternal to the host autonomous vehicle, such as a base
station). In any such implementation, the communication
module 292 sends and receives electrical, electromag-
netic or optical signals that carry digital data streams rep-
resenting various types of information.
[0033] Generally, the communications module 292
may provide data communication through one or more
networks to other data devices. For example, the com-
munications module 292 of a first drive module may pro-
vide a connection to a communications module of a sec-
ond drive module (e.g., in a master-slave configuration).
Additionally or alternatively, as mentioned above, the
communications module 292 may provide a connection
to a pre-existing system included within the body of an
autonomous vehicle, such as a control system. The con-
nection may be through a "wired" communication chan-
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nel or a wireless communication channel or protocol,
such as BLUETOOTH ®, or any other known form of
wireless communication feasible between sealed mod-
ules operating underwater, such as optical communica-
tion, ultrasonic communication, and near-field communi-
cation. Even when utilized with a submersible robot, a
wireless connection may provide sufficient connectivity
between drive modules, a drive module and the host ro-
bot, etc., due to the proximity of these parts.
[0034] In embodiments where the drive module 200 is
electronically or operatively coupled to an autonomous
vehicle to which the drive module 200 is coupled (e.g. a
host autonomous vehicle),, the power source/interface
may provide an electrical coupling to a power system
within the body of the autonomous vehicle and the com-
munications module 292 may operatively couple the
drive module to systems included within the body of the
autonomous vehicle to which the drive module 200 is
coupled. Such coupling may be achieved via a tether
wire which passes from the drive module 200 into the
body of the autonomous vehicle. Moreover, such a cou-
pling may allow the drive module 200 to supply power
and/or send instructions to systems of the host autono-
mous vehicle. For example, if the host autonomous ve-
hicle is a submersible pool cleaner that receives power
and/or control instructions from an external source (e.g.,
a pool cleaner without any on-board instructions or power
supply), the drive module 200 may replace or supplement
the external source. Advantageously, this may increase
the battery life of autonomous vehicle, allow for custom-
ized programming (e.g., by sending specific voltages
and/or pulses, at specific times, to a comparator, encod-
er/decoder, application-specific integrated circuit (ASIC),
etc. included in the host robot), and/or allow a submers-
ible robot to be untethered from an external power
source/controller.
[0035] Now referring to FIGs. 4A-C for a description of
how a drive module 200 of the present invention may be
rapidly releasably coupled to an autonomous robot. In
FIGs. 4A-C the drive module 200 is illustrated being cou-
pled to a main body 22 of the robot 20; however, it is to
be understood that this is merely one example of a rapidly
releasable attachment and, in other embodiments, any
drive module of the present invention may be rapidly re-
leasably attached to an autonomous vehicle in any rap-
idly releasable manner so that other parts or assemblies
included in the autonomous vehicle need not be disas-
sembled or rearranged (e.g. drive module 100 may be
slid onto an axle and secured thereon with a releasable
clamping mechanism). Consequently, if a drive module
requires maintenance, repair, or replacement, the drive
module can be easily removed and fixed by an end-user.
Additionally, although not shown in FIGs. 4A-C, connect-
ing a drive module of the present invention to an auton-
omous vehicle may also involve electronically or electro-
magnetically coupling the drive module to the autono-
mous vehicle.
[0036] In the particular embodiment depicted in FIGs.

4A-C, a drive module 200 is coupled to a main body 22
of the pool cleaner 20 by engaging the drive module 200
with couplers 32 and an opening 34 included on a side
30 of the main body 22. In order to engage the couplers
32, the drive module 200 includes clasps 252 configured
to slide vertically into slots created by the couplers 32.
In this particular embodiment, each drive module 200
includes four clasps 252, arranged in two pairs (to match
the arrangement of couplers 32 included on the main
body 22 of the pool cleaner 20); but in other embodiments
any desirable arrangement may be utilized.
[0037] Once the clasps 252 have been inserted into
the couplers 32, as is illustrated in Figs. 4A and 4C (with
FIG. 4A illustrating a portion of the main body 22 upside
down and not properly aligned with the drive module 200,
for illustrative purposes), the drive module 200 may be
pressed against the main body to engage a detent 254
with the opening 34 and create a snap engagement be-
tween the drive module 200 and the main body 22. Thus,
the clasps 252 and couplers 32 may secure the drive
module 200 to the main body 22 with respect to two di-
rections (e.g., the x-direction and the z-direction) and the
detent 254 and opening 34 may secure the drive module
200 to the main body 22 with respect to a third direction
(e.g., vertically, or with respect to the y-axis). Since the
detent 254 only resists a certain amount of force, the
drive modules 200 may be detached from the main body
22 by pulling the drive module 200 laterally away from
the main body 22 with a sufficient force to disengage the
detent 254 from the opening 34. Then, the drive module
200 may be slid downwards (or upwards if the pool clean-
er 20 is upside down) by the end-user to remove the
clasps 252 from the couplers 32 and rapidly decouple
the drive module 200 from the main body 22 (without
tools).
[0038] In the particular embodiment depicted in FIGs.
4A-C, one drive module 200 is shown being installed onto
a first side 30 of a main body 22 of the pool cleaner 20,
but it is to be understood that a second drive module 200
may be installed on a second side of the main body 22
in a similar manner. In fact, in some embodiments, the
drive module may be symmetrical so that the drive mod-
ule 200 can be installed on either side of an autonomous
vehicle, such as pool cleaner 20. For example, in the
depicted embodiment, the detent 254 may be substan-
tially centered on the drive module 200 and features in-
cluded on the drive assembly 400 may be mirrored about
the detent 254.
[0039] That being said, in other embodiments, the de-
tent 254 could be provided on the main body 22 and an
opening equivalent to openings 34 could be included on
the drive module 200. Similarly, in other embodiments,
the clasps 252 could be included on the main body 22
and the drive module 200 could include openings/cou-
plers configured to receive the clasps. Still further, in oth-
er embodiments, the drive modules 200 may not include
any clasps or detents and may be coupled to any portion
of an autonomous vehicle in any manner that allows for
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rapid, removable coupling, so that an end-user can quick-
ly remove the drive module 200 from an autonomous
vehicle without tools.
[0040] Now referring to FIGs. 5-7, the drive module
100 illustrated in FIG. 1 is shown in further detail to explain
another embodiment of the drive module presented here-
in. In this particular embodiment, the drive module 100
includes a controller 180, such as a printed circuit board
(PCB), and motor 170 disposed within a housing 102.
The controller 180 may be substantially similar to the
controller 280 and, thus, any description of the controller
280 included above may also be applicable to controller
180. Thus, generally, controller 180 is configured to
cause the motor 170 to drive a propulsion element 160
disposed externally of the housing 102.
[0041] In contrast with drive module 200, drive module
100 includes a propulsion element 160 that is a wheel
162 with a hub or rim (see FIG. 6) and the motor 170 is
configured to drive the wheel 162 and hub. Also in con-
trast with drive module 200, drive module 100 is config-
ured to be electronically and/or operatively coupled to
the autonomous robot (e.g., robot 10) to which the drive
module 100 is coupled. Consequently, as shown best in
FIG. 5, the drive module 100 includes a cable 182 out to
the robot. Controller 180 may receive instructions and
power via cable 182 and may, in turn, transmit power and
instructions to the motor 170 via cable 175.
[0042] In this particular embodiment, the drive module
100 is configured specifically for a submersible autono-
mous vehicle (e.g., a pool cleaner) and, thus, the con-
troller 180 and motor 170 are sealed within the housing
102. In particular, the motor 170 and controller 180 are
sealed between an enclosure top 166 and an enclosure
base 140. In the depicted embodiment, the enclosure
base 140 and enclosure top 166 are sealed together with
a sealing ring 144 disposed therebetween. The enclosure
base 140 and enclosure top 166 include openings to al-
low a motor shaft and axle to pass therethrough and these
openings may be also be sealed, such as with sealing
elements 142, 164, and/or 184. For example, element
142 may be a motor shaft v-seal while elements 132 and
164 are seals with ball bearings configured to receive an
axle (with wired connections included therein) while
epoxy seals 184 seal any exposed area in or around the
axle and bearings 134 and 164.
[0043] The shaft of motor 170 extends externally of the
housing 102 formed by the enclosure base 140 and en-
closure top 166 and may engage and/or support a gear
train that is configured to drive the propulsion element
160. Specifically, the motor 170 drives a motor gear 134
disposed outside of the housing 102 (e.g., on the opposite
side of the enclosure base 140 from the motor 170). The
motor gear 134 drives a wheel gear 130 configured to
drive the propulsion element 160 (including wheel 162)
about the motor 170 to create propulsion (thereby moving
a pool cleaner to which the drive module 100 is coupled).
[0044] In some embodiments, the wheel gear 130
drives an axle (not shown), but in the depicted embodi-

ment, the axle is rotationally fixed and the propulsion el-
ement 160 is driven about the fixed axle. Similarly, in
some embodiments, the housing 102 (formed by enclo-
sure top 166 and enclosure base 140) rotates with or
within the propulsion element, but in the depicted em-
bodiment, the housing 102 is fixed with respect to axle
and propulsion element 160, thereby limiting the forces
imparted on the controller 180 and motor 170 and pre-
serving the longevity of these components. In fact, in the
particular embodiment shown in the Figures, an axle
clamp 120 fixes the housing 102 (including the motor 170
and controller 180) to a fixed axle and, thus, the housing
102 remains stationary while the propulsion element 160
rotates therearound. That being said, different axle con-
figurations allow different drive configurations. For exam-
ple, in at least some embodiments, a single motor can
be used to drive multiple wheels disposed on the same
axle. To facilitate some of these embodiments, the drive
module 100 may be electrically coupled to a host robot
via a swiveling electrical connection (e.g., when the entire
drive module 100 rotates around an axle).
[0045] FIG. 8 depicts a high level diagram of operations
performed by a drive module (in accordance with the
present invention) when the drive module is coupled to
an autonomous vehicle. Initially, at step 802, a determi-
nation may be made (e.g., by the controller of the drive
module) as to whether the drive module is in communi-
cation with a control system of a host autonomous vehi-
cle, insofar as "host" simply denotes the autonomous ve-
hicle to which the drive module is coupled. If the drive
module is in communication with a control system of the
host autonomous vehicle, the drive module may receive
or retrieve drive instructions from the control system (e.g.,
the on-board computer) of the host autonomous vehicle
and designate these instructions as the current drive in-
structions at step 804. As an example, when drive module
100 is coupled to an autonomous vehicle, a wired con-
nection may be established between drive module 100
and the host autonomous vehicle and the drive module
may retrieve or receive drive instructions.
[0046] By comparison, when the drive module 200 is
coupled to an autonomous vehicle, the drive module 200
may not necessarily be in communication with control
systems of the host autonomous vehicle (e.g., if a wire-
less connection cannot be established with the host au-
tonomous vehicle). In instances where the drive module
is not communicating with a control system of a host au-
tonomous vehicle, the drive module may retrieve internal
drive instructions (e.g., from memory) and designate the
retrieved drive instructions as the current drive instruc-
tions at step 806.
[0047] At step 810, a determination is made (e.g., by
the controller) as to whether the drive module is in com-
munication with another drive module. If the drive module
is not in communication with another drive module, the
drive module may drive the propulsion element, at step
814, in accordance with the current drive instructions
from step 804 or 806 (e.g., the controller may drive the

13 14 



EP 3 511 488 A2

9

5

10

15

20

25

30

35

40

45

50

55

motor in a certain speed or in a certain direction, thereby
creating specific propulsion, via the propulsion element).
Alternatively, if the drive module is in communication with
a second drive module, the current drive instructions may
be adjusted based on the communication, at step 812.
For example, if an autonomous robot includes a first drive
module disposed on the right side of the robot and a
second drive module disposed on the left side of the ro-
bot, the two drive modules may communicate to coordi-
nate movements and facilitate various driving patterns
(e.g., in a master-slave configuration). Once the current
drive instructions are adjusted (e.g., the drive module
determines if it is a master or slave and responds appro-
priately), the propulsion element(s) may be driven ac-
cordingly at step 814. Then, the drive module may con-
tinue to check for further instructions by monitoring for
new connections.
[0048] Now turning to FIG. 9, in at least some embod-
iments, the drive module presented herein may provide
propulsion elements on both sides of an autonomous,
submersible vehicle. For example, the drive module may
provide both front wheels, both back wheels, all four
wheels, or any combination of wheels on both sides of
the autonomous pool cleaner 10 depicted in FIG. 1. Al-
ternatively, the drive module may provide both endless
tracks included in the autonomous pool cleaner 20 de-
picted in FIG. 2. Still further, in some embodiments, the
drive module may add additional propulsion elements to
a pool cleaner (e.g., the drive module may add fifth and
sixth wheels to the autonomous pool cleaner 10 depicted
in FIG. 1). The drive module 900 depicted in FIG. 9 de-
picts one example drive module that provides propulsion
elements on both sides of an autonomous, submersible
vehicle.
[0049] In order to provide propulsion elements (e.g.,
wheels) on both sides of a host autonomous, submersible
vehicle on which the drive module 900 is installed, the
drive module 900 includes a housing 902 that extends
from a first end 902a to a second end 902b. The first end
902a is configured to align with or extend beyond a first
side of the host autonomous vehicle and the second end
902b is configured to align with or extend beyond a sec-
ond side (opposite the first side) of the host autonomous
vehicle. That is, the housing 902 spans the width of its
host autonomous vehicle. As a more specific example,
in some embodiments, the housing is cylindrical, and has
a width dimension which approximates the width of the
host autonomous submersible vehicle to which it is at-
tached (e.g., the housing 902 may resemble the front of
the autonomous submersible vehicle 10 depicted in FIG.
1). As another example, the housing 902 may be s sub-
stantially flat or slim plate that extends beneath a chassis
(and spans the width of the chassis) of a host autono-
mous submersible, i.e., to provide endless tracks on ei-
ther side of the chassis.
[0050] In the embodiment depicted in FIG. 9, a first
propulsion element 903 is included on, attached to or
otherwise coupled to the first end 902a of the housing

902 and a second propulsion element 904 is included
on, attached to or otherwise coupled to the second end
902b of the housing 902. For example, the propulsion
elements 903, 904 may be wheels attached to axles that
extend through water impermeable seals included on the
ends 902a, 902b of the housing 900. That being said, in
some embodiments, at least one of the propulsion ele-
ments 903, 904 is free-wheeling (i.e., not driven) and
need not extend through the housing 902. Instead, a free-
wheeling propulsion element may be coupled to an ex-
terior surface of the housing 902 without extending there-
through.
[0051] Moreover, and regardless of the shape of the
housing 902, the housing 902 may be rapidly, releasably
coupled to an autonomous robot (coupled without tools)
with any desirable releasable couplings/attachments so
that propulsion elements 903 and 904 are rapidly releas-
ably coupleable to an autonomous robot. For example,
the housing 902 may be coupled to a chassis of an au-
tonomous, submersible vehicle with detents, clasps,
and/or slots, similar to the rapid releasable attachment
discussed in detail above in connection with FIGs. 4A-
C, The housing 902 may be coupled to a front, back,
bottom, or any other location of an autonomous, sub-
mersible vehicle.
[0052] The housing 902 also provides a waterproof
compartment for a number of electrical or mechanical
components, including a power source 906, a controller
910, a first motor 912, and a second motor 914, as well
as any other components included in the drive module
900 (for example, the drive module 900 may also include
memory and/or a communications module, similar to the
memory 282 and communications module 292 depicted
in FIG. 3 and described above). That is, the housing 902
defines a watertight or water impermeable internal com-
partment/receptacle that can receive or house any
number of electrical or mechanical components.
[0053] Generally, the power source 906 and controller
910 are similar to the power source 294 and controller
280 depicted in FIG. 3. Consequently, the descriptions
of power source 294 and controller 280 included herein
are to be understood to apply to power source 906 and
controller 910. However, now, the controller 910 is oper-
able to control both motor 912 and motor 914. Meanwhile,
the power source 906 may be a battery or other such
power source that is configured to supply power to the
controller 910 and any other components included in the
drive module (e.g., motors 912 and 914) without receiving
any continuous external power.
[0054] As was alluded to above (i.e. when describing
power source/interface 294), in some embodiments, the
power source 906 may intermittently receive power from
an external power source. For example, the power
source 906 may be charged from time to time. In FIG. 9,
the power source is operably coupled to a waterproof
interface 908 to facilitate charging. The waterproof inter-
face 908 is disposed on the periphery of the housing 902
and configured to connect the power source 906 to an
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external power source for charging/recharging. Alterna-
tively, a non-contact power transfer circuit, such as an
inductive charging system, may be incorporated in the
housing 902 to facilitate an electrical connection between
the power source 906 and an external power source.
[0055] Still referring to FIG. 9, the first motor 912 may
also be similar to the motor 270 depicted in FIG. 3 and,
thus, any description of motor 270 may apply to first motor
912(which may also be referred to as a first propulsion
motor 912), insofar as first motor 912 may be configured
to drive propulsion element 904 in the same manner that
motor 270 is configured to drive propulsion element 260.
On the other hand, the second motor 914 may only drive
a propulsion element (e.g., propulsion element 903) in
some embodiments and, thus, the description of motor
270 may only apply to the second motor 914 in some
embodiments.
[0056] More specifically, in some embodiments the
second motor 914 may be oriented such that a shaft 916
of the motor 914 extends in an opposite direction as com-
pared to a shaft 913 of the first motor 912. The shaft 916
may also be parallel to or in line with shaft 913. In these
embodiments, the second motor 914 may drive the first
propulsion element 903 in the same manner that motor
270 drive a propulsion element 260 (as is described re-
peatedly herein). That is, the second motor 914 may be
arranged so that the second motor 914 can drive the first
propulsion element 903 based on instructions from the
controller 910.
[0057] However, in other embodiments, such as the
embodiment depicted in FIG. 9, the second motor 914 is
configured to drive one or more internal systems or com-
ponents included in the host autonomous vehicle (i.e.,
based on instructions from the controller 910). More spe-
cifically, the second motor 914 may be oriented such that
shaft 916 is perpendicular to the shaft 913 (or rotational
axis) of the first motor 912. That is, the second motor 914
may be positioned in the housing 902 so that the shaft
916 of the second motor 914 extends in a direction which
is parallel to a longitudinal dimension (front-to-back di-
mension) of the submersible vehicle. The shaft 916 may
exit the housing 902 via a water impermeable seal and,
thus, may be suitable for transferring rotational energy
from the drive module 900 to one or more internal sys-
tems of the host autonomous vehicle, such as a pump
system of the autonomous vehicle.
[0058] More specifically, a distal end of shaft 916 (i.e.,
an end of the shaft 916 disposed outside the housing
902) may include a mechanical coupler 917 that may be
configured to engage and drive an internal mechanical
system of the host autonomous vehicle. The coupler 917
may be a mechanical clutch (like a dog clutch), a toothed
wheel or gear, or any other mechanical coupler now
known or developed hereafter. As one additional exam-
ple, the coupler 917 may comprise specific shaping at
the end of the shaft 916 that forms a key or mating sur-
face, such as a D-shape. Regardless of its shape or con-
figuration, the coupler 917 may connect, either directly

or via a linkage (e.g., a gear train), to any internal system
(and, more specifically, any mechanical system) of the
host autonomous vehicle. In at least some of these em-
bodiments, the drive module 900 remains electrically iso-
lated from the autonomous vehicle (i.e., the connection
provided by coupler 917 is purely mechanical) when cou-
pled to an internal system of the host autonomous vehicle
via coupler 917.
[0059] As a specific example, in some embodiments
the coupler 917 may engage a gear train configured to
drive a pump impeller. Consequently, once the drive
module 900 is coupled to the host autonomous submers-
ible vehicle and the second motor 914 drives shaft 916,
the coupler 917 may causes the impeller to rotate (i.e.,
the motor 914 may drive the impeller) and create suction
for drawing fluid and debris through the host autono-
mous, submersible vehicle for filtering. The fluid jet cre-
ated by the impeller may also be employed to provide a
fluid jet force for propulsion of the submersible vehicle.
[0060] Due to the foregoing features, drive module 900
may provide a single integrated unit (comprising a first
motor (a drive motor), a propulsion element, a second
motor (an impeller motor), and a power source), which
may be removed from the autonomous, submersible ve-
hicle as a single unit for maintenance, replacement, up-
grades, and/or recharging. In fact, in some instances,
when an autonomous, submersible vehicle needs main-
tenance, replacement, upgrades, and/or recharging, a
majority of the autonomous, submersible vehicle may be
left in a pool and only the drive module 900 may need to
be removed from the pool In other words, drive module
900 may provide a compact operational hub for an au-
tonomous vehicle that may be easier to transport, exam-
ine, etc. and, thus, may easier to repair, upgrade, service,
etc. (at least as compared to pool cleaners that cannot
be easily disassembled by an end user prior to mainte-
nance or upgrade operations).
[0061] Still referring to FIG, 9, as mentioned, in some
embodiments, the drive module 900 may include a com-
munications module configured to establish at least one
of a wired or wireless connection with the host submers-
ible autonomous vehicle on which the drive module 900
is installed. In these embodiments, the controller 910 may
be configured to communicate, via the communications
module, with a control system for the submersible auton-
omous vehicle to retrieve drive instructions for the con-
troller 910. For example, the controller 910 may operate
in accordance with the operations described in connec-
tion with FIG. 8. In fact, in some embodiments, the drive
module 900 may communicate with another drive module
as is explained in connection with FIG. 8. For example,
a first drive module 900 may be installed as front wheels
of an autonomous vehicle, a second drive module 900
may be installed as back wheels of the autonomous ve-
hicle and the two drive modules may communicate to
drive the autonomous vehicle. In at least some embodi-
ments all of these communications are wireless commu-
nications so that each drive module 900 is electrically
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isolated from other drive modules and the autonomous
vehicle.
[0062] Similarly, in some embodiments, the controller
910 may be configured to communicate, via the commu-
nications module, with a control system for the submers-
ible autonomous vehicle to retrieve internal system in-
structions for the controller 910. For example, the con-
troller 910 may obtain cleaning instructions that indicate
how to control a pump system in order to attempt to collect
debris. Alternatively, the drive module may store internal
system instructions, such as cleaning instructions, in
memory included therein.
[0063] To summarize, in one form, a drive module for
autonomous vehicles includes a propulsion element con-
figured to engage and rotate against a surface, a motor
configured to drive the propulsion element, and a con-
troller configured to cause the motor to drive the propul-
sion element. The drive module also includes a housing
configured to be removably, releasably coupled to an au-
tonomous vehicle. The motor and the controller are dis-
posed within the housing.
[0064] While the invention has been illustrated and de-
scribed in detail and with reference to specific embodi-
ments thereof, it is nevertheless not intended to be limited
to the details shown, since it will be apparent that various
modifications and structural changes may be made
therein without departing from the scope of the inventions
and within the scope and range of equivalents of the
claims. In addition, various features from one of the em-
bodiments may be incorporated into another of the em-
bodiments. Accordingly, it is appropriate that the append-
ed claims be construed broadly and in a manner consist-
ent with the scope of the disclosure as set forth in the
following claims.
[0065] It is also to be understood that the drive module
described herein, or portions thereof may be fabricated
from any suitable material or combination of materials,
such as plastic, foamed plastic, wood, cardboard,
pressed paper, metal, supple natural or synthetic mate-
rials including, but not limited to, cotton, elastomers, pol-
yester, plastic, rubber, derivatives thereof, and combina-
tions thereof. Suitable plastics may include high-density
polyethylene (HDPE), low-density polyethylene (LDPE),
polystyrene, acrylonitrile butadiene styrene (ABS), poly-
carbonate, polyethylene terephthalate (PET), polypro-
pylene, ethylenevinyl acetate (EVA), or the like. Suitable
foamed plastics may include expanded or extruded pol-
ystyrene, expanded or extruded polypropylene, EVA
foam, derivatives thereof, and combinations thereof.
[0066] Finally, it is intended that the present invention
cover the modifications and variations of this invention
that come within the scope of the appended claims and
their equivalents. For example, it is to be understood that
terms such as "left," "right," "top," "bottom," "front," "rear,"
"side," "height," "length," "width," "upper," "lower," "inte-
rior," "exterior," "inner," "outer" and the like as may be
used herein, merely describe points of reference and do
not limit the present invention to any particular orientation

or configuration. Further, the term "exemplary" is used
herein to describe an example or illustration. Any em-
bodiment described herein as exemplary is not to be con-
strued as a preferred or advantageous embodiment, but
rather as one example or illustration of a possible em-
bodiment of the invention.
[0067] Similarly, when used herein, the term "compris-
es" and its derivations (such as "comprising", etc.) should
not be understood in an excluding sense, that is, these
terms should not be interpreted as excluding the possi-
bility that what is described and defined may include fur-
ther elements, steps, etc. Meanwhile, when used herein,
the term "approximately" and terms of its family (such as
"approximate", etc.) should be understood as indicating
values very near to those which accompany the afore-
mentioned term. That is to say, a deviation within rea-
sonable limits from an exact value should be accepted,
because a skilled person in the art will understand that
such a deviation from the values indicated is inevitable
due to measurement inaccuracies, etc. The same applies
to the terms "about" and "around" and "substantially".

Claims

1. A self-contained drive module (900) for attachment
to a submersible autonomous vehicle (10, 20), the
drive module comprising:

a propulsion element (904) configured to en-
gage and rotate against a surface;
a first motor (912) configured to drive the pro-
pulsion element (904);
a second motor (914) configured to drive an in-
ternal system of the submersible autonomous
vehicle (10, 20);
a controller (910) configured to cause the first
motor (912) to drive the propulsion element
(904) and the second motor (914) to drive the
internal system; and
a housing (902) configured to be removably cou-
pled to the exterior of the submersible autono-
mous vehicle (10, 20), wherein the first motor
(912), the second motor (914), and the controller
(910) are disposed substantially within the hous-
ing (902).

2. The self-contained drive module (900) of claim 1,
wherein the self-contained drive module (900) is
electrically isolated from electrical components with-
in the submersible autonomous vehicle (10, 20) and
the self-contained drive module (900) further com-
prises:
a power source (906) configured to supply power to
the controller (910), the first motor (912), and the
second motor (914).

3. The self-contained drive module (900) of claim 2,
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further comprising:
a waterproof interface (908) that can be coupled to
an external power source to charge the power source
(906).

4. The self-contained drive module (900) of any of the
preceding claims, further comprising:
a communications module (292) configured to es-
tablish a wireless connection with a control system
within the submersible autonomous vehicle (10, 20),
wherein the controller (910) is configured to commu-
nicate, via the communications module (292), with
the control system within the submersible autono-
mous vehicle (10, 20) to retrieve drive instructions
or internal system instructions for the controller
(910).

5. The self-contained drive module (900) of any of the
preceding claims, wherein the propulsion element
(904) comprises at least one of a wheel and an end-
less tread.

6. The self-contained drive module (900) of any of the
preceding claims, wherein the self-contained drive
module (900) is operatively isolated from control sys-
tems within the submersible autonomous vehicle
(10, 20).

7. The self-contained drive module (900) of claim 7,
wherein the controller (910) comprises:

a memory (282) storing drive instructions and
internal system instructions; and
at least one processor (284) configured to:

control the motor in accordance with the
drive instructions; and
control the internal system based on the in-
ternal system instructions.

8. The self-contained drive module (900) of any of the
preceding claims, wherein the internal system is a
pump system.

9. The self-contained drive module (900) of any of the
preceding claims, wherein the submersible autono-
mous vehicle (10, 20) comprises a pool cleaner in-
cluding a fluid propulsion drive system.

10. A submersible autonomous pool cleaner (10, 20)
comprising:

a main body including an exterior surface with
a first side and a second side; and
a drive module (900) that is releasably coupled
to the exterior surface of main body, wherein the
drive module (900) extends from the first side to
the second side when coupled to the main body

and includes a propulsion element (904), a mo-
tor (912) configured to drive the propulsion ele-
ment (904), and a controller (910) configured to
cause the motor (912) to drive the propulsion
element (904).

11. The submersible autonomous pool cleaner (10, 20)
of claim 10, wherein the propulsion element (904) is
a first propulsion element disposed on the first side
of the exterior surface and the drive module (900)
further comprises:
a second propulsion element (903) disposed on the
second side of the exterior surface.

12. The submersible autonomous pool cleaner (10, 20)
of claim 10 or 11, wherein the motor (912) is a first
motor and the drive module (900) further comprises:
a second motor (914) configured to drive an internal
system of the submersible autonomous pool cleaner
or the second propulsion element (903).

13. The submersible autonomous pool cleaner (10, 20)
of claim 12, wherein the first motor (912), the second
motor (914), and the controller (910) are sealed with-
in a watertight portion of a housing (902) of the drive
module (900) and a motor shaft (916) extends out
of a sealed opening in the watertight portion of the
drive module housing (902) to connect the second
motor (914) to the internal system or the second pro-
pulsion element (903).

14. The submersible autonomous pool cleaner (10, 20)
of claim 13, wherein the motor shaft (916) is a first
motor shaft, the sealed opening is a first sealed open-
ing, and a second motor shaft (913) extends out of
a second sealed opening in the watertight portion of
the drive module housing (902) to connect the first
motor (912) to the propulsion element (904).

15. The submersible autonomous pool cleaner (10, 20)
of claim 14, wherein the first motor shaft (916) is
perpendicular to the second motor shaft (913).
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