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(37) ABSTRACT

A method 1s provided for the automatic generation of a
robotic devices, where the method comprises the steps of
receiving user mput to determine a task specification for one
or more tasks for the robotic device, determining a task list
comprising one or more tasks based on the provided task
specification, determining based on the task list provided, one
or more mechanical components, one or more processing
components, and logic components required to execute one or
more tasks; and generating the logic components required to
execute one or more tasks, and embedding the logic compo-
nents onto a recordable medium associated with the robotic
device.
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METHOD AND SYSTEM FOR ROBOT
GENERATION

FIELD

[0001] The mnvention relates generally to the field of robot-
ics, and more specifically to improved methods and systems
for generating robot devices.

BACKGROUND

[0002] Predictions have been made many years ago, and
continue to be made that 1n the years to come, there will be an
ever increasing reliance on the use of robotic devices by the
average consumer. While currently there are many methods
and systems that employ robotic devices to accomplish spe-
cific tasks, these robotic devices are generally used for spe-
cialized purposes.

[0003] One of the main reasons that the use of robots has
not caught on as had been predicted, 1s attributable to the great
deal of time and effort that 1s involved in designing and
developing even a simple robot that 1s used to accomplish
simple tasks. Also, while there has been significant effort
devoted to designing robots, there are limitations associated
with the development of robots. Current limitations associ-
ated with designing robots include the complex nature of
skills that are mvolved 1n designing and developing robots,
and the lack of portability with current robotic designs for
extension to the design of new robots, and the inability of
robotic devices to respond to unforeseen situations or circum-
stances.

SUMMARY

[0004] In a first aspect of the 1nvention, a method for the
automated generation of a robotic device in whole orin partis
provided for. The method comprises the steps of eliciting and
receiving user input to determine a task specification for one
or more tasks for the robotic device; determining a task list
comprising one or more tasks based on the provided task
specification; determining based on the task list provided, one
or more movement components, one Oor more processing
components, and logic components required to execute one or
more tasks; and generating the logic components required to
execute one or more tasks, and embedding the logic compo-
nents onto a recordable medium associated with the robotic
device.

[0005] In a second aspect of the invention, a method of
creating a robotic device, wherein an environment for the
robotic device to operate in1s provided, the method comprises
inputting a map that defines the area of the environment;
inputting a starting point indicating a position within the area
that the robotic device 1s to start operating from mputting one
or more stopping points along a route emanating from the
starting point that the robotic device 1s to follow; and mput-
ting one or more tasks to be completed by the robotic device
at the starting points, stopping points or along the route.

[0006] In another aspect of the invention, a method of
specilying one or more tasks for a robotic device to complete
1s provided. The method comprises specifying whether the
robotic device 1s a physical robotic device or a virtual robotic
device; specitying a location for the robotic device to operate
in; speciiying an activity for the robotic device to undertake;
and providing detailed information regarding the activity that
the robotic device 1s to undertake.
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[0007] Inanother aspect of the invention, a method of com-
pleting one or more tasks by a plurality of robotic devices
operating 1n a team environment i1s provided. The method
comprises selecting one or more of the plurality of the robotic
devices to be a controlling robotic devices; determining at the
controlling robotic device whether new robotic specifications
are required for one or more of the plurality of robotic
devices; transmitting requests for new robotic specifications
from the controlling robotic device to a robotic server; and
receiving the new robotic specifications at the one or more of
the plurality of robotic devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] For a better understanding of embodiments of the
system and methods described herein, and to show more
clearly how they may be carried into effect, reference will be
made by way of example, to the accompanying drawings in

which:

[0009] FIG.11sablock diagram illustrating components of
a robot generation system;

[0010] FIG. 2 1s a block diagram 1illustrating the compo-
nents of a robotic device;

[0011] FIG. 3 1s a block diagram 1illustrating the compo-
nents of the generator;

[0012] FIG. 4 1s a diagram 1illustrating the components of
the knowledge base module;

[0013] FIG. 5 1s a flowchart illustrating the steps of a robot
generation method;

[0014] FIG. 6 1s a flowchart 1llustrating the steps of a task
specification method; and

[0015] FIG. 7 1s a tlowchart 1llustrating the steps of a task
generation method;

[0016] FIG. 8 1s a flowchart illustrating the steps of an
environment specification method;

[0017] FIG. 9 1s a screenshot of a sample map editor win-
dow;

[0018] FIG. 10 1s another screenshot of a sample map editor
window:

[0019] FIG. 11 1s another screenshot of a sample map editor
window;

[0020] FIG. 12 1s another screenshot of a sample map editor
window;

[0021] FIG. 13 1s another screenshot of a sample map editor
window: and

[0022] FIG. 14A and FIG. 14B are sample screenshots of

task specification windows.

DETAILED DESCRIPTION

[0023] It will be appreciated that for simplicity and clarity
of 1llustration, where considered approprate, reference
numerals may be repeated among the figures to indicate cor-
responding or analogous elements or steps. In addition,
numerous speciiic details are set forth 1n order to provide a
thorough understanding of the exemplary embodiments
described herein. However, 1t will be understood by those of
ordinary skill in the art that the embodiments described herein
may be practiced without these specific details. In other
instances, well-known methods, procedures and components
have not been described in detail so as not to obscure the
embodiments described herein. Furthermore, this description
1s not to be considered as limiting the scope of the embodi-
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ments described herein 1n any way, but rather as merely
describing the implementation of the various embodiments
described herein.

[0024] Retference 1s now made to FIG. 1, where a block

diagram 1llustrating the components of a robot generation
system 10 1s shown. The robot generation system 10 1s used to
generate robotic devices 12 which may be real robotic
devices, virtual robotic devices and robotic devices that com-
prise a mixture of real and virtual components referred to as
mixed reality robotic devices. The system 10 1n an exemplary
embodiment 1s comprised of one or more robotic devices 12.
A group of one or more robotic devices 12 may be referred to
as arobotic team 14. The robotic devices 12 interact with and
receive instructions through a robotic server 20. The robotic
server 20 1s used to receive structions regarding a robotic
device 12 that 1s created and performs the processing required
to determine the components associated with a robotic device
12. The robotic server 20 1s also referred to as the robotic
controller, and m an exemplary embodiment, as described
below 1s comprised of a robot generator application 22, a
robot generation interface 24, and a knowledge database 26.
The robotic server 20 recetves 1nstructions from one or more
users who are communicating with the robotic server 20
through a computing device 30. The computing device 30
interacts with the robotic server 20 through a communication
network of any kind 31.

[0025] The robotic device 12 operates 1n a defined environ-
ment and by implementing the task specification performs
one or more tasks that have been defined for the device 12.
The environment that the robotic device 12 operates in may
include real settings, simulated settings or mixed reality set-
tings. Examples of such real environments include, but are
not limited to, home environments, office environments,
parks, shopping centres, malls, processing and manufactur-
ing plants, o1l drilling and mining environments, refineries,
tlight and space environments, medical and microscopic envi-
ronments, and any other environment that may be described
with respects to its area and potential obstacles. In an exem-
plary embodiment the user will generally describe the loca-
tion of the environment (1.e. indoor, outdoor or both), the type
of environment (1.e. virtual environment, real environment or
mixed), the type of control (i.e. user controlled or self con-
trolled). As described 1n further detail below, the user may
turther specity points of interest, starting points, directions of
travel and task for competition for a robotic device within the
environment. Standard distinctions include but are not lim-
ited to: indoor, outdoor or mixed environments; virtual,
physical or mixed reality; self-controlled, user-controller, or
user-guided; while distinctions such as travel between way-
points, fully cover a given area or wander, or specific
obstacles, or specific tasks may be specified relative to a
particular application. Simulated settings include any virtual
environment that 1s defined 1n which a virtual robotic device
12 may operate, and examples of such virtual environments
include virtual environments that are used 1n simulations such
as video games and environments that provide for training
through simulations. Examples of such training environments
may include, but are not limited to, simulated operating room
environments, simulated disaster/rescue environments, and
simulated space environments. Mixed reality settings may
include any environment that 1s defined in which a real, vir-
tual or mixed reality robotic device may operate, and
examples of such mixed reality environments include, but are
not limited to, real environments where a part of the environ-
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ment 1s a virtual environment projected 1nto or onto the real
environment. The tasks may include any activities or actions
that are defined for the robotic device to complete within the
defined environment.

[0026] The robotic team 14 may include any number of
robotic devices 12. The robotic devices 12 that are part of a
robotic team collaborate to perform tasks that have been
defined for robotic devices 12 1n a particular environment.
The robotic devices 12 within a robotic team 14 may interact
with one another to complete defined tasks. The interaction
betweenrobotic devices 12 may consist of exchange of sensor
data, action plans, and/or control instructions and controlling

the overall operation of the respective other robotic devices
12.

[0027] The robotic server 20 1s a computing device that 1s
used to generate robotic devices, and more specifically, the
firmware, hardware and software (referred to as logic com-
ponents) that are associated with a robotic device 12. The
robotic server 20 1s engaged through the use of computing
stations 30 when a user wishes to initiate the process by which
a robot 1s generated, or to interact with an already generated
robotic device 12. In an exemplary embodiment, the robotic
server 20 may be accessed by multiple computing stations 30
through a communication network 31. In an alternate
embodiment, the server 20 and computing station may reside
on the same computer, and need not be separate devices. The
robotic server 20 may be a web application, cloud computer,
networked computer, personal computer, handheld computer
or may be found on a mobile device.

[0028] The robotic generator application 22 1s resident
upon the robotic server 20 1n an exemplary embodiment. The
robot generator application 22 in alternative embodiments
may be distributed across two or more devices 12. Therobotic
generator application 22 therefore may be accessed by mul-
tiple computing devices. The robotic generator application 22
1s described 1n further detail with respect to FIG. 3. The robot
generator application 22 when engaged allows for a descrip-
tion of the robotic device 12 that 1s to be generated to be
received, such that an appropriate design solution may be
created.

[0029] The robotic generation interface 24 1s used to
receive instructions from users concerning the design of a
robotic device 12 and to interact with an already created
robotic device 12. The generation interface 24 also generates
a customized 1nterface according to the specifications of the
robotic device 12, to allow the user to control the operation of
the device 12 as required.

[0030] The knowledge base module 26, 1n an exemplary
embodiment 1s a data storage or repository that stores mul-
tiple types of mnformation that are used 1n the generation of
components for the robotic devices 12. In an exemplary
embodiment, as described in FIG. 4, multiple types of knowl-
edge bases are provided for, where the knowledge bases are
accessed and used by the robotic generator application 22 to
determine the specifications of a robot and to create the
robotic device 12.

[0031] The robot fabrication module 28 receirves all of the
hardware, software, and firmware specifications for inclusion
1n the robotic device 12. When the robotic fabrication module
28 has recerved 1nstructions for the creation of a robotic
device 12, the fabrication module 28 may generate a robotic
system on chip (RSOC). The fabrication module may gener-
ate the components of the robotic device 12 such that the
robotic device may comprise any combination of an RSOC,




US 2009/0306823 Al

robot specifications, firmware downloads, firmware ROM,
soltware modules, mechanical fabrications such as through

CNC, and MEMS/NEMS {abrication. The determination as

to the components of the robotic device 12 will vary depend-
ing on the nature, use and purpose of the robotic device 12 that
1s to be created, as specified by the user 1n the robot creation
method as 1s explained below. For example, the components
of the robotic device 12 that are created by the robot fabrica-
tion module 28 may vary depending on whether the robotic
device 1s for mass marketing, or whether it 1s for a one-time
creation. The fabrication module 28 receives outputs that are
provided by the various generators and this information 1s
then used to fabricate the robotic device 12. The outputs that
are provided by the generators, 1n an exemplary embodiment,
are specifications of the components that should be generated.
The components to be generated are described 1n an exem-
plary embodiment by identifying what may be referred to as
high level component groups. High level components groups
may 1include, but are not limited to, motors, sensors, actuators,
mechanical components, software and firmware, logical and
processing components. These high level component groups
may be further subdivided into more specific components,
such as temperature, audio, visual, touch and environment
sensors. The components may include mechanical compo-
nents, processing components, and logic components. In an
exemplary embodiment, the specification 1s provided in XML
format, and may represent actual software code, or specifica-
tions. With regards to the mechanical components associated
with robotic devices, 1n an exemplary embodiment, the speci-
fication comprises a description of the mechanical compo-
nents that should be used in the assembly of the robotic device
12. The mechanical components may include, but are not
limited to, wheels, joints, gears, chassis, grippers, sensor and
actuators. The mechanical components may be described 1n
relation to any combination of the manufacturer, manufactur-
er’s instructions, device type, electrical requirements, firm-
ware 1nterfaces, size, weight and cost. The specifications are
provided in a file format such as XML 1n an exemplary
embodiment. After receiving such a specification, the physi-
cal components of the robotic device 12 may be manually
assembled, or alternatively may be assembled through auto-
mated processes.

[0032] As anexample, for a robotic device 12 that has been
provided with the task of performing a cleaning task, the
tabrication module 28 receives from the various generators,
as described below, a specification of all of the physical
(mechanical) components that are necessary to construct the
robotic device. Such a description may include the various
specifications associated with any sensors, and actuators, and
with mechanical specifications for the chassis and base asso-
ciated with the device 12. The specification may also include
clectrical and electronic components which may include, but
1s not limited to, processors, memory, wiring, storage. The
specification also 1includes software, operating system infor-
mation and descriptions of the environment. The software
includes, but 1s not limited to the respective behaviours, rou-
tines, algorithms, heuristics and any artificial intelligence
components. Therobotic device 12, once assembled, then has
the appropriate software/firmware that i1s required for its
operation downloaded to the robotic device 12. In an exem-
plary embodiment, based on specifications that have been
provided by the various generators, as described below, the
tabrication module 28 creates the software/firmware for the
robotic device 12.
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[0033] The computing devices 30 that may engage the
robotic generation server 20 may be any type of computing
device that a user may be able to provide input to, and include
but are not limited to laptop computers, slimline computers,
mainframe computers, handheld computers, video game type
console computers, cloud computers, cellular devices and any
other computing device or devices that has processing capa-
bilities and may receive 1input.

[0034] Reference 1s now made to FIG. 2, where a block

diagram 1illustrating the components of a robotic device 12 are
shown 1n an exemplary embodiment. The robotic device 12 1n
an exemplary embodiment 1s comprised of one or more sen-
sors 32, one or more actuators 34, one or more communica-
tion channels 36, at least one processor 38 and power sources
and memory storages (not shown). The robotic device 12 1s
comprised of various hardware, soitware and firmware com-
ponents (logic components) that may be stored externally,
internally or on a combination of both to the robotic device
12. The sensors 32 associated with the robotic device may
include visual sensors, audio sensors, and temperature sen-
sors or any other sensors that are used to determine charac-
teristics regarding the environment within which the robotic
device 12 operates. The sensed characteristics are then trans-
mitted to the processor 38, where they may then optionally be
transmitted to devices including the robotic controller that
allow for external control of the robotic device, or to other
robotic devices 12 that are part of a robotic team 14. The
actuators are able to perform various actions within a respec-
tive environment, and examples of such actions include,
movement within the environment, and engaging with one or
more objects within the environment. The commumnication
channels 36 allow for wired or wireless communication with
external components or devices. Communications that are
sent to, and receirved from external communication devices
allow for exchange of sensor data as well as instructions to be
received that allow for control of the device 12. The processor
38 associated with the robotic device 1s used to execute com-
mands and recerve and send 1nstructions such that the robotic
device 12 will operate 1n a specified manner.

[0035] The robotic device 12 based on the process of gen-
erating the components of the robotic device 12 1s designed
and implemented to accomplish one or more tasks within an
environment, without the requirement of any specific mstruc-
tional interaction from a user. The robotic device 12, has been
described 1n this exemplary embodiment as a physical entity,
however, 1t should be noted that 1n alternative embodiments
the robotic devices may be represented 1n virtual environ-
ments, simulated environments or mixed reality environ-
ments.

[0036] Reference 1s now made to FIG. 3, where the com-
ponents of the generator application 22 are shown 1n an exem-
plary embodiment. The generator application 22 1s used to
specily the purpose of the creation of the robotic device 12,
and then to create the robotic device without the need of any
turther low-level specification or programming by a devel-
oper. The generator application 22 will therefore allow for the
automatic generation of the various hardware, software and
firmware components that are to be associated with the
robotic device 12 based on user specifications.

[0037] In an exemplary embodiment, the generator appli-
cation 22 comprises the following components, a task speci-
fication module 40, a task generator module 42, a robot gen-
erator module 44, an interface generator module 46, and a
communication generator module 48. The various compo-
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nents associated with the generator application 22 are able to
interact with the components associated with the knowledge
module 26 as described 1n further detail below with reference
to FIG. 4 and this therefore allows the generation of the
components associated with the robotic device 12.

[0038] The task specification module 40 1s engaged by a
user through the generator application 22 which provides the
purpose and other details associated with the creation of a
robotic device 12. The user provides descriptions of the tasks
that are to be associated with a robotic device 12, as described
in further detail below. In an exemplary embodiment, the user
engages the task generator module 40 through a user interface
that may include multiple types of interaction with the user. A
task description associated with the creation of a robotic
device 12 may first be determined based on any combination
of questions and answers, multiple choice questions, pictorial
engagement where the user may manipulate graphical objects
that may be used to provide descriptions of the tasks. The user
may provide task descriptions of tasks that have been previ-
ously accomplished, or for tasks that are similar to tasks that
have previously been accomplished. The user may also
engage already designed and implemented robotic devices 12
to provide task descriptions through robotic devices 12 that
have associated vision recognition systems and other sensory
components. Other sensory components may include, but are
not limited to, auditory and touch sensors. The vision recog-
nition system may be used to specily to the robotic device 12
what areas they may traverse for example. In one exemplary
embodiment, the sensory component may be used to specily
the areas to traverse where various identified markers are
placed 1n the environment. The markers may symbolize areas
that may and may not be traversed. The respective 1dentifiers
may be detected by sensors including but not limited to
vision, GPS, RFID, audio, bumpers or shait encoder systems.
The respective environments may be represented 1n a map
form which may contain varying levels of detail.

[0039] In an exemplary embodiment, the task specification
module 40 first receives from the user, descriptions of the
tasks that the robotic device 12 will implement, along with the
skill level (this may range from a new beginner to an experi-
enced user) associated with the user. Based on the specifica-
tion of a skill level, any exchange of communication between
the user and the respective interface 1s adjusted for the appro-
priate level. In an exemplary embodiment, the functionality
that 1s provided to the user may vary depending on the skaill-
level and associated privileges given to a user. In certain
embodiments, advanced users may be provided with the abil-
ity to specily a higher level of detail that 1s used for the
generation of a robotic device 12. Upon receiving a descrip-
tion of the task specification, the task specification module 40
as detailed below, creates a specification of the tasks that are
to be performed by the robotic device 12 and any information
related to constraints associated with the environment in
which the robotic device 12 operates. The constraints and
tasks that have been specified are then used by the task gen-
crator module 42 to generate the appropriate hardware/soit-
ware specifications that are to be used by the robotic device
12. In an exemplary embodiment, task specification details
may be constructed using an expert system that employs a
series ol questions and choices to narrow the specification
from a generalized range of possibilities to one or more
focused and specific tasks. Also, learning algorithms may be
used, where the previous actions are examined to help deter-
mine future actions. Further, cased-base reasoming algo-
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rithms may also be used. The task generator module 42
receives various inputs i order to generate the hardware/
soltware specifications and this 1s described 1n further detail
below. The task generator module 42 receives a high level
specification of a task that has been provided by the user. IT a
similar or identical task has previously been implemented, the
task generator module 42 retrieves the specifications from the
appropriate knowledge database. The user may provide input
to further clarity or specily a pre-existing task specification. A
new task may also be composed of several pre-existing tasks.
The task generator 1n an exemplary embodiment, as 1s further
described with regards to FIG. §, receives as 1mput the tasks
that have been specified for a particular robotic device, infor-
mation pertaining to the environment within which 1t wall
operate, and processing requirements. Information regarding
the environment within which a robotic device 12 operates
includes, but 1s not limited to, information pertaining to the
dimensions of the area, obstacles, and environmental condi-
tions. Physical capabilities and costs may also be provided as
aspects of the task specification. The processing requirement
determinations are made once a determination 1s made as to
the tasks that a robotic device 12 1s to implement based on the
computation requirements that are associated with 1mple-
mentations of such tasks. The respective knowledge database
that the generator module 42 interacts with stores data per-
taining to the processing requirements that are associated
with various tasks. For example, the knowledge database 62
will specily for any particular task the type of processor
required (1.e. a micro-controller, or a larger processor such as
a desktop processor are two such examples). The task gen-
erator module 44, first recerves the specification of the tasks,
and then develops a task list. The development of the task list
1s based on interaction with the task generator knowledge
database 62 as 1s described with reference to FIG. 7. Based on
the interaction with the task generator knowledge database 62
as 1s explained 1n further detail below, a task list 1s specified
where the tasks that arobotic device 12 executes are specified.
Also, the task generator module 42 develops based on inter-
action with the knowledge generator 62 various control sys-
tem functionalities. Control system functionalities are used to
refer to control of the robotic devices 12 lower level function-
ality which may relate to movement capabilities for example.
One example of determining the constraints associated with a
robotic device 12 1s to take the example of a robotic device
that has to perform multiple similar movements on a repeated
basis. Such a robot requires a high degree of stability and
repeatability 1n its movements, as future movements may not
be possible 1f prior movements fail. These constraints would
narrow the robot device selection by removing experimental
robots from the range of possibilities. Should the movement
include moving through hallways repeated, such as 1n a sur-
veillance robot, wheeled robots may be chosen instead of the
less stable humanoids. The respective knowledge database
and generator module determine the appropriate algorithms
that are to be implemented by the robotic device 12 to imple-
ment the tasks from the tasks list. These algorithms may
include, but are not limited to, localization algorithms, path
planning algorithms, computer vision algorithms, pattern
recognition algorithms, learning algorithms, behaviour pat-
terns, heuristics, and case-based reasoning. The various hard-
ware/software/and firmware specifications are referred to as
logic components.

[0040] The operation of the task specification module 42 1s
further described with respect to the operation of the task
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specification method 150 as shown 1n FIG. 6 and the interac-
tion between the task generator module and the task generator
knowledge database 62 1s described in further detail with
respect to FIG. 7.

[0041] The robot generator module 44, receives input from
the task specification module 42. Based on the various imnputs
that are provided to the robot generator module 44, the mod-
ule 44 makes various determinations as to the requirements
that are to be associated with the robotic device 12. Such
determinations include determining the robotic base which
refers generally to the base of the device 12. For example, if
the robotic device 12 1s to perform actions on water, then a
robotic device that 1s implemented on a platform such as a
boat 1s used, also 1f the robotic device 12 1s to perform tasks
that require the robotic device 12 to be 1n the air, then the base
will be built upon on an airplane based platform. Other deter-
minations include the determination as to the processing
requirements and other robotic components that make up the
robotic device 12 (may include, but 1s not limited to, robotic
arms, robotic joints, other mechanical components, and
potential coverings for the robotic device). The robot genera-
tor module 44 determines these requirements based on inter-
action with the robotic generator knowledge base 64 The task
specification from the user is refined until the robot genera-
tor’s range of possibilities either contains a single matching,
response (no other options remain), or a response set has been

retrieved from the knowledge base that includes an accept-
able solution. Once a solution 1s available, the robot can either
be generated, or if further specifications are given by the user,
the robot can be turther refined until the solution 1s acceptable
or the only possible one. If no solutions exist, the specifica-
tions cannot be met. As an example, sensors may be selected
based on the task specifications. If, for example, the robotic
device 12 1s required to monitor the air quality of the envi-
ronment, then sensors such as gas and CO2 will be added to
the physical makeup of the robotic device 12. If a maximum
cost 1s specified, components that meet the specified cost will
be selected whereas 11 reliability 1s specified, highly reliable
components will be selected instead. The interface generator
module 46 generates an appropriate interface that allows a
user to interact with a robotic device 12. Specifically, the
interface generator 46 receives information regarding the
type of interface (1.e. wired or wireless) which determines
characteristics of the interface (e.g., maximum bandwidth,
reliability), and a description of the type of computing device
that the robotic device 12 will communicate with (1.e. a PDA,
desktop Computer) The type of computer device determines
the screen sizes, computing power, and storage characteris-
tics of the interface. The method by which the interface gen-
crator module 46 determines the interface components 1s
described 1n further detail with regards to the interaction
between the appropriate knowledge base and the interface
generator module 46.

[0042] The communication generator module 48 1s used to
generate the various communication tools that are used by the
robotic devices 12. The communication generator module 48
determines the method employed by various devices 12 to
communicate. The determinations in an exemplary embodi-
ment iclude the specification of which protocol 1s used to
communicate, and this may include, protocols including, but
not limited to, UPD, RF, Morse Code, vision-based commu-
nication, and natural language communication. The commu-
nication generator module 48 interacts with the communica-
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tion knowledge base 68 to determine the appropnate
communication tools that are to be used by the robotic device

12.

[0043] Retference 1s now made to FIG. 4, where the com-
ponents of the knowledge base module 26 are shown 1n an
exemplary embodiment. For purposes of description the
knowledge databases have been described as separate knowl-
edge databases. In an exemplary embodiment, the knowledge
base module 26 comprises a task specification knowledge
database 60, a task generator knowledge database 62, a robot
generator knowledge database 64, an interface generator
knowledge database 66, and a communications generator
knowledge database 68. The respective knowledge databases
that are described 1 exemplary embodiments herein are
described with respect to information that they contain
therein that 1s used to generate one or more components of the
robotic device 12.

[0044] The task specification knowledge database 60 1s
used by the task specification module 20 when interacting
with the user who describes the tasks and provides informa-
tion regarding the environment within which the robotic
device 12 operates. In an exemplary embodiment, the task
specification knowledge database 60 stores information
regarding multiple user interfaces, and other information
associated with a user specilying tasks for a robotic device
that 1s to be generated. The user interfaces are used to receive
the required specifications from the user. The user interfaces
that are presented to the user may vary depending on a current
state of the interaction, The knowledge database 60 may be
used to employ various types of interfaces, including, but not
limited to, question and answer forms, decision trees, graphi-
cal editors, forms with selectable lists of options, user navi-
gational elements including next or back buttons, forms with
default options enabled, and mandatory user input fields. The
interface that i1s presented to the user may be based on the
level of skall associated with the user and includes meta model
information that helps determine the user interface. Meta
models are used to encapsulate knowledge about various user
types and their preferences 1n interacting with a computer or
robotic systems. For example, the meta model may indicate
that advanced users prefer textual input (e.g. programming)
over graphical representations (e.g., visual programming).
Meta models also allow the user to control the level of detail
presented to them. For example, an administrator may choose
to examine the code 1n great detail, optimising and fine-tuning
it, while an end user may choose to simply use large amounts
of system generated code. The administrator may administer
the intertaces to allow for greater functionality where the user
1s presented with more options related to the potential tasks
that a robotic device may accomplish. Also, the respective
task specification knowledge database stores user interfaces
that are associated with a specific robotic device 12 and its
specifications.

[0045] The task generator knowledge database 62 stores
information related to task considerations, task specific infor-
mation, domain information, and historical information. The
task generator knowledge database 62 stores the require-
ments associated with previous robotic systems. For example,
for a robotic system 12 that was previously built, the database
62 will store information pertaining to the processing require-
ments for a particular task, the hardware and software
requirements, and any other such information. The robot gen-
erator knowledge database 64 stores information that allows
the robot generator module 44 to perform its respective tasks.
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In an exemplary embodiment, the robot generator knowledge
database 64 stores information pertaining to material consid-
erations associated with the design of a robotic device 12 (1.e.
welght and cost considerations), information regarding pre-
vious designs, environmental considerations (information
pertaining to how specific robotic components may be
alfected by the environment, processing capabilities, and
information regarding available components for any robotic
devices, 1including the actuator and sensor components that
may be used 1n any design.

[0046] The interface generator knowledge database 66
stores information pertaining to considerations that are asso-
ciated with the choice of an interface, for example including
information pertaining to interface designs for previously
generated robotic devices 12. Specifically, the interface gen-
crator knowledge database 66 stores information pertaining
to system considerations related to the interface, including the
platform on which 1t resides, the capabilities associated with
the associated robotic device 12 and 1ts components, physical
connections between robotic device components and other
information related to how the robotic device 12 may be
alfected by environmental conditions. With regards to system
considerations, the interface generator knowledge database
66 stores information pertaining to the hardware and software
associated with a particular interface. The hardware associ-
ated with a particular interface may include considerations
related to the display type and information regarding compo-
nents associated with the interface, including audio compo-
nents, input components, and video components. With
regards to software, the mterface generator knowledge data-
base 66 stores information pertaining to any GUI libraries and
controls that were used 1n previous interface designs and that
may be used 1n subsequent interface designs.

[0047] The communications generator knowledge data-
base 68 stores information pertaining to how the robotic
device 12 may communicate, and includes information per-
taining to the communication devices and the associated
specifications of previously designed robotic devices. The
communications generator knowledge database 68, in an
exemplary embodiment, stores mformation relating to the
requirements and capabilities for communication that may be
associated with specific tasks, and information relating to
hardware and software considerations for various communi-
cation devices 12.

[0048] All of the knowledge bases that have been described
herein have been described for purposes of example, as a
knowledge base may be implemented for a specific function
related to generating a component of a robotic device 12. The
knowledge database will generally store information pertain-
ing to various components and design information that 1t may
use to implementing a task that has been specified in the task
specification. Various information 1s stored 1n the knowledge
databases specifically related to whether specific components
are suitable for a specific task, including information pertain-
ing to whether there are any specific requirements (including
pre and post considerations that must be satisfied before use
of any component). Component imnformation may include
details regarding the general suitability of components for
certain devices. For example, propellers are generally suited
for water-based devices. Other imnformation regarding the
components may iclude specific suitability details (1.e. sonar
sensors with a 0.8 m range are suitable for robotic devices not
larger than 1 mx1 mx1 m), past uses, or inferred future uses
based on defined suitability and past usage. General descrip-
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tions of particular devices also allow any suitable device to be
selected by a user or the generator from a selection of devices.
For example, a task specification may only indicate that a
light-sensor device 1s required, allowing the generator or
program to choose any device that 1s described as a light
sensor 1n the system to implement this role (i.e. the cheapest
light sensor available could be chosen). The number of gen-
erators that are associated with the creation of a robotic device
12 may vary and the method by which the generators are
accessed 1s described 1n further detail below. The respective
knowledge databases may be updated by an administrator
who, for example may add a specification of a particular
sensor and the function 1t performs to the robot generator
knowledge database 64, and through creation of other robotic
devices 12, where the specifications regarding the task and the

components associated with that robotic device 12 are then
stored 1n the respective databases.

[0049] Relerence 1s now made to FIG. 5, where a flowchart
illustrating the steps of a robot creation method 100 1s shown.
Therobot creation method 100 provides a high level overview
of the process undertaken to create a robot. Method 100
begins at step 102, where the user 1s asked to provide a
description of the tasks and constraints associated with the
environment, that the robotic device 12 is to operate 1n. Step
102 1s turther described with respect to FIG. 6, and the task
specification method 150. At step 104, based on the descrip-
tion of the tasks provided by the users, a task list 1s generated
by the task generation module. Upon the task lists being
generated, method 100 proceeds to step 106, where the vari-
ous components that will make up part of the robotic device
12 are determined. At step 106, the various components,
including the hardware and software components that are
included 1n the robotic device are defined based on the task
list that has been specified. Method 100 then proceeds to step
108, where a control interface 1s defined. The control inter-
face 1s defined by the interface generator module through
engaging with the interface generator knowledge database
66. The control interface allows for the user to interact with
the robotic device 12 by providing further instructions to the
robotic device 12, and by recerving updates as to the status of
the robotic device 12 and 1ts interactions within the specific
environment. Method 100 then proceeds to step 110, where
the communication components that allow for the robotic
device 12 to communicate with other external devices or other
robotic devices 12 or objects within an environment are
defined. The communication components may allow for elec-
tronic data mterchange with other devices and components
associated with other robotic devices 12, or may be such that
they provide for voice communication abilities for when the
robotic device 12 interacts with humans within an environ-
ment. Method 100 then proceeds to step 112, where the
robotic device 12 1s fabricated or constructed. In an exem-
plary embodiment, a RSOC may be created at the fabrication
steps, where the RSOC 1n an exemplary embodiment may
contain all processing and computation functionalities, high
level functionalities (sensor/actuator) and the connections for
input/output capabilities. The RSOC may be created by
FPGA programming where a FPGA compiler 1s used to pro-
duce the embedded chip. As discussed above with respect to
the fabrication module 28, the robotic device 12 may be
constructed based on a combination of manual and mechani-
cal fabrication. For example, CNC fabrication may used to
tabricate the metal components associated with the device 12.
Method 100 has been described with respect to each module
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of the generator application 22 being engaged to provide one
or more components associated with the robotic device. It
should be noted that the robot creation method 100 operates,
in an exemplary embodiment, by first determining whether
any specific components require generation and when certain
components require generation, then the appropriate modules
are engaged. Also, construction of a robotic device may com-
prise physical or virtual components, and a RSOC may exist
in a stmulated or virtual manner.

[0050] Reference 1s now made to FIG. 6, where the pro-
cessing step 102 as shown 1n FIG. 5, and described above, 1s
described 1n further detail with respect to a specification
method 150. The task specification method 150 1s used to
generate a set of specifications for the tasks that a robotic
device 12 1s to perform. Method 150 begins at step 152, where
the user provides descriptions of the environment within
which the robotic device 12 will operate. The user may pro-
vide various details regarding the environment. For example,
if the user has specified their backyard (for which co-ordi-
nates have been provided or are available through the knowl-
edge base), the user provides landmark or constraint infor-
mation associated with the environment and for example may
specily landmarks such as pools, and flower beds. Based on
the landmarks that have been defined, constraints may be
specified, which would 1include instructions to avoid. Specifi-
cally, in an exemplary embodiment, at step 152, the user may
provide information regarding the navigational constraints
that may be present in the particular environment, and a
description of other objects that may be present 1n the envi-
ronment (for example, landmarks). Further, the user may
provide a map ol the environment within which the robotic
device will operate. A map may be provided through one or
more various methods, including a sketching program, or
drawing program or uploading a map that 1s recognizable to
the system 10. A further description of the provision of maps
1s provided with reference to FIG. 8. Maps may also be
created dynamically using sensor provided data or by access-
ing existing data systems containing pertinent information
eg: Google Maps, efc.

[0051] Method 150 then proceeds to step 154, where a
check 1s performed to determine whether the user has pro-
vided a sufficient description of the environment. Such a
determination 1s made first by analyzing the task description
to determine which type of constraint information would be
required with regards to the environment, and then checking
whether such constraint information has been provided. For
example, 11 a task description has been provided where the
robotic device 12 1s to move 1n the backyard, but should avoid
flowerbeds, then a check 1s performed to determine whether
information regarding the tlowerbeds has been provided. If 1t
1s determined at step 154, that a suificient description has not
been provided, method 150 returns to step 152, where the user
1s requested to provide further details regarding the environ-
ment. IT at step 154, 1t 1s determined that the user has provided
suificient information regarding the environment, method
150 then proceeds to step 156. Based on a task that has been
specified by the user, more detailed specific information 1s
requested from the user regarding the task. For example,
where the user has specified that a robotic device 1s to cut
grass, then further mformation regarding time, speed, date,
length, obstacles, area and terrain must be provided. If certain
information 1s not provided or 1s inconsistent then method
150 returns to step 152, with specific questions or directions
to the user for more or revised specifications.
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[0052] Atstep 156, the user provides information regarding
the task description that the robotic device 12 1s to carry out.
As mentioned above, the user may provide information
through more than one method, including through answers in
response to multiple-choice questions, or selecting from one
or more tasks already defined. The input which the user pro-
vides 1n response to the prompts that are shown are used to
form a general task specification of the various tasks/goals
that the robotic device 12 1s to carry out. Method 150, then
proceeds to step 158. At step 158, a check 1s performed to
determine whether the description that has been provided of
the task 1s suificient, which may include determination as to
whether the appropriate location or duration information,
where applicable, has been provided. If 1t 1s determined at
step 158 that a sulficient description has not been provided,
method 150 returns to step 156, and the user 1s queried for
turther information regarding the task description. If at step
158 it 1s determined that suilicient information has been pro-
vided regarding task descriptions, method 150 proceeds to
step 160.

[0053] Atstep 160, the user provides information regarding
constraints that are associated with the robotic device. In an
exemplary embodiment, examples of such constraints may
include constraints associated with the timing and scheduling
of particular tasks. For example, the user may specily a maxi-
mum time limit associated with a task, or a particular time at
which a task must be carried out. Method 150 then proceeds
to step 162, where a check 1s performed to determine whether
suificient information has been provided regarding the vari-
ous system constraints. If at step 164 it 1s determined that
suificient information has been provided, method 150 pro-
ceeds to step 166. 11 it 1s determined at step 164 that a suili-
cient specification of the system constraints has not been
provided, method 150 returns to step 164, where the user 1s
asked to provide more information regarding the system con-
straints.

[0054] At step 166 the user 1s asked to provide information
regarding the fabrication method of the robotic device 12. The
user provides information pertaining to how the device 12
should be fabricated, where applicable. For example, the user
may select between various options including, but not limited
to, determining whether the fabrication should be done auto-
matically by a CNC machine or should the specifications be
provided to a manufacturer who will manufacture the appro-
priate components. At step 168 a check 1s performed to deter-
mine whether suificient information has been provided. If 1t 1s
determined at step 168 that suilicient information has not
been provided, method 150 returns to step 166, and the user 1s
asked to provide further information regarding the fabrication
of the robotic device 12.

[0055] At the conclusion of method 150, the system 10 has
received from the user a general task description that can then
be used to design and develop the robot as 1s described below.
Upon recerving a task description, the system 10 then pro-
ceeds as described above to generate a task list that may be
implemented by the robotic device 12. As mentioned above,
the various tasks specifications are determined based on inter-
action with the task specification knowledge database 60, and
a description 1s provided herein of the interaction with the
respective knowledge databases.

[0056] Reference 1s now made to FIG. 7, where the steps of
a task generation method 200 are shown in an exemplary
embodiment. The task generation method 200 1s carried out
where the task description has been received from the user as
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shown with reference to FIG. 5, step 102. Method 200 further
claborate on the processing that 1s undertaken at step 104 as

described with respect to FIG. 5.

[0057] The task generator module 40 1n an exemplary
embodiment defines the goals or tasks that are to be 1mple-
mented based on the task specifications that have been pro-
vided, and may rank them based on their importance, defines
mimmum requirements associated with the robotic device
and determines the processing requirements associated with
the robotic device. The task generator module 40 interacts
with the task generator knowledge database 62 to define the
task list. The task generator knowledge database 62 as men-
tioned above, stores information regarding task lists that have
been used for other robotic devices, and hardware and soft-
ware requirements associated with specific tasks. The task
generator module 40, based on the task specification pro-
vided, analyzes the task specification, and 1f this task 1s
known to the knowledge database, the task generator will
return the associated processing requirements that are asso-
clated with completion of this particular task. If the task
specification that has been provided does not match a task that
has been previously implemented, the task generator returns
to the user a list of possible tasks that are simailar to the task
specification that may then be modified to implement the
desired. Similarly, the various other modules that access the

respective knowledge databases do so 1n manner similar to
what has been described here.

[0058] Method 200 1s a recursive function that begins at
step 202, where the method receives as mput a list of goals
based on the task specification that has been provided, and a
template that 1s to be used to specily the requirements asso-
ciated with each goal. Method 200 then proceeds to step 204
to determine, whether the list of goals that have been provided
do 1n fact contain one or more goals. If the list of goals/tasks
1s empty this means that the no goals remain for which a task
must be specified. If at step 204 1t 1s determined that there are
no tasks/goals that have been 1nput, method 200 proceeds to
step 206, and the template that has been determined 1s
returned to the generator module 40. I at step 204, 1t 1t 15
determined that the task list or goal list 1s not empty, method
200 proceeds to step 208. At step 208, a check 1s performed to
determine whether the computational resources are
exhausted. When the computational resources associated
with method 200 have been exhausted this indicates that a
task list for the provided for task specifications will never be
generated. Situations, where the computational resources
have been exhausted, include but are not limited to, where the
associated task generator knowledge database 62 1s empty,
which would indicate that a task list cannot be generated, and
also where there 1s a shortage of memory for storage. When 1t
1s determined that the computational resources have been
exhausted, method 200 proceeds to step 210, where a failure
message 1s generated indicating that a task list for the particu-
lar task specifications will not be generated. It at step 208 1t 1s
determined that the computational resources have not been
exhausted, method 200 proceeds to step 212. At step 212, the
list of goals or tasks are sorted by the order of importance of
cach goal. The importance of each goal may be determined,
where the user has specified a priority associated with a
specification of each task they have provided. As an example,
where the user 1s specilying the task descriptions associated
with a robotic device 12, that 1s to operate within the home
environment, some task descriptions may be given higher
priority than others. Method 200 then proceeds to step 214,
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where for each goal or task, the knowledge database 1s
searched to determine whether there 1s any knowledge per-
taining to this particular task specification, and 1f there 1s that
particular knowledge or information is stored 1n the template.
This process 1s undertaken for each goal. At the conclusion of
method 200, a template 1s returned, where for each task speci-
fication that was provided as input information is returned
that 1s used as input to the next generator, and 1n this case, a
task list 1s generated.

[0059] The respective other modules, including the robot
generator module, and the interface generator module carry
out methods similar to method 200, wherein their respective
knowledge databases are accessed through provision of a set
of goals that are provided as input for which the knowledge
databases are searched. The goals relate to input for which the
knowledge databases contain information that 1s used to gen-
erate the specifications and components for the robotic device

12. The information that is returned 1s then used 1n generating,
the robotic device 12.

[0060] Reference 1s now made to FIG. 8, where a flowchart
illustrating the steps of an environment specification method
250 1s shown 1n an exemplary embodiment. The environment
specification method 250 describes 1n further detail the steps
that are undertaken 1n method 150, primarily at steps 152 and
156. The environment specification method describes how
the user may specily an environment and how the user may
associate certain tasks with the areas or routes in the environ-
ment. The environment specification method 250 described
herein, describes one example of how an environment may be
specified.

[0061] The environment specification method 250 1is
described with reference to FIG. 9 to 13, which provide
sample screen shots that are used to better 1llustrate the func-
tionality that 1s described 1n the respective method steps.

[0062] Method 250 begins at step 252, where the user may
first specily the type of robotic device 12 that 1s to be used 1n
the environment. The robotic device 12 selected at step 252
may be a mobile robotic device or a stationary robotic device.
Method 250 then proceeds to step 254, where the user speci-
fies whether the environment 1s an outdoor or indoor environ-
ment. Method 250 then proceeds to step 256 where the user
specifies whether the environment 1s a real environment, a
virtual environment or a mixed reality environment. Method
250 then proceeds to step 238, where the user specifies
whether the device 1s to navigate the environment under their
own control, or whether the device i1s to be controlled by
external controls such as user commands nputted through a
joystick. In an exemplary embodiment, the navigation
method may be based on the provision of specific points
within an environment, or through allowing the robotic
device 12 to navigate the environment in a wander mode,
where the device 12 explores the environment without fol-
lowing a predefined path. Method 250 then proceeds to step
260, where the user provides a map of the environment that
the robotic device 12 1s to operate 1in. Reference 1s made to
FIG. 9, where a sample map editor window 300 1s shown 1n
one embodiment. The map editor window 300 as described
herein allows the user to specity the layout of an environment,
various points within the environment, and tasks that are to
completed within the environment. The map that 1s provided
by the user at step 260 may be created by the user through
providing the respective dimensions 1n a map specification
window 302. The user may specily the dimensions of the
environment in the map specification window through utili-
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zation ol various tools that are provided in the tools menu 304.
The user may also select the robotic device 12 for which the
respective environment 1s being specified through use of the
device selector window 306. The map editor window 300 of
FIG. 9 1s shown as one example of the method by which
environments may be specified. Alternatively, the user may
upload maps that are either two or three-dimensional. The
geographic areas that are covered by these respective maps

are not limited to room size dimensions, and may represent
maps of any dimensions.

[0063] Method 250 now proceeds to step 262, where the
user may select an area upon the map to specily a particular
waypoint or point of interest. A point of interest may be a
starting point, stopping point, or point of transition. Refer-
ence 1s made to FIG. 10, where the map editor window 300 1s
shown where the user has selected a point of interest 310.
Upon specitying the point of interest 310, method 250 pro-
ceeds to step 264. At step 264, the user may specity adirection
of travel or route that the robotic device 12 1s to take from the
point of interest 310. The route 1s specified 1n an exemplary
embodiment, however, it should be noted that the robotic
device 12 may also be required to determine a route between
certain points that have been specified. Reference 1s now
made to FIG. 11, where the map editor window 300 1s shown,
where the user has specified a route 312 from the point of
interest 310 that the robotic device 12 should follow. Refer-
ence 1s now made to FIG. 12, where a point of interest 310 1s
shown with two stopping points 314. The stopping points 314
are where a robotic device 12 may perform a task or may
change their direction of travel. Method 250 then proceeds to
step 266, where the user may specily tasks that are to be
undertaken at the points of interest 310, the stopping points
314 or along the route 312. Reference 1s made to FIG. 13,
where the map editor window 300 1s shown with a task selec-
tor window 316. The task selector window 316 1s used to
select one or more tasks that are to be completed by the
robotic device 12. Once the user has completed specifying the
various points of travel for the robotic device 12 within the
respective environment and when the tasks to be completed at
the respective locations are specified, method 250 proceeds to
step 268. At step 268, the respective maps and tasks are
transmitted to the robotic device 12. The respective informa-
tion, 1 an exemplary embodiment 1s transmitted to the
robotic device through UDP. Also, predefined tasks may also
be transmitted to the robotic device where the device 1s to
carry out certain tasks.

[0064] As discussed above, the user when specifying tasks
may be presented with various options to fully detail the
functionality associated with the task that 1s being specified.
Retference 1s now made to FIGS. 14A and 14B where asample
set of screen shots that are used when specifying a task are
shown. Reference 1s now made to FIG. 14A and FIG. 14B,
where a task specification window 350 1s shown i1n one
embodiment. The task specification window 350 will vary
depending on the tasks that are being specified. The task
specification window 350 shown in FIGS. 14A and 14B 1s
used to specily a task that 1s to be completed for a robotic
device 12, where the tasks are selected from predefined tasks
that are associated with the system. FIGS. 14A and 14B show
that the user has chosen a task by first spec1fy1ng a location
352. As will be understood by one of skill in the art the
categories that are provided with reference to FIGS. 14A and
14B are provided for purposes of example, and different types
of categories may be used when speciiying tasks, and the
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users may be presented with multiple options within a cat-
egory. The location field 352 allows a user to specily whether
the task 1s to be completed indoors or outdoors. The user 1s
then asked to select the type of activity that 1s to be performed
from the activity field 354. The activity field 354 allows a user
to select from the type of activity that is to be performed. In
this example, the user has selected “cleaming” as the type of
activity that 1s to be performed by the robotic device 12. Upon
selection of the type of activity, the user selects from a method
field 356 with regards to the type of cleaning activity. In this
example, the user has chosen to vacuum. The user then speci-
fies the type of vacuuming that is to take place, by indicating
a strength 1n the strength field 358. The categories that are
shown to the user along with the options within each category
depend on the previous selections made by the user and the
options that have been specified in each category.

[0065] As described above, robotic devices 12 may also
operate as part of a robotic team 14. A robotic team refers to
two or more robotic devices that exist together in the same
environment. The team of robotic devices 14 may exist 1n a
physical environment, virtual environment or in a mixed envi-
ronment. Within the environment, one or more of the team
members may be used to control the respective other devices
12. Within the robotic team, the robotic devices 12 that may
control the other devices 12 are referred to as controlling
robotic devices. The controlling robotic devices may be a
robotic server or have access to a robotic server. The control-
ling device monitors the respective actions, and requirements
within an environment and may communicate with the
robotic server when new components are required for the
other robotic devices that are being controlled. For example,
where a new task 1s to be performed by the controlled devices
within an environment, new components may be required for
this task completion, including updates as to the new task
specification. The controlling device may interact then with
the robotic server and specily the new task information, and
the robotic server would proceed to determine the various
components and subsequent modifications that may be nec-
essary for each of the respective controlled robotic devices.
The controlling robotic devices may also make requests to the
robotic server for new components for itself as well.

[0066] While the above description provides examples of
the embodiments, 1t will be appreciated that some features
and/or tunctions of the described embodiments are suscep-
tible to modification without departing from the spirit and
principles of operation of the described embodiments.
Accordingly, what has been described above has been
intended to be 1illustrative of the invention and non-limiting
and 1t will be understood by persons skilled 1n the art that
other variants and modifications may be made without depart-
ing from the scope of the invention as defined 1n the claims
hereto appended.

1. A method for the automated generation of a robotic
device 1n whole or 1n part, comprising the steps of:

a) eliciting and receiving user input to determine a task
specification for one or more tasks for the robotic device;

b) determining a task list comprising one or more tasks
based on the provided task specification;

¢) determining based on the task list provided, one or more
movement components, one or more processing compo-
nents, and logic components required to execute one or
more tasks; and
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d) generating the logic components required to execute one
or more tasks, and embedding the logic components
onto a recordable medium associated with the robotic
device.

2. The method of claim 1, further comprising the step of
determining specifications for the one or more mechanical
components, the one or more processing components, and the
one or more logic components for use in generation of the
robotic device.

3. The method of claim 2, wherein a physical robotic device
1s constructed by assembling the one or more mechanical
components 1n combination with the processing components
and the recordable medium.

4. The method of claim 3, wherein a plurality of physical
robotic devices are created and operate 1n a robotic team
environment.

5. The method of claim 2, wherein a virtual robotic device
1s constructed by creating virtual representations of the one or
more mechanical components that are combined with the one
or more processing requirements and the logic components.

6. The method of claim 5, wherein a plurality of virtual
robotic devices are created and operate in a robotic team
environment.

7. The method of claim 1, further comprising the step of
cliciting and receiwving user input regarding environmental
specifications regarding the environment that the robotic
device 1s to operate 1n.

8. The method of claim 1, wherein a robotic device 1s
constructed with physical and virtual components that repre-
sent the one or more mechanical components that are com-
bined with the one or more processing requirements and the
logic components.

9. The method of claim 8, wherein a plurality of robotic
devices with mixed physical and virtual components are cre-
ated and operate 1n a robotic team environment.

10. The method of claim 1, wherein the method 1s under-
taken at a robotic server.

11. The method of claim 10, wherein a robotic device 1s a
robotic server.

12. A method of creating a robotic device, wherein an
environment for the robotic device to operate 1n 1s specified,
the method comprises

a) inputting a map that defines the area of the environment;

b) inputting a starting point indicating a position within the
area that the robotic device 1s to start operating from;

¢) mputting one or more stopping points along a route
emanating from the starting point that the robotic device
1s to follow:; and

d) mputting one or more tasks to be completed by the
robotic device at the starting points, stopping points or
along the route.

13. The method of claim 12, wherein the map may be a

pre-existing map that 1s uploaded.

14. The method of claim 12, wherein the map may be
created to define the area of the environment.
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15. The method of claim 12, wherein the specified envi-
ronment 1s transmitted to the robotic device.

16. The method of claim 12, wherein the robotic device
may be aphysical robotic device or a virtual robotic device, or
a robotic device with mixed physical and virtual components.

17. A method of specilying one or more tasks for a robotic
device to complete, the method comprising;

a) specilying whether the robotic device i1s a physical

robotic device or a virtual robotic device, or a robotic
device with mixed physical and virtual components;

b) specitying a location for the robotic device to operate 1n;

¢) specilying an activity for the robotic device to undertake;
and

d) providing detailed information regarding the activity
that the robotic device 1s to undertake.

18. The method of claim 17, wherein the location may be
an 1ndoor or outdoor location, or an indoor and outdoor loca-
tion.

19. The method of claim 17, wherein the activity may be
selected from one or more activities that the robotic device
has previously undertaken.

20. The method of claim 17, wherein the activity may be an
activity that has not been previously undertaken by the
robotic device.

21. The method of claim 17, wherein a robotic device 1s
generated to accomplish the one or more tasks.

22. The method of claim 17, wherein the robotic device
may be a physical robotic device or a virtual robotic device or
a virtual robotic device with mixed physical and virtual com-
ponents.

23. The method of claim 22, wherein the robotic device
may operate 1 a physical environment, virtual environment
or a mixed virtual and physical environment.

24. A method of completing one or more tasks by a plural-
ity of robotic devices operating in a team environment, the
method comprising:

a) selecting one or more of the plurality of the robotic

devices to be a controlling robotic devices;

b) determining at the controlling robotic device whether
new robotic specifications are required for one or more
of the plurality of robotic devices;

¢) transmitting requests for new robotic specifications from
the controlling robotic device to a robotic server; and

d) recerving the new robotic specifications at the one or
more of the plurality of robotic devices.

25. The method of claim 24, wherein one or more of the

plurality of robotic devices may be physical robotic devices.

26. The method of claim 25, wherein one or more of the
plurality of robotic devices may be virtual robotic devices.

27. The method of claim 25, wherein the plurality of
robotic devices may be a mixture of virtual and physical
robotic devices.

28. The method of claim 24, wherein the controlling
robotic device 1s the robotic server.
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