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t computer, and second program code stored on the comput-
MISSION PLANNING NETWORK PLANNING er. The graphical user interface is executed by a computer
102~ SYSTEM ENVIRONMENT in the number of computers. The computer is configured to
100 run the first program code to define amission using anum-
MISSION ber of mission elements. The computer is configured to run
the second program code to generate instructions for a
106 number of assets to execute the mission and monitor the
number of assets during execution of the mission.
101
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| NUMBER OF TASKS [~-110
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REAL TI ME M SSI ON PLANNI NG

BACKGROUND | NFORVATI ON

The present disclosure relates generally to mssions and,
in particular, to a nethod and system for mssion planning.
Still nore particularly, the present disclosure provides a
met hod and system for defining, executing, and nodifying a
mssion in real-tine.

M ssion planning involves various resources and tasks that
cone together to form a m ssion. Different resources may be
depl oyed for different tasks that nake up a mssion, for
exanpl e. Conpl ex m ssions mnust be manually scripted to manage
multiple resources and nmultiple tasks for a single mssion, and
cannot be changed during execution of the m ssion.

M ssions are typically scripted manually and conpleted
offline before the mssions are run by a conputer system Many
of these current systens are specific to a single mssion type,
such as an area search m ssion for exanple. The existing
solutions are not practical for dynamic applications where
m ssions need to be created and nodified on the fly. Once
execution of the mssion begins, the mssion cannot be nodified
during execution.

Therefore, it would be advantageous to have a nethod and
apparatus that addresses one or nore of the issues discussed

above .

SUMVARY
The different advantageous enbodinments provide a system
conprising a nunber of computers, a graphical user interface,
first program code stored on the conputer, and second program
code stored on the conputer. The graphical wuser interface is
executed by a conputer in the nunber of conputers . The conputer
is configured to run the first program code to define a m ssion

using a nunber of mssion elenents. The conputer is configured
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to run the second program code to generat

nunber of assets to execute the m ssion and nonitor

PCT/US2011/032459

e instructions

of assets during execution of the m ssion.

for a

The different advantageous enbodinents further provide a

met hod for mssion planning. A conput er

recei ves a user

definition of a mssion. A mssion script is generated

the user definition and a nunber of m ssi

nunber of mssion elenents is assigned to a nunber

usi ng

on el enents. The

of assets.

Execution of the nunber of mssion elenents by the nunber of

assets is controlled. The nunber of assets executing

mssion is nonitored.

t he

t he nunber

The different advantageous enbodinents further provide

conputer program product for mssion planning conprising a

computer recordable storage nedium and program code stored on

the conmputer recordable storage nedium

receives a user definition of a m ssion,

The program code

generates a m ssion

script using the user definition and a nunber of m ssion

el ements, assigns the nunber of m ssion

el enent s

assets, generates instructions for the nunber of assets

execute the mssion using the nunber of mssion elenents,

nmonitors the nunber of assets executing

the m ssion.

to a nunber

to

and

The features, functions, and advantages can be achieved

i ndependently in various enbodi nents of

or may be conbined in yet other enbodinents

of

the present disclosure

in which further

details can be seen with reference to the follow ng description

and draw ngs .

BRI EF DESCRI PTI ON OF THE

DRAW NGS

The novel features believed characteristic of the

advant ageous enbodiments are set forth in the appended cl ains.

The advant ageous enbodi nents, however, a

s well as a preferred

node of use, further objectives and advantages thereof,

wi |

best be understood by reference to the followng detailed

description of an advantageous enbodi nent

o

<

of the present

a
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di scl osure when read in conjunction with the acconpanying
drawi ngs, wherein:

Figure 1 is an illustration of a network planning
environnment in which an advantageous enbodi nrent may be
i npl ement ed ;

Figure 2 is an illustration of a data processing systemin
accordance with an advantageous enbodi nent;

Figure 3 is an illustration of a m ssion planning
environment in accordance with an advantageous enbodi nent;

Figure 4 is an illustration of a mssion planner client in
accordance with an advantageous enbodi nent;

Figure 5 is an illustration of a mssion planner server in
accordance with an advantageous enbodi nent;

Figure 6 is an illustration of a graphical user interface
in accordance with an advant ageous enbodi nent;

Figure 7 is an illustration of a graphical user interface
in accordance with an advant ageous enbodi nent ;

Figure 8 is an illustration of a graphical user interface
in accordance with an advant ageous enbodi nent;

Figure 9 is an illustration of a graphical user interface
in accordance with an advant ageous enbodi nent;

Figure 10 is an illustration of a flowhart illustrating a
process for mssion planning in accordance with an advantageous
enbodi ment ; and

Figure 11 is an illustration of a flowhart illustrating a
process for defining a mssion in accordance with an

advant ageous enbodi nment .
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DETAI LED DESCRI PTI ON

Wth reference now to the figures and in particular wth
reference to Figures 1-2, exenplary diagrans of data processing
environnents are provided in which the advantageous enbodinents
of the present invention may be inplenented. It should be
appreciated that Figures 1-2 are only exenplary and are not
intended to assert or inply any limtation with regard to the
environnents in which different enbodinents may be inplenented.
Many nodifications to the depicted environments may be made.

Wth reference now to the figures, Figure 1 depicts a
pictorial representation of a network planning environnment in
whi ch the advantageous enbodinments of the present invention may
be i npl enent ed. Networ k planning environment 100 is a network
of computers in which enbodiments may be inplenented. Net wor k
pl anning environment 100 contains network 101, which is the
medi um used to provide comunications |inks between various
devi ces and conputers connected together w thin network planning
envi ronnment 100. Network 101 may include connections, such as
wire, wreless conmunication links, or fiber optic cables.

In the depicted exanple, mssion planning system 102
connects to netv/ork 101 along with nunber of assets 108.
M ssion planning system 102 may include a nunber of servers and
a nunber of clients, in an advantageous enbodi ment. I n anot her
advant ageous enbodi nent, servers and clients of mssion planning
system 102 may be located in a nunber of |ocations and connect
to network 101, for exanple. M ssion planning system 102 may
include, for exanple, data processing systens, personal
conputers, and/or netv/ork conputers.

Nunber of users 104 interacts with mssion planning system
102 to plan mission 106, nonitor mssion 106 in a real-tine
environment, and/or nodify mssion 105 in a real-tine
envi ronnent . Nunber of users 104 may include human users,
robotic and/or machine users, program code, and/or any other
suitable user of mssion planning system 102 .

4
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Nunber of assets 108 may exchange data with mssion
pl anning system 102 through a wireless conmunications link or
t hrough any other type of conmunications link using network 101.
In these exanples, nunber of assets 108 may be conputers and/or
assets controlled by a conputer. Assets controlled by a conputer
may include, for exanple, wthout I|imtation, nobile assets,
vehicles, sensors, machines, charging stations, and/or any other
suitable asset. Network planning environment 100 may include
addi ti onal servers processes, clients processes, and other
devi ces not shown.

Nunber of assets 108 may execute nunber of tasks 110 in
order to acconplish mission 106, in an illustrative exanple.

M ssion 106 may be a collection of tasks. Nunber of tasks 110
may conbine to form mission 106, for exanple.

In the depicted exanple, network planning environment 100
is the Internet with network 101 representing a worldw de
collection of networks and gateways chat use the Transm ssion
Control Protocol/Internet Protocol (TCP/IP) suite of protocols
to communicate w th one another. Of course, network planning
environment 100 also may be inplenented as a nunber of different
types of networks, such as for exanple, an intranet, a I ocal
area network (LAN) , or a wide area network (WAN) . Figure 1 is
intended as an exanple, and not as an architectural limtation
for different enbodinments.

Turning now to Figure 2, a block diagram of a data
processing system is depicted in accordance w th an advantageous
enbodi nment . Data processing system 200 is an exanple of a data
processing system that may be used to inplenment servers and
clients, such as mssion planning system 102 and nunber of
assets 108.

In this illustrative exanple, data processing system 200
i ncludes conmmunications fabric 202, which provides

comuni cati ons between processor unit 204, menory 206,

Ut
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persistent storage 208, conmmunications unit 210, input/output
(1/O0 wunit 212, and display 214.

Processor unit 204 serves to execute instructions for
software that may be loaded into nenory 206. Processor wunit 204

may be a nunber of processors, a nulti-processor core, oOr sone

other type of processor, depending on the particular
i npl enent ati on. A nunber, as used herein with reference to an
item, nmeans one or nore itemns. Further, processor wunit 204 may

be inplemented using a nunber of heterogeneous processor systens
in which a main processor is present with secondary processors
on a single chinp. As another illustrative exanple, processor
unit 204 nay be a symmetric tnulti -processor system containing
multiple processors of the same type.

Menory 206 and persistent storage 208 are exanples of
storage devices 216. A storage device is any piece of hardware
that is capable of storing information, such as, for exanple
without Ilimtation, data, program code in functional form
and/or other suitable information either on a tenporary basis
and/ or a permanent basis. Menory 206, in these exanples, nmay
be. for exanple, a random access nenory or any other suitable
volatile or non-volatile storage device. Persistent storage 208
may take various forns depending on the particul ar
i npl enent ati on

For exanple, persistent storage 208 nmay contain one or nore
components or devices. For exanple, persistent storage 208 may
be a hard drive, a flash nmenory, a rewitable optical disk, a
rewitable mgnetic tape, or sonme conbination of the above. The
nmedia used by persistent storage 208 also may be renovabl e. For
exanple, a renobvable hard drive may be used for persistent
storage 208.

Comunications unit 210, in these exanples, provides for
comuni cations wth other data processing systens or devices.

In these exanples, comunications unit 210 is a network
interface card. Comuni cations unit 210 may provide

5
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comuni cations through the use of either or both physical and
wi rel ess communications |inks.

I nput/output wunit 212 allows for input and output of data
with other devices that may be connected to data processing
system 200. For example, input/output wunit 212 may provide a
connection for user input through a keyboard, a nouse, and/or
some other suitable input device. Further, input/output wunit
212 may send output to a printer. Display 214 provides a
mechanism to display information to a user.

Instructions for the operating system applications and/or
prograns may be located in storage devices 216, which are in
comuni cation wth processor unit 204 through conmunications
fabric 202, In these illustrative exanples the instruction are
in a functional form on persistent storage 208. These
instructions may be |loaded into nmenory 206 for execution by
processor unit 204. The processes of the different enbodinents
may be perfornmed by processor wunit 204 using computer
i npl emented instructions, which may be located in a menory, such
as nmenory 206.

These instructions are referred to as program code,
conputer wusable program code, or conputer readable program code
that may be read and executed by a processor in processor unit
204. The program code in the different enbodinents may be
enbodied on different physical or tangible conputer readable
medi a, such as nenory 206 or persistent storage 208.

Program code 218 is located in a functional form on
conputer readable nmedia 220 that is selectively renovable and
may be loaded onto or transferred to data processing system 200
for execution by processor unit 204. Program code 218 and
computer readable nedia 220 form computer program product 222 in
t hese exampl es. In one exanple, conputer readable nedia 220 may
be conputer readable storage nedia 224 or conputer readable
signal media 226, Computer readable storage nedia 224 may
include, for exanple, an optical or magnetic disk that is

7
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inserted or placed into a drive or other device that is part of
persistent storage 208 for transfer onto a storage device, such
as a hard drive, that is part of persistent storage 208.
Conputer readable storage nmedia 224 also may take the form of a
persistent storage, such as a hard drive, a thunb drive, or a
flash menory, that is connected to data processing system 200.
In sone instances, conputer readable storage nmedia 224 may not
be renovable from data processing system 200. In these
illustrative exanples, conputer readable storage nedia 224 is a
non- transitory conputer readable storage nedium

Alternatively, program code 218 may be transferred to data
processing system 200 using computer readable signal nedia 226.
Conputer readable signal nedia 226 may be, for exanple, a
propagated data signal containing program code 218. For
exanmpl e, conputer readable signal nedia 226 may be an
el ectromagnetic signal, an optical signal, and/or any other
suitable type of signal. These signals may be transmtted over
communi cations |inks, such as wireless conmunications I|inks,

optical fiber cable, coaxial cable, a wire, and/or any other

suitable type of communications |ink. In other words, the
conmuni cations |link and/or the connection may be physical or
wireless in the illustrative exanples.

In sone advantageous enbodi ments, program code 218 may be
downl oaded over a network to persistent storage 208 from another
device or data processing system through conputer readable
signal nedia 226 for use within data processing system 200. For
i nstance, program code stored in a conputer readable storage
medium in a server data processing system may be downl oaded over
a network from the server to data processing system 200. The
data processing system providing program code 218 may be a
server computer, a client conputer, or sone other device capable
of storing and transmtting program code 218,

The different conponents illustrated for data processing
system 200 are not nmeant to provide architectural Iimtations to

8
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the manner in which different enbodinents may be inplenented.
The different advantageous enbodinents may be inplenented in a
data processing system including conmponents in addition to or in
pl ace of those illustrated for data processing system 200.

O her conmponents shown in Figure 2 can be varied from the
illustrative exanples shown. The different enbodiments may be
i npl emented using any hardware device or system capable of
runni ng program code. As one exanple, the data processing
system may include organic conponents integrated with inorganic
conmponents and/or may be conprised entirely of organic
conmponents excluding a human being. For exanple, a storage
device may be conprised of an organic sem conductor.

As another exanple, a storage device in data processing
system 200 is any hardware apparatus that may store data.
Menory 206, persistent storage 208, and conputer readable nedia
220 are exanples of storage devices in a tangible form

In anot her exanmple, a bus system may be used to inplenent
communi cations fabric 202 and may be conprised of one or nore
buses, such as a system bus or an input/output bus. Of course,
the bus system may be inplenmented using any suitable type of
architecture that provides for a transfer of data between
different conponents or devices attached to the bus system
Additionally, a comunications unit may include one or nore
devices used to transmt and receive data, such as a nodem or a
networ k adapter. Further, a nenory may be, for exanple, nenory
206; or a cache such as found in an interface and nenory
controller hub that may be present in conmunications fabric 202.

As used herein, the phrase "at |east one of", when used
with a list of items, nmeans that different conbinations of one
or nore of the items may be used and only one of each item in
the list may be needed. For exanple, "at l|least one of itemA,
itemB, and item C" may include, for exanple, wthout
l[imtation, itemA or itemA and itemB. This exanple also my
include itemA, itemB, and item C or item B and item C.

9
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As used herein, when a first conmponent is connected to a
second component, the first conponent may be connected to the
second component w thout any additional conponents. The first
conponent also may be connected to the second conponent by one
or nore other conponents. For exanple, one electronic device
may be connected to another electronic device wthout any
addi tional electronic devices between the first electronic
device and the second electronic device. In sone cases, another
el ectronic device may be present between the two electronic
devi ces connected to each other.

The different advantageous enbodiments recognize and take
into account that current mssion planning systens involve
scripting mssions offline then running the mssions after they
are conpleted offline. Many of these current systens are
specific to a single mssion type, such as an area search
m ssion for exanple. The existing solutions are not practical
for dynam c applications where mssions need to be created and
nodified on the fly. These current systens are rigid and do not
provide for nodifying a m ssion once execution starts. The
systens currently available require a user to be able to wite
code and script the mission manually as well. Manual scripting
of mssions is |abor extensive and very costly. In addition,
manual |y scripted mssions require nore extensive testing since
they are built from scratch and the testing process increases
with the mssion conplexity.

Thus, the different advantageous enbodinents provide a
system conprising a nunmber of conputers, a graphical user
interface, first program code stored on the conmputer, and second
program code stored on the conputer. The graphical user
interface is executed by a conputer in the nunmber of conputers.
The conputer is configured to run the first program code to
define a mssion using a nunber of mssion elenents. The
conputer is configured to run the second program code to
generate instructions for a nunmber of assets to execute the

10
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m ssion and nonitor the nunmber of assets during execution of the
ni ssi on

The different advantageous enbodinments further provide a

met hod for mission planning. A conmputer receives a user-
definition of a mission. A mission script is generated using
the user definition and a number of nission elenents. The

nunber of nission elenents is assigned to a nunber of assets.
Execution of the nunber of mssion elements by the nunber of
assets is controll ed. The nunber of assets executing the
nmssion is nonitored.

The different advantageous enbodinments further provide a
computer program product for mssion planning conprising a
computer recordable storage nmedium and program code stored on
the conmputer recordable storage nedium The program code
receives a user definition of a mssion, generates a nission
script using the user definition and a nunmber of mission
el enents, assigns the nunber of nmission elenents to a nunber of
assets, generates instructions for the nunber of assets to
execute the mission using the nunber of nission elenents, and

monitors the nunber of assets executing the mission.

Wth reference now to Figure 3, an illustration of a
m ssion planning environnent is depicted in accordance wth an
advant ageous enbodi nent. M ssion planning environment 300 may
be inplemented in a network environnent, such as network

pl anning environment 100 in Figure 1, for exanple.

M ssion planning environment 300 may be any type of
environnent suitable for generating, nonitoring, updating,
nmodi fying, and/or approving mssions, for exanple. M ssi on
pl anning environnment 300 includes nission planning system 302.
M ssion planning system 302 is an illustrative exanple of
m ssion planning system 102 in Figure 1. Mssion planning
system 302 defines, executes, and nonitors a nunmber of mssions
involving a nunber of assets in the different advantageous

embodiments.
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M ssion planning system 302 includes conputer system 304.
Computer system 304 may be inplenented as a nunber of conmputers
and/ or data processing systens, such as data processing system
200 in Figure 2. Conputer system 304 may include nunber of
m ssion planner clients 306 and m ssion planner server 308. In
one advant ageous enbodi nent, conputer system 304 may be
i npl emented using a nunber of data processing systens, where
each data processing system includes an instance of nunber of
m ssion planner clients 306 and connects to mssion planner
server 308 at a central data processing system using a network,
such as network 101 in Figure 1, for exanple. I n anot her
advant ageous enbodi nent, nunber of mission planner clients 306
and m ssion planner server 308 nmay be inplenented on the same
data processing system and accessed using a nunber of different
data processing systens, for exanple.

Nunmber of mission planner clients 306 is a graphical user
interface used to renotely build m ssions. Nunmber of m ssion
pl anner clients 306 may include nunber of devices 310 and nunber
of nodul es 312. Nunmber of devices 310 may include, for exanple,
without limtation, a display, data-glove, a personal digital
assistant, a laptop, nouse, trackpad, keyboard, joystick, a
touchscreen, an optical interface, a visual interface, a tactile
interface, video console, wreless controller, wreless three
di mensional (3D) controller, and/or any other suitable device.
In one illustrative exanple, a wireless 3D controller may be a
renote control pointing device that includes a nunber of
accel erometers and an infrared detector for detecting notion in
t hree di nensi onal space. In another illustrative exanple, a
wireless 3D controller may include a nunber of acceleroneters
used to directly control a nunber of nobile assets when given
control by a mssion element in the mssion generated by m ssion
pl anner server 308. In an advant ageous enbodi nent, nunber of
devices 310 may be available for use with specialized mssion

el enents generated by mssion planner server 308. for exanple.
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Nunber of mssion planner clients 306 communicates wth
m ssion planner server 308 through a nessaging format, such as,
for exanmple, without |imtation, extensible markup |anguage -
renote procedure call (XM.-RPC) . In an illustrative exanple,
nunber of nodules 312 may be witten in a |anguage such as
Pyt hon using wxPython for the graphical conmponents of nunber of
m ssion planner clients 306. Nunber of nodules 312 may i ncl ude,
for exanple, wthout limtation, data and functions necessary to
describe and create m ssion elenents and graphical conponents
needed to manipulate mssion elenments within the graphical user
interface of nunber of mssion planner clients 306 during
creation of a m ssion. Nunber of users 314 is able to create
m ssion elenments using nunber of nodules 312 and nunber of
devices 310 of nunber of mssion planner clients 305.

M ssion planner server 308 is a process executing on a
conputer, such as data processing system 200 in Figure 2, for
exanpl e. M ssion planner server 308 l|listens for incomng XM-
RPC communi cation from nunber of mssion planner clients 306 and
processes the incom ng communication to query and nodify a
current mssion, for exanple. M ssion planner server 308 keeps
the current mssion in nenory, such as nenory 206 in Figure 2,
before and during execution of the current mssion, which allows
nunber of mssion planner clients 306 to create and execute the
current mssion while adding new elenents in real tine.

M ssion planner server 308 includes nunber of nodules 316
and m ssion managenent framework 318. In an illustrative
exanmpl e, nunber of nodules 316 nmay be witten in a |anguage such
as Python. Nunber of nodules 316 may include, for exanple,
without |imtation, data and functions necessary to identify,
mani pul ate, and store mssion functions and paraneters, as well
as parse mission elements for information during execution of
t he m ssion.

M ssion managenent framework 318 is a system that includes
a library of mssion elenments and a library of assets, as well

i3
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as a nunber of processes for task allocation. The library of
nmssion elenents includes a number of nission elements to be
executed in a current mission. The nunber of nission elenents
is retrieved from nmission elenent database 319 and stored into
the library of mission elenents by mssion planner server 308
during mission creation, for exanple. M ssion elenent database
319 includes a nunber of mission elenents pre-defined by a user.

The library of assets includes a list of all assets, such
as nunber of assets 324, along with information about each
asset. For exanple, the library of assets nay include
information about the availability of an asset, the readiness of
an asset for use in a mssion and/or task, the health of an
asset, the resource use of an asset, the resource depletion by
an asset, the current status of an asset, and/or any other
suitable information associated wth an asset.

M ssion nmanagenent franework 318 identifies the assets and
tasks needed to execute a nunber of mssion elenents, and sends
instructions to the nunber of assets identified to assign and
control execution of a nunber of tasks and/or nissions. When
i ssues arise during execution of a mission, nission mnagenent
franmework 318 autonomously reconfigures the mission to achieve
the mission objective wusing available assets, for exanple. In
other words, the assets becone an extension of mssion planning
system 302, where nission managenent framework 318 is the brain
and the assets are conponents of the body, for exanple.

M ssion nmanagenent franework 318 sends out instructions for the
assets to execute tasks and receives back nessages from the
assets about the status of the tasks and/or the status of the
assets. These nmessages from the assets are used by nission
managenent framework 318 to reconfigure instructions dynamcally
during a nmission execution in a bottom up and top down planning
structure

Conmuni cati ons system 320 connects conputer system 304 to
nunber of assets 324. Conmmuni cations system 320 receives and
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transmts information 322 between m ssion managenent franework
318 and nunber of assets 324. Information 322 may include, for
exanple, wthout Ilimtation, commands 326, progranms 328, and
messages 330. Communi cations system 320 may be a wrel ess
communi cati on system or a wired conmunication system in the

di f ferent advantageous enbodi nents.

In one advantageous enbodiment, nunber of users 314 may
initiate a mssion planning task using nunber of mssion planner
clients 306 on conputer system 304. For exanple, nunber of
users 314 may identify a specific task or mssion for mssion
pl anni ng system 302 to execute. Nunber of users 314 may be
| ocal to nunber of assets 324 or may be very renote from nunber
of assets 324. For exanple, nunmber of assets 324 may be in a
different |location, country, or planet than nunmber of users 314,
such as a nunber of autononous vehicles deployed on the nobon and
being controlled by mssion managenent franmework 318 from the
earth. M ssion planning system 302 may provide nunber of users
314 with the capability to build and monitor conplex mssions in
real -time during execution of the missions by nunber of assets
324 regardless of the proximty, or lack thereof, of nunber of
users 314 to nunber of assets 324. Nunber of nobile assets 332,
number of sensors 334, nunber of nmachines 336, and nunmber of
charging stations 338 may be exanples of a nunmber of assets that
may be included in nunber of assets 324.

Nunmber of nobile assets 332 may include, for exanple,
without limtation, nunber of vehicles 340. Nunmber of vehicles
340 may be any type of vehicle including, wthout limtation,
aut onomous vehicl es, seni -autononous vehicles, unmanned
vehicl es, manned vehicles, and/or any other suitable vehicle. A
vehicle may be an automobile, a land vehicle, a marine vessel,
an aircraft, a spacecraft, a wall -clinbing robot, and/or any
other suitable type of vehicle, for exanple.

In an illustrative exanple, nunber of users 314 nmay use

number of mission planner clients 306 to build a m ssion.
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Nunber of mission planner clients 306 comrunicates the m ssion
dynamically as it is being built by nunber of users 314 to

m ssion planner server 308, M ssion planner server 308
generates a high level mssion script for mssion nmanagenent
framework 318. For exanple, the high level nission script my-
include high level comands. M ssion nanagenent framewor k. 318
converts these high level commands into low |evel conmands, and
generates a mission script for specific assets in nunber of
assets 324. For exanple, the mssion script generated by

m ssi on nanagenent framework 318 nay include comands to turn on
and deploy one or nore specific assets associated wth a mssion
el enent . A mssion script is a nunber of instructions. These
instructions nmay include commands 326 and/or prograns 328 for
nunmber of assets 324, for exanple. M ssion managenent f ramewor k
318 sends mission 342, having commands 326 and/or prograns 328,
to number of assets 324 using conmunication system 320. Nunber
of assets 324 execute mssion 342 according to conmands 326
and/or progranms 328, and communi cate nessages 330 back to

m ssi on nanagenent framework 318 during execution of the

m ssi on. Messages 330 may include, for exanple, without
limtation, status of the m ssion, status of a nunber of tasks,
and/or status of nunber of assets 324. M ssi on managenent
framework 318 may use the information received in nessages 330
to nodify mssion 342, sending nodified mssion 344 back to
nunber of assets 324.

In an illustrative exanple, mnessages 330 nmay include
informati on about one or nmore of nunber of vehicles 340
exhausting current fuel resources before the conpletion of a
task involved in mssion 342. M ssion managenent framework 318
may reconfigure mssion 342 to identify another vehicle that is
fueled and capable of conpleting the inconplete task, and send
nodified mission 344 instructing the new vehicle to conplete the

i nconplete task, in this illustrative exanple.
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The illustration of mssion planning environment 300 in
Figure 3 is not neant to inply physical or architectura
[imtations to the manner in which different advantageous
enbodi nents may be inpl enment ed. O her conponents in addition
and/or in place of the ones illustrated may be used. Some
conmponents may be unnecessary in sone advantageous enbodi nents.
Al so, the blocks are presented to illustrate some functiona
components. One or nore of these blocks may be conbi ned and/ or
divided into different blocks when inplenmented in different
advant ageous enbodi nments.

For exanple, mssion planning system 302 may be inpl enented
with other conmputer systens in addition to conmputer system 304.
In anot her advantageous enbodi ment, conputer system 304 may
i nclude additional mssion planner clients inplenented on
addi tional data processing systens for use by nunber of users
314 in sinultaneous m ssion planning and/or planning of nultiple
m ssions, for exanple.

Wth reference now to Figure 4, an illustration of a
m ssion planner client is depicted in accordance with an
advant ageous enbodi ment . M ssion planner client 400 is an
illustrative exanple of nunber of mssion planner clients 306 in
Figure 3.

M ssion planner client 400 includes nunber of devices 402,
di splay 404, and nunber of nodul es 406. Nunber of devices 402
is an illustrative exanple of one inplenentation of nunber of
devices 310 in Figure 3. Display 404 nmay be an exanple of one
type of device in nunber of devices 402 used by nunber of users
314 in Figure 3 to interact with mssion planner client 400.

Nunber of nodules 406 include m ssion elenent design nodul e
408, elenent button nodule 410. mssion type select nodule 412,
m ssion variable define nodule 414, popup elenent nodul e 416,
and select w ndow nodul e 418. Nurmber of nodules 406 is a nunber

of software nodules presented on a user interface as buttons,
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tabs, text boxes, pull-down nenus, and the like, that correspond
to a given software nodule.

M ssion elenment design nodule 408 contains all of the data
and functions necessary to describe and graphically depict a
m ssion el ement. In an illustrative exanple, the m ssion
element may be graphically depicted as a rectangle wth
triangles to indicate lines to connect the mssion elenent wth
a previous mssion elenment and/or a next mssion elenent, for
exanpl e, using a device, such as display 404.

El ement button nodule 410 contains program code necessary
to graphically depict a button wthin a screen of the graphical
user interface, as well as program code to create a new m Ssion
el ement when the button depicted is selected, or pressed.

El ement button nodule 410 spawns a iv.issionTypeSel ect w ndow,
linked to mssion type select nodule 412, to determine the start
and stop paraneters for the mssion element as well as its | abel
before the creation of the mssion elenent.

M ssion type select nodule 412 presents a dialog box to
allow a user, such as nunber of users 314 in Figure 3, to define
the start and stop types associated with the start and stop
paranmeters of element button nodule 410, as well as values for
the m ssion elenent. M ssion type select nodule 412 is called
after the user selects an elenment But ton, dgenerated by el enent
button nodul e 410, but before a nissionEl enent is created by
el ement button nodul e 410. In an illustrative exanple, options
within the dialog box presented by mssion type select nodule
412 may be grayed out to show the user what is available in the
current state. For exanple, an elenment is not allowed to end on
a sequence change when it does not begin on a sequence change.
In another exanple, an elenment cannot begin at the end of a
previous elenent if no elenents are defined yet. Only val ues
for currently selected types are allowed to be changed in the

di al og box presented by mi ssion type select nodule 412.
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M ssion variable define nodule 414 presents a dialog box to
allow the user to change sone variables in a mssion. The
variables may be presented in two colums to conserve screen
space, in one illustrative exanple. This dialog is presented
imedi ately after a missioriElement is defined and before a
m ssi onEl ement i s created.

Popup el enent nodul e 416 presents program code to the
current elenment as static text. Popup el ement nodule 416 may be
an optional selection by a user who wants to see the code that
makes up a mssion el enent. The user selects popup el enment
nodul e 416 to display the code of a mission elenent. The code
is static because the user can view the code but cannot nodify
the code .

Sel ect w ndow nodul e 418 presents the user with a selection
of a nunmber of different options having a nunber of different
val ues. The values are the code for the functions of each
opti on. Sone options may allow for nultiple selections while
other options only allow for a single selection. These options
may be defined when the window is created

In an illustrative exanple, a user selects one of the
El enent buttons on the left side of the graphical wuser interface
of Figure 7, or in the graphical wuser interface of Figure s,
right-clicks anywhere in the mddle w ndow, and selects "insert
m ssion elenment". The user will then see m ssion conponent
creator 804 illustrated in Figure 8. The user selects one of the
m ssion elenents in mssion elenent database 80S as illustrated
in Figure 8 and selects "OK', resulting in a view of conponent
editor 904 illustrated in Figure 9. The user fills out the
m ssion elenent paraneters, then selects the "Tine" tab depicted
in component editor 904 of Figure 9 and fills out the Start and
Stop Conditions, then selects "OK" This process is repeated
for every mssion elenent and every function that the user wants

to add to the m ssion. At the end the user clicks the "save"
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button, depicted as a floppy disk at the top of the graphical
user interface of Figure 8 and Figure 9.

The illustration of mission planner client 400 in Figure 4
is not neant to inply physical or architectural limtations to

the manner in which different advantageous enbodinents nay be

i npl enent ed. O her conponents in addition and/or in place of
the ones illustrated may be used. Sonme conponents nay be
unnecessary in sonme advantageous enbodi nents. Al so, the bl ocks
are presented to illustrate some functional conponents. One or

nore of these blocks may be conbined and/or divided into

different blocks when inplenented in different advantageous

enbodi nent s. For exanple, other nobdules in addition to nunber

of nodules 406 may be included in mission planner client 400.
Wth reference now to Figure 5, an illustration of a

m ssion planner server is depicted in accordance wth an

advant ageous enbodi nent . M ssion planner server 500 is an

illustrative exanple of nission planner server 308 in Figure 3.

M ssion planner server 500 includes nunber of nodules 502

and m ssion nmanagenent franework 504. Nunber of nodules 502 is
an illustrative exanple of one inplementation of nunber of
nodules 316 in Figure 3. Nunmber of nodules 502 includes mssion
function nodule 506, nission element nodule 508, read library

nodul e 510, wite mssion nodule 512, and main nodul e 514.

M ssion function nodule 506 contains data necessary to
identify wunique mssion functions. M ssion function nodule 506
i ncludes data such as, without I|imtation, t he nane,
descri ption, code, paraneters, nunber of assets required, and
estimated tine to execute for each mssion function. The code
may be witten in Python, for exanple. The paranmeters may be
any variables in the mission that are capable of being changed
by a user, such as nunber of users 314 in Figure 3, for exanple.
In an illustrative exanple, a paraneter nay be area coordi nates
or a nunber of iterations. A user mmy change area coordinates
for a mssion function, for exanple. The nunber of assets
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required and tine to execute refers to the nunmber of assets
required for and the tinme to execute the mssion elenents.

M ssion element nodule 508 contains information necessary
for a mission element registered in the mssion. M ssi on
el ement nodule 508 includes information such as, w thout
limtation, the function nane as defined by its original file,
the unique |label as defined by the user, the code, any
paraneters that nust be defined by a user, and the start and
stop types as well as their values for the mssion elenent. In
an illustrative exanple, getCode () may be a function to return
the Python code from the mission element, which replaces all
i nstances of paraneters with their defined value.

Read library nodule 510 contains functions to read m ssion
functions from the file system as well as parse the mssion
functions for information. For example, vehJ ypeParans may be a
data structure to hold parameters for the type of vehicle assets
required in the mssion. This data structure nmay contain the
type, nunber, wait flag and release flag values, for exanple.
In another illustrative exanple, readLibrary (dir) is a function
that reads all files in a directory (dir) and returns the
contents of the files as a dictionary wth the key set as the

file name without the extension, rempving W.py" for exanple in

Python code, and the contents of the file as its value. Thi s
function may assunme that all files with "~" in their nane are
tenmporary files and should not be read, in this illustrative
exanmpl e .

In yet another illustrative exanple, par seFunc (code) is a

function that takes the code for a mission elenent and parses it
for several paraneters. This function may assume that the first
string surrounded by three quotation marks (""") is the
description of the elenent. The function checks the Requires
decorator to gather information about assets required for the

m ssion element, for exanple. The function may |ook for the
string "#Time=" and assune that the string following this but
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before the new line is the tine estimated for this mssion
element to execute, for exanple. The function may also find
user defined variables, denoted by a commented I|ine starting
with "#" followed by a variable surrounded by "$," for exanple.
If ==" imrediately follows the variable, wthout whitespace, it
is stored as that variable's default value. If a string follows
the variable or default value, wth whitespace in between, then
that string is assumed to be the description of that variable,
in this illustrative exanple.

Wite mssion nodule 512 wites the mssion to a python
file readable by mssion managenent franework. 504. Wite
m ssion nodule 512 may use the following set of functions:
wit eM ssion (dir, nane, sta.rt.Func, stopFunc, onlterations |,
support Funcs, missionElements) . This set of functions takes in
several parameters in order to wite the mission file. For
exanple, dir is the directory to place the file and nanme is the
name of the m ssion. The name of the mission wll be

concatenated with ".py" in this exanple. start Func is the
function that should follow the decorator OnStart to be
compliant with the mssion manager framework. stopFunc is the
function that should follow the decorator GnStop. onlterations
is the list of functions that require the decorator Onlterat.ion.
supportFuncs is a list of functions that nust be printed at the
begi nning of the mssion for use in later elenents.

m ssi onEl enent s is a list of mssionEl ement objects to be
witten by wite mssion nodule 512 . m ssionEl enents is the
function that handles all the decorator additions necessary for
the mssion, for exanple.

Main nodul e 514 runs the extensible markup |anguage renote

procedure call (XM.-RPC) server and stores all of the m ssion
functions. Data on the XML.-RPC server is broken into possible
functions and active functions. Possi ble functions are all of

the available functions in the library, as read by read library
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nodul e 510. Active functions are all of the functions that have
been defi ned.

Possi ble functions are stored as dictionaries with the nane
of the function as the key and a niissionFunction object as the
value. Al conponents are read for their respective
directories, defined at the beginning of the mssion script
witten by wite mssion nodule 512, at the beginning of the
m ssi on. Each possible conponent dictionary is stored in the
possi bl eConponents dictionary using its conponent name as the
key and the dictionary itself as the value. Thi s makes
retrieval easier in later functions.

Active functions are defined in several ways, depending on
t he conponent. Start and stop functions are defined as the nanme
of the function given by the user. Iteration and support
functions are defined as lists since nore than one can be
defi ned. In each case, the value is the nane of the function.

M ssion elenents are defined as a dictionary using the |abel of
the elenent as the key and a m ssionEl ement object as the val ue.

Main nodul e 514 also stores, on the XM.-RPC server,
variables to determne if the mssion is started, the current
sequence nunber, and the current mssion tine. The current
mssion time may be stored in seconds, in one illustrative
exanpl e .

M ssion managenent framework 504 includes mssion elenments
library 516, asset Ilibrary 518. resource identification process
520, task identification process 522, and m ssion assignnment
process 524. M ssion elenents library 516 includes nunber of
m ssion elements 526. Nunmber of mssion elenents 526 is stored
m ssion elements built by nunber of nodules 502 to be executed
in a current mssion. Nunber of mssion elenents 526 may be
retrieved from m ssion elenent database 534 by nunber of nodul es
502 during mssion creation, for exanple. Mssion elenent
dat abase 534 is an illustrative exanple of one inplenentation of
m ssion elenent database 319 in Figure 3.
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Asset library 518 includes nunber of assets 528. Nunber of
assets 528 is a list of all assets, such as nunber of assets 324
in Figure 3, along with a current status of each asset. For
exanpl e, nunber of assets 528 nay include information about the
availability of an asset, the readiness of an asset for use in a
mssion and/or task, the health of an asset, the resource use of
an asset, the resource depletion by an asset, the current status
of an asset, and/or any other suitable information associated
with an asset.

Task identification process 522 receives a nission script
from wite nission nodule 512 and uses mission elenments library
516 to identify the mission elenents, or tasks, needed for the
m ssi on. Resource identification process 520 receives a nission
script from wite nission nodule 512 and uses mission elenents
library 516 to identify a nunber of assets from nunber of assets
528 in asset library 518 that can acconplish the mission
el enents selected for the mssion. M ssion assignnment process
524 receives the mssion elenents and assets identified by-
resource identification process 520 and task identification
process 522, and assign the tasks identified to specific assets
identified, generating instructions 530. Instructions 530 are
then transmtted by mssion managenment franework 504 to nunber
of assets 532 for mission execution.

The illustration of mission planner server 500 in Figure 5
is not nmeant to inply physical or architectural limtations to

the manner in which different advantageous enbodinents nay be

i npl enent ed. O her conponents in addition and/or in place of
the ones illustrated may be used. Some conponents nay be
unnecessary in sone advantageous enbodi nments. Al so, the bl ocks
are presented to illustrate some functional conponents. One or

nmore of these blocks may be conbined and/or divided into
different blocks when inplenmented in different advantageous

enbodi ment s
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Wth reference now to Figure 6, an illustration of a
graphical wuser interface is depicted in accordance wth an
advant ageous enbodi nent. G aphical user interface 600 is an
illustrative exanple of one inplenentation of mssion planner
client 305 in Figure 3 using nunber of devices 312 in Figure 3.

Graphical wuser interface 600 includes execution control
buttons 602 and mission elements 604. Execution control buttons
602 may be selected by a user, such as nunber of users 314 in
Figure 3, to start a mission, stop a mssion, advance a mni ssion
sequence, and any other nunber of control features for a
m ssi on. Mssion elenents 604 are an illustrative exanple of
m ssion elenments selected from nunber of mission elenents 526 in
Figure 5 for inclusion into a mssion, for exanple. One or nore
start functions 606 are selected from a library of available
start functions. A start function is a function that runs at
the start of the mission, for exanple as an initialization
function for the m ssion. As an illustrative exanple, graphical
user interface 600 depicts start function 606 called
defaultStart that has been added by the user to this mssion.
One or nore stop functions 608 are selected from a library of
avai l able stop functions. A stop function is a function that
runs upon conpletion of the m ssion. A stop function may be,
for exanple, 'without limtation, to clear all tasks and reset
t he nunber of assets. As an illustrative exanple, graphical
user interface 600 depicts stop function 608 called stopM ssion
that has been added by the user to this mssion.

One or nore stop conditions 610 are selected from a library

of available stop conditions. A stop condition is a function
that defines a stop condition of the mssion. A stop condition
may, for exanple, without |imtation, define a tine value at

which the mission stops regardless of whether the individual
m ssion elenents conpleted execution or not. As an illustrative
exanmpl e, graphical wuser interface 600 depicts stop condition 610

call ed seqAdvanced that has been added by the user to this
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m ssion. One or nore iteration functions 612 are selected from a
library of available iteration functions. An iteration function
is a function that runs on every iteration of the m ssion
managenent franmewor k. For exanple, an iteration function may
run in parallel with the mssion elenments and display a report
about avail able and depl oyed assets. As an illustrative exanple,
graphi cal user interface 600 depicts iteration function 612
called defaultlteration that has been added by the user to this
m ssion .

One or nore support functions 614 are selected from a
library of available support functions. A support function is a
function that is called by one or nore mission elenments. For
exanpl e, a support function nmay be an algorithm to partition a
search area that can be used by different mnmission elenments that
perform search related tasks. As an illustrative exanple,
graphi cal user interface 600 depicts support functions 614
call ed divideSearchArea and greedySearch that have been added by
the user to this mssion. M ssion elenents 604 are represented
by bars the length of which is proportional to the m ssion
el ement duration as neasured by time scale 616, simlar to a
Gantt chart .

The illustration of graphical user interface 600 in Figure
6 is not meant to inply physical or architectural limtations to
the manner in which different advantageous enbodinments may be
i mpl enment ed. O her components in addition and/or in place of
the ones illustrated may be used. Sonme conponents may be
unnecessary in sone advantageous enbodi nents. Al so, the bl ocks
are presented to illustrate sone functional conponents. One or
nore of these blocks nmay be conbined and/or divided into
different blocks when inplenmented in different advantageous
enbodi nent s .

For exanmple, although the different functions are depicted
as being selected by a user using graphical user interface 600,
ot her advantageous enbodi nents may include an autonated
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sel ection process that specifies the required support functions
within each mssion elenent.

Wth reference now to Figure 7, an illustration of a
graphical wuser interface is depicted in accordance with an
advant ageous enbodi nent. Graphical wuser interface 700 is an
illustrative exanple of one inplementation of mssion planner
client 306 in Figure 3 using nunber of devices 312 in Figure 3.

Graphical wuser interface 700 includes mssion elenments
dat abase 702 and library of mssion elenments 704. M ssi on
el ements database 702 is an illustrative exanple of one

i mpl ementation of mission elenents database 319 in Figure 3.

Li brary of mssion elenments 704 is an illustrative exanple of
one inplenmentation of mssion elenents library 516 in Figure 5,
In this illustrative exanple, mssion elenents database 702

i ncludes a nunber of mssion elenents, such as inspectTarget

706, observeStructure 708, m xedCoverage 710, nonitor Advance
712, initial Survey 714. clearGound 716, and jointSearch 718.

Li brary of mission elenments 704 is an illustrative exanple of

m ssion elenents that a user selected from m ssion elenents

dat abase 702 and added to the m ssion using graphical user
interface 700. In this illustrative exanple, the user added
five mssion elenents of initial Survey 714, inspectTarget 706,
jointSearch 718, nonitorAdvance 712, m xedCoverage 710. Li brary
of mission elenents 704 are represented by bars in this
illustrative exanple, the length of which is proportional to the
m ssion elenment duration as measured by time scale 720 and/or
sequence nunber 722. This proportional neasurenment may be
simlar to a Gantt chart, for exanple. A user, such as nunber
of users 314 in Figure 3, may enter values in sequence tinmes
estimates 724 to determne the estimated tinmes at which the

m ssion sequence is advanced in order to represent those m ssion
elements that begin or end on sequence change on a tine scale,
for exanple. The user then selects update 726 to apply the
values entered into sequence times estimates 724 to the m ssion
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el ements displ ay. In this illustrative exanple, the m ssion
sequence starts at zero and changes to one at sixty seconds.

The illustration of graphical wuser interface 700 in Figure
7 is not neant to inply physical or architectural Ilimtations to

the manner in which different advantageous enbodinents may be

i mpl enmrent ed. O her conponents in addition and/or in place of
the ones illustrated may be used. Sone conponents may be
unnecessary in some advantageous enbodinments. Al so, the bl ocks
are presented to illustrate some functional conponents. One or

nore of these blocks may be combined and/or divided into
different blocks when inplenented in different advantageous
enbodi nent s

Wth reference now to Figure 8, an illustration of a
graphical wuser interface is depicted in accordance wth an
advant ageous enbodi ment. G aphical wuser interface 800 is an
illustrative exanple of one inplenentation of mssion planner
client 306 in Figure 3 using nunber of devices 312 in Figure 3.

G aphical user interface 800 includes canvas 802 and
m ssion conponent creator 804. Canvas 802 may be an
illustrative exanple of one inplementation of display 404 of
m ssion planner client 400 in Figure 4. Canvas 802 is a
graphical situational display of the mssion environment where a
user can drag a cursor using a device, such as a nouse, to
sel ect coordinates paraneters of mssion elenents.

M ssion conponent creator 804 is a dialog box that presents
a user, such as nunber of users 314 in Figure 3, with nission
el ement database 80S and associated code of selected m ssion
el enent 808. In an illustrative exanmple, if a user selects a
mssion elenent from mssion element. database 806, the code for
that mssion element wll be displayed in the dialog box to the
right of the listing of mssion elenents. M ssion conponent
creator 804 is an exanple of select w ndow nodule 418. In this
exanple, the different. options in select 'wndow nodule 418 are

the mission elenents in mission elenent database 806. and the
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di fferent values of select w ndow nodule 418 are code of

sel ected mission elenment 808 for each m ssion elenent. Code of
sel ected mission elenment 808 is displayed by popup el enent
nodul e 416.

The illustration of graphical user interface 800 in Figure
8 is not meant to inply physical or architectural limtations to
the manner in which different advantageous enbodinments may be
i mpl enent ed. O her components in addition and/or in place of
the ones illustrated may be used. Sonme conponents may be
unnecessary in sonme advantageous enbodinents. Also, the bl ocks
are presented to illustrate sone functional conponents. One or
nore of these blocks may be conbined and/or divided into
different blocks when inplenmented in different advantageous
enbodi nent s .

Wth reference now to Figure 9, an illustration of a
graphical user interface is depicted in accordance with an
advant ageous enbodi ment. G aphical user interface 900 is an
illustrative exanple of one inplenentation of mssion planner
client 306 in Figure 3 using nunber of devices 312 in Figure 3.

Graphi cal user interface 900 includes mssion planner 902
and conponent editor 904. M ssion planner 902 is an
illustrative exanple of one inplenentation of m ssion planner
client 306 in Figure 3, presenting graphical depictions of
functions for a user to manipul ate. Conmponent editor 904 may be
an illustrative exanple of a dialog box presented by ni ssion
variabl e define nodule 414 in Figure 4, for exanple, allowing a
user to change variables in a mssion. A user can insert
multiple instances of the sane mssion elenment, for exanple
running at different tinmes or locations, and get unique nanes.
In this exanple, the user entered initial Surveyl as Unique Nane
of this instance of initial Survey mssion elenent.

The illustration of graphical user interface 900 in Figure
9 is not meant to inply physical or architectural limtations to

the manner in which different advantageous enbodinments may be
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i mpl ement ed. O her conmponents in addition and/or in place of

the ones illustrated may be used. Some conponents may be
unnecessary in sone advantageous enbodi nents. Al so, the bl ocks
are presented to illustrate sonme functional conponents. One or

nore of these blocks may be conbined and/or divided into
different blocks when inplenented in different advantageous

enbodi ments .

Wth reference now to Figure 10, an illustration of a
flowchart illustrating a process for mssion planning is
depicted in accordance with an advantageous enbodi nent. The

process in Figure 10 may be inplenmented by a conponent such as
m ssion planning system 302 in Figure 3, for exanple.

The process begins by receiving a user definition of a
m ssion (operation 1002} . The wuser definition may be received
using a graphical wuser interface, such as m ssion planner client
306 in Figure 3, for exanple. The user definition may generally
define a m ssion, or nunber of tasks, that needs to be
acconpl i shed.

The process generates a mssion script using the user
definition and a nunber of mssion elenents (operation 1004)

The process may generate a mission script using a m ssion
managenent framework, such as m ssion managenent framework 318
in Figure 3, for exanple. The nunmber of mssion elenents may
define aspects of a mssion, or specific tasks in a nunber of
tasks, for exanple.

The process assigns the nunber of mssion elenments to a
nunber of assets (operation 1006) . The assets may be, for
exanpl e, nunber of assets 324 in Figure 3. The process controls
execution of the nunber of mssion elenents by the nunber of
assets (operation 1008) . The process may generate instructions
for the nunber of assets to execute the mssion using the nunber
of m ssion elenents. The instructions may be transmtted to the
nunber of assets using a conmunication system such as

communi cation system 320 in Figure 3. for exanple. The
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execution control actions may include optional advancenment of a
m ssion sequence by the process to skip a mssion elenment, for
exanpl e, given feedback or nessages received from the nunber of
assets. Optionally, the sequence advancenent of a mssion may
be controlled by a user, such as nunber of users 314 in Figure
3, whereby the user gives this command to the m ssion managenent
framework and not directly to the nunber of assets.

The process monitors the nunber of assets executing the
m ssion (operation 1010} . The process receives nessages from
the nunber of assets during execution of the mssion (operation
1012) . The process determ nes whether a mission reconfiguration
is needed (operation 1014) . A mission reconfiguration my be
needed if an asset is unable to conplete a mission elenent, or
needs assistance conpleting a mssion elenment, for exanple.

If a determination is made that a m ssion reconfiguration
is needed, the process generates a nodified mssion using the
nmessages received (operation 1016) . and returns to operation
1010. This reconfiguration is performed autononously by the
m ssion managenent framework based on the nmessages received,
such as vehicle failures or other changes in asset status, for
exanpl e. Optionally, a user may also nodify the mssion by
addi ng a nunber of mssion elenents to the mission, renoving a
nunber of mssion elenents that have not yet started from the
m ssion, nodifying the paraneters of a nunber of m ssion
elements that have not yet started, and/or any other suitable
nodification of the m ssion.

If a determination is made that a m ssion reconfiguration
is not needed, the process then determ nes whether the m ssion
is conplete (operation 1018) . |If a determnation is nmade that
the mssion is not conplete, the process returns to operation
1010. If a determination is made that the mssion is conplete,
the process termnates thereafter.

Wth reference now to Figure 11, a flowchart illustrating a
process for defining a mssion is depicted in accordance with an
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advant ageous enbodi ment . The process in Figure 11 may be
i mpl enented by a conponent such as mission planning system 302
in Figure 3, for exanple.

The process begins by adding a nunber of mssion elenents
to a library of mission elements (operation 1102) . The nunber
of mission elenents may be selected from a mssion elenents
dat abase, such as mission elenents database 319 in Figure 3, by
a mssion planner server, and saved into a mission elenments
l'ibrary, such as mission elements library 516 in Figure 5, for
exanpl e.

The process adds a nunber of start functions to the mssion
(operation 1104) . The start functions may be added from a
library of start functions, such as start functions 606 in
Figure B. The process then adds a nunber of stop functions to
the mission (operation 1106) . The stop functions may be added
froma library of stop functions, such as stop functions 608 in
Figure 6, The process optionally adds a nunber of stop
conditions to the m ssion (operation 1108) . The stop conditions
may be added from a library of stop conditions, such as stop
conditions 610 in Figure 6. The process adds a nunber of
iteration functions to the mission (operation 1110) . The
iteration functions may be added froma library of iteration
functions, such as iteration functions 612 in Figure B. The
process optionally adds a nunber of support functions to the
m ssion (operation 1112) . The support functions nay be added
froma library of support functions, such as support functions
614 in Figure 6. The process optionally save the mission in a
storage device (operation 1114) , with the process termnating
t hereafter. The process may execute the mission from the
conmputer menory w thout saving it, for exanple.

The flowcharts and block diagrams in the different depicted
enmbodi ments illustrate the architecture, functionality, and
operation of sone possible inplenentations of apparatus, nethods
and computer program products. In this regard, each block in
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the flowhart or block diagrans may represent a nodule, segnent,
or portion of conmputer wusable or readable program code, which

conprises one or nore executable instructions for inplenenting

the specified function or functions. In sone alternative
i mpl emrent ati ons, the function or functions noted in the block
may occur out of the order noted in the figures. For exampl e,

in some cases, two blocks shown in succession nmay be executed
substantially concurrently, or the blocks nmay sonetines be
executed in the reverse order, depending upon the functionality
i nvol ved .

The different advantageous enbodinents can take the form of
an entirely hardware enbodinment, an entirely software
enbodi nent, or an enbodi nent containing both hardware and
software el enents. Some enbodiments are inplenmented in
software, which includes but is not limted to forms, such as,
for exanple, firmvare, resident software, and m crocode.

Fur t her nor e, the different enbodinents can take the form of
a computer program product accessible from a conputer wusable or
conputer readable nedium providing program code for use by or in
connection wth a computer or any device or system that executes
i nstructions. For the purposes of this disclosure, a conputer
usable or conputer readable nedium can generally be any tangible
apparatus that can contain, store, communicate, propagate, or
transport the program for use by or in connection wth the
instruction execution system apparatus, or device.

The conputer wusable or conputer readable nedium can be, for

exanple, wthout Ilimtation an electronic, nmagnetic, optical,
el ectromagneti c, infrared, or sem conductor system, or a
propagati on nedi um Non limting exanples of a conputer

readabl e nedium include a sem conductor or solid state nenory,
magnetic tape, a renovable conputer diskette, a random access
menory (RAM) . a read-only nenory (ROM , a rigid nmagnetic disk,

and an optical disk. Optical disks may include conpact disk -
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read only nenory (CD-ROM) , conpact disk - read/wite (CDR'W
and DVD.

Further, a conputer usable or conmputer readable nmedium my
contain or score a conputer readable or usable program code such
that when the conputer readable or usable program code is
executed on a conputer, the execution of this conputer readable
or usable program code causes the conputer to transmt another
conputer readable or usable program code over a conmunications
['ink. This comunications |ink may use a nedium that is, for
exanple without limtation, physical or wireless.

A data processing system suitable for storing and/or
executing conputer readable or conputer usable program code wl|
include one or nore processors coupled directly or indirectly to
menory elenments through a communications fabric, such as a
system bus. The nmenory elenments may include |ocal nenory
enpl oyed during actual execution of the program code, bulk
storage, and cache nenories which provide tenporary storage of
at | east sonme conputer readable or conputer usable program code
to reduce the nunber of tinmes code may be retrieved from bulk
storage during execution of the code.

I nput/output or 1/0O devices can be coupled to the system
either directly or through intervening /0O controllers. These
devices may include, for exanple, wthout limtation to
keyboards, touch screen displays, and pointing devices.

Different communications adapters may also be coupled to the
system to enable the data processing system to beconme coupled to
ot her data processing systens or renote printers or storage
devices through intervening private or public networks . Non-
[imting exanples are nodens and network adapters are just a few
of the currently available types of conmunications adapters.

The different advantageous enbodinments recognize and take
into account that current mssion planning systens involve
scripting mssions offline then running the mssions after they
are conpleted offline. Many of these current systens are
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specific to a single mssion type, such as an area search

m ssion for exanple. The existing solutions are not practical
for dynam c applications where mssions need to be created and
nodified on the fly. These current systens are rigid and do not
provide for nodifying a m ssion once execution starts. The
systenms currently available require a user to be able to wite
code and script the mission manually as well.

Thus, the different advantageous enbodinments provide a
system for real-tinme definition, execution, and nonitoring of
conplex mssions involving a nultitude of assets. This system
all ows operators of autononous vehicles to easily create,
update, and execute conplex mssions involving nultiple casks
that need to be executed by varying nunmbers and types of assets,
using a graphical wuser interface. By having the client and
server comunicate over a network, the user can define, update,
and execute missions from a renote |ocation. Also multiple
clients can be used to allow nultiple users to sinultaneously
monitor and update mssions. Mssion definition is nodular using
the concept of "m ssion elenents”, and thus a user can nonitor
m ssion progress by graphically displaying the mssion elenents
in a real-time Gantt chart format chat shows the dependencies
between m ssion elenents, their conpletion status, and the
resources assigned or required to each mssion elenent. This is
achi eved using feedback from the m ssion managenent franework
via the m ssion planner server. In addition, XM-RPC may be used
for rich nessaging between clients and server including querying
the server library of mssion elenents, thus allow ng easy
updates of the library wthout any software change in the
clients .

The description of the different advantageous enbodinments

has been presented for purposes of illustration and description,
and is not intended to be exhaustive or limted to the

enbodi ments in the form disclosed. Many nodifications and
variations wll be apparent to those of ordinary skill in the
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art. Further, different advantageous enbodinments may provide
different advantages as conpared to other advantageous

enbodi nent s. The enbodi ment or enbodi nents selected are chosen
and described in order to best explain the principles of the
enbodi nents, the practical application, and to enable others of
ordinary skill in the art to understand the disclosure for
various enbodinments with various nodifications as are suited to

the particular use contenpl ated.
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CLAI MS:
What is clained is:

1. A system conpri sing:
a nunber of conputers ;
5 a graphical wuser interface, wherein the graphical user
interface is executed by a computer in the number of conputers;
first program code stored on the conputer, wherein the
conputer is configured to run the first program code to define a
m ssion using a nunber of mssion elenents; and
i0 second program code stored on the conputer, wherein the
conputer is configured to run the second program code to
generate instructions for a nunber of assets to execute the
m ssion and nonitor the nunber of assets during execution of the

m ssi on .

i5 2. The system of claim 1, wherein the nunber of assets include

at least one of a vehicle, sensor, charging station, and

machi ne .
3. The system of claim 1, wherein the nunber of m ssion
elements is stored in a mssion elenment library.

20 4. The system of claim 1, wherein the nunber of m ssion

elements is generated by the first program code.

5. The system of claim 1, wherein the first program code

communi cates with the second program code over a network.

6. The system of claim 1, wherein a first conmputer from the

3
Ut

number of conputers runs the second program code and a plurality
of conputers from the nunber of conmputers run multiple instances
of the first program code, wherein the first conputer is not one
of the plurality of conputers, and wherein the first conputer

communi cates with the plurality of computers allowing nultiple
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users to perform at |east one of defining, nodifying, executing,

and nonitoring mssions simultaneously.

7. The system of claim 1, wherein each mssion elenent includes
a nunber of mssion tasks, and wherein the system defines,

updates, executes and nmonitors multiple mssions simultaneously.

8 . A method for mssion planning, the method conprising:
receiving, by a computer, a user definition of a mssion,
generating a mssion program using the user definition and

a nunber of mssion elenents;
assigning the nunber of mssion elenments to a nunber of

assets ;
controlling execution of the nunber of mssion elenents by

t he nunber of assets; and

nmonitoring the nunber of assets executing the m ssion.

9. The nethod of claim 8 further conprising:
receiving mnmessages from the nunber of assets during
execution of the m ssion;
determ ning whether a mission reconfiguration is needed,;
and
responsive to a determ nation that the m ssion
reconfiguration is needed, generating a nodified m ssion using

t he nessages received.

10. The nmethod of claim 9, further conprising:
responsive to a determ nation that the m ssion
reconfiguration is not needed, determ ning whether the m ssion

is conplete.

11. The nmethod of claim s, wherein the user definition is

received by the conputer using a mssion planner client.

12. The method of claim 8, wherein the mssion script is

generated by a mission managenent franmeworKk.
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13. The nmethod of claim s, wherein the nunmber of m ssion
elements is generated by a mssion planner server and selected
by the m ssion managenent framework for assignnent to the nunber

of assets.

14. The nmethod of claim s, wherein a user uses a graphical user
interface and a nunber of devices to input coordinate paraneters

to the nunber of mssion elenents.

15. The nmethod of claim s, wherein the receiving, generating,
assigning, controlling, and nonitoring steps are perfornmed in

real -tine .

16. A conputer program product for managing information for
flights, the conmputer program product conprising:

a conputer recordable storage nedium

program code, stored on the conputer recordable storage
medium for receiving a user definition of a m ssion;

program code, stored on the conputer recordable storage
medium for generating a mssion script using the user
definition and a nunber of m ssion elenents;

program code, stored on the conputer recordable storage
medium for assigning the nunber of mssion elenents to a nunber
of assets;

program code, stored on the conputer recordable storage
medium for generating instructions for the nunber of assets to
execute the mssion using the nunber of mssion elenents; and

program code, stored on the conputer recordable storage
medium for nonitoring the nunber of assets executing the

m ssi on .

17. The conputer program product of claim 16 further

conprising :
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program code, stored on the conputer recordable storage
medium for receiving nessages from the nunber of assets during
execution of the m ssion;

program code, scored on the conputer recordable storage
medium for determning whether a mission reconfiguration is
needed; and

program code, stored on the conputer recordable storage
medi um responsive to a determnation chat the m ssion
reconfiguration is needed, for generating a nodified mssion

using the nessages received.

18. The conputer program product of claim 17 further
conprising :

program code, stored on the conputer recordable storage
medi um responsive to a determnation chat the m ssion
reconfiguration is not needed, for determning whether the

mssion is conplete.

19. The conputer program product of claim 16, wherein the user
definition is received by the conputer using a mssion planner

client .

20. The conputer program product of claim 16, wherein the
nunber of mssion elenents is generated by a mssion planner
server and selected by the m ssion managenent framework for

assignnment to the nunber of assets.
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