16 June 2005 -1- CONTROL SYSTEM ARCHI TECTURE FOR A MULTI - COVPONENT ARNMAMENT
SYSTEM FI ELD OF THE | NVENTI ON The present invention relates to

mul ti - conmponent armanent or weaponry systens. More particularly, the
present. invention relates to a robust control systemarchitecture for
simulation and control of nulti-conmponent armanment systens. BACKGROUND OF
THE | NVENTI ON Modem ar manent systens for nmilitary applicat ilénkuner2005

i ncreasingly conplex. Typically, there are a plurality of disparate
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early military aircraft. When the pilot determined the plane was at the correct location, the pilot
would actuate a particular linkage from the cockpit, thereby releasing the related weapon. With
the advent of electronic control systems, the remote release of a particular weapon component
controlled by such a system became possible. An electronic switch in the cockpit of the military
aircraft would send a signal through dedicated wiring to a weapon actuator, thereby releasing a
particular weapon.

The next stage in the evolution of armament systems was the integration of computer
control into the armament system. Targeting conirol computers were combined with data
acquired from sources such as radar system to aide the operator in target acquisition, thereby
improving on-target percentages. U.S. Patent No. 4,004,729 is an example of such a system that
provides an automated fire control apparatus. The control system of this patent connects a radar

! tracking system with a targeting computer and weapon positioning means. The computer control
system provides a larger period of time during which the weapon may be successfully fired at the
: intended target.

As computer systems became more powerful, it became more common to centralize the
control. functions in a single armament control system that could manage multiple diverse
armament components. U.S. Patent No. 5,229,538 is an example of one type of centralized

armament control svstem. This patent provides a digital communications armament system for



armanent conponents. U. S. Patent No. 5,229,538 is an exanple of one type of
centralized armanent control system This patent provides a digital
comuni cati ons armanent system for 16 June 2005 -2- controlling a carriage
of "smart" weapons. The smart weapons are carried by the aircraft in a '
Mul tiple Carriage Rack (MCR). The weapons in the MCR are programed and
controllably released as part of a weapons control systeml&Thmec2ififonent s
of this systemare communi cably interconnected by a single data bus as
described_ in iYI L-STD-.1553., The mlitary standard 1553 bus is a dual
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design prp%ﬁ&sbsy ﬂatn ! ies%n m\x/lvgst Qouu] f\hcr?' gc\e/ ESQ;E:I b?rffalgr:?cggc)#st t%rc;)r;",‘sitr?lg}tdprototypes. The -
prototypes were then ficld tested to determine whether that particular design met the problem
criteria. If the prototype did not acceptably solve the problem, modifications were made or new
ideas were tried. This involved repeating the steps of brainstorming, drafting, fabrication, and
testing. This "trial and error” process was iterative in nature and proved fo be both lengthy and
labor intensive.

The application of computers to the conventional design process has brought about
several improvements, Computer drafting programs created a cost savings by streamlining the
drawing step through minimizing the time it took a draftsperson to prepare drawings and modify
the drawings in subsequent design process iterations. With the advent of Computer-Aided
Engineering (CAE) tools, the design process could be further streamlined by mm_umzmg the
amount of iterations that needed to be performed before a satisfactory solution was abtained.
CAE tools permit engineers to perform modeling and simulation of specific tasks performed by
the system. Through modeling and simulation, many unacceptable solutions to the problem can
be eliminated without the need to fabricate expensive prototypes or undertake lengthy and costly
testing.



Engi neering (CAE) tools, the design process could be further streamined by
mnimzing the anmount of iterations that needed to be perforned before a
satisfactory solution was obtained. CAE tools permt engineers to perform
nodel i ng and sinul ati on of specific tasks perforned by the system Through
nodel i-ng and sinul ati on, many unacceptabl e solutions to the problemcan be
elimnated without the need to fabricate expensive prototypdéslove 200@fert ake
| engthy and costly testing. 16 Jung_ 2005 -3- The resulting streaniined
engi neering process produces satisfactory results for a majority of .
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with other types of existing control systens, conponents of the virtual
ar manent thSESayististivs pfidhe pamplete system during the development of a particular subsystem,

thereby minimizing or eliminating problems that may be encountered during integration and

testing. The virtual armament simulation system includes a virtual prototype of each subsystem.
The virtual prototypes simulate the characteristics of each subsystem. Each team can then
develop their particular subsystem within the simulation of a real world installation. As with
other types of existing control systems, components of the virtual armament SES system and the
virtual prototypes are linked in communication by different communication channels, for
example, a single MIL-STD 1553 bus or an Fthernet link. For a more detailed description of the
SES process, see Huang, et. al., "System Integration Laboratory - A New Approach to
' Software/Electronics System Integration" (1996), Huang et. al., "Modeling and Simulation Based
System Integration Approach”( 1997), Huang et. al.,, "Using Modeling and Simulation for Rapid
Prototyping and System Integration” (1997), Huang et. al., “Simulation-Emulation-Stimulation A
Complete Engineering Process" (1998), Huang et. al., "System Simulation Based Engineering
Process” (1998), Huang et. al., "Systém Design Using Virtual Prototyping Techniques" {1998).
Presently, there exists a need for an armament control system design that can serve as the

armament conirol system in the virtual environment of the development/simulation process, such




virtual prototypes are linked in comunication by different conmunication
channels, for exanple, a single ML-STD 1553 bus or an Ethernet |ink. For
a nore detail ed description of the SES process, see Huang, et. al.,
"System I ntegration Laboratory - A New Approach to Software/El ectronics
System I ntegration" (1996), Huang et. al., "Mdeling and Simul ati on Based
System | ntegration Approach"( 1997), Huang et. al., "Using16btele 200@and
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components of an armament system has been dictated by the need for well defined
comimunications between the controller and the armament components. A signal to fire a
weapon must be delivered to that component in a timely manner. The single bus single
controller architecture enables existing systems to be designed such that control signals will
arrive when expected. In contrast, a web-like topology provides for multiple communication
paths between components and, as such, delivery of messages usually is not accomplished in a
deterministic manner. To overcome this, the present invention utilizes a real time scheduler
within the CSA to monitor communications in the client-server architecture. The scheduler
enables the CSA to overcome slow points and broken lines of communication while still
preserving the predictable time response required of an armament system. This imparts an
increased robustness to the system that is not found in the prior art armament systems, each of
which featuring point-to-point communications topology.

One embodiment of the present invention provides for a client-server type multi-tiered
hierarchical network for conh‘dlling a multi-component armament system. In one case, the top

level of the system comprises a system controller. The system controller is comprised of an



weapon nust be delivered to that conponent in a tinely manner. The single
bus single controller architecture enables existing systens to be desi gned
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BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a diagrammatic chart of the prior art engineering development process.

Figure 2 is a diagrammatic process chart for the SES process.

Figure 3 is a schematic of a prior art single bus, single controiler armament system
architecture.

Figure 4 is a conceptual representation of the web-like connectivity a multi-component
armament system in accordance with the present invention.

Figure § is a hierarchical diagram of a multi-component armament system having a
control system architecture according to one embodiment of the present invention.

Figure 6 is the diagram of Figure 5 showing component details.

+ Figure 7 is a conceptual diagram of a state machine.
Figure 8 is a state diagram of a preferred embodiment of a state machine for the-control
" system of the present invention.

Figure 9 is a detailed state diagram of showing further details of the state machine of

Figure 8.



commerci ally avail abl e operati.ng -environnments and i s comuni cably connect ed
to an intranet. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a ,

di agrammatic chart of the prior art engineering devel opment process. :
Figure 2 is a diagrammatic process chart for the SES process. Figure 3 is a
schematic of a prior art single bus, single controller armanent system
architecture. Figure 4 is a conceptugd. representation of tH® Jwis 20¢2
connectivity a nmulti-conponent armanent systemin accordance with the
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Figure 8. -6 16 June 2005 Figure 10 is an exi)_l oded parts view of the real

time control | Eigue thisdi eck dagsam of dietinigmaberbling for e nopldimaonirple of Figyre

Fi gure 1]10i s a front viewof the real time controller of Figure 10. Figure
12 is a side view of the real time controller of Figure 10. Figure 13 is a
front view of Figuees\I¥Eandri&cite Gbnt dnd sidealiews aftthe CRUrcohtrdler ofrdfirgsiote ofi and

Figure 14 is kK diagramof the internal cabling for the real tine
controll éWOSf?‘FR}dﬁﬁéa%O’?gﬁ%ﬁes 15 and 16 are front and side views of the
CPU control | errj&@dsds7 iad 98048 MRINE add Gidet WBWO lof tehre TNMEItib1R Ghodale for Ghi¢ €PLB.
Figures 17 and 18 are front and side views of the Transition nodule for the

CPU contooptrolter cad o Fighrepidgur e 14. Figures 19 and 20 are a front and side

view of the D GAIS and b BN'aFord dndik idw Bf he DAC 04 and side view of the
1/0 port card.

Figures 21 and 22 are a front and side view of the 1/0 port card.

Figures 23 and 24are a front and side view of the bus converter card.

Figures 25 and 26 are a front and side view of the Channel Resolver card.

Figures 27 and 28 are a front and side view of the Digital to Syncro/Resolver card.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Figure 1, the prior art conventional engineering development process is
shown generally at 20. The steps of the prior art design process are, in order, generation of
system requirements 22, development of concepts 24, produce designs based on the concepts 26,
prototyping 28, building individual systems 30, integrating those individual systems 32, and
performing testing and evaluation <-)f the completed system 34. If the testing and evaluation stage
34 revealed that the particular design is not acceptable, then the process must be reiterated
starting back at the prototype stage 28, or earlier.

Referring to Figure 2, the Simulation-Emulation-Stimulation (SES) process, generally
designated at 36 minimizes the required iterations and condenses the steps of the prior
conventional development process. SES comprises the steps of using system specifications to
‘generate a set of system requirements 38, performing modeling and simulation (M&S) 40 of the
multi-component armament system, simultaneously generating design documentation 48 and
system code 42 from the simulation, downloading the system code 42 into an emulation
environment 44, and stimulating the emulation 46.




Figures 23 and 24 are a front and side view of the bus converter card.
Figures 25 and 26 are a front and side view of the Channel Resol ver card.
Figures 27 and 28 are a front and side view of the Digital to
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The HLSM is first tested on the emulation environment 44 to produce preliminary results.
The CAE tools allow for changes to be made to the system models and the generation of

functionally equivalent software modules 42. From the HSLM using the CAE tools, a set of

design documentation can be generated 48. The design‘ documentation is useful to the subsystem
design teams because it provides a detailed set of requirements to guide the development of a
particular subsystem.
The system model and software modules can then be used to emulate the function of the
complete software of the system in an emulation environpment 44. This process is often referred
. to as rapid virtual prototyping (RVP). The software code is downloaded into an emulation
environment 50. The emulation environment is preferably the same control system that will be
used in the field application to control the multi-component armament system. The virtual
prototypes in the SES process use CAE tools to simulate the characteristics of their
corresponding armament component within the emulation environment 50. As individual
development teams proceed with the development of their respective subsystemé, they can use

the control system connected to the virtual prototypes to experiment with how the system might



as an inherent function of these M&S prograns. Such schematics becone part
of the system design docunentation 48. The Matri xX program possesses the
capability to automatically generate the conmputer code required to operate
any of the various conponents of the armanent system This is a powerful
feature because it elimnates the tedious |ine-by-line coding and
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the difference between the present invention and the prior art can be best understood by

=

comparing Figure 3, showing a common bus architecture, with Figure 4 which shows a client-
server architecture in accordance with the present invention where all of the armament
components 62 are connected to a web-like intranet 60. A real time scheduler 63 is shown as
part of the intranet 60 and monitors communications among the various components 62 to
determine whether communications are received when expected and, if not, to notify the sender
that a communication was not received as expected.

It will be understood that while an intranet 60 is often conceived of as a web-like
connection arrangement as shown in Figure 4, actual physical and logical interconnection must
occur within the intranet 60. Although the term intranet, as used within the present invention,
includes the common understanding of all of the various ways in which actual physical and ‘
logical interconnections .between machines and routers can be configured to create such a
network. It should be understood that, for purposes of the present invention, it is intended that
the term intranet is not limited to a conventional intranet arrangement and is better understood as
a physical and logical interconnection of nodes that is “intranet-like”. In the present invention, a

structured system hierarchy preferably is used to segment the intranet 60 of the CSA into




flow of information in the systemas it noves along the bus 58 in a

poi nt-to-point comunication manner. |If a new conponent is added to the
system a conponent renoved, or a conponent replaced with a different one,
the controller 54 nust be extensively reconfigured and nodified. It was
found that the sinulation of such a single bus, point-to-point control
systemfor the SES enul ati on hardware 44 was quite conpli cld dahe 2005
acconpl i sh, and invol ved significantg.nodification and adjustnments. Most

i mportantly, it was cunbersonme and conplicated to nodify the enulati.on
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may be added, oI CRULT Be libf SnPtuSt BE." AGHAGISO HMeen that the data connection 65 can
include multiple redundancy features to provide further robustness to the CSA, or that more than

‘one unique data connection 65 could be utilized with the present invention. The control signal
connection 68 allows for a connection between nodes 62 of control signals other than
conventional data signals. As will be described, these control signals can be amplified electrical
signals used to control positioning apparatus in one or more of the nodes, for example.
Although, the data connections 65 and control signal connections 68 are described in terms of
electrical connections, it will also be recognized that such connections could be accomplished

. using optical, infrared or radio signals, as long as appropriate security and performance
parameters can be met by such alternative communication connections.

The CSA can easily accommodate the addition or subtraction of nodes due to the client-
server nature of its hierarchy. Persons skilled in the art will understand fhc ability to add and
subtract nodes from a client server network. Conceptually, for ease of understanding in
armament systems, each component 62 or client can be represented as a component node 62 in

the hierarchy as shown in Figure 6. Each component node 62 has a distinct IP address. In a



the whole systemwi th few changes required to the overall operation. The
nature of the physical and |ogical interconnection anong the various
conponents 62 in the intranet 60 will depend wupon the conponents bei ng .
connected and no restrictions are intended for these connections. Instead
of using the point-to-point conunication schene of the conmmon bus
architecture, the present invention utilizes a transmi ssi d dure 2005
protocol /inteme t protocol, such as ¢(IEP/IP) client-server conmunication
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connections. The CSA can easily accommodate the addition or subtraction of
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62 In the Merarehycas, shom, Lifloute & Each SRR ind WS Y85nd
servo amplifier 74 are confrol component nodes 62 in a second hierarchical layer, and the
magazine virtual prototype 78, gun 80 and gun 82, as well as virtual prototype guns 84 and 86
are all armament component nodes 62 in a third and fourth hierarchical layers. It will be
understood that the armament component nodes 62 can be either actual armament components or
systems, scale models of such actual armament components or systems, or virtual prototypes of
such actual armament components or systems or propbsed armament components or systems.

Figure 6 shows the example as schematically illustrated in Figure 5 with indicated box
name, computer hardware, operating system, and application software. The MMI 70 is the
interface between the system operator and the system itself. The MMI 70 uses a common off-
the-shelf (COTS) operating system (OS) such as Windows NT® from Microsoft. In one
embodiment, the MMI 70 employs a compact OS commonly used by any of various hand held
personal digital assistants (PDA's). The PDA has advantages over other types of man-machine
interfaces that use a full-blown OS because it utilizes a compact OS having a quick recovery time




-10- preferred enbodi ment, the real tinme controller 76 contains a naster
node profile 66. The naster node profile 66 contains the |ist of
authorized I P addresses and corresponding client characteristics for each
conponent node 62 in the hierarchy. The master node profile 66 only can be
edited by an operator having authorized access. Wthin the real-tine
controller 76, a real tinme Operating System (OS) preferablif dun 8085a
mast er request routine. Wien the nast-er polling routine encounters a new
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The real time controller 76 executes a real time operating system pSOS from Integrated Systems,
Inc., in the preferred embodiment. In the past other real-time operating systems such as Linx OS
and VxWork have also yielded satisfactory results. As will be described, the real time OS fulfills

the role of the scheduler 63 in the exemplary embodiment of the client-server hicrarchy of the
CSA of the present invention. '

One problem that had to be solved when employing the client-server web-like network in
the context of an armament control system is timing of data communications. To illustrate the
problem, consider the example of the most well-known client-server web-like network, the world
wide web (WWW). Anyone who has used the WWW knows that e-mail sent over the WWW
takes a random amount of time to reach its intended destination. Sometimes this may be one
second, sometimes one minute, sometimes one hour, and sometimes one day or longer. This

unpredictable time delay. is unacceptable in an armament or other time-critical control system.

One cannot spare minutes, hours, days, or even seconds for a fire command to reach a firing




enbodi nent, the MM 70 enploys a conpact OS commonly used by any of various
hand held personal digital assistants (FDA s). The PDA has advant ages over
ot her types of man-machine interfaces that use a full-blown OS because it
utilizes a conpact OS having a quick recovery tine 16 June 2005 -11- if the
PDA nmust be re-booted after an error occurs, whereas an |v[M 70 enploying
a nore conplicated OS such as NT will have a rel atively | olgdune 2d0very
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condition referred to as the source state 100. When a pre-defined condition 104 occurs, a

particular action 106 is taken that triggers the component to enter the target state 102. The server
for a particular component can mouitor the state of that component and communicate it to the
real time controller 76 and the operator through the MMI 70. States themselves can be broken
down into sub-states and so on, thereby providing further suitable control functions.

Figure 8 illustrates the state machine used in the preferred embodiment of the present
invention. Starting with power off state 118, the system power is turmned on. The system then
enters the initialization state 110. Within the initialization state 110, a self-test is performed to
verify proper function of the controller 76. If the self-test fails, then it will reiterate. After
several passes, if the failure persists, a failure indication will be provided to the operator so the
problem can be corrected. If the self-test 110 is passed, the system proceeds to the client monitor
state 112. As will be described, the client monitor state 112 is where the controller 76 spends'
most of its time when the CSA is up and running and handling client connection requests. If an
error is detected in the client monitor state 112, control will be passed to an error handling

routine 114. A client release routine 116 can be entered either by the client monitor state 112




the context of an armanent control systemis timng of data communi cati ons.
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of time to reach its intended destination. Sonetinmes this may be one
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authorized communication channel between the client and server for that communication. From

the client logoff routine 128, the client monitor state 112 returns to the main polling routine 120.
Referring again to Figure 5, a servo amplifier 74 is also contained within the control
system and connected to the other various components. Servo amplifiers are well understood by
those skilled in the art. The servo amplifier 74 functions to amplify the control signal sent along
the control connections 68 to the physical manipulation mechanisms of an actual gun 80 and/or _
82, for example. These control signals could be to power an electric motor that turns the
platform on which a gun 80 is mounted. The servo amplifier 74 is necessary to boost the power,
current and/or voltage of the control signals to the appropriate levels to properly drive the
s physical manipulation mechanisms of an actual physical component 62. Suitable servo
amplifiers are available either as COTS or custom-made devices particularly adapted to the
requirements of a given physical component 62.
The CSA when used in the SES system also includes a plurality of virtual prototypes
(VP’s). As shown in the preferred embodiment of Figure S, a VP of two guns, gun #1 80 and



down into sub-states and so on, ‘thereby providing further suitable control
functions. Figure 8 illustrates the state machine used in the preferred
enbodi ment of the present invention. Starting with power off state 118,
the system power is turned on. The systemthen enters the initialization
state 110. Wthin the initialization state 110, a self-test is perforned to
verify proper function of the controljser 76. If the self-tedJdng 2805t hen
it will reiterate. After several passes, if the failure persists,_a
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130 occur & itheprogase sopsstinnpath Btches ferrhothethe data Fommastiony 03 #is the,eonfre Slg e
dat a tranggﬂecﬁ&%gl ne 126 enables the data transfer to occur between the
client and server and nonitors the transfer in accordance with the
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103 are fastened to the frame 101. The back panel 104 is fastened to the rear of the frame 101

and louvered to prornote sufficient airflow which aides in cooling the cabinet. Back panel
connector 105 is affixed to the back panel 104, Top and bottom panels 106 are fastened to the
frame 101 and the bottom of the frame is fitted with a roller caster assembly 107 to -aide in
transporting the real time computer 76. The cabinet further includes an outlet surge protection
block 108 and a 30 volt power supply 109. A power relay switching panel 110 and a terminal
block cable termination panel 111 are connected as part of the cabinets power supply system.
The cabinet is supplied with a twelve-port communications hub 112 which is preferably 100 base
T. The VME rack 113 holds the plurality of control cards which comprise the processors for the
real time controller 76. The cabinet also has a roll out keyboard 114 for holding a keyboard
functioning as the MMI 70. A computer monitor 115 serves as the GUI for the MMI 70.
Finally, the cabinet includes an indicator/switching panel 116 with a plurality of LED’s 119,
other indicators 120 and switches 118. Figures 13 and 14 provide front and side sectional views



transfer or data comuni cation i's conplete, a client |ogoff routine 128
effectively ends the authorized communication channel between the client
and server for that communication. From the client |ogoff routine 128, the
client monitor state 112 returns to the main polling routine 120. Referring
again to Figure 5, a servo anplifier 74 is also contained within the
control system and connected to the other various conponerifslurGs2Qb
amplifiers are well understood by -tfiose skilled in the art. The servo
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module 134, as shown in Figures 17 and 18, has a plurality of serial ports 140 and parallel ports
138 for connecting to various devices, and also a 100 base T connection for connecting to the
‘intranet local area network (LAN) and a remote communication port 1_35. Using TCP/IP the
CPU’s can communicate with all of the other components in the syster.
In slot 3 of the VME rack 113 is a digital-to-analog converter card 142 as shown in
Figures 19 and 20. The DAC card 142 preferably includes two DAC circuit cards that perform
the necessary transformation of data signals 65 to control signals 68 to provide, for example,
position command signals to the servo amplifier 74 or receive position feedback signals from the
components 62.
In slot 4 of the VME rack 113 is the Quad Serial I/O ports card 144 to the MIL-STD 1553
Bus 58, as shown in Figures 21 and 22. Preferabl-y, the I/O port cards 144 are configurable to
operate RS232C, RS422a, RS423 or RS485 ports. In slot 5 of the VME rack 113 is the bus
converter card 146, as shown in Figures 23 and 24. In this embodiment, the bus converter card

146 converts the MIL-STD 1553 Bus 58 used for the data connections 65 to the VME Bus used

within the VME rack 113.




Preferably, the A/B/C switch i's a conbi nati on of software executing in the
real time OS coupled w th appropriate connection path switches for both
the data connections 65 and the control signal connection 68. Figure 10 is
an expl oded depiction of a preferred enbodi nent of the hardware for the"
conpleted real tinme controller 76, also shown in Figures 11 and 12. The
cabinet frame 101 has a Plexiglas(r) front door 102 pi vot#s Uynaf08bhed to
the left side of the frane 101. The dlitde panels 103 are fastened to the
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Mot orol a(r) Power PC processor cards. Alternatively, Intel(r) processor
cards (x86 and various version of Pentium(r) processors) or RI SC 4600 and
RI'SC 4700 cards can al so be used to produce satisfactory results. Each
-card runs on the pSCS real tinme operating systemand enploys MatrixX
.software to communi cate with an armanment conponent. Figure 14 shows the
intérnal and external cables for the VME rack 113. Slot #116l.3une 2805hown
ikn Figures 15 and 16, contains CPU/I@OW cards such as a controller card
MWME 2600 available from Mdtorola(r). T COW card 131 also includes
a transition nodule 134 that plugs into d, as shown in Figure 17.
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card 144 to tﬁ’e&?/l LW 58, as shown in Figures 21 and 22.
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allowing for connection between nodes in the intranet-like network for control signal

communications other than the data signals among the nodes within the intranet-like
network.




themto the DAC card 142 for the position feedback signal generation.
supplying the servo amplifier 74. The R-to-D card 148 al so generates a
2.6KHZ 5 Volt signal to supply the resolver notors. In slot 7 of the VME
rack 113 is the Digital to Resolver card 150, as shown in Figures 27 and
28. The D-to-R card 150 essentially perforns the opposite functions of the
"Rto-D card 148 by converting appt®priate digital signals t®Jume2088essary
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eyel s 40 }&Yénpgc kO cl%%?fé.'g{h%fe%&)thgqgal ﬁﬁl%%kl‘{e@ﬁﬁr execRid &

t he di.scl'6sure 0 s’ rnventron 1S s copyright protection. The
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been described, it will be recognized that numerous changes and vari ati ons
can be nmade and that the scope of the present invention is to be defined

by the ClAi 18 g bodfr Men 200 Redne! dYRaich 2 ARG ' scheh | RARGR ohL Irilieh” © T OF

control li'ng a nul armament sysStem connected in a client-server
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ar manent ‘conmponent nodes, each armanment conponent no esp(

ar Ment CARRRAR nd Ak %l ohf FpnRACLAP HiRlElcR R H1RIACHE prlelcfmindd |
configure s one of “a physical "afmanment conponent and a virtual prototype
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I nt erface tonponent node; at ast one cliient graphical user interface
conponenig{%ﬁgg;lﬁalin t one real-time controller conponent configured as a
waver r node, the real-tinme controller including a real-tine
operating system the real-time operating system programmably including a
real -time scheduler; a nmulti-tiered network for operably connecting the

plurality of &ﬂ'@o@ﬁﬂﬂ?@t@ﬁ: archRE0RR0 6P Liaif 1, £ RtrahddFik S hetBAShcIANS at
man- machine interface”conponent chant node, the at |east one graphical
user Int ?&&@&1@ 42 wdnl @ne] R achHI S Rtindlif of tieR Shd @Rast $AY SdntBRSt er
node in a hierarchical apart having a plurality of tiers so as to farm .

signal commuaication channel for at least one of the plurality of tiers.

5. The control system architecture of claim 4, wherein the real-time scheduler routine to
monitors communications over the intranet-like network on the at least one data communication
channel to determine whether the communications arrive within predetermined expected time

frames,

6. The control system architecture of claim 5, further coxppﬂsing a servo amplifier
component node operably coﬁnected to the real-time controller via the data conimmication
channel and operably connected to the plurality of armament component nodes in a tier separate
from the server master node and the servo amplifier component node via the control mgnal
communication channel wherein the servo amplifier system generates amplified control signals

for the plurality of armament components.

e corresponding to an



an intrand -like network with the nodes comuni catively connected in a data -
connection configuration and a control signal configuration, each node
bei ng associated with a distinct intend protocol (IP) address, the data
connection providing for packetized comrunications over the intrand -1ike
network using a transmission control ygprotocol rntanet protocol (TCP/IP)
client/server ocntmunication schene utilizing said EP adérheec2ldp t hat
data signal’ls caThdenpabgs@manchitgctire@f chihed, whérbinrthd feel-timé¢ cantiotler] dolnponent
network until they arrive at their intended destinations, the control
signal conkowfiguetliasthe servEromastey ndéderhaciog agirtualinealibethvevdich oy demaniicallylswitching
Intranet-hire network for control signal conmunications other than the

dat a si gnabstwaently physicalcalmsmenit tdoinporent the tvirmaleprotoitype ofribe \pbydical agnat@ntiune
2005 2. The control systemarchitecture of claim1, wherein the real-tine
schedul er ecmpanentsordbotichedul er routine to nonitor comunications over the
intranet-like network to determ ne whether the comunications arrive within
predeterm ned expected tine frames. 3. The control system architecture of
claim2, wherein the server master node further includes a profile

dat abase s8ori nThe nénsrotresystem arcltoctiat of clain hi, ewlidncinf the heranbiogl asért ipteghce
armanent conponents and the at | east one graphical user interface that

i ncl udes t hampneniapds compeides thoapurmachinetinterfice anda cdntrol @mpHteni cat i ons
initiated by each of the arnmanent conponents or the graphical user
interface. 4. The control systemarchitecture of claim1l, wherein the
intranet-like network includes at |east one data communication channel for
each of th8 pl (Fhel eanjrobisysténe raschitentira tof] elsinx 1o mdexsion theoman-giaghing-interface is
communi cation channel for at |east one of the plurality of tiers. 5. The
control sysdetedafrahithe st nompusing | @i personalvdigitabiassisting ¢ personal gempuiercand| aay
routine to nonitors comuni cati ons over the intranet -like network on the
at | east oembaddeddeyisamuni cati on channel to determ ne whet her the

comuni cations arrive within predeterm ned expected tine franmes. 6. The
control systemarchitecture of claimb5, further conprising a servo
anplifier conponent node operably connected to the real-tine controller
via the dalk cdfhesonteltsysem aivhitentiire afi claiop & wibirsin dhaweelctinae) condroligreopsraies &l i t y
of armanent conponent nodes ' in a tier separate fromthe server master node
and t he seresidimmgperatingsysttonrponent node via the control signal

communi cati on channel wherein the servo anplifier system generates
anplified control signals

11.  The control system architecture of claim 1, wherein the virtual prototype is generated by
a Simulation-Emulation-Stimulation (SES) process.

12. The control system architecture of claim 11, Wherem the Simulation-Emulation-
Stimulation process is executed on a computer processor and the Simulation-Emulation-
Stimulation process comprises:

providing a set of system requirements;

creating 8 system simulation;

generating system code; and

downloading the system code into the computer processor.




for the plurality of armament conponents. 19 16 June 2005 7. The- control
systemarchitecture of claiml, wherein the real-tinme controller conponent
configured as the server naster node having a virtual/real/ both switch for
dynam cally switching between the physical armanent conponent, the virtual
prototype of the physical armanent conponent, or both. 8. The control
system architecture of claim 1, wherein the graphical user 16niusief 2005
conponent node conprises the man-machi ne-interface and a control conputer
9. The control systemarchitecture of claim 1, wherein the
.man-nachine-interface is selected fi2dmthe set conprising: a personal

di gi tal asgst agfe oRuBPLARPLRAPRN' & A0 Mere EUP tholRithEEn cblporhe

control systemarchitecture o Im1, mhereln real t1ne cont

operates a DR ﬁn&ﬁ 11. The control systen1arch|tecture
of clai mln ﬁﬁg%g%k e vf?%tg g pe is generated by a

Si mul ati on- Emul ation-Stimul ation (SES) process. 12. The control system
architecture of claim1l, wherein the Sinulation-Enmulation- Stinmnulation
process is executed on a conputer processor and the Sinulation-Enulation-
Stinmul ati on process conprises: providing a set of systemrequirenents;
creating a systemsimnulation; generating system code; and downl oadi ng the
system code into the conputer processor. 16 June 2005 20 13. The control
system architecture of claim 1l wherein each of the armanment conponent nodes
can be inplenmented as a virtual prototype.




