1" DEVI CE AND METHOD FOR FEDERATI NG AND | NTEGRATI NG REAL OR SI MULATED
SYSTEMS | N ORDER TO SI MULATE THE BEHAVI OR OF THE THUS DEVELOPED SYSTEM 5
The present invention relates to a nmethod and a device adapted for
‘experinmenting with and simulating (or nmaking prototypes of) the behavior of
systens devel oped from exi sting indepqndent systens. It applies, for
exanple, to the design and validating of system C 10 architectures of
projects constructed fromseveral |ower |evel systens. The prior art

di scl oses various products such as conputer sinulation gateways, which
enabl e different protocols to be sinulated before being converted for

appl i cat i orDEVWIGE (RNDIMETHOD £OR FEBEDERATING ANBINTHGRATINGrRBALE net hods

o be o midRSIMUATERSTsTERSIN GRBER LS RILR e TR AaVOR sentr
they entail coupling bejggfiE TRESHRYELIGPED $YSTERf I n the simulation, the

need to devel op a conmuni cati ons exchange standard, a nutual understandi ng
of the reaning of the data exchanged and nodification of the functional

bl ocks of each 2Q subsystem The activijies ajmpn 0O ynite o oupl e
current |y exi stingnespiupat Myantiga felatesi aunatiod 8nd Redaviss.atarted " bei ng
I Nt rusi ve ¢a,l, e ' i ' ﬁ&ﬁ : npn-

di srupti vgorpr égfi S g‘s}s\:’v{ie{?rﬁgdgg}magg ag%én)%]ngfl t\sh?ps%%m gﬁgﬁhaﬂ?ﬁfs pr obe
25 recoverns spsiepng dheveleped freveadsting independantsiystémas.i on; a device for

coll ecting and processing the selected data is adapted to foymat, these data
before transmittitn p?'l'f‘esmfbf) e&‘aQ?Fﬁ%'l ﬁiit'&% sigh @ngy vallatingngt systeMun

G ent o eV o P S Tpoled o By fnertersfidns of (e
The prior art discloses various products such as computer
simulation gateways, which enable different protocols to be simulated before
being converted for application on a destination system.
The prior art also describes methods enabling the behavior of a
15 new system developed from various subsystems to be simulated. The
majority of these methods are intrusive. In general they entail coupling
between the subsystems involved in the simulation, the need to develop a
communications exchange standard, a mutual understanding of the meaning
of the data exchanged and modification of the functional blocks of each
20 subsystem.
4 The activities aiming to unite or couple currently existing
et simulation systems notably have the drawback of being intrusive.
The present invention is based on a novel approach: a non-
disruptive probe is positioned at each agent of the simulation. This probe
25 recovers only the data necessary for this simulation; a device for collecting
and processing the selected data is adapted to format these data before
transmitting them to a simulation platform, which has its own environment in
which the data will be processed.
The subject of the invention is a simulation device, characterized
30 in that it comprises at least the following elements:

s one or more subsystems that are involved in a simulation of a given future



-30 in that it conprises at |east the follow ng el enents: one or nore
subsystens that are involved in a sinulation of a given future 2 system
for each subsystem a data sanpling device, the data having a given profile
‘(list of data types to be sanpled on a subsystem associated with the
manner of taking them [periodic, eventydriven, on change of state, 5
etc.]), a central nonitoring system dzesi gned for processing the data
sanpled in order at |east to synchronize them and nanage their life-cycle
(creation, #pdeini ng, deletion, etc.), an experimentation platform adapted
to support one or nore nodels C 10 adapted to sinulate real systens or
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¢ the platform comprising at least one application program designed to:
+ work out and monitor the additional classes of data to be aggregated
15 to the entities resulting from the application of the models; and/or

o work out various entities from the data coming from the central device,

o work out simulation layers within the application program of the
experimentation platform from chosen parameters, synchronize and
merge the layers with each other in order to produce a composite

20 model.

The invention also relates to a method of simulating a future
system developed from subsystems comprising one or more real or
simulated objects, characterized in that it comprises at least the following
steps: the gathering of data having a profile determined on the basis of the

25 subsystems, the formatting of these data, the hosting of models by an
experimentation platform comprising its environment, the application of one
or more models to the formatted data and/or to data synthesized by the
platform, the working out of simulation layers within the application program
of the experimentation platform based on chosen parameters, the

30 synchronization and the merging of the layers with each other in order to

produce a composite model.



‘of nmore nodels to the formatted data and/or to data synthesized by the
platform the working out of sinulation |ayers within the application
program of the experinentation platform based on chosen paraneters, the 30
‘synchroni zation and the merging of the layers with each other in order to
produce a conposite nodel. 3 The invgption notably has the follow ng
advantages: only certain categories Of data known in advance and necessary
for the sinmulation are taken, the interoperability required between the
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by way of illustration and in no way limiting, appended to the figures which
represent:

» figure 1, a diagram of the architecture of the system according to the
invention comprising a central monitoring system, various subsystems

15 involved in the simulation operation and connection means associated

with the entities, a local simulation platform,

» figure 2, a variant of figure 1 with several layers,

o figure 3, an example application involving several special response,
fire-fighting and medical teams, etc.

20 The present invention described below may be used in any
medical, civil or military field in which there is a need to simulate a new
situation from various existing independent systems, whether remote or not.

The architecture of the simulation system shown diagrammatically
in figure 1 comprises, for example, several systems that are independent and

25 remote from each other, 14 to 14, called subsystems, comprising several real
or simulated objects Oy to Op,. Each subsystem has parameters that are
specific to it, {Py, ... Pa}, {Qq, ... Qu}, {4, ... Z,} respectively. Each subsystem
11 to 1., is associated with a non-intrusive device, for example a collection
agent, 2 to 2m, which notably has the function of collecting certain monitored

30 information belonging to the objects O to O, and of transmitting them to a
central monitoring device for processing and managing 3 these data. The



The architecture of the sinulation systemshown diagranmatically in figure
1 conprises, for exanple, several systens that are independent and 25 renote
fromeach other, 11 to 1m called subsystens, conprising several real or
simul ated objects 01 to Om Each subsystem has paraneters that are specific
toit, {Pi, ... P}, {Q, ... Q}, {Z1, ... Zn} respectively. Each subsystem
1 to 1lmis associated with a non-intrusive device, for exanple a collection
agent, 21 to 2m which notably has the function of collecting certain
nonitored 30 information belonging to the objects 01 to Om and of
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The data collection agent, also called the "probe" below, is
adapted to collect certain predefined data according to a given profile. The

15 profile is defined as a list of data to be taken on a subsystem, associated with
the manner of taking them (periodic, event-driven, on change of state). The
probe delivers to the central monitoring device 3 certain information worked
out by separate applications, programs, simulations, real and hybrid systems
that are embedded in the subsystems 14 to 1,,. A probe may also allow

20 variations in the values of selected parameters to be logged at the central
monitoring device (application program of 3) which triggers an update of the

et parameters of the corresponding entities. It notably enables the new data
values to be transmitted in case of variation or periodically, as dictated by the
parametering of the associated profile.

25 Each probe annexed to a subsystem transmits, for example, the
subsystem identifier and the set of data collected and selected.

The probes may be designed in such a way as to permit the flow
of data only in one direction. This notably aliows an intrusion of the central
system on the distant system to be prevented in order to guarantee security.

30 The probe may be a diode.

The central monitoring device 3 is, for example, a processor



20 variations in the values of selected paraneters to be | ogged at the
central nonitoring device (application programof 3) which triggers an
update of the paranmeters of the corresponding entities. It notably enables
the new data values to be transmtted in case of variation or periodically,
as dictated by the paranetering of t%e associ ated profile. 25 Each probe
annexed to a subsystemtransmts, for exanple, the subsystemidentifier and
the set of data collected and sel ected. The probes may be designed in such a
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The experimentation platform 4 comprises, for example, one or

more processors 4p on which application programs run, adapted to create
15 and develop various entities based on information coming from the central
device 3 in an environment specific to the platform. The experimentation
platform allows a behavior inherited from that of subsystems completed and
constrained by behavioral elements synthesized by the application program
of the platform to be applied to the models Mi. These processors are also
20 adapted to synthesize data by means of an application program. The
simulation layers are worked out from chosen parameters within the
- application program of the experimentation platform (4), and the layers are
synchronized and merged with each other in order to produce a composite
model.
25 The platform is designed to support various models with the
selected and formatted data.

The means of visualizing results of simulations is, for example, a
display wall based on cascadable back-projection modules. A part of this wall
is, for example, touch-sensitive and enables direct tactile interaction with the

30 entities displayed.
Operators may interact at the platform by means of interfaces not



pfatformall ows a behavior inherited fromthat of subsystens conpleted and
constrai ned by behavioral elenents synthesized by the application program
of the platformto be applied to the nodels M. These processors are al so 20
adapted to synthesize data by neans of an application program The
sinmulation |ayers are worked out fromechosen paranmeters within the
application program of the experinentation platform(4), and the |ayers are
synchroni zed and nmerged with each other in order to produce a conposite
model . 2543B&igAihftAEFigufe.desi gned to support various nodels with the
selected and formatted™data. The neans of visualizing results of sinulations
is, for exanple, #&hedrdpiesycamedpondstedsoiiwares oeptabértaliank-gfrajrealt don

nodul es. A part_of this wall k6 is, for exanpl .touch-sensitive and enabl es
i rect -t adTiE stiee Belnddate rhenatbulaRs: s THPEETIRen G Hor o nay
interact ghnédifed!ottih GhE" ﬁvmn@@ﬁ?e@(, ddthesf apRh RreSentdomer s bn the
figure. The entities correspond fo software representations of a real or

vi rt ual5 oppsesiblebeariaiipnnef paratietersuthayatterizing The sealepnédual ehjectomitsy be
conceived, of i.n the formof .l gvers, each_ of ich _represents,the space of 5
possi bl o DEPRUPT GV eV BRI NG Stachcle: anienthySt i Bedivinys vk E " ob; ect
or its beiubiitd" palmemfs ObréOMdatd | g tﬁéarmblﬁlityarlaﬁé‘rt,' it¥ Iability Ofo exanpl e,
atruck, its nobility paraneters are located in"the nmobility layer, its

ability teommaunicateoatike comnmegnicationsiayen i ons | ayer. The subsystens are
i nked with the celx.gtral rmnitorinﬁ devi(‘t for ans of

b , lo _ex le, . b m?
connection means, 'S&&Y ggstfnm)?ge rp_ketq Wfﬁrthﬁtcenﬁﬁgﬂm ing i'8hs for
exanpl g Ié%ﬁ‘i‘p‘lé,i By Mahdsf dPwBnnétRrdmearRosaidd ¥s beiMmls apciiphaned. The

@tl re ex%erl mentation systemmay conprise a control station .
rotocol) connections for example, permitting data flows, the data possibly
being enciphered.
The entire experimentation system may comprise a control station
which, depending on simulation results, acts on the various subsystems in
15 order to vary the profile of the data to be gathered.
Implementation of the method of the invention is carried out, for
example, in the manner described below.
The overall experimentation carried out on the platform employs
various agenfts represented (synthesized, modeled) by layer models. A
20 simulation layer represents a parameter dimension (a degree of freedom, a
subspace) of a characteristic of a model. The simulation layers are thus
e constructed and chosen in relation to parameters chosen in advance or in the
course of operation. The parameters are, for example, the mobility layer
which contains the spatial positions (X, y, z} and the speed coordinates (vx,
25 vy, vz) of a subsystem or again communication layers containing
transmitters/receivers  (frequency, modulation, mode), network nodes
(master, slave, relays, etc.), and protocols.
The various layers are, for example, synchronized with each other,
then merged to produce an indivisible composite model, the behavior of
30  which will be dictated by that of the parameters of the layers composing it,
nevertheless respecting the overall constraints linked to the fact that the



~whi ch, depending on simulation results, acts on the various subsystens in
15 order to vary the profile of the data to be gathered. Inplenentation of
the nethod of the invention is carried out, for exanple, in the manner
descri bed bel ow. The overall experimentation carried out on the platform
enpl oys various agents represented (synthesized, nodel ed) by |ayer nodels.
A 20 sinulation | ayer represents a paraneter dinension (a degree of
freedom a subspace) of a characteristic of a nodel. The sinulation |ayers
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has the capacity to develop and to monitor the additional classes of
parameters that may be aggregated to the entities from remote entity layers
15 in order to form other parameter layers.
The resultant entities have, on the one hand, behavior similar to
their homologues in the remote systems in a given parameter space, and, on
the other hand, complementary parameters behaving as directed by the
centrally monitored system application.
20 The application program of the central device governs the life-
cycle (creation, updating, deletion) of entities and their behavior thanks to the
information and the knowledge divided in the various layers of the entire
parameter space.
Figure 2 is a diagram of the application where the layers may be of
25 different kinds.
C1 and C2 correspond to remote entity layers monitored by the
central monitoring device, then developed by the application program of the
platform 4. The behavior of the parameters of the remote systems considered
in the application are duplicated.
30 C3 and C4 correspond to different types of additional layer coming

directly from the application program of the platform 4.



~applications, prograns, sinulations, hybrid and real systens. An application
program of the central nonitoring systemnotably has the capacity to
devel op and to nonitor the additional classes of paraneters that may be
aggregated to the entities fromrenote entity layers 15 in order to form

ot her paraneter layers. The resultant gentities have, on the one hand,
behavior simlar to their honologues’in the renote systens in a given

par anmet er space, and, on the other hand, conpl enentary paraneters behavi ng
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application programof the central device governs the |life- cycle (creation,
updat i ng, sdesysternarefcommposedes and t heir behavior thanks to the
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clearing machinery.
A profile of the data to be selected is fixed.
The implementation of the method according to the invention takes
place in the following manner:

15 ¢ The subsystems transmit information corresponding to the fixed
profile, via the probe 20, 21, 22, 23, to the central processor 15. The
latter processes the data gathered, it synchronizes them and
converts them into a homogeneous format with a view to future
processing.

20 o The formatted data are then transmitted to an experimentation
platform 16 comprising an input interface 16e, an output interface
16s, a monitoring and control interface 16c, a processor 16p having
the same functions as the processor 4p (figure 1). The processor 16p
is designed to apply different models.

25 The models employed may be:

 a model of capacity 17: fire extinguishing capacity, heat resistance
capacity etc.
+ a fire protection team model 18.
The results of applying models to the data are transmitted, for
30 example, to a screen 19. A monitoring and control station 24 enables

intervention by various teams based on simulation results.



a national police team 13, conposed, for exanple, of |ight vehicles,
-speci al response helicopters, special response agents. 10 a civil
engi neering team 14, conposed, for exanple, of operatives and clearing
~machinery. A profile of the data to be selected is fixed. The inplenentation
of the method according to the invention takes place in the follow ng
manner: 15 The subsystens transmt imformation corresponding to the fixed
profile, via the probe 20, 21, 22, 23, to the central processor 15. The
| atter processes the data gathered, it synchronizes themand converts them
i nto a honogeneou¥Fhéorpiatform t may \valsww tompuiser erisisr ceassil ngnoddds, The
formatted datF,are then transmtted to _an eﬁfﬁrinentation pl atform 16
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for 30 exanple, to a screen 19. A nonitoring and control station 24 enabl es
intervention by various teans based on sinulation results. 9 The platform
may al so conprise crisis control nodels, a popul ation evacuation nodel, a
congestion nodel, etc. The nodels applied generate several |ayers of
entities representing the behavior of selected paraneters in the
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‘5 experinmentation platformfollow ng application of a nodel. r.. 10 CLAI M5
| - A sinulation device, characterized in that it conprises at least the 5
followi ng elenments: one or nore subsystens (11, 12, 13) that are invol ved
in a simulation of a given future system for each subsystem (11, 12, 13)
a data taking device (21, 22, 23), thgpdata having a given profile, 10 a
central nonitoring system (3) designed for processing the data sanpled in
order at | east to synchronize them and manage their life-cycle, an
experinmentation platform (4) adapted to support one or nore nodels designed
to simulate real systens or plans, said platformconprising an interface
(4c) for nonitoring and control |l i ngCLABMSppl i cati on of commands, 15 a neans
for carrying out steps, the platformconprising at |east one application
program (4p) designed to: wor k out and nonitor the additional classes of

data to be agar sifflasbn tevidie EHHrbEfefiged SRUIHELNE édrﬁﬂhéé‘se a@ﬂ@bsﬁﬁé on of the

nodel s; and/or work out various entities fromthe data comng fromthe
centrals déoiiaydng 2éeruepts: work out sinulation layers within the application

program of the ex erl fion tf f.rom chosen meters,
synchroni Ze °&n g ”%%g\eé&%ffﬁ @z ﬁ’ é'?aéitgr&'ﬂ\é?v‘?q\ "?)F‘oeé'% %'Oﬁr‘afo%ce a
conposite n@@gh futa,'Seg steffe device as claimed in claim1, characterized in
that the data taking deV| ce (21, 22, 23) is a device having a fixed

dat a- f | owedi foectaichrsub@ysteim¢1 delyj ¢6 aslatﬂ takirefdevice [(2i,M2;] 23} e @ater i zed in
that the dat ﬁa\giﬁg iangqven profile,
c 10 e a central monitoring system (3) designed for processing the data sampled
in order at least to synchronize them and manage their life-cycle,
¢ an experimentation platform (4) adapted to support one or more models
designed to simulate real systems or plans, said platform comprising an
interface (4¢) for monitoring and controlling the application of commands,
15 a means for carrying out steps,
¢ the platform comprising at least one application program (4p) designed to:
¢ work out and monitor the additional classes of data to be aggregated
to the entities resulting from the application of the models; and/or
« work out various entities from the data coming from the central device
20 (3),

e« work out simulation layers within the application program of the
experimentation platform (4) from chosen parameters, synchronize
and merge the layers with each other in order to produce a composite
model.

25
2 — The device as claimed in claim 1, characterized in that the data taking
device (21, 22, 23) is a device having a fixed data-flow direction.

3 — The device as claimed in claim 1, characterized in that the data taking
30 device (24, 2,, 23) is designed to transmit the new data values in case of

variation or periodically, dictated by the parametering of the associated



30 device (21, 22, 23) is designed to transmt the new data values in case
of wvariation or periodically, dictated by the paranetering of the
associated 11 profile. 4 - The device as claimed in claim1, characterized
.in that a subsystemis a simulated subsystem 5 5 - The device as clained
in claiml, characterized in that a subsystemis a real subsystem 6 - The
device as clained in claim1, characteqized in that a hybrid 10 subsystem
7 - Asinmulation system characterized in that it conprises at |east a
device as clained in one of clains 1 to 6, a device for displaying results
(19) and grofdentrol device (24) linked to the various subsystens. 15 8 - A
nmet hod of sinulating a future system devel oped from subsystens conpri sing
one or nore real or simulated objects, characterized in that it conprises
at | east yhe Thal dcibdds Hfred ihNGaihi| eﬁara&té#abg iRaNang sabegs%fn' 8 a
determned on the basis of the subsystens, ormatting of these data, the
20 host i ngirtlatastisuissyisteran experi mentation platformconprising its

enviro nt, the application of one or nore nodels to the formatted data
~.- and/or to data synthesized by the platform the working out of

si nul ati o Laygrgevitd B rué.h\%daianﬂa.ﬁaﬂ' eﬁvaﬂ%twrzem.ﬁfthéthg sﬁb@@gtéﬁﬁ@t@t i on
platform (4) based on chosen parameters, the synchronization and the
mer gi ng ofrealpibsgstenayers with each other in order to produce a conposite
nodel. 9 - The method as clainmed in claim8, characterized in that the
variation of a piece of the data taken is taken into account in the

formatting st gme device as claimed in claim 1, characterized in that a hybrid

c

10 subsystem.

7 — A simulation system, characterized in that it comprises at least a device
as claimed in one of claims 1 to 6, a device for displaying results (19) and a
control device (24) linked to the various subsystems.
15
8 - A method of simulating a future system developed from subsystems
comprising one or more real or simulated objects, characterized in that it
comprises at least the following steps: the taking of data having a profile
determined on the basis of the subsystems, the formatting of these data, the
20 hosting of models by an experimentation platform comprising its
' environment, the application of one or more models to the formatted data
S and/or to data synthesized by the platform, the working out of simulation
layers within the application program of the experimentation pilatform (4)
based on chosen parameters, the synchronization and the merging of the

25 layers with each other in order to produce a composite model.

9 - The method as claimed in claim 8, characterized in that the variation of a
piece of the data taken is taken into account in the formatting step.





