1 DEVI CE AND METHOD FOR FEDERATI NG AND | NTEGRATI NG REAL OR SI MULATED
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SYSTEM 5
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simuiation 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
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
subsystem.

The activities aiming to unite or couple currently existing
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
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 platiorm, which has its own environment in
which the data will be processed.

The subject of the invention is a simulation device, characterized
in that it comprises at least the following etements:

e one or more subsystems that are involved in a simulation of a given future
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The subject of the invention is a sinulation device, characterized 30
I'n that it conprises at least 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 hem [periodic, event-driven, on
change of state, 5etc.]), a central nonitoring system designed for
processi ng tQﬁ %@%a sanpled in order at |east to synchronize them and
manage their P -cycle (creation, updating, deletion, etc.), an
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t he experinentation cﬁ-:-l atform from chosen paraneters, synchronize and
merge the | ay0gtigg.deliomneliner in order to produce a conposite

20model ., gp experimentation platform adapted to support one or more models
10 adapted to simulate real systems or plans, said platform comprising an
interface for monitoring and controlling the application of commands, a
means for carrying out steps, and
« 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/for
» 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 platiorm based on chosen parameters, the

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

produce a composite model.



The invention also relates to a nmethod of sinulating a future system
devel oped from subsystens conprising one or nore real or sinmulated
obj ects, characterized in that it conprises at |east the follow ng
steps: the gathering of data having a profile determ ned on the basis
of the 25 subsystens, the formatting of these data, the hosting of
nodel s by an experinmentation platformdconprising its environnent, the
application of one or nore nodels to the formatted data and/or to
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| ayers, figure 3, an exanple application involving several special
response, fi ee-figughtli agliagrametiihezarchitechure afithe 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,
+ 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 On. Each subsystem has parameters that are
specific to it, {P1, ... Pa}, {Q4, ... Qn}, {Z4, ... Zn} respectively. Each subsystem
11 to 1y, is associated with a non-intrusive device, for example a collection
agent, 2; to 2y, which notably has the function of collecting certain monitored

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



20The present invention described bel ow nay be used in any nedical,
civil or mlitary field in which there is a need to sinulate a new
situation from various existing i ndependent systens, whether renote
or not. The architecture of the sinulation system shown
diagrammatically in figure 1 conprises, for exanple, several systens
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monitoring device (application program of 3) which triggers an update of the
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 coliected and selected.

The probes may be designed in such a way as to permit the flow
of data only in one direction. This notably allows 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



subsystemidentifier and the set of data collected and sel ected.
The probes may be designed in such a way as to permt the flow of
data only in one direction. This notably allows an intrusion of the
central systemon the distant systemto be prevented in order to
guarantee security. 30 The probe may be a di ode. The central
nmonitoring device 3 is, for exanple, & processor 5 adapted to
process the data in different ways. The processing involves, for
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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 formatied 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 enhables direct tactile interaction with the

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



sel ected and formatted data. The means of visualizing
results of sinulations is, for exanple, a display wall based on
cascadabl e back-projection nodules. A part of this wall is, for
exanpl e, touch-sensitive and enables direct tactile interaction with
the 30 entities displayed. Operators nmay interact at the platform by
means of interfaces not 6 described &én the figure. The
entities correspond to software representations of a real or virtual
obj ect bel qgiﬁg to the subsystens. This representati on nay be
concei ved E¢SGRed RtNERI®T | ayers, each of which represents the
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subspace) béing etbiphardderi stic of a nodel. The sinulation layers are
t hus constructed d chosen in relation to paraneters chosen in

advance or in the CSHES GrPRfBPAElioM SYSHE HaY SABPERS afaBto} gation
exanple, t RicADBbbbIYG BreSimUNiR 18MESdtEs bRANSRAHLA sBBSstéAEt (X,

y, z) and the speed coordi nates (VX,
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 agents 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
constructed and chosen in relation fo 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 o the fact that the



25 vy, vz) of a subsystem or again communication |ayers containing
transmtters/receivers (frequency, nodul ation, node), network nodes
(master, slave, relays, etc.), and protocols. The various |ayers are,
for exanple, synchronized with each other, then nerged to produce an
i ndi vi si bl e conposite nodel, the behavior of 30 which will be
dictated by that of the paraneters of7 the | ayers conposing it,
nevert hel ess respecting the overall constraints |inked to the fact
that the 7 resulta _mogel,is i ndi visible. The nodel corresponds to
a si mul at i GRLEANtMPashis ipdligitle.ckhemedehaogiespends to a simulatipreor to the
moni t or i NGe4d8Y bES simushsn. i Nformation col l ected by the renote probes
to create and generate entities in its own controlled environnent,
the 5 generated | dyerrsonitaring drvideghasesl invdkermatioptosllecied by thayemste Due
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central ddW@s% éh@oc\:@qq:gy tt9e deyelgp 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 ane 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.



cycle (creation, updating, deletion) of entities and their behavior
thanks to the information and the know edge divided in the various

| ayers of the entire paraneter space. Figure 2 is a
di agram of the application where the |layers may be of 25 different
ki nds. Cl and 02 correspond to renote entity |ayers

nonitored by the central nonitoring dgvice, then devel oped by the
application programof the platform4. The behavi or of the paraneters

of the renote systsFerrB cgnsi dered in the aPpI i cation _are duplicated.
3003 and C4 corredpog Porereseiien &ypwRicort Alyiapplication where i ng

directly fg@iBykisthPihaldpdidsen: programof the platform4. B
Figure 3 représents an exanple of an application where the subsystens
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10 s a civil engineering team 14, composed, for example, of operatives and
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
conversts 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 16¢, 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.



15 The subsystens transmt 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 theminto a honbgeneous fornmat with a view to future
processing. 20 The fornatted data are then transmtted to an
experinmentation platform 16 conprising an input interface 16e, an
output interface 16s, a nonitoring a control interface 16¢c, a
processor 16p having the sane functions as the processor 4p (figure
1). The processor p [ d if e e 5The
nodel s enpl oyed ngégb l&ﬁ%ﬁﬁdggﬁ 8 capa g f%g%fp%gﬂggfkﬁgﬂgsﬁ?n
capacity, paatlationseveicaation mnebatopngestton raodlelracpr ot ection team nodel

18. The esult f a in els to dat
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The nndels appl i ed generate several |ayers of entities representing
t he behavi or of selected paraneters in the environnent of the 5
experinentation platformfoll ow ng application of a nodel. 10



CLAIMS 1 - A simulation device, characterized in that it conprises at
| east the follow ng el enents: one or nore subsystens (11, 12, 13)
that are involved in a sinmulation of a given future system for each
subsystem (11, 12, 13) a data gathering device (21, 22, 23), the data
having a given profile, said data device (21, 22, 23) is designed to
transmt the new data values in case &0 variation or periodically,
dictated by the paranetring of the associated profile, a central
nonitoring system (3) designed for processing the data gathered in
order at least to synchronize thenlghé' nage their life-cycle, an
experinmentation platform (4) designed to support one or nore nodels
to sinulate real systens or plans, and said platformconprising an

i nput i nt eﬂf-,a‘télnqd@t)orrd@@anoggracte@zgﬁ e thed 8ccompriseaad least the fellowing
interface [dsl ff the data on which said platformapplies one or
several of "said nodels adapted to sinmulate real systens or plans,

sai d pl atfer onecrmore sgbsystemst & f as els) dak drorinvobieidt iara sinelatibn of a
controlling the qgﬁlica i on of commands, a neans for carrying out
steps, the FIVAPFOM ising at |east one application program (4p)
desi gned t9: forvidch Ribsysam (DMt 4%) 4 Bta érin?ﬂﬁividé' q@_?,sa,s 29 tHéAdaa t O
be aggregated to the entities resulting Tromthe application of the
nodel s; and/ $Aving a@iven prefile; said data deviees(2hr e e dasigred inrangniitthen

t he central i t aBl ' : i b h
application grac{)’g?gtrﬁ( g%hjteﬁ\gﬂ{e?gg?i %ﬁerﬁ%@gn%gl g%?ﬁ%"{&?%@%@n %%Jgeen
par anet ers, ¢paraetond okthamdsosiated prafée,| ayers with each other in order
to produce a_conposite. nodel. 2 -.The. deyice as claiped in claim.l,
char act or | 308 SHTBHEPTESBCCRYsteny L RS oAEd S Bteser B Std ofthBlel
devi ce havi ngrderfat leadt dasyaciironite thare ahd Aanage theltife-dpoiéce as cl ai ned
in claiml, characterized in that the data gathering 11 device (21,

22, 23) is* dé‘Qi%‘E@HWB@W'&R@_@Wﬂﬂb@r‘é@ﬂ%&f’é”&?ﬁ%@@ei°r'i nagrgdnegels to
;gglogit gggdogrsg@imlngfi r&at dpsterfd drapfls P¥nd NGid AR ChRBridhg L AF input
interface (4e) receiving the processed data and an output interface (4s) of the
data on which said platform applies one or several of said models adapted to
simulate real systems or plans, said platform comprising an interface (4c) for
moniforing and controlling the application of commands, a means for carrying
out steps,
+ the platform comprising at least one application program (4p) designed to:
o 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 ouf various entities from the data coming from the central device (3),
» 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.

2 — The device as claimed in claim 1, characterized in that the data gathering
device (24, 22, 23) is a device having a fixed data-flow direction.

3 — The device as claimed in claim 1, characterized in that the data gathering



4 - The device as clainmed in claiml, characterized in that a
subsystemis a sinmulatdd subsystem 5 - The device as clained in
claim1, characterized in that a subsystemis a real subsystem 6-
The device as claimed in claim1, characterized in that a hybrid
subsystem 7 - A sinulation system characterized in that it
conprises at |east a device as clainedlin one of clains 1 to 6, a
device for displaying results (19) and a control device (24) |inked

to the vari,ous subsystens. 8 - nmet hod, of sipul ating a future system
ovel aped it Bibzs 20anaeses (O TinS SewsBie e inass ok iaten
obj ects, cbhpp@iidasally,afictaiedibyahe bhranfet@iRoftifasidciail slefilece accordi ng

to one of clains 1 to 6 and 'in Phat It conprises at |east the
foll owi ng steps: the gathering of data having a profile determ ned on

the basis gf_ g fNRaYSd efEfined 1 chfth W?tchbﬁég%e?iﬁe& ri’l??l‘?atdfts@bsafsfé& is a

hosti ng of nodel's by an experinmentation p orm conprisin

envi r onnensimuatéd sphaystem.i on of one or nore nodels to the formatted
data and/or to data synthesized by the platform the working out of
sinmulation layers within the application program of the

experi ment &t- tre gévidcd as nka{med inadaioh brcharenterized dn that besubsystém is a real
synchroni zat.i on. and the nerging of the layers with each other in
order to p%%sdgtgnh conposite nodel and in that the variation of a

pi ece of the data taken is taken into account in the formatting step.

6 — The device as claimed in claim 1, characterized in that a hybrid 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.

8 - A method of simulating a future system developed from subsystems
comprising one or more real or simulated objects, characterized in that it is
executed on the device according to one of claims 1 to 6 and in that it comprises
at least the following steps: the gathering of data having a profile determined on
the basis of the 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 (4) based on chosen parameters, the synchronization
and the merging of the layers with each other in order to produce a composite
model and in that the variation of a piece of the data taken is taken into account
in the formatting step.



