1 DEVICE 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 sinul ating (orqmaking prototypes of) the behavior of
systens devel oped from exi sting i ndependent systens. It applies, for
exanple, to the design and validating of system 10 architectures of
projects constructed fromseveral |ower |evel systens. The prior art

di scl oses i 0 u r |yl ation , Which
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app! | cal i ORBIMUIGFED IYSTEMSHCORDER 10 SHIULATE THE BERAVIIR et hods
enabl i ng the behavior of a new system devel oped from vari ous subsystens
to be sinulated. The n@FCFTHEYTHIFSIDEYELORED &Y SFEM ntrusi ve. | n general

they entail coupling between the subsystens involved in the sinulation, the
need t @ devel op a communi cati ons exchange standard, a nutual understandi ng

of Lhe meaning  ofhé Medditanfefiiniistestd ARlthbd2in*l dbviddadapiaal | onal

bl ocks of each 20 subsystem The activities aimng to unite or couple
cur r ent | yfanaxperimgntisgmitraand isinykatisggonotakinigy piodotypes ef dihevieteviart  bei ng

I ntrusive., Th resent invention.s .based on,a novel approach: a non-
di srupti vf ﬁ@s@evg@eﬂﬁm&x&tmgd@ﬁe%ﬁm 8¥§F%'$i mul ation. This probe
25 recovers only &%ﬂi@%?f@r%ﬁé@?[é{ foOthe! esigh QHdia\FdligBtin@ Stedystemf or

col lecting and processing the selected data I's adapted to fornat these data
bef or €10 t aohdatturésngf progents constsucted fomaeysrat lowemlevelisystenss its own

environment in  ch _t.he dat i || be processed.. The subject of the
‘nvention is a si MFaPih dlbyHstlosenaralows lagucts Stch 3~ 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.
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
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 inthat it comprises at least the following elements:

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



30 in that it conprises at |east the follow ng elenents: . 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
(l'ist of data types to be sanpled on @ subsystem associated with the
manner of taking them[periodic, event-driven, on change of state, 5
etc.]), a central nonitoring system designed for processing the data
sanpled in sys#em,at | east to synchronize them and nanage their life-cycle

(creation, pdating, deletion, etc.), . an experjnentatjon platform adapted
to support® o ‘%ﬁch‘rgPESYﬁSﬁ@'l 8 datg ﬁﬂgﬁl‘@ﬂj deyice, thedatar Bayingya ivan or pl ans,
said platfor : k Syl ' | ) a ing the
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conpri si ng athel resineorcd takipyi them gpenodigr evertelrivenednt ochang® ok state, and
nonitor_the a’ro?lﬂ'&tional cl asses of data to be aggregated 15 to the entities
resul t i%g fro¥!t'he application of the nodels; and/or work out various
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chosen par anetder st legstabrsymicheorzel themrgel maeabatheis lifé-chclegcheatioher in
order to produce a composite 20 nodel. The invention also relates to a
met hod of si WRdatingmgeletion: 8i%. syst em devel oped from subsystens conpri si ng

one or nore o Slgal at | r ri ' t 1 npri ses
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the hosting of nodels by an_  experinmentation plattformconprising its
envi r onnent , et i Manjtefng Angneontrolling 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/or
¢ work out various entities from the data coming from the central device,
» 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.



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 experinentation platform based on chosen paraneters, the 30
synchroni zation and the nmerging of thg |layers with each other in order to
produce a conposite nodel. 3 The invention notably has the foll ow ng
advantages: only certain categories of data known in advance and necessary
for the sinulati dheaneentaemtablyihasithe dolmvénglaidvantagesqui red bet ween the
two systens re is ng necessity to convert, to
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to the invention conprising a central nonitoring system various subsystens
15 invol ved betwelea theraystems sincpdhateixtent af dvhad is actessiblebyrthe xeatral at ed

with the entities, 3 l.ocal simylation platform figure 2, a variant of
figure 1 wit$Yiemds imitedyoluntanlyi gure 3, an exanpl e application invol ving
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» 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,

o 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, 11 to 1, called subsystems, comprising several real
or simulated objects O4 to On. Each subsystem has parameters that are
specific to it, {P1, ... Pn}, {Q1, ... Qn}, {Z4, ... Zs} respectively. Each subsystem
14 to 1, is associated with a non-intrusive device, for example a collection
agent, 21 to 2, which notably has the function of coliecting certain monitored

30 information belonging to the objects O1 to Oy, and of transmitting them to a
central monitoring device for processing and managing 3 these data. The



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 sinmulated objects 01 to On Each subsystem has paraneters that are
specific toit, {Pi, ... P}, {Q, ... Q}, {21, ... Z"} respectively. Each
subsystem 11 to 1mis associated witi# a non-intrusive device, for exanple a
collection agent, 2i to 2m which notably has the function of collecting
certain nonitored 30 information belonging to the objects G to Omand of
transmit t icegtrehemenitoriag device stompiigaso ANnigpat intedater 3 rasse asi agtpahd
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to be takeroddls ohaws dasn dpplied, dme ex pednifsringakandn cbatrobéntaFaté e4c and a
means of execution that starts the experinmentation |oop (periodic or

event - dr i \BBRbliRg icemmandsto bectaken oo agnpeint during theeipeyimenatietio ts own
li cat i i iyl ati . ea| t
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col | ecti onfpagsdit or @vant-gddredctivation of thedetasfiivdelsp adapted to col | ect
certain predefined data according to a given profile. The 15 profile is

defined as a |ist fosubdyEemohae iarwh applicationHregw@ms.albesubsysem th t he
manner  of .rﬁ%f'b'égat%ﬁﬁma(ti%r 'aoﬂ-:‘a?’ Xﬁé@rﬁo}r\éﬁﬁgﬁﬁ?&hﬁ@di%@ﬂ %mﬁ&@éoe f The

probe delivers to e central no tain 1 nrormati on wor ked
out by sepimalationpld sfatabsisterpsogr ans, sinulations, real and hybrid systens
that are enbedded_in the subsystens 11 to 1m A probe ng%@al so al l.ow 20

variations in the W8 @ada ofoligstian 1 agearaiset @alied: hee'nrobgedelawt e central
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
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 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



"nonitoring device (application programof 3) which triggers an update of the
paraneters of the corresponding entities. It notably enables the new data
.values to be transmitted in case of variation or periodically, as dictated
by the paranetering of the associated profile. 25 Each probe annexed to a
subsystem transmts, for exanple, theb5 subsystemidentifier and the set of
data coll ected and sel ected. The probes nay be designed in such a way as to
permt the flow of data only in one direction. This notably allows an
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data in dof fiegiegynchedsizatigre processing involves, for exanple, their
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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 aliows 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



constrai ned by behavioral elenents synthesized by the application program
of the platformto be applied to the nodels M. These processors are also 20
adapted to synthesize data by neans of an application program The
sinmulation |layers are worked out fromgchosen paraneters within the
application program of the experinentation platform(4), and the |ayers are
synchroni zed and nerged with each other in order to produce a conposite
nodel . 25dékerii@dinftbefiguse.desi gned to support various nodels with the
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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 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 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



"15 order to vary the profile of the data to be gathered. Inplenentation of
the method of the invention is carried out, for exanple, in the manner

. descri bed bel ow. The overall experinmentation carried out on the platform
enpl oys various agents represented (synthesized, nodel ed) by |ayer nodels.
A 20 sinulation | ayer represents a pdraneter dinension (a degree of

freedom a subspace) of a characteristic of a nodel. The sinulation | ayers
are thus constructed and chosen in relation to paraneters chosen in advance
or in theresuiantasiel ispiadivisible. Theamedal soveepends to, a Sanmulatianer ég thene
mobility |ayer . whic ontains the spatial positions (x, y, z) and the speed
coordinatg§¥ﬁﬁgf’§@“39ﬁ°Wz) of a subsystem or again comruni cation |ayers

containing transThetRbaitdrfReHEAES 3 hsNintiifyatiofDsbiledid PPy @ #emotenet wor k
nodes (master, slave, relays, etc.), and protocols. The various |ayers are,
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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 resuitant 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.



An application programof the central nonitoring systemnotably has the
.capacity to develop and to nonitor the additional classes of paraneters
that may be aggregated to the entities fromrenote entity layers 15 in
order to formother paraneter |ayers.8The resultant entities have, on the
one hand, behavior simlar to their honologues in the renote systens in a
gi ven par aneter SE.ace, and, on the other hand, conplenentary paraneters
behavi ng as di r ecti@dre)3 tnepresests rall |8xafmietofr @8 applieatiompyheratihen. 20 The

applicati Qlén%%?%%%}%@@t%ﬁ%gpt ral device governs the life- cycle (creation,

updati ng, res and their behavior thanks to the

i nfor mati on eangf hRAmiRaed esern 10 v iefighters "Phe Rhbemsparanfitersodret gy entire
paranmeter space. Figure 2 is a diagramof the application where the |ayers

may be of 25 @xamplesthe Rumber ofvehiplgstheceanasiy oh gach vebielg etcentity | ayers
itored by th itoring device, then devel oped by th
noni t ore A 83?3&%%{ ?Lgpﬁ%ﬂgﬁ%ng evi ce en devel ope y e

appl i cation pr Pm 4. The behavior of the paranet ers of

the renote syspRrEmeRfETicyanedical tinfthf2 BRIJoSBH! P 8kamplep! dfodlifidles 30 C3 and
C4 correspond to different types of additional |ayer comng directly from

the appl i cati oamputances beliadpiers| caregivers, materilsgete 3 represents an exanpl e
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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 s 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 s 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 resuits of applying models to the data are transmitted, for
30 example, to a screen 19. A monitoring and contro! station 24 enables

intervention by various teams based on simulation results.



speci al response helicopters, special response agents. 10 a civil

engi neering team 14, conposed, for exanple, of operatives and clearing
machi nery. A profile of the data to be selected is fixed. The inplenentation
of the method according to the invent®on takes place in the follow ng
manner: 15 The subsystens transmt information corresponding to the fixed
profile, via the rObelﬁlfo 21, 22, 23, to the central rocessor 15. The

| atter processes Q”@atrHEYe@sq tCQJE}W('ﬁﬁ offigi® s CPHEFH dm@deSonderts them
into a holggggm processing. 20 The
formatted ta ar é"%ﬁé@h@?gﬂ tgtcege?%ﬁ%nmgy%!aﬁt?mnt ation platform 16
conpri sing an i nplhe i medélaceappied ager[matmt several f dayers 16sf, entitiesi t ori ng
and control interf 16¢c essaor a ing, the sane fu ions as the
pr ocessorrezP[Se?(qrﬁ a‘i‘ l?‘g‘dﬁ'l%r &; Bégg@grp"’lré eters e pRdranment yﬁ‘ﬁi ff er ent
model S5 Zﬁx petfingMdabs pratRIreYRflo %hcaﬁorﬁ‘ﬁﬂﬂméﬁelcapac' ty 17t fire

ext i ngui shi'ng capaci ty heat resi St capacity etc a fire protection
team nodel 18. The results of applying nodels to the data are transmtted,
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 evacuati on nodel, a
congestion nodel, etc. The nodels applied generate several |ayers of
entities representing the behavior of selected paraneters in the
environment of the 5 experinentation platformfollow ng application of a
nodel .



10 CLAIMS 1 - A simulation device, characterized in that it conprises at
-least the 5 following elenents: one or nore subsystens (11, 12, 13) that
are involved in a simulation of a given future system for each subsystem
(11, 12, 13) a data taking device (211022, 23), the data having a given
profile, 10 a central nonitoring system (3) designed for processing the
data sanpled in order at |east to synchronize them and nmanage their
life-cycle, an experinentation platform (4) adapted to support one or nore
nodel s designed to sinulate real gyghﬁﬂﬁ or plans, said platformconprising
an interface (4c) for nonitoring and controlling the application of
commands, 15 a neans for carrying out steps, the platformconprising at

| east one application program (4p) designed to: work out and nonitor the
addi ti onall clAssiBWighory deyice, gharagigrisedtindthat ot (Gamerises iabdeaststhe i ng from
the app i | nodel s; and/or work out various entities fromthe

dat a cf)gm ﬁg\@vﬁﬂ%ﬁ%@@@gm ral device 20 (3), work out sinulation |ayers

wi thin the apme ofatdrersubssteats O, tihel,) exnedreimvdiaéd anaplimufaiomdid from
chosen paraneters, synchronize and nerge the layers with each other in

order to prodivee fiurssyHeMme nodel. 25 2 - The device as claimed in claim

vt ng. a1 % cashsubRRbelf Fue oot et ke §Pute o enpRedns Hofh am 5
char act er i zegaving ahgiven peofil@t a taking 3o device (21, 22, 23) is designed to

transmt the new data values in case of wvariation or Reri odical ly, dictated
by t helharan@ceniragmeniterirg aysisai &) el¢signed for processing the data sampled

in order at least to synchronize them and manage their life-cycle,

e 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:
e work out and monitor the additional classes of data to be aggregated

to the entities resulting from the application of the models; and/or

e 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 (2, 22, 23) is designed to transmit the new data values in case of
variation or periodically, dictated by the parametering of the associated



11 profile. 4 - The device as clained in claim1, characterized in that a
subsystemis a sinulated subsystem 5 5 - The device as clainmed in claiml,
- characterized in that a subsystemis a real subsystem 6 - The device as
claimed in claim1, characterized in that a hybrid 10 subsystem 7 - A
simul ation system characterized in tHat it conprises at |east a device as
claimed in one of clains 1 to 6, a device for displaying results (19) and a
control device (24) linked to the various subsystens. 15 8 - A nethod of
si mul ati nB™'§-ut ure system devel oped from subsystems conprising one or nore
real or sinulated objects, characterized in that it conprises at |east the
follow ng steps: the taking of data having a profile determ ned on the
basi s of #heThelieyiecas claimedfioictamt 1,nchavhctetized indthiat,a silesydferhasti ng of
nodel s by an experinmentation platformconprising its environnent, the
applicati@H“H?é@ﬁ%¢§Vsﬁ%We nmodel s to the formatted data and/or to data
synt hegi zed by the platform the working out of simulation layers within
t he application program of the experinentation platform (4) based on chosen
par anet er §,— The deyviteha® olairaedon claich 1 heharactgringd @i thdtea s@isystgmris awi t h each
other in g%ger to produce a conposite nodel. 9 - The nmethod as clained in
claim8, ﬁHE§E¥$§%d in that the variation of a piece 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
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
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

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.



