=1 METHOD AND SYSTEM FOR LOCATI NG | NDI VI DUALS I NSIDE A BU LDI NG The
invention relates notably to a nethod and a system5 for detecting and/ or

"l ocating nobile objects present in a detection space, for exanple, inside a
building, a room etc. It applies, notably, to the |ocating of persons
present 10 in buildings, or even in stores. Mre generally, it applies to

t he detecting and/ or | ocating of any hubean being. 15 Hereinafter in the

description, the expression "nobile object” will be used to designate an
i ndi vi dual or ?ﬁﬁb ¥§T§Mr%%%tLQ&&W%HEKFWP¥YF%P@%%|E@S¥BF exchangi ng

'signals with the rings and, where approprigte, with the other nobile
~objects. 20 Locating individuals inside buildings relies conventionally on
the existence of an infrastructure consisting of term nals, which does not

conme wi t hout Th@mymeaﬁ;ﬁadﬂ art é It ¢ beemsly Feo examiled |featangy2benvol ves
triangulatio nown he_term ABL

i.tion
( Anchor - base céf*%&Pg'Eﬁdzéﬁﬁ% qqﬁﬂ%ﬂﬁo$m%%|%%%e?EsfPﬁﬁ?én . *Bne of
t he problewsaﬁdétmmn1mg Epsicee bind dergspliees ir3liden théuiddiimg,.ange in the
presence of ohstacle In conplicated structures like towers, the
superstructure én& the lift cages are elenments that strongly reduce radio
propagati on, which neans there is a need for a greater density of termnals

and nmekes deﬁltolé?éﬁrless5n%'t%@lfy' canf |y JTor & SO eXr J&éﬁg ePPOLehE ehpdi vi dual

| ocation by ABL techni que according to the prior art ore a conpl ex
appr oach-§i vén Pﬁélﬁaﬁﬁév OF EEFRi A8l StRBEEssary and 2

More generally, it applies to the detecting and/or

locating of any human being.

15 Hereinafter in the description, the expression "mobile
object” will be used to designate an individual or
human Dbeing or a robot equipped with a device for
exchanging signals with the rings and, where
appropriate, with the other mobile obijects.

20
Locating individuals inside buildings relies
conventionally on the existence of an infrastructure
consisting of terminals, which doces not come without
many 1nstallation problems. For example, locating

25  involves triangulation with position terminals; this
method 1is known by the term  ABL (Anchor-based

location). An example thereof is given in figure 1.

One of the problems of locating inside buildings lies
30 in the radio range in the presence of obstacles. In
complicated structures like towers, the superstructure
and the 1ift cages are elements that strongly reduce
radio propagation, which means there is a need for a
greater density of terminals and makes deployment

35 significantly more complex.

To - implement individual Ilocation by ABL technique
according to the prior art 1is therefore a complex

approach given the number of terminals necessary and



the infrastructure to be deployed to power themand interlink them Another
met hod conmmonly used is a nethod that involves 5 independence from any
~infrastructure and deducing the position of the nodes by a different neans.
“This method is known by the nanme AFL (Anchor-Free Location). Figure 2

di agrammatically represents the inplenentation 10 of such a nethod. It
consists, for exanple, in nmeasuring the distances between nei ghboring
nodes, obtaining in real tinme a distance nmatrix d;j (distance between

nodes of indiges iin @A ddudng Sokyi Nk ajeptiBeecduty QRERIMNednequUati@ns. The
relative layout of all the 15 nodes relative to each other is obtained. W
. start from tHetasstmbt F3%t hat the various nodes of the group are capabl e
of neasuring, by any radio technique but preferably with spread spectrum

the 20 di stapce separatjng themfromthe neighbors, with which they are in
r adi o rangeéﬂ%??h?ﬁemﬁ%hgar89@WP§1¥E&§%QW%Spﬁo@@§§88 FﬁaFeﬁnWQ%ﬁg%y a
central §tatimdepandentet feomnodes ahftrhetgnoupref amdexdapheingThehe

processi ng ly. relie n i M equations with N vari abl ith M
25 great er gﬁ%n%y%ﬁénééeﬁggnﬁéﬁéérggt8r%%%§ﬁfeﬁ% ?ﬁgnﬁérﬁ%ﬁ |¥é§hoaM
char act eri stigskmfwit Hey ARte metre ARl e( Aromnoi tFoeredldyathent ot al nunber of
nodes in the group concerned and the density of these nodes. In practice,
30 the greater the density of nodes, the greater the nunber of I|inks

bet ween node®l@i: ¢oAseguemnayicehéy geeaeeenthethecdripderesdatdey I n sone
configuigtions (groWP LOOmRlly, | nsuffichenits 35 depsi byappieven in
excessively | arge obstacles thus redUC|ng propagati on between t he nodes),
the AFL techYties'Canfiel opefai@cedr rBEEVYSD| nhpaptPeulas, &9d9e&n attenpt
to enter or gpidiav i ndi viedualtSimd he diesehts ake rtie0 ancatiditinee
(InSUfflCIe@&ﬂgﬁgégaggdeéongihdices i and j) and solving all the

duly obtained equations. The relative layout of all the

15 nodes relative to each other is obtained.

We start from the assumption that the various nodes of

the group are capable of measuring, by any radio
technique but preferably with spread spectrum, the

20 distance separating them from the neighbors with which
they are in radio range. All the measurements made are
processed in real time by a central station (one of the
nodes of the group, for example). The processing mainly

- relies on solving M eguations with N variables, with M

25 greater than, even very much greater than, N.

The performance characteristics of the AFL method are
conditioned by the total number of nodes in the group
concerned and the density of these nodes. In practice,
30 the greater the density of nodes, the greater the
number of links between nodes and, consequently, the

greater the location accuracy.

In some configurations (group too small, insufficient
35 density or even excessively large obstacles thus
reducing propagation between the nodes), the AFL
techniques cannot operate correctly. In particular, on
an attempt to enter or withdraw individuals, the

results are too uncertain (insufficient accuracy, for



exanpl e) or anbi guous. The positioning of firemen or first-aiders to within
L min buildings is not obtained in all environnment and 5 depl oynent cases.
“JIn an encl osed space (building, conmercial center, tower), locating the
elenments of an intervention group is an increasing need in the nodern world
to deal with 10 natural accidents or terrorist incidents. The nost nmature

| ocating techniques in terms of robustress involve cooperative procedures
between the individuals of the group and an infrastructure (active 15

| qcation). | EX8BASESt 8T AMPREUPKHARSN ssion, by the individuals of the
~group, of a wave or of information in response to the interrogation sent by
an interroga%in&é}erninal of %he infrastructure (ABL. technique), B or
vice-versa. 20°TRE SRt hd Of hef S8 8€cdridh Tig 3¢ he ERvERt toi® nake it
possi bl e in pantigubatl 16ong¥ereormett e tadnawaek s ITe dnwneshhet €i mbove. 25
The invegﬁio& rflates to a nethod for detecting and/or |ocating one or nore
mobi | e obj ectEPrAYESYkt 623FFBn space wherein are used a network of nobile
objects in a conmmunication network, an AFL techni que and neasurenents

bet ween t he bi| e obj conprising at, .30 least the follow steps: on
each or rmstf%f ?Iﬁe ér)fljﬁ"glf %é%bjs %és pgorlf%lr%%' di%?nﬁ%rll%lémrr%asuc?eennrr%%'s bet ween
the nobile obyects presenngi rtheneedutatis onf spacent arsieng imonl gmeap

processi ng to.ighi bj di . n reati tween two
odes over tiimel FPRzERRifEEuRRee 1o MIEAUEEERNLORRRC RS (28 RARST
conbi ni A§ al Pathea Hi a¢ahdent af oF nberber bet weepl @odes- and performing the

triangul ation, wusing nonlinear processing to reject the aberrant

The most mature locating techniques in terms of
robustness involve cooperative procedures between the
individuals of the group and an infrastructure (active
15 location). It consists 1in the transmission, by the
individuals of the group, of a wave or of information
in response to the interrogation sent by an
interrogating terminal of the infrastructure (ABL
technique), or vice-versa.
20
The method and the system according to the invention
make it possible i1in particular to overcome the

drawbacks mentioned hereinabove.

25 The invention relates to a method for detecting and/or
locating one or more mobile objects in a detection
space wherein are used a network of mobile objects in a
communication network, an AFL technigue and
measurements between the mobile objects, comprising at

30 least the following steps:
on each or most of the mobile objects
e performing distance measurements Dbetween the mobile

objects present in the detection space,
e using nonlinear processing to inhibit the distance

35 measurement aberrations between two nodes over time,

e linearly filtering the results of the time inhibiter,
e combining all the distance information between nodes
and performing the triangulation,

¢ using nonlinear processing to reject the aberrant



-4 neasurenents at the output of the preceding operation, using a linear
or nonlinear path estimation filter, on a fixed transponder in the
_detection space, 5 collecting transponder position information follow ng
an interrogation of a nobile object. It conprises, for exanple, a distance
"and angl e neasuring step between the nobile objects present in 10 the
detection space, a step for inhibiting4distance and angl e neasur enent
~aberrations between two nodes over tinme and a step wherein all the distance
and angl e infheprareoAnbet weah nodes | Lwandd nedfandthke preéaadihgtion is
performed. 15,Detgetipgn termnals can be used as transponders. The detection
termnals are, for exanple, linked to a conmmunication netwrk. 20 The
i nvention aPsBSiBPafedingas syshemliBpagepachi pgtimpdiorn Fodaeikng one or

more nobi | es0Bhechs ifMxad deteeld M RRACE Lo Si g &c et or knof cnobi | e
objects in a copmunication network inplenenting the AFL 25 technique, the
syst em conpr i SPhYSEE1PEast 2BRRONCLEN TR dritf Ydeat Hsbi fel bpyeRy is, for
exanpl e, equippedtwitbghtapsnbtt grmapdieeepij¥er . nodul es adapted to operate
either in interrogating node or in answering node, the nobile objects being
able to interrogate and 30 answer each other and are adapted to interrogate
the transpoodeesmphigebi | e faly ecdxHanl €0NPaiI SEistand@ansrslli tabhd e f or

perform ng di stance ortggstgnge 35 and an Lg megsur enent s bet ween t he
mobi | e obj €€T8S ptREet 9 PREVEE ect D mggé g, O FeahsPF6PCUSI ny nonl i near

procesdiong tbei dhtbrtibhespace, a step for inhibiting distance and
angle measurement aberrations between two nodes over
time and a step wherein all the distance and angle
information between nodes is combined and the
triangulation is performed.
15

Detection terminals can be used as transponders.

The detection terminals are, for example, linked to a
communication network.
20
The invention also relates to a system for detecting
and/or locating one or more mobile objects in a
detection space comprising a network of mobile objects
in a communication network implementing the AFL
25 technique, the system comprising at least one
transponder, and each mobile object is, for example,
equipped with transmitter and receiver modules adapted
to operate either in interrogating mode or in answering
mode, the mobile objects being able to interrogate and
30 answer each other and are adapted to interrogate the

transponders.

A mobile object can comprise:
e a means suiltable for performing distance or distance
35 and angle measurements between the mobile objects
present in the detection space,
e a means for using nonlinear processing to inhibit the
distance or distance and angle measurement

aberrations between two nodes,



di stance or distance and angl e neasurenent aberrations between two nodes, 5
- means suitable for linearly filtering the results of the time inhibiter, a
‘nodul e suitable for conbining all the distance or distance and angle
- informati on between nodes and 5 performing the triangulation, neans for
-using nonlinear processing to reject the aberrant nmeasurenents at the
output of the conbining operation, a linear or nonlinear path estimation
filter. 10 The transponder is, for exanple, a detection termnal. The
~'term nal can be linked to_a connunrcatron network R 15 A detection
termnal is® dORPRBASUEEFPeRariITe, L PRt ect 1 L sRbkRTakliel AEides Por

exanpl e, a ritige cotpei shingbOber, or nore sectoral antennas (Al, A2, A3, A4),
an antenna _sel ect.i tin |nterro ating nmodule 20 and a

devi c ransm
recei vi ng |nt%r98883 Qﬁh%@ haf2§etentd fodul B ?oﬁl%ﬁénFﬁie?rogator
| i nked to thedietawed amﬁerim&anﬂqmm@y reshibesn antb@esohe obj ect

to be getectegrf rmfor §§gnplfanegfégfed with a transponder. 25 A
detection terfinal 1 het udes or “exanp ¥l a ring conprising one or nore
sectoral am emass (Abr A2513, noM)inemr aptenaasseyedtd ngeg’lev'tcet;ha

transmitter £and NALALANCABALAL & LlLNLToL (L, 1 8T 9gal Ingyimde, or Tn 30

answering no d'a receiver uIe operate
|nterrogat|ngMﬁﬁﬁ$¥ﬁnrn ansmerlng node, a nahagenent nDduIe for the

interrogat ar Jindogdt oot heon NEIAOF kod it exd 208, @i afy gner gy nodule, and the

nobi | e
10

The transponder is, for example, a detection terminal.

The terminal can be linked to a communication
network R.
15
A detection terminal is adapted, for example, to detect
smoke and includes, for example, a ring comprising one
or more sectoral antennas (&;, A;, Az, 2A4), an antenna
selecting device, a transmitting interrogating module
20 and a receiving interrogating module, a management
module for the interrogator linked to the network
interface and an energy module, and a mobile object to
be detected 1is, for example, equipped with a
transponder.

25
A detection terminal includes, for example, a ring

comprising one or more sectoral antennas (4;, Ay, As,
2,4), an antenna selecting device, a transmitter module
that can operate either 1in interrogating mode or in
30 answering mode, and a receiver module that can operate
either in interrogating mode or in answering mode, a
management module for the interrogator 1linked to the
network interface and an energy module, and the mobile
object to be detected is equipped with transmitter and
35 receiver modules operating either in interrogating mode
or 1n answering mode, one or more antennas, energy,

management, and, where appropriate, display modules.

A detection terminal may include a ring comprising one



object to be detected is equipped with transmtter and 35 receiver nodul es
. operating either in interrogating node or in answering node, one or nore
antennas, energy, nmanagenent, and, where appropriate, display nodules. A
_detection terminal may include a ring conprising one 6 _ or nore sectoral
antennas (Al, A2, A3, A4), an antenna selecting device, a
‘transmtting-answering nodul e and a -réceiving-answering nodule, a
- managenment nodule for the answerer linked to the network interface and an
energy 5 nyul BOrangerkerabidntebjatt (o bdzdebect d i sanequitpeth wit h

recei ving apd dd@angfriddd nek | néeﬁf@ﬂ@fnheemgvgﬂlseérﬂgemeamleeam gcts are
equi pped, for exanpl e, wth 10 transponders an he termnals are

equi pped WHSFEIY %ﬂ%ﬂﬁQ%WQﬁ}WQHQQ@Q%%w|%gm%ﬂﬁ9?@€€FvWﬁ§uﬂﬁtéPFOd&Fing

nodul es f orarigitefdrogatnitgy the Bk ke Rjrectscdheader shaaks ear g equi pped
W th Rﬁ%D tr ponder s ﬁﬁgnd the nobi ] e obj ects re eEU|p ed Wi th
transmttef® 'reéHV%er dueR? ﬁatoE%ﬁCBpeFate &i t AEFSEReY ntér r ogat i ng
mode or i neanswelddgehtideretbevimli laend objectmi being abkertogbmtiery ogate and
answer eachqﬁ er. and also being able to interrogate the termnals 20

equi pped wi't D transponders. A detection term nal conprises, for
exanpl e, a conmmunication and/or information storage devi ce. 25 The nobile

obj ects' canche 4T84 adio.caddion podules  sepnegladiLo gell pones (UVEX

nmet hod: t ensi performng radi o transm ssions or
di st ank@ neecmrs@mdtegam tandt heheeqmemremalef taee saeeulplye@ 80 tThe nobile

obj ects ar ecrah%ue@ﬁg elnéélﬁégéiten addon- ecéfll\%geslﬁee%egs@lhg cel |
phones (UVEX et hod or formng radi o transm ssi ons or distance
neasurenenp@dules for 1nterrogat1ng the mobile objects.

The terminals can be equipped with RFID transponders
15 and the mobile objects are equipped with transmitter
' and receiver modules that can operate either in
interrogating mode or 1in answering mode, the mobile
objects being able to interrogate and answer each other
and also being able to interrogate the terminals

20 equipped with RFID transponders.

A detection terminal comprises, for example, a

communication and/or information storage device.

25 The mobile objects can be UWB radio "add-on" modules
connected to cell phones (UMEX method: Uwb Mobile
object EXtension) for performing radio transmissions or
distance measurements with other equipment of the same
type.

30
The mobile objects are, for example, UWB radio "add-on"
modules connected to cell phones (UMEX method) for
performing radio transmissions or distance measurements
with other equipment of the same type or with terminals

35 of the infrastructure.

Other characteristics and advantages of the present
invention will become more apparent on reading the

description that follows of an example given by way of



~with other equi pnent of the sane type or with termnals 35 of the
infrastructure. Qther characteristics and advantages of the present
invention will becone nore apparent on reading the description that follows

. of an exanple given by way of 7 illustration and in no way limting, with

_appended figures which represent: figure 1, an exenplary infrastructure
consisting of a set of detection termnals, 5 figure 2, the triangulation
pattern in an ABL nethod, fi gures 3a 7and 3b, an exenplary |ocati ng device
-according to_the invention, igure 4, a diagram according to the invention
of a bl ock® Hi A§FEAT PR arP Rt elrf% od | MGV i hgMIEHNTS | gu# &h5, apperdgfam

accordi ng toighees wﬁﬂbhOﬁepfegenel ock di agram of an int errogatl ng
transponder/:#ng, f]ilgure 6, a diagramaccording to the jinvention of a
bfietra

bl ock di agr®a nEPofdEFP PRy, 1HGETEE I0L & S deticd dh M ot

gener ated forsdataf dét@di@i:@lsst@gminﬂgure 8, an exarrpl e of data processing
with the ABL £ et hod exanple of data Si ng vmth the AFL
net hod, %20 4IPS 19 eti]éjr‘r%ﬁl%?gataé% o@%’ﬁ‘?r%fl?h n %gﬁ 8§0rd| ng to

the i nventionfigures atimn drodfiPure & ewmhpfdgur eldds tang exdspl @ y

application f9 t abl MS, etc. 25 Figure 3a represents an
exenpl ary | oc CCPPCEM% Le%e }g%t}%n%ew 'te accordi ng to the invention. The

device 1 cn_rﬁ)xqﬂsle% 4f om exemptay acepngifgarpariged anvendien of a
det ect or/spripmklar &&a&%ﬁhréﬁng iﬁteff%g§§fﬂ?|fﬁng,

10 e figure 5, a diagram according to the invention of a
block diagram of an interrogating transponder/ring,

e figure 6, a diagram according to the invention of a
block diagram of a transponder ring,
e figure 7, a confidence window generated for data

15 processing,

e figure 8, an example of data processing with the ABL
method,

e figure 9, an example of data processing with the AFL
method,

20 e figure 10, an exemplary deployment of the system
according to the invention in relatibn to figure 9,
and

e figure 11, an exemplary application for portables for
GSM/UMTS, etc.
25
Figure 3a represents an exemplary locating and
detection device according to the invention. The device
1 comprises, for example, a ring 2 arranged around a
detector/sprinkler 3. The ring 2 is, for example,
30 1installed on an existing structure. It can also be
incorporated while the detectors/sprinklers are being
manufactured. The ring 2 1is offset relative to the
cells 31 that have to allow water to pass or smoke to
be detected in case of fire or of the start of a fire.
35 The detector/sprinkler 3 is, for example, linked to a
communication network R according to principles well
known to those skilled in the art and which will not be
detailed. The network makes it possible notably to link

the terminals to monitoring and control devices. This



30 installed on an existing structure. It can also be incorporated while
the detectors /sprinklers are being manufactured. The ring 2 is offset
relative to the cells 3i that have to allow water to pass or snoke to be
~detected in case of fire or of the start of a fire. 35 The detector/
sprinkler 3 is, for exanple, linked to a comunication network R accordi ng
to principles well known to those skiPled in the art and which will not be
- detailed. The network makes it possible notably to link the termnals to
noni t or i ng SERFPRIGhtGBIT FRATES . EoTHiRe AR ts@Hpl®i®orresponds to the ABL
techni que. The antenna of the ring is separated both fromany flow of water

and fromt ceiling and fromany related 5 talljc_accessories. The ring
2 can be dgﬁgnﬁft%ﬁhﬂnQﬁrﬁﬁ?or{ ﬂ%p?%?ﬂﬁﬁ?ggtyﬁég,fFﬁmaaﬁMnﬁéPWﬁ

versi ons, pdnmewytent eandgdatram ohky,corl inanspanderonnlany Okelated
interrqgatg{-tﬁﬂﬂﬁp%pder. 10 For this, it is equipped with suitable neans

detail ed |ﬁt |guresqﬁe%§%§ﬁfﬁs. Aring is, for exanple, supplied with

electricity at |low voltage (12/24 or 48 V). If the building has a low 15

vol t age power Y, N s ddeslaus i se, e klding.contains a
net wor k 002§$3§¥%§{:%ogéﬁgégnpe%} 0 ’sé§ﬁé%é§§%n%$ E%%dgggngﬁe e
necessary tpowsr belng | ownbAyot hér weisidon, | maoleles dsimgrobatberi es

i ncor por at %glw (18 dal g QVET SOPR, By FHEs Zgggeo&h@r%ggogh%w Icity
network (a_solution that 1s nore favorable pﬁan the transponder ring
versi of bERAUSEIF i 5t pAsviEHRRedh Wishamdbyardde neans wakeabpedf or
response trhggegede@nlsyy enzam ighterrogati on sent by a nobile object). 25
Figure 3b diagrammatically represents a ring consisting of an antenna
conprising a nunber of sectors A, Al, A2,

A ring is, for example, supplied with electricity at

low voltage (12/24 or 48 V). If the building has a low
15 wvoltage power supply network, it is used. Otherwise,
the building contains a network consisting, for
example, of small diameter conductors, the necessary
power being low. Another solution involves using
batteries incorporated in the ring to overcome any cuts
20 to the main electricity network (a solution that 1is
more favorable than the transponder ring version
because it is provided with a standby mode with wake-up
for response triggered only on an interrogation sent by
a mobile object).
25
Figure 3b diagrammatically represents a ring consisting
of an antenna comprising a number of sectors 24;, A;, A,,
etc. Such a structure provides, notably, for a greater
selectivity of the multiple paths, possibly an angle
30 measurement associated with the distance measurements.
The benefit of such antennas 1s firstly that they
improve the 1link budget and allow for longer distance
measurements. The angle measurements can subsegquently
be analysed, complementing the distance measurements,

35 to improve the locating accuracy.

The ring can operate as a black box, that is, it can
back up the history of the latest exchanges

(communications but also positioning information) after



‘etc. Such a structure provides, notably, for a greater selectivity of the
mul tiple paths, possibly an angle 30 neasurenent associated with the

.di stance neasurenents. The benefit of such antennas is firstly that they
improve the link budget and allow for |onger distance neasurenents. The
angl e neasurenents can subsequently be anal ysed, conplenenting the distance
measurenents, 35 to inprove the |ocati Ag-accuracy. The ring can operate as
a black box, that is, it can back up the history of the | atest exchanges
(comuni cat idnsBig- alBo Posst iy ithor raRE or)s abrervidleda With. an this

case, the riggisgdrayided Wht ihachsteagde reew-68 dnn wihichp tdie-4nf gy mati on
backup duratjon 1s preprogramred by the security network operator. Beyond

the maxi mumbhckRiCRAFTERD t 1YY i nfRef metGBH IS~ 51959QrH f siPsamire after
24 h). In itSeydmd ethegabel huetsicip dihdes ederm) | €Rkl ¥ nroeRkhesent eds i n

figure 4, the ring.can be used fo detect, and | ocate individuals or nobile

obj ects M eg]Lﬁ%tpe 9 %W‘Puf‘? a?ljgstp%’ﬁd%fsh) All of these rings, interlinked,

and the managenent nodul e, redundant, fornms the ABL system A nobile

object is e I{ppefl mﬁthHEEEChed apt ennas ener gy ul es, mana nt and
’Si

di spl ay nodul’es not° reptesent 8d°F8F rea¥ShELGP PGHAmAts fe 4is a
bl ock di agr amrmfesamtant ey ayadare r4 ngtheonpngstag benusker tof deectcar al

antennas Al, , 1A3,. [ Ad- . LS I by e of ,an _anten
sel ection ég@?céo%8FeA %ﬁ%ﬁgﬁéﬁ%%%g‘ﬁﬁtgﬁkgggtiﬁg?%§§ﬁ|3“1?%%%?3? 0
recei vi hg i nticrlr ogeanswpmdris ¢ APl ape thakedrwhoh, ainmeddieked, tamsl f unction

of which is &0 RNARAOE AL 99%%?§§gt98§8£h§t %ﬁepr@%%e% A

operations. The _managenent nodule iIs dto a netwrk interface 14 and
to an event ba&llp leenBPyeEs. AR cAErHPPEAL efiftdbe matched antennas,

energy modules, management and display modules not
represented for reasons of simplicity.

15
Figure 4 is a block diagram of an interrogator ring
comprising a number of sectoral antennas A:;, Az, Az, Ay.
A sector is selected by means of an antenna selection
device 10. A transmitting interrogating module 11 and a

20 receiving interrogating module 12 are linked with a
module 13, the function of which is to manage the
interrogator and associated processing operations. The
management module is linked to a network interface 14
and to an event backup memory 15. An energy interface

25 module 16 is used to supply energy to the whole, a
backup energy module 17 provides a way of overcoming a

power supply problem.

In the description, the expression transmitting
30 interrogator means: the transmission part of the
interrogator, and the expression receiving interrogator
designates the reception part of the interrogator. When
interrogating, the first step is to transmit and then
awalt the answer, by switching to reception mode.
35
The connection between a number of rings deployed to
create the locating system according to the invention
can be all wireless or partially wireless according to

the volume of the location, therefore the number of



" 25 nodule 16 is used to supply energy to the whole, a backup energy nodul e
.17 provides a way of overcoming a power supply problem In the description,

" the expression transmtting 30 interrogator neans: the transm ssion part of

.the interrogator, and the expression receiving interrogator designates the
reception part of the interrogator. Wien interrogating, the first step is
to transnit and then await the answer}0by switching to reception node. 35
-The connection between a nunber of rings deployed to create the |ocating
syst em acco¥ i@y Lbsthélpdvedt Pertieddvberialdlagsr eladssiom par thaseg wirel ess

accor di ng t&n Lheivekupgcpbohbe HRERLLOn, hhersf Jsfuﬂ§ naa@gp 04+ 10 rings
Wwre

installed. A partially wireless solution is base on a ackbone
better knowPsi ABF)easingadiehoree  InEsrRebNHREETRYE t BeEWeTKntafankee | nt er net

net wor k of éh@ceDWH§§eMQEIetﬁé|débécgﬁéﬁcéyQBeﬁY§éeﬂhééalﬂé&a||ed 5 A
second version of the so-called "interrogating- transponder” ring consists

in aIIo&nng the possibility, 1in addition to the first node in which the
ring ternimal §e@®ﬁd"lﬁéesﬁ@gat ors" tafd té&ﬁdmtlldde ohjracds-ddh £ iangwer ers”,
to make the ri %%t?§ nal s function_as ﬁmener" r transpo der and the
mobi | e obj et R ?5te¥+%%a?8?515?ﬁelﬁnﬁ QWBBPE5§§E 1 % ¥re
i ndi vi dual sint heddohiots equi pitesd wiits@a toicahsmird i ﬁ@'ﬂ.(ﬂeC&lhﬂ ng-trg@nsponder .
15 Figure res thl$ odlne t varla(% The already
descrlbed!%ééﬁaurg 4%ave %ﬁe sane- ?EFere th?hémgﬁb %pe Wﬁﬂﬁﬁe obj ect
Mis ndd |%ﬁ3$ﬂﬁwﬁmﬂ"Ipnxremabas_bmesunkactéymlbaﬂ5|tfmncﬁibmresfnt as in
figure 4. %ﬂ%&éro'gatolrngiggﬁg\ﬁghagr and the mobile objects as
"interrogator". The mobile objects represent the
individuals, the robots equipped with a transmitting-
receiving transponder.
15
Figure 5 represents this embodiment wvariant. The
elements already described in figure 4 have the same
references. The equipped mobile object M 1is not
represented for reasons of simplicity, but 1t is
20 present as in figure 4. An interrogating-answering
module 20 comprises a transmitter function and an
interrogating-answering module 21 comprises a receiver

function.

25 When the rings operate in interrogator mode (the mobile
objects are then in transponder mode), a ring uses its
transmitting »interrogator function to interrogate a
mobile object equipped with a receiver, the mobile
object then using its receiving transponder function.

30 On receipt of the interrogation signal, the mobile
object switches to transmitting transponder mode in
order to transmit the response to the ring which, for
its part, had switched to receiving interrogator

“function to await the answer from the answering mobile

35 object.

If the rings operate in transponder mode (interrogator
mode for the mobile objects), the ring is basically in

receiving transponder function. It awaits an



.modul e 20 conprises a transmtter function and an interrogating-answering
nodul e 21 conprises a receiver function. 25 Wien the rings operate in

. interrogator node (the nobile objects are then in transponder node), a ring
"uses its transmtting interrogator function to interrogate a nobile object
equi pped with a receiver, the nobile object then using its receiving
transponder function. 30 On receipt of the-interrogation signal, the nobile
object switches to transmtting transponder node in order to transmt the
response to theerrogawhdboh, ffon atsmphaile hadjswit chieeant ouséenegi vihg

i At err ogat or i o] i wer fromthe answer.i nobi | 35
object. If t%%L#?ﬁ%EQQ% rq?gﬁf%j%ggﬁggindé?nﬁga%n(in?gpﬁgéﬁg%?éfnnag for the
nobi | e obj ecte¥eivhe rhag ling shasigedlian i fromecbevinmpifleansponder thaction

It awal t's ang.sn 1 ol RE8IJ00aL | Q_'}afnrsqmt% ig&b' Efaﬂgﬂt)gﬁ&e{‘h%'ﬁnﬁ' G, t@g
transmtting interrogator function. I'mredirately i receives the

i nt err og&t i oL # PRI € héhpoBiI9 BB ®ecte the Tmohglewbbihes tditctanshiPtting

transponder fuactpapcio has ansmicihde responsdiqithe mMbiderobiest which,
for its part, had swtched to receiving interrogator function to await the
answer from t¥ReCtIEhsHORER 1t | Hhe r aRSpehderORoleS FRRTFPAGIREtransmits, on
10 interrogation froma nobile object equipped with the interrogator, its

identity, itﬁ?IOﬁ%%ion gg cording to pre-established reference) and ot her
avai | abl e i Tif or mHtAOF or "F&\i'ng e t hé"det eCET0A*SANESs0 ). In
i nt errogat orimoseroyet hen rifrgm tde maihillee 455 ebfecigquigipgdis wanhansker

be.carriod BUtCUBITEntt ol PR BEL Bacnad. Lo oy TR  NPaFFaGasr Syatem -
either the ﬁingprﬁ—established reference) and other available
° information (sector having made the detection, and so
on). In interrogator mode on the ring, the mobile
15 object returns an answer consisting of its identity and
available additional information (mission to be carried

out, objective to be reached, etc.).

The interrogator system - either the ring in

20 interrogator mode associated with the mobile object in
transponder mode, or the mobile object in interrogator
mode associated with the ring in transponder mode - has

. to deduce from this a distance measurement between it
and the transponder, that is, in all cases, the

25 distance between the ring and the mobile object. Thus,
therefore, this measurement is available on the mobile
object when the mobile object 1is in interrogator mode

and the ring is in transponder mode. This measurement

ig available on the 1ring when the ring 1s in

30 interrogator mode and the mobile object is in
transponder mode. It transmits this information to the
central or off-site system which is responsible for
taking account of all the measurements (e.g. all the
measurements between a mobile object and all the rings

35 in its radio range) and performing the triangulation
and, if necessary, retransmits to the mobile objects

the  positioning information. The two modes
(interrogator ring/transponder mobile object on the one

hand and transponder ring/interrogator mobile object on



20 interrogator node associated with the nobile object in transponder node,
or the nobile object in interrogator node associated with the ring in
‘transponder node - has to deduce fromthis a distance neasurenent between
it and the transponder, that is, in all cases, the 25 distance between the
ri ng and the nobile object. Thus, therefore, this nmeasurenment is avail able
on the nobile object when the nobile object is in interrogator node and
the ring is in transponder node. This nmeasurenent is available on the ring

when the ringqis | i r tar n | ohj. e IS .in
t ransponder %%g%.éﬁ?égr%%éﬁgtgg?hggc|n gf%%g?%ge?%ygﬁéfecgﬁtgéf or ot f-site
syst em whi ch hardwasporsibletyre of akhagracgouiheofmoder ehie rredsigesrasht s

(e.g. all the; masureppnts petween,a, gpbil g hj1actyapdall the ripigs 35 in
its radio range) and perform ng the triangulation "and, if necessary,

retransnits fF SHECHEHIIR obj ects the positioning information. The two
nodes (imterrogator ring/transponder nobile object on the one hand and

transponder ring/jn erro%aﬁﬁr mobi | e object on 12  the other hand) are
excl usi ve but® po3siPl 8°oRthEIsarg aRORTE e STFUTIQR X BPL ERE FPAG. I The
nmodes are trifggeired 6ecbhelsby dn' aerdvadindt ehki genee" oy aketh the
preprograrrmed.l StA third so-c Ilept"traqﬁﬁ nder" gers&gn regresented in
figure 6 conSiStS N Povid ng' he" TP FNTT wi TR Ehe  "eF e¢EF6nPEs for t he
"transponder '"limkael wihils avenchidre i sbjdankedasi dbsarobdl enobif eakreM4as

descri b(:fﬁOi n Ttl'li[e(-?s"éfl_eef1 ctlzpon-lg'.hcesseaglee%hégnic%% alaeertar]}ﬁn Croen&,ilcdeeé ab ¥ ri%dUCEd’
as is the cost.” The %ransponder i's continugﬁly in P%ce|V|ng ’t?ansponder
function 31 (téeencont st Thebyrartmporstns uhpt icom timerm 1361 nn exercenwlingr educed)

and swi tches . Lo fyansm ttingotsapspopder function, 30 aply $Q sendpan
consumption then being extremely reduced) and switches

to transmitting transponder function 30 only to send an

15 answer following the receipt of an interrogation from a

mobile object equipped with an interrogator device.

The device can even Dbe more economic 1f operating
without transmission, only 1n Dbackscatter mode as

20 exists in the radiofreguency identification devices
(RFIDs). There 1s no network interface (no network
interface obligation). In this case, there is no longer

a trahsmitter, the device according to the invention
returns an overmodulation on the RF energy received

25 following an. interrogation (obtained either from the
ring i1f the interrogator is on the ring, or from the
mobile o6bject in the reverse case) (like microwave
badges) . Of course, by eliminating the transmitter, the
system consumes only very little. However, the range 1is

30 reduced; the link budget is 1/R® instead of 1/R?.

A fourth version is that enabling the mobile objects to
be both in interrogator mode and in transponder mode
according to their requirements for distance
35 measurements between them (between the mobile objects
as 1in the AFL method). The mobile objects can be cell
phones for example. The particular feature of this
version 1is that it enables the mobile objects, in

addition to the AFL locating method, to interrogate



15 answer follow ng the receipt of an interrogation froma nobile object
‘equi pped with an interrogator device. The device can even be nore econonic
if operating wthout transm ssion, only in backscatter nbde as 20 exists
in the radiofrequency identification devices (RFIDs) There is no network
interface (no network interface obligation). In this case, there is no

|l anger a transmtter, the device according to the invention returns an
overnodul ati on on the RF energy recei ved325 following an. interrogation
(obtained either fromthe ~ring if the interrogator is on the ring, or from
the nobile BngéteﬂHlFﬁ@dréV€%§ch%§E¥ EFilce MIGTRARE eI dgesIgUEe cour se,
by elimnatibg tbe exampheiter, the system consunes only very little.
However, the range is 30 reduced; the link budget is 1/R4 instead of 1/R2.
A fourth version is that enabling the nobile objects to be both in

i nt errogat orTiedecand i nthesaspdnder fmdes gloeordhagekd AR rsyegemt enent s

for distance - e : Ghet n.the bile objects as in
t he AFL %etﬁggg.gﬁﬁggéggﬁpéﬁggj%gfggcgﬁggglggﬁw%%bmgﬁ%% 5?I€f§ﬁ%I%? The
particul ar feeduredofot mathyey shon 43l t hahei triewabl s sttelyohplacebdj ect s,

in additiongto.the-AELsLogatin O interrogate 13 rings equipped
sinply with %FID "transponders"gfﬁfgﬁgger 0 for exanple). The set of these

rings forns the enhanced AFL system 5 The infrastructure to be installed

bet ween the fh00schsunt edused tosnothing a4 abhulihepking i 3id@ly: pl aced
around the detector/sprinkler). The comunication and | ocating nodul e, being

pl aced &f 1PHERGht CaBaPDeTREdEP0 BBt B Best pessiible e range
In the case @fngs. i nstallation on detectors/sprinklers, the distance
between the latter being limted to 6 m
In the case of an installation on detectors/sprinklers,
the distance between the latter being limited to 6 m
15 according to international safety regulations, the
radio coverage is excellent and the nodes to be located

are covered redundantly.

The description hereinabove presents two systems which
20 are complementary and which address two different
needs. The ABL system provides locating accuracy, a
networking of the information, and delivers a situation
awareness generated centrally at the place to be
protected. The application potential is maximized
25 (centralized log, use of this new medium for other

purposes, and so on).

The enhanced AFL system is an essentially mobile device
(see figure 10 describing an application for firemen
30 for example). The basic technigue used is that of AFL,
but since it is also possible for the mobile objects to
interrogate the rings (passive transponder in RFID
technigue), the problems inherent to AFL no longer
exist (greater problem of mobile object density,
35 numbers of mobile objects, and so on). It supports
locating intelligence, handles situation awareness
without requiring centralization, provides networking
capability thanks to the interrogators carried by the

intervention group. The equipment cost for the



" 15 according to international safety regulations, the radio coverage is
.excell ent and the nodes to be located are covered redundantly. The

~_description herei nabove presents two systens which 20 are conpl enentary and
.which address two different needs. The ABL system provi des | ocating
accuracy, a networking of the information, and delivers a situation

awar eness generated centrally at the-plldce to be protected. The application

-potential is maximzed 25 (centralized |og, use of this new medium for other
purposes, afdSEFSEHRY. STHE EHhant®dOCAFIC YR Teater esBehifrAlyy Mol | e

device (seend gWgitbhddascréding apr apah&qa&h%@, /Eor b/ EBIRR S /30 afRr
exanpl e). The basic technique used i,s that of AFL, but since it is also
possi bl e f oFSHETobC @SoBFreHss ISty dYasE t he rings (passive

transponder in RFID technique), the problens inherent to AFL no | onger
exi st (greater problem of nobile.objec ensj t 35 .n ers aof nobile

obj ects,” an eggggﬁPg FFlsﬁ%%oPPglchégiiﬁkﬁih?%ﬁl?ﬁgngggaﬁﬁﬁg?%g 8tt uati on
awar eness wilbkest treduer ipnpteertadl | Zati apprppediates medywmide ngiltapability
thanks to tgg %B%e%E%QQtg&st%%r%%%%n%ystg%eHanerventlon group. The

equi pnment cost Tor el ener gency SEPVICES is of course greater

initially, but the equipnent cost for buildings/sites/towers/trade centers

to be protegted i.sdHJY Mzed, . 5; ependin t i 0 and the
nunber of pFaces to be 6%%9%%t%%§ tEg a%%%%prf%&%?%%é%onggﬁgg?%ﬂ%%e t he
first or0thecséedRd Bt eRYOTRESABOhdE et ofeBAG1PEdt heEdmvenamphei npl ement s

10 certain dat acprecessitBIrshapecsdeseni bed, for exanple, in relation to
figures 7 to 9. Figure 7 diagrammatically represents a confidence w ndow

used in the nethod.
Figure 7 diagrammatically represents a confidence

window used in the method.
15
Figure 8 shows different stages having in particular
the following functions:
¢ The first stage consists in identifying the mobile
objects within the radio range of each terminal.

20 & The second stage consists in performing the distance
(or angle) measurements between each terminal and the
mobile objects present within its radio coverage.

e The third stage consists in inhibiting the
measurement aberrations, between two nodes, over

25 time, using a specific technique suited to the

nonlinear context of the aberrations.

Take the wvarious measurements over time between a
terminal X and a mobile object k within its radio
30 range: dxc(ti)dwk(ts)dxk{ts) ... dxk(tan) ..., the Dbasic
principle of time consistency processing is based on
the rejection of samples that are not compatible with
an acceptable variation. This means having to consider
the speed and maximum acceleration of the mobile object

35 and to take into account any direct path losses.

Thus, in the following example, the samples are
retained as long as they are within the confidence

window, represented in figure 7. This window 1is



"15 Figure 8 shows different stages having in particular the follow ng
functions: The first stage consists in identifying the nobile objects
"within the radio range of each termnal. 20 The second stage consists in
perform ng the distance (or angle) neasurenents between each term nal and
the nobile objects present within its radio coverage. The third stage
consists in inhibiting the neasurenentlaberrations, between two nodes, over
25 time, using a specific technique suited to the nonlinear context of the
aberr at i ons.CoKertHeed ard i Heub uteOmeAts tever tdapivendechrem t@ren nal X

and a nobi | e-plj ettt KoM UFH Nehds Jdio 238 réngencdxkitd)dxdift Daxk(t 3)

. dxk(tn) .... the basic prlnC|pIe of time consistency processing is based
on the rej BTG ATSART e<? HIRPLI® MoteTonpatible with an acceptabl e

variation. ThimhdreansrbaVigtaids0 €onsiges ihhel speed andi maxiabm ageel eration

of the b|Ie object 3 to tak .into account any direct path | osses.
Thus. i noche. FOTHCu hooex il o7 FHECSHAp! Sa s €007 LPLPREH 48T Tas. & hoy

are w t h| n t haonbudence atraddwti eprieseniced | phétguee 7 vallids sdddow i s

15 constructed accordin crl eria.deriving fr he calcul tion of the
speed and of thé accept a%’]re pa‘{tlht V& At ftohetth il dg ot The
fourth stage consimstrscin linearly filtering the 5 results of the preceding

ime consistengy, defeclor. o The OuLRULS.are ot N gistances Lhat ans

val idated tine-w se éstimati on of eir sp e novemen The
fifth st@ge camfiosima iipre Gsl maigfceﬂmlftgnethqctlilrﬁrmmﬁm and perfor i ng the

triangul ati Qn.oneThe Skt 52085t St Sus Ush NgnthecheddRgapCY ni Riihe

measurements, 1in rejecting the measurements that are
too distant from the barycenter, itself determined
based on all the measurements (nonlinear processing).

15 e The seventh stage consists in using a path estimation
filter to filter the successive results obtained over
time at the output of the preceding stage (sixth
stage) .

20 Figure 8 concerns distance measurements between nodes

which can be extended to angle measurements.

Figure 9 represents the steps implemented when using
the AFL technigque. The associated figure 10
25 diagrammatically  represents by  broken lines the
interrogator-answerer interchanges between mobile
objects and by solid lines the complementary
interchanges between mobile objects and RFID
transponders on the ring.
30
The steps implemented for the AFL technique are
identical to the steps described in relation to figure

8, apart from the first step.

35 The system according to the invention 1is applicable to
numerous applications, some of which are given
hereinbelow for illustration purposes, but not

exhaustively.



- measurenents, in rejecting the neasurenents that are too distant fromthe

barycenter, itself determ ned based on all the nmeasurenents (nonlinear

-~ processing). 15 The seventh stage consists in using a path estimation

" filter to filter the successive results obtained over tinme at the output of
“the preceding stage (sixth stage). 20 Figure 8 concerns distance

measur enent s between nodes which can bg extended to angl e neasurenents.

.Figure 9 represents the steps inplenmented when using the AFL techni que. The
associ at ed Fipgelr@efé€ct26ndi agrammatically represents by broken lines the

i nt errogat or - answerer interchanges between nobile objects and by solid

| ines the conplenentary interchanges between nobile objects and RFID
transponderGogplihe ai apoekd0oThd isteeple aanbrtted: farr il AFlmdlesdini que are
identical to th de ib in_relati.on to figure. 8, art_fromthe
first step.l%5 $ﬁ§ggggﬁen$%%co? F%§e¥o t}Ejinv%%%?%%aFéo%ppP%bab?%eto

numer ou$ appdrimeaniohsiorsohecatiohi shsaem. gi ven hereinbelow for illustration
pur poses, but not exhaustively. 16 - Fire detection Coupling a snoke or
fire detector/water sprinkler nmakes it possible to recover this information
on the 5 cBmmiPeatP@RuUNbEation SySEemm CThe bABusesmAMicsaticon Byist em can be
used to Comw%bfﬁﬁé&oﬁnEQr%ﬁ%éﬂ%ﬂé&fkéﬁi%ééﬁoﬁOE%EEEhO%daﬁﬁéﬁBJéﬁ,recover
it also on the firemen (nobile objects) so that they 10 know t he poi nt where
the fire stirt@dSPf FhethBddd TAMEN pfBYPHEY WRIRCLtREseSToRfhi ddig¥on means.

CGui di ngof i nefdwhtha@gpboneeshbeet RGNt &farted if the nodes are

provided with these communication means.
Guiding firefighting forces to the epicenter

15 Recovery of the fire detection information enables the
fire-fighting forces to know the critical point of
intervention and accordingly devise a strategy for
attacking the fire (ABL).

20 Locating fire-prevention operatives

Altogether, the modules implement a modified ARL

technique, taking account of the overabundance of
terminals.
25
Sensor network system
The set of detectors provided with the ABL module
constitutes a network of wirelessly-interconnected
30 sensors. These various sensors, in addition to

measuring the ambient temperature, can be provided with
presence detection modules thus making it possible to

add to the number of known parameters of the situation.

35 This knowledge makes it possible to generate a complete
report: scale of the fires at the wvarious points,
number and position of the means and resources, so
leading to knowledge of the optimal fire-fighting or

catastrophe strategies.



15 Recovery of the fire detection information enables the fire-fighting
.forces to know the critical point of intervention and accordingly devise a
strategy for attacking the fire (ABL). 20 Locating fire-prevention
~operatives Altogether, the nodules inplement a nodified ABL technique,

“ taki ng account of the overabundance of term nals. 25 Sensor network system
The set of detectors provided with the-ABL nodule constitutes a network of
wirel essly-interconnected 30 sensors. These various sensors, in addition to
nmeasuring the anmbi ent tenperature, can be provided with presence detection

nodul es th making it .possible to add.to the nunber of known paraneters of
the situatioh® 3§1$Hﬁélgﬁovﬁvéadﬁ%n%%’es 3 S55Ysi BRI o %en%raﬁeé”%aéorrpl ete

report: scaleimf bhe thiereSimd dhe caarisauohe nfsght tmurbdevaned, pasirt i on of
t he means d . S I i ng to.knowl edge of the optina
fire-fight?%@ %?ggg%?gg?gopcé %%?%tgéié%@31$eg?%F% %ﬁ%%ﬁﬁ?#@n'gﬁ%réﬁess,
al readySknowi st auceht r adr peraieotedhebfi r ecddimatastr opheof i glitd ng

device, car;hg dfansndied to each of the people involved, via a 5 wist
unit, or pré]ected@%y cé%ﬁination onto the fireman's visor. Radio-gui dance

for firefighters 10 At the sanme tinme, with the comuni cation and di spl ay

means avai lpdistquildisdodes FitdsdJivsEen, it is possible to radi oguide
the latter to particular points according to an overall strategy. 15

Optimzing firefighting means By this sane strategy, it is possible to
optimze the (BSOWLRS tOmdE WIRHEMERS €@ hhudla%iand orf 4n&XaRbeayt he

means available to the nodes on the firemen, it 1is
possible to radioguide the latter to particular points

according to an overall strategy.
15 Optimizing firefighting means

By this same strategy, 1t is possible to optimize the
resources to be implemented by dosing, for example, the
actions of the sprinklers (volume and type of mist to
20 be applied, 1limiting of the water volumes 1if not
necessary, and so on) thanks to the ABL technigque

network.

Extension to communication applications for

25 firefighting forces

Over and above the locating of the firefighters or
first-aiders, it is possible to provide the same people
with a function for communicating with each other or’
30 with the infrastructure according to the invention with

the ABL technique to reach the staging area.

This goes beyond the terminal intercommunication means,
to transmit step by step the location results from each
35 of them but also to enable voice or data interchanges

by this radio channel.

Extension to third party applications (maintenance and

logistics teams, company personnel, etc.)



actions of the sprinklers (volunme and type of mst to 20 be applied,
dJimting of the water volunes if not necessary, and so on) thanks to the
ABL technique network. Extension to conmunication applications for 25
firefighting forces Over and above the locating of the firefighters or
first-aiders, it is possible to provide the sanme people with a function for
communi cating with each other or 30 wit®& the infrastructure according to the
i-nvention with the ABL technique to reach the staging area. This goes ,
beyond the term nal intercomunication neans, to transmt step by step the

Location 1 egyl L fhomneaeh o83 ofadhempiil Al 8g.t q 'Igg vaLge of. data
i nterchanges by thrs radio channel. Extension to thir party applications
( mai nt enanceeandPleoghat i eenTeANsYOESPparseer sithelRosa )y - WBledn as nuch

as the radip; pEasssf eraheraksngnERke d thefgasd bbEst O LONYEY QI Cepedata and
possibly video _wreless transm ssions, it becones possible to use the 5

wirel ess netip?kesdvt RERNYT Ko NG ALY | FRmbACaEReAgEFEET dRIIRKEENBUL al so

to: | ocategs@tstenapee gpesatbves and cl eaners, throughout the day, radio
transm ssi ons, between these sane operatives.or 10 even for, the personnel of

a conpany. ‘TS he wiPeiE<d i Swor k OREEBeYSGsef F2Fn t K SFHFYS  life of

t he occupant stlofowglconpatiye bdiy di ng and becones assigned as a priority to
interven in the event of fire or serious

t he depl t of -t 15 i f
e ent Y e PEatdnt BEPOUED Lt SHeed LarPimralssssiar cre. ' 90

10 even for the personnel of a company.

Thus, the wireless network becomes useful in the daily
life of the occupants of a company building and becomes
assigned as a priority to the deployment of the
15 intervention forces in the event of fire or serious

problems.

Installation of portable solutions for
GSM/UMTS/802.16e, etc.

20
It is also possible, by extension, to complement this
approach by providing the people involved or third
parties (people working in the buildings, maintenance
teams, etc.) with "add-on" modules on their cell phones

25 (UMEX method: Uwb Mobile object Extension).

Figure 11 shows the conventional cell phone, with an
*add-on" module comprising the UWB radio for
performing:

30 e radio transmissions with other equipment of the same
type or with access points (detector terminals) fixed
to the ceiling or to the walls.

e distance measurements with other mobile object
equipment of the same type (ranging) or with detector

35 terminals placed on the ceiling or on the walls.

This "add-on" module can ultimately be incorporated

directly in the cell phone.



It is also possible, by extension, to conplement this approach by providing

the people involved or third parties (people working in the buildings,

mai nt enance teans, etc.) with "add-on" nodules on their cell phones 25
(UMVEX net hod: Uab Mobil e object Extension). Figure 11 shows the conventi onal
cell phone, with an "add-on" nodul e conprising the UAB radio for
performng: 30 radio transm ssions w tth et her equi pnent of the sane type
or with access points (detector termnals) fixed to the ceiling or to the
wal I s. distance neasurenents w th oCbhaIMS8obil e object equipnent of the
sane type (ranging) or with detector 35 termnals placed on the ceiling or
on the walls. This "add-on" nodule can ultimately be incorporated directly
in the cell lphond. meghodClifAinVRietiectAngtdrot/ dorleerebndg ngnandtromolecat i ng

one or nore nobilgy ggecég?%@gg det egt iRR SRACS \A@\Agéggn HEeih US

da
networ k of nobile objects communi cati on net _an AFL‘tecEnique and
measur enent s bet W8€A t hé nobelwoghj ecP§, WRALAEt er PREECILR t hal it @conpri ses

at |east the folbawuRgcstars: lQ-ORofach o mogfrof dhe mhid e ghizects
perform ng di stance neasurenents between the nobile qgbjects present in the

det ecti on space, "CGFUSRESHESt he RBBIFEN0bj €dt® or MO&Yrithal sCPR&ETSy ecover
all the di stancechafrectetiigRdldinusihag nopl ideeriRecessi ngd«x | BAEbit the
di st ance neasure%eqh aherrati ons between two nodes or nobile objects over
time, linearly fPrtEMRg hEPPEsults of the time inhibiter,

10 on each or most of the mobile objects
¢ performing distance measurements between the
mobile objects present in the detection space,
on one of the mobile objects or terminals that
recover all the distance information

15 e using nonlinear processing to inhibit the
distance measurement aberrations between two
nodes or mobile objects over time,

¢ linearly filtering the results of the time
inhibiter,

20 ¢ combining all the distance information between
mobile objects and performing the triangulation,

¢ using nonlinear  processing to reject the
aberrant measurements at the output of the
preceding operation,

25 ¢ using a linear or nonlinear path estimation
filter,on a detection terminal equipped with an
interrogating and/or answering device that is
fixed in the detection space, collecting

calculated position information.

30
2. The method as claimed in claim 1, characterized in
that it comprises a distance and angle measuring
step between the mobile objects present in the
detection space, a step for inhibiting distance
35 and angle measurement aberrations Dbetween two

nodes over time and a step wherein all the

distance and angle information between nodes is



20 conbining all the distance information between nobile objects and
performng the triangul ation, usi ng nonlinear processing to reject the
aberrant measurenents at the output of the preceding operation, 25 wusing a
| inear or nonlinear path estimation filter,on a detection term nal equipped
with an interrogating and/or answering device that is fixed in the
detection space, collecting calculategOposition information. 30 2. The
nmethod as clainmed in claim1, characterized in that it conprises a distance
and angl e neasur¢Pgbisedpandt Weentrhengubateonbjiecpsrpeewedt in the
detection space, a step for inhibiting distance 35 and angl e neasur enent

aberrations between two nodes over tine and a step wherein all _the
di stance and-angfeei REEPREt PEn CHELNEEn IModdsi™s L X a kiR R Ant t he

triangul ation istperfeenedeidn ThemmBhhedaas Ghained tRaGkpbAvdrs.
characterized in that detection termnals are used as transponders. 5 4.
The nethbd as claimed in claim3, characterized in that detection term nals
are linked 20 a Themmunhedt ben dletivierk.inl@1S.inA Sysdleardote detedtimg and/ or

| ocating one or r bil e objects in a-detection spage .conprising a

net wor k  of nDbiIgR%Ejeg$%t?%t%9 onmti St Sh ﬁé?horélp%ﬁﬁengﬁ?ingathe AFL
t echni que, charactennzedtinnt hatwbhk.system conprises at 15 | east one
detection term nal equipped with an interrogating and/or answering devi ce,
and in that each nobile object is equipped with transmtter and receiver
nmodul est@dapt ed Rosppeeat o degedting and/or locating one or more

mobile objects in a detection space comprising a
network of mobile objects in a communication
network implementing the AFL technique,
characterized in that the system comprises at

15 least one detection terminal equipped with an

interrogating and/or answering device, and in that
each mobile object is equipped with transmitter
and receiver modules adapted to operate either in
interrogating mode or in answering mode, the

20 mobile objects being able to interrogate and

answer each other and are adapted to interrogate
the detection terminals equipped with an
interrogating and/or answering device and in that
a mobile object comprises:

25 ¢ a means adapted to perform distance or distance
and angle measurements between the wmobile
objects present in the detection space,

e a means for wusing nonlinear processing to
inhibit the distance or distance and angle

30 measurement aberrations between two nodes,

¢ means adapted to linearly filter the results of
the time inhibiter,

¢ a module adapted to combine all the distance or
distance and angle information between nodes and

35 performing the triangulation,

e means for using nonlinear processing to reject
the aberrant measurements at the output of the

combining operation,



interrogating node or in answering node, the 20 nobile objects being able to
interrogate and answer each other and are adapted to interrogate the
detection term nals equipped with an interrogating and/ or answering device
and in that a nobile object conprises: 25 a nmeans adapted to perform
di stance or distance and angle neasurenents between the nobile objects
present in the detection space, a means for using nonlinear processing to
inhibit the distance or distance and angle 30 neasurenent aberrations
bet ween two nodes, a hkansradaphedltoekirnpachyettlitmecibhe fieselts of the
time inhibiter, a nodule adapted to conbine all the distance or distance
and angl e |nfornat|on bet ween nodes and 35 performng the triangulation,
means for u§i-ng ABAI PHEEETDEGCEFSiimEd oI & lexim § heChdbrea@tiredsihenent s at

the output of thepsgonphai ngepREEALHON 2hina@s! | NERr ghenopkibReaggpath
estimation filter. 6. The systemas clained in claim5, characterized in

that thed det ect i 6HAPEPRPASES - ‘(1) are used as 5 transponders. 7. The system
as clainmed in clain16 characterized in that the terminal is Iinked to a
communi cati gn %work R 10 8. -The systemaas, clainmed in claim
characteri zdd i nTHRatYS ‘@8t &6 i O A& al CHE ™ Aapt BT 6t gkt 68 éﬂnke and
in that it includasta théngeampidlsi ig ohenkednue sectomalnankensas (Al, 15
A2, A3, A4) , an antenﬂa selectlng device (10) a transmtting interrogating
modul e (11) and B€%V

10

8. The system as claimed in c¢laim 6 or 7,
characterized in that a detection terminal is

adapted to detect smoke and in that it includes a

ring comprising one or more sectoral antennas (A,

15 A,, A3, A;), an antenna selecting device (10), a
transmitting interrogating module (11) and a
receiving interrogating module (12), a management

module (13) for the interrogator 1linked to the

network interface (14) and an energy module, and

20 in that a mobile object to be detected is equipped

with a transponder.

9. The system as c¢laimed in c¢laim 6 or 7,
characterized in that a detection terminal

25 includes a ring comprising one or more sectoral
antennas (A;, Az, Az, A,), an antenna selecting

device (10), a transmitter module (20) that can

operate either 1in interrogating mode or in
answering mode, and a receiver module (21) that

30 can operate either in interrogating mode or in
answering mode, a management module (13) for the
interrogator linked to the network interface (14)

and an energy module, and in that the mobile

object to be detected is equipped with transmitter

35 and receiver modules operating either in
interrogating mode or in answering mode, one or

more antennas, energy, management, and, where

appropriate, display modules.



receiving interrogating nodule (12), a managenent nodule (13) for the
interrogator linked to the network interface (14) and an energy nodule, and
20 in that a nobile object to be detected is equipped wth a transponder.

9. The systemas clainmed in claim6 or 7, characterized in that a detection
termnal 25 includes a ring conprising one or nore sectoral antennas (AL,
A2, A3, A4) , an antenna selecting geggcg (10) , atransmtter nodul e (20)
that can operate either in interrogating node or in answering node, and a
receiver nodule (21) that 30 can operate either in interrogating node or in
answeri ng node, a nanagenent nodule (13) for the interrogator linked to the
net wor k intépﬁac§h€14)SY%M@“ana@ner@iahﬁﬁﬁleﬂlhndcﬂﬁlmhat t h®TobVt e obj ect

to be detected ighgadipRed Wit h tfranstidd er ;35 andekegeihver capHuhgs
operating either in_ interrogating node or in answering node, one or nore

ant ennas, ener gy InFAHA§EMENt L 1BAd, ST ES 1P pPEFT | Af e " HiSSpPaEHball es. - 2
2 10. The systemnasnehai mes, i nagl aim 6 Br) 7, archahaehek zedieprihgt a

det ecti on terningl .incIHqu a rin% congrisin one Qr nore gfctgggs 5
antennas (A, A29eK3cead)l00an AnfERMETLELLRET AGSYEET e 1AL

transm tti ng- anseedi ng anodwuex (i3ng -antwerriecei vimmghanswer ( Bg) podude (31), a
managenent nodul e_(13) for the_ans r Link to_the network interface
(14) and an ener@?gﬁgéﬁFgF fﬁx%héarﬁﬁﬁha%o¥hggﬁoﬁQ%¥%ﬁﬁ§x}%)%F%eg§etected
is equipped wthheegetwark andteraaseai titlidng amnat enr cyatigyy modules. 11. The

system gg cl ai me n'gg%la'tﬂsé, HATASHE1L 2685l 1ot RAt ddi&dmby | e50bj ects
are equi pped wt I :
egquipped with receiving and transmitting

interrogating modules.

11. The system as claimed in claim 5, characterized in
15 that the mobile objects are equipped with RFID
transponders and the terminals are equipped with
transmitting interrogating and receiving
interrogating modules for interrogating the mobile
objects.
20
12. The system as claimed in «c¢laim 6 or 7,
characterized in that the terminals are equipped
with RFID transponders and the mobile objects are
equipped with transmitter and receiver modules
25 that can operate either in interrogating mode or
in answering mode, the mobile objects being able
to interrogate and answer each other and also
being able to interrogate the terminals equipped
with RFID transponders.
30
13. The system as claimed in one of claims 5 to 12,
characterized in that a detection  terminal
comprises a communication and/or information
storage device.
35
14. The system as claimed in claims 5 to 12, wherein
the mobile objects are UWB radio "add-on" modules
connected to cell phones (UMEX method: Uwb Mobile



transponders and the termnals are equi pped with transmtting interrogating
and receiving interrogating nodules for interrogating the nobile objects.
20 12. The systemas clained in claim6 or 7, characterized in that the
termnals are equipped wth RFID transponders and the nobile objects are
equi pped with transmtter and receiver nodul es 25 that can operate either in
interrogating node or in answering nods the nobile objects being able to
interrogate and answer each other and also being able to interrogate the
term nal s equi ppedPlaft h RAEFX epam@pbnder §0r30 1Berframgyst em agddcai med in

one of claims 5 tQ Jidanmi Shasdct 881 Z8d tiah dehate B gl Rotd SNyl ehmMdialer
conprises a communi cation and/or information storage device. 35 14. The

system as cl ai e ETHRIRTCE §hf 1990 HaREn  the nobile objects are UT/S
radi o "add-on" nodul es connected to cell phones (UVEX nethod: Uwb Mbbile -

23 object EXtension) for performng radi,o transpissiaons or distance
measur errént st t hHist hEYStﬁguiaﬁmﬁa%Peghéns% t?%le.‘ﬁ§lf§’. Th&Osy'strem as

clainmed in one ofcldmidmebiiad 12n whar acher moed len dihpdct heamsbivv® obj ect s
are UAB radio "add;on" ul es, con

" ected to cell phones MVEX net hod) for
er for mi ng-r adi o AT HM SOrBIET ofSTTL Anc AR Eet < R { h TGS
equi pnent of 10 tH&VEAmeetype)orfant petrdommialos vfdide tranfarastaiwotsur e.
or distance measurements with other equipment of
10 the same type or with terminals of the

infrastructure.



