o1 - | 0450243 The present invention relates to an
- @Aectronag netic detector designed to |log the position and orienta- tion
- of a moving body in a given space and in particular to | og the exact

position, in an aircraft, of the hel met, 12—, equi pped with a rd56A43si ght,
wern by the pilot. An el ectromagnetlc posrtlon and orientation detector
generally includes a fixed transmtter with three cqils £N8f Elf‘tﬂna
alternately by the gergieatmresendt amtﬁ-&“s§ﬁ§-6‘rte\ﬁ t%ree col

providing, via each S £ odlof NEhe eposi tien #@afﬁ*fb“ttao'the
ene’gi z- ing d’fete‘a’f'tﬁilq"fecftge cﬁl%gb tﬁe ?‘annsgff’%iggran&aiﬁ%ﬁtﬂQﬂmns
coupledtotha:mnlcsf(ﬁm% eto dgﬁg ﬁlﬁé

- function of the, i{KlGak Txed osibeonpsm mnaamrérf-r enPit FBR BFPRE

sensor. In the case€ of 15 t k—,h@npd.tl.otthe helmet in an
aircraft, Bhe %@H@P‘F doyithe gﬁ‘?iﬂ’&? EI}%ons'tltul es t .

he ve Egtﬁag the
hel met the novi ng bodyAnSuemedbrmgm%t-‘é?e RSt ‘ga e§§§rﬁ% e | n rench

Patent 2 458 838 ango A& 3g§c§§§esT@, 2ﬁ1xedeﬂmaﬂﬂ1@-1’fw p¥ERi on
and ori ent at i cR€bPEho

movI n S amcumlea a
fixed place i nthheespa@ésaﬁaei?ﬁéz%@ ﬁ];f S’Y{ rcl)-';i‘{(1£ hé _novi ng .bod

. each position % H‘a Q%‘i';\éotrh%.%hcmeepcndlsiorfOEaEﬁ°86fiF-n8f' vita c%‘or
three signals Which-are,induced, ; Los ‘#H%F rlatitg to rtiepenergdizy of
the transaPttepf Akst GOALSrnARIAPY n| ne uced srng_qr_% } V\/Q:j]a rﬁﬂgt\ﬁld n
cal cul ating t hengooift eachand tlheecoibﬂ of the % a cul at

corrupted by errors du hed £6 tneddad wnthensehaopanﬂse @P m t-he
el ectri- 30 eﬁgrg

! I Z1 ng generat qQr t e- H 1l alss
i ndeled, these pat etmamine, iafh e (BG °ﬁ'= 2‘ J'bgﬂﬁ"égt tldmi and

nsm SSI
at reception: i %Téﬂ Ofnd NEPiéhteeion ¢f ethedsems%g Iny &' & ent
US 4 054 881 i £ a

and ori entld i offheetado™ % kn%tES P%%:g ?I o%?ﬁgghﬁ\%’fr ﬂﬁggnenlmmiélegn
ant enna whose |ﬁﬁgrc@gcﬁpgnabfsaehee€1¥©r#%m fﬁ_%ﬂr}%é @ %acﬁpr bged
transm ssion paé h& the Ohgflﬁe{ Qtﬁ@'ﬂgﬁdij body.
Such detectors are descr:.bed for example in
French Patent 2 458 838 and US Patent 4 396 885. To
20 determine the position and orientation of a body moving
in a space, the transmitter occupies a fixed place in the
- space and the sensor is fixed to the moving body. To eacl'fx
'pos:n.t:x.on of the body there ‘correspond, for each coil o
‘the .sensor, three signals which are induced by the ‘three
25 coils respectn.vely of the transmitter; in total tt'xere are
nine induced signals which serve in calculating the
position and direction of the body.
This calculation is corrupted by errors due to
the imperfections in the paths which go from the electri-
30 cal energizing generator to the calculating means;
indeed, these paths exhibit J.mperfect:l.ons in gain both at
transmission and at reception: ‘imprecision, non-lineari-
ties, drifting.
Through the Patent US 4 054 881 it is also known
35 to produce an electromagnetic position and or:.entat:.on
detector with, in addition to the moving sensor, a fJ.:.:ed
antenna whose induced signal serves to produce a negative
feedback in the transmission paths in order to maintain
the level of the electromagnetic field created by the



1 the level of the electromagnetic field created by the -2- transmtter
~onstant. Such a device can elimnate the errors in the transm ssion paths

but has no effect on the errors due to the inperfections  in gain which
‘affect the el ements situated between, ang 4including, the sensor up 5
but not including, the calculating means: The ai m of the ,pr.es

: I ent Went i on
d,s to avoid or at least r e dhehbarkdevicehe3dsd S. 1he
Vsubj ect of t h"er?ﬁ%;g’g%féll. nggﬁf&le%% Jds.a fi ﬁ%ﬂsswqamefiéghabns@%es as
reference sigeptors in dde trgnsmiFEiRg t’ € calcul ations,  t fogéﬁegget he
eryors engendelr,._gg Lnghdetd i tiee | peefect ong L0 SR ¥ J‘Sefl ne bé Claim1.
O her subject$ &na- of her, chgrac{)g&,&%hcsawal inetadgegwi thet Aen&PH BP t he
~ ‘descri pti on beleweBk8 gREuR ﬁ res referri ng t{le%eé‘g,mmsc.h represent: 15
- Figure §, aggiagutnnot indéudings HheoFArAY-¢ n i nvention,

.~ Elgure 2,
a di agram of anot her @gx egh A’ o#C thied priga@nito imventipanifotO Pﬂ°l"ﬁes?gg
various figures, the rrespondi n 6’

42 Legen eqéeactexswi th t he sane
synbols. The a& agamggﬂgppcthﬁo 'FFBRC?‘gn? ket

orientati.o ! eCtiQlvead
according to the invemtyed kubseetodi dthe rm%ﬁ%o‘om’ed&“é’gé%; eat hfe')one eration
of such a detector is recall ed.bel.owye ishrelferandeosignalired OF ’
without for 25sensqfk WhARs SRR, 5 5 a

ng 1 nto account, t t fderded s
pecul i ar {@ t hfnd{ngtiecalbuletions oo RRTITTh @%d%??gﬁt%’?%fn. ofya solid
in a space, whjch use elg&tﬂmg-?@_@mlw@ !astﬂ@@h‘_‘&dfPXe iH‘lgt.nsm_ tter
and a novi ng sEhsHhe D const1 t,ut 30 3 e hAidPvadberisticse| €illi cal .
signal generator 2, foPtheFi BEb3 e?\’é?gi ZIl ng gipgmal S 13 %wa A theoni ng
signal - a fixgﬂeéﬁ?nw&{t efhed hdd rebethengdes@raPEiPBe 5:11) ifrers 21, 22,
23 h? signal -figﬁretshge%%{&&°£h§reto, which. represent:

15 - Figure 1, a diagram of a detector according to

to,

the invention, : _ . )
' - Figure 2, a diagram of another detector accord

i i tion. .
e e tk;:‘ l::::e various figures, the corresponding
20 elements are denoted with thg same symbols. ——
The electromagnetic position and orientation
detéctox.‘l: accordiné to the invention is -prod#ced from ‘a.
known cie'tector; the operation of such a def:ec_tor. fl?:
- recalled below, with the aid of Figure 1, but w:.tho::lth ;::
25 the moment taking into account the element 8 whic
W i ' invention. | .
o~ pecullarnz:ezl;:r:nof position and orientati?n of a solid
in a space, which use electromagnetic coupling bett:ree: :
fixed transmitter and a moving sensor, are constitute
» Prlnclpa-l-.lla!.nb:z;.ectrical signal generator 2, for deliver-
ing energizing signals and a partitionin.g ‘si.gnal. o
- a fixed transmitter 3 for receiving, via three
amplifiers 21, 22, 23, the signal frogt t'he. generato:;rZ
35 and generating in the space, in an identifiable mannB3 :
three independent magnetic field vectors ?1, B.2, :,E
here, the term independent means that the dJ.recft:Lons o
the fields are distinct and that not all three fields are

contained in the same plane



35 and generating in the.,space, in an identifiable manner, three
ssndependent magnetic field vectors Bl, B2, B3; here, the termindependent
neans that the directions of the fields are distinct and that not all three
fields are contained in the same plane. 3 =3- - a noving sensor 4 placed at

a-point of the space and which receives, along three indep.enden*_ ﬁ?& t he
'\Ieﬂree ]Ei e: gs created by g hﬁogiggdsgggggf, 4- pladed cat f gr BHdtest n% he
three fie com 5 ponents 1 nduge y e jhhependepte bxesf,i el d
vectors in t hepaees@nds whicly Fegedvefe, 8@%&5 (rpl'lixﬁggc,gm 9gnents to be
proeessed in therthtr@edqti@lmsnerbweﬂoby-th$o‘hr%Fh‘i}“’o"rt’r tati on of the
sensor at a given nonent. Jheiﬁgéa.@é{i bi&éess iyl the shroeer fiedde qfFTal |y 10
produced with the aid & 7 pres ,. 32, 33 ang;aﬁjée 4§a daroE nexeml |y

or t hogonalg coidenetitsandaduaedndt heaghe®f nbher &VESen ea, '

of, a reference
tri hedron. The rtogre%silqgtﬁ VggﬁsbﬁChvdeheréDaregMgfw,e ning, GE-
starting from%9E-" VUt puts of the sensor 4 rdorl o dBtdrmimxethe Hosian

g X o g

anplifier, 5@onentsykehPenBEeC Rt or, - 6, an apal ogé%#nghttal
converter, 7 .and &7hcotpéhtatiomt the sensed Atom F4TEY BT 6CesSsor. The
cal cul ating neans tri g,gﬁr %:he E{u%{?@érg Nghat ¢he? sénsor o¥ caxeleusuplly
energi zi ng signal for Bi Fﬁﬂ e coils 31 203 3% 3§3o£n&hg1t'rqg§m'tter
separ at el-yg oneppbdecetihwithhthei aidhef cbriRtesy gjﬁwﬁ%%&ggn
cycles. A cycle_pagtitiqni ' ALY By ax '
foll onwed by ni ﬁ@ 3gl EB%BE%% giﬁ d?st£i but ed éﬁ’:ﬂ{edﬂﬁ\.d“rat lon of a cycle,
I S provi ded bynbbhergpmes ed? of & B&LeTATR (o I nput of .t he mul tii.p] exer

5;.the latter can thus.ﬁ,gnriﬁ(acmi&gpdeaﬁ.eéyiaﬂ&uéﬁécemlgfnﬁ?@ ee
codss 41, 42, 43 of the sensar

the tine for winciBeriqs Ism#fgngﬁéﬁ%ﬂ{y?@teé I‘k_ejtsggn?ln’seasos'ﬁ%:{d&ug 2]9 a
cycle; dupisng guAXSigleter 30 5, nueni plaspdifdefiys "8, o syhchiy Gt
(COrTesponding td%modulator, 6, an analog/digital converter, 7 Tan
calcﬁlating means, 1, formed from a microprocgssor. ,'J.!he

calculating means trigger the signal generator 2 which

. provides an. energizing signal for exciting the coils 31,

20 32, 33 of the transmitter separately one afte?: the othir

in the course of successive excitation cycles. A cycle

- partitioning signal formed by a start-of-cycle pulse
followed by nine pulses reqularly distributed over the.

duration of a cycle, is provided by the generator 2 on a

25 control input of the multiplexer 5; the latter can tl'ms
Nt connect up separately and successively the three c.zo:..ls.
41, 42, 43 of the sensor 4 to the input of the an.tpl:l.fa.?r

50 durixig the time for which a coil of the transmitter 1s

excited in the course of a cycle; during a cycl.e the

30 multiplexer 5 thus delivers nine signals correspond.lng tc;

the signals induced successively by the three coils o

the transmitter 3 in each of the three coils of the

sensor 4.

The synchronous demodulator 6 perfo?:ms a

35 demodulation of the signals provided by the amplifier 50,

by virtue of the energizing signal which the generator 2
delivers to it permanently, once it is triggered. 'T‘he
partitioning signal is also supplied to the calculgt:.;x:xg
means 1 in order to enable them to recognize the origin



3 the signals induced successively by the three coils of the transmitter 3 in

: \gach of the three coils of the sensor 4. The synchronous denodulator 6
performs a 35 denodul ati-on of the signals provided by the anplifier 50,
by virtue of the energizing signal which,the generator 2 delivers to it

permanently, once it is triggered. The’pﬁrtitioning signal is also supplied
Jo the calculating neans 1 in .o

; rder to _epnablgeh hampduyh ehegooreerheXori gin
-4- of the sigﬁatbevﬁﬁgﬂ?¥ﬁquﬁ§haﬁrfﬁgﬁl?Erough the converter 7. There are
two main nethgds for obtaining the position and orientation of the sensor

wivkh respect to 5 tggﬁgga | t 486 md¥n f neShodet Hind uekEaIHNT aldCof
el ectromag- neti sm whi give tornul ae for _predictibng R kespdetcteat ed at
all points. T@bsﬂtﬂqu&ndsﬂﬂk?ﬂEQQkﬂP[%frfﬁﬁogéﬁ%g?rria b

, Which do not depend
.on the rotati Oft metee, but solely on its position, are calcul ated

fromthe mne Tield measurgnents r 4 NeRde] Ao fc elEqtnemag by t he
sensor. oY virtue of q%sgr%r x“‘%ﬁ?‘éﬁe?ﬁ% and_the. |€%¥§g Okpe fields
el ect r omagnet i sapi dewhaeht igivel sSforsrlage £k nBEFCHF o8 EHNT e
transmtter is_calculated %Fﬁwhﬂg this position, the nine comonegts of
the fields arec’é%ﬁ‘a"c"(ﬁla% G!L|1n e frang, of ”i%e%rﬁs.@it,tﬁ. ﬂ%i n of
these ni ne componeni s The heRASSBESEACHG 6 MePe Koiidor ™ g yes ey gl al i ve
rotation gh thedsgRooEd B3 h TRER ik o maindiepen: onThR® SEBShT et hod
uses a prior expérifental c artiéﬁgé{ tdif ffiLigbsitionpaaee ealtubatedsor
having a definod BhecheRR?Brr T ing It possig|e L8 £h'EHEY £2ame Vent
the di stortiongrgnetnbt hénet fiehd mensuremests PPESBRP Rearby, or to_the
imgi[fections ggngggtﬁ & ng§’ the sensor. By virtue of t ese. ?1x
.parameters and the laws of electromagnetism, the.p031t1?n
15 of the sensor with respect to the t?gnsmltter is
caiculated.
| - Knowing this position, the nine components of the
fields are calculated in the frame of the transmltte:.
Comparison of these nine components with those seen. i
20 the sensor gives the relative rotation of the sensor wit
nsmitter. o : . _
. respect. to the transmit | . . -
The second method uses a prior- gxperlmental
chartiﬁgﬂdf the fields in space, with a sensor-haYLng a
defined orientation, thus making i§ possible to c:.rcu'ms
25 vent the distortions due either to the metal mas?g
ot preseht nearby, or to the jimperfections of the transmit-
ter and sensor with respect to electromagnetic theory;

In both methods, the precision of the transmis—

sion, reception and measurement chains directly
30 influences the precision of the values obtained for the
positioh and orientation. . .

The detectors described below make it possible to
circumvent this drawback and can be used with one or ?he
other of the two aforementioped position and orlentat%on

35 extraction methods. They simply require that ?Fe dif-
| ferences in makeup between the coils of the receliver and
the reference coil are negligible or are otherwise

. measured and known.

The detector, such as it is drawn in Figure 1, 1s



T ter and sensor with respect to el ectromagnetic theory. In both nethods, the

- precision of ‘the transm s- sion, reception and neasurenent chains

' directly 30 i nfluences the precision of the values obtained for the -
position and orientation. The detectors described bel ow make it possible to

circunvent this drawback and can be use® With one or the other of the two
aforenentioned position and orientation 35, . i1 adi@eteat hdsis. they
“sinply requi rdﬁ.éitﬁatguiﬁil%ﬂf-f#'@erﬂ:escqrhver?atl%g%lbgtme %ﬁg 504l 604 the
recei ver and t&'ﬁ){ﬂﬁ%% opitedirsensey Bgprpduged ¥t haF wise measur ed
angd ;known. THe detector, such as i tahd Ydhtdtidguarel, kngwn wit

di sti ngui shedcoi} orifthese ¢ AR haf

det ect or adii¢erg.of a
fixed sensor greepguendini thet hefexenas trams © q%‘seett%%& t

on and
orientation are knova%t go'%eg'f sty fiikeddh@sensioar 8nds hpR ea.f :.Ph1e:he
transmtter 3. 5 e p]c_)i I ff éi}g a4 630 taeN &Y ifg sehsodl dd in the
same way as tbemeowhy as the cai Brdlnme ving sensor_ 4 1 £S thesay its
i nduced’ si gnakyi$ SWPkbe@alyo it imduded erégnal ¥ WR_J plexer 5 .
t herefore includes gne nore sﬂg_%nq({‘ﬂltq_ gbxblas therefores oedaesmA™E pl exer
of-10 a convadtipigxederector e gart i ti onin dih%n Mgl refcei ves
fromthe si gngloreendiguadr input tthan AREnSPERP RN a7t of - cgil‘&g‘#’sﬁﬁ__
fol l oned, not by nine, ;b 1betuBLye; Rilles partigdoaing &igRery over the
durationl® aZFOSince each tine ongng%a{._gf $ hi gecleén | Somhed oY 16
transmitter 3 receivamjifron the sdggal ePRETCEd Tn the ];rgﬂi: ﬁfn@‘pél‘ﬁé)i ['s
nust - be taken é@ﬁWlé pulisec éolloved, Mife BB entnl o th% si gnal
i nduced in the Tixed sensgr cggggfﬁghyga howieg tther eunafiiom| @& which 20
t hhs/ si gnal siPERPHaRE aﬁé'Yt 0-11S positian al,{nd PhiE8- cbaliisoros nthae
first above- deggsidpdstatieokdaly EimerARA- O ngt She“posi tion a
orient atifg, o/ co

d,
trans f&@gr%t hg Rhergized, the signals :l.nducec{| in the .

four sensor coils must be taken into account in succes-
= The measurement of the sign,al_ induced in 1‘:h:
fixed sensor 8, ‘compared with the theoret?'.c?.l value wt.uc-

20 this signal should have owing to its position and oru‘errll-
tation in the first above-described metho@ for de?:}::mthe

ing the position and -orientation, or compared w1._ e

‘value of the signal induced in the sgnsor .8 dur:l.x:l;’ the
experimental charting of the f.ields in the second . othe

25 described method, makes it possible to. c.orrect, in the

e nine measurements made per cycle with moving sensor, :
errors due to the transmission, reception and measuremen

chains; the way to proceed in order tq .perform these
corrections is described below, by considering two cases.

30 The first case is that in whit.:h the detecto-:r:
according to Figure 1 is linear both in its thrt'ee tref.ni

mission paths and in its measurement path and J:n which,

at the time of the measurement, the rece.ptn.fm path

exhibits an error in gain Gr and each transmission path

35 an error in gain Gej, where j is the reference for the

transmitter coil of the relevant path less 30. k:‘or

simplicity, in what follows the coils ] =1, 2 and 3.w1.11

be the coils 31, 32, 33 respectively of the tran?mlt‘:ir

3, whilst the coils ij=1, 2 and 3 will be the coils '



% val ue of the signal induced in the sensor 8 during the experinental :

I sgharting of the fields in the second above- 25 described nethod, nakes it

: possible to correct, inm the nine nmeasurenents nade per cycle with noving

- sensor, the errors due to the transmssion, reception and nmeasurenent
chains; the way to proceed in order to performthese corrections is

escri bed bel ow, by consi deri t - ing sensor &¥he first case is

that in whi chi2 hendich SRRPERETH §'% IF nibing sens "SR Adhg ey TS

three trans- m ssion pathscatdulation afastRen®REnEEt &5GT n whi cfl, at the

tae of the ngg;uremsg e‘ 5;31% LECBREROY A&t Branbmbssiomnard rghe | FPHain &
nSFF¥EPBN %atﬁ : i i

and each tra

~ah error ,jn .gai leordh8briptédtbe
reference for it keljranewi3tef &g sSSP« & e\#glr??%%gfh | ess :

30
si npl i ci tg’, ig yj]%aflo@xqg& tihe goin Gej-GL, Nowndealgrlation (3 gguél s 31,
32, 33 respectively of ahe%é{ansm%{eer curtthicbit ,t tRataid £d saylthatand 3

will -be the ceouplipg Maj Re kv 1o 4§ respectivel y of #}? fhgogensor 4.
Each cal cul at igh tHe ttixehgsenser c8uprpg thY ‘Pe‘ﬁv\e Rdhe ¢ il)[éof path j at

transmi ssion and ind Sage 2rbr3cefj.Gee Theser calcniatfd Begre
corrupted by @Ptfﬁglb%a‘lfhé ST in. gai i

. error in- gain : s Newp s cal cul ation of the
coupl i ng M4j bretuese eoupd iMGigr ﬂ?%&#‘ﬁ%#ﬁ’&?#g%glggy that of the fixed
sensor

8,1@nd the coi hyiof =paeF.jer.M’ddr- rupted by the sane error Gej.G.
These caI]CuI ated mag- nejic o.u@z# Py Lan therefore be witten: 10
Mj Gej.Ga.Mij myj &= &4 |.n]these' f.or mul @eM%ﬁea%lMe‘g see the
true val ues ofjjhehése efertmbagnfid abdpM’fgs 27" (et rue val ue to be
taken into accggnt ifg}il&ﬁ% 3ld Qouplimgy.dehuse the tuee 7aiuR the
postion and o % ron of - tthe noyi w‘cﬁ? nsofr fcu 'eriﬂ teyadd o=
Mj.M4j/Mij Nbejtskent hBtef aceoNpt. 4 e(f5| ARV gn(%hl\/ﬂj Py
15 determine the position and orientation O e m g
sensor 4, can be written -
M’ij = Mij.M’43/M4] S ' |
M’ij can therefore be calculated since Mij and M4j] ‘are
calculated and since, in the £first method of determina-=
20 tion alluded to above, M’4j will be the theoretical value
of the coupling as calculated for the sensor 8, where?s,_
in the second method, it will be the value charted during
the experimentai measurement of the fields. . o
The second case to be considered is that in which
25 the deteétor is not 1linear in its transmission and
v " measurement paths. In this case if ej is the level
| instigated on the coil j of the transmitter, the actual
level of transmission is e’j = fj(ej) where £3 1:s a
function. Similarly, if ri is the jevel actually received
30 on the coil i of the sensor 8, the reception level, such
as it is seen, that is to say such as it will be 1:.aken
into account in the calculations, can be written
r’i = g(ri) where g is a function.
on taking the polynomials
35 e’j = bj.ej + cj.ej* + ...
and r’ s a+ b.r+ c.xr®+ ceee . .
as models for the functions fj and g, and on inserting
therein ri = Mij.e’]
it follows that



|

;{5| cul ated and since, in the first nmethod of

tp above, M4j will be the theoretical value of the coupling as calcul ated
for the sensor 8, whereas, in the second nethod, it will be the val ue
charted during the experinental nmeasurepgent of the fields. The second case
to be considered is that in which 25 = the detector is not linear inits

Jransm ssion and neasurenent paths. ..n i{p s case if e is the level
i nsti gat ed om‘tiFa+bobl -Midr edRE-FAaidi ¥l er, the,%ct_ual | evel of

transnission is ed.MaL (Bf3.edtecd 342 BIfGheRIdd - Sitmilarly, if ri is
thesl evel actually, recei veEaSQt iQ”ab?QréﬂU thaef thee coedfdcient
reception | eddt t hE et s seen, That is {0 s)ay il Ghizh Wil [Be be
taken into acamer 1 rof heheafenetronist S S tat_en r'i = (éi ). Where g
is a function. {1349 il achBL¥REsa to The error in ga}.nzG%')?f Fam
cj.ej[errﬁt arft? "3+ b.or + c.r2 1529 jpRdel.s for the functions fj
and g, and onthescase rfehe¥r Ehe, qetectyl 18 NS5 | ous t hat -7-
r'i=a+b.bj.Mj.ej+b.ckiM+.0ibPprMiy [err] in this fornula it is apparent
that the coefficient of order, 1 t tdgpi ndiicated pedjow.and whi ch
will be 5 cﬁh?EﬂfRF'?,tﬁg ﬁ%ﬁ%%g‘;\%oil}g ‘{éc?at;he error in g3i ngEpkefentn the
case where the detectyphrbaghi rmmcessgive= F%T?W?s%%%re%ore the detector is

used as indicated,bel gw. . Thr BgeResi u€ brdesnilsofobbeafulFtA8PENt 10
level s ef0 th&e¥8LPs Féi'eri{'g;g 0 Qﬂ

e e e o et &

determ na- 20 tion aIIuded'

rder 1 of, th i 0Rgehidetemthinéd. t hat
is to say ki hifjdakdj h4dyethatetsti HR LY ﬁ%ga%déggtjdf,a fg:cei_j’i ng;3g¢or di ng
“to the first nmethod, gpkiepe edge of piigcessing jacqaydd; q ;o8

cerror in gain b.bj:

ef’érmne the
method, a knowledge of M4j makes it possible to determine

the error in gain b.bj:
15 : b.bj = k4j/Mé]
and =~ Mij = kij/b.bj = kij.M4j/k4] . |
In the case of processing by exgerlmental .
chartiﬁg of the field, k‘43 charted 'initi?l}y ?nd
compared with the value k4j measured during utilization
20 makes it possible to recover the relative error between

St

the two series of. measurements, whence:
© Mij = kij.k‘43/k43 | .

Figure 2 is a diagram of a detector accor?xng to
the invention in which the measurement'refer?ncei instead
25 of being given by a fixed sensor in a free field, such as
— the sensor 8 of Figure 1, is given by three transformers
| 9a, 9b, 9c; the primary windings of these trans:formerz

are wired in series with the coils of a transmtf:er
similar to that of Figure 1, for example the primary
30 winding of the transformer 9a with the coi:l 31; .secpnda.try
windings of these transformers are wired .:m series
between the output of a multiplexer 5 and the. input of an
amplifier 50; these two circuits are similar to 1.:he
circuits 5 and 50 of Figure 1, the only difference }.)e:l.ng
35 that the multiplexer now requires only tﬁree signal
inputs. Interrupters 91, 92, 93 are wired in parallel
respectively with the secondary windings of these 1:.r:-:1nSf
formers and are controlled with the aid of the partition-

ing signal already mentioned when describing Figure 1. In



15 b.bj = k4j/M4j, and - Mj = Kkij/b.bj = kij.Mj/k4] In the
i \gase of proécessings by  experinental charting of the field, k'4j charted
i initially and conpared with the value k4j neasured during utilization 20
nmakes it possible to recover the rel ativae error between the two series of
measur enents, whence: M| = kij.k'4j/K4j° Figure 2 is a diagram ge 52?1
etector according to the_ inventi | i hei reasisty cRbgure efser¥hce;
i nstead 25 msnﬁ?ﬁhg°§i Ve bf/e’%laﬁp%ée% }sglgnsgglreti nafree field, such as the
sensor 8 of H gew€idal itso Frimireyd4hree transforners 9a, 9b, 9c; the

prigimry windings of theseyLr st Ridecrding rea FAgUEei és witth BRE coil s
of a transmitter 3 simlar tQ that of Fi gL&F]? % drieocaqdyelichepplsenary 30
wi ndi ng of t heitianshor mignad -8 h TOFREEL 7Y 3 : s,e(_:ondar%H{‘]vi Fgl Qéuof t hese
t ransf or ngrs 2b8146:£80nbe W By peelwenbutebyuepghtsFR PROP |£ee er 5 and
t he i nput~of an anpl]fi.er, 5%& hﬁ@grt%ecidﬁgﬁ'fmﬁrefsithd FYGket hdl
circuits 5 an&aSQYofdlﬁtg‘iﬁbé’ , the only differ gce cPfimed phaseshe
mul tipl exer newesequighteen|suadasaive pRdseFnphPs “thterrupters 91, 92, 93
are wired in parall eldreﬁﬂecgl.{eveﬁulﬂ tetdre Secamaty HHEIIGRRE oP*t fese
trans- former &End* e control | ed wi he Al1¢dds WY Prsdtdon@ynetig si gnal
al ready nenti mmﬂaﬂt@@@ésdﬁ%%rﬁ"éﬁrc f?naﬁl n - 8- rezlyl)%%t of3 thea

r emai nder 0[of gb‘iﬂ_ﬁiir i ¢uhéd Othign 2thati bebweenl the HrGRSILY! qu the wiring
accordi ng1 o Figure Z, the gar- iti@lr&%nq_%iwaga'ystheymm an the
start - of - cycl &hiimeving ggPEGHe mét

now by, t wel] ve, b | ald@enopul ses
regu- larly diﬁéﬁg’,&apduwmméneinmr@iiwoﬁlg %y’c’?‘iej"l;“’% ﬁese Flop o€
successi ve pul ses, thg odgl- qlgogeig%;amebysedphbshftﬁbenﬁ?{-lﬁl er 5,
ashih the caset®® SPHLFVENLT Oha “det’ect or mﬁ%h iw&jdgﬁenqliqieecé{,eﬁagnetic
coupl i ng ghéertrammitiier WoBn - hand e
10 i & A b3t the OLhEr . 3 g
| 15 numbered pulses are used by a decoder 10 to control . iy
opening of one and only one of the interrupters 9a, 9b,
9¢c; this opening of an interrupter occurs du?:J.ng half the
duration of the taking into account of each of the thfe:
induced signals created by the energizing SLgnéllappl%:h
20 to the coil of the transmitter 3 which is in series wi

the  primary of the transformer to whose secondary the

it i rrupter is wired. -. .
relevan#T::teac.idftional coupling -coeffici@nts Kj, with
j-'= 1, 2 and 3, afforded by the trans‘f?rmers %9a, 9b, 9c.:,

25 respectively, make it possible to eliminate th'e. .errfort;r;
N gain and thus to determine the true value M J..] (o] ”
magnetic coupling between coil j of the transm:.tifer a
coil i of the semnsor, i and j having the same meanil.ngs a-s
in the explanations relating to Figure 1. By using .the
30 same references as those used during the ?alculatloni
relating to Figure 1, it follows in fact, during measure
ment with transformer, that
ril = (Kj + M’ij) Gej.Gr.ej
and without transformer, that
35 ri2 = M’ij.Gej.Gr.ej
whence ril - ri2 = Kj.Gej.Gr.ej
Gej.Gr.ej = (ril - ri2) /K3

ivi M’iy = Kj.ri2/(ril-ri2)

tltl;:t;g;;l:Zing ]Jcnownjand ril, ri2 being obtained through



t he novi ng sensor 4, that is to say they serve in the tenporal nultiplexing:
t \of the signals |nduced in each of the coils of the noving sensor 4 by each
! of the coils of the transmtter 3; on the other hand the nine even- 15 .
nunbered pul ses are used by a decoder 104t0 control the opening of one and
only one of the interrupters 9a, 9b, 9c; “this opening of an interrupter
«occurs during half _the durati B?g%?fJEi&éwﬂ lafOtnéceuaffmhleaghoéf t he

three i nduced celgiar&ionasf e energi zing si pl gdc%ql jto the
coil of the tam Jm;elbeiwdemclq:qlé- idn of t\ﬁ%ﬂ‘?“ﬁ%@' rlarrg'lrny (Lhe

t Ransformer to se % Bgarq,y tae bel @munaued ropt shej SaEF

addi ti onal cod’[fl e coe |C|ents Ki, wwthj =1, 2 and 3, afforded by the
transformers Sesar@,l.c, respectively, make it pg‘sm l% ea to Hg nat e
~the error-dn gain and -ﬁﬂwsPteséntermthtﬁ-ﬁe ek y he magnet ic
coupl i ng between cqjl n‘geséméda tte_g;n nsheidulams ttﬂue se‘ﬁ‘e’é*nm and

2 hawngthesﬁﬁ’é“ as 1 n the ex anat Sed t QrFalgiggl. By
usi ng the 30 ad‘:aimi:rmj et ftguEe zrfb%'ép‘ﬁ% M e%lﬂ%égw*cﬁfat%nfg
relating to Flﬁg séfohgizgggow ithd aatansﬁnrmg:me%%ur mG RRY piR

t ransf or ner, M i j ed Wiy nggbrt randhadr nby, that
35 rserxem Wi d%%ﬁ °9 it eip

cerl-r|2—K G . €]
= (ril - {$2)/% gadhrtgf I{:hqm tokanr Lopyk oL ﬁ?}“ q%'@gee’xﬁggm ng L‘n

and ril, T12 b @I g_tueatpamt;.tu.balnguélgaﬁ e Mij
of the coefflcY’@‘HfdowF“‘é %Eb%en coi |

ft d | .
i of the sensoghéumanﬂhemalmmd RRE (F¥C 18@ gE%gE-gﬁﬁggkiérgﬁléé coi _
T PLosent | resdl bRk Bfladd Hegtilanayt festxibpted ofax thseduEAFiom,

Pk cul ar, th%f the cycle in such a way that, while one of the coils

15 of the transmitter 3 is receiving the energ:.z:.ng
nduced in the three

signal

from the generator 2, the signals i >
coils of the moving sensor 4 and in the secondary of the

transformer whose primary is receiving the energizing

signal, that is to say whose primary is in series with
20 that one of the coils of the transmitter which is ener

i cession.
gized, are taken into account in suc



1 according to Fi - odi fi n

I gure 2 can bhe nodified thus b ' -

by thers 9a, . 9h, *9¢t ' i by arranging the

Lhe transfo ,“9c¢' 'not in series with the gutgut ofs'?ﬁcemda”es °

mul tiplexer 5 but by 10 joining each of themto an input of a nultiplexer

5_.v\hi_chwoulc1' |m mEgmpa i nputs. _an input
o TR 7% 2 L e peeotens,

the coils 15 of the transmtter 3 i?lfple@é% n such a way that, while one of
the generaior 2, the gigaRkembaduesd gonition PR
s&épgor 4 and i the second of, t f ! _requ ng
t he ener gi zi ngnelyding ﬁlﬁa?{%/%tzt-:bc%; e&x\%ﬂ@%ﬁ.z@h@?&eﬂéﬁé’%_ﬁr(m}a ifdxedcei vi ng
.- that one of thggRidittel t(39 mmy - Q%E-ilg'll(' r,yr?'&s;_ 43S Yrliyidded 20
taken into accqunt i uc ' s e gi.zed, are
S * CLAIMS 1. a%ﬁ%ﬁ%&igg;bgf?%ﬂ%&) ?rtuia%ar.]é&;x;],a a moving semsor (445 CL M
an, o cot i cal waaeicsiip dddor 4Cor 4637 o3 prey R AR A SERIE T i oo
sensor  ( 45 i i%°i%%’§ﬁ%?ﬁ§d°§d s%bh&lnaééhyibg tngtggnmgjég%# e e
coils, an | ndweach Spgnaﬂ,hg E‘Fé'i'iﬁg o%b éﬁ%’ g%gl;}slﬁsz'%égl ]Icﬁ,d va:aal@a]:mti:ngi ts
(ho Cransm [ el (1 cobied teade cofieogh Ehe: BerEECin Lrdff B8 °
R G ekt BB L Eipotion Serctheniatnont siannien IS
gr der to take posithosoamd eFientaiian ﬁsfgrﬁhgfc s?hg%gr bh&fabletidéd inn
etween the gepprat ofn( Praeid tiheai@ cirta | e imprecEafosn8ES
fi xed sensor (gﬁ ?5 9a. 9 9 'a@_ms leq-), P ?ﬁ%‘?‘%’ges a
Lo roknithe daspe o B RSRS Feliad piecsmararor) (1) oS
a ‘fg} g‘rjgﬁggngl ”Eepé,cancmdeinqanqmmi(de) A& aelufef o fﬁ%ﬁeﬁeg%ggﬁﬁeé
" induced sF‘-éngﬂng.a"s81’?89E’(2 SQUQQE éﬁ]? &ftdanged | ma Asimiko Midd rlemters
magnetic coupling between the electrical generator and
the- calculating means, in order to provide the calculat-
ing means with a reference signal so as to correct the
calculations performed from the induced signals.
20 2. Detector according to Claim 1, characterized in
that the fixed sensor consists of a coil (8) in order to
provide an induced signal relating to the energizing of
each of the coils of the transmitter (3), this signal
being sent via the link to the calculating means (1) in
25 order to serve as reference signal.
3. Detector according to Claim 1, characterized in
~ that the fixed sensor consists of three transformers (9a,
9b, 9c) whose primary windings are in series respectively
with the three coils of the transmitter (3) and whose
30 secondary windings are in series in the coupling between
the three coils of the moving sensor and the calculating
-means, and of three interrupters (91, 92, 93) in parallel
with the three secondary windings respectively, each
interrupter being intended to be closed in order to
35 short-circuit the winding with which it is in parallel,
during a part of the time for which the coil in series
with this winding provides the induced signal relating to
the energizing of each of the coils of the transmitter,

each secondary winding thus providing, during the time
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% 20 2. EEtector accordlng to Claimi1l, characterlied in that t he f|xedjr

} \gensor consists of a.cqil* (8) in.order to provide an |n

- relating to the energizing:-of each of the coils of the "ﬂm“ﬂ mmmglil",
this signal being sent via the link to tff cal cul ating m#an$§ Hns
order to serve as reference signal. 3. Det ect or accordlng to daim1l,
(Gharacterized in that the fixXx sen ¢ittedt ianopenrers (9a,
9b, 9c) mhosefGF'Hﬁ#ﬁhmfﬁﬁlﬁﬁgeﬁfupﬁﬁ£sggpgéf%§§§£0tJVe %#ﬁfh the three
cail s of the tdoupiing eighal whdchhessves assTELREERYS ngs are in
sérjes in the coupling between the three coils of the novi ng sensor and the
cal cul ating nmeans, and of three interrupters (91, 92, 93) in parallel wth
the three secondary wi ndi ngs respectively, each interrupter bei ng i ntended
to be closed in order to 35 short-circuit the winding with which it is in
parallel, during a part of the time for which the coil in series with this
wi ndi ng provides the induced signal relating to the energi zing of each of
the coils of the transmtter, each secondary w ndi ng thus providing, during
the tine | 1111 211211121 2111171 1211 1 11- CL M Ss* for which the
interrupter in parallel with it is open, a coupling signal which serves as
reference signal. '



