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The present invention relates to determining an
orientation tied to a mobile system, for example to a
helmet s:.ght, and the subject of the invention is more
particularly a method, and the corresponding device, for
determining an orientation related to a mobile system
enabling great accuracy to be obtained.

The problem consists in accurately identifying
the direction of an oriented axis without having material
contact with it, in particular in helmet sight systems
used in combat aircraft or helicopters. The operation of

- such a system is briefly recalled hereinbelow: by means
-of an attached collimator, the pilot sees, through a
'_‘semi-reflecting mirror’ integral with ‘the helmet and
‘interposed on a v:.ewing axis, the’ image of a reticule
projected to :Lnfinity in superpos:.tion with the scene' o
o outside. When he w:l.shes to des:.gnate a target, the pilot

br:.ngs this reticule into .coincidence with the target and
signals that the coincidence is achieved by means, for
example, of -a push—button cont_rol provided €for this

purpose. _ _
" On condition of identifying, at the moment of -

'signalling, the ‘exact position of the helmet, it is

possible to determ:.ne the sight direction with respect to

R the aircraft and to- designate the target to a weapon - -
25 -
B _direction. '

system or to point an. opt:l.cal ‘or other system in th:.s

An or’ie:itation._'ni.easi'zremeiit' device, especially for

'a helmet sight. system is known, especially from the

French Patent No. 79/14441, in which, in order to bring
the line of sight determined by the position of the
pilot’s helmet back into a reference frame tied to the
aircraft, ‘a position sensor consisting of three

"orthogonal electromagnetic ‘coils is placed on the helmet,
' moreover, at a fixed point in the ‘cockpit, three other
'electromagnetic coils are placed. forming a transmitter or

"radiator" according to the terminology used in the
field. The method then consists in passing an electrical
current, in_succession,. in each coil of the transmitter
(for:_ning the fixed trihedron) . These currents cause the
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appearance, in succession, of three magnetic fields
associated with them which are picked up by the coils of
the sensor (forming the mobile. trihedron tied to the -
helmet) .

For each magnetic field emitted, the three
corresponding orthogonal components are picked up in the
coils of the sensor. The nine resulting components then
enable the transformestion (rotation) to be found making

it -possible ‘to pass from the mobile trihedron to the

fixed trihedron. In fact, these nine components depend:
- on the posit:l.on of the sensor :.n space;

- on the or:.entat:.on o:E the sensor.

In fact, the transformation resulting from:such

a method may be quite different from the transformatiom .
of the coordinates making it possible to pass effectively

" from 'the-' mobile: reference -trihedron to the reference -
trihedron fixed with respect to the aircraft, especially
' because magnetic fields are used. The reason for this is

that these fields may be appreciably disrupted because of
all the metallic elements of -the environment, which

create reflections of magnetic waves in the cockpit. This

~drawback is Imentioned, for example in the -system
--descr:Lbed in the US Patent 4,287,809, which- is des:.gned--
..to solve it by carrying out prior measurements. In
'.'add:l.t:.on, drawbacks :mherent in the construct:.on of the.
'-'magnet:.c transm:.t:t::.ng or" :r:ece:.v:.ng coils also create e

d:.srupt::.ons.. S .

_ The determination o:E a d:.rection us:.ng the laws
of eiectromagnet:.sm in free space is ‘therefore not
possible when the space in question is the'cockpit: of an
aircraft. This is why certain known devices provide,

before each measurement, the storing in memory of prior

measurements -and the comparison of measurements carried

out at a given instant with the measurements stored .in
memory 8o as to determine the rotation which makes the .
fixed trihedron pass to’ ‘the mobile trihedron. Such a
method requires the storing in memory of a .very large
quantity of measurements which have to be integrally re-

" entered as soon as parameters such as, for example, the
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exact position of the mobile tra.nsmitter.with respect to
the line of sight, change.

The subject of the invention is a":hethod accord-
ing to Claim 1, and the device according to Claim 14, for
determining an orientation in a mobile system making it
possible to use, in operation, the same ‘measurement
method as previously, but avoiding the abovementioned
drawbacks. '

In order to do this, in a prior phase, modelling,
taking into account the disruptions, especially magnetic
disruptions, in the cockpit in which the detection system
ig placéd,' is set up on the ba._sis of known particular

- orientations of - the mobile sensor or-'--ép .the basis of - .. .. .

known particular .orientations of the line of sight and

for each orientation on the basis of a set of ‘positions
. of m, the origin of the reference frame constituted by
the mobile sensor. This phase makes it possible to .

approéch, from actual measurements, the complex relation-
ships betw,ee'n.pos:i.tion ‘and orientation which are due to
the reflections of the .maghetic fields and to . the
physical limits.of the transmitter and of the sensor and

leads to the prior determination of an overall modelling .

function taking into account disruptive .effects. This

- .prior 'pﬂase, possibly completed by an :i.n:i_._tial”izat_ion,
"then - makes it possible, '_in' operatio;i, _ _t;o' determine
. dirédtiy -i:he orientation -assoé‘iéted' with any position of .
' the . mobile system from the actual experimental N

measurements. .
..According to the invention, a method for deter-
mining an orientation tied to a system which is mobile in
a defined space, using a magnetic position and orien-
tation detection system which includes a transmitter

formed by three orthogo'nal'- coils having a fixed position
in the defined space and a sensor, -fomed by . three

orthogonal coils, which is attached to the mobile systemn,
r being the distance between the origizi of the trans-
mitter reference frame ar__;d the origin of -tihe sensor
reference frame, a detection cycle consisting in trans-
mitting in succession in the three coils of the
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transmitter and in measuring the field componente
generated in the coils of the rece:.ver, is characterized
in that a prior phase of modell:Lng the defined space
consists in carrying out measurements of the magnetic
fields in the sensor for a set of known positions of the
mobile system with respect to a reference frame called
cartographic reference frame, modelling parameters
deduced from the reference measurements at each peoint
being calculated in order to deduce therefrom the rela-
tive rotation of the sensor in the cartographic reference
frame of the reference measurements, and in that, during
use, the current or:.entat:.on of the mobile system is

dieruptive' effects, which is a function of the position. -

- The subject of. the invention is also the device
:.ntended for implementing this method. . . .
The invention will be better understood and other
character:.st:.cs will appear with the a:Ld of the descrip-

- tion . wh:l.ch_ .f.ollow_s, with reference to. the appended

figures. - . _
- F:Lgure 1l is a block dJ.agram of. the. devu:e.

accord:l.ng to ‘the invention..

- F:.gure 2 illustrates the various steps of thef' o

method according to the inventlon. _ _ )
- Figure . 1-‘depicts d:.agrammatically a transnutter '

e wh:l.ch includes three coils arranged in a trirectangular .

trihedron; this trans:m:.tter is placed at a fixed point in
a given space and, in the example described, this space’
is the cockpit of an aircraft; a central proceesing unit
10,  which forms part of a set of onboard electronic
equipment, delivers an electrical excitation signal in
succession to  the: three coils of the transmitter 1,
during -s‘uccessive--.;cYclee; via an amplifier device 20 -
under _control from a control panel 30. |

A sensor. ‘2, arranged in £light phaee on the '
helmet of the p:.lot of the aircraft and also formed by
three coils arranged in a trirectangular trihedron, is

. also connected to the c_entral processing unit 10 wvia a
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connection module 40; this sensor may change position in
the given space, in the flight phase according to the
pilot’s head movements and in the prior phase via a
robot, in ‘order to occupy predetermined positions. The
central procegsing unit 10 includes a measuring element
which receives from the sensor 2, during each measurement
cycle, nine signals, as 3 times 3 signals, which are the
signals induced, by successive energizations of each of
the coils of the transmitter 1, in each of the coils of
the sensor 2. The amplitudes of these nine signals
oonstitute the nine values of a square matrix of dimen-

sion 3 x 3. The problem is then to determine, with the _
- aid- of the laws of. electromagnetism, -the - transformat:.on,:.-'-i'._-="
‘i.e. the rotation, which makes it possible to pass from:
the mobile reference frame formed by the sensor 2 to the -

aircraft reference frame.

By convention, the origin-_of the reference frame
formed by the transmitter 1 is the point 0, the distance
Om from the transmitter 1 to the sensor 2 is called
r; with O-E/m = a where d is the unit vector in the direc- .
tion Om with x, ¥, 2z as projections in- the £ixed
tr:.hedron. | .

If a f:.rst measurement is carried out .at the

point m, the or:.g':.n of the. reference frame formed by the

sensor; a: n:Lne-component matr:.x P is obta:.ned- if a

~ -second . measurement 'is . carr:.ed out, with. a d:.fferent---__
e or:.entat:‘.on -of the sensor and the same or:.g:.n m, a second..

matrix M of nine components is’ obta:.ned, the matrix M may
be written as: 5
M = R.P

. where R is a matrix which corresponds to a pure rotation,

such that:
tR = R-l

‘this expressing that the transpose R of a rotation
“matrix is. equal to its inverse, R~ 1. therefore the pro-

duct of the transpose "M of M by M is written as:
MM = *P.*R.R.P = *P.R"I'R.P = ®P.P.
The product of a measurement matrix transposed by

' the matrix itself is therefore, in principle, invariant
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at a giver. point m, irrespective of the rotation of the
reference frame; in addition, the product matrix is
symmetrical.

_ Theoretically, P and *M.M may be expressed as a
function of r, x, y, z with the aid of the Maxwell
equations characterizing the laws of electromagnetic
propagation; in reaiity, this is not possible since the
transmitter and the sensor are not perfect dipoles,
because the space in the cockpit is not free space, and ;
because the helmet carries disruptive masses which are
mobile at the same time as it. '

' ‘As :|.nd:|.cated hereinabove, in order to solve this

: 'problem, ‘the method according to the :.nvention cons:.sts;
" in. setting up a prior model on the basis of actual
- measurements carried out for known predetermined posi-
" tions and orientations of the .sensor (or of a line of ..

sight which is tied to it). |
In order to do this, in a pr:.or phase, the:

central process:mg unit initiates systematic measurements

.fcarr:l.ed out, in a first step, by always keep:.ng the same

or:.enta.t:.on at a sensor, 2, and this is done in a mesh
constituted by a set of points m in the cockpit where the
sensor 2 may be located when it is placed on the helmet

of the pilot in his -flyiﬁg position. A set of measurement
.matr:l.ces of d:.mensions 3 by 3 assoc:.a.ted with the set of
po:.nts m is therefore obtained. These matr:.ces are_" )
.transm_:.--tted, via an :.nterfa.ce circuit 50, to the memory B

of a' computer 60 called modell:.ng computer, at another
time in order to be stored and processed therein. These
measurements may be carried out with the receiver alone,
then ‘c.a.iled magnetic .cartography' sensor, moved by a
robot, that is to sey without the helmet and the pilot.

These measurements therefore make it possible to set up

~a magnetic "cartography” of the volume in which the ..
- sensor 2 may be located, for a particular orientation of

this sensor. Preferably, this mapping is carried out
according to a regular mesh in the three exes, with a
spacing of from 3 to 4 cm. .

Subsequently other measurements are carried out,
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always with the cartography sensor alone, but with other
mechanically known orientations of this semsor at several
uniformly spaced points.

If P is 1dentif:|.ed with the measurement matrix
obta:.ned when the axes of the coils of the sensor
coincide with the reference fra.me of the cartography,
that is to say the fixed reference frame of the robot
tied directly to the aircraft reference frame, an overall
function connecting the components of P to the conponents
of *MM is sought from the measurement matrices corres-
pond:.ng to the first orientat:l.on. This function is

| therefore a representation of the d:.sruptive effects tied
-~ to- the movement .of the ‘sensor in  the cockpit,. ‘the sensor.. ... -,
"being kept in a fixed orientation. In order to do this, . -
'in one embodiment, this step of the method consists in.
-seeking 9 “op"timm polynomial: relationships linking each
' component of the nine- component matrix P to the 6 com-.

ponents of the symmetrical matrix *MM. The coefficients
of the monomials forming the 9 polynomials constitute the '
function F, sought. The solution is facilitated by the -
following homogenization: : _ . .
r'p.= F, (x?.*MM) ; where r = Om. In fact, since the

- -magnetic fields decrease as 1/r%, a matrix product .of the
: . . - type _--"m.decreases..as_._llr ; in order to seek a function == .
s

Iconnecting P to MM, it is advantageous to make the two

ent:l.t:.es to be connected dmensionally homogeneous, and ) L L

favourable dimension is the distance r.

The best approximation of r is given by the value
of the 6th root of the trace of the matrix "MM resulting
from the calculation under dipolar conditionms.

After homogenization, as indicated hereinabove,
each component of the matrix rP is identified with a .
polynomial which is a- function of the terms of the matrix

r’ MM, by linear regression over the 6 terms of r’ "M.M,
taking as regressors e, all the products of_ degree at
most equal to 3 which are calculated at a point m from
the measurement matrix M at this point. The products of
degree 1 are ‘the six terme r’ MM, 'the products of degree
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2 are all the products of two terms of *MM, including the
square terms, etc. Up to the order 3, for the 6 terms of
r? MM resnlting from a measurement matrix M at the point .

m, there are k = 84 regressors e,. If n measurements each

‘giving a matrix M have been set up at n points m, each
~component of ri(P), PjJ (J = 1 to 9), is identified with

n polynomials each being a function of a different set of
regressors (E); = (e;, e, ... €);, i = 1 to n which are
calculated from the components of r’! tm& and of the
coefficients (a,, al, cee ak).j sought for this component:
Pj = ap + aje; + ... xSy

The coeffic:l.ents are obta:i.ned by solv:.ng, in the

: '."lea's't-squares ‘sense according to the method ca.lled.___GRAM
- SCHMIDT method, the.9 independent systems, P = E.A, where

E is the line matrix defined by the k regressors calcu-

- lated for each. point m -of the -'car-tography-. (E-has k

columns and n rows). A is the column matrix formed by the

| coefficients (a; ... ak)j from j =1 to 9 sought, and P is

the column matrix comnsisting of the measured value of

this component Py repeated n times. o
The direct use of the 9 sets of coefficients

o {@gees Ax)y eee (A Teee B4)g -leads- to a first -approxi--.
mation Mc of the cartography matrix P and therefore of

the three angles G, (bearin‘gi . 8; (elevatiom). and R;.
(roll) characterist:.c of . the rotat:l.on of the sensor w:l.th

--respeet to the reference frame of the cartography,
B through the relationsh:l.p M = R.Mc. ’ L

'.l‘hen, in a following step, from the measurements
carried out at several points in various orientations of
the sensor, an overall function F_ is sought such that
(G;, Sp.,. Ry) = F.(G;, S;, Ry, "MM), (G, S, R,) being true
angles. This overall function is a representation of the
disrupt:.ve effects induced by the rotation of the sensor.

This step therefore consists in seeking 3 optimum

polynomial relationships between, on the one hand, each
true angle (G,, S,, R,) and, on the other hand, " the three
previously_ oalculated corresponding approximate angles
(G, 83, Ry) resulting ‘from the measurement and the
various positions, in rotation, of the sensor reference
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frame, that is to say the 6 components of r! tM.M.
The method used is similar to the one used for

seeking Fp, that is to say that linear regression is

carried out over the 6 terms of r’ *MM and the 3 terms G,,
8,, R;, taking as regressors all the products of degree

~at least equal to 3, that is to say a constant and the

product of degree 1, G;, S;, R, and the 6 terms of MM,
the products of degree 2 which are the previous ones
squared and the cross terms of the type G;8,;, G4R,, etc.
cee (6)) (MO ... (R)) (PMM);y ete.
_ s:.nce the degree is limited to 3, this results in
calculating 220 regressors. '
‘The direct -use of ‘the 3 ‘gets of coefficients ai

~ forming the modelling parameters arising from - this

modelling algorithm . thus makes it possible to.-,obtain,
| with wvery great '-accuracy, the orientation of the sensor
in the reference frame of the cartography, .and this is.

achieved using' the angles G,, S,, R, approximated in a

previous phase.

- Once the cartography opera.t:Lons described herein-

‘above have been carried out in the wearer s cockpit, and .

after the cartography measurements have been stored. in

memory in the modelling computer assembly 60 at another -

time', the modelling parameters arising from tne modelling . .
' alg'orJ.thms described hereinabove are stored in memory in
the onboard central process::.ng unit 10. Next, _measure- .
‘ments are carried out after- the helmet has been adjusted

(adjustment of the optical system, adjustment of its
attachment to the pilot's head, etc.). ‘

If M is then a measurement matrix corresponding
to the magnetic field components detected, in the refe-
rence frame formed by the sensor fixed to the helmet,
during' successive transmission from the three coils of
the fixed transmitter for one position of the helmet and
therefore of the mobile re:Eer_ence frame, the product tM.M
is calculated and the measurement of the angles of the
sensor in the cartography reference frame, Mc, may thus
be calculated directly:

The rotation R of the helmet-tied sensor with
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respect to the cartography sensor is then determined by-z

R = MoM™l. _

Since the pesition of the sensor is then accu-
rately fixed, it is possible rapidly to carry out, if the
matrix I for rotet;on of the line of sight with respect
to the sensor is known, the transformation making it
possible to pass from the sensor ‘reference :Erame'to. the
cartographic reference frame tied to the aircraft refe-
rence frame, especially in order to give a firing system
the firing direction determined from the helmet sight.

The equat:l.on of the line of s:.ght Lv in the

‘reference system t:.ed to the wearer is then obtained in -
' the following ménner: Lv = RI™! where R = McM™, that is.

= McM-1T°1,

But, as a general rule, al step of initialization.
‘of the line of sight or initial alignment has to be
-provided, since the various poss:.b:.l:.t:.es of adjustment

offered to the user do not enable the or:.entat:.on of the

- line of s:.ght in the reference frame of the sensor on the

-helmet to be known a priori. In. order to do ¢this, a

sensor measuremeh't _ is .acquired by the device when the

pilot aims a predefined direction tied to the wearer, for
example when the- pilot' aime a collimated reticule. Let. '-
- Lvo be this predefined direction, called initialization
“direction, and let Mo be the .s_e‘nser' measurement d'ur'ingl
this initialization phase; the corresponding measurement - ..
" - Mco in the cartogreﬁhy-reference :Ereine is c'a.lcﬁla.ted and

the initialization matrix is written as: I'! = McoMo~l.

' In addition, when the cartography reference frame
is not that of the wearer, it is necessary to carry out
a change of referehce frame, called  "harmonization”,

. characterized by a harmon:l.zation matrix H. -

HRi H lLvo -
H(McM™1) (MoMco™1)H lLvo.

.The terms R and I should be able to be accurately
approximated using the function_ F. consist:l:ng of the

Lv

parameters of the previously described modelling. In
practice, the application of this function to this step
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of the method may turn out to be ineffective because of
the helmet-tied disruptive elements such as, for example,

the cathode ray tubes. _
As a consequence, a step of compensation of the

. helmet-tied disruptive elements is also implemented,

according to the same approach as that described herein-
above (in order to take into account the cockpit-tied
disruptive element or those due to defects of the trans-
mitter or of the sensor). In order to do this, a set of
measurements is carried out, with the helmet, in several '

, un:.formly spaced points and in various mechan:.cally known

or:.entatlons of the helmet, one of these or:.entat:.ons

"=---'_'i-co:.nc::.d:|.ng with' the approxlmate orientation of the sight . ..
~direction called the initialization sight direction Lvo. . .-

' The application of the first function Fp makes it

- possible to determine .a first approximation of I and of. ..

each sensor rotation associated with the various orien-.
tations, and thus makes it possib'le to define a first
approximation of the orientation of the line of sight by
(G,, S35 Ry). - : _ S
At thls 1evel of the algor:Lthm, the r.esult,

. although not accurate, is already significantly indepen- .

dent of the wvalue of I of. -the'-initialization in actual.

~use. .In fact, the product: RI"l ,:irrespective of the

mounting of the sensor on the helmet, is- always tied to - |

- . the. 11ne of s:.ght. The : value of I found dur:mg the -
cartography c_orresponds to_ a particular adjustment of the

helmet.

A function F_ taking into account the presence of
the helmet and directly modelling the theoret:.cal line of
s:n.ght _(Gz, S,, R,;) from G,, 8;, R; and r’ *MM is then
determ:i.ned._ o _ . |

Figure 2 illustrates, . in a -combined manner, the

-+ various steps of the modellin_g' phase of the orientation

determinetion'method according to the invention in its
f:.rst vers:Lon indicated hereinabove: )

- The first step is the step of acqu:.sn.t:.on of
measurement matrices M1 cve M, for a set of n positions

of m, for a given orientation of the sensor;
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- The second step 12 is the identification of the
matrix P with the measurement matrix (Mc) corresponding
to the pos:.t:.on of the sensor coinciding with the refe-

‘rence frame of the cartography,

- The third step 13 is the calculation of r, then.
of the matrix r*(P) as indicated hereinabove;

- The fourth step is the step of calculation, for
all the measurement matrices M; of (r’ *M;M,) = 7 (M) ()
for i = 1 to n; .

- The £ifth step 15 is the step of calculation of
the n sets of regressors (E;) = (e; ... ¢); for i =1 to
n;___.. ._ - | | ) ,
.=~ The sixth step 16 is the step of the soi‘ution
of the 9 systems of _:equation P = E.A in the least-squares

'sense, in order to determine the sets of coefficients (a,

coa)y ... (@8 co0 3Ry form:i.ng the modelling function

Fpi

- The seventh step 17 makes it poss:.ble to f:l.nd,

.-from this modell:.ng funct:Lon, a first approximation of

the cartography matrix Mc and therefore of the sensor

rotat:l.on [lacuna] respect to the reference frame of the

- cartography [G,, 51, R;l.

This step terminates the initial measurement
level. L
Next, £for the 1eve1 called "angular" level, a

step 18 of acquis:.tion of measurements for various known

-or:.entat:.ons of the sensor is carried out.__

A calculation step 19 then makes it poss:Lble to '

'seek the overall: funct:Lon F, from these measurements.

_ A variant of the method according to the inven-
tion, making it possible to avoid the first step of
acquisition of measurements (semsor in a fixed orien-

tation and moved alone), consists in calculating, £for.

each with-helmet measurement, a virtual measurement
matrix Mv such that: Lv = EHMvM-® Il B! Lvo. '

I may, of course, be determined from a carto-
graphy with the sensor in a fixed or1entat:i.on and from
the corresponding function Fp. But it is preferable to
detem:.ne it by an J.terat:l.ve method. as described
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hereinbelow.

At each phase of the iteration, the matrix of
rotation I of (G, 8, R) chosen leads to a series of
virtual measurements Mv from which a function F'o is
calculated, by optimization, so that MvM lILvo is as
close as possible to Lv, through the relationship
r? Mv =F’P(r7 ) . '

Following the iteration, the wvalue of I and,
simultaneously, the associated virtual measurements Mv
are obtained. '

'I'he v:.rtual measurements have an advantage
compared to the previous measurements since they erase

‘the distortion. t:.ed to -the rotation of ' the - sensor and -

integrate the deformations due_ to the helmet-tied disrup-
tive masses. _

- In addition‘, the iterative search for I makes it
possible to avoid the phase of initial measurements using
the sensor alone in a fixed orientation.

. Finally, the function F’p is also optimized. The '
calculat:.on time for the modell:mg is obviously slightly
longer, while still remaining acceptable, because of the
opt:un:.zat:l.on of I.

"The last step then remains the calculat:.on of the

-function F, directly modelling the. theoretical line of

sight ‘from  the best funct:l.on F'p which is produced from

. The method is also suitable to d:.rect correction.

of 'the ‘optical distortions tied to the wearer’s wind-
 shield {(or canopy) , during_ the sighting. In order to do

this, these distortions are introduced during the deter-
mination of F,, either by calculation or by actual test
s:.ghtings, automat:.cally or under control by the pilot.

-~ One advantage of the method according to the
invention is that the prior determination of a compact
modelling function makes it possible to take into account
the aberrations of a magnetic position and or:.entation
detection system when such a system is used in a dis-
ruptive metallic environment, . of the helicopter-cabin

 type. This compact _modellihg"functi_.o'n is determined from
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experimental measurements carried out for known positions
of the sensor reference frame or directly from the line
of sight. Next, in flight, the real-time use of the
system is rapid, leads to reliable measurements and

5 requires only a small amount of memory space in the
onb_oard system.

The invention is not limited to the embodiments
described precisely hereinabove. In particular, at the
measurement level, which results in obtaining the

10 modelling parameters' from the reference measurements, the
, :Ldentifz.cat:.on of the components of the measurement with
a polynom:.al has been descr:l.bed as being carried out by

“linear regression over the 6 terms of r’ ‘M.
_ . In order to improve this step, it is possible to .
15 'oarry out a linear regression over a larger number of
terms, for example -9, by adding to the 6 terms of r7 MM
"~ the 3 on-line scalar products of the matrix M, these
' terms being signifiéant of the rotation, or else 3 terms
o : py defined by r4_ (M), = r7yi (tMM) j;» that is to say terms
: | 20 ‘connecting th_e'. diagonal terms of ‘M to the 'diagonal terms
: of *MM. In both these cases, the function Fp J.s “then
: determ:l.ned from 220 regressors. '
Another possibility consists in using the terms
\~/ C L My descr:.-bed hereinabove, except for the products ‘where
' 25 no term of the matrix MM appear [sic]l. For these pro-
R ducts, ‘the pi are: replaoed by the on-line scalar products-
of the matr:.x M. . Coe .
In addition, it has been indicated: hereinahove‘
"that the. search for the coefficients tying a component of
30 P to the various terms of “MM was facilitated by
homogenization of the type:
rip = Fp(z’ *mm).
_ In pract:.ce, in a manner similar to that
described for the -optimization of I in the variant.
35 described, it is possible to carry out an iterative
optimi-zation_ (by the FIBONACCI method, for example) on
the exponent of - r. Experience shows that this
optim:.zat:Lon can lead to replacing r’ by r®* where ex has
a non-:.n_teger value, for example of between 6.5 and 7,
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which may depend on the environment.

Moreover, as regards the modelling of the angular
deviations and the calculation of the line of sight which
results fi‘om the precise rotation, a simpli'fication'
making it possible to save in time the [sic] calculation
may be implemented. In order to do this, the 3x3 matrix,
ROT = McM'.]'MoMco"l is calculated and the 9 terms of this
matrix ROT are used as regressors for the direct
modelling of angular de{r:i.at:ions on G, S or R. F,. is then
such that G (or 8, or R) = F.(ROT).

A similar method consists in modelling the
deviations on the t_erms .of the matrix ROT itself, each

eo:tiporient of the matrix ROT = McM lMoMco™! being expressed . . -

using a polynomial composed of the 9 components -coming

- from the first step. The angles are then extracted from

the matrix after regression. . . _
~ The reader will easily understand that. other
modifications may be made, especially in order to carry

~out. more rap:l.d calculations or to improve the accuracy of

the results obtained. ‘without departing from the scope of
the invention, 'that is to say always by carrying out a
prior - phase of modelling the complex relationships
connect:l.ng the actual measurements to the pos:.tion of the
sensor, . or to the orientat:l.on of the line of sight to
wh:Lch it is tied.- . . o

. In an embodiment example of the var:.ant us:.ng-

. predetermined o:_r:.enta.t:l.ens of: the line of .s_ight, ‘the

modelling has been obtained from 85 orientations and, for
each of these orientations, 27 measurement points" (i.e.
27 positions of m), that is 9 points equidistributed over
3 equidistant planes forming a cubic mesh whose spacing
is of the order of 3 to 4 cm. The measurements were made
for values of : :
R =0°and G = {90°, 60°, 30°, 0°, -30°, -60°, -90°}

s = {40°, 20°, 0°, -20°, -40°} for R = 0 .

and R = {+10°, -10°} and G = {90°, 45°; 0°; -45°, -90°}

and s = {40°, 20°, 0°, -20°, -40°}
that is 2295 measurement points m. The calculation time
necessary for the prior quelling- is a function of the
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power of the calculation means. By way of example, ih
order to obtain Fp using 220 regressors, the duration of
the calculation may be of the order of 3 hours; using 84
regressors, the calculation of a modelling function may

be of the order of 5 minutes.
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CLATMS
1 Method for determining an orientation tied to a

system which is Imobile in a defined space, using a
magnetic position and orientation detection system which
includes a transmitter formed by three orthogonal coils
having a fixed position in the defined ‘space and a
sensor, formed by three orthogonal coils, which is
attached to the mobile system, r being the distance
between the origin (0) of the transmitter reference frame

and the origin (m) of the sensor reference frame, a

_ detection cycle cons:.sting in transmitting in succession

in the three coils of the transmitter and in measuring

' ~the -field: components"-' generated in - the coils of 'the . . .. -
" receiver, the method including a prior phase of modelling

the defined space, which consists _

: - in carrying out measurements of the magnetic
fields in the sensor for a set of known positions of the
mobile system with respect to a reference frame called
cartographic reference frame and in acquiring, for each
point corresponding to. ‘these pos:.tions and for a g:l.ven .
orientation of the sensor, a measurement matrix M, and
being characterized in that the prior modelling phase in

- addition consists _
.= in calculating modelling parameters deduced
~ from the reference measurements at each said point by
-fidentification, by 1inear regression, of ‘the components _
‘of a measurement ‘matrix (P) corresponding to the- position S

of the sensor 'co:aniding with the cartographic reference

' frame and taken as base, with polynomials obtained from'
- regressors calculated from the terms of the matrices MM,

themselves calculated f£rom the various measurement
matrices M, the products tMM being assumed to be
invariant because ‘the measurement matrices are- deduced '
from each other by rotation, in order to deduce therefrom-
the relative rotation of the semnsor (G,, S;, R,), in the
cartographic. reference frame of the reference
measurements, these modelling parameters forming a
compact modelling function (F,) of the disruptive
effects, which is a function of the position, ' '
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and in that, during use, the current'orientation
of the mobile system is determined directly from the

‘position modelling function (F,).

2. Method according to Claim 1, characterized in
that the prior niodelling phase is completed by a second

'phase in order to improve the accuracy of the relative

rotation obtained at the previous step, by modelling the
angular deviations between true rotations (G,, S,, Rp) and
the approximate sensor rotation in the previous phase
(G;, S;, R;), this precise rotation enabling the current
orient_ation (Lv) to be calculated. )

3. ~ Method according to Claim 1, characterized in -

‘that the ‘current - or:.entation is . calculated from - the_.'. e

sensor rotation and in that a second phase is implemented
in oxrder . to 'imp'rove ‘the accuracy of the current.

 orientation: (Lv) by modelling the deviations between true .. .

orientations and . the calculated corresponding

or:.entat:.ons .
4. Method according to one of the preceding claims,

character:.zed in- that the calculation of the. current o

orientat:.on (Lv) £from the sensor rotation :.ncludes an
initial alignment step from a known position of the.

orientation (Lvy) [sicl, in order to determine . an .
initialization matrix (I). character:.z:.ng the rotat:.on of.
the known position of the orientation with respect to the

that the modelling parameters result from the jdentifica-
tion of the r%P components with F r®* *MM) where F is
a polynomial function of the re* "'MM components, ex be:.ng
an exponent ly:.ng ‘between 6.5 and 7, the identification

_be:l.ng carried out by the method of least squares. _
6. . Method according to Claim 5, characterized in

that the exponent ex is opt:.m:l.zed in order to minimize
the deviations.
7. Method according to Claim 6, 'chara.cterized in

-that the modelling parameters result from the

identification, by -linear regression, " of the r*p
components . with polynomials obtained f£from regressors
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calculated from the 6 terms of the tMM matrices and from

. the on-line scalar products of the matrices M.

8. Method according to Claim 1, characterized in
that the' modelling parameters result from the
identification, by 1:|.near regression, of the r'p
components with polynomals obtained from regressors
calculated from the 6 terms of the symmetric matrices ‘MM

. and from the terms pu; defined by z*(M) ii = r7uit"’MM) ii

[sic], (M) i3 being the diagonal terms of the matrix riM

‘and *MM;, being the diagonal terms of the matrix r’ .

9. Method according to Claim 1, character:.zed in
that the compact modelling function (F) is calculated

" from measurement matr:l.ces assoc:.ated with a set of .
'or:l.entat:.ons defined " from a fixed orientation, wvirtual
measurement ‘matrices (Mv)  being deduced - from these -
~defined orientations (Lv). and from - corresponding

‘measurement matrices (M).

10. Method ~according to Claim 9, characterized in

that an alignment intended to evaluate the initial

'rotat:Lon (IX) of the :E:.xed orientation (Lvo) with respect

to the cartograph:.c reference frame is carried out at the

‘same time as the calculation of the virtual measurement
"matrices (Mv)- by an -iterative method making it possible
to optim:".ze--a compact modelling function F’p such as riMv
= F'é.(r" t=MM) v and'MvM‘lllfvo"beihg the closest possible to;'_ -

Lv L]

'11. - © Method ‘according . :to one of Claims 2.and 3,

characterized in that the modelling of the a:igular
deviations is carried out from known true rotations (G,,
S, R,;) and from the associated mappec measurement
matr:.ces, by identification of the known true rotation

_ components (Gz, Sz, R,) with polynom:l.als constituted from

regressors calculated on ‘the terms of the matrices
r’ (*MM) and.on the" angles ‘of the approximate rotat:.ons
(6,, ‘S;, R,), the resulting coefficients forming the
modelling function (F,) of the disruptive effects, which
is a function of the rotation. -

12.  Method according to one of Claims 2 and 3,
characterized in that a rotation ma-trix ROT = McM ‘MoMCo™1
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is calculated from each measurement matrix M, Mc being
the resulting matrix of M after application of the
position modelling'function (Fp) and Mo and Mco being the
matrices M and Mc for a known fixed initialization
orientation (Lvo), and in that the modelling of the
'angula:_r: _deviations is carried out by identification ‘of
the known true rotations (G,, S,, R,;) with polynomials

' constituted from regressors calculated on the terms of

the matrices ROT, the resulting coefficients forming the
modelling function (F,) of the disruptive effects, wh:.ch
is a funct:.on of the rotation.

13. Method according to either of Claims 2 and 3,
character:.zed in that a rotation mat:rix ROT = McM'lnoMco -
[siec] 4is calculated from each measurement matrix M, Mc
being the resulting matrix of M after application of the
position modelling function -(Fp) and Mo and Mco being the .
matrices M and Mc for a known fixed initialization
orientation (LVo), and in that the modelling of the
angjuiar deviations is carried out by identification of
the terms o-f_._ the matrix ROT with po_lynomials constituted

-£rom regressors' calculated on the terms of the matrix

ROT, the resulting coefficients £forming the modelling

_.function (F,) of the disruptive effects, which is a
S function of the rotat:.on. )

14. . " Device for determ:.n:.ng an orientat:.on related to'

‘a mob:l.le system, :.nclud:.ng a transm:.tter (1) formed by

three .orthogonal magnetic coils having a fixed position.

':l.n a defined space ‘and a sensor (2) formed by three
orthogonal coils, attached to the mobile system, which

dev:l.ce includes: - _

- means for moving the sensor and the orientation
which is related to it according to a set of known
positions, nie_ana (20) of transmission of field by the

transmitter (1) and of mea-s_ure'm'ent ‘of field by the sensor
© (2), these means being coupled to calculating means (10),

in order to canry out, in a modelling phase, measurements
of the magnetic fields in the sensor for a set of known

_po_siti_ons of the mobi_le" system with respect to a
‘reference frame called the”cartographic reference frame
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and to acquire, for each point corresponding to these
pos:i.tions and for a given orientation of the sensor, a
measurement matrix M, and to carry out, during use,
current m"easurements of the magnetic £fields in the
sensor, the device being characterized by

-a modelling calculating machine (60) coupled to

the calculating means (10) via an interface circuit (50)

which contains, in the form of software, the algorithms
intended for the prior. modelling of the corresponding
space in order to calculate modelling 'parameters deduced
from the reference measurements at each said point by
identificat:.on, by linear regress:.on, of the components
of a __measurement ~matrix (P), corresponding to: the-

position of the sensor coinciding with the cartographic

reference frame and taken as base, with polynomials
obtained from regressors calculated from the terms of. the
matrices tMM, themselves calculated from the various .
measurement matrices M, 'the products "MM being assumed to

be :.nvar:.ant because the nieasurement matrices are deduced
- from each other by rotation, in order to deduce therefrom

the relative rotat:.on-of the sensor (G,, S;, R;) in the
cartographic reference  frame of the  reference

.measurements',' -'th'e__se modelling'- parameters forming a
_compact modelling function '(f) of the disruptive

effects, ,wh:.ch :|.s a’ function of the pos:.t:l.on, the current

- orientation ‘of the mobile systenm during use being
. determined directly from the current measurements of the
‘magnetic fields :.n the sensor and from the pos:.t:.on'

. modelling funct:.on (F ).



