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DETECTI NG A BODY MOVING I N RELATION TOA T i \NER C This
invention. relates to a detection system for'® g an object in notion
relative to a container, especially tubular in @8 9n, whereby at | east
one nmagnetic unit is associated with the container and/or object,
gener,ating as well as neasuring magnetic fields, and at |east one

eval uati on device is connected to the magnetic unit1 mmmﬂ‘mmﬁm‘ to receive
sensi ng WQrole6116r om t he magnetic units. A detect |\m this type
i s descr iRGXEPOM/OSEISF- 3. 103. 976. That particul ar det ect k@foo*systemi s used

in | ocating pipes, and especially pipe ends to be joined, in underwater
.drilling and sinmlar operations. A guide tube,' serving as a contai ner
extendi ng between a topside. derrick and a frame section anchored on the
sea bot tom 15- dEAME BRvIGFRRpErEct e AR PN M3 TSR < uni
"generating a magnetic field and w rch coils respectively
nount ed above and: below the first coil and serving as the magnetic-field
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rod, toolevalpatiop devicehis donhected to the nagoketict dnits rand rserves tbireteive sensingssignals
measur i n?roﬁv%?ﬂé@n%c ﬁm[]ge as a function of the position of
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A detection system of this type is described in- US-A-3.103.976. That_banicUIaf detection
systei'n is used in locating pipes, and especially pipe ends to be joined, in underwater drilling
and similar operations. A guide tube, serving as a container exténding between a topside
derrick and a frame section anchored on the sea bottom, is equipped on its outside with a coil
as the magnelic unit generating a magnetic field and with each two search coils respectively
mounted above and below the first coil and servihg as the magnetic-field meastjring‘magnets.
Electric-cables'.éonnect these vaﬁous coils with a topside evaluation unit within the derrick.
The magnetic-field-generating coil produces a magnetic field inside thé guide tube essentially
along the longitudinal axis of the tube. That magnetic field also permeates the two i'nagnetic-
field-measuring coils. if and when within the guide tube a drill rod, tool, pipe or the like is
shifted, the magnetic field in these measuring coils will change as a function of the position of
(‘ ) the moving object, leading to a corresponding induction in these coils. It is thu’é possible to
determine when the object concerned has reached one of these magnetic-field-measuring
coils or for instance the blowout valve located on the sea bottom.

" That earlier detection system, ho_wevér, is essentially limited to sensing the position only of

- the forward end of the moving object, with the positional detection accuracy being determined

by its distance from the coils which are mounted along the longitudinal axis of the guide tube,
by the coil width in the longitudinal direction, and similar factors.




t he noving object, leading to a corresponding induction in these coils. It
s thus possible to determ ne when the object concerned has reached one of
t hese magnetic-field-neasuring coils or for instance the bl owout valve

| ocated on the sea bottom That earlier detection system however, is
essential'ly timited to sensing the position only of the forward end of the
novi ng object, with the positional detection accuracy being determ ned ,by
its distance fromthe coils which are nounted al ong the | ongitudinal axis
of the guide tube, by the coil width in the |longitudinal direction, and
simlar f3goprmeryé 01/ 86116 PCT/ EPO01/05157 2 It is the objective of this

i nventi on georpp@Mosis7an i nproved detection systemof the type first above
. mentioned, the inprovenment consisting inzhe ability, in sinple fashion and
with a relatlvely hi gh degree of accuracy, to determine not only the
position of the object relative to the container in the |ongitudinal
“direction but also its position in the transverse direction relative to
the containgrine 'oBjechii I hvidehad fgrévedSddtéction alysteasofsthedyfe Akt
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t he rragnetrbﬁm;éﬁltg?]e‘fm&ng, magnetic-field- generating magnetic unit. At the
sane tinme, given this position of the object and the container relative to

each ot_her there will be a change in the nagnetic field in the direction
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This causes a change in the magnetic field and in the magnetic flux when the object is close
enough to the container that both are located within the magnetic field of the magnetic-field-
generating magnetic unit. At the same time, given this position of the object and the container
relative to each other,  there will be a change in the -magnetic field in the direction
perpendicblar-_to the relative movement, thus yielding for the evaluation. device -additional
information on '_the position of the object and the container perpendicular to the direction of

relative movement.

According to- this invention, the functionality of the detection system does not depend on
whether the container, for instance tubular in design, is stationary while the object moves

—

relative to it, or vice versa, for as long as at least the moving -part contains a magnetic
element which triggers a corresponding change in the magnetic field between the magnetic
units.

in oil-drilling or similar operations, it may be advantageous in this context if in particular the
tubular container constitutes the aforementioned guide tube and the object is the part that
moves relative to that tube. .The latter should consist of, or contain, a magnetic material at
least at the point which is to serve for the detection of the position and orientation of the
object relative to the container. That point could for instance be the forward end of the object.

An object of this type typically moves within the container so that the corresponding magnetic
units can be advantageously mounted in an inside area of the container. On the other hand, if
the



whet her the container, for instance tubular in design, is stationary while.
the object noves relative to it, or vice versa, for as long as at | east
the noving part contains a magnetic elenment which triggers a corresponding
change in the nmagnetic field between the magnetic units. In oil-drilling
or simlar operations, it may be advantageous in this context if in
parti,cul ar the tubular container constitutes the aforementioned gui de tube
and the object is the part that noves relative to that tube. The latter
shoul d cOMOIQ486416 or contain, a nmagnetic material at |east at the point
whi ch i s RGI/ERO1/@5T5Tr t he detection of the position and orientation of the
object relative to the container. That pint could for instance be the

- forward end of the object. An object of this type typically noves within
the container so that the corresponding magnetic wunits can be

advant ageously mounted in an inside area of the container. On the other
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ext endi Ngndgmeficfidld blending thradgh thetwalllahe mtBittﬁnhtbﬁ'noﬂéf théeostaimeri ner. In one
possi bl e, sinple configuration for the precise capture of the noving object

the magnetic units are arranged-along at |east one orientational plane

per pendi qpilode pessile sifliples ¢bi f?&ratfonr%t&hevﬁeﬁﬁe’%ﬂﬁe d?ouheemwnbeobjémlmbpl e
gnetlc uni In a cular,arra n sone ot

be arr.an
Fendi ndhae (s unls Joe EBORE FInGs Al b Ot RICIADHR ENe. RRTRGTCIHE toThe
possi bi | idirgctioh mumswmmenﬁmebmnual briultiphd tnb?ﬁélld:l SHistrAay be Fﬁféh@@d fis @m
one another, in the ci rcuoq'f.eerentl al direct Lon 0 contai n
circular array or in some r way depen ing on the cross-sectional shape of the container,
with the possibility of mountmg the magnetac umts wnth equidistant spacing from one another,

in the circumferential direction of the contamer

" Soas not to limit the detection of the object to essentlally one such plane magnetlc units may

".be mounted perpendlcular to the dlrectlon of relative movement in evenly spaced planar
increments. This permits capture in each of these staggered planes as well as detection
between these planes by means of suitably interconnected _magnetlc units..

R Depending on the design of the magnetic unit, it is possible for such a magnetic unit to be
) switchable between magnetic-field generation anct magn_eticfﬂe!d' sensing. This .can take
' place even during the course of a measurement. Ev'idently. such switehability of the magnetic

units involves variable potanty of the magnetic units, vanable magnetlc-ﬁeld mtensnty or the
like.

A simple design example of a magnetic-field-generating magnetic unit can be implemented in
the form of a permanent magnet.

For an expanded range of possibilities in object detection per the above, a magnetic unit may
be constituted of an electrically powered coil which provides a simple way to permit operation



So as not tolimt the detection of the object to essentially one such

pl ane, magnetic units 'may be nounted perpendicular to the direction of

rel ati ve novenent in evenly spaced planar increnents. This permts capture
in each of these staggered planes as well as detection between these

pl anes by nmeans of suitably interconnected magnetic units. Depending on the
design of the magnetic unit, it is possible for such a nmagnetic unit to be
swi t chabl e between magnetic-field generation and nmagnetic-field sensing.
This can take place even during the course of a neasurenent. Evidently,
such swi t yy@lon)eety6 of t he nmagnetic wunits involves variable polarity of

t he. magnetpoT/EPOY/65157ar i abl e magnetic-field intensity or the Ilike. A

- sinple design exanple of a nagnetic-fiel@& generating magnetic unit can be

i npl emented in the formof a permanent magnet. For an expanded range of
possibilities in object detection per the above, a magnetic unit may be
“constituted of an electrically powered coil which provides a sinple way to
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alternati pggsfiel ds. A magnetic-field-neasuring unit that is at once

preci se, sinple and inexpensive may be in the formof a magnetic-field
sensor and in particular a Hall elenent. Magnetic-field sensors of that
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For "an arrpllflcatlon of the magnetic field and thus of the magnetic

flux per pgmﬁgy[ﬁ ferinstance on the inside of the container.

of course, a suitably designed magnetic unit can also detect magnetic attenuation instead of
measuring the magnetic field or magnetic flux.

For an ampilification of the magnetic field and thus of the magnetic flux perpendicular to the
dlrectnon of relative movement, the magnetlc unit may incorporate a magnetizable material,

for instance a ferromagnetrc or paramagnetic matenal

To avoid having to Separately provide each magnetic unit with a magnetizable material, the
magnetic units may be interconnected by a magnetizable or magnetically conductive material.

For a secure installation of the magnetic unit, the unit may be placed for inst_énce in a radial

bore in the container wall. The radial bore should be at least deep enough in the radial

direction for the magnetic unit to be fully insertable without protruding into the interior of the
- container.

" To avoid having 1o drill a corresponding number of radial bores or similar recesses in the
container wall while at the same time being able to simullaneously manipulate a larger
number of magnetic units, it is possible to mount multiple magnetic units in a magnetic-
detector insert which may be mounted for instance in a circumferential recess on the inside of
the



direction of relative novenent, the nmagnetic unit may incorporate a
magneti zable material, for instance a ferromagnetic or paranmagnetic
material. To avoid having to separately provide each nagnetic unit with a
magneti zabl e material, the magnetic units may be interconnected by a _
magneti zabl e or magnetically conductive material. For a secure installation
of the magnetic unit, the unit may be placed for instance in a radial bore
in the COV'} ahpsé%[&a The radi al bore should be at | east deep enough in
the radi a on for the magnetic unit to be fully insertable w thout
prot r udi nBCTARPOMUOIAST nterior of the container. To avoid having to drill a
correspondi ng number of radial bores or 8inmilar. recesses in the container
-wall while at the same tine being able to simnultaneously mani pul ate a

| arger number of magnetic units, it is possible to nmount multiple magnetic
units in a nmagnetic- detector insert which may be nounted for instance in a
" ci r cunf ereantaingr. This eecesgaan again heidgep gpoudhdo\nrevent the megnetic:ietertyr irss t5withs
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In another possible, simple and space-saving design, a magnetic unit may be provided with a
ramified and/or contmuous helical, electrically conductive nbbon Such a nbbon essentially
corresponds toa conl and generates a comparable magnetlc field.

For the convenient manipulation of ribbon-shaped magnetic units of this type, the ribbon may
be mounted on a preferably annular msert The insert, of course, is shaped to correspond to

the cross section of the container, permnttlng easy installation on an inside surface of the
container. '

The insert can allow for further simplification in that the necessary electrical power-supply
and/or signal-collecting leads are attached to the ribbon-shaped magnetic units mounted in
_-the insert.

In analogous fashion it is possible in the case of the aforementioned magnetic-detector insert
employing electrical coils to provide the electric coils with winding stems as magnetic units.
The coils are wound on these winding stems which, like the entire magnetic-detector insert,
may consist of a magnetizable material.



ram fied.and/.or ¢ontinuous helical, electrically conductive ribbon. Such a
ri bbgn essentially corresponds to a coil and generates a conparabl e
magnetic field. For the conveni ent nmanipul ati on of ribbon-shaped magnetic
units of this type, the ribbon may be nounted on a preferably annul ar
“insert. The insert, of course, is shaped to correspond to the cross
section of the container, permtting easy installation on an inside surface
of the container. The insert can allow for further sinplification in that

t he necessary el ectrical power-supply and/or signal-collecting | eads are
attached twWOtO#8&116bon- shaped magnetic units nounted in the insert. In
anal ogous PGIHEPO105157 s possible in the case of the aforenentioned

_ magnetic-detector insert enploying elect&ical coils to provide the

el ectric coils with winding stenms as magnetic units. The coils are wound
on these winding stens which, like the entire nmagnetic-detector insert,
"may consist - of a magnetizable material. WO 01/861/6 PCT/EP01/05157 6 The
eval uat i orThesevaiiation gspeciathyhef the gignals receiveidbythe magheticigidreensing magreticamis ng

oboct a1 bt oL e oSl e Wb ALOn SRR sl
and/or a cﬁeﬁﬂ;.bavysay.m\geg mﬁﬁpd)modolemmlm}ﬁ elisptayt érit ol miay de mnnﬁciﬂgl'erigtthece
BTy B T R, SR Py BRI b e

anal ysi s Ghathbmatical aavaiatiors iagutittens Eind/cdi adiress tayst penayitiihg the eanalysisr of the

exanpl e, for a graphic.llpystration of the ' or, ' '

by ect . THEeRRaRLSons The AR teLhe S SOCYRR R ol brob oSk e,

gn‘zr el y detghjéct befor betectiigaheobjectof the object it also pernmits the

‘determ nation of the'position, shape, size or direction of novenent of the

obj ect . _ _ : _ : '
' The evaluation device may also be so configured that in addition to merely detecting the

presence of the object it also permits the determination of the position, shape, size or

direction of movement of the object.
The analysis of the signals emanaﬁng from the magnetic units and _the_l_ very positioning of the
magnetic units can be simplified for instance by aligning the magnetic axes of the magnetic

units with a longitudinal axis of symmetry of the container.

The following describes desirable design examples of this invention in more detail with the aid
of the figures in the attached drawings in which:

Fig. 1 is a perspective side view of a first design example of a detection system

~according to this invention, employing a tubular container;
Fig. 2 is a top view of a horizontal section through fig. 1;

Fig. 3 - is a perspective side view of a second design example of a detection system
according to this invention,




The anal ysis .of the signals emanating fromthe magnetic units and .the very
posi tioning of the magnetic units can be sinplified for instance by
aligning the magnetic axes of the nagnetic wunits with a |longitudinal axis
of symetry of the container. The follow ng describes desirable design
exanples of this invention in nore detail with the aid of the figures in
the attached drawings in which: Fig. | is a perspective side view of a
first desi gn exanple of a detection system according to this invention,
enpl oyi ngW® 0488418 container; Fig. 2 is a top view of a horizontal section
t hrough fPCT/EPD1MEYS7 3 is a perspective side view of a second design
exanpl e of a detection system according7to this invention; WO 01/86116

. PCT/ EPO1/ 05157 7 Fig. 4 shows a partial vertical section through fig. 3;
Fig. 5is a perspective side view of a third design exanple of a detection

system according to this invention; Fig. 6 is an enlarged illustration of
“detail "Hjgigq fig. &owglagbaﬂawémw s@@*@ﬂg@ﬂ, ghifigugt ration of detail "B" in
fig. 5 Fi g 8 is a conceptual | ustration of a horizontal cross section

through a detection system accordl ng to this invention; Fig. 9 is an

iI'Tustratgigrs as iné Iagpeépam.w sife GBivestta 'tlﬁlr&&éﬁn?rﬁlexﬂﬁﬁlbtéfoé‘ defeicion 30stem an
illustration as in fig. 8 with an object in an off-center position; Fig. 11

is an illustration W@W'PQ"SWVW'!‘W- an obj ect in another off-center

_position; Fig. 12 is an illustration as in fig. 8 with an object in another
central position; Fig. 13 is a conceptual illustration explaining the
magnet i ¢ fg.6; and iEAH entarsegilisration efdetal “Aain ig-8a- array el enent per fig.
13

! ) Fig. 7 _ is an enlarg_ed illustration of detail “B” in fig. 5;

Fig. 8 is a conceplual illustration of a horizontal cross section through a detection
system according to this invention;

Fig. 9 is an illustration as in fig. 8 with an object in central posit_ion;
Fig. 10 is an illustration as in fig. 8 with an object in an off—center position; -
Fig. 11 is an illustration as in fig. 8 with 5n object in another off-center position;
) ) Fig. 12 is an illustration as in fig. 8 with an object m another central position;
B Flg 13 s a conceptual illustration explaining the magnetic flux; and
- Fig. 14 _ shows in detail an area-array element per fig. 13.

Fig. 1 depicts a first design example of a detection system 1 according to this invention, with a
tubular container 2 and a similarly tubular object 3. The container 2 extends for instance from
an ocean-surface platform, not shown, to a frame section anchored on the sea floor. Inside
the container 2 the object 3 is guided in the longitudinal direction 33 i.e. in the direction of
relative



Fig. 1 depicts a,first design exanple of a detection system1 according to
this.invention, wwth a tubular container 2 and a simlarly tubul ar object
3. The container 2 extends for instance from an ocean-surface platform
not shown, to a frame section anchored on the sea floor. Inside the o
container 2 the object 3 is guided in the longitudinal direction 33 i.e. in
the direction of relative WD 01186116 PCT/ EP0O1/ 05157 8 novenent 14. The
object 3 may for instance be a section of a drill rod, a tool or simlar

i npl ement enpl oyed in submarine oil exploration. In an orientational plane
16 whi ch WOMEBSINEr pendicular to the direction of relative novement 14,

t he cont aiRGHEROHOS dates a nunber of magnetic units 4 to 9. These are

. housed in corresponding radial bores of &he container 2 and support at

| east one electric coil 17 each. The central axes of the coils 17 are
positioned in the orientational plane 16 and point toward the center of
"the longitudinal bore 36. Al magnetic units 4 to 9 are nounted in an

equi di st amovemenhd#ofihe ebjeat3aman fasrinstangenbe jansection b aatidh ipd; ifetooh e similar

ci rcunfer OW ' PR O s 17 are positioned within the
radi al bo?’g&%ﬁétoérpﬁa hgb%%@?.%JJ&E@gAs to 9 will not protrude past
the inner surface 15 into the |ongitudi nal bore 36. Each coil 17 connects

to the aniyaRokah8ucaffhhd 96 Wnichiifends piftehfichist e BEeRH bt FlaKe mdVamdnt @
cont ai ner rom where ey are bundl e& I ormi bus ca es, not shown, and
run for itdsthencontainer2 acsopinctsiatesi anumber dfonagnetiagmils #do $hiThese pee housed in
the. ob] eciogeRiaRe b ELree B e Cortifher 2 e PRI \Eact o Siqchic [HiCH7 bith. BY
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Uni ts 5 tGpe coils 17 are positioned within the radial bore 19 so that the magnetic units 5 to 9 will not

protrude past the inner surface 15 into the longitudinal bore 36.

Each coil 17 conhects to the appropriate electrical leads 35 which extend outward away from
the container 2 from where they are bundled in omnibus cables, not shown, and run for
instance to a topside point.

At least magnetic unit 4 is a maghetic-ﬁeld—genefating 'magh'etic unit. Its magnetié field is
modified by the object 3 which at least in part consists of a magnetizable or magnetically

;; ) conductive material 18, and the magnetic field, modified by the mbvement anq changed
position of the object 3 relative to the longitudinal bore 36, can be captured by the magnetic-
field-sensing magnetic units 6 to 9. By way of their electrical leads 35, the magnetic units 5 to
9 thus generate a corresponding induced voltage as a function of the magnetic flux
permeating them and changing with time.

Instead of arranging the magnetic-field-generating magnetic unit 4 and the corresponding
magnetic-field-sensing magnetic units 5 to 9 in one single plane 16 per fig. 1, it is also
possible to position the magnetic-field-sensing magnetic units for instance partly or entirely in
different
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‘pyocess. Fig..3.is a_perspective view, corresponding to
' d)es i gn e@ﬁ‘g\“&"ﬂibof‘h@g wieg duch 38 gan baclosed 98 mith @gﬁapcSQttthygh rwhicht the teadksn

9 thus generate a correspondi ng i nduced voltage as a function of the
magnetic flux pernmeating themand changing with tine. |Instead of arranging
the magnetic-field-generating nagnetic unit 4 and the correspondi ng
magnetic-fiel d-sensing magnetic units 5 to 9 in one single plane 16 per
fig. 1, it is also possible to position the magnetic-fiel d-sensing
magnetic units for instance partly or entirely in different WO 01/ 86116
PCT/ EPO1/ 05157 9 orientational planes which are spaced at a distance from
and of f seWQuUB#6and/ or downward relative to the orientational plane 16
per fig. RCTIEP@IO318hows a horizontal section through fig. 1 in the area of
the orientational plane 16 and nore spegifically in the area where

“magnetic unit 7 is located. The radial bore 19 in a wall 37 of the

container .2 opens toward the inside surface 15 while at its opposite end a

.wire duct 38 allows. the electrical leads 35 to run fromthe coil 17 to

t he out si ahentahd:al\mapeﬁ 'whighi dre sphesudatta gis@ate ROMaNA%MHsdNGowdrl Sndlr goﬁﬁwg n

be cl osed t hr h which the | eads 35 are passed via
wat er - tldﬁgt'%eetgl %ﬁ? %gf"oﬂggéner ating magnetic unit 4 per fig. 1

is configured in anal ogous fashion. It should be nentioned at this point
' are capabl e of serving as

that all tICU t.s %rfL .

nmagnet i c- 1§ %ﬂ%, ‘H@a 'ffg’g‘HE’c“BB Tigi d)igy thesrep 0f theaoirntationahplase 15and
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this figuberepassed mwﬁtﬁlﬁgm%ebhat followas well as in fig. 1 and 2,

i dentical conponents bear entical reference nunbers which will be
The magnetic-field-generating magnetic unit 4 per fig. 1 is configured in analogous fashion. It
should be mentioned at this point that all magnetic units per fig. .'1 are capable of serving as
magnetic-fi eld—generatmg or magnetlc-ﬁeld-sensmg magnetic units. For example, magnetic
units 6, 7 and 8 may be used as the magnetlc-ﬁeld -sensing units and the magnetic units 4, 5
and 9 as the magnetic-field-generating units. Obwously, any arbntrary assignment of these
magnetic units is possible both before and during a given detection process.

Fig. 3 is a perspective view, correspondmg to fig. 1, of a second desngn example of the
detection system 1 according to thls invention. In this figure and in the figures that follow as

well as in fig. 1 and 2, identical components bear identical reference numbers which will be
mentioned only occasionally.

Fig. 3 d_iﬂers_from fig. 1 by the consolidation ‘of the magnetic units 4 to 10 in one magnetic
detection insert 20 consisting of a magnetizable or magnetically conductive material 18. The
magnetic detection insert 20 is suitably mounted in a circumferential recess 21 on the inside
15 of the wall 37 of the container 2. The magnetic detection insert 20 has an essentially U-
shaped cross section. The open end of the U-profile faces inward in the direction of the
longitudinal bore 36. Located at given points in the annular gap 40 between the legs of the U-
profile is a winding stem 28 consisting of a magnetizable material and radi:;lly extending
parallel with the U-legs



mentioned only occasionally. Fig. 3 differs fromfig. 1 by the
consol i dation of the magnetic units 4 to 10 in one magnetic detection

i nsert 20 consisting of a nagnetizable or magnetically conductive nateri al
18. The magnetic detection insert 20 is suitably nmounted in a
circunferential recess 21 on the inside 15 of the wall 37 of the container
2. The magnetic detection insert 20 has an essentially U shaped cross |
section. The open end of the U-profile faces inward in the direction of the
| ongi tudi nal bore 36. Located at given points in the annul ar gap 40 between
the | egs anotdwsesseprofile is a winding stem 28 consisting of a

magnet i zalpeEr/eprdgose7 and radially extending parallel wth the U-legs WO

- 01/86116 PCT/ EP01/05157 10 toward the iggide in the direction of the

| ongi t udi nal bore 36. Wund onto each such winding stem28 is a coil 17 of
the respective magnetic unit 4 to 10. These nmagnetic units, i.e. coils,
“are arranged in one orientational plane 16 analogous to fig. 1. It should

be poi nt eqogpary tﬁﬂﬁisfbe ih IR dfféctioh of tH@E\F {uhﬁaﬁﬁc}{@%' Wbuhﬂ%f& §a&?§hch%ndmg

mounted in nore than one orientationa ane
vertical <¢em8rds ﬁmowgrpf the, kespectivg imaghglie beit dde 1fh Ghese, magneé-pesamye coils,

illustrat sna.n o‘?ﬁ'dneﬁt;tnbﬁal ois%asc{a%ﬁw@]mg dhe 3R ;ﬁme& gt ?‘#}ﬁ

associ at ed el ect I cal | eads 35 he col t hrough a l'e 1n

wal | 37 t dhatisimilgy magheti #tactloamsa!ﬂswm be mayntedie mare thantopetorieniational plase. 2

- As has been explained in connection with fig. 1, the various nagnetic
units 4 to 10 may be optionally set to operate as magnetic-field-generating

gr magnetFi'Q: 4 isBpws e partiay verticels seqtipg . thipugh dhe desigppesmple: per dig, 3arlticlegdys
ty fig. uﬁ.@ﬁiat%s it vie bl §7 »soke&lrﬂrbr%@'mﬁcﬁn&étehh?? aﬁ'cﬂlﬁ:? tHePSksofi ¥&h%t%tnca}l

according to this invention. In th desi exa magnet I C uni

to 11 are l¢ads35eofithe mod 7, upsbieyolr 2 hoiein the wall 3 to theseutsidein pyradiak direction | m
or sim | apehfe P IHRIYorAIREL 2S As TR Béé?rb@fﬁal_ggd S eBmtbction ithg.f4,8e various

magnetic units 4 to 10 may be optionally set to operate as magnetic-field-generating or
magnetic-field-sensing units.

Fig. 5 is a perspective view, anal_bgbus to fig. 1 and 3, of a third design example of the
detection system 1 according to this invention.

In this design example, the magnetic units 4 to 11 are in the form of ribbons 22 applied on an

insert 23 by a thin-film or similar technology process. The ribbons 22 extend in a ramified

7 and/o_r helical configuration. Eadh ribbon is provided at one end with an electrical connector

: \) 41 and at the other end with a corresponding electrical connector 42.for supb!ying power or

collecting sensing signals. On the outside of the insert 23 opposite the longitudinal bore 36

the contacts 41, 42 are connected, for instance as shown in fig. 6, to electrical power supply

line; 24, 25 or electrical signal-processing lines 26, 27. These electrical lines 24, 25 and 26,

* 27 can be switched to serve either as power-supply or signal-processing lines, thus affording

the option of using the magnetic units 4 to 11 'either as magnetic-field-generating or as
-magnetic-field-sensing magnetic units.

The insert 23 consists of a thin ring of a magnetizable material which allows easy mounting
on



and/or helical configuration. Each ribbon is provided at one end with an

el ectrical connector 41 and at the other end with a correspondi ng

el ectrical connector 42 for supplying power or collecting sensing signals.
On the outside of the insert 23 opposite the |ongitudinal bore 36 the
contacts 41, 42 are connected, for instance as shown in fig. 6, to

el ectrical power supply I|nes 24, 25 or electrical signal-processing |lines
26, 27. These electrlcal lines 24, 25 and 26, 27 can be switched to serve
ei t her asWQ #8663 or signal-processing lines, thus affording the

option of PG§'IER91fQ56g7ragnetic units 4 to 11 either as
magnetic-field-generating or as magnetitlfiel d-sensing magnetic units. The
.insert 23 consists of a thin ring of a nagnetizable material which all ows
easy nounting on WO 01186116 PCT/EP01/05157 11 the inside wall 15 of the

container 2 in essentially any desired location. Simlar inserts 23 can be
“ount ed i thednsidewaht5 of thercontainar 2 ingissendisihnanyidesiret hecation Sj@ﬂareﬂwtsr?wam

fig. 1 ang ﬁlouﬁ{ed% ffg%%n(]gg% ceﬁﬂﬁ%s\?\% de%)fnﬁ%% &Imﬁetcﬁork zflaﬁd)327 i s

connect ed T 0 &N VA uatlon case o bnarlne oi
exploration is typically located in a suitable place on a surface

| at f f;
P et oGl BhREe Mtk 255 30 i 2 647 W oavat B B8 B °
will be st2 vmp;hun the casevof submaripe o&esrde@hm & typicallyi located in a isuitahie place on a
exanpl e PelirdchQuaiorm! PEr GihaH UBHICATOLH! E cblockilt YABMURSrdd 1d ! RUGRIA,

nmenory no avl ng com ng sensi ng" si gna OI’ stori ng
appr opri aslmhma)bnd-bastfd)ml exmorammltpe evaluationideyiseskhwillrhe sﬂgmma convemently

/S8§NSsi ng slggg& ssed as necessary, can be viewed on a display
nitor E%@@E@&?o the eval uation device 12. The eval uati on device 12
may be conputerized or connected to a renbte conputer 31 which may al so

?rlalgﬁ\évt ;[ Eemﬁ? ?e?ﬁ%u 'S%}Hég \ﬁ'e? ﬁgté) ﬂ?eée\Patha%{)ﬁ mge fl? Enciorbsotrﬁgg ?ort’sr?séﬁlgetac Qem)?y
module 29 for saving the incoming sensing signals or for storing appropriate programs for the
analysis of these sensing signals. The sensing signals, processed as riece’ssary, can be
viewed on a dnsplay monitor 30 connected to the evaluation device 12. The evaluation device
12 may be computenzed or connected to a remote computer 31 which may also allow the
evaluation device to be ‘programmed for instance to switch the magnetic units into the

magnetic-field-generating or, respectively, magnetic-field-sensing mode.

At this juncture it should be mentioned that the magneticﬁeld-generating magnetic units may
also be in the form of permanent magnets, for one example. The magnetic-field-sensing
) magnetic units on their part may be in the form of magnetic sensors such as Hall elements.

The evaluation device 12 also offers the possibility to change the polarity or field intensity of
~ the magnetic field generated. Alt_ernating magnetic fields can also be produced.

FiQures. 8 to 12 are conceptual illustrations of the detection system 1 according to this
invention, showing different magnetic units 4 to 11 without an object 3 (fig. 8) and,
respectively, with different objects in different positions within the container 2.



magneti c-field-generating or, respectively, magnetic-field-sensing node. At
this.juncture it should be nentioned that the nmagnetic-fiel d-generating
magnetic units nmay also be in the formof pernmanent nagnets, for one
exanpl e. The magnetic-field-sensing magnetic units on their part may be in
the formof magnetic sensors such as Hall elenents. The eval uati on device
12 also offers the possibility to change the polarity or field intensity, of
the magnetic field generated. Alternating magnetic fields can al so be
produced. Figures 8 to 12 are conceptual illustrations of the detection
system 1 WOMMEId6t0 this invention, showing different magnetic units 4
to 11 wit REFERAEBISct 3 (fig. 8) and, respectively, with different

. objects in different positions within thd2container 2. WD 01/ 86116
PCT/ EPO1/ 05157 12 Fig. 8 shows the magnetic field generated by the magnetic
unit 4, unaffected, as in fig. 1, by any object 3. The correspondi ng
"magnetic-field flux |ines 43 extend perpendicular to the _|ongitudinal bore
36 and f| dRig.tihshaws the spagpetic, Beldggnerated. by the mageetic Hot Aunaliested, a8 indios 1y By
11. The dj tiﬁ&‘? f sﬁgﬁﬂﬁ#l - F 8 fa [ e ldndictlat Q
fromthe (rjrag' net’i c- iTe d-&”éee er at r@dﬁabgﬁg?'?ﬁn@s%gﬁg?%#?fn?ﬁg ex(t)(]at&\?
to which tloagitubinal bare 36 apd fiowde dhe respeqiiig madnetic:field-sensingmagpelictynits § 1g,11.

itsel f vardes,ac W ToURVAR g =] g~ ity y
that t hey, T8 HEEAEE B 8 phoanthe HERETLIng taliclio brits o-tb B ol SEJRGAL 18l
for i nst argeneiating i rgagretic aunit 4rdeterminest Hwaexlent e mhichl theofly lines parmeate the

| ongi t udi n 36y L [ A X try 34 which extends in
t he | ongi t'ﬁ@'ﬁg{:&“ I F%{%HL%%@?F@QS%&M_OM ect 3 noves relative
(:Tg the. container 2, the result will be a change in the path of the

- agnetic f‘h&éxrr\%%&?é upfts 4%“33%& Qn%h@ad in & Way that {Héxf &l ﬁnﬁ:a@ﬁbﬁla?lﬂi%séedtﬁe '
posi tioned at- dead center , causing a corresponhdingly symretrical
f1 ux-1i ne rdagretic bxes %%mwimhmg}ﬂgk@, atﬁrﬂﬂen@g lowerd %C%I_Ptt?{ha?'_éﬁ:*" in the
of f - cent en aldainbPSére 5, i3S toWRAE S Sad bP SRRt high BREABL it e iohgifudinal

direction 33 per fig. 1.

When an object 3 moves relaﬁve to the container '2, the result will be a change in the path of-
the magnetic flux lines, as shown in fig. 9 to 11. In fig. 9 the object 3 is positioned at dead
center 34, causing a 'correspondingly symmetrical flux-line distribution pattern. in fig. 10, the
object is situated off-center and close to the magnetic-field-generating magnetic unit 4.

in fig. 11, the bbjéct 3 is again in an qff-centér positidn, in this case close to the magnetic-
) field-sensing magnetic unit 9.

From the respective changes in the magnetic fields and the magnetic flux, detectable by the

rhagnetic—ﬂeld or magnetic-ﬂux-sensi_ng units 5 to 11, conclusions can be drawn .as to the
. presence of the object 3 in the vicinity of the’magnétic unit as well as the distance between

the object 3 and the individual magnetic units, the orientation and dimensions of the object 3

and its direction of movement. By means of appropriate imaging processes in the evaluation

device 12, for instance as shown in fig. 5, it is possible to view on the display monitor 30 the
| object 3, its position, orientation, size and movement.



In fig. 11, the object 3 is again in an off-center position, in this case
close to the magnetic- field-sensing nagnetic unit 9. Fromthe respective
changes in the magnetic fields and the magnetic flux, detectable by the
magnetic-field or magnetic-flux-sensing units 5 to 11, conclusions can be
drawn. as to the presence of the object 3 in the vicinity of the nagnetic
unit as well as the distance between the object 3 and the individual
magnetic units, the orientation and dinmensions of the object 3 and its
di recti onwi 01/86Et6ent . By neans of appropriate inmaging processes in the
eval uati opCTAPOMOE182, for instance as shown in fig. 5, it is possible to
view on the display nonitor 30 the objeg 3, its position, orientation,
- size and novenent. WO 01/86116 PCT/EP01/05157 13 Fig. 12 shows an object 3
| arger in overall dinensions and wall thickness, with correspondi ng
changes in the magnetic field and magnetic flux pattern. Fig. 12 thus shows
“what ot hegig £08HoweSH I ' ' . ' sians of the,
by cot 5. EPHORPEOq Boltr b} Peral Ak S A HOHEEL Wik toResponing
magnet i c-GheBgeR e ther mapnefiorfield candcmagneticafiux patternaBige t12cthiss eshdwa rwhat | stker

i ne 43 ki L 16 {1 ux 13 through

differ en%ggﬁ?gﬁ%gﬁgﬁ&*ﬁy Eﬁ@%‘?b#'éﬁs’a{;ﬁ%g@ﬁg :{‘ragnet ic flux is
determ ned by the followi ng equation: bD=JBxdA A where (D is the nmagnetic
flux, B igyt{eidmag b d I on. | n.i,nfinitesinal vectori al
area- ar r'ggi gé{nrgn?w,&@egorgl nf”@gmﬁ@ ?ﬁ(‘/ﬁ?ﬁ%ﬂe'gﬁ? eIAE% dregnedn; ynd ‘i- the 11
are so armagnglici fieldzand fux linecthgenerated ygh eint dhé respedivephagrietictflux NEBthrBUSh
val ue pergpirehitC r ' | ghi n et ween_t he opject and the
ccpnt ai ner,, rrea{n#lr‘lag-atr}ﬁ té'tgﬁ‘ghgcg{"aﬁ?or g’é@f %'Sr anee, By % é?’FE"eJ1%V the
K following equation: ' o :

® = | BxdA
A

where

® is the magnetic flux, B is the magnetic induction and dA is an infinitesimal vectorial area-
array e)e‘men!. According to the invention, the magnetic units 4 to 11 are so arranged that the
respective magnetic flux displays its maximum value perpendicular to the relative movement
between the object and the container, meaning that the scalar product derived from magnetic
induction and the vectorial area-array element takes on its maximum value for the respective
area-array elements per fig. 13.

Fig. 14 is a conceptual iustration showing that for each area-array element 44 the magnetic
flux derives from the scalar product of magnetic induction B und AA as the vectorial area-
- array element. The applicable equation is a follows:
@ = |B| x |AAlx cosa

where

ais the corresponding angle 46 between the vectors B and AA.



I nduction and the vectorial area-array elenent takes on its maxi num val ue
for the respective area-array elenents per fig. 13. Fig. 14 is a
conceptual illustration showing that for each area-array el enent 44 the
magnetic flux derives fromthe scal ar product of magnetic induction B and
AA as the vectorial area- array el ement. The applicable equation is a
follows: (D= (B{ x I AAlx Cosa where a is the correspondi ng angl e 46 between
the vectors B and A.A WD 01/86116 PCT/EP01/ 05157 14 The follow ng wl |
briefly ex Iaqian thg operating node of the detection systemaccording to
this invéﬁ?i B61181, reference to the attached drawi ngs. By way of the
magneti c fRGNEBOHOBAST; he magneti c attenuation, the detection system

- according to this invention measures an¥4gi ven obj ect of any gi ven shape,
orientation, position and geonetry within a nagnetic field generated
i nside a container 2. One or several magnetic wunits serve to' generate the
"magnetic field and the correspondi ng magnetic flux. One or several

addi t i onalThedeliowing-wilibriefly explain the enesatingdneds of the detectinn systesn pecording ¢p thised
by the o%@gﬁomgﬁwﬁwgﬂmeﬁﬁp and on the basis of the sensing

signals received it is possible to determ ne the distance between the
obj ect and these magnetic units as well as the position, size and

di rect ! on e walFARE agRbuid sk G the mERReHEPAHERLbfar, WHEXadleiBH syllBmsstc BRI

can take pgl?,ac_ n s_t_aplg% and/ or ﬁynam_g fas |0E1+'tﬁ1?r'l(l)ug é?g‘?t er%gtsi ng'cgl el'ds,

variabl e ﬁ?é’l"‘él ipvention MMERSWGE anr 3Rl e‘_’lﬂﬁl efr arwgnvgm@hape, orientation, POS“'OH and

magnet i c- igegmery Withincd 'rﬁ&bn@&giléth'gfenumtéé in€idé gohtﬁinleh@ b%rBrfs%er'aFﬁ-la@HEﬁ‘c of

a permanent magnet or electrically powered and control l'ed coil. The

[ Fpgnet i c- MR §eENISI GRNERRIg ribe  rpagnetic dield: and e soresnondingegaenstie fiuxyOne or

produced isgverhiPaddiiondf HiagRetRBRIRY aptlrEithe nRigRBRONISx HA/haE teBn modified by the
object and its movement or location and on the basis of the sensing signals received it is
possible to determine the distance between the object and these magnetic units as well as
the position, size and direction of movement of the object. The magnetic-flux-based
measurement can take place in static and/or dynamic fashion through aliernating fields,
variable field intensity and variable polarity.

The magnetic-field-generating magnetic units may be in the form for instance of a permanent
magnet or electrically powered and controlled coil. The magnetic-field-sensing magnetic units
can measure the magnetic flux produced in static fashion employing Hall elements and/or in
dynamic fashion by way of electromagnetic induction. The configuration and the number of
the magneﬁc-ﬁeld-generating and magnetic-field-sensirig magnetic units are variable, and
especially when coils are used as the magnetic units a switchover between the magnetic-
field-generating and the magnetic-field-sensing mode of the magnetic ‘unils is easily
accomplished.

—

The sensing signals are evaluated using mathematical operations and/or address tags and it
is possible to display them in graphic form on a display monitor per fig. 5, showing the shape
and position of the object under analysis.

The magnetic units can be arranged in a circular or other configuration in one or several
planes and they are typically interconnected via a magnetically conductive or magnetizable
material. The multiplicity of the different magnetic units and their utilization for generating or

sensing and measuring magnetic fields produce magnetic flux patterns between all
associated magnetic



dynam c fashi-on by way of el ectronmagnetic induction. The configuration and
the nunber of the magnetic-field-generating and magneti c-fi el d-sensi ng
magnetic units are variable, and especially when coils are used as the
magnetic units a swtchover between the nagnetic- field-generating and the
magnetic-fiel d-sensing node of the nmagnetic units is easily acconplished.
The sensing signals are eval uated using mat hemati cal operations and/ or
address tags and it is p033|ble to display themin graphic formon a

di spl ay PYBEKWS ig. 5, showing the shape and position of the object
under anaP(}yEé’m é-’ﬂmgnetl c units can be arranged in a circular or other
configuration in one or several planes #nd they are typically
~interconnected via a magnetically conductive or magneti zable material. The
multiplicity of the different magnetic units and their utilization for
generating or sensing and neasuring magnetic fields produce magnetic fl ux
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Clainms 1: Detection system (1) for sensing an object (3) in notion relative
especially to a tubular container (2). with at | east one
magneti c-fi el d-generating and magnetic-field-sensing magnetic unit (5 -
11) associated with the container (2) and/or object (3), and with at |east
one evaluation device (12) connected to the magnetic units (5 11) for

recei ving sensing signals fromthe magnetic units, characterized in that

t he maxi mum magnetic flux (13) of the magnetic units (5 - 11) runs

essenti al lﬂiog rgendi cular to the direction (14) of the relative nnverrenf
bet ween t E%HG %3) and the container (2). 2. Detection systemas in
claimil, PEIERMESIBEY in that the object (3) consists at least in part of

- a magnetic material. 3. Detection systenmffas in claim! or 2, characterized
in that the magnetic units (5 - 11) are positioned in an inside-surface
_area (15) of the container (2). 4. Detection systemas in at |east one of
t he above clainms, characterized in that the magnetic units (5-11) are
positioned in at |east one orientation&laimsane (16) perpendicular to the
direction of relative novenent (14). 5. Detection systemas in at |east one
of the above clains, characterized in that the nmagnetic units (5 - 11) are
posi ti oned. iDetestios rsyskero ()| fopsensing 4ri Gbjecth(3} lin anotion pelativk eéspecially o attliBular

di rection . | VE.¢ e 4) and.ext end perpendi cular to sajd
i v ot oncdtabd Tot B ACTRR, brel mStene SiarRERG, 2bd nmagneth- fek-pensing
one of thmagheticamit|(a d) assoeiatedtwith the dontaineh(2) ahtver objac{(8), bﬁd;*“‘h}aé leastonkl)
is switchghle. netic-field generation,an netic-field .
sensi ng. %‘l&%%‘%ﬁ%@ (%M%L"lig7 ngtic 58?%@? .gp'r%e&cémngssﬁ"ﬁ'"ats'qr@g‘st
0)1e of t hfrorabthe emagreaticsunitsh ehacicterizeedin thdlha_é'fhbﬂmum magnetic flux (13) of the
magnetic units (5 - 11) runs essentially perpendicular to the direction (14) of the relative
movement between the object (3) and the container (2).

2. Detection system as in claim 1, characterized in that the object (3) consists at least in
part of a magnetic material.

3. Detection system as in claim 1 or 2, characterized in that the magnetic units (5 - 11) are
positioned in an inside-surface area (15) of the container (2).

4. Detection system as in at least one of the above claims. characterized in that the

magnétic units (5-11 ) are positioned in at least one orientational plane (16) perpendicular to
*5.'.) the direction of relative movement (14).

5. Detection system as in at least one of the above claims, characterized in that the
magnetic units (5 - 11) are positioned in orientational planes (16) which are spaced apart in
the direction of relative movement (14) and extend perpendicular to said direction of relative
movement (14). '

6. Detection system as in at least one of the above claims, characterized in that the

magnetic unit (5 - 11) is switchable between magnetic-field generation and magnetic-field
sensing.



magneti c-field-generating magnetic unit (5 - 11) is a permanent nagnet. 8.
Detection systemas in at |east one of the above clains, characterized in
that the nmgnetic unit (5 - 11) is an electrically powered coil, (17). 9.
Detection systemas in at |east one of the above clains, characterized. in
that the nmagnetic-field sensing unit (5 - 11) is a nagnetlc field sensor
and in particular a Hall element. 10. Detection systemas in at |east one
of the above clainms, characterized in that a nmagnetic attenuation can be.
det ect ed W6 64)86 pﬁpnetlc field-sensing nmagnetic unit (5 - 11). 11.
Det ect i onpgy .at |east one. of the above cl ai ms, characterized in
that the nmagnetic un|t (5 =11) |ncorpor tes a nagnetlzable material . 12..
- Detection systemas in at [east one of e -above clainms, characterized in
that the nagnetic units (5 - 11) are interconnected by neans of a
_magnetizable material. , 13. Detection systen1as In at |east one of t he

above cl aract rlzed th t the netlc unit (5 -

posi t i on? ms‘?Ft%‘g "b@Fe'"(“l a’gr?ﬂﬁ %H'el b%eﬂem& 6ﬁ'ﬁé?°‘f’8‘d Tﬂ"‘at the
Det ect i onnagmmmsgenem‘nglmbww ©f- 1t1?1 Ppérrfanehthagnetchar acteri zed in
that a nunber of magnetic units (5 - 11) are nounted On a magnetic
detection insert (20) which can be inserted in a circunferential recess

(21) on tde Derdtion syéfem ok ihha lé&ﬂtéHenSf tHeZAbo\)éQIQH@%ﬁactf’ dfﬁpiﬁaﬁ%?

18 15. Detection systemas in at |east one ' of the above c

char acter'f‘m"FHmer’h Tygan elgatisallynowersd ol 1Ok t he obj ect (3) are
essentially tubular in design and/or are guided one. inside the other. 16.
Det ecti on Séstem as |n at | east one. of the above clains, characterized in

{that the? PR System agon-atileastiang of the aboveorleims. characerizedein that/ the
‘Hel i cal , | ] in
AR S BN s oA A i

at Ieast one of the above ¢

10. Detectnon system as in at least one of the above clalms characterized in that a
magnetic attenuation can be detected by the magnetic-field-sensing magnetlc unit (5 - 11).

11. Detechon system as in.at least one of the above claims, charactenzed in that the
magnetic unit (5 - 11) incorporates a magnetizable material.

12.. Detection system as in at least one of the above ciaims, characterized in that the
magnetic units (5 - 11) are interconnected by means of a magnetizable material.. -

) - 13. Detection system as in at least one of the above claims, characterized in that the
magnetic unit (5 - 11) is positioned in a radial bore (19) provided in the container (2).

14. Detection system as in at least one of the above claims, characterized in that a number
of magnetic units (5 - 11) are mounted on a magnetic detection insert (20) which can be
inserted in a circumferential recess (21) on the inside (15) of the container (2).



(22) is mounted on an annular insert (23). 18. Detection systemas in at

I east one of the above clains, characterized in that electrical wres (24
- 27) are attached to the ribbon-shaped magnetic unit (5 - 11) for
supplying power to and/or collecting signals fromthe ribbon-shaped
magnetic unit (5 - 11). 19.. Detection systemas in at |east one of the
above cl ai ns, characteri zed in that the magnetic detection insert (20) js
"provided with winding stenms (28) for. electrical coils (17). 20. Detection
systemas in at | east one of the above clains, characterized in that the
eval uat i orW@A1/8&1612) i ncorporates a menory nodul e (29) and/or a display
unit (30) RPCHERPYOBEIMits connection to a conputer (31). 21. Detection
systemas in at |least one of the above cl&8ins, characterized in that a
magnetic axis (32) of the magnetic unit (5 - 11) points to an axis of
symmetry (34) extending in the longitudinal direction (33) of the
“container (2). 22. Detection systemas in at |east one of the above clains,
char act er i #d Detectibmtsy$stgmnasiive at dfast bee of dhel aboven cldis, ahafd@yrized insthat the

possi bl e to deter ﬂgreqtgh o esﬁg@f a?eg%és%ntlg@sfubulgp maggélé)r{ andlof & 5R8edone

nmovenent afof
inside the other.

16. Detection system as in at least one of the above claims, characterized in that the
magnetic unit (5 - 11) features a continuous ramified and/or helical, electrically conductive
() ribbon (22). ' '

17. Detection system as in at least one of the above claims, characterized in that the ribbon
(22)is mounted on an annular insert (23).

18. Detection system'as in at least one of the above claims, characterized in that electrical
wires (24 - 27) are attached to the ribbon-shaped magnetic unit (5 - 11) for supplymg power to
and/or collecting signals from the ribbon-shaped magnetic unit (5 - 11).

19 Detection system as in- at least one of the above ciaims, characterized in that the
magnetic detection msert (20) is provaded with winding stems (28) for electrical coils (17).

) 20. Detection system as in at least one of the above claims, characterized in that the
evaluation device (12) incorporates a memory module (29) and/or a display unit (30) and/or
permits connection to a computer (31).

~ 21. Detection system as in at least one of the above claims, characterized in that a
magnetic axis (32) of the magnetic unit (5 - 11) points to an axis of 'symmetry (34) extending
in the Iongitudinai direction (33) of the container (2).

22. Detection system as in at least one of the above claims, characterized in that by means
of the evaluation device (12) it is possible to determine the presence and/or position and/or
direction of movement and/or size of the object (3).




