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ity change in the characteristic signal. The stop signal is used to disable
the position counter which BACKGROUND OF THE INVENTION
was being incremented during the scanning. Thus, the contents of the
position counter when stopped This invention relates to a method and
appara-   5   represent the location of the coil with respect to the tus
for determining the position of a coil relative to  X group of conductors,
and are loaded into an a grid of spaced conductors, such as those in-
output register. The position counter is then reset, volved in so-called
pen digitizer systems, and more  and the conductors of the Y group are
scanned in a particularly, digitizer systems which achieve high  similar
manner to load the output register with a resolution with substantial
reductions in compo-   10  second digital number representing the location
of nents and cost.                                    the coil with respect
to the Y group of conductors. Various high resolution digitizer systems,
which    U.S. Patent No. 4,423,286 to Gary A. Bergeron translate a position
of a movable instrument, such  discloses a digitizer system which, like
that dis- as a pointer or pen, into electrical signals for trans-  closed
in the Rodgers patent, utilizes a coil in a mission to a local or remote
utilization device, are  is  pen to induce signals in an X and Y grid of
spaced well known in the art.                             conductors. In
the Bergeron system, however, the U.S. Patent No. 4,210,775 to James L.
Rodgers   conductors of the grid are not scanned sequentially et al
discloses a digitizer system in which a pen  to locate the coil. Instead,
addressable multiplexer having a coil disposed within its tip is utilized
in  circuitry in the Bergeron system first couples the conjunction with a
support surface having an active   20  center conductor of the X group to
detection cir- area defined by a grid of conductors. The grid      cuitry
which detects the polarity of the signal in- includes a group of parallel
spaced conductors     duced therein. From this polarity and the above-
oriented in an X direction and a group of parallel  noted principles of
electromagnetic theory, a deter- spaced conductors oriented in a Y
direction. An     mination is made whether the coil is to the right or
oscillator applies an AC signal of predetermined   25  to the left of the
center conductor. The multiplexer frequency and amplitude to the coil. The
coil signal  circuitry then couples to the detection circuitry the is
inductively coupled to the conductors of the grid,  center conductor of the
half section (right or left) in thereby inducing AC electrical signals in
the con-  which the coil is known to be located. Again, from ductors.
the polarity of the signal induced in that conductor, In accordance with
the well known principles of  30   a determination is made as to the
particular quarter electromagnetic theory, the magnitude and phase
section in which the coil is located. Additional sam- of the signals
induced in the grid conductors de-  plings aretaken in the same fashion
until it is pend on the location of the conductors relative to  ascertained
that the coil lies between two adjacent the coil. Generally, the signals
from the conductors  X group conductors. will have a zero magnitude at the
center of the coil  35  The precise position of the coil between the and
maximum magnitude at the coil's periphery.     two adjacent X group
conductors is then deter- Further, the phase of the signals on one side of
the  mined by examining the respective magnitudes of coil will be the
reverse of [err] displaced from) the  the signals induced in the adjacent
conductors. ase of the signals on the other side of the coil.
Specifically, a ratio of these signal magnitudes is The  grid conductors in
each group are scanned   40  formed which identifies the precise X location
of sequentially through the use of multiplexer circuitry  the coil between
the two conductors. to sequentially couple the induced signals to detec-
A like set of samplings and measurements is tion circuitry. A position
counter is incremented in  performed on the conductors of the Y group to
response to the oscillator as the conductors in each  obtain a precise Y
location. group are sequentially scanned.                46      Typically,
the active areas of digitizer systems The detection circuitry includes a
phase sen-   of the above-described types include at least 64 sitive
detector and associated circuitry for generat-  separate conductors in the
X group and 64 sepa- ing a characteristic signal that changes polarity in
rate conductors in the Y group. Conventional mul- response to a reversal in
the phase of the induced  tiplexers have either eight or 16 switchable
inputs. signals as the conductors are scanned. As noted   so   Thus, at
least 4 multiplexers (or eight, depending above, the phase of the induced
signals reverses,  upon multiplexer type used) are required for cou- and
thus the polarity of the characteristic signal  pling the conductors of the
X group to the detec- changes, as one steps from a conductor on one
tion circuitry, and an additional four (or eight) mul- side of the coil to
a conductor on the other side of  tiplexers are required for coupling the
conductors the coil. This polarity change in the characteristic  55  of the
Y group to the detection circuitry. The need signal can thus be used to
locate the coil relative to  for plural multiplexers for each conductor
group in the conductors. The detection circuitry generates a  the digitizer
grid adds considerably to the cost and stop signal that is coincident in
time with the polar-  complexity of design of such systems. 2    
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an apparatus for deter-  tiplexers. This reduction in conductors and compo-
mining the position of a coil with respect to an  nents substantially
reduces the cost of the digitizer active area, comprising:
system, while maintaining the high resolution and (a) a grid of conductors
defining said active   accuracy of existing systems. area, said grid
including a first group of n par-   5  The conductor loopback digitizer of
US-A- allel, spaced conductors oriented in an X direc-  4835347 preferably
operates similarly to that dis- tion and a second group of parallel, spaced
closed in the above-referenced Bergeron patent, by conductors oriented in a
Y direction, each of   first coarsely locating an inducing coil as being
said groups including a first set of conductors  somewhere between two
adjacent conductor seg- and a second set of conductors, said first sets  10
ments by sampling the phase of the signals in- including a predetermined
number of conductors  duced therein, and then precisely locating the coil
that are looped back and forth across said active  between the two adjacent
conductor segments by area a plurality of times so as to provide a
forming a ratio of the respective magnitudes of plurality of crossing
conductor segments;       such signals. The result is a relatively simple,
low (b) means for exciting said coil to induce elec-  15  cost digitizer
system capable of very high resolu- trical signals in said conductors, said
induced  tion position determination. signals having a magnitude and
polarity depend-    In a typical conductor loopback digitizer, adja- ing on
the position of said coil relative to said  cent conductor segments are
spaced from one conductors;                                     another by
about 0.4 inch (10.2mm) or less. Thus, (c) means for detecting the induced
signals; and   20  it is possible to span an active area in either the X
(d) switching means for selectively switching   or Y direction  extending
about 25.2 inches said conductors to either                       (640mm)
(63 spaces times 0.4 inch (10.2mm) using i. said detecting means; or
16 conductors and one 16-input multiplexer. Often, ii. said exciting means.
digitizer systems require active areas larger than In US-A-4835347, a
digitizer system  of im-  25  this. In such large area systems, either the
spacing proved design is disclosed. That system utilizes a  between
adjacent conductor segments must be conductor loopback arrangement which
substan-     increased, or additional conductors and additional tially
reduces the number of conductors required to  multiplexers must be used. In
the former case, span a given active area, and substantially reduces
accuracy is sacrificed, while in the latter case, the number of
multiplexers required to handle such   30  costs associated with components
and manufactur- conductors.                                       ing
increase. In accordance with the invention disclosed in     The present
invention is aimed at providing a that application, the grid active area is
divided into  novel digitizer conductor grouping and looping ar- a
plurality of sections, and conductors are looped  rangement which
accommodates large grid active back and forth across the active area so
that each   35  areas without sacrificing accuracy or significantly
conductor has a segment passing through each of   increasing component or
manufacturing costs. the sections. One end of each conductor is ground-
In accordance with the present invention, an ed so that each crossing
conductor segment has    apparatus is provided having the features of claim
an "unexcited" or "directional" polarity defined in  1. Because the number
of conductors in each set reference to its grounded end. The conductors are
40  is different, the positional relationships of the in- passed through
the sections in a predetermined    dividual conductors in the sets shift as
one moves order so that the combination of the directional  across the
grid. Also, because the conductors in polarities of adjacent conductor
segments is dif-  each set are looped back and forth across the grid,
ferent in each section. Due to these known, but   the directional
polarities of the crossing conductor different directional polarities, each
section of the   45  segments in each set shift (i.e., reverse) from one
grid active area is uniquely identifiable even though  crossing of the set
to the next crossing of the set. handled by the same conductors.
Consequently,     These shifting positional and directional polarity the
number of separate conductors in each con-    relationships permit induced
signal processing cir- ductor group required to span the active area is
cuitry to identify uniquely the two conductor seg- reduced. Also, the
number of multiplexers required   50  ments which encompass a coil using a
straightfor- to couple such conductors to induced signal detec-  ward
sequential scanning approach. Precise coil tion circuitry is reduced. Thus,
for example, by  location between the segments can be achieved looping the
conductors in pairs through four equally  using a signal ratio approach.
sized quarter sections of the grip active area, 16   In the illustrative
embodiment of the invention conductors in each group can be used to span
the   55  described hereinbelow, the X and Y conductor same active area
that formerly required 64 conduc-  groups are each comprised of two sets of
conduc- tors, and one 16-input multiplexer can be used for  tors, with the
first set consisting of eight conductors each group that formerly required
four such mul-  and the second set consisting of seven conductors. 3    



5                 EP 0 356 496 B1                     6 These sets are
looped and interleaved across the   upon whether a square, rectangular or
other shape grid active area as described above, with adjacent  is desired
for the grid active area 10. A coil 18, conductor segments being equally
spaced from       illustratively disposed in the tip of a pen or pointer
[err] another by 0.4 inch (10.2mm). With this ar-     (not shown), is
movable relative to the grid. The rangement, unique positional and
directional polar-   5   function of the digitizer system is to identify
the ity relationships between the individual conductor  position of the
coil 18 on the grid precisely. This is segments of the sets are obtained
for up to 14     accomplished in the preferred embodiment de- crossings of
the first set, permitting one to span a  scribed herein by applying an AC
signal to the coil grid active area dimension up to 89.6 inches        18
and by analyzing the electrical signals induc- (2276mm) (14 first set
crossings times 16 spaces   10  tively coupled to the conductors of the
grid by the per first set crossing times 0.4 inch (10.2mm) per  coil 18.
space). This is more than three times the grid         In the preferred
embodiment, the X group con- active area span achievable with the basic
loop-    ductors are configured identically to the Y group back arrangement
disclosed in US-A-4835347.        conductors, except for the fact that the
Y group Also, since the total number of conductors in each   15  conductors
are oriented at 90 degrees to the X X and Y group is only 15 (eight in the
first set and  group conductors to form the grid. Because of this, seven in
the second set), the necessary conductor  only the X group conductor
configuration will be switching can be handled by a single 16-input
described in detail. multiplexer for each group.
The X group conductors include a first set and 20   a second set of
conductors. The first set of con- Brief Description of the Drawing
ductors consists of eight conductors labelled 1 through 8 in Fig. 1 which
are looped back and forth The foregoing and other features and advan-
across the grid active area 10. The second set of tages of the invention
will be better understood    conductors consist of seven conductors
labelled A from the following detailed description taken with  25  through
G in Fig. 1 which are also looped back and the accompanying drawing in
which:                  forth across the grid active area 10 and
interleaved Fig. 1 is an illustration of a shifting wire se-  between the
crossing conductor segments of the quence digitizer system  conductor grid
em-      first set, so that the segments alternate from one bodied in
accordance with the invention;         set to the other as one moves across
the grid Fig. 2 illustrates circuitry for detecting electrical  30  active
area 10. As shown in Fig. 1, one end of each signals induced in the
conductors of the grid of  of the conductors in each of the first and
second Fig. 1 and for digitizing such signals for further  sets is
connected to ground, while the other end of processing;
each of the conductors in the two sets is connected Fig. 3 illustrates
circuitry including microproces-  to one of the input gates of an
X-multiplexer 22. sor means for processing the digitized signals  35   The
X-multiplexer 22 is capable of switching any developed by the circuitry of
Fig. 2 and for     selected one of the conductors connected to its
controlling multiplexer means shown in Fig. 1    inputs to signal
processing circuitry to be de- during the sampling of the conductors of the
scribed later. digitizer system grid; and                           As
noted earlier, the unexcited or directional Fig. 4 is a generalized flow
chart illustrating the   40  polarity of each conductor segment in each set
Is operation of the microprocessor means of Fig. 3.  defined with reference
to its grounded end. For purposes of this description, it will be assumed
that Detailed Description Of Preferred Embodiment       a conductor segment
that has its lower end, as seen in Fig. 1, grounded has a positive
directional Referring now specifically to the drawing, and   45  polarity.
A segment with its upper end grounded initially to Fig. 1 thereof, there is
shown a shifting  has a negative directional polarity. The arrow just wire
sequence digitizer conductor grid embodied in  to the left of and near the
lower end of each accordance with this invention. The grid, which
conductor segment in Fig. 1 indicates its directional defines a digitizer
active area 10, is comprised of a  polarity. first group of conductors
having a number n of  50     It will be appreciated from Fig. 1 that, as
one parallel, equally spaced conductor segments ori-    moves across the
grid active area 10, the individual ented in an X direction (vertically in
Fig. 1), and a  conductors in the first and second sets shift in second
group of conductors having a number m of     position relative to one
another. For example, at the parallel, equally spaced conductor segments
ori-   extreme left of the active area 10, conductor A of ented in a Y
direction (horizontally in Fig. 1). The   55  the second set is to the
immediate right of conduc- total number n of conductors in the X group may
or  tor 1 of the first set. In their next crossing, conduc- may not be
selected to be equal to the total num-  tor A of the second set is to the
immediate left of ber m of conductors in the Y group, depending
conductor 1 of the first set. This positional shifting, 4    



7                 EP 0 356496 B1                    8 which is due to the
fact that each set includes a  interleaving with the second set conductors,
there different number of conductors, continues all the  are a total of 16
spaces between adjacent conduc- way to the extreme right of the active area
10.   tor segments in each first set crossing. Conse- It will also be
appreciated from Fig. 1 that, in  quently, a total of 224 spaces (14 times
16) can be the first crossing of conductors 1-8 of the first set   5
achieved before the pattern repeats itself. If the and conductors A-G of
the second set, the direc-  spacing "d" between adjacent conductor segments
tional polarities of the crossing segments are all  is 0.4 inch, the active
area span achievable is 89.6 positive. In the second crossing of the
conductors  inches, which is more than three times the active of both sets,
the directional polarities of the cross-  area span achievable under
comparable conditions ing segments are all negative. The directional  10
with the basic loopback arrangement disclosed in polarities of the
conductors in each set continue to  copending patent application Serial No.
026,217. shift back and forth (i.e., reverse) with each succes-  Also,
since the total number of conductors in each sive crossing.
X and Y group is only 15, the necessary switching The positional and
directional polarity relation-  functions can be achieved with only one
16-input ships between the conductors of the first and sec-  15
multiplexer for each group. ond set are unique for a total of 14 crossings
of the  Fig. 2 illustrates circuitry for detecting the AC first set and 16
crossings of the second set. In a  electrical signals induced in the
conductors of the 15th crossing of the first set and 17th crossing of  grid
active area 10 by the coil 18. As shown in Fig. the second set, the
positional and directional polar-  1, the X-multiplexer 22 and a
corresponding Y- [err] relationships are the same as in the first cross-
20  multiplexer 24 for the Y group conductors have ing of the two sets.
These unique relationships   outputs 32 and 34, respectively. These outputs
32 enable signal processing circuitry to handle each  and 34 are connected
to input 36 of the detection crossing segment in each set as if it were a
sepa-  circuitry of Fig. 2. As noted earlier, the multiplexer rate and
distinct "wire".                         22, when enabled, selects one of
its 16 inputs 0 When the coil 18 is excited by an AC signal, it  25
through 15 for coupling to its output 32, and thence will induce a large
magnitude signal in the conduc-  to the input 36 of the circuitry of Fig.
2. In this tor segment to its immediate left and a large mag-  embodiment,
input 1 to the multiplexer 22 is not nitude signal of opposite phase in the
conductor  used since the grid includes only 15 conductors. segment to its
immediate right. When these AC     Similarly, the multiplexer 24, when
enabled, selects signals are processed so as to produce DC vol-  30  one of
its 16 inputs 0 through 15 for coupling to its tages of proportional
magnitude and polarities    output 34, and thence to the input 36 of the
cir- which are determined by their phase relative to the  cuitry of Fig. 2.
Thus, each conductor in the X AC coil voltage, the result is a large
positive volt-  group and Y group of the grid can be separately age on the
segment to the left of the coil 18 and a  coupled to the detection
circuitry of Fig. 2 so that large negative voltage on the segment to the
right  35  the AC signal induced therein by the coil 18 can be of the coil
18. Normally, this transition is from a  analyzed. large positive for the
segment on the left of the coil  The AC signal coupled to input 36 is first
18 to a large negative for the segment on the right  passed through an
amplifier and filter circuit 40 of the coil 18. However, the directional
polarities of  which provides the proper operating signal levels the
conductor segments affect the polarities of the   40  for the system  and
filters out noise and other processed signals. The two conductor segments
unwanted signal components. The output of the that encompass the coil 18
can be identified by   amplifier and filter circuit 40 is applied to a syn-
sequentially scanning the conductors from the two  chronous demodulator 42
which converts the input sets in an interleaved order which alternates be-
AC signal to a DC signal. As discussed more fully tween the first set and
the second set, adjusting   45  below, the demodulator 42 is synchronized
with the the polarities, where appropriate, to account for the  AC signal
used to excite or drive the coil 18. The shifts in the directional
polarities of the segments,  DC signal that is outputted by the synchronous
and searching for the point where the detected    demodulator 42 has a
voltage that is proportional to signals transition from a large magnitude
positive to  the amplitude of the AC signal that is applied to the a large
magnitude negative. Once the two conduc-  so  input 36, and a polarity that
corresponds to that tor segments that encompass the coil 18 are iden-
signal's phase. tified, the coil 18 can be more finely located be-    The
output of the synchronous demodulator 42 tween the two segments using a
signal magnitude   is biased so as to yield a unipolar voltage and then
ratio approach.                                   applied to an
analog-to-digital converter such as As noted, the conductors of the first
set can be   55  the voltage-to-frequency converter 44 shown in the looped
across the grid active area 10 a total of 14  example  of Fig. 2. The
converter 44 converts the times before the positional and directional
polarity  biased DC voltage output from the demodulator 42 pattern of the
two sets repeats itself. Due to the  to a variable frequency signal FREQ.
The frequen- 5    



9                 EP 0 356 496 B1                    10 cy of the signal
FREQ deviates from a predeter-    segments of that five wire group. Once
this coarse mined value in proportion to the DC voltage at the  location
determination is made, the microprocessor output of the synchronous
demodulator 42, with the  50 generates a ratio of the magnitudes of the
magnitude of the deviation being proportional to  signals induced in the
two particular conductor the voltage, and the direction of the deviation
cor-   5   segments encompassing the coil 18. This ratio is responding to
its polarity. The signal FREQ is     used by the microprocessor 50 to
interpolate the coupled to the circuitry shown in Fig. 3 for further
distance between the two segments, and thereby processing.
to precisely locate the position of the coil 18 there- In the circuitry of
Fig. 3, a microprocessor 50 is  between. suitably connected to, and
programmed to control  10   The serial output of the microprocessor 50 at
the sampling of the conductors of the grid. The    pin 11 is indicative of
coil position, and is coupled outputs of the microprocessor 50 at pins 1
through  to a transmitter circuit 68 to enable transmission of 4 are
address signals which are coupled to address  such data to auxiliary
equipment such as a com- inputs (not shown) to the X-multiplexer 22 and Y-
puter, video display, or the like. multiplexer 24 of Fig. 1. The
microprocessor 50   15   Other details of the circuitry will be evident to
also has outputs at pins 8 and 39 which are re-    those skilled in the art
from the integrated circuit spectively coupled to an X-enable input (not
designations, signal labels and connections and shown) of multiplexer 22
and Y-enable input (not   other specific information provided by way of il-
shown) of multiplexer 24. When the microprocessor  lustration in Figs 2 and
3. [err] emits an X-enable signal, it enables multiplexer  20  Fig 4 is a
generalized flow chart illustrating the [err] and disables multiplexer 24.
Similarly, when the  operation of the microprocessor 50. The micropro-
microprocessor 50 emits a Y-enable signal, it en-  cessor 50, and the
circuit components which it ables multiplexer 24, and disables multiplexer
22.  controls, are first initialized in preparation for the The address
signals specify the selected one of    search for the coil 18. This is
followed by the the multiplexer inputs 0 through 15, and thus the   25
enablement of X-multiplexer 22 and by a scan selected one of the
conductors, that is coupled to  sequence which involves a sequential
scanning of the input 36 of the detection circuitry of Fig. 2.  the
conductors of the first and second sets in the X An oscillator 52 controls
the timing of the     group in an interleaved manner, i.e., alternating
microprocessor 50, enabling it to generate various  between a given
conductor from the first set and a timing signals to control the other
components in  30  given conductor from the second set. Thus, input 0 the
circuitry of Fig. 3. For example, the output of  of multiplexer 22 is
enabled first to sample conduc- the microprocessor 50 at pin 30 is divided
down in  tor 1 of the first set, followed by input 3 to sample frequency by
counter 64 and then counter 58 to     conductor A of the second set,
followed by input 2 generate the AC signal XDFREQ which is used to     to
sample conductor 2 of the first set, followed by drive the coil 18 and as
the phase reference signal  35  input 5 to sample conductor B of the second
set, for the synchronous demodulator 42.                and so on. The
signal FREQ from the voltage-to-frequency      After the first pass through
the conductors of converter 44 of Fig. 2 is inputted to the counter 58
each set, the microprocessor 50 will sample the Fig. 3. The counter 58
operates in conjunction  conductors in alternating order a second time but
with a counter internal to microprocessor 50 at pin  40  for the second
pass, will reverse the polarities of 14 to generate digital numbers
indicative of the   the detected signals to account for the fact that the
phase and magnitude of the induced signals de-     directional polarities
of the second crossings of tected by the detection circuitry of Fig. 2. The
each set are negative. Indeed, for each even-num- microprocessor 50
utilizes these digital numbers In  bered crossing, the polarities of the
detected sig- the sampling of the conductors of the grid to locate  45
nals are reversed, while for each odd-numbered the coil 18 relative to the
grid. As explained in  crossing, the polarities are maintained as is. more
detail below, the microprocessor 50 changes       The microprocessor 50
continues this sequen- the polarities represented by the digital numbers,
tial sampling procedure until it determines that it where appropriate, to
account for the shifting direc-  has located a group of five conductor
segments tional polarities of the conductor segments of the   50   wherein
the first two conductor segments have a first and second sets as they are
sequentially    large magnitude positive signal and the last two scanned.
Once the microprocessor 50 finds a five   conductor segments have a large
magnitude nega- conductor segment group wherein one conductor      tive
signal, and has thus coarsely located the coil segment is preceded by two
large positive signal   18 within one wire spacing of the center of the
five conductor segments and followed by two large   55  conductor segments.
In the example shown in Fig. negative signal conductor segments, it
coarsely    1, the microprocessor 50 will locate the above locates the coil
18 as being somewhere between     described polarity sequence pattern after
sampling the last positive and the first negative conductor  conductors
C,3,D,4 and E for the second time. 6    



11                 EP0356496B1                         12 As noted earlier,
the preferred embodiment is    quence in which the conductors appear on the
grid, adapted to precisely locate the coil 18 between the  the stored
voltages could be sequentially reviewed two immediately adjacent conductor
segments us     thereby saving acquisition time. ing a ratio technique. In
this respect, the micropro-   Additionally, it will be appreciated that,
while cessor 50 forms a ratio r according to the following    5   the
preferred embodiment involved driving or excit- equation:
ing the coil 18 to induce signals in the conductors of the grid, that
embodiment can be modified to r      A                             one in
which the drive signal is selectively switched A  +  B
by the multiplexers 22 and 24 to respective con- 10  ductors of the grid to
induce signals in the coil 18 which are then detected and processed by the
where A is the magnitude or absolute value of    circuitry of Figs. 2 and
3. the signal on the conductor segment to the imme- diate left of the coil
18, and B is the magnitude or  Claims absolute value of the signal on the
conductor seg-   15 ment to the immediate right of the coil 18. Absolute
1. Apparatus for determining the position of a coil values are used because
the polarity of the signal      (18) with respect to an active area (10),
com- on the left conductor segment is positive while the     prising:
polarity of the signal on the right conductor seg-        (a) a grid of
conductors defining said active ment is negative. The microprocessor 50
multiples   20     area, said grid including a first group of n that ratio
by the spacing "d" between the two              parallel, spaced conductors
oriented in an X segments. The result is added to the location of the
direction and a second group of m parallel, left segment to obtain a
precise coil position within      spaced conductors oriented in a [err]
direction, the X group, and this precise X position is saved.         each
of said groups including a first set of After clearing and resetting the
circuit compo-   25   conductors (1-8) and a second set of con- nents which
were operated to effect the determina-         ductors (A-G), said first
sets including a tion of the coil 18 relative to the X group, the
predetermined number of conductors that microprocessor 50 disables the
X-multiplexer 22,           are looped back and forth across said active
enables the Y-multiplexer 24 and repeats the above         area (10) a
plurality of times so as to pro- described search routine to obtain a
precise coil  30      vide a plurality of crossing conductor seg- position
within the Y group.                               ments; It will be
appreciated that, with integrated cir-      (b) means for exciting either
cuit components of the type illustrated in Figs 2            i. said coil
(18) to induce electrical sig- and 3, all of the above described operations
can be          nals in said conductors, or carried out at very high
speeds, so that the coil 18  35     ii. selected ones of said conductors to
is precisely located relative to the grid active area        induce
electrical signals in said coil (18), 10 within fractions of a second.
Specific micropro-          said induced signals having a magnitude cessor
program implementations of the generalized            and polarity
depending upon the position flow chart of Fig. 4 will be readily apparent
to those        of said coil relative to said conductors; skilled in the
art.                            40         (c) means for detecting the
induced signals; It should be understood that the above-de-             and
scribed embodiment is intended to illustrate rather       (d).switching
means (22, 24) for selectively than limit the invention. Various
modifications to the     switching said conductors to either specifically
disclosed circuitry and generalized flow        i. said detecting means, or
chart will suggest themselves to those skilled in the   45   ii. said
exciting means, art.
characterized in that said second sets in- For example, the use of eight
and seven con-           clude a predetermined number of conduc- ductors,
respectively, in the first and second sets is    tors that is different
from the number of simply one example of many other possible com-
conductors in said first set, said second set binations and was illustrated
for its applicability to a   so  conductors being looped back and forth
16-input multiplexer. Nine and seven conductors            across said
active area (10) between said also work as well as other combinations such
as 17         first set conductors so as to provide a plu- and 15 with a
32-input multiplexer and 5 and 3 with       rality of second set crossing
conductor seg- an 8-input multiplexer.
ments alternating with said first set crossing Also if sufficient memory is
available in the   55     conductor segments. microprocessor, the voltage
of all the conductors could be acquired and stored in memory. Then
2. The apparatus of claim 1, wherein said exciting rather than reacquiring
the voltages in the se-         means comprises means for exiting said coil
7    



11            EP 0 356 496 B1               12 As noted earlier, the
preferred embodiment is   quence in which the conductors appear on the
grid, adapted to precisely locate the coil 18 between the  the stored
voltages could be sequentially reviewed two immediately adjacent conductor
segments us-    thereby saving acquisition time. ing a ratio technique. In
this respect, the micropro-  Additionally, it will be appreciated that,
while cessor 50 forms a ratio r according to the following   5   the
preferred embodimerft involved driving or excit- equation:
ing the coil 18 to induce signals in the conductors of the grid, that
embodiment can be modified to [err]                          one in which
the drive signal is selectively switched by the multiplexers 22 and 24 to
respective con- 10  ductors of the grid to induce signals in the coil 18
which are then detected and processed by the where A is the magnitude or
absolute value of   circuitry of Figs. 2 and 3. the signal on the conductor
segment to the imme- diate left of the coil 18, and B is the magnitude or
Claims absolute value of the signal on the conductor seg-   15 ment to the
immediate right of the coil 18. Absolute  1. Apparatus for determining the
position of a coil values are used because the polarity of the signal
(18) with respect to an active area (10), com- on the left conductor
segment is positive while the    prising: polarity of the signal on the
right conductor seg-        (a) a grid of conductors defining said active
ment is negative. The microprocessor 50 multiples   20     area, said grid
including a first group of n that ratio by the spacing "d" between the two
parallel, spaced conductors oriented in an X segments. The result is added
to the location of the      direction and a second group of m parallel,
left segment to obtain a precise coil position within     spaced conductors
oriented in a [err] direction, the X group, and this precise X position is
saved.        each of said groups including a first set of After clearing
and resetting the circuit compo-   25  conductors (1-8) and a second set of
con- nents which were operated to effect the determina-        ductors
(A-G), said first sets including a tion of the coil 18 relative to the X
group, the          predetermined number of conductors that microprocessor
50 disables the X-multiplexer 22,          are looped back and forth across
said active enables the Y-multiplexer 24 and repeats the above        area
(10) a plurality of times so as to pro- described search routine to obtain
a precise coil  30     vide a plurality of crossing conductor seg- position
within the [err] group.                              ments; It will be
appreciated that, with integrated cir-    (b) means for exciting either
cuit components of the type illustrated in Figs 2           i. said coil
(18) to induce electrical sig- and 3, all of the above described operations
can be         nals in said conductors, or carried out at very high speeds,
so that the coil 18   35   ii. selected ones of said conductors to is
precisely located relative to the grid active area       induce electrical
signals in said coil (18), 10 within fractions of a second. Specific
micropro-         said induced signals having a magnitude cessor program
implementations of the generalized           and polarity depending upon
the position flow chart of Fig. 4 will be readily apparent to those     of
said coil relative to said conductors; skilled in the art.
40        (c) means for detecting the induced signals; It should be
understood that the above-de-            and scribed embodiment is intended
to illustrate rather      (d) switching means (22, 24) for selectively than
limit the invention. Various modifications to the    switching said
conductors to either specifically disclosed circuitry and generalized flow
i. said detecting means, or chart will suggest themselves to those skilled
in the   45  ii. said exciting means, art.
characterized in that said second sets in- For example, the use of eight
and seven con-          clude a predetermined number of conduc- ductors,
respectively, in the first and second sets is   tors that is different from
the number of simply one example of many other possible corn-
conductors in said first set, said second set binations and was illustrated
for its applicability to a   50  conductors being looped back and forth
16-input multiplexer. Nine and seven conductors           across said
active area (10) between said also work as well as other combinations such
as 17       first set conductors so as to provide a plu- and 15 with a
32-input multiplexer and 5 and 3 with      rality of second set crossing
conductor seg- an 8-input multiplexer.
ments alternating with said first set crossing Also if sufficient memory is
available in the   55    conductor segments. microprocessor, the voltage of
all the conductors could be acquired and stored in memory. Then        2.
The apparatus of claim 1, wherein said exciting rather than reacquiring the
voltages in the se-        means comprises means for exiting said coil 7
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said signals in said conductors,  11. A method for determining the position
of a coil and wherein said switching means (22, 24)          (18) with
respect to an active area (10) defined comprises means for selectively
switching said     by a grid of conductors, the grid including a conductors
to said detecting means.                first group of n parallel, spaced
conductors 5      oriented in an X direction, and a second group 3. The
apparatus of claim 2. wherein said switch-      of m parallel spaced
conductors oriented in a ing means (22, 24) switches said conductors to
[err] direction, each of said groups including a said detecting means
sequentially alternating      first set of conductors (1-8) and a second
set between one of said first set conductors and       of conductors (A-G),
said method comprising one of said second set conductors so as to  10
the steps of: coarsely locate said coil (18) between two ad-        (a)
forming said first sets by looping a pre- jacent crossing conductor
segments.                   determined number of conductors back and forth
across the active area (10) a plurality 4. The apparatus of claim 2 or 3,
further including      of times so as to provide a plurality of means for
generating a ratio of the magnitudes   15   crossing conductor segments; of
the signals induced in said two adjacent           (b) exciting either
crossing conductor segments of said sets so             i. the coil (18) to
induce electrical signals as to precisely identify the position of said
coil      in the conductors, or (18) between said two particular adjacent
con-          ii. selected ones of the conductors to ductor segments.
20           induce electrical signals in the coil (18), the induced
signals having a magnitude 5. The apparatus of claim 4, wherein said ratio
and polarity depending upon the position generating means comprise
microprocessor                of the coil (18) relative to the conductors;
means (50) which also control said switching            and means (22, 24).
25        (c) selectively switching the conductors to either 6. The
apparatus of claim 2, wherein one end of            i. means for detecting
the induced sig- each of said conductors in each of said first
nals; or and second sets is connected to ground, and             ii. means
for exciting the conductors, wherein said switching means (22, 24), com-
30        characterized in that said second sets prises multiplexer means
for selectively switch-        are formed by looping a predetermined ing
the other ends of said conductors to said           number of conductors
that is different detecting means.
from the number of conductors in said first set back and forth across the
active 7. The apparatus of claim 6, wherein each cross-  35        area
(10) between said first set conduc- ing conductor segment has a
predetermined               tors so as to provide a plurality of sec-
directional polarity defined in reference to the        ond set crossing
conductor segments al- grounded end of said conductor of which it is a
ternating with said first set crossing con- part.
ductor segments. 40 8. The apparatus of claim 7, further including     12.
The method of claim 11, wherein said exciting means for selectively
changing the polarities of   step comprises the step of exciting the coil
the detected signals in accordance with the        (18) to induce the
signals in the conductors, directional polarities of said crossing
conductor  and wherein said switching step comprises the segments.
45      step of selectively switching the conductors to the induced signal
detecting means. 9. The apparatus of claim 8, wherein said polarity
changing means comprises microprocessor         13. The method of claim 12.
wherein said switch- means (50).                                        ing
step comprises the step of switching said 50      conductors to the
detecting means sequentially 10. The apparatus of any one of claims 1 to 5,
alternating between one of said first set con- wherein said switching means
(22, 24) com-        ductors and one of said second set conductors prises
multiplexer means for each said con-        so as to coarsely locate the
coil as being ductor group, said multiplexer means having a      between
two adjacent conductor segments. plurality of inputs and an output, and
wherein  55 said multiplexer inputs are sufficient in number  14. The
method of claim 12 or 13, further including to receive respectively said
conductors from       the step of generating a ratio of the mag- said first
and second sets.                        nitudes of the signals induced in
the two adja- 8    
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segments so as to precisely            (c) Mittel zur Detektierung der
induzierten identify the position of the coil (18) between        Signale;
und the two adjacent conductor segments.                  (d) Schaltmittel
(22, 24) zur selektiven Schaltung der Leiter entweder 15. The method of
claim 12, wherein one end of   5          i. auf die Detektormittel oder
each of the conductors in each of said sets is          ii. auf die
Erregermittel, connected to ground, and wherein said switch-
dadurch gekennzelchnet, daB die zweiten ing step comprises the step of
selectively            Satze eine vorgegebene sich von der An- switching
the other ends of the conductors to         zahl der Leiter im ersten Satz
unterschei- the induced signal detecting means.        10         dende
Anzahl von Leitern enthalten und die Leiter zweiter S~tze zwischen den
Leitern 16. The method of claim 15, wherein each cross-           erster
Satze so hin und her geschleift sind, ing conductor segment has a
predetermined             daB sich eine Vielzahl von mit den kreuzen-
directional polarity defined in reference to the      den Leitersegmenten
erster Satze kreuzen- grounded end of the conductor of which it is a   is
den Leitersegmenten zweiter Satze ergibt. part, and wherein said method
further includes the step of changing the polarities of the de-  2.
Anordnung nach Anspruch 1, in der die Erre- tected signals in accordance
with the direc-        germittel Mittel zur Erregung der Spule (18) tional
polarities of the crossing conductor seg-    zwecks Induzierung der Signale
in den Leitern ments.                                     20       und die
Schaltmittel (22, 24) Mittel zum selekti- ven Schalten der Leiter auf die
Detektormittel 17. The method of any one of claims 11 to 16,
umfassen. wherein said switching step comprises the steps of connecting
said conductors of said     a  Anordnung nach Anspruch 2, in der die
Schalt- first and second sets to multiplexer means   25     mittel (22, 24)
die Leiter auf die Detektormittel having a sufficient number of inputs to
receive    sequentiell abwechselnd zwlschen einem der respectively said
first and second set conduc-      Leiter erster Satze und einem der Leiter
zwei- tors, and controlling the multiplexer means to      ter Satze
schalten, um die Spule (18) zwischen select one of its inputs.
zwei benachbarten kreuzenden Leitersegmen- 30      ten grob zu
lokalisieren. PatentansprUche 4. Anordnung nach Anspruch 2 oder 3,
weiterhin 1. Anordnung zur Bestimmung der Stellung elner         enthaltend
Mittel zur Erzeugung eines Verhalt- Spule (18) in Bezug auf einen aktiven
Bereich       nisses der Gr8Ben der in den beiden benach- (10) mit
35       barten kreuzenden Leitersegmenten der Satze (a) einem den aktiven
Bereich definierenden      induzierten Signale, um die Stellung der Spule
Leitergitter, das eine erste Gruppe von n in     (18) zwischen den beiden
speziellen benach- elner X-Richtung orientierten parallelen be-     barten
Leitersegmenten genau zu identifizie- abstandeten Leitern und eine zweite
Gruppe       ren. von m in einer Y-Richtung orientierten paral-  4o lelen
beabstandeten Leitern enthalt, jede    5. Anordnung nach Anspruch 4, In der
die Ver- Gruppe elnen ersten Satz von. Leitern (1-8)
haltniserzeugungsmittel  Mikroprozessormittel und einen zweiten Satz von
Leitern (A-G)         (50) umfassen, welche auch die Schaltmittel enth~lt
und die ersten Satze eine vorgege-       (22, 24) steuern. bene Anzahl von
Leitern enthalten, die Uber  45 den aktiven Bereich (10) so hin und her
6. Anordnung nach Anspruch 2, in der ein Ende geschleift sind, daB sich
eine Vielzahl von      jedes der Leiter in jedem ersten und zweiten
kreuzenden Leitersegmenten ergibt;               Satz mit Erde verbunden
ist und in der die (b) Mitteln zur Erregung entweder
Schaltmittel (22, 24) Multiplexermittel zum se- i. der Spule (18) zwecks
Induzierung von   so  lektiven Schalten des anderen Endes der Lei-
elektrischen Signalen in den Leitern oder     ter an die Detektormittel
umfassen. Ii. ausgewAhlter Leiter zwecks Induzie- rung von elektrischen
Signalen in- der     7. Anordnung nach Anspruch 6, in der jedes Spule (18),
wobei die induzierten Signale      kreuzende Leitersegment eine vorgegebene
eine von der Stellung der Spule relativ zu   65  Richtungspolaritat
besitzt, die in Bezug auf das den Leitern abhangende Gr6Be und Po-
geerdete Ende des Leiters definiert ist, von laritat besitzen;
dem. es ein Tell ist. 9    17                 EP 0 356 496 B1
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8. Anordnung nach Anspruch 7, weiterhin enthal-    12. Verfahren nach
Anspruch 11, bei dem der Er- tend Mittel zur selektiven Anderung der
Polari-    regungsschritt den Schritt der Erregung der taten der
detektierten Signale in Abhangigkeit      Spule (18) zwocks Induzierung der
Signale in von den Richtungspolarititen der kreuzenden         den Leitern
umfalt und bei dem der Schalt- Leitersegmente.                            5
schritt den Schritt des selektiven Schaltens der Leiter auf die
Detektormittel fOr induzierte Si- 9. Anordnung nach Anspruch 8, in der die
Polari-       gnale umfaBt. tatsanderungsmittel Mikroprozessormittel (50)
umfassen.                                       13. Verfahren nach Anspruch
12, bei dem  der 10      Schaltschritt den Schritt des Schaltens der Lei-
10. Anordnung nach den Ansprtichen 1 bis 5, in         ter auf die
Detektormittel sequentiell abwech- der die Schaltmittel eine Vielzahl von
Eingan-      seind zwischen einem der Leiter erster Satze gen und eonen
Ausgang besitzende Multiple-          und einem der Leiter zweiter S~tze
umfaft, um xermittel umfassen und in der die Multiplexer-      die Spule
als zwischen zwei benachbarten Lei- eingange zahlenmaBig ausreichen, um die
Lei-  15   tersegmenten liegend grob zu lokalisieren. ter der ersten bzw.
zweiten Sktze aufzuneh- men.                                            14.
Verfahren nach Anspruch 12 oder 13, enthal- tend den Schritt der Erzeugung
eines Verhalt- 11. Verfahren zur Bestimmung der Stellung einer
nisses der Gr8Ben der in den zwei benachbar- Spule (18) in Bezug auf einen
aktiven Bereich   20  ten Leitersegmenten induzierten Signale, um ;-.--
(10), der durch ein Leitergitter definiert ist, das  die Stellung der Spule
(18) zwischen den bei- eine erste Gruppe von n in einer X-Richtung
den benachbarten Leitersegmenten genau zu orientierten parallelen
beabstandeten Leitern      identifizieren. und elne zweite Gruppe von m in
einer Y- Richtung orientierten parallelen beabstandeten   25  15. Verfahren
nach Anspruch 12, bel dem  ein Leitem enthalt und jede Gruppe eonen ersten
Ende jedes Leiters in jedem  der Satze mit Satz von Leitern (1-8) und einen
zweiten Satz       Erde verbunden wird und bei dem der Schalt- von Leitern
(A-G) enthalt, mit folgenden Schrit-    schritt den Schritt des selektiven
Schaltens der ten:                                                anderen
Enden der Leiter auf die Detektormit- (a) mehrfaches Hin- und Herschleifen
einer  30   tel far induzierte Signale umfaBt. vorgegebenen Anzahl von
Leitern Uber den aktiven Bereich (10) zur Bildung einer Viel-  16.
Verfahren nach Anspruch 15, bei dem jedes zahl von kreuzenden
Leitersegmenten;             kreuzende Leitersegment eine vorgegebene (b)
Erregen entweder                             Richtungspolaritat besitzt,
die in Bezug auf das i. der Spule (18) zwecks Induzierung   35
geerdete Ende des Leiters, von dem es emn elektrischer Signale in den
Leitern odor       Teil ist, definiert ist, und bei dem weiterhin der ii.
ausgewfhiter Leiter zwecks Induzie-        Schritt des Anderns der
Polaritat der detektier- rung elektrischer Signale in der Spule        ten
Signale in Abhangigkeit von den Rich- (18), wobel die induzierten Signale
elne      tungspolaritaten der kreuzenden Leitersegmen- von der Stellung
der Spule (18) relativ zu   40  te vorgesehen ist. den Leitern abhangende
GroBe und Po- larit~t besitzen;                          17. Verfahren nach
den Anspruchen 11 bis 18, bel (c) selektives Schalten der Leiter entweder
dem der Schaltschritt die Schritte des Verbin- i. auf Mittel zur
Detektierung der indu-       dens der Leiter der ersten und zweiten Sltze
zierten Signale oder                  45       mit den Multiplexermittein,
die ausreichend viel Hi. Mittel zur Erregung der Leiter,
Eingange zur Aufnahme der Leiter erster bzw. dadurch gekennzelchnet, daB
die zweiten          zweiter Satze besitzen, sowie des Steuerns S~tze durch
Hin- und Herschleifen einer          der Multiplexermittel zwecks Auswahl
einer der vorgegebenen sich von der Anzahl von Lei-        Leiter umfaBt.
tern im ersten Satz unterscheidenden An-  50 zahl von Leitem Uber den
aktiven Bereich      Revendicatlons (10) zwischen Leitern erster Satze
gebildet werden, um eine Vielzahl von mit den kreu-    1. Appareil pour
determiner la position d'une bo- zenden Leitersegmenten erster Sktze ab-
bine (18) par rapport a une surface active (10) wechselnde   kreuzende
Leitersegmente  55      comprenant: zweiter Satze zu bilden.
(a) un reseau de conducteurs d6finissant la zone active, ce reseau
comprenant urf pre- mier groupe de n conducteurs espac~a, pa- 10    19
EP 0 356 496 B1                   20        *  c   L    I s  II 



rallbles orientes dans une direction k et un   teurs en croisement
contigas. second groupe de m conducteurs espac4s, paralleles orient~s dans
une direction Y.   4. Appareil selon la revendication 2 ou 3, corn- chacun
de ces groupes comprenant une           prenant de plus des moyens pour
produire un premibre serie de conducteurs (1-8) et une   5  rapport des
ampleurs de signaux induits dans seconde sdrie de conducteurs (A-G), ces
les deux segments de conducteurs en croise- premieres s6ries comprenant un
nombre          ment contigus de ces s6ries de fagon a identi- predetermine
de conducteurs qui sont bou-      fier avec precision la position de la
bobine cles on croisement sur la surface active (10)  (18) entre les deux
segments de conducteurs plusleurs fois de fagon a fournir une plurali-  10
adjacents particuliers. tO de segments de conducteurs se croisant 5.
Appareil selon la revendication 4, dans loquel (b) des moyens pour exciter
soit               les moyens gdnerant le rapport comprennent i. Ia bobine
(18) pour induire des signaux   un microprocesseur (50) qui commando 6gale-
electriques dans ces conducteurs, ou  t5     ment les moyens de commutation
(22, 24). ii. des conducteurs selectionnes parmi ces conducteurs pour
induire des si-     6. Appareil selon la revendication 2, dans lequel gnaux
electriques dans la bobine (18),       une extrdmit4 de chacun de ces
conducteurs ces signaux induits ayant une ampleur et     dans chacune des
premiere et seconde sdries une polarit6 d6pendant de la position de   20
est raccord6e a la masse et dans loquel les la bobine par rapport & ces
conductours;     moyens de commutation (22, 24) comprennent (c) des moyens
pour detecter les signaux       un multiplexeur pour commuter de fagon s6-
induits, et                                    lective les autres
extremites des conducteurs (d) des moyens de commutation (22, 24)
aux moyens de detection. pour commuter de fagon s6lective les  25
conducteurs sur solt                        7. Appareil selon la
revendication 6, dans lequel i. les moyens de detection, soit
chaque segment de conducteur en croisement ii. les moyens d'excitation,
a une polarite directionnelle pr~ddtermin6e d4- caract~ris6 en ce que ces
deuxibmes i~ries     finie en r6ftrence A l'extr6mit6 3 la masse du
comprennent un nombre pr~d6termin4 de   30     conducteur dont il fait
partie. conducteurs qui est diff6rent du nombre de conducteurs dans la
premibre surie, cette   8. Apparell selon la revendication 7, comprenant
seconde serie de conducteurs dtant bouclde     de plus des moyens pour
modifier sdlective- de fagon croisee sur la surface active (10)    ment les
polarit6s des signaux d6tect6s en entre la premlbre s6de de conducteurs do
35  fonction des polarites directionnelles des seg- fagon a foumir une
pluralit6 de segments       ments de conducteurs on crolsement. de
conducteurs en croisement de seconde s6rie alternant avec les segments de
9. Appareil selon la revendication 8, dans lequel conducteurs en croisement
de la premibre       les moyens de modification de polarit6 com- serie.
40      prennent un microprocesseur (50). 2. Appareil selon la
revendication 1, dans lequel  10. Appareil selon l'une quelconque des
revendi- les moyens d'excitation comprennent des           cations 1 a 5,
dons lequel les moyens de moyens pour exciter la bobine (18) pour indul-
commutation (22, 24) comprennent un multi- re les signaux dans les
conducteurs, et dans  45  plexeur pour chaque groupe de conducteurs, lequel
les moyens de commutation (22, 24)         ce multiplexeur comportant
plusieurs entrdes comprennent des moyens pour commuter s6-          et une
sortie, et dans lequel les entr6es du lectivement les conducteurs sur les
moyens de     multiplexeur sont en nombre suffisant pour re- detection.
cevoir respectivement les conducteurs original- 50     res des premiere et
seconde sories. 3 Apparell selon la revendication 2, dans loquel les moyens
de commutation (22, 24) commu-     11. Procdd6 pour determiner la position
d'une bo- tent les conducteurs sur les moyens de ditec-     bine (18) par
rapport a une zone active (10) tion sequentiellement en alternant entre
l'un     ddfinie par un r~seau de conducteurs, le rd- des conducteurs de la
premibre serie et l'un   65  seau comprenant un premier groupe de n des
conducteurs de la seconde s6rie de fagon      conducteurs espacds,
paralleles orient6s dans a identifier approximativement la position de la
une direction X et un second groupt de m bobine (18) entre deux segments de
conduc-        conducteurs espacds, parallbles orientes dans    21
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direction Y, chacun de ces groupes com-    14. Proced6 selon la
revendication 12 ou 13, corn- prenant une premiere serie de conducteurs (1-
prenant de plus I'etape consistant a produire 



8) et une seconde serie de conducteurs (A-G),      un rapport des ampleurs
des signaux Induits Aa/   ce procdde comprenant les etapes consistant
dans les deux segments de conducteurs conti- a:  s   gUs de facon &
identifier avec precision la (a) constituer les premieres series en bou-
position de la bobine (18) entre les deux seg- clant un nombre predetermine
de conduc-          ments de conducteurs contigUs. tours en croisement sur
la zone active (10) plusieurs fois de fagon & fournir une plurali-  15.
Procede selon la revendication 12, dans lequel te de segments de
conducteurs en croise-  10     une extr6mit6 de chacun des conducteurs
ment;                                           dans chacune des s~ries est
raccord6e & la (b) exciter soit                                masse, et
dans loquel l'Mtape de commutation I. Ia bobine (18) pour induire des
signaux    comprend l'6tape consistant a commuter de electriques dans les
conducteurs, soit        fagon selective les autres extr6mit6s des ii. les
conducteurs sdlectionn6s parmi les   15  conducteurs sur les moyens de
d~tection de conducteurs pour induire des signaux          signaux induits.
electriques dans la bobine (18), les si- gnaux induits ayant une ampleur et
une    16. Procdd6 selon la revendication 15, dans lequel polarite en
fonction de la position de la     chaque segment de conducteur en
croisoment bobine par rapport aux conducteurs ; et    20  a une polarit6
directionnelle predetorminee de- (c) commuter s6lectivement les conducteurs
finie en r6f6rence & 1'extrdmit6 a la masse du sur soit
conducteur dont il fait partie, et dans loquel le i. des moyens pour
detecter les signaux       procedi comprend de plus I'4tape consistant a
induits, soit                                 changer les polarites des
signaux detectes en ii. des moyens pour exciter les conduc-  25   fonction
des polarites directionnelles des seg- tours,
ments de conducteurs en croisement. caracterise en ce que les secondes
s6ries sont form6es par bouclage d'un nombre        17. Proced6 selon l'une
quelconque des revendi- prdtermin6 de conducteurs qui est dilt4-
cations 11 & 16, dans loquel l'Ntape de corn- rent du nombre de conducteurs
dans la  3o       mutation comprend les dtapes consistant & premibre seie,
en croisement sur la zone        connector les conducteurs des premibre et
se- active (10) entre la premibre sdrwe de          conde series au
multiplexeur ayant un nombre conductours de fagon & foumir une pluralite
suffisant d'entrees pour recevoir respective- de secondes series de
segments de              ment les conducteurs de premiere et seconde
conducteurs en croisement alternant avec   ss  sWries, et commander le
multiplexeur pour se- les segments de conducteurs en croisement
lectionner l'une de ces entrees. de la premibre serie. 2. Proc6de selon la
revendication 11, dans lequel I'etape d'excitation comprend l'etape consis-
40 tant a exciter la bobine (18) pour induire les signaux dans les
conducteurs et dans loquel l'etape de commutation comprend l'etape
consistant A  commuter selectivement les conducteurs sur les moyens de
d6tection de   45 signaux induits. 13. Procede selon la revendication 12,
dans loquel l'etape de commutation comprend l'tape consistent & commuter
les conducteurs sur les  so moyens de detection s~quentiellement en al-
temant entre un conducteur parmi les conduc- tours de la premiere serie et
un conducteur parmi les conducteurs de la seconde serie de fagon &
identifier approximativement ia position   55 de la bobine se situant entre
deux segments de conducteurs contigUs. 12    


