
EP 0 362 211 B1 Description Background of the Invention 5      This
invention relates to a method and apparatus for determining the position of
a coil relative to a grid of spaced conductors, such as those involved in
so-called pen digitizer systems, and more particularly, digitizer systems
which achieve high resolution with substantial reductions in components and
cost. Various high resolution digitizer systems, which translate a position
of a movable instrument, such as a pointer or pen, into electrical signals
for transmission to a local or remote utilization device, are well known in
10  the art. U.S. Patent No. 4,210,775 to James L. Rodgers et al discloses
a digitizer system In which a pen having a coil disposed within its tip is
utilized in conjunction with a support surface having an active area
defined by a grid of conductors. The grid includes a group of parallel
spaced conductors oriented in an X direction and a group of parallel spaced
conductors oriented in a Y direction. An oscillator applies an AC signal of
predeter- 15   mined frequency and amplitude to the coil. The coil signal
is inductively coupled to the conductors of the grid, thereby inducing AC
electrical signals in the conductors. In accordance with the well known
principles of electromagnetic theory, the magnitude and phase of the
signals induced in the grid conductors depend on the location of the
conductors relative to the coil. Generally, the signals induced in the
conductors will have a greater magnitude the closer the windings of the
coil are to 20  such conductors, while the phase of the signals on one side
of the coil will be the reverse of (180 displaced from) the phase of the
signals on the other side of the coil. The grid conductors in each group
are scanned sequentially through the use of multiplexer circuitry to
sequentially couple the induced signals to detection cir- cuitry. A
position counter is Incremented in response to the oscillator as the
conductors in each group are sequentially scanned. 25      The detection
circuitry includes a phase sensitive detectorand associated circuitry for
generating a charac- teristic signal that changes polarity In response to a
reversal in the phase of the Induced signals as the con- ductors are
scanned. As noted above, the phase of the induced signals reverses, and
thus the polarity of the characteristic signal changes, as one steps from a
conductor on one side of the coil to a conductor on the other side of the
coil. This polarity change in the characteristic signal can thus be used to
locate the coil relative to 30  the conductors. The detection circuitry
generates a stop pulse that is coincident in time with the polarity change
in the characteristic signal. The stop pulse is used to disable the
position counter which was being incremented during the scanning. Thus, the
contents of the position counter when stopped represent the location of the
coil with respect to the X group of conductors, and are loaded into an
output register. The position counter is then reset, and the conductors of
the Y group are scanned in a similar manner to load the output register
with a 35  second digital number representing the location of the coil with
respect to the Y group of conductors. U.S. Patent No. 4,423,286 to Gary A.
Bergeron discloses a digitizer system which, like that disclosed in the
Rodgers patent, utilizes a coil in a pen to induce signals in an X and Y
grid of spaced conductors. In the Bergeron system, however, the conductors
of the grid are not scanned sequentially to locate the coil. Instead,
addressable multiplexer circuitry in the Bergeron system first couples the
center conductor of the X group to 40  detection circuitry which detects
the polarity of the signal induced therein. From this polarity and the
above-no- ted principles of electromagnetic theory, a determination is made
whether the coil is above or below the center conductor. The multiplexer
circuitry then couples to the detection circuitry the center conductor of
the half sec- tion (upper or lower) In which the coil is located. Again,
from the polarity of the signal induced in that conductor, a determination
is made as to the particular quarter section in which the coil is located.
Additional samplings 45  are taken in the same fashion until it is
ascertained that the coil lies between two adjacent X group conductors. The
precise position of the coil between the two adjacent X group conductors is
then determined by exami- ning the respective magnitudes of the signals
induced in the adjacent conductors. Specifically, a ratio of these signal
magnitudes is formed which identifies the precise X location of the coil
between the two conductors. A like set of samplings and measurements is
performed on the conductors of the Y group to obtain a precise 50   Y
location. The Bergeron-type system is advantaged in that it typically
requires fewer conductor samplings to locate the coil, and enables higher
resolution due to its ability to determine position precisely between
adjacent con- ductors. In applications where higher resolutions are not
required, the Bergeron-type system allows the con- ductor spacing to be
increased, thus reducing the number of conductors required to span a given
active area 55  and reducing cost. Typically, the active areas of digitizer
systems of the above-described types include at least 64 separate
conductors in the X group and 64 separate conductors in the Y group.
Conventional multiplexers have either 8 or 16 switchable input gates. Thus,
at least 4 multiplexers (or 8, depending upon multiplexer type used) are 2
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required for coupling the conductors of the X group to the detection
circuitry, and ar additional 4 (or 8) multip- lexers are required for
coupling the conductors of the Y group to the detection circuitry. The need
for plural multiplexersfor each conductorgroup in the digitizer grid adds
considerably to the cost and complexity of design of such systems. EP-A-o
256 327 discloses a digitizer tablet using narrow loops. Each loop passes
through 5   two sections of the tablet in a mutually opposite sense:
clockwise and counter-clockwise respectively. In this manner only half the
usual number of multiplexers is needed. This technique looks at the
polarity of the loops and has no ability to encode the loop wires. Summary
of the Invention 10 The present invention provides a digitizer system of
improved design as a result of the use of a conductor loopback arrangement
which substantially reduces the number of conductors required to span a
given active area, and substantially reduces the number of multiplexers
required to handle such conductors. In accordance with the invention, a set
of two or more adjacent conductors in each conductor group is 15 looped
through a plurality of different sections of a grid active area in such a
way that the combination of the wired or unexcited polarities of the
adjacent conductors in the set is different in each section. In the
illustrative embodiment disclosed herein, the conductors are looped in
pairs through four quartersec- tions of the grid active area. The result of
this conductor pair looping is that the number of separate conductors in
each conductor group required to span the active area is reduced by a
factor of four. Also, the number of 20   multiplexers required to couple
such conductors to induced signal detection circuitry is reduced by a
factor of four. Thus, for example, sixteen conductors in each group can be
used to span the same active area that for- merly required 64 conductors,
and one 16-gate multiplexer can be used for each group that formerly
required foursuch multiplexers. This reduction in conductors and components
substantially reduces the cost of the digi- tizer system, while maintaining
the high resolution and accuracy of existing systems. 25 In the preferred
embodiment of the invention, this conductor loopback arrangement is used in
a digitzer system similar to that disclosed in the above-referenced
Bergeron patent, which first coarsely locates the posi- tion of an inducing
coil between two adjacent conductors, and then precisely locates the
position of the coil between the two adjacent conductors by forming a ratio
of the respective magnitudes of the signals induced in such conductors. The
result is a relatively simple, low cost digitizer system capable of very
high resolution 30   position determination. Brief Description of the
Drawing The foregoing and other features and advantages of the Invention
will be better understood from the fol- 35  lowing detailed description
taken with the accompanying drawing In which: Fig. 1 Is an illustration of
adigitizersystem conductor grid embodied in accordance with the invention,
show- ing conductor pair loopback through four quarter sections of an
active area; Fig. 2 illustrates circuitry for detecting electrical signals
induced in the conductors of the grid of Fig. 1 and for digitizing such
signals for further processing; 40      Fig. 3 illustrates circuitry
including microprocessor means for processing the digitized signals
developed by the circuitry of Fig. 2 and for controlling multiplexer means
shown in Fig. 1 during the sampling of the conductors of the digitizer
system grid; and Fig. 4 is a generalized flow chart illustrating the
operation of the microprocessor means of Fig. 3. 45   Detailed Description
Of Preferred Embodiment Referring now specifically to the drawing, and
initially to Fig. 1 thereof, there is shown a digitizer system conductor
grid embodied in accordance with the invention. The grid, which defines a
digitizer active area 10, is comprised of a first group 12 having a number
n of parallel, spaced conductors oriented in an X direction 50  (vertically
in Fig. 1), and a second group 14 having a number [err] of parallel, spaced
conductors oriented in a Y direction (horizontally in Fig. 1). A coil 18,
illustratively disposed in the tip of a pen or pointer, is moveable
relative to the grid. The function of the digitizer system is to locate the
position of the coil 18 on the grid precisely. This is accomplished in the
illustrated embodiment by applying an AC signal to the coil 18 and by
analyzing the elec- trical signals inductively coupled to the conductors of
the grid by the coil 18. 55      In the example shown in Fig. 1, [err] and
[err] are both equal to 16 so that each conductor group 12 and 14 includes
16 conductors 0 through 15. The 16 conductors in the X group 12 are looped
through four separate quarter sections 20A, 20B, 20C and 20D of the active
area 10. As shown below the quarter section 20A in Fig. 1, one end of each
of the 16 conductors in the X group 12 is connected to ground, while the
other ends of each 3    EP 0 362 211 B1 of the 16 conductors In the X group
12 are connected to input gates 0 through 15, respectively, of an X-mul-
tiplexer 22. Similarily, the 16 conductors in the Y group 14 are looped
through four separate quarter sections (not shown) of the active area 10.
Also, one end of each of the 16 conductors in the Y group 14 is connected
to ground, while the other ends of each of the 16 conductors in the Y group
14 are connected to input gates 0 



5   through 15, respectively, of a Y-multiplexer 24. Each of the conductors
in the X group 12 and Y group 14 has a wired or unexcited polarity defined
by the end thereof that Is connected to ground. As shown in Fig. 1, each
pair of adjacent conductors in the X group 12 Is looped through the four
quarter sections 20A through 20D of the active area 10 in such a way that
the combination of the unexcited polarities of the pair is different in
each of the quarter sections. Thus, for example, 10  If we assume a
positive unexcited polarity for that segment of a conductor passing through
a quarter section which has its lower end, as seen in Fig. 1, grounded,
then In section 20A, the segments of conductors 0 and 1 are both positive;
in section 20B the segment of conductor 0 is negative while the segment of
conductor 1 is positive; in section 20C, the segment of conductor 0 is
positive while the segment of conductor 1 is negative; and finally, in
section 20D, the segments of conductors 0 and 1 are both negative. 15 Thus,
each segment of each conductor in the four quartersections 20A through 20D
of the active area 10 appears as a separate and distinct "wire". In the
embodiment shown in Fig. 1, for example, conductor 0 in the X group 12
forms wire 0 in section 20A, wire 16 in section 20B, wire 32 in section
20C, and wire 48 in section 20D. Similarily, conductor 1 in the X group 12
forms wire 1 in section 20A, wire 17 in section 20B, wire 33 In section 20
C, and wire 49 in section 20D. Illustratively, the spacing "d" between each
adjacent wire is 0.4 Inch 20  and constant across the entire active area
10. With this spacing, the width of each quarter section 20A through 20D,
that is, the distance betweenwires in adjacent sections formed from the
same conductor e.g., the distance between wire 0 and wire 16, Is about 6
inches (15 spaces times 0.4 inch/space). If the effective range of the
inducing coil 18 used to excite the conductors is approximately this same
distance e.g., 6 inches, each con- ductor segment or wire in Fig. 1 can be
handled as a separate and distinct wire during induced signal detection 25
and processing simply by adjusting (i.e. changing, where appropriate) the
polarities of the detected signals to account for the unexcited polarity
differences in each quarter section. This polarity adjustment scheme is
des- cribed in more detail below in connection with Figs. 3 and 4. With the
above-described conductor looping arrangement one can span the same active
area width (In this example, 25.2 inches or63 spaces times 0.4 inch/space)
with 16 conductors that formerly required 64 con- 30  ductors to span.
Additionally, instead of requiring four 16-gate multiplexers to switch such
conductors to induced signal detection circuitry, with this arrangement one
can accomplish the same purpose with a single multiplexer for each group,
such as the multiplexers 22 and 24 shown in Fig. I for the X and Y groups
12 and 14, respect- ively. The result is a substantial reduction in
required components and cost Fig. 2 illustrates circuitry for detecting the
AC electrical signals induced in the conductors of the grid active 35
area 10 by the coil 18. As shown in Fig. 1 the X-multiplexer 22 and the
Y-multiplexer 24 have outputs 32 and 34, respectively. These outputs 32 and
34 are connected to input 36 of the detection circuitry of Fig. 2. As noted
earlier, the multiplexer 22, when enabled, selects one of its 16 inputgates
0 through 15 forcoupling to its output 32, and thence to the input 36 of
the circuitry of Fig. 2. Similarly, the multiplexer 24, when enabled,
selects one of its 16 input gates 0 through 15 for coupling to its output
34, and thence to the input 36 of the circuitry of Fig. 40  2. Thus, each
conductor in the X group 12 and Y group 14 of the grid can be separately
coupled to the detection circuitry of Fig. 2 so that the AC signal induced
therein by the coil 18 can be analyzed. The AC signal coupled to input 36
is first passed through an amplifier and filter circuit 40 which provides
the proper operating signal levels for the system and filters out noise and
other unwanted signal components. The output of the amplifier and filter
circuit 40 is applied to a synchronous demodulator 42 which converts the 45
input AC signal to a DC signal. As discussed more fully below, the
demodulator 42 is synchronized with the AC signal used to excite or drive
the coil 18. The DC signal that is outputted by the synchronous demodulator
42 has a voltage that is proportional to the amplitude of the AC signal
that is applied to the input 36, and a polarity that corresponds to that
signal's phase. The output of the synchronous demodulator 42 is applied to
an analog-to-digital converter such as the vol- 50  tage-to-frequency
converter 44 shown in the example of Fig. 2. The converter44 converts the
DC voltage output from the demodulator 42 to a variable frequency signal
FREQ. The frequency of the signal FREQ deviates from a standard value in
proportion to the DC voltage applied to the converter 44, with the
magnitude of the deviation being proportional to the voltage, and the
direction of the deviation corresponding to its polarity. The signal FREQ
is coupled to the circuitry shown in Fig. 3 for further processing. 55
In the circuitry of Fig. 3, a microprocessor 50 is suitably connected to,
and programmed to control the sam- pling of, the conductors of the grid and
the processing of the signal FREQ developed by the detection circuitry of
Fig. 2 so as to locate the position of the coil 18. The outputs of the
microprocessor 50 at pins 1 through 4 are address signals which are coupled
to the X-multiplexer 22 and to the Y-multiplexer 24 of Fig. 1. The micro- 4
EP 0 362 211 B1 processor 50 also has outputs at pins 8 and 39 which are
respectively coupled to an X-enable input of multip- lexer 22 and to a
Y-enable input of multiplexer 24. When the microprocessor 50 emits an
X-enable signal, it enables multiplexer 22, and disables multiplexer 24.
Similarly, when the microprocessor 50 emits a Y-enable 



signal, it enables multiplexer 24, and disables multiplexer 22. The address
signals specify the selected one of 5   the multiplexer input gates 0
through 15, and thus the selected one of the conductors, that is coupled to
the Input 36 of the detection circuitry of Fig. 2. An oscillator 52
controls the timing of the microprocessor 52, enabling it to generate
various timing signals to control the other components in the circuitry of
Fig. 3. For example, the output of the microprocessor 50 at pin 35 is
applied to a coil drive circuit 56 which generates the AC signal used to
drive the coil 18. The output 10  of the microprocessor 50 at pin 12 is
applied to a counter 58 and to a flip-flop 62 which generate signals XDFREQ
and VTOFEN. These signals are coupled to the synchronous demodulator 42 of
Fig. 2 and used as reference signals to synchronize the operation of the
synchronous demodulator 42 with the AC signal used to drive the coil 18.
The signal FREQ from the voltage-to-frequency converter 44 of Fig. 2 is
inputted to the counter 58 of Fig. 15  3. The counter 58 operates in
conjunction with counter 64 to generate digital numbers Indicative of the
polarity and magnitude of the signals detected by the detection circuitry
of Fig. 2. The microprocessor 50 utlizes these digital numbers in the
sampling of the conductors of the grid to locate the coil 18 relative to
the grid. As explained in more detail below, the microprocessor 50 changes
the polarities represented by the digital numbers, where appropriate, to
account for the different unexcited polarities of the conductors in each of
the quarter sections 20  20A through 20D. Through successive samplings of
the digital numbers, the microprocessor 50 coarsely locates the coil 18
between two particular adjacent conductors. In this example, once the
coarse location deter- mination Is made, the microprocessor 50 generates a
ratio of the magnitudes of the signals Induced in the two particular
conductors adjacent the coil 18. This ratio is used by the microprocessor
50 to interpolate the distance between the two conductors, and thereby to
precisely locate the position of the coil 18 there between. 25      The
outputs of the microprocessor 50 at pins 10 and 27 are coupled to a
transmitter/receiver circuit 68 to enable communication with auxiliary
equipment such as a computer, video display, keyboard on the like. Other
details of the circuitry will be evident to those skilled in the art from
the integrated circuit designations, signal labels and connections and
other specific information provided by way of illustration in Figs 2 and 3.
Fig 4 is generalized flow chart illustrating the operation of the
microprocessor 50. The microprocessor 50, 30  and the circuit components
which it controls, are first initialized In preparation for the search for
the coil 18. This is followed by the enablement of X-multiplexer 22 and by
a scan sequence which involves a sequential scanning ofthe conductors 0
through 15 ofthe Xgroup 12 and a reading ofthe polarities ofthe signals
detected on each. These polarities are used to determine the particular
quarter section 20A through 20D in which the coil 18 is located. 35
The particular quarter section can be determined because of the unique
combination of unexcited polarities -        of each conductor pair in each
such section. Specifically, In Fig. 1, the coil 18 is shown to be located
between wire 17 and wire 18 which are the segments of conductors 1 and 2
located in quarter section 20B. When con- ductors 0 through 3 are scanned,
the polarities obtained will be-, +, +, -. This combination is obtained
because the coil 18 has the effect of maintaining "as is" the unexcited
polarities to its left, while reversing the unexcited 40 polarities to its
right. This combination uniquely identifies the quarter section that
contains the coil 18 as section 20B. If the coil 18 were contained between
the segments of conductors 1 and 2 in section 20A the polarity combination
obtained during the scan would be +, +, -, -; in section 20C, the
combination would be +, -, -, +; and in section 20D, it would be -, -, +,
+. Since these combinations are all unique, the particular quarter section
containing the coil 18 can be identified. 45      After determining the
quarter section in which the coil 18 is located,, the microprocessor 50
goes back to conductor 0 and reads the polarity and voltage of the induced
signal therefrom. The polarity of the signal is then changed, where
appropriate, to account for the particular combination of unexcited
polarities of the con- ductor pair in the quarter section determined to
contain the coil 18 so that regardless of the quarter section involved, the
microprocessor 50 need only search for a transition from a large positive
voltage to a large nega- so  tive voltage to coarsely locate the coil 18.
In this example, the polarity changes that are made under the control of
the microprocessor 50 are as follows: for quarter section 20A,  no changes
to the polarities are made; for quarter section 20B,  the polarities are
reversed for the even numbered wires and kept the same for the odd numbered
wires; 55  for quarter section 20C,  the polarities are reversed for the
odd numbered wires and kept the same for the even numbered wires; for
quarter section 20D,  the polarities are all reversed. This, since the coil
18 has been determined to be in quarter section 20B, the microprocessor 50
will reverse 5    EP 0 362 211 B1 the polarities of induced signals that It
reads from conductors 0, 2, 4, 6, 8, 10, 12, and 14, but will keep the
polarities the same for the signals it reads from conductors 1, 3, 5, 7, 9,
11, 13 and 15. 



The microprocessor 50 next determines whether it has located a large
magnitude positive signal on one conductor followed by a large magnitude
negative signal on a conductor adjacent to it. If It has not, it goes to 5
the next conductor and repeats the read and adjust steps. These steps are
repeated over and over again until the microprocessor 50 has located the
desired transition from large positive to large negative, and has thus
coarsely located the coil 18 between the two adjacent wires in quadrant
20B. In the example shown in Fig. 1, the microprocessor 50 will locate the
desired large positive-to-large negative transition after scanning and sam-
pling the induced signals on conductors 1 and 2, thus coarsely locating the
coil 18 between "wires" 17 and 18 *        10  in quarter section 20B. As
noted earlier, the preferred embodiment is adapted to precisely locate the
coil 18 between the two adja- cent conductors through a ratioing technique.
In this respect the microprocessor 50 forms a ratio [err] according to the
following equation: [ERR] where A is the magnitude or absolute value of the
signal on the wire to the left of the coil 18, and B is the mag- nitude or
absolute value of the signal on the wire to the right of the coil 18.
Absolute values are used because the polarity of the signal on the left
wire is positive while the polarity of the signal on the right wire is
negative. The microprocessor 50 multiples that ratio by the spacing "do"
between the two wires. The result Is added to 20  the addressed location of
the left wire to obtain a precise coil position within the X group 12, and
this precise X position is saved. After clearing and resetting the circuit
components which were operated to effect the determination of the coil 18
relative to the X group 12. the microprocessor 50 disables the
X-multiplexer 22, enables the Y-multiplexer 24 and repeats the above
described search routine to obtain a precise coil position within the Y
group 14. 25      It will be appreciated that with integrated circuit
components of the type illustrated in Figs 2 and 3, all of the above
described operations can be carried out at very high speeds, so that the
coil 18 Is precisely located relative to the grid active area 10 within
fractions of a second. Specific microprocessor program implemen- tations of
the generalized flow chart of Fig. 4 will be readily apparent to those
skilled in the art. It should be understood that the above-described
embodiment is intended to illustrate rather than limit the 30  invention.
Various modifications to the specifically disclosed circuitry and general
flow chart will suggest them- selves to those skilled in the art. For
example, while the preferred embodiment involved the looping of conductor
pairs through four quarter sections of the grid active area, it will be
appreciated by those skilled in the art that the basic loopback concept can
be extended to involve the looping of three, four or any other number of
adjacent conductors in a set through 35   varying numbers of different
sections of the grid active area in such a way that the combination of the
unexcited polarities of each set is different in each such section. Also, a
sequential scanning technique, rather than a ratioing technique, can be
used in determining both coarse and fine positions of the coil 18. With
such a sequen- tial scanning technique, a characteristic phase-detected
signal of the type shown in Fig. 2C of the above-refer- enced U.S. Patent
No. 4,210,775 to Rodgers et al is generated utilizing circuitry of the type
shown in Fig. 3A 40   of that patent. In this respect, an isolation diode
matrix of the type shown in Fig. 4 of the Rodgers et al patent may be
employed with the loopback conductor grid of this invention, rather than
grounding one end of each conductor as shown in Fig. 1 of the drawing
herein. Finally, it will be appreciated that, while the preferred embo-
diment involved driving or exciting the coil 18 to induce signals in the
conductors of the grid, that embodiment can be modified to one in which the
drive signal is selectively switched by the multiplexers 22 and 24 to res-
45   pective conductors of the grid to induce signals in the coil 18 which
are then detected and processed by the circuitry of Figs. 2 and 3. Claims
50 1. Apparatus for determining the position of a coil with respect to an
active area, comprising: (a) a grid of conductors defining said active
area, said grid including a first group of n parallel, spaced con- ductors
oriented in an X direction and a second group of [err] parallel, spaced
conductors oriented in a Y dirertion, each of said conductors having a
predetermined unexcited polarity; 55      (b) at least two adjacent
conductors in each said group being looped through a plurality of different
sections of said active area such that the combinations of directions
related to the unexcited polarities of said adja- cent conductors are
different in each of said sections; (c) means for exciting either 6    EP 0
362 211 B1 the polarities of induced signals that it reads from conductors
0, 2, 4, 6, 8, 10, 12, and 14, but will keep the polarities the same for
the signals it reads from conductors 1, 3, 5, 7, 9, 11, 13 and 15. The
microprocessor 50 next determines whether it has located a large magnitude
positive signal on one conductor followed by a large magnitude negative
signal on a conductor adjacent to it. If It has not, It goes to 



5   the next conductor and repeats the read and adjust steps. These steps
are repeated over and over again until the microprocessor 50 has located
the desired transition from large positive to large negative, and has thus
coarsely located the coil 18 between the two adjacent wires in quadrant
20B. In the example shown in Fig. 1, the microprocessor 50 will locate the
desired large positive-to-large negative transition after scanning and sam-
pling the Induced signals on conductors 1 and 2, thus coarsely locating the
coil 18 between "wires" 17 and 18 10  In quarter section 20B. As noted
earlier, the preferred embodiment is adapted to precisely locate the coil
18 between the two adja- cent conductors through a ratioing technique. In
this respect the microprocessor 50 forms a ratio [err] according to the
following equation: [ERR] 15
A + B where A is the magnitude or absolute value of the signal on the wire
to the left of the coil 18, and B is the mag- nitude or absolute value of
the signal on the wire to the right of the coil 18. Absolute values are
used because the polarity of the signal on the left wire is positive while
the polarity of the signal on the right wire is negative. The
microprocessor 50 multiples that ratio by the spacing "d" between the two
wires. The result is added to 20  the addressed location of the left wire
to obtain a precise coil position within the X group 12, and this precise X
position is saved. After clearing and resetting the circuit components
which were operated to effect the determination of the coil 18 relative to
theXgroup 12, the microprocessor50 disables the X-multiplexer 22, enables
theY-multiplexer 24 and repeats the above described search routine to
obtain a precise coil position within the Y group 14. 25      It will be
appreciated that, with integrated circuit components of the type
illustrated in Figs 2 and 3, all of the above described operations can be
carried out at very high speeds, so that the coil 18 is precisely located
relative to the grid active area 10 within fractions of a second. Specific
microprocessor program implemen- tations of the generalized flow chart of
Fig. 4 will be readily apparent to those skilled in the art. It should be
understood that the above-described embodiment is intended to Illustrate
rather than limit the 30  invention. Various modifications to the
specifically disclosed circuitry and general flow chart will suggest them-
selves to those skilled in the art. For example, while the preferred
embodiment Involved the looping of conductor pairs through four quarter
sections of the grid active area, it will be appreciated by those skilled
in the art that the basic loopback concept can be extended to involve the
looping of three, four or any other number of adjacent conductors In a set
through 35 varying numbers of different sections of the grid active area in
such a way that the combination of the unexcited polarities of each set is
different in each such section. Also, a sequential scanning technique,
rather than a ratioing technique, can be used in determining both coarse
and fine positions of the coil 18. With such a sequen- tial scanning
technique, a characteristic phase-detected signal of the type shown in Fig.
2C of the above-refer- enced U.S. Patent No. 4,210,775 to Rodgers et al is
generated utilizing circuitry of the type shown in Fig. 3A 40   of that
patent. In this respect, an isolation diode matrix of the type shown in
Fig. 4 of the Rodgers et al patent may be employed with the loopback
conductor grid of this invention, rather than grounding one end of each
conductor as shown in Fig. 1 of the drawing herein. Finally, it will be
appreciated that, while the preferred embo- diment Involved driving or
exciting the coil 18 to induce signals in the conductors of the grid, that
embodiment can be modified to one in which the drive signal is selectively
switched by the multiplexers 22 and 24 to res- 45   pective conductors of
the grid to induce signals in the coil 18 which are then detected and
processed by the circuitry of Figs. 2 and 3. Claims 50 1. Apparatus for
determining the position of a coil with respect to an active area,
comprising: (a) a grid of conductors defining said active area, said grid
including a first group of n parallel, spaced con- ductors oriented in an X
direction and a second group of m parallel, spaced conductors oriented in a
Y dirertion, each of said conductors having a predetermined unexcited
polarity; 55      (b) at least two adjacent conductors in each said group
being looped through a plurality of different sections of said active area
such that the combinations of directions related to the unexcited
polarities of said adja- cent conductors are different in each of said
sections; (c) means for exciting either 6    EP 0 362 211 B1 i. said coil
to induce electrical signals in said conductors, or ii. selected ones of
said conductors to induce electrical signals in said coil, said induced
signals having a magnitude and polarity depending upon the position of said
coil relative to said conductors; (d) means for detecting the Induced
signals; 5        (e) switching means for selectively switching said
conductors to either 



i. said detecting means; or ii. said exciting means; and (f) means for
selectively changing the polarities of the detected signals in accordance
with the different unexcited polarities of said adjacent conductors In said
sections. 10    2. The apparatus of claim 1 wherein said exciting means
comprises means for exciting said coil to induce said signals in said
conductors, and wherein said switching means comprises means for
selectively switching said conductors to said detecting means. 3. The
apparatus of claim 2 further including means for sampling the signals
Induced in said conductors so as to coarsely locate said coil as being
between two particular adjacent conductors. 15      4. The apparatus of
claim 3 further including means for generating a ratio of the magnitudes of
the signals Induced in said two particular adjacent conductors so as to
precisely locate said coil between said two particular adjacent conductors.
5. The apparatus of claim 4 wherein said polarity changing means, said
sampling means, and said ratio generating means comprise a microprocessor.
20     6. The apparatus of claim 2 wherein one end of each of said
conductors In each said group Is connected to ground, and wherein said
switching means comprises multiplexer means for selectively switching the
other ends of said conductors to said detecting means. 7. The apparatus of
claim 1 wherein said sections are of equal width and wherein said exciting
means has an effective range approximately equal to the width of said
sections. 25     8. The apparatus of claim 1 wherein each pair of adjacent
conductors in each said group is looped through four different quarter
sections of said active area such that the combination of the unexcited
polarities of said conductors in said pair is different in each of said
sections. 9. The apparatus of claim 8 wherein the unexcited polarities of
the adjacent conductors in each said pair are positive-positive,
negative-positive, positive-negative and negative-negative in a first,
second, third and 30  fourth of said quarter sections, respectively, as
measured along the X direction and along the Y direction. 10. The apparatus
of claim 1 wherein said polarity changing means comprises microprocessor
means further including means for controlling said switching means. 11. The
apparatus of claim 2 wherein said polarity changing means comprises
microprocessor means further including means for controlling said switching
means so that said conductors are switched to said detect- 35    ing means
in sequence to coarsely locate said coil as being between two particular
adjacent conductors. 12. The apparatus of claim 11 wherein said
microprocessormeans, after coarsely locating said coil as being between
said two particular adjacent conductors, generates a ratio of the
magnitudes of the signals induced in said two particularadjacent conduct
ors so   asto precisely locate said coil between said two particular
adjacent conductors. 40      13. A method for determining the position of a
coil with respect to an active area defined by a grid of con- ductors, the
grid including a first group of n parallel, spaced conductors oriented In
an X direction, and a second group of [err] parallel spaced conductors
oriented in a Y direction, each of the conductors having a predetermined
unexcited polarity, whereby at least two adjacent conductors in each said
group are looped through a plurality of different sections of the active
area such that the combinations of directions related to the unexcited
polarities 45  of the adjacent conductors are different in each of the
sections; said method comprising the steps of: (a) exciting either i. the
coil to induce electrical signals in the conductors, or ii. selected ones
of the conductors to induce electrical signals in the coil, the induced
signals having a magnitude and polarity depending upon the position of the
coil relative to so        the conductors; (b) selectively switching the
conductors to either i. means for detecting the induced signals; or ii.
means for exciting the conductors; and (c) selectively changing the
polarities of the detected signals in accordance with the different
unexcited 55      polarities of the adjacent conductors in the sections.
14. The method of claim 13 wherein said exciting step comprises the step of
exciting the coil to induce the signals in the conductors, and wherein said
switching step comprises the step of selectively switching the con- ductors
to the induced signal detecting means. 7    EP 0 362 211 B1 15. The method
of claim 14 further including the step of sampling the signals induced In
the conductors so as to coarsely locate the coil as being between two
particular adjacent conductors. 16. The method of claim 15 further
including the step of generating a ratio of the magnitudes of the signals
induced in the two particular adjacent conductors so as to precisely locate
the coil between the two particular 



5   adjacent conductors. 17. The method of claim 14 wherein one end of each
of the conductors In each group is connected to ground, and wherein said
switching step comprises the step of selectively switching the other ends
of the con- ductors to the induced signal detecting means. 18. The method
of claim 13 wherein said looping step comprises the step of looping each
pair of adjacent 10  conductors In each group through four different
quarter sections of the active area such that the combination of the
unexcited polarities of the conductors in the pair is different in each of
the sections. 19. The method of claim 18 wherein the unexcited polarities
of the adjacent conductors in each pair are positive-positive,
negative-positive, positive-negative, and negative-negative in a first,
second, third and fourth of the quarter sections, respectively, as measured
along the X direction and along the Y direction. 15      20. The method of
claim 14 wherein said switching step comprises the step of switching the
conductors to the Induced signal detecting means in sequence to coarsely
locate the coil as being between two particular adjacent conductors. 21.
The method of claim 20 further including the step of generating a ratio of
the magnitudes of the signals induced in the two particular adjacent
conductors to precisely locate the coil between the two particular adjacent
20  conductors. 22. Apparatus for determining the position of a coil with
respect to an active area, comprising: (a) a grid of conductors defining
said active area said grid including a first group of parallel, spaced con-
ductors oriented in an X direction and a second group of parallel, spaced
conductors oriented in a Y direc- tion, one end of each of said conductors
in each of said groups being connected to ground, each of said 25
conductors having a predetermined unexcited polarity defined by said
grounded end; (b) each pair of adjacent conductors In each said group being
looped through four different quarter sections of said active are such that
the combinations of directions related to the unexcited polarities of each
said conductor pair are different in each one of said quarter sections; (c)
a coil moveable relative to said grid; 30     (d) means for exciting either
i. said coil to induce electrical signals in said conductors, or ii.
selected ones of said conductors to Induce electrical signals in said coil,
the induced signals having a magnitude and polarity depending upon the
position of said coil In respect to said conductors; (e) means for
detecting the magnitude and polarity of the induced signals; (f)
multiplexer means for selectively switching the other ends of said
conductors to either i. said detecting means; or ii. said exciting means;
and (g) microprocessor means for controlling said detecting means and said
multiplexer means and further 40     including (1) means forselectively
changing the polarities of said detected induced signals to accountforthe
different unexcited polarities of said conductor pairs In each one of said
quarter sections, (2) means for causing said multiplexer means to sample
the polarities of said detected induced signals to coarsely locate said
coil as being between two particular adjacent conductors, and 45     (3)
means for generating a ratio of the magnitudes of said detected induced
signals for said two particular adjacent conductors to precisely locate
said coil between said two particular adjacent conductors. 23. The
apparatus of claim 22 wherein said exciting means comprises means for
exciting said coil to induce said signals in said conductors and wherein
said multiplexer means comprises means for selectively switching the other
ends of said conductors to said detecting means. 50      24. The apparatus
of claim 23 wherein said multiplexer means is addressable to select the one
of said con- ductors that is switched to said detecting means, and wherein
said microprocessor means controls said mul- tiplexer means by transmitting
address signals to said multiplexer means. 25. The apparatus of claim 22
wherein said microprocessor means further includes means responsive to the
polarity of the signals detected by said detecting means for identifying
the one of said quarter sections in 55   which said coil is located, and
wherein said polarity changing means changes the polarities of the signals
detec- ted by said detecting means in accordance with the unexcited
polarities of said conductor pairs in said identified quarter section. 26.
The apparatus of claim 22 wherein each of said quarter sections is of equal
width and wherein said 8    EP 0 362 211 B1 exciting means has an effective
range approximately equal to said width. 27. The apparatus of claim 22
wherein adjacent conductors In each of said quarter sections are equally
spaced from one another by about 0.4 Inch. 



5 Patentansprfiche 1. Vorrichtung zur Positlonsbestimmung elner Spule
relativ zu elner aktiven Flache, umfassend: a) eln die aktive Fliche
festiegendes Leltungagitter, wobel das Gitter elne erste Gruppe
n-paralleler, von- 10      einander beabstandeter und in einer x-Richtung
orientierter Lelter und eine zweite Gruppe m-paralleler, voneinander
beabstandeter und In elner y-Richtung orientierter Leiter enthilt, wobei
jeder der Leiter elne vorbestimmte, unerregte Polaritat hat b) wobei
wenigsatns zwel benachbarte Loiter jeder Gruppe, die durch elne Mehrzahl
verachledener Abschnitte der aktiven Flache als Schlelfe ausgebildet sind
derart daB die Kombinationen auf die uner- 15.1   rogten Polarititen
bezogener Rlchtungen benachbarter Leiter in jedem der Abschnitte
voneinander ver- schleden sind; c) eln Erregermittel zum Erregen entweder
i) der Spule zur Induktion elektrischer Signale in den Leitern oder - 2;
ii) ausgewhlter der Leiter zur Induktion elektrischer Signale in der Spule,
wobei die induzierten Signale :. 20      I ihrer GroBe und Polaritat von
der Position der Spule relativ zu den Leitem abhangen; .: :.          d)
ein Erfassungsmlffel zurn Erfassen der Induzierten Signale; e) Schaltmittel
zum selektiven Schalten der Leiter entweder zu I) dem Erfassungsmittel,
oder ii) dem Erregemmittel; und :- 25  f) Polaritatsinderungsmittel zum
selektiven Andern der Polaritaten der erfailten Signal. gomriI den ver-
schledenen unerregten Polaritaten benachbarter Leiter in den Abschnitten.
2. Vorrichtung nach Anspruch 1, wobei das Erregermittel Mittel zur Erregung
der Spule umfaBt, um die Signale In den Leltem zu induzieren, und wobei das
Schaltmittel Mittel umfat um die Loiter dem Erfassungs- mittel selektiv
zuzuschalten. : o-    3. Vorrichtung nach Anspruch 2, die weiter ein
Sammelmittel zum Sammeln der in den Leitern induzierten Signal. enthilt um
die Spule als zwlschen zwei bestimmten benachbarten Leitern befindlich grob
zu lokall- sieren. 4. Vorrichtung nach Anspruch 3, die welter emn
Verhiltniserzeugemmlttel zurn Erzeugen eines Verhaitnisses der GrSaen der
in den zwei bestimmten benachbarten Leibtm induzierten Signal. enthilt, um
die Spule zwl- .3   schen den belden bestimmten benachbarten Leibtm genau
zu lokalisieren. 5. Vorrichtung nach Anspruch 4, wobei das
PolarItAtsfinderungsmittel, das Sammelmittel und das Verhfilt-
niserzeugerffnittl eoen Mikroprozessor auftWlsen. 6. Vorrichtung nach
Anspruch 2, wobei ein Ende jedes Leiters in jeder Gruppe mit Masse
verbunden ist und wobel das Schaltmittel eln Multiplexermittel aufweist, um
die anderen Enden der Loiter dem Erfassungs- 40   mittel selektiv
zuzuschalten. 7. Vorrichtung nach Anspruch 1, wobei die Abschnitte gleich
breit sind und wobei das Erregermittel eonen -Wirkungsbereich hat, der der
Breite der Abschnltte annahemd gleich ist. 8. Vorrichtung nach Anspruch 1,
wobei jedes Poar benachbarter Leiter in jeder Gruppe vier verschiedene
Viertelabschnitte der aktiven Fliche als Schleife durchliuft, so daB die
Kombination der unerregten Polaritsten 45 der Leiter in dem Paar in jedem
der Abschnitte verschleden ist. 9. Vorrichtung nach Anspruch 8, wobel die
unerregtbn Polarititen benachbarter Leiter in Jedem Paar in -           e
sinern ersten, zweiten, dritten und vierten der Viertelabschnitte jeweils
positiv-positiv, negativ-positiv, positiv- negativ und negativ-negativ
sind, gernessen entlang der x-Richtung und entlang der y-Richtung. 10.
Vorrichtung nach Anspruch 1, wobei das Polaritatsdnderungsmittel ein
Mikroprozessormittel umfaft, 5o  das ein Mittel zur Stbuerung des
Schaltmnittels enthilt. 11. Vorrichtung nach Anspruch 2, wobei das
Polarlittsinderungsmittel ein Mikroprozessormiftel umfa~t, welches oin
Mittel zur Stbuerung des Schaltmittels enthilt, so daB die Leiter dem
Erfassungmittel sequenziell zugeschaltet werden, um die Spule als zwischen
zwei bestimmten benachbarten Leitern befindlich grob zu lokalisieren. 55
12. Vorrichtung nach Anspruch 11 wobei das Mikroprozessormittel nach grober
Lokalislerung der Spule zwischen zwei bestimmten benachbarten Leitern eln
Verh3ltnis der GrWoen der in den zwei bestimmten : -         benachbarten
Leitern induzierten Signals erzeugt, um die Spule zwischen den zwei
bestimmtn benachbarten Leitem genau zu lokalisieren. 9
.~~~~~~~~~~~~~~~~~~~~~~~~~~ .  .    EP 0 362 211 B1 13. Verfahren zur
Positionsbeastimmung elner Spule relativ zu einer durch ein Leltungsgitter
festgelegten aktiven Fliche, wobsi das Gittereine erste Gruppe
n-paraiieler, voneinanderbeabstandeterund In einerx-Rich- tung orientierter
Leiter und eine zwelte Gruppe m-paralleler, voneinander beabstandeter und
einer y-Richtung 



orientierter Leiter enthalt, wobel jeder der Leiter ese vorbestimmte
unerregte Polaritit hat, wobel wenigstens :   zwel benachbarte Leiter in
jeder Gruppe sine Mehrzahl verschiedener Abschnitte der aktiven Flache als
Schlefe durchlaufen, so dal die Rombinationen auf die unerregten
Polaritaten bezogener Richtungen benach- barter Leiter In jedem der
Abschnitte voneinander verschleden sind, -  .. .e :-:wobel das Veriahren
die Schritte umfaBt ...a) Erregen entweder .0  ,   -I 1) der Spule zur
Induktion elektrischer Signals in den Lelbtm, oder -i) ausgewahlbtrder
Leiterzur Induktion elektrischer Signals in der Spule, wobei die
induzierten Signalo in ihrer Gr6oe und Polaritit von der Position der Spule
relativ zu den Leibtrn abhingen, b) selektives Schalten der Leiter entweder
zu :   i) elnern Erfassungsmittel zum Erfassen'der induzierten Signals oder
-*    - c15       ii) einem Erregenmittel zurn Erregen der Leiter, und -C)
selektives Andem der Polaritatn dererialten Signale gemiB den verschiedenen
unerregten Polartitbn benachbarter Leiter in den Abschnitten. ;  14.
Verfahren nach Anspruch 13, wobei der Schritt zum Erregen den Schritt
umfaXt zur Induktion der Signals in den Leltem die Spule zu erregen, und
wobel der Schritt zurn Schalten den Schritt umfaft, den Leiter 20  dem
Erfassungsmittbl induzierter Signale selektiv zuzuschalten. 15. Verfahren
nach Anspruch 14, das welter den Schritt zurn Sammeln der in den Leitern
induzierten Signals urnfiat, um die Spule als zwischen zwei bestimmbtn
benachbarten Leitem befindlich grob zu lokali- sieren. 16. Verfahren nach
Anspruch 15, das weiter den Schritt zum Eizeugen sines Verhiltnisses der
GrWoen 25  der In den zwei bestimmten benachbarten Leitern induzierten
Signals umfaet, um die Spule zwischen den bei- * den bestimmtsn
benachbarten Leitem genau zu lokalisieren. 17. Verfahren nach Anspruch 14,
wobei sin End. jedes der Loiter In jeder Gruppe mit Masse verbunden ist und
wobei der Schritt zum Schaltn den Schritt umfa~t, die anderen Enden der
Leltr dem Erfassungamittel induzierter Signals selektiv zuzuschalten. 30
. 18. Verfahren nach Anspruch 13, wobsi der Schritt des Schleifendurchlaufs
den Schritt umfaet, daB jedes Paar benachbarter Leiter in jeder Gruppe vier
verachiedene Viertolabschnitte der aktiven fiche als Schleife durchlfuft,
so daB die Rombination der unerregten Polaritaten der Leiter in dern Pear
in jedem der Abschnitte verschieden ist. I- i .> -      -19. Verfahren nach
Anspruch 18, wobei die unerregten Polaritaten benachbarter Leiter in jedem
Paar in *r! .: , - 3S s elnern ersten, zweiten, dritten und vierten der
Viertelabschnitte jeweils positiv-positiv, negativ-positiv, positiv-
*,negativ und negativ-negativ sind, gemessen entlang der x-Richtung und
entlang der y-Richtung. 20. Verfahren nach Anspruch 14, wobei derSchrittzum
Schalten den Schritt urnfalt, dem Erfassungsmittol Induzierter Signals die
Leiter sequenziell zuzuschalten, um die Spule als zwischen den zwei
bestimmten benachbarten Leitem befindlich grob zu lokalisieren. 40      21.
Verfahren nach Anspruch 20, welter den Schritt umfassend, ein Verhiltnis
der Grofen der In den zwei bestimmten benachbarten Leitern induzierten
Signal. zu erzeugen, um die Spule zwischen den zwei bestimm- :* . : ten
benachbarten Leitem genau zu lokalisieren. 22. Vorrichtung zur
Positlonsbestimmung einer Spule relativ zu einer aktiven Flache, umfassend:
a) sin die aktive Flache festlegendes Leitungagitter, wobei das Gitter sine
erste Gruppe paralleler, voneln- 45      ander beabstandeter und in einer
x-Rlchtung orientierter Leiter und esne zweite Gruppe paralleler, vonein-
ander beabstandeter und In einer y-Richtung orientierter Leiter enthilt,
wobel ein Ends jedes Leiters in jeder Gruppe mit Masse verbunden ist und
wobei der jeder Leiter eine durch das mit Masse verbundene Ende
vorbestimmte unenregtb Polartit hat; b) wobel jedes Paar benachbarter
Leiter in jeder Gruppe sine Mehrzahl verschiedener Viertelabschnitte 60
der aktiven Flache als Schleife durchlauft, so daB die Kombinationen auf
die unerregten Polarititan bezo- gener Richtungen jedes Leiterpaars in
jedem ViertelabschniKt verschieden sind; c) eine relativ zu dern Gitter
bewegliche Spule; d) ein Erregermittel zum Erregen entweder I) der Spule
zur Induktion elektrlscher Signals in den Leitem oder : 5 Si) ausgewihiter
der Loiterzur Induktion elektrischer Signal. in der Spule, wobel die
induzierten Signals in ihrer GrW~e und Polaritit van der Position der Spule
relativ zu den Leitem abhangen; :) sin Erfassungsmittel zum Erfassen der
GraBe und Polaritit der induzierten Signals, f) ein Multiplexermittel zum
selektiven Schalten der anderen Enden der Leiter entweder zu 10 lI MEN~ 111
11111 I1III 11 1111    EP 0 362 211 B1 _Z    r, ,,,,_ *-... i) dem
Erfassungsmittel oder 



-i) dem Erregermittel, und -; - . .     g) sin Mikroprozessormittel.zum
Steuem des Erfassungamittels und des Multlplsxonmittels, -und welter
umfassend *  - : 1) Polarlitsanderungsmittel zum selektlven Andem der
Polarititen der erfaBten Induzierten Signal. zur ,-Berficksichtigung der
verschiedenen unerregten Polaritaten der Leiterpaare in jedem
Vlertelabschnitt, :-2) Mittel zum Bewirken, dam das Multiplexefnittel die
Polarititen dererfalften induziertn Signale sanmelt, urn die Spule ale
zwischen zwei benachbarten Leitem befindlich grob zu lokalisieren, und .
:3) Mittel zum Erzeugen sines Verhiltniases der Gr6Ben der erfaBten
induzierten Signals fOr die zwel '' '10   '- bestimmten benachbarten
Leiter, um die Spule zwischen den zwel bestimmten benachbarten'Leltern
genau zu lokalisleren. 23. Vorrichtung nach Anspruch 22, wobel das
Erregenmittel Mittel zum Erregen der Spule umfast, um die Signals In den
Leitem zu induzleren, und wobel das Multiplexermittel Mittel umnfaBt, um
dern Erfassungamittel die anderen Enden der Leiter selektiv zuzuschalten.
15     24. Vorrichtung nach Anspruch 23, wobei des Multiplexermittel
adressierbar Iat, urn don dern Erfassungs- -mittel zugeschalteten Leiter
auszuwshlon, und wobei des Mikroprozessormittel des Multiplexermittel durch
Obertragung von Adressensignalen zu dem Multiplexermittel lsbuert. 25.
Vorrichtung nach Anspruch 22, wobei des Mikroprozessormittel welter oin
Mittel enthalt, des auf die Polaritat der durch das Erfassungmittel
erfallten Signals anspricht, um denjonigen Vierteiabschnitt zu identifi- :
o  zieren, In dem sich die Spule befindet, und wobel des
Polarititsanderungsmittel die Polarititen der durch des Erfassungsmittel
erfabten Signals gemaB din unerregten Polarititen der Lelterpaare in dern
Identifizierten , Viertelabschnitt findert. _26. Vorrichtung nach Anspruch
22, wobei jederderViertelabschnitte glelche Breis hat und wobei das Erre-
,. .. -   --germnttel einen Wirkungsbereich hat, der annihernd gleich
dieser Breite ist. 25      27. Vorrichtung nach Anspruch 22. wobei
benachbarte Lelter in jedem Viertelabschnitt voneinander oenen
glemchrniBigen Abstand von etwa 0,4 Inch haben. Revendliations -1. Appareil
destini A determiner la position d'une bobine per rapport a une zone
active, comprenant: (a) une grille de conducteurs definissant la zone
active, cette grille comprenant un premier groups de n -    :; :
conducteurs paralleles, espaces, orient6s dans une direction X et un second
groups de m conducteurs paralleles, espac6s, orient6s dans une direction Y,
chacun des conducteurs ayant une polarite non excitee pred6terminee; (b) au
moins deux conducteurs contigus dans chaque groupe etant boucles par une
pluralite de diffe rentes sections de Ia zone active de sorte quo Ia
combinabson des directions par rapport aux polarites non excitees des
conducteurs contigus sont differentes dens chaque section; (c) moyen
destin6 A exciter soit 40        ti) la bobine pour induire des signaux
6lectriques dans les conducteurs, soit (il) certains conducteurs
selectionnea pour induire des signaux electriques dens la bobine, les
signaux induits ayant une grandeur et une polarit6 en fonction de la
position de la bobine par rapport aux conducteurs; (d) des moyens pour
d~tecter les signaux induits; 45     (e) des moyens de commutation pour
commuter de facon selective les conducteurs soit (I) sur les moyens de
detection soit (ii) sur les moyens d'excitation ; et (f) des moyens pour
changer selectivement les polarits des signaux d~tect~s en fonction des
differentes polarites non excitees des conducteurs contigus dens ces
sections. so      2. Appareil selon la revendlcation 1, dans lequel les
rnoyens d'excitatlon comprennent les moyens destines a exciter la bobine
pour induire les signaux dans les conducteurs et dans lequel les moyens de
commutation comprennent des moyens destines A commutir selectivement les
conducteurs sur les moyens de detection. 3. Apparel selon la revendicatlon
2, comprenant de plus des moyens pour echantillonner lea signaux induits
dans les conducteurs de fagon A positionner grossierement la bobine entre
deux conducteurs contigus 56   particuliers. 4. Appareil selon la
revendication 3, comprenant de plus des moyens destines A produire un
rapport des grandeurs des signaux induits dens les deux conducteurs
contigus particuliers de fagon A positionner avec pre- cision la bobine
entre les deux conducteurs contigus particuliers.
.~~~~~~~~~~~~~~~~~~~~~~~~~~~ .                                         S
EP 0 362 211 BI .t   . ..... z... .. -5. Appareil selon la revendication 4,
dans lequel lea moyens de changement ds polarite, lea moyens
d'echantillonnage, et les moyens de production du rapport de grandeur
comprennent un microprocesseur. 



6. Appareil selon la revendication 2, dans lequel une extr6mit6 de chacun
des conducteurs dans chaque groupe eat raccordee A la masse et dans lequi
lea moyens de commutation comprennent un multiplexeur des- ;   tin6 A
commuter a6iectivement lesa autres extremit6s des conducteurs sur lea
moyens de detection. 7. Appareil selon la revendIcation 1, dans lequel lee
sections sont de largeur egale et dans lequei lea smoysn d'excitation ant
une plage efficace approximativement 6gale A la largeur des sections. 8.
Appareil seion la revendicatfon 1, dans Isquel chaque pairs de conducteurs
contigus dans chaque !  groupe eat bouciee par quatre diflerents quarts de
section de la zone active de sorts quo la combinaison des '10  poaritbs non
excitees des conducteurs dans la pairs eat diffrente dens chaque section.
9. Apparel selon la revendication 8, dans lequel lea polarites des
conductburs condgus dans chaque palre sont positives-positives,
ndgatlves-nigatives, positives-negatives et negatives-positlves
respectivement dans un premier, second, troisieme et quatrieme quarts do
section telles que mesurees sur Ia direction X et sur ia 7 7?:;:   --
direction Y. ; 15-    10. Apparell selon la revendication 1, dans lequel
les moyens de changement de polari  comprennent un microprocesseur
comprenant de plus des moyens destines a contr~ler lea moyens de
commutation. -  1. Appareli selon la revendication 2, dans lequel lea
moyens de changement de polarite comprennent un microprocesseur comprenant
de plus des moyens destines A commander le moyen de commutation de fagon A
commuter lea conductsurs sur lea moyens de dbtection en saquence pour
positionner grosslerement le 20  bobine comme etant entre deux conducteurs
contigus particullers. 12. Appareil selon la revendication 11, dans lequel
le microprocesseur apres avoir positionne grossibre- ment la babine commi
6tant entre deux canducteurs contigus particuliers, produit un rapport des
grandeurs des signaux indults dans lea deux conducteurs contigus
particulers de facon A positionner avec precision la bobine entre lesa deux
conducteurs contigus particullers. 25      13. Proc6de destinb a d~terminer
la position d'une bobine par rapport A une surface active deflnie par une
grille de conducteurs, la grille comprenant un premier groups de n
conducteurs paralleles espaces orientes dans une direction X et un second
groups de m conducteurs perallbles, espaces, orlentes dans une direction Y
chacun des conducteurs ayant une polarite non excites pr6d6termin~e, au
mains deux conducteurs contigus dans chaque groups sont boucls par
plusieurs sections differentes de la zone active de sorts quo les combi- o;
nabsons des directions par rapport aux polarites non excitees des
conducteurs contigus sont differentes dans chaque section ; le procede
comprenant les etapes consistent A (a) exciter soit (I) la bobine pour
induire des signaux electriques dans lea conducteurs, solt (Il) certains
conducteurs salectionn~s pour induire des signaux electriques dens la
bobine, les signaux si 3o;    Indufts ayant une grandeur et une polariti en
foncton de la position de la bobine par rapport aux conduo- teurs, :  - -
-  (b) commuter selectivement lesa conducteurs solt sur (i) des moyens pour
detecter les signaux induits solt 4o        (ii) des moyens pour exciter
lesa conducteurs et (c) changer silectivement lea polarit6s des signaux
detectes en fonction des difflrentes polarites non exci- teas des
conductburs contigus dens les sections. 14. Procede selon la revendication
13, dans lequel l'etape d'excitation comprend 'etape consistant A exci- ter
la bobine pour induire lesa signaux dans lea conducteurs et dans lequel
l'etape de commutation comprend 45  I'etape consistant A commuter
selectivement lea conducteurs sur les moyens de d~tection de signaux
induits. 15. procede selon la revendication 14, comprenant de plus l'etape
consistent A echantillonner les signaux induits dans lesa conducteurs de
facon A positionner grossierement la bobine comme etant entre deux conduc-
teurs contigus particuliers. 16. Procede solon la revendication 15,
comprenant de plus I'etape consistent a produire un rapport des 5o
grandeurs des signaux indults dans les deux conducteurs contigus
particuliers de fagon a positionner avec pre- cision la bobine entre lea
deux conducteurs contigus particuliers. 17. Procede selon l revendication
14, dans lequel une extremite de chacun des conducteurs dans chaque groups
eat raccordee A la masse et dans lequel I'etape de commutation comprend
l'tape consistent A commu- ter selectivement lea autres extremites des
conducteurs sur les moyens de d~tection de signaux induits. 56      18.
Procede selon la revendication 13, dans lequel l'etape de bouclage comprend
l'etape consistant a bou- cier chaque pairs de conducteurs contigus dens
chaque group. par quatre differents quarts de section de la zone active de
fagon quo la combinaison des polarites non excitees des conducteurs dans la
pairs solt diff- rents dens chaque section.
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B1 19. Procied selon la revendlcation 18, dans lequel les polardtbs non
excit6es des conducteurs contigus 



dans chaque paire sont positives-posltives, negatives-positives,
positves-n6gatives et n6gadves-n6gatives dans un premier, second, trodsleme
et quatrieme quarts de section respectivement toles quo mosurees sur la
direction X et sur la direction Y. .: ,   :..6 .20. Proc6d6 solon Ia
revendlcation 14, dans lequel I'tape de commutation comnprend I'tape
consistant A commuter les conducteurs sur lea moyens do d6tection de
signaux induits en sequence pour positionner gros- sirement la bobine comme
etant entre deux conducteurs contigus particullers. * .. .. -   -21.
Procede solon la revendication 20, comprenant de plus l'tape consistant A
produire un rapport des grandeurs des signaux indults dans les deux
conducteurs contigus particullers pour positionner avec precislon 10.  la
bobine entre lea deux conducteurs contigus particullers. 22. Apparel
destine a determiner la position d'une bobine par rapport a une zone
active, comprenant: (a) une grille de conducteurs definissant la zone
active, Ia grille comprenant un premier group. de conduc- -teurs
paralleles, espaces, orientes dans une direction X et un second groupe de
conducteurs paralilles, -  espaces, orientes dans une direction Y, une
extremite de chacun des conductsurs dans-chacun des grou- - 16   pes 6tant
raccord6e A la masse, chaque conducteur ayant une polarite non excitee
pr6d6termin6e d6finie par l'extr6mit6 A la masse; (b) chaque pairs de
conducteurs contigus dans chaque groupe etant bouci6e par quatre difflrents
quarts de section de Ia zone active de sorte quo les combinalsons des
directions par rapport aux polarites non excit6es de chaque pair. de
conducteurs sont dlfferentes dans chaque quart de section; 20. ?  (c) une
bobine mobile par rapport a la grille; (d) des moyens destin6s A excitor
solt (I) Is bobine pour Indulre des signaux 6lectriques dans lee
conducteurs, solt 7...              (II) certains conducteurs s6lectionnes
pour induire les signaux 6lectriques dans la bobine, les signaux indults
ayant une grandeur et une polarite dependantbs de la position de la bobine
2*        par rapport aux conducteurs; (5) des moyens destines A detecter
la grandeur et la polarite des signaux induits; (f) un multiplexeur destine
A commuter selectivement les autres extrbmit~s des conducteurs soit sur (I)
des moyens de d~tection soit -   (li) des moyons d'excitation et -30    (g)
un microprocesseur destine A commander les moyens de detection et lo
multiplexeur et comprenant de plus (1) des moyens destinas A changer
selectivement les polarit6s des signaux Induits d~tectes pour tbnir :comptb
des differentes polarltes non excitees des palres de conducteurs dans
chaque quart de section; .(2) des moyens pourfaire echantillonner par Is
multiplexeurles polarit6s des signaux indults d6tectes pour -r  as
positionner grossierement Ia bobine comme etant entre deux conducteurs
contigus particuliers ; et (3) des moyens pour produire un rapport des
grandeurs des signaux Induits d6tect6s pour les deux conduc- tours contigus
particuliers de fagon a positionner avec precislon la bobino entre les deux
conducteurs conti- gus particuliers. 23. Appareil selon la revendlcation
22. dans lequel les moyens d'excitation comprennent des moyens des- 40
tfn6s A excitor la bobine pour induire lea signaux dens les conducteurs et
dans lequel le multlplexeur comprend des moyens pour commuter slectivement
les autres extr6mit6s des conducteurs sur les moyens de dtection. 24.
Appareil solon la revendication 23, dans loquel le multiplexeur est
adressable pour selectionner celui des conductsurs qui est commute sur les
moyens de d~tection et dens lequel Is microprocesseur commando le
multiplexeur en transmettant des signaux d'adresse au multiplexeur. 45
25. Appareil solon la revendication 22, dens lequel le microprocesseur
comprend de plus des moyens sen- sibles A la polarite des signaux detectes
par les moyens de detection pour identifier celul des quarts de section
dens lequol la bobine est positionrnee et dens lequel les moyens de
changement de polarite modifient lee pola- rites des signaux detectes par
les moyens de detection en fonction des polarites non excitees des paires
de conducteurs dans le quart de la section identifi6e. so      26.
AppareOll selon la revendication 22, dens lequel chaque quart de section
est de largeur egale et dans lequel les moyens d'excitation ont une plage
efficace approximativement egale a la largeur. 27. Apparell selon la
revendication 22, dans lequel les conducteurs contigus dens chaque quart de
section sont espaces uniformement entre eux d'environ 1 cm (0,4 pouce). 55
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