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ABSTRACT

Apparatus for generating magnetic fields includes a plurality of radiator 

coils. Driver circuitry drives the coils so as to generate magnetic fields at a plurality

5 of driving frequencies. Each of the coils is driven by a respective current that

comprises a basic current at a respective one of the driving frequencies and 

cancellation currents at one or more of the other driving frequencies, so that each of 

the radiator coils generates a field substantially only at the respective driving 

frequency.
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MUTUAL CROSSTALK ELIMINATION IN MEDICAL SYSTEMS

FIELD OF THE INVENTION

The present invention relates generally to apparatus for generating and 

detecting electromagnetic fields, and specifically to non-contact, electromagnetic 

methods and devices for tracking the position and orientation of an object.

• · · ·
• · ·
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BACKGROUND OF THE INVENTION
Non-contact electromagnetic tracking systems are well known in the art, with 

a wide range of applications.

For example, U.S. patent 4,054,881, whose disclosure is incorporated herein 

by reference, describes a tracking system using three coils to generate 

electromagnetic fields in the vicinity of the object. The fields generated by these 

three coils are distinguished from one another by open loop multiplexing of time or 

frequency. The signal currents flowing in three orthogonal sensor coils are used to 

determine the object's position, based on an iterative method of computation.

U.S. patent 5,391,199, whose disclosure is incorporated herein by reference, 
describes a system for generating three-dimensional location information regarding a 

medical probe or catheter. A sensor coil is placed in the catheter and generates 

signals in response to externally applied magnetic fields. The magnetic fields are 

generated by three radiator coils, fixed to an external reference frame in known,

25
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mutually spaced locations. The amplitudes of the signals generated in response to

each of the radiator coil fields are detected and used to compute the location of the

5

sensor coil. Each radiator coil is preferably driven by driver circuitry to generate a

field at a known frequency, distinct from that of other radiator coils, so that the

signals generated by the sensor coil may be separated by frequency into components

corresponding to the different radiator coils.

10

PCT patent application number PCT7US95/01103 and the corresponding

U.S. national phase patent application no. 08/793,371, whose disclosures are

incorporated herein by reference, describe a system that generates six-dimensional

position and orientation information regarding the tip of a catheter. This system uses 

a plurality of non-concentric sensor coils adjacent to a locatable site in the catheter,

for example near its distal end, and a plurality of radiator coils fixed in an external

• ·• · · · ·
15• · · ·

reference frame. These coils generate signals in response to magnetic fields 

generated by the radiator coils, which signals allow for the computation of six 

location and orientation coordinates. The radiator coils operate simultaneously at
• · ·• · ·• · · · different frequencies, for example at 1000, 2000 and 3000 Hz, respectively.
• · ·• · ·• · · · Other position sensing systems use a single coil in the catheter. The signals

• · ·• · ·• · ·

•

from the coil are sufficient, in conjunction with multiple field generator coils, to 

generate three dimensions of position and two dimensions of orientation
20• · information. The third dimension of orientation (typically rotation of the catheter

• · · ·

• · · ·» ·• · · ·
•

• ·

about its longitudinal axis) can be inferred if needed from a comparison of the 

coordinates of two such sensors provided at mutually-spaced locations in the
catheter and/or from mechanical information.

•
• · 25• · · ·• · ·» ·

The above tracking systems rely on separation of position-responsive signals 

into frequency components, wherein each such component is assumed to correspond 

uniquely to a single radiator coil, in a known position, radiating in a narrow, well- 

defined frequency band. In practice, however, the radiator coils also generate 

magnetic fields at the frequencies outside the desired bands, for example due to
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mutual inductance effects. These mutually-induced fields lead to errors in

5

determining the position of the object being tracked.

PCT patent application PCT/IL97/00100 and the above-mentioned U.S. 

patent application no. 09/125,544 describe apparatus for generating magnetic fields 

with reduced mutual inductance effects. The apparatus includes a plurality of

radiator coils and driver circuitry coupled thereto, which drives the coils so as to

10

generate magnetic fields at a plurality of driving frequencies. The radiator coils are 

configured and controlled so that each of them generates a field substantially only at

a single, respective driving frequency. Preferably, circuitry is associated with at

least one of the plurality of radiator coils for substantially eliminating magnetic 

fields generated by the at least one coil in response to fields generated by the other

coils.

• • · · ·
•• · · ···· 15• ·• ·• · ·
• ·• ·• · ·

• · ·• ·• · ·

SUMMARY OF THE INVENTION

It is an object of some aspects of the present invention to provide improved 

electromagnetic radiator coils and driver circuitry therefor, for use in conjunction 

with object tracking systems in order to increase the accuracy of object tracking.

It is a further object of some aspects of the present invention to provide
•

• ·
• · · ·
....· 20

magnetic field generator coils and associated driver circuitry that generate fields 
having narrow bandwidths in the frequency domain.

• · · · •• · · ·
•

In one aspect of the present invention, narrowed field bandwidth is achieved

by canceling out mutual inductance effects among a plurality of coils, which
• ·

generate magnetic fields at different frequencies.
•

• · In preferred embodiments of the present invention, a plurality of radiator
• · ·• · 25• coils generate magnetic fields at a plurality of different respective driving 

frequencies. Driver circuitry associated with the coils generates electrical driver 

currents therein, wherein for each coil the current comprises a major component at
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the coil's respective driving frequency, and minor components at other frequencies.

Typically, the minor components are substantially equal in amplitude and frequency 

and 180° out of phase with parasitic currents induced in the coil due to magnetic 

fields generated by the other radiator coils, so as to substantially cancel the effect of
5 the induced currents.

10

Preferably, the driver circuitry includes sensing apparatus, which measures

the amplitude, frequency and phase of the induced parasitic currents in a the coil.

The driver circuitry further includes an adaptive variable current supply, which

generates the out-of-phase minor current components responsive to the amplitude,

frequency and phase data measured by the sensing apparatus, so as to substantially

cancel the effect of the induced parasitic currents. Most preferably, the process of

• ·• · · · ·
15• · ··

measuring the parasitic currents and adjusting the minor current components is

repeated iteratively until the amplitude of the parasitic components is reduced to

below a predetermined threshold level.

There is therefore provided, in accordance with a preferred embodiment of
• · · ·
• · ·• · ·• · · ·
• · ·• · ·• · · ·
• · ·• · ·• · ·

the present invention, apparatus for generating magnetic fields, including:

a plurality of radiator coils; and

driver circuitry, coupled thereto, which drives the coils so as to generate

•
• · 20• · · ·• ·• · · ·

magnetic fields at a plurality of driving frequencies, such that each of the coils is 

driven by a respective current that includes a basic current at a respective one of the 

driving frequencies and cancellation currents at one or more of the other driving
• · · ·• ·• · · ·

•
• ·

•
• · 25• · · ·• · ·• ·

frequencies, so that each of the radiator coils generates a field substantially only at 

the respective driving frequency.

Preferably, the cancellation currents are determined so as to substantially 

cancel parasitic magnetic fields generated by each of the coils in response to the 

magnetic fields generated by the other coils at the respective driving frequencies of 

the other coils. Most preferably, the cancellation currents are generated by the 

driver circuitry so as to be, in each of the coils, approximately equal in amplitude
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and opposite in phase to parasitic currents generated in the coil due to the magnetic

fields generated by the other coils at the respective driving frequencies of the other

coils.

5

In a preferred embodiment, the driver circuitry includes a current analyzer,

which is coupled to measure parasitic currents flowing in each of the coils at the

respective driving frequencies of the other coils, and wherein the driver circuitry is

10

adapted to generate the cancellation currents responsive to the measured parasitic

currents. Preferably, the driver circuitry includes an adaptive current supply, which

is driven by the current analyzer to generate the cancellation currents. Alternatively

or additionally, the driver circuitry includes a memory, which is adapted to store, for

each of the coils, data indicative of a waveform of the respective current with which

• ·• · · · ·
15• · · ·• · · ·• · ·• · ·• · · ·

the coil is to be driven, and wherein the data are modified responsive to the

measured parasitic currents. Most preferably, the driver circuitry is adapted to

adjust the generated respective current in each coil so as to minimize the parasitic

electrical current measured therein.

There is also provided, in accordance with a preferred embodiment of the
• · ·• · ·• · · ·

• · ·• · ·• · ·

•

present invention, a method for generating a magnetic field having a desired narrow

frequency band, including:

driving a radiator coil with an electrical current at a frequency in the desired
• · 20• · · ·• ·• · · ·

narrow frequency band;

analyzing the current flowing in the coil to measure induced current
• · « ·• ·• · · ·

•
• ·

components at one or more undesired frequencies; and

adjusting the current driving the coil so as to include correction current

•
• · 25»· · ·» · ·•

components at the one or more undesired frequencies, responsive to the measured

induced current components, so that the coil generates a field substantially only at 
the respective driving frequency.

There is additionally provided, in accordance with a preferred embodiment 

of the present invention, a method for tracking an object, including:
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driving a plurality of radiator coils with electrical currents at respective 

driving frequencies, so as to generate a plurality of magnetic fields at the frequencies 

in a vicinity of an object being tracked;

analyzing the currents flowing in the coils so as to measure, in each of the 

coils, induced current components at one or more of the frequencies of the other 

coils;

adaptively adjusting the current driving each of the coils so as to include 

correction current components at the frequencies of the other coils, responsive to the 

measured induced current components, so that each of the coils generates a field 

substantially only at the respective driving frequency;

placing one or more sensor coils at a locatable site on the object; 

receiving signals generated by the sensor coils in response to the magnetic fields; 

and

analyzing the signals to determine position and orientation coordinates of the

object.

There is further provided, in accordance with a preferred embodiment of the 

present invention, an object tracking system, including:

a plurality of radiator coils; and

driver circuitry, coupled to drive the coils to generate magnetic fields at a 

plurality of driving frequencies, such that each of the coils is driven by a respective 

current that includes a basic current at a respective one of the driving frequencies 

and cancellation currents at one or more of the other driving frequencies, so that 

each of the coils generates a field substantially only at the respective driving 
frequency;

one or more sensor coils, fixed to the object; and

processing circuitry, coupled to receive and analyze currents induced in the 

sensor coils due to the magnetic fields, so as to determine coordinates of the object.

25
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The present invention will be more fully understood from the following detailed 

description of the preferred embodiments thereof, taken together with the drawings 

in which:

5

10

9 9 9 9 9
9

9

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic representation of an object tracking system, operative in 

accordance with a preferred embodiment of the present invention;

Fig. 2A is a block diagram that schematically illustrates coil driver circuitry, 

in accordance with another preferred embodiment of the present invention;

Fig. 2B is a block diagram that schematically illustrates coil driver circuitry, 

in accordance with another preferred embodiment of the present invention; and

Fig. 3 is a flow chart illustrating schematically a method for adjusting the 

circuitry of Fig. 2A or 2B, in accordance with a preferred embodiment of the present 

invention.

15

9 9 9

* 25

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Reference is now made to Fig. 1, which illustrates schematically a system for 

tracking a probe 20, such as a catheter for medical use, operative in accordance with 

preferred embodiment of the present invention. As described in the above- 

mentioned U.S. Patent 5,391,199, to Ben-Haim, and PCT patent application 

PCT/US95/01103, the system comprises a plurality of radiator coils 22, 24 and 26. 

These coils generate respective magnetic fields Hi, H2 and H3, at respective 

frequencies ©i, ©2, and ©3, in the vicinity of probe 20. The probe further includes 

sensor coils 27, 28 and 29, which generate electrical current signals in response to 

the magnetic fields, wherein the signals comprise components at frequencies ©i, ©2, 

and ©3, whose respective amplitudes are dependent on the position and orientation 
of probe 20.
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10

• » · · ·
. 15• · · ·• · · *

• · ·

• ·
• 4 · · 20

The system further comprises driver circuitry 30, 32 and 33, coupled to each 

of the radiator coils, which drives coils 22, 24 and 26 at respective driving 

frequencies ωι, a>2, and an. The signals generated by sensor coils 27, 28 and 29 are 

preferably processed by signal processing circuitry 34 and then used by computer 36 

to calculate position and orientation coordinates of probe 20.

For the sake of clarity, Fig. 1 shows three radiator coils 22, 24 and 26 and 

three sensor coils 27, 28 and 29 in a probe 20. It will be understood, however, that 

the present invention is equally applicable to tracking systems comprising two, four 

or more radiator coils and one, two or more sensor coils. The present invention may 

be used in tracking other types of objects, as well.

In the absence of mutual inductance effects, the signals generated by sensor 

coils 27, 28 and 29 at frequency ωι are proportional to the amplitude of the time 

derivative of the projection of magnetic flux due to field Hi at probe 20 along each 

of the respective axes of the sensor coils. The signals generated at frequencies a>2 

and ci>3 are similarly proportional to the projections of H2 and Hj. Since the 

direction and amplitude of the magnetic field due to a single such radiator coil can 

be calculated easily using methods known in the art, the sensor coil signals due to a 

single radiator coil may be directly related to the sensor coil's distance from and 

orientation relative to the radiator coil.

In practice, however, magnetic field Hi generated by radiator coil 22 is not 

limited in space to an immediate vicinity of probe 20, but also has a non-zero 

amplitude in a vicinity of coils 24 and 26. As is known in the art, there is a mutual 

inductance M12 between coils 22 and 24, which causes an additional, parasitic 

current I12 at frequency ωι to flow in coil 24 due to field Hi, and likewise causes a 

parasitic current I2| in coil 22 at frequency ω2. The amplitudes of the total currents 

and I2 flowing in coils 22 and 24 are given generally by:

25
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λ

J

' ^12 

<W12 ^2
(1)

Λ V2j

:’···· 10

15

20

• · • ·• ·

Here L| and L2 are the respective inductances of coils 22 and 24, while and V2 

are the time derivatives of the voltages in the coils. The theory of mutual inductance 

and its application in position sensing systems are further described in the above- 

mentioned PCT patent application PCT/IL97/00100.

The parasitic current I,2 flowing in radiator coil 24 (T12 = M12V'1) causes a 

parasitic magnetic field H|2 to be generated at frequency ιοι, whose amplitude will 

be approximately proportional to the ratio Mi2/L2 when ωι » ω2. M)2 depends on 

geometrical factors, including the orientations of and distance between the coils, as 

well as on parameters of coil construction. In tracking systems such as those 

described in U.S. Patent 5,391,199 and in PCT patent application PCT/US95/01103, 

the amplitude of the parasitic current I|2 is typically on the order of 0.5% of the basic 

current I2. Thus, the signals generated by sensor coils 27, 28 and 29 at frequency ωι 

will include both a position signal component due to Hi and a parasitic signal 

component due to Hj2, which may introduce errors of up to 1% in determination of 

the field at probe 20. These errors may result in deviations of one to a few 

millimeters in determining the position of the probe. Additional parasitic signal 

components at frequency ωι will be introduced by mutual inductance in coil 26 and 

any other radiator coils. Similarly, sensor coil signals at frequencies ω2 and ω3 will 

also include parasitic components.

Fig. 2A illustrates schematically a preferred embodiment of the present 

invention, wherein driver circuitry 32 is adapted to drive coil 24 so as to 

substantially cancel mutually-induced currents. Circuitry 32 comprises a system 

current supply 50, which drives coil 24 at its driving frequency ω2, and adaptive 

current supply 52, which generates a correction current to drive coil 24 at the

25
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respective frequencies of coils 22 and 26, ωι and on, with amplitudes and phases

5

determined by a current analyzer 54. The current analyzer samples the current in

coil 24, using methods known in the art, and separates the sampled current into

frequency components. Analyzer 54 causes adaptive supply 52 to adjust the

amplitudes and phases of the generated οη and ω3 currents so as to minimize the

components sensed at these frequencies in the sampled current from coil 24.

Typically the generated a»i and 03 correction currents are substantially

approximately equal in amplitude to and 180° out of phase with the mutually-

induced currents I12 and I32- A method for determining the correction currents is

10 described hereinbelow with reference to Fig. 3. Coils 22 and 26 are driven by similar

• ·» · · · ·•
•

adaptive driver circuitry.

Fig. 2B is a block diagram that schematically illustrates driver circuitry 32,
• · · ·
ft · ·1 · · in accordance with an alternative embodiment of the present invention. In this case,
»· · ·
ft · ·ft · ·ft · · ·
,·.·*. 15• · ·

the curreni driven through coii 24 is digitally controlled, based on waveform data

stored in a memory look-up table (LUT) 56. The data in LUT 56 are read out in

•
• ·
• · · · •• · · ·

• · · · •• · ··
....: 2o • ·

sequence to a digital/analog converter (DAC) 57, preferably an eight-bit DAC, in

order to generate a waveform of the appropriate shape, with the desired frequency

components. A current amplifier 58 filters and amplifies the waveform into the coil.

Current analyzer 54 calculates the amplitude and phase of the required cot and 013

correction current components, and digitally adds these components to the values in

LUT 56. Fig. 3 is a flow chart that schematically illustrates a method for
•• · · · ·• ·

• · ·• ·•
determining the correction current components to be injected by driver circuitry 30,

32 and 33, in accordance with a preferred embodiment of the present invention. As

in the preceding embodiments, the method is described here for convenience with

25 respect to correction for the parasitic current generated in coil 24 at frequency (0|.

At an actuation step 60, coils 22 and 24 (and typically, coil 26, as well) are actuated

by their respective driver circuitry, such that each coil operates at its basic

frequency. At a measurement step 62, current analyzer 54 measures the current
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flowing in coil 24 at the operating frequencies of all of the coils. The parasitic

current 1|2 in coil 24 is compared to the basic current I2, at a comparison step 64. As

noted above, the ratio of these currents before correction will typically be as high as

0.5%. For optimal tracking accuracy, the ratio should be no more than 0.1%.

5 Assuming it is necessary to reduce the parasitic currents in coil 24, a

cancellation current in calculated, based on the measured current amplitude and 

phase, at a cancellation step 66. In calculating the cancellation current, it should be 

taken into account that coil 24 and circuitry 32 are preferably designed to be in 

resonance at frequency ω2. Therefore, when coil 24 is driven at frequency ω i with a 

io given driving voltage, the current in the coil will be reduced by a rejection factor T,

given by:

Ra^C
-^(1 - /y12LC)2 + a\2C2R2

(2)

is when compared with the current generated when the coil is driven by the same

voltage at frequency ω2. Here R and L are the resistance and inductance, 

respectively, of coil 24, and C is the capacitance of circuitry 32. If the measured 

parasitic current at frequency ωι is I|2, then a correction current should he added 

with amplitude T*Ii2, and a phase shift of 180°. Accordingly, current supply 52 is

2 0 adjusted (in the embodiment of Fig. 2A), or the entries in LUT 56 are recalculated

(in the embodiment of Fig. 2B).

Steps 62 and 64 are now repeated. Ideally, the parasitic currents now 

measured in coil 24 should be zero. In practice, however, some residual parasitic 

current is likely to remain. One of the causes of this residual current is double

25 crosstalk between coils 22 and 24, wherein the correction current in coil 24 induces

an additional current in coil 22 at its resonance frequency ϋ|, which then feeds back



12

to coil 24. Therefore, steps 66, 62 and 64 are preferably repeated iteratively until the 

ratio of the parasitic currents to the basic current in each of the coils, at its respective 

frequency, converges to below the threshold mentioned above.

Although in the embodiments of Figs. 2 A and 2B, the functions of measuring 

5 the parasitic currents and determining the corrections to be applied for them are

carried out within circuitry 30, 32 and 33, some or all of these operations may also 

be performed centrally, by computer 36, for example. Furthermore, other methods 

may be used for detecting and measuring the parasitic currents, such as analyzing 

the signals received from coils 27, 28 and 29, as described in the above-mentioned

io PCT patent application PCT/IL97/00100.

It will also be understood that while preferred embodiments are described
• ·
• with herein with reference to a system comprising three radiator coils and three

···· sensor coils, it the principles of the present invention may equally be applied to other
• · ·

electromagnetic object tracking system, using greater or fewer numbers of coils or• · ·• · · ·
• ·· is antennae.• · ·• · ·

It will thus be appreciated that the preferred embodiments described above

·:···; are cited by way of example, and that the present invention is not limited to what has
• · · ·

*····’ been particularly shown and described hereinabove. Rather, the scope of the present

.... invention includes both combinations and subcombinations of the various features• ·
. 20 described hereinabove, as well as variations and modifications thereof which would

• ·
occur to persons skilled in the art upon reading the foregoing description and which 

• j.··· are not disclosed in the prior art.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Apparatus for generating magnetic fields, comprising:

a plurality of radiator coils; and driver circuitry, coupled thereto, which 

drives the coils so as to generate magnetic fields at a plurality of driving

5 frequencies, such that each of the coils is driven by a respective current that 

comprises a basic current at a respective one of the driving frequencies and 

cancellation currents at one or more of the other driving frequencies, so that each 

of the radiator coils generates a field substantially only at the respective driving 

frequency, wherein the cancellation currents are determined so as to substantially

10 cancel parasitic magnetic fields generated by each of the coils in response to the 

magnetic fields generated by the other coils at the respective driving frequencies 

of the other coils.

2. Apparatus in accordance with claim 1, wherein the cancellation 

currents are generated by the driver circuitry so as to be, in each of the coils,

15 approximately equal in amplitude and opposite in phase to parasitic currents 
generated in the coil due to the magnetic fields generated by the other coils at the 

respective driving frequencies of the other coils.

3. Apparatus in accordance with claim 1, wherein the driver circuitry 

comprises a current analyzer, which is coupled to measure parasitic currents

20 flowing in each of the coils at the respective driving frequencies of the other coils, 

and wherein the driver circuitry is adapted to generate the cancellation currents 

responsive to the measured parasitic currents.

4. Apparatus in accordance with claim 3, wherein the driver circuitry 

comprises an adaptive current supply, which is driven by the current analyzer to

25 generate the cancellation currents.

5. Apparatus in accordance with claim 3, wherein the driver circuitry 

comprises a memory, which is adapted to store, for each of the coils, data 

indicative of a waveform of the respective current with which the coil is to be
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driven, and wherein the data are modified responsive to the measured parasitic 

currents.

6. Apparatus in accordance with claim 3, wherein the driver circuitry is 

adapted to adjust the generated respective current in each coil so as to minimize

5 the parasitic electrical current measured therein.

7. A method for generating a magnetic field having a desired narrow 

frequency band, comprising:

driving a radiator coil with an electrical current at a frequency in the desired 

narrow frequency band;

10 analyzing the current flowing in the coil to measure induced current

components at one or more undesired frequencies caused by at least one other 

radiator coil; and

adjusting the current driving the coil so as to include correction current 

components at the one or more undesired frequencies, responsive to the

15 measured induced current components, so that the coil generates a field 
substantially only at the respective driving frequency wherein the correction 

current components are cancellation currents determined so as to substantially 

cancel parasitic magnetic fields generated by the at least one other radiator coil.

8. A method according to claim 7, wherein adjusting the current

20 comprises generating correction current components that are approximately equal

in amplitude and opposite in phase to the induced current components measured 

at the respective one or more undesired frequencies.

9. A method in accordance with claim 7, wherein driving the radiator 

coil comprises storing data indicative of a waveform of the current with which the

25 coil is to be driven, and wherein adjusting the current comprises modifying the 

data responsive to the induced current components.
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10. A method in accordance with claim 7, and comprising iteratively 

repeating the steps of analyzing the current to measure the components at the 

undesired frequencies, and adjusting the current responsive to the measured 

induced current components, until the measured induced components are below a

5 predetermined threshold.

11. A method for tracking an object, comprising:

driving a plurality of radiator coils with electrical currents at respective 

driving frequencies so as to generate a plurality of magnetic fields at the 

frequencies in a vicinity of an object being tracked;

10 analyzing the currents flowing in the coils so as to measure, in each of the

coils, induced current components at one or more of the frequencies of the other 

coils;

adaptively adjusting the current driving each of the coils so as to include 

correction current components at the frequencies of the other coils, responsive to

15 the measured induced current components, so that each of the coils generates a 

field substantially only at the respective driving frequency, wherein the correction 

current components are cancellation currents determined so as to substantially 

cancel parasitic magnetic fields generated by each of the coils in response to the 
magnetic fields generated by the other coils at the respective driving frequencies

20 of the other coils;

placing one or more sensor coils at a locatable site on the object; receiving 

signals generated by the sensor coils in response to the magnetic fields; and

analyzing the signals to determine position and orientation coordinates of 

the object.

25 12. An object tracking system, comprising:

a plurality of radiator coils; and
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driver circuitry, coupled to drive the coils to generate magnetic fields at a 

plurality of driving frequencies, such that each of the coils is driven by a respective 

current that comprises a basic current at a respective one of the driving 

frequencies and cancellation currents at one or more of the other driving

5 frequencies, so that each of the coils generates a field substantially only at the 

respective driving frequency, wherein cancellation currents are determined so as 

to substantially cancel parasitic magnetic fields generated by each of the coils in 

response to the magnetic fields generated by the other coils at the respective 

driving frequencies of the other coils;

10 one or more sensor coils, fixed to the object; and

processing circuity, coupled to receive and analyze currents induced in the 

sensor coils due to the magnetic fields, so as to determine coordinates of the 
object.

Biosense, Inc.

15 By their Registered Patent Attorneys

Freehills Carter Smith Beadle 22 January 2004
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