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(57) Abstract: Disclosed is a method and system for navigating an instrument relative to a patient that can be near a tield distorting
feature. A localizer can generate an electromagnetic field that is sensed by a tracking device to determine a location of the tracking
device with the sensed electromagnetic field. The system and related method can assist in determining whether a navigation field is
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AMENDED CLAIMS
received by the International Bureau on 24 October 2014 (24.10.2014)

1. A method to determine proper navigation of an instrument in a

navigation field, comprising:

receiving a first signal from a first tracking device fixed to the
instrument at a first instrument position;

receiving a second signal from a second tracking device fixed to the
instrument at a second instrument position that is spaced a distance along the
instrument from to the first instrument position, wherein the instrument is able to
flex to change at least one of a relative distance or orientation between the first
instrument position and the second instrument position;

determining a first three-dimensional position of the first tracking
device based on the first received signal;

determining a second three-dimensional position of the second
tracking device based on the second received signal;

determining a relative position of the first tracking device and the
second tracking device based on the determined first three-dimensional position
and the determined second three-dimensional position;

recalling at least one instrument constraint from a memory system;
and

determining whether the determined relative position of the first
tracking device and the second tracking device is probable based on the recalled

at least one instrument constraint.

2. The method of Claim 1, wherein determining whether the
determined relative position of the first tracking device and the second tracking
device is probable includes determining a parameterizable energy of the

instrument between the first tracking device and the second tracking device.

3. The method of Claim 2, wherein the parameterizable energy is an
energy of bending and a higher energy of bending is related to a less probable

position of the instrument.
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4. The method Claim 3, wherein the determined first three-dimensional
position includes at least a first three-dimension location and a first three-
dimension orientation;

wherein determined second three-dimensional position includes at
least a second three-dimension location and a second three-dimension

orientation.

5. The method of Claim 2, further comprising:
a third tracking device;
wherein the energy of bending is calculated between at least three

of the first, second, and third tracking devices.

6. The method of Claim 3, wherein the energy of bending has a
maximum that is related to a physical constraint of a volume in which the
instrument is currently placed when the first signal is received and the second

signal is received.

7. The method of Claim 1, wherein receiving the first signal occurs

substantially simultaneously with receiving the second signal.

8. The method of Claim 1, further comprising:
navigating the instrument within a space based at least on the
determined first three-dimensional position and the determined second three-

dimensional position.

9. The method of Claim 8, further comprising:
stopping a user navigation while continuing a system navigation if it
is determined that the determined relative position of the first tracking device and
the second tracking device is improbable;
wherein user navigation is restarted when, based on the system
navigation, it is determined that the relative position of the first tracking device and

the second tracking device is probable.
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10.  The method of Claim 9, further comprising:
mitigating an interference caused by an interfering object, wherein

the interfering object is causing the interference.

11.  The method of Claim 2, further comprising:
determining the position of the instrument relative to a space; and
illustrating an icon representing a model of at least a portion of the
instrument based on the determined energy of bending of the instrument between
the first tracking device and the second tracking device superimposed on an

image of the space.

12.  The method of Claim 2, wherein the parameterizable energy
includes at least one of a torsion energy, a compression energy, extension
energy, or a rotation energy;

wherein  determining the parameterizable energy includes
determining a parameterizable physical constraint of the instrument related to the

parameratizable energy.

13.  The method of Claim 1, wherein determining whether the
determined relative position of the first tracking device and the second tracking
device is probable includes determining a calibrated position of the first tracking
device relative to the second tracking device when the instrument is at-rest and
comparing the determined relative position of the first tracking device and the
second tracking device based on the determined first three-dimensional position

and the determined second three-dimensional position.

14. The method of Claim 1, wherein determining the first three-
dimensional position of the first tracking device based on the first received signal
and determining the second three-dimensional position of the second tracking
device based on the second received signal includes accounting for at least one
known error in at least one of the first received signal or the second received

signal.
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15.  The method of Claim 14, wherein accounting for at least one known
error includes accounting for an uncertainty in a tracked three dimensional

position of at least one of the first tracking device or the second tracking device.

16. A method to determine proper navigation of an instrument in a

navigation field, comprising:

evaluating physical constraints of a flexible instrument;

storing with a first storage device the evaluated physical constraints;

determining a calibrated position of a first tracking device and a
second tracking device fixed to the flexible instrument; and

storing with a second storage device the calibrated position of the
first tracking device and the second tracking device fixed to the flexible instrument;

wherein the stored evaluated physical constraints and stored
calibrated position are accessible by a processor to execute an algorithm to
determine an energy of bending of the flexible instrument based on the accessed

stored evaluated physical constraints and accessed stored calibrated position.

17.  The method of Claim 16, further comprising:

determining the energy of bending based on a current tracked
position of the first tracking device and the second tracking device and the saved
physical constraints and the determined calibrated position of the first tracking
device and the second tracking device; and

based on the determined energy, determine whether the determined
energy of bending is probable based on the stored evaluated physical constraints
and the determined calibrated position of the first tracking device and the second

tracking device.

18.  The method of Claim 17, further comprising:
executing the algorithm with the processor to determine the energy
of bending based on at least one of a distances between a tracked location of the
first tracking device and the second tracking device or determining an estimated
arc length of the flexible instrument between the first tracking device and the

second tracking device.

58

AMENDED SHEET (ARTICLE 19)



10

15

20

25

30

WO 2014/143854 PCT/US2014/028005

19.  The method of Claim 18, wherein the evaluated physical constraints
include at least one of a wire constant, a modulus of elasticity, a dimension of the

instrument, or combinations thereof.

20. The method of Claim 19, wherein the probable energy of bending is

at or below a threshold energy value.

21.  The method of Claim 20, further comprising:
determining a probability value of the energy of bending based on
whether the value of the energy of bending is greater than the threshold energy

value.

22.  The method of Claim 21, further comprising:
stopping a current user tracking of the first tracking device and a
current user tracking of the second tracking device if the determined energy of
bending is determined to have a determined probability value less than a selected
threshold probability value while maintaining a system tracking to determine if the
determined energy of bending changes to have a determined probability value

greater than a selected threshold probability value.

23.  The method of Claim 22, further comprising:
providing an output to a user that the current user tracking is

stopped.

24.  The method of Claim 18, further comprising:
positioning the instrument within a space during a procedure;
determining an intra-procedure physical constraint based at least on
a physical feature of the space;
accessing the determined intra-procedure physical constraint;
determining a maximum energy of bending based on the accessed
determined intra-procedure physical constraint; and
comparing the maximum energy of bending to the determined

energy of bending.
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25.  The method of Claim 18, further comprising:
generating an electromagnetic field; and
tracking the first tracking device and the second tracking device by

sensing the generated electromagnetic field in a navigation space.

26. The method of Claim 25, further comprising:
determining that a distortion is present in the generated
electromagnetic field if a probability value of the energy of bending based on the
determined value of the energy of bending is greater than a threshold energy

value.

27.  The method of Claim 16, further comprising:
creating a user defined physical constraint on the flexible instrument
different from the evaluated physical constraints;
wherein determining the energy of bending is further based on the

used defined physical constraint of the flexible instrument.

28. The method of Claim 16, providing a single storage device as the

first storage device and the second storage device.

29. A system to determine proper navigation of an instrument in a

navigation field, comprising: ,

a localizer to generate an electromagnetic field as the navigation
field;

a flexible instrument configured to be moved relative to the
navigation field;

a first tracking device fixed to the flexible instrument at a first
position;

a second tracking device fixed to the flexible instrument at a second
position spaced apart from the first position;

a navigation processor configured for:

receiving a first signal from the first tracking device;

receiving a second signal from the second tracking device;

60

AMENDED SHEET (ARTICLE 19)



10

15

20

25

30

WO 2014/143854 PCT/US2014/028005

determining a relative position of the first tracking device and
the second tracking device based on the respective received first single and
second signal; ‘

recalling at least one instrument constraint from a memory
system;

determining whether the determined relative position of the
first tracking device and the second tracking device is probable based on the

recalled at least one instrument constraint.

30. The system of Claim 29, wherein the navigation processor is further
configured for determining whether the determined relative position of the first
tracking device and the second tracking device is probable by:

determining a geometry of the flexible instrument based on the
determined relative position of the first tracking device and the second tracking
device; and

determining a physical parameterizable energy of the flexible
instrument based on the geometry of the flexible instrument.

31.  The system of Claim 30, further comprising: ,
a notification system configured to notify a user that the determined

physical parameterizable energy is improbable.

32. The system of Claim 31, further comprising:
a display device configured to illustrate a model of the flexible
instrument representing the determined geometry of the flexible instrument and

the physical parameterizable energy.

33. The system of Claim 30, wherein the flexible instrument is
configured to change geometry based on the at least one instrument constraint

during a procedure.
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34. The system of Claim 30, wherein the physical parameterizable
energy includes at least one of an energy of bending, a torsion energy, a

compression energy, extending energy, or a rotation energy.

35. The system of Claim 34, wherein the physical parameterizable
energy further includes at least one associated physical parameterizable

constraint.
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