EP 1 527 357 B1

(19)

Europaisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(45) Date of publication and mention
of the grant of the patent:
15.10.2008 Bulletin 2008/42

(21) Application number: 03767260.7

(22) Date of filing: 04.08.2003

(11) EP 1 527 357 B1

EUROPEAN PATENT SPECIFICATION

(51) IntCl.:
GO01S 11/14(2006.01)

(86) International application number:
PCT/US2003/024664

(87) International publication number:
WO 2004/013651 (12.02.2004 Gazette 2004/07)

(54) SYSTEM FOR ULTRASOUND RANGING IN THE PRESENCE OF ULTRASOUND INTERFERENCE
ULTRASCHALLENTFERNUNGSMESSER IN GEGENWART VON ULTRASCHALL-INTERFERENZ
SYSTEME DE TELEMETRIE PAR ULTRASONS EN PRESENCE DE BROUILLAGE D’ULTRASONS

(84) Designated Contracting States:
AT BE BG CHCY CZDE DK EE ES FI FR GB GR
HU IE IT LI LU MC NL PT RO SE SI SK TR

(30) Priority: 06.08.2002 US 214441

(43) Date of publication of application:
04.05.2005 Bulletin 2005/18

(73) Proprietor: Boston Scientific Limited
St. Michael,
Barbados, West Indies (BB)

(72) Inventor: WILLIS, N., Parker
Atherton, CA 94027 (US)

(74) Representative: Dennemeyer, John James
Dennemeyer & Associates S.A.
55, rue des Bruyeéres
1274 Howald (LU)

(56) References cited:
US-A- 5 321 668
US-B1- 6 298 261

US-A- 5373 482

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 1 527 357 B1
Description
FIELD OF THE INVENTION

[0001] Theinventionrelates generally to ultrasound ranging, and more particularly to systems for performing ultrasound
ranging in the presence of ultrasound interference.

BACKGROUND OF THE INVENTION

[0002] Ultrasoundrangingis atechnique for computing the distance between two ultrasound transducers. The principle
of ultrasound ranging is illustrated in FIG. 1, which shows two ultrasound transducers 10,20 separated by a distance.
One of the ultrasound transducers is designated as a transmitting transducer 10 and the other is designated as a receiving
transducer 20. To measure the distance between the transducers 10,20, the transmitting transducer 10 transmits an
ultrasound pulse 25, which is detected by the receiving transducer 20. The distance, d, between the transducers 10,20
is computed as

d=vr

where v is the velocity of the ultrasound pulse 25 in the medium between the transducers 10,20 and 1 is the time of flight
of the ultrasound pulse 25 in traveling from the transmitting transducer 10 to the receiving transducer 20.

[0003] One application of ultrasound ranging is in ultrasound positional tracking to track the position of a device within
a three-dimensional (3-D) coordinate system. Referring to FIG. 2, this is accomplished by mounting one or more ranging
transducers 110 on the device 115 being tracked and providing four or more reference transducers 120-1 to 120-4 that
are spaced apart.

[0004] In this particular example, the device 115 being tracked is a catheter tip. The ranging transducer 110 acts as
a receiving transducer and each of the reference transducers 120-1 to 120-4 can act both as a receiving and transmitting
transducer.

[0005] To establish the 3-D coordinate system, the reference transducers 120-1 to 120-4 are sequentially excited to
transmit ultrasound pulses (not shown). When each reference transducer 120-1 to 120-4 transmits an ultrasound pulse,
the other reference transducers 120-1 to 120-4 detect the ultrasound pulse. The relative distances between the reference
transducers 120-1 to 120-4 are then computed by performing ultrasound ranging on each of the detected ultrasound
pulses. The computed distances are then triangulated to determine the relative positions between the reference trans-
ducers 120-1 to 120-4 in 3-D space. The relative positions between the reference transducers 120-1 to 120-4 are then
mapped onto the 3-D coordinate system to provide a reference for tracking the position of the ranging transducer 110
in the 3-D coordinate system.

[0006] To track the position of the ranging transducer 110, and hence the device 115 carrying the ranging transducer
110, inthe 3-D coordinate system, the reference transducers 120-1 to 120-4 are sequentially excited to transmit ultrasound
pulses. When each of the reference transducers 120-1 to 120-4 transmits an ultrasound pulse, the ranging transducer
110 detects the ultrasound pulse. The distance dI-d4 between the ranging transducer 110 and each of the reference
transducers 120-1 to 120-4 is computed by performing ultrasound ranging on each of the detected ultrasound pulses.
The computed distances are then triangulated to determine the relative position of the ranging transducer 110 to the
reference transducers 120-1 to 120-4 in 3-D space. The position of the ranging transducer 110 in the 3-D coordinate
system is then determined based on the relative position of the ranging transducer 110 to the reference transducers
120-1 to 120-4 and the known positions of reference transducers 120-1 to 120-4 in the 3-D coordinate system.

[0007] An example of a tracking system using ultrasound ranging is the Realtime Position Management™ (RPM)
tracking system developed commercially by Cardiac Pathways Corporation, now part of Boston Scientific Corp. The
RPM system uses ultrasound ranging to track the positions of medical devices, including reference catheters, mapping
catheters and ablation catheters.

[0008] Because ultrasound ranging relies on the transmission and detection of ultrasound pulses to measure distance,
it is vulnerable to ultrasound interference from ultrasound sources, e.g., an ultrasound imager. For example, ultrasound
interference may be detected by the receiving transducer 20 and misinterpreted as an ultrasound pulse from the trans-
mitting transducer 10, producing an erroneous distance measurement.

[0009] U.S.patentNo.5,373,482 discloses adistance measuring system that generates ultrasound signals and detects
echoes of the ultrasound signals to determine a distance of an external object to the measuring system. However, this
distance measuring system is not capable of measuring the distance between transducers.

[0010] U.S. patent No. 5,321,668 discloses a distance measuring system according to the preamble of claim 1 that
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generates acoustic signals form one transducer and receives the acoustic signals at another transducer to measure the
distance between the transducers. However, this measuring system is susceptible to ultrasound interference from other
sources.

SUMMARY OF THE INVENTION

[0011] In accordance with a first aspect of the present inventions, a distance measuring system according to claim 1
is provided. By way of nonlimiting example, the distance measuring system, in informing the distance measurements,
comprises a pulse generator coupled to the first transducer for generating and transmitting transmit pulses to the first
transducer, a threshold detector coupled to the second transducer for detecting receive pulses from the second detector,
and measurement means (e.g., a digital counter) coupled to the pulse generator and the threshold detector. In this case,
for each distance measurement, the measurement means triggers the pulse generator to generate and transmit a t pulse
to the first transducer, measures the elapsed time between transmission of the transmit pulse and detection of a receive
pulse by the threshold detector, and generates the distance measurement based on the measured elapsed time.
[0012] The distance measuring system further comprises a filter coupled to the ultrasound ranging subsystem for
filtering ultrasound interference from the plurality of distance measurements (such as, e.g., eight), and outputting a
distance based on the filtered distance measurements. The distance measurement system can have various applications,
including medical applications, in which case, the first and second transducers can be mounted on a catheter.

[0013] Inthe preferred embodiment, the filter filters the ultrasound interference by selecting one of the plurality distance
measurements, in which case, the outputted distance is the selected distance measurement. Because the ultrasound
interference will typically present itself as the shortest distance measurement, the selected distance measurement is
preferably greater than the minimum distance measurement (such as, e.g., the maximum distance measurement),
thereby filtering the ultrasound interference out.

[0014] Although the present inventions should not be so limited in its broadest aspects, the filter sequentially receives
the distance measurements, and filters the ultrasound interference from the last N distance measurements. In this case,
the filter may filter the last N distance measurements by selecting one of them. So that the system is more responsive
to movements of the transducers, the filter can compute a distance variation of the N distance measurements, and
compare the distance variation to a threshold value. The filter can then output the distance when the distance variation
exceeds the threshold value, while outputting the most recent distance measurement received from the ultrasound
ranging subsystem otherwise. In effect, the filtering is only accomplished when there is ultrasound interference, thereby
providing more responsiveness to the distance measuring process. The distance variation computation can be accom-
plished in a variety of ways, including taking the difference between the maximum and minimum of the last N distance
measurements, calculating the variance of the last N distance measurements, or calculating the second derivative of
the last N distance measurements.

[0015] In accordance with a second aspect of the present inventions, a method for measuring the distance between
two transducers comprises performing a plurality of distance measurements (e.g., eight) between the transducers. For
example, the distance measurement can comprise exciting one of the transducers to transmit an ultrasound pulse, and
measuring the time for the ultrasound pulse to reach the other transducer.

[0016] The method further comprises filtering ultrasound interference from the plurality of distance measurements,
and outputting a distance based on the filtered distance measurements. The distance measurements can be filtered by,
e.g., selecting one of the plurality distance measurements, in which case, the outputted distance will be the selected
distance measurement. The selected distance measurement is preferably more than the minimum distance measure-
ment, such as, e.g., the maximum distance measurement.

[0017] Although the presentinventions should not be some limited in its broadest aspects, the distance measurements
are sequentially received, and the ultrasound interference is filtered from the last N distance measurements. In this case,
the last N distance measurements can be filtered by selecting one of them. So that the method is more responsive to
movements of the transducers, a distance variation of the N distance measurements can be computed and compared
to a threshold value. The distance can then be outputted when the distance variation exceeds the threshold value, while
the most recent distance measurement received from the ultrasound ranging subsystem can be outputted otherwise,
thereby providing for a more responsive method. The distance variation computation can be accomplished in a variety
of ways, including taking the difference between the maximum and minimum of the last N distance measurements,
calculating the variance of the last N distance measurements, or calculating the second derivative of the last N distance
measurements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Thedrawingsillustrate the design and utility of preferred embodiments of the invention, in which similar elements
are referred to by common reference numerals, in which:
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FIG. 1 is a diagram illustrating the principle of ultrasound ranging between two transducers.

FIG. 2 is a diagram illustrating ultrasound positional tracking using ultrasound ranging.

FIG. 3 is a functional diagram of an ultrasound ranging system.

FIG. 4 is a timeline of a transmit pulse and a received pulse used to measure the time of flight of an ultrasound pulse.
FIG. 5 is a diagram of the ultrasound ranging system of FIG. 3 in an environment containing a source of ultrasound
interference.

FIG. 6 is a timeline depicting the arrival of ultrasound interference between the transmit pulse and the receive pulse.
FIG. 7 is a functional diagram of the ultrasound ranging system further comprising a distance filter according to one
embodiment of the invention.

FIG. 8 is a flowchart illustrating the operation of a distance filter according to another embodiment of the invention.
FIG. 9 is a functional block diagram of an ultrasound ranging system comprising multiple transmitting transducers
according to another embodiment of the invention.

FIG. 10is afunctional block diagram of an ultrasound positional tracking system according to still another embodiment
of the invention.

FIG. 11 illustrates examples of a medical catheter and a reference catheter that can be used with the system of FIG. 10.
FIG. 12 illustrates an exemplary display image of the system of FIG. 10.

FIG. 13 is a graph illustrating the probability of a distance error with and without the filter of the invention as a function
of distance between two transducers.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] FIG. 3is ablock diagram of an ultrasound ranging system 310 for measuring the distance between transducers
10,20. The ranging system 310 generally includes a pulse generator 320 coupled to the transmitting transducer 10, a
threshold detector coupled 330 to the receiving transducer 20, and distance circuitry 340 coupled to the threshold detector
330. The pulse generator 320 may generate voltage pulses having a frequency of, e.g., 600 KHz. The threshold detector
330 detects signals from the receiving transducer 20 that are above a threshold level, e.g., a voltage level. The ranging
system 310 further includes control and timing circuitry 350 coupled to the pulse generator 320, and a distance counter
360 coupled to the control and timing circuitry 350 and the distance circuitry 340. The distance counter 360 may be a
digital counter driven by a clock. For ease of discussion, only one transmitting transducer 10 is shown. The more typical
case of multiple transmitting transducers will be discussed later.

[0020] To measure the distance between the transducers 10,20, the control and timing circuitry 350 triggers the pulse
generator 320 to generate and transmit a transmit pulse to the transmitting transducer 10. The transmitting transducer
10 converts the transmit pulse into an ultrasound pulse and transmits the ultrasound pulse 25. The control and timing
circuitry 350 also triggers the distance counter 360 to begin counting from zero at the transmit time of the transmit pulse.
The running count value of the distance counter 360 provides a measure of time from the transmission of the transmit pulse.
[0021] After the ultrasound pulse 25 has been transmitted, the receiving transducer 20 receives the ultrasound pulse
and converts the ultrasound pulse into a receive pulse, which is detected by the threshold detector 330. Upon detection
of the receive pulse, the distance circuitry 340 reads the current count value from the distance counter 360. The read
count value indicates the elapsed time between the transmission of the transmit pulse and the detection of the receive
pulse, which corresponds to the time of flight, t, of the ultrasound pulse 25 between the transducers 10,20. This is
illustrated in FIG. 4, which shows a timeline of the transmit pulse and the receive pulse. The read count value also
provides a distance measurement between the transducers 10,20. This is because the distance, d, between the trans-
ducers 10,20 is proportional to the time of flight, 1, of the ultrasound pulse 25, by

d=vt

where v is the velocity of the ultrasound pulse 25. The distance circuitry 340 outputs the read count value as a distance
measurement between the transducers 10,20.

[0022] Inone embodiment, the distance circuitry 340 listens for the receive pulse within a time window, e.g., 100 psec,
after the transmit pulse has been transmitted. The time window may begin immediately or shortly after the transmit pulse
has been transmitted. In determining the time of detection of the receive pulse, the distance circuitry 340 interprets the
first signal that the threshold detector 330 detects within the time window as the receive pulse.

[0023] The operation of the ultrasound ranging system 310 in an environment containing ultrasound interference will
now be described with reference to FIG. 5, in which a source 510 of ultrasound interference 525 is introduced. The
source of ultrasound interference may be, e.g., an ultrasound imaging transducer. In the following discussion, it will be
assumed that the ultrasound interference 525 is large enough in amplitude to be detected by the threshold detector 330.
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[0024] When the ultrasound interference reaches the receiving transducer 20 before transmission of the transmit
pulse, the distance circuitry 340 ignores the ultrasound interference. This is because the distance circuitry 340 does not
listen for the receive pulse until after the transmit pulse has been transmitted.

[0025] FIG. 6 is a timeline illustrating the case in which the ultrasound interference reaches the receiving transducer
20 between the transmit pulse and the receive pulse. When this occurs, the threshold detector 330 detects the ultrasound
interference first. As a result, the distance circuitry 340 misinterprets the detected ultrasound interference as the receive
pulse. This causes the distance measurement 350 unit to prematurely read the count value from the distance counter
360. In this case, the read count value indicates the time between the transmit pulse and the detection of the ultrasound
interference. As a result, the read count value corresponds to an erroneous time of flight, 1, that is shorter than the
actually time of flight, 1, of the ultrasound pulse, as illustrated in FIG. 6. This in turn causes the distance circuitry 340 to
output a distance measurement that is shorter than the actual distance between the transducers 10,20.

[0026] When the ultrasound interference reaches the receiving transducer 20 after the receive pulse, the distance
measurement circuitry 340 ignores the ultrasound interference. This is because the threshold detector 330 detects the
receive pulsefirst. As aresult, the distance circuitry 340 correctly reads the count value atthe detection of the receive pulse.
[0027] Ofthe three cases discussed above, the only case in which the ranging system 310 is affected by the ultrasound
interference is when the ultrasound interference reaches the receiving transducer 20 between the transmit pulse and
the receive pulse. In this case, the distance circuitry 340 outputs a distance measurement that is shorter than the actual
distance between the transducers 10,20. Thus, ultrasound interference causes the ranging system 310 to measure
distances that are too short. The invention exploits this property to filter out erroneous distance measurements caused
by ultrasound interference, as explained further below.

[0028] FIG. 7 illustrates an embodiment of a system 710 for measuring the distance between transducers 10,20 further
including a distance filter 715 coupled to the distance circuitry 340. In the preferred embodiment, the distance filter 715
is implemented in software, but can be implemented in firmware or hardware as well. In this embodiment, the control
and timing circuitry 350 may continuously initiate distance measurements between the transducers 10,20 at regular
intervals (e.g., once every 13 ms for a RPM system). Each time the control and timing circuitry 340 initiates a distance
measurement, the distance circuitry 340 outputs a distance measurement to the distance filter 715. The filter 715 takes
the last N distance measurements outputted by the distance circuitry 340, and outputs the maximum of the N distance
measurements, where N is a positive integer (e.g., N = 8).

[0029] The operation of the distance filter 715 can be represented as

y(n) = max[x(n), x(n-1), . . ., x(n-N)]

where y(n) is the most recent output of the distance filter, x(n) is the most recent distance measurement from the distance
circuitry 340, and max[ ] is a function that takes the maximum of the last N distance measurements from the distance
circuitry 340 starting with the most recent distance measurement x(n).

[0030] The distance filter 715 filters out erroneous distance measurements caused by ultrasound interference. This
is because ultrasound interference causes the distance circuitry 340 to output distance measurements that are shorter
than the actual distance between the transducers 10,20. As a result, correct distance measurements outputted by the
distance circuitry 340 will be larger than erroneous distance measurements caused by ultrasound interference. Therefore,
when at least one of the last N distance measurements is correct, the maximum distance measurement outputted by
the distance filter 715 will be one of the correct distance measurements. The distance filter 715 only outputs a distance
error when every one of the last N distance measurements from the distance circuitry 340 is in error.

[0031] The distance filter 715 of the invention can significantly reduce distance errors due to ultrasound interference.
This can be demonstrated by assuming that the probability of a distance error from the distance circuitry 340 due to
ultrasound interference is P. In this case, the probability that every one of the last N distance measurements is in error
is P to the Nth power. Since the distance filter 715 outputs a distance error only when every one of the last N distance
measurements is in error, the probability of a distance error from the distance filter 715 is P to the Nth power, which can
be significantly smaller than P. For example, if P equals 77% and N = 8, the probability of a distance error from the
distance circuitry 340 due to ultrasound interference is 77%, while the probability of a distance error from the distance
filter due to ultrasound interference is 12.3%. Obviously increasing N can further reduce the probability of a distance
error from the distance filter 715 due to ultrasound interference. However, increasing N may increase another type of
distance error, as explained further below.

[0032] For the case in which the control and timing circuitry 350 initiates distance measurements at regular intervals
(e.g., once every 13 milliseconds), the distance filter 715 outputs the maximum distance measurement over a finite
measurement time window, M, of
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M=NAt

where At is the time between adjacent distance measurements and N is the number of distance measurements consid-
ered. For example, when At =13 ms and N =8, the measurement time window is 104 ms. In order for the distance filter
715 to provide a good approximation of the current distance between the transducers 10,20, the distance between the
transducers 10,20 should remain relatively stable within the measurement window. This ensures that the maximum
distance measurement within the measurement window provides a good approximation of the current distance between
the transducers 10,20. When the distance between the transducers 10,20 varies within measurement window, the
maximum distance may no longer closely approximate the current distance between the transducers 10,20. For example,
when the distance between the transducers 10,20 decreases within the measurement window, the maximum distance
will tend to be larger than the current distance between the transducers 10,20.

[0033] Therefore,thereistradeoffinincreasing N. Increasing N decreases distance error due to ultrasound interference,
but also increases distance error due to distance variation within the measurement window by increasing the size of the
measurement window.

[0034] One way to reduce error caused by distance variation within the measurement window is to shorten the meas-
urement window. This may be accomplished without decreasing N, e.g., by increasing the transmit rate of the system
710 in order to provide more distance measurements within a shorter period of time. This way, distance error due to
distance variation can be reduced without increasing distance error due to ultrasound interference.

[0035] Inanother embodiment, the distance filter 715 computes a distance variation within the measurement window,
and compares the computed distance variation to a threshold value. The distance filter 715 outputs the maximum distance
measurement only when the distance variation within the measurement window exceeds the threshold value. Otherwise,
the filter 715 outputs the most recent distance measurement from the distance circuitry 340.

[0036] The threshold value may be determined by the maximum that the distance between the transducers 10,20 can
change within the measurement window due to movement between the transducers 10,20. For example, when the
receiving transducer 20 is mounted on a catheter (not shown), the maximum change in distance may be determined by
the maximum distance that a physician navigates the catheter within the measurement window. The threshold value
may be represented as

threshold = N&

where d represents the maximum change in distance between adjacent distance measurements and N is the number
of distance measurements considered.

[0037] The operation of the distance filter 715 according to this embodiment will now be described with reference to
FIG. 8. In step 810, the distance filter 715 computes a distance variation for the last N distance measurements from the
distance circuitry 340. The distance variation may be computed as the difference between the maximum and minimum
of the last N distance measurements. This is represented as

range(n) = max[x(n),x(n-1), . . .,x(n-N)] - min[x(n),x(n-1), . . .,x(n-N)]

where range(n) is the distance variation for the last N distance measurements, and x(n) is the most recent distance
measurement from the distance circuitry 340. Other measures of distance variation may be used, such as computing
the variance of the last N distance measurements. As another example, the second derivative of the last N distance
measurements, which can be used to differentiate between rapid catheter movement and random interference can be
taken. This is because rapid catheter movement, in the absence of interference, produces a distance measurement with
a small second derivative, whereas random interference produces a distance measurement with a relatively large second
derivative.

[0038] In step 820, the distance filter 715 compares the distance variation to the threshold value. If the distance
variation is above the threshold value, the distance filter 715, at step 830, outputs the maximum of the last N distance
measurements from the distance circuitry 340. Otherwise, at step 840, the distance filter 715 outputs the most recent
distance measurement from the distance circuitry 340. The distance filter 715 repeats the steps in FIG. 8 for each
subsequent distance measurement it receives from the distance circuitry 340.

[0039] Therefore, the distance filter 715 according to this embodiment reduces the unwanted side effects of increasing
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N by only outputting the maximum distance measurement when the computed distance variation exceeds the threshold
value. In other words, the distance filter 715 only applies its maximum filtering function when the distance variation is
most likely due to ultrasound interference, and not due to movement between the transducers 10,20.

[0040] In the discussion above, the systems had one transmitting transducer. Many applications, such as ultrasound
positional tracking, require multiple transmitting transducers. FIG. 9 illustrates an embodiment of the system 905, further
including multiple transmitting transducers 10-1 to 10-n, where each of the transmitting transducers is coupled to a pulse
generator 920-1 to 920-n. In this embodiment, the control and timing circuitry 950 sequentially initiates distance meas-
urements between the receiving transducer 20 and each of the transmitting transducers 10-1 to 10-n.

[0041] In operation, the control and timing circuitry 950 sequentially triggers each one of the pulse generators 920-1
to 920-n to generate and transmit a transmit pulse to its respective transmitting transducer 10-1 to 10-n causing the
transmitting transducer 10-1 to 10-n to transmit an ultrasound pulse (not shown). The transmit pulses may be spaced
apart in time, e.g., 1ms, so they do not interfere within one another.

[0042] For each transmit pulse, the control and timing circuitry 950 triggers the distance counter 360 to begin counting
from zero at the transmit time of the transmit pulse. The control and timing circuitry 950 may also send data to the
distance circuitry 340 identifying the corresponding transmitting transducer 10-1 to 10-n. After the transmit pulse has
been transmitted, the distance circuitry 340 listens for a receive pulse within a time window, e.g., 100 ws. Upon detection
of the receive pulse by the threshold detector 330, the distance circuitry 340 reads the current count value from the
distance counter 360, which provides a distance measurement between the receiving transducer 20 and the correspond-
ing transmitting transducer 10-1 to 10-n. The distance circuitry outputs the distance measurement to the distance filter
915. The distance circuitry 340 may also output data identifying the transmitting transducer 10-1 to 10-n corresponding
to the distance measurement.

[0043] The distance filter 915 sequentially receives distance measurements corresponding to the distance between
the ranging transducer 20 and each of the transmitting transducers 10-1 to 10-n from the distance circuitry 340. For
each received distance measurement, the filter 915 identities the corresponding transmitting transducer 10-1 to 10-n.
This may be accomplished several ways. For example, for each distance measurement, the control and timing circuitry
950 and/or the distance circuitry 340 may send data to the filter 915 identifying the corresponding transmitting transducer
10-1 to 10-n. Alternatively, the filter 915 may determine the identity of the corresponding transmitting transducer 10-1
to 10-2 according to the order in which it receives a sequence of distance measurements from the distance circuitry 340.
For example, the filter 915 may assume that the first distance measurement in the sequence corresponds to transmitting
transducer 10-1, the second distance measurement corresponds to transmitting transducer 10-2, and so forth.

[0044] Inone embodiment, the distance filter 915 outputs a maximum distance for each of the transmitting transducers
10-1 to 10-n. In determining the maximum distance for each transmitting transducer 10-1 to 10-n, the filter 915 takes
the maximum of the last N distance measurements for that particular transmitting transducer 10-1 to 10-n from the
distance circuitry 340.

[0045] In another embodiment, the 915 filter also computes a distance variation for each transmitting transducer 10-1
to 10-n by computing a variation in the last N distance measurements for that particular transmitting transducer 10-1 to
10-n. The filter 915 may then compare the distance variation for each transmitting transducer 10-1 to 10-n to a threshold
value. If the distance variation for a particular transmitting transducer 10-1 to 10-n is below the threshold value, then the
filter 915 outputs the most recent distance measurement for that transmitting transducer 10-1 to 10-n. If the distance
variation for a particular transmitting transducer 10-1 to 10-n is above the threshold value, then the filter 915 outputs the
maximum of the last N distance measurements for that transmitting transducer 10-1 to 10-n.

[0046] Preferably, each time the filter 915 outputs a filtered distance measurement it includes data identifying the
corresponding transmitting transducer 10-1 to 10-n. If implemented in software, the filter 915 is preferably embodied in
several software modules--one for each transmitting transducer.

[0047] The invention is particularly well suited for use in ultrasound positional tracking systems to track the position
of one or more devices (e.g., catheter). FIG. 10 illustrates an ultrasound positional tracking system 1005 according to
an embodiment of the invention. The system 1005 includes two or more ranging transducers 1020-1 to 1020-m mounted
on the medical device being tracked (not shown), and four or more reference transducers 1010-1 to 1010-n. Each of
the ranging transducers 1020-1 to 1020-m acts as a receiving transducer and each of the reference transducers 1010-1
and 1010-n can act both as a receiving and transmitting transducer.

[0048] FIG. 11 illustrates exemplary devices on which the ranging transducers 1020-1 to 1020-m and the reference
transducers 1010-1 to 1010-n can be mounted. Three ranging transducers 1020-1 to 1020-3 are mounted on a distal
portion of a catheter 1110 for performing medical and/or mapping procedures within the body. The catheter 1110 may
be a mapping catheter, an ablation catheter, or the like. In this example, the ranging transducers 1020-1 to 1020-m take
the form of annular ultrasound transducers. Also illustrated in FIG. 11 are four reference transducers 1010-1 to 1010-4
mounted on a distal portion of a reference catheter 1120.

[0049] Referring back to FIG. 10, the system 1005 also includes a distance measurement subsystem 1015-1 to
1015-(n+m) coupled to each of the ranging transducers 1020-1 to 1020-m and reference transducers 1010-1 to 1010-
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n, and a pulse generator 1025-1 to 1025-n coupled to each of the reference transducers 1010-1 to 1010-n. Each distance
subsystem 1015-1 to 1015-(n+m) includes a threshold detector 1030-1 to 1030-(n+m), distance circuitry 1035-1 to
1035-(n+m) and a distance filter 1040-1 to 1040-(n+m) according to the invention for filtering out distance errors from
the respective distance circuitry 1035-1 to 1035-(n+m). Notably, if implemented in software, the number of software
modules for the distance filter 1040 will equal the product of the number of ranging transducers 1020 and the number
of reference transducers 1010, i.e., m x n filter modules. The system 1005 further includes control and timing circuitry
1050 coupled to each of the pulse generators 1025-1 to 1025-n and a distance counter 1060 coupled to control and
timing circuitry 1050 and each of the distance measurement subsystems 1015-1 to 1015-(n+m). The system 1005 also
includes a triangulation circuitry 1070 for triangulating the positions of the ranging transducers 1020-1 to 1020-m and
the reference transducers 1010-1 to 1010-n, a display image processor 1075 coupled to the triangulation circuitry, and
a display 1080 coupled to the display image processor 1075. In the preferred embodiment, the triangulation circuitry
1070 is implemented in software, but can be implemented in firmware or hardware as well.

[0050] Inoperation, the control and timing circuitry 1050 sequentially triggers each one of the pulse generators 1025-1
to 1025-n to generate and transmit a transmit pulse to its respective reference transducer 1010-1 and 1010-n causing
the reference transducer 1010-1 and 1010-n to transmit an ultrasound pulse. The transmit pulses may be spaced apart
in time, e.g., 1 ms, so they do not interfere within one another.

[0051] For each transmit pulse, the control and timing circuitry 1050 triggers the distance counter 1060 to begin
counting from zero at the transmit time of the transmit pulse. After the transmit pulse has been transmitted, each distance
measurement subsystem 1015-1 to 1015-n listens for a receive pulse at its respective transducer 1020-1 to 1020-m and
1010-1 to 1010-n. Upon detection of a receive pulse by its respective threshold detector 1030-1 to 1030-(n+m), each
distance circuitry 1035-1 to 1035-(n+m) reads the current count value from the distance counter, and outputs the read
count value as a distance measurement to the respective distance filter 1040-1 to 1040-(n+m). Each distance filter
1040-1 to 1040-(n+m) filters out erroneous distance measurements from its respective distance circuitry 1035-1 to
1035-(n+m) due to ultrasound interference, and outputs the filtered distance measurements to the triangulation circuitry
1070. Each distance filter 1040-1 to 1040-(n+m), preferably, includes data identifying the corresponding receiving and
transmitting transducer for each filtered distance measurement.

[0052] Foreach transmitpulse, the triangulation circuitry 1070 receives distance measurements between the reference
transducer 1010-1 to 1010-n corresponding to the transmit pulse and each of the other reference transducers 1010-1
to 1010-n. The triangulation circuitry 1070 also receives distance measurements between the reference transducer
1010-1 to 1010-n corresponding to the transmit pulse and each of the ranging transducers 1020-1 to 1020-m.

[0053] The triangulation circuitry 1070 computes the relative positions between the reference transducers 1010-1 to
1010-n in 3-D space by triangulating the distance measurements between the references transducers 1010-1 to 1010-
n. The triangulation circuitry 1070 then maps the relative positions between the reference transducers 1010-1 to 1010-
n onto the 3-D coordinate system to provide a reference for tracking the positions of the ranging transducers 1020-1 to
1020-m in the 3-D coordinate system. The triangulation circuitry 1070 may employ any one of a number of mapping
procedures as long as the mapping procedure preserves the relative positions between the reference transducers 1010-1
to 1010-n.

[0054] To track the positions of the ranging transducers 1020-1 to 1020-m within the 3-D coordinate system, the
triangulation circuitry 1070 triangulates the relative positions of the ranging transducers 1020-1 to 1020-m to the reference
transducers 1010-1 to 1010-n by triangulating the distance measurements between the ranging tranducers 1020-1 to
1020-m and the reference tranducers 1010-1 to 1010-n. The triangulation circuitry 1070 then determines the positions
of the ranging transducers 1020-1 to 1020-m in the 3-D coordinate system based on the relative positions of the ranging
transducers 1020-1 to 1020-m to the reference transducers 1010-1 to 1010-n and the known positions of reference
transducers 1010-1 to 1010-n in the 3-D coordinate system.

[0055] Those skilled in the art will appreciate that the filters 1040-1 to 1040-(n+m) may be integrated in the triangulation
circuitry 1070. This may be done, e.g., by modifying software in the triangulation circuitry 1070 to perform the filtering
functions according to the invention. In this case, the distance measurements from each distance circuitry 1040-1 to
1040-(n+m) may be outputted directly to the triangulation circuitry 1070, which performs the filtering functions according
to the invention before triangulating the positions of the transducers.

[0056] The triangulation circuitry 1070 outputs the positions of the ranging transducers 1020-1 to 1020-m and the
reference transducers 1010-1 to 1010-n in the 3-D coordinate system to the display image processor 1075. The display
image processor 1075 generates an image showing the position and orientation of the device being tracked in graphical
form. The display image processor 1075 may do this by plotting the positions of the ranging transducers 1020-1 to 1020-
m in the 3-D coordinate system and reconstructing a graphical representation of the device onto the plotted positions
based on a pre-programmed graphical model of the device. The graphical model may include information on the relative
positions of the ranging transducers on the device. The image may also show the position and orientation of the reference
catheter 1120 (shown in FIG. 11) in graphical form. The display image processor 1075 may do this by plotting the
positions of the reference transducers 1010-1 to 1010-n in the 3-D coordinate system and reconstructing a graphical
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representation of the reference catheter 1120 onto the plotted positions. The display image processor 1075 outputs the
image to the display 1080, which displays the image to a physician.

[0057] Fig. 12 shows an exemplary image 1210 in which the device being tracked is a medical catheter 1110 (shown
in FIG. 11). The image 1210 includes graphical reconstructions of the medical catheter 1110 and the reference catheter
1120. The graphical reconstruction of the medical catheter 1110 is positioned and orientated in the image 1210 based
on the tracked positions of the ranging transducers 1020-1 to 1020-3 in the 3-D coordinate system. Similarly, the graphical
reconstruction of the reference catheter 1120 is positioned and orientated in the image 1210 based on the tracked
positions of the reference transducers 1010-1 to 1010-4 in the 3-D coordinate system. The 3-D coordinate 1215 system
may or may not be shown in the image 1210.

[0058] Even though one device was tracked in the above example, the ultrasound positional system 1005 may be
used to track multiple devices equipped with ranging transducers. In addition, the display 1080 may display the position
of anatomical landmarks in the 3-D coordinate system. This may be done, e.g., by positioning a mapping catheter
equipped with ranging transducers at an anatomical landmark and recording the position of the anatomical landmark in
the 3-D coordinate system based on the position of the mapping catheter. The position of the anatomical landmark in
the 3-D coordinate system may then be displayed and labeled on the display 1080. This enables a physician to more
precisely guide devices within the body by referencing their tracked position on the display 1080 to the position of the
anatomical landmark on the display 1080.

[0059] The display 1080 may also display a computer representation of body tissue in the 3-D coordinate system.
This may be done, e.g., by moving a mapping catheter equipped with ranging transducers to different positions on the
surface of the body tissue and recording these positions in the 3-D coordinate system. The image display processor
1075 may then reconstruct the computer representation of the body tissue in the 3-D coordinate system, e.g., by fitting
an anatomical shell onto the recorded positions. The computer representation of the body tissue may then be displayed
on the display 1080. This enables a physician to more precisely guide devices within the body by referencing their tracked
position on the display 1080 to the computer representation of the body tissue on the display 1080. Additional details
on this graphical reconstruction technique can be found in patent application serial number 09/128,304 to Willis et al.,
entitled, "A dynamically alterable three-dimensional graphical model of a body region."

[0060] An advantage of the ultrasound tracking system 1005 according to the invention is that the distance filters
1040-1 to 1040-(n+m) enable the tracking system 1005 to more reliably operate in an environment containing ultrasound
interference. This is accomplished by filtering out distance errors due to ultrasound interference, thereby improving the
accuracy of the distance measurements used to triangulate the positions of the ranging transducers 1020-1 to 1020-n
and the reference transducers 1010-1 to 1010-n.

[0061] The invention is especially useful for using ultrasound tracking systems concurrently with ultrasound imaging.
One advantage of using an ultrasound tracking system concurrently with ultrasound imaging is that it allows a physician
to track the position of a device within a portion of the body while at the same time imaging the portion of the body using
an ultrasound imager to provide additional information. Another advantage is that it allows the use of an ultrasound
tracking system to track the position of a device having an ultrasound imager, e.g., an ultrasound imaging catheter.
[0062] The usefulness of the invention in using an ultrasound ranging system concurrently with ultrasound imaging
will now be examined.

[0063] An ultrasound imager typically images the body by transmitting ultrasound pulses in the body and detecting
the resulting echo pulses. The rate of transmission of the ultrasound pulses is constrained by two factors.

1. The distance that is to be imaged. This is because there must be enough time for the ultrasound energy to travel
out to and back from the object being imaged.

2. Scattering interference. This is because the scattered energy from one ultrasound pulse must die out before the
next ultrasound pulse can be transmitted.

[0064] The more rapidly the imaging transducer is pulsing, the higher the probability it will cause interference at an
ultrasound tracking system. The probability of ultrasound interference occurring between two transducers of an ultrasound
ranging system is

P=(d/v)/T

where d is distance between the transducers, v is the velocity of ultrasound between the transducers, and T is the time
between ultrasound pulses from the interfering ultrasound imager.

[0065] Inoneexample,an Intracardiac Echocardiography ("ICE") catheter contains an ultrasound imager that transmits
at a rate of 7680 Hz, which corresponds to a time, T, of 130s between ultrasound pulses from the imager. FIG. 13 is
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a graph showing the probability of this particular ultrasound imager causing interference between two transducers of an
ultrasound ranging system as a function of distance between the transducers. Without the distance filter of the invention,
the probability of a distance measurement error is P = (d/v)/T, as given by the above equation. This is shown for v 1.5
mm/usec and T = 130 s by the curve labeled "unfiltered" in FIG. 13. The value v = 1.5 mm/u.sec is an approximation
of the velocity of ultrasound in the body. With the distance filter of the invention, the probability of a distance measurement
error is significantly reduced to P to the Nth power. This is shown for N = 8 by the curve labeled "filtered" in FIG. 13.
[0066] Those skilled in the art will appreciate that various modifications may be made to the just described preferred
embodiments without departing from the scope of the invention, as defined by the claims. For example, the distance
filters of the invention are not limited for use with the particular ultrasound ranging systems described in the specification,
and may be used with other ultrasound ranging systems susceptible to ultrasound interference.

Claims

1. A distance measuring system (710, 905), comprising
first and second transducers (10, 20);
an ultrasound ranging subsystem (310, 910) coupled to the first and second transducers (10, 20) for performing a
plurality of distance measurements between the first and second transducers (10, 20), the system characterized
in that it further comprises:

a filter (715, 915) coupled to the ultrasound ranging subsystem (310, 910) for filtering ultrasound interference
from the plurality of distance measurements by selecting one of the plurality of distance measurements, and
outputting the selected distance measurement.

2. The system (710, 905) of claim 1, wherein the selected distance measurement is greater than the minimum distance
measurement.

3. The system (710, 905) of claim 1, wherein the selected distance measurement is the maximum distance measure-
ment.

4. The system (710, 905) of claim 1, wherein one of the first and second transducers is mounted on a catheter.
5. The system (710, 905) of claim 1, wherein the number of distance measurements is 8.
6. The system (710, 905) of claim 1, wherein the ultrasound ranging subsystem (310, 910) further comprises:

a pulse generator (320) coupled to the first transducer (10) for generating and transmittuig transmit pulses to
the first transducer (10);

a threshold detector (330) coupled to the second transducer (20) for detecting receive pulses from the second
transducer (20); and

measurement means (340, 350, 360) coupled to the pulse generator (320) and the threshold detector (330);

wherein, for each distance measurement, the measurement means (340, 350, 360) triggers the pulse generator
(320) to generate and transmit a transmit pulse to the first transducer (10), measures the elapsed time between
transmission of the transmit pulse and detection of a receive pulse by the threshold detector (330), and generates
the distance measurement based on the measured elapsed time.

7. The system (710, 905) of claim 6, wherein the measurement means comprises a digital counter for measuring the
elapsed time.

8. The system (710, 905) of claim 1, wherein the ultrasound ranging subsystem (310, 910) is coupled to the first and
second transducers (10, 20) for sequentially performing distance measurements between the first and second
transducers (10, 20); and the filter (715, 915) is coupled to the ultrasound ranging subsystem (310, 910) for sequen-
tially receiving the distance measurements, filtering ultrasound interference from the last N distance measurements
by selecting one of the last N distance measurements, and outputting the selected distance measurement.

9. The system (710, 905) of claim 8, wherein the selected distance measurement is greater than the minimum distance
measurement.
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The system (710, 905) of claim 8, wherein the selected distance measurement is the maximum distance measure-
ment.

11. The system (710, 905) of claim 8, wherein N is 8.

12. The system (710, 905) of claim 8, wherein the filter (715, 915) computes a distance variation of the N distance
measurements, compares the distance variation to a threshold value, outputs the selected distance measurement
when the distance variation exceeds the threshold value, and outputs the most recent distance measurement re-
ceived from the ultrasound ranging subsystem (310, 910) otherwise.

13. The system (710, 905) of claim 12, wherein the distance variation is the difference between the maximum and
minimum of the last N distance measurements received from the ultrasound ranging subsystem (310, 910).

14. The system (710, 905) of claim 12, wherein the distance variation is the variance of the last N distance measurements
received from the ultrasound ranging subsystem (310, 910).

15. The system (710, 905) of claim 12, wherein the distance variation is the second derivative of the last N distance
measurements received from the ultrasound ranging subsystem (910, 910).

Patentanspriiche

1. Entfernungsmesssystem (710, 905), welches aufweist:

einen ersten und einen zweiten Wandler (10, 20); ein Ultraschall-Entfernungsmess-Subsystem (310, 910), das
mit dem ersten und dem zweiten Wandler (10, 20) gekoppelt ist, um mehrere Entfernungsmessungen zwischen
dem ersten und dem zweiten Wandler (10, 20) durchzufiihren, welches System dadurch gekennzeichnet ist,
dass es weiterhin aufweist:
ein Filter (715, 915), das mit dem Ultraschall-Entfernungsmess-Subsystem (310, 910) gekoppelt ist, zum
Filtern von Ultraschall-Interferenzstérungen aus den mehreren Entfernungsmessungen durch Auswahlen
einer der mehreren Entfernungsmessungen und Ausgeben der ausgewahlten Entfernungsmessung.

2. System (710, 905) nach Anspruch 1, bei dem die ausgewahlte Entfernungsmessung grofRer als die minimale Ent-
fernungsmessung ist.

3. System (710, 905) nach Anspruch 1, bei dem die ausgewahlte Entfernungsmessung die maximale Entfernungs-
messung ist.

4. System (710, 905) nach Anspruch 1, bei dem der erste oder der zweite Wandler an einem Katheter befestigt ist.

5. System (710, 905) nach Anspruch 1, bei dem die Anzahl von Entfernungsmessungen gleich 8 ist.

6. System (710, 905) nach Anspruch 1, bei dem das Ultraschall-Entfernungsmess-Subsystem (310, 910) weiterhin

aufweist:

einen Impulsgenerator (320), der mit dem ersten Wandler (10) gekoppelt ist, um Impulse zu erzeugen und zu
dem ersten Wandler (10) zu Ubertragen;

einen Schwellenwertdetektor (330), der mit dem zweiten Wandler (20) gekoppelt ist, um von dem zweiten
Wandler (20) empfangene Impulse zu erfassen; und

eine Messvorrichtung (340, 350, 360), die mit dem Impulsgenerator (320) und dem Schwellenwertdetektor (330)
gekoppelt ist;

wobei die Messvorrichtung (340, 350, 360) fiir jede Entfernungsmessung den Impulsgenerator (320) ausldst, um
einen Ubertragungsimpuls zu erzeugen und zu dem ersten Wandler (10) zu (ibertragen, die verstrichene Zeit zwi-
schen der Aussendung des Ubertragungsimpulses und der Erfassung eines Empfangsimpulses durch den Schwel-
lenwertdetektor (330) misst und die Entfernungsmessung auf der Grundlage der gemessenen verstrichenen Zeit
erzeugt.
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System (710, 905) nach Anspruch 6, bei dem die Messvorrichtung einen digitalen Zahler zum Messen der verstri-
chenen Zeit aufweist.

System (710, 905) nach Anspruch 1, bei dem das Ultraschall-Entfernungsmess-Subsystem (310, 910) mit dem
ersten und dem zweiten Wandler (10, 20) gekoppelt ist, um aufeinander folgend Entfernungsmessungen zwischen
dem ersten und dem zweiten Wandler (10, 20) durchzufiihren; und das Filter (715, 915) mit dem Ultraschall-Ent-
fernungsmess-Subsystem (310, 910) gekoppelt ist, um aufeinander folgend die Entfernungsmessungen zu emp-
fangen, Ultraschall-Interferenzstérungen aus den letzten N Entfernungsmessungen auszufiltern durch Auswahlen
einer der letzten N Entfernungsmessungen, und die ausgewahlte Entfernungsmessung auszugeben.

System (710, 905) nach Anspruch 8, bei dem die ausgewahlte Entfernungsmessung gréRer als die minimale Ent-
fernungsmessung ist.

System (710, 905) nach Anspruch 8, bei dem die ausgewahlte Entfernungsmessung die maximale Entfernungs-
messung ist.

System (710, 905) nach Anspruch 8, bei dem N gleich 8 ist.

System (710, 905) nach Anspruch 8, bei dem das Filter (715, 915) eine Entfernungsvariation der N Entfernungs-
messungen berechnet, die Entfernungsvariation mit einem Schwellenwert vergleicht, die ausgewahlte Entfernungs-
messung ausgibt, wenn die Entfernungsvariation den Schwellenwert Gberschreitet, und anderenfalls die letzte von
dem Ultraschall-Entfernungsmess-Subsystem (310, 910) empfangene Entfernungsmessung ausgibt.

System (710, 905) nach Anspruch 12, bei dem die Entfernungsvariation die Differenz zwischen der maximalen und
der minimalen der letzten N Entfernungsmessungen, die von dem Ultraschall-Entfernungsmess-Subsystem (310,
910) empfangen wurden, ist.

System (710, 905) nach Anspruch 12, bei dem die Entfernungsvariation die Veranderlichkeit der letzten N Entfer-
nungsmessungen, die von dem Ultraschall-Entfernungsmess-Subsystem (310, 910) empfangen wurden, ist.

System (710, 905) nach Anspruch 12, bei dem die Entfernungsvariation die zweite Ableitung der letzten N Entfer-
nungsmessungen, die von dem Ultraschall-Entfernungsmess-Subsystem (310, 910) empfangen wurden, ist.

Revendications

1.

Systéme de mesure de distance (710, 905), comprenant :

des premier et second transducteurs (10, 20) ;

un sous-systeme de télémétrie par ultrasons (310, 910) couplé aux premier et second transducteurs (10, 20)
pour réaliser une pluralité de mesures de distance entre les premier et second transducteurs (10, 20), le systeme
étant caractérisé en ce qu’il comprend en outre :

unfiltre (715, 915) couplé au sous-systéme de télémétrie par ultrasons (310, 910) pour filtrer une interférence
ultrasonore de la pluralité de mesures de distance en sélectionnant I'une de la pluralité de mesures de

distance, et pour produire en sortie la mesure de distance sélectionnée.

Systéme (710, 905) selon la revendication 1, dans lequel la mesure de distance sélectionnée est supérieure a la
mesure de distance minimum.

Systéme (710, 905) selon la revendication 1, dans lequel la mesure de distance sélectionnée est la mesure de
distance maximum.

Systeme (710, 905) selon la revendication 1, dans lequel I'un des premier et second transducteurs est monté sur
un cathéter.

Systéme (710, 905) selon la revendication 1, dans lequel le nombre de mesures de distance est de 8.
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Systeme (710, 905) selon la revendication 1, dans lequel le sous-systéme de télémétrie par ultrasons (310, 910)
comprend en outre :

un générateur d'impulsions (320) couplé au premier transducteur (10) pour générer et émettre des impulsions
d’émission sur le premier transducteur (10) ;
un détecteur de seuil (330) couplé au second transducteur (20) pour détecter des impulsions de réception en
provenance du second transducteur (20) ; et
un moyen de mesure (340, 350, 360) couplé au générateur d’'impulsions (320) et au détecteur de seuil (330),

dans lequel, pour chaque mesure de distance, le moyen de mesure (340, 350, 360) déclenche le générateur d'im-
pulsions (320) pour générer et émettre une impulsion d’émission sur le premier transducteur (10), mesure le temps
écoulé entre une émission de I'impulsion d’émission et une détection d’'une impulsion de réception par le détecteur
de seuil (330), et génére la mesure de distance sur la base du temps écoulé mesuré.

Systéme (710, 905) selon la revendication 6, dans lequel le moyen de mesure comprend un compteur numérique
pour mesurer le temps écoulé.

Systeme (710, 905) selon la revendication 1, dans lequel le sous-systéme de télémétrie par ultrasons (310, 910)
est couplé aux premier et second transducteurs (10, 20) pour réaliser séquentiellement des mesures de distance
entre les premier et second transducteurs (10, 20) ; et le filtre (715, 915) est couplé au sous-systeme de télémétrie
par ultrasons (310, 910) pour recevoir séquentiellement les mesures de distance, pour filtrer une interférence ul-
trasonore de* N derniéres mesures de distance en sélectionnant 'une des N derniéres mesures de distance et pour
produire en sortie la mesure de distance sélectionnée.

Systéme (710, 905) selon la revendication 8, dans lequel la mesure de distance sélectionnée est supérieure a la
mesure de distance minimum.

Systeme (710, 905) selon la revendication 8, dans lequel la mesure de distance sélectionnée est la mesure de
distance maximum.

Systéme (710, 905) selon la revendication 8, dans lequel N est de 8.

Systéme (710, 905) selon la revendication 8, dans lequel le filtre (715, 915) calcule une variation de distance des
N mesures de distance, compare la variation de distance a une valeur de seuil, produit en sortie la mesure de
distance sélectionnée lorsque la variation de distance excede la valeur de seuil et produit en sortie la mesure de
distance la plus récente recue depuis le sous-systéme de télémétrie par ultrasons (310, 910) sinon.

Systéme (710, 905) selon larevendication 12, dans lequel la variation de distance est la différence entre les maximum
et minimum des N derniéres mesures de distance regues depuis le sous-systéme de télémétrie par ultrasons (310,

910).

Systéme (710, 905) selon la revendication 12, dans lequel la variation de distance est la variance des N derniéres
mesures de distance regues depuis le sous-systéme de télémétrie par ultrasons (310, 910).

Systéme (710, 905) selon la revendication 12, dans lequel la variation de distance est la dérivée seconde des N
derniéres mesures de distance recues depuis le sous-systéme de télémétrie par ultrasons (310, 910).
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