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(57)  System (10) for determining a position of an in-
terventional device (11) respective an image plane (12)
defined by an ultrasound imaging probe (13). The posi-
tion is determined based on ultrasound signals transmit-
ted between the ultrasound imaging probe (13) and an
ultrasound transducer (15) attached to the interventional
device (11). An image reconstruction unit (IRU) provides
a reconstructed ultrasound image (RUI). A position de-
termination unit (PDU) computes a position
(LAPToESmax, a1pa) Of the ultrasound transducer (15) re-
spective the image plane (12). The position determina-
tion unit (PDU) indicates the computed position
(LAPTOFSmax, eipa) in the reconstructed ultrasound im-
age (RUI). The position determination unit (PDU) sup-
presses the indication of the computed position
(LAPToESmax, s1pa) Under specified conditions relating to
the computed position (LAPtoesmax, aipa) @nd the ultra-
sound signals.
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Description
FIELD OF THE INVENTION

[0001] The invention relates to determining a position of an interventional device respective an image plane of a
beamforming ultrasound imaging probe.

BACKGROUND OF THE INVENTION

[0002] Interventional devices such as medical needles, catheters and surgical tools are often difficult to visualize in
an ultrasound image due to the specular nature of their reflectivity, particularly at unfavorable incidence angles.
[0003] In this respect, document WO2018060499A1 describes a system for indicating a position of an interventional
device feature of an interventional device respective an image plane defined by an ultrasound imaging probe of a
beamforming ultrasound imaging system in which the position of the interventional device feature is determined based
on ultrasound signals transmitted between the ultrasound imaging probe and an ultrasound transducer attached to the
interventional device at a predetermined distance from the interventional device feature. An icon providing unit provides
a first icon indicative of a circular zone with a radius corresponding to the predetermined distance. The first icon is
displayed in a fused image that includes a reconstructed ultrasound image from the beamforming ultrasound imaging
system.

[0004] Documents WO2011138698A1, WO2015101949A1 and WO2016009350A1 also describe systems for tracking
an instrument in an ultrasound field with an ultrasound receiver that is mounted to the instrument. The position of the
ultrasound receiver is subsequently displayed in an ultrasound image corresponding to the ultrasound field.

[0005] Despite these solutions there remains room for improved techniques for determining a position of an interven-
tional device respective an ultrasound imaging plane.

SUMMARY OF THE INVENTION

[0006] In seeking to improve the positioning of an interventional device respective an image plane of a beamforming
ultrasound imaging probe, a system is provided for determining a position of an interventional device respective an
image plane defined by an ultrasound imaging probe of a beamforming ultrasound imaging system in which the position
of the interventional device is determined based on ultrasound signals transmitted between the ultrasound imaging probe
and an ultrasound transducer attached to the interventional device. The system includes an image reconstruction unit
and a position determination unit. The image reconstruction unit provides a reconstructed ultrasound image corresponding
to an image plane defined by the ultrasound imaging probe. The position determination unit computes a position of the
ultrasound transducer respective the image plane based on a time of flight of a maximum detected intensity ultrasound
signal transmitted between the ultrasound imaging probe and the ultrasound transducer; and indicates the computed
position in the reconstructed ultrasound image. Moreover, the position determination unit suppresses the indication of
the computed position if at least one of the following conditions are met: a rate of change of the computed position
exceeds a first predetermined rate; an interference signal in the ultrasound signals exceeds a first predetermined value;
the maximum detected intensity is less than a first predetermined threshold; a signal to noise ratio or a signal to interference
ratio of the maximum detected intensity is less than a first predetermined level.

[0007] An issue that has been discovered by the inventors of the present invention is that the position determined by
the position determination unit may be susceptible to errors. The likelihood of a potentially inaccurate position can be
reliably determined by monitoring the aforementioned parameters. By suppressing the indication of the computed position
under the aforementioned conditions, it is prevented that a potentially inaccurate position is indicated.

[0008] In accordance with one aspect the position determination unit continues suppressing the indication of the
computed position until at least one of the following corresponding conditions have been satisfied for predetermined
period: a rate of change of the computed position is less than a second predetermined rate; an interference signal in
the ultrasound signals is less than a second predetermined value; the maximum detected intensity exceeds a second
predetermined threshold; a signal to noise ratio or a signal to interference ratio of the maximum detected intensity
exceeds a second predetermined level.

[0009] The second predetermined rate, value, threshold and level may be equal to or different from the corresponding
first predetermined parameters. By continuing to suppress the indication of the computed position until the corresponding
condition is met for a predetermined period, the reliability of the system is further improved because it is ensured that
the computed position is not indicated again until the position has stabilized over time. The optional use of a different
threshold adds hysteresis into the decision making. In so doing more reliable system is provided.

[0010] In accordance with one aspect the condition for suppressing indication of the computed position is based on
an interference signal in the ultrasound signals exceeding a first predetermined value. The position determination unit
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measures the interference and/ or noise signal in the ultrasound signals between consecutive imaging frame periods.
Between consecutive frame periods there is a "quiet" period during which negligible ultrasound signals are expected to
be transmitted by the ultrasound imaging probe and no reflected ultrasound signals are expected to be detected. Con-
sequently this quiet period represents a time when only the interference and/ or noise detected by the system can be
reliably measured.

[0011] In accordance with one aspect the condition for suppressing indication of the computed position is based on
an interference signal in the ultrasound signals exceeding a first predetermined value. The position determination unit
measures the interference and/ or noise signal in the ultrasound signals between consecutive image line periods. Image
lines are typically transmitted consecutively, and include a transmit phase and a receive phase during which the ultrasound
imaging probe transmits ultrasound signals and subsequently receives reflected ultrasound signals. Between the end
of the receive phase of one imaging line and the transmit phase of the subsequent image line, there is a "quiet" period
in which no reflections are expected. Consequently this quiet period represents a time when only the interference and/
or noise detected by the system can be reliably measured.

[0012] In accordance with other aspects a method and corresponding computer program product that may be used
in conjunction with the system are provided.

[0013] Itis to be noted that the various aspects described in relation to the system may be combined to provide further
advantageous effects. Moreover, aspects of the system may be used interchangeably with the method, and vice versa.

BRIEF DESCRIPTION OF THE FIGURES
[0014]

Fig. 1 illustrates a beamforming ultrasound imaging system 14 in combination with an in-plane interventional device
11 and an embodiment of the invention in the form of system 10.

Fig. 2 illustrates a beamforming ultrasound imaging system 14 in combination with an interventional device 11
disposed at an out-of-plane distance DOp and an embodiment of the invention in the form of system 10.

Fig. 3 illustrates a reconstructed ultrasound image RUI in which a computed position LAP1orgmayx gipa Of the inter-
ventional device is indicated.

Fig. 4 illustrates a succession of periodic updates, RUI', RUI" to reconstructed ultrasound image RUI.

Fig. 5illustrates a reconstructed ultrasound image RUI that includes multiple image lines L, ,, each line correspond-
ing to a time of flight or depth dimension in the ultrasound image.

Fig. 6 illustrates a model MO describing an expected variation of in-plane maximum detected intensity, lgmayinplane
(dB) with time of flight, TOF.

Fig. 7 illustrates a succession of reconstructed ultrasound images RUI in which an out-of-plane distance Dy, is
indicated by means of a first icon C,, at the computed lateral position LAP1orgmax, oipA-

Fig. 8 illustrates an interventional device 11 that is suitable for use with system 10.

Fig. 9 illustrates various method steps of a method that may be used with system 10.

DETAILED DESCRIPTION OF THE INVENTION

[0015] In order toillustrate the principles of the present invention, various systems are described in which the position
of an interventional device, exemplified by a medical needle, is indicated respective an image plane defined by a linear
array of a 2D ultrasound imaging probe. Moreover, in some examples the position of a feature, such as the distal end,
of the medical device is also tracked.

[0016] Itis however to be appreciated that the invention also finds application with other interventional devices such
as, and without limitation, a catheter, a guidewire, a probe, an endoscope, an electrode, a robot, a filter device, a balloon
device, a stent, a mitral clip, a left atrial appendage closure device, an aortic valve, a pacemaker, an intravenous line,
a drainage line, a surgical tool, a tissue sealing device, a tissue cutting device or an implantable device. The tracked
feature of such interventional devices may exemplarily include a distal end of the interventional device, a biopsy sampling
point of the interventional device, a cutting edge of the interventional device, an opening of a channel in the interventional
device, a sensor (e.g. for sensing flow, pressure, temperature etc.) of the interventional device, a surgical tool (e.g. a
scraper) integrated in the interventional device, a drug delivery point of the interventional device, or an energy delivery
point of the interventional device.

[0017] Furthermore it is to be appreciated that the exemplified linear array of a 2D ultrasound imaging probe is only
one example of an ultrasound transceiver array of a beamforming ultrasound imaging system in which the invention
may be used. The invention also finds application in other types of beamforming ultrasound imaging systems whose
associated ultrasound transceiver arrays exemplarily include a 2D array of a 3D imaging probe (or in bi-plane view), a
"TRUS" transrectal ultrasonography probe, an "IVUS" intravascular ultrasound probe, a "TEE" transesophageal probe,
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a "TTE" transthoracic probe, a "TNE" transnasal probe, an "ICE" intracardiac probe.

[0018] Fig. 1 illustrates a beamforming ultrasound imaging system 14 in combination with an in-plane interventional
device 11 and an embodiment of the invention in the form of system 10. In Fig. 1, beamforming ultrasound imaging
system 14 includes a 2D ultrasound imaging probe 13 which is in communication with image reconstruction unit IRU,
imaging system processor ISP, imaging system interface ISI and display DISP. The units IRU, ISP, ISl and DISP are
conventionally located in a console that is in wired communication with 2D ultrasound imaging probe 13. It is also
contemplated that wireless communication, for example using an optical, infrared, or an RF communication link, may
replace the wired link. It is also contemplated that some of units IRU, ISP, ISI and DISP may instead be incorporated
within 2D ultrasound imaging probe 13, as in for example the Philips Lumify ultrasound imaging system. In Fig. 1, 2D
ultrasound imaging probe 13 includes linear ultrasound transceiver array 16 that transmits and receives ultrasound
energy within an ultrasound field that intercepts volume of interest VOI. The ultrasound field is fan-shaped in Fig. 1 and
includes multiple ultrasound beams B, , that define image plane 12. Note that a fan-shaped beam is illustrated in Fig.
1 for the purposes of illustration only and that the invention is not limited to a particular shape of ultrasound field.
Beamforming ultrasound imaging system 14 may also include electronic driver and receiver circuitry, not shown, that is
configured to amplify and/ or to adjust the phase of signals transmitted by or received by 2D ultrasound imaging probe
13 in order to generate and detect ultrasound signals in beams B, . The electronic driver and receiver circuitry may
thus be used to steer the emitted and/ or received ultrasound beam direction.

[0019] In-use, beamforming ultrasound imaging system 14 is operated in the following way. An operator may plan an
ultrasound procedure via imaging systeminterface ISI. Once an operating procedure is selected, imaging systeminterface
ISI triggers imaging system processor ISP to execute application-specific programs that generate and interpret the
signals transmitted by and detected by 2D ultrasound imaging probe 13. Beamforming ultrasound imaging system 14
may also include a memory, not shown, for storing such programs. The memory may for example store ultrasound beam
control software that is configured to control the sequence of ultrasound signals transmitted by and/ or received by
ultrasound imaging probe 13. Image reconstruction unit IRU, which may alternatively form part of imaging system
processor ISP, reconstructs data received from the ultrasound imaging probe 13 into an image corresponding to image
plane 12 and which thus intercepts volume of interest VOI, and subsequently displays this image on display DISP. A
planar section through volume of interest VOI is termed region of interest ROl herein. Reconstructed ultrasound image
RUI may thus include region of interest ROI. The reconstructed image may for example be an ultrasound Brightness-
mode "B-mode" image, otherwise known as a "2D mode" image, a "C-mode" image or a Doppler mode image, or indeed
any ultrasound planar image.

[0020] Also shown in Fig. 1 is a medical needle 11 as an example of an interventional device, and an embodiment of
the invention, system 10, that may be used to indicate a position of interventional device 11, i.e. the medical needle,
respective image plane 12 of ultrasound imaging probe 13. This embodiment, system 10, includes image reconstruction
unit IRU and position determination unit PDU. These units are in communication with one another as illustrated by the
interconnecting arrows. It is also contemplated that one or more of units PDU, IRU may be incorporated within a memory
or a processor of beamforming ultrasound imaging system 14, for example within a memory or a processor that also
provides the functionality of unit ISP. Medical needle 11 that is tracked, includes ultrasound transducer 15 that may be
positioned at predetermined distance Lp from distal end 11a of interventional device 11.

[0021] In-use, a position of interventional device 11, or more specifically that of ultrasound transducer 15 attached
thereto, is computed respective image plane 12 by position determination unit PDU based on ultrasound signals trans-
mitted between ultrasound transceiver array 16 and ultrasound transducer 15.

[0022] In one configuration ultrasound transducer 15 is a detector that receives ultrasound signals corresponding to
beams B4 . Position determination unit PDU identifies the lateral position LAP of ultrasound transducer 15 respective
image plane 12 by correlating; i.e. comparing, the ultrasound signals emitted by ultrasound transceiver array 16 with
the ultrasound signals detected by ultrasound transducer 15. More specifically this correlation determines the best fit
position of ultrasound transducer 15 respective image plane 12 based on i) the intensities of the ultrasound signals
corresponding to each beam B, , that are detected by ultrasound transducer 15 and ii) based on the time delay, i.e.
time of flight, between emission of each beam B, | and its detection by ultrasound transducer 15. This may be illustrated
as follows. When ultrasound transducer 15 is in the vicinity of image plane 12, ultrasound signals from the nearest of
beams B4 | to the transducer will be detected with a relatively larger intensity whereas more distant beams will be
detected with relatively smaller intensities. Typically the beam that is detected with the maximum detected intensity is
identified as the one that is closest to ultrasound detector 15. In other words, the maximum detected intensity g«
ultrasound signal identifies the in-plane angle ©,p, between ultrasound transceiver array 16 and ultrasound transducer
15. The time of flight, between the emission of this beam (from beams B, ) and its subsequent detection is indicative
of the range between ultrasound transceiver array 16 and ultrasound transducer 15. Thus the time delay of the ultrasound
signal in the beam that was detected with maximum detected intensity, lgax, i-€. TOFgmay. is the ultrasound signal that
is selected from the ultrasound signals of all beams. Since the time of flight is indicative of the range, in polar coordinates
the lateral position of ultrasound transducer 15 respective image plane 12 may be represented by LAPtorgmax, aipa- If
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desired, the range may be determined by multiplying the time delay by the speed of ultrasound propagation.

[0023] In another configuration ultrasound transducer 15 is an emitter that emits one or more ultrasound pulses. Such
pulses may for example be emitted during tracking frames that are interleaved between the usual imaging frames of
ultrasound imaging system 14. In such a tracking frame the ultrasound transceiver array 16 may be operated in a receive-
only mode in which it listens for ultrasound signals originating from the vicinity of image plane 12. Ultrasound transceiver
array 16 is thus configured as a one-way receive-only beamformer. Position determination unit PDU identifies from which
beam of beams B, , the pulse(s) originated based on the ultrasound signals emitted by ultrasound transducer 15 and
those detected by ultrasound transceiver array 16. As in the configuration above, position determination unit PDU may
use a correlation procedure that, based on the ultrasound signal detected with maximum intensity and its time of flight,
identifies the closest beam and thus the point at which the ultrasound signal was emitted, i.e. its lateral position
LAPToESmax, eipa in the same manner. Thus, when ultrasound transducer 15 is an emitter, a correlation, i.e. comparison,
procedure may again be used to determine its best-fit position respective image plane 12 for each tracking frame.
[0024] In another configuration ultrasound transducer 15 may be configured to act as both a receiver and an emitter,
or include both a receiver and an emitter. In this configuration ultrasound transducer 15 may be triggered to emit one
or more ultrasound pulses upon receipt of an ultrasound signal from ultrasound transceiver array 16; optionally following
a delay that is equal to one or more frame periods of ultrasound imaging system 14. In this way the pulse(s) emitted by
ultrasound transducer 15 during an imaging mode are received by ultrasound transceiver array 16 in the form of an echo
in the reconstructed ultrasound at an in-plane angular position, i.e. in an image line, that corresponds to the triggering
beam B, . Ultrasound transducer 15 thus appears as a bright spot in the reconstructed image. Position determination
unit PDU may subsequently identify this bright spot in the reconstructed image and thus again compute a lateral position
LAPtoFsmax, eipa Of ultrasound transducer 15 respective image plane 12.

[0025] In yet another configuration, not illustrated, ultrasound imaging probe 13 may further include at least three
ultrasound emitters that are attached to the ultrasound imaging probe 13. The at least three ultrasound emitters are in
communication with position determination unit PDU. Moreover the position determination unit PDU is configured to
compute a position of the ultrasound transducer 15 respective the image plane 12 based on ultrasound signals transmitted
between the atleast three ultrasound emitters attached to the ultrasound imaging probe 13, and the ultrasound transducer
15. In this configuration position determination unit PDU determines a range between each emitter and ultrasound
transducer 15 based on the time of flight of ultrasound signals emitted by each emitter. The three dimensional position
of ultrasound transducer 15 is subsequently determined using triangulation. This provides the position of ultrasound
transducer 15 in three dimensions respective ultrasound imaging probe 13, or more specifically respective image plane
12 since the at least three emitters are attached to the ultrasound imaging probe 13. The three-dimensional position
may subsequently be mapped to image plane 12 and thus again represented by LAP1orgmax gipa- Ultrasound emitters
are preferred in this configuration because the supply of high power ultrasound signals to the emitters, necessary for
accurate positioning over a large range, is simpler when the emitters are proximate ultrasound imaging probe 13 where
a power source is readily available. This arrangement is thus preferred in contrast to locating a high power emitter on
interventional device 11. In-use, the lateral position of interventional device 11, or more specifically that of ultrasound
transducer 15 attached thereto, is thus again computed respective image plane 12 by position determination unit PDU
based on ultrasound signals transmitted between the at least three emitters and ultrasound transducer 15.

[0026] In summary, in this in-plane arrangement in which ultrasound transducer 15 is in the image plane, position
determination unit PDU illustrated in Fig. 1 may be used in any of the above configurations to compute a lateral position
of ultrasound transducer 15 respective image plane 12 based on ultrasound signals transmitted between ultrasound
imaging probe 13 and ultrasound transducer 15. With reference to Fig. 3, which illustrates a reconstructed ultrasound
image RUI in which a computed position LAPtorgmax. gipa Of the interventional device is indicated, after computation of
the position, computed position LAPtorgmax, oipa May be indicated in reconstructed ultrasound image RUI. Position LAP
may for example be indicated as shown by the exemplary circle C4, the center of which corresponds to computed position
LAPtorsmax, eipa- Alternative icons, shapes and indications may likewise be used. Whilst a circle is indicated in Fig. 3,
other icons than a complete circle and which are likewise indicative of a circular zone may be used in the same manner,
including e.g. a circular arrangement of dots or dashes, a circular arrangement of radially-directed lines or arrows, the
tips of which indicate a circular zone, and so forth. In the exemplified circle in Fig. 3, the perimeter of the circle may
indicate the limit of the uncertainty of position LAP, or a range of possible positions of e.g. a feature that is disposed on
interventional device 11 at a predetermined distance from ultrasound transducer 15.

[0027] When ultrasound transducer 15 is disposed away from the image plane, i.e. out-of-plane, the same procedure
may be used to determine a lateral position of ultrasound transducer 15, i.e. a position projected onto image plane 12.
An additional procedure that uses the intensity, Ig,,,, and the time of flight, TOFg,,,, of the ultrasound signal having
the maximum detected intensity, may optionally be used to estimate a distance of ultrasound transducer 15 from image
plane 12. In this respect, Fig. 2 illustrates a beamforming ultrasound imaging system 14 in combination with an inter-
ventional device 11 disposed at an out-of-plane distance DOp and an embodiment of the invention in the form of system
10. Although beams B, of ultrasound imaging probe 13 are illustrated as being in plane 12, this plane has a finite
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thickness and a reduced ultrasound signal is typically detectable for small out-of-plane displacements. These signals
are used in the present invention to estimate the out-of-plane distance DOp of ultrasound transducer 15.

[0028] Various techniques may be used to determine the out-of-plane distance D,;,. One technique involves using a
transducer-specific three-dimensional map that associates a three dimensional position respective image plane 12 to
an expected signal intensity. Having determined the lateral position LAPtoegyax gipa Of Ultrasound transducer 15 re-
spective image plane 12 as described above, the out of plane distance is determined by looking-up in the model the out
of plane distance corresponding to the detected intensity, g, at that lateral position.

[0029] Anothertechnique is now described with reference to Fig. 6, whichillustrates a model MO describing an expected
variation of in-plane maximum detected intensity, lsmaxinpiane (dB) with time of flight, TOF. With reference to Fig. 6, Model
MO, indicated by the solid curve, illustrates that as the time of flight TOF, i.e. the depth into tissue increases, the in-
plane maximum detected intensity, lgyayinplane: Of detected ultrasound signals initially decreases slowly, then more
rapidly, and then more slowly again. The shape of the model is affected by attenuation of ultrasound signals and may
be determined from theoretical calculations or empirical measurements of the in-plane maximum intensity obtained in
tissue or corresponding matter. Model MO depends only on time of flight and is invariant with in-plane angle 6,pp. It is
noted that model MO does not model the maximum detected intensity, Igmayinplane @S @ function of out-of-plane distance.
Consequently model MO requires only a limited amount of, i.e. one-dimensional, calibration data. In contrast to the
aforementioned three-dimensional model, in-use the out-of-plane distance may be determined with model MO with low
latency due to the need to search in only one, i.e. time of flight, dimension. The modeled in-plane maximum detected
intensity, Igmaxinpiane has been found to reliably represent different beamforming ultrasound imaging probes of the same
type, which means that the same model may be used for beamforming ultrasound imaging probes of the same type.
[0030] With reference to Fig. 2 and Fig. 3, in-use, computing out-of-plane distance D,, comprises comparing the
maximum detected intensity Igm,, with model MO. The out-of-plane distance D, may subsequently be indicated in
reconstructed ultrasound image RUI. The out-of-plane distance may be indicated numerically for example, or as a size,
or a color of an icon that varies accordance with Dop. With reference to Fig. 3, in one implementation the out-of-plane
distance Dy, may be indicated by means of varying the radius of circle C4 in Fig. 3 in accordance with out-of-plane
distance D,. Comparing the maximum detected intensity Igy,, With model MO may for instance involve determining a
difference or ratio between detected intensity Iy, and the in-plane maximum detected intensity, Igmayinpiane at the time
of flight TOFsmax corresponding to the computed lateral position LAPtorsmax- IN One exemplary implementation the
maximum detected intensity |g,,4 at the computed lateral position LAP1oegmax aipa Of the ultrasound transducer may
thus be scaled to the in-plane maximum detected intensity Igmayinpiane: at the time of flight TOF g, corresponding to
the computed lateral position LAPtorgmax aipa- A qualitative indication of the out-of-plane distance may subsequently
be indicated in reconstructed ultrasound image RUI. For example, an icon may be displayed that has a size that varies
in accordance with:

Size = ky +k,. (1 - ]sm—‘”‘) Equation 1

ISmaxInplane

and wherein k; and k, are constants and k, may include zero.

[0031] In another exemplary implementation, with reference to Fig. 3, the color of an icon may be configured to change
based on the value of the maximum detected intensity I,y in relation to Igmayinpiane: at the time of flight TOF g
[0032] An issue that has been discovered by the inventors of the present invention is however that the so-determined
position may be susceptible to errors. The determined position may for example be influenced by the presence of high
levels of noise or interference. The determined position may likewise be influenced when the maximum detected intensity
Ismax OF its signal to noise ratio or its signal to interference ratio is low. Another indicator of the possibility of an incorrectly
determined position is a high rate of change of the determined position. In order to mitigate such errors, in the present
invention position determination unit PDU suppresses the indication of the computed position LAP1orgmayx aipa if at least
one of the following conditions are met:

a rate of movement of the computed position LAPtoegmax aipa €XCeeds a first predetermined rate Rya44;

an interference signal in the ultrasound signals exceeds a first predetermined value Inty, cshold1s

the maximum detected intensity Ig,,, iS less than a first predetermined threshold IgaxThreshold1:

a signal to noise ratio or a signal to interference ratio of the maximum detected intensity Ig,5, €Xceeds a first
predetermined level SNR smaxThreshold1-

[0033] Thus, with reference to exemplary Fig. 3, if one of the aforementioned conditions are met, position determination
unit PDU may cease to display circle C;.
[0034] In summary, and with reference to Fig. 1, Fig. 2, Fig. 3 and Fig. 6, a system 10 for determining a position of an
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interventional device 11 respective an image plane 12 defined by an ultrasound imaging probe 13 of a beamforming
ultrasound imaging system 14 in which the position of the interventional device 11 is determined based on ultrasound
signals transmitted between the ultrasound imaging probe 13 and an ultrasound transducer 15 attached to the interven-
tional device 11, includes:

image reconstruction unit IRU that provides reconstructed ultrasound image RUI corresponding to image plane 12
defined by ultrasound imaging probe 13; and
position determination unit PDU that:

computes a position LAPtorsmax gipa Of Ultrasound transducer 15 respective image plane 12 based on a time
of flight TOFg,,,x Of @ maximum detected intensity lg,,, ultrasound signal transmitted between ultrasound
imaging probe 13 and ultrasound transducer 15;

indicates the computed position LAP1oegmayx. eipa in the reconstructed ultrasound image RUI; and
suppresses the indication of the computed position LAPtorsmax eipa if at least one of the following conditions
are met:

a rate of change of the computed position LAP1oegmax. gipa €XCeeds a first predetermined rate Rya,4;

an interference signal in the ultrasound signals exceeds a first predetermined value Intyy, eshold1s

the maximum detected intensity Ig,,, is less than a first predetermined threshold lgy,ayThreshold1:

a signal to noise ratio or a signal to interference ratio of the maximum detected intensity Ig,,, is less than
a first predetermined level SNR\|gyaxThreshold1-

[0035] By so suppressing the indication of the computed position, it is prevented that a potentially inaccurate position
is indicated.

[0036] The aforementioned conditions, i.e. the rate of change of the computed position, the interference signal in the
ultrasound signals, the maximum detected intensity lg,,x. the signal to noise ratio or the signal to interference ratio of
the maximum detected intensity |g,,,x may be measured by hardware or a software-controlled processor or a combination
of hardware and a software-controlled processor. The position determination unit that decides and implements the result
of testing the condition is preferably implemented by a software-controlled processor.

[0037] In respect of determining the rate of change of the computed position LAPtoegmax gipas POSItion determination
unit PDU which calculates position LAPtorgmax, gipa May determine, in a suitable coordinate space, the rate of change
of the position. The rate of change may for instance include an angular rate of change of in-plane angle 6p5 and/ or a
rate of change of time of flight of the maximum detected ultrasound signal TOF g,,,,. Alternatively the polar coordinates
of the computed position may be converted into Cartesian coordinate space in order to determine the rate of change.
First predetermined rate Ry;,,41 may be set based on the likely rate that a user might be expected to move an interventional
device within image plane 12. By way of an example, it may be considered unlikely that an operator would move
interventional device 11 by e.g. 45 degrees at a time of flight corresponding to 10 centimeters within one image frame
at say 100 frames per second. Such a threshold may be used to set first predetermined rate Ry 4,1. When position
determination unit indicates a rate of change of position that exceeds this rate, the indication of the position, e.g. the
provision of circle C, in reconstructed ultrasound image RUI in Fig. 3, may be inhibited.

[0038] Inrespect of the interference signal in the ultrasound signals, the measurement technique depends on whether
ultrasound transducer 15 is a transmitter of a detector. When ultrasound transducer 15 is a detector an electrical circuit
may for example be used to determine the root mean square, rms, value of the interference and/ or noise, in the electrical
signals generated by the detector, or alternatively an analogue to digital converter may be used to sample these electrical
signals and thus determine this value. Various hardware or software filters may be used to measure the noise and/ or
interference within a predetermined bandwidth, and/ or to separate the noise and/ or interference from concurrent
ultrasound signals. When ultrasound transducer 15 is a transmitter and it is desired to determine interference signals in
the detected ultrasound signals, this may be carried out by analyzing the signals detected by ultrasound imaging probe
13. Processor-implemented position determination unit PDU may determine the noise and/ or interference from the
digitized signals detected by ultrasound imaging probe 13 using equivalent software methods. Predetermined value
Inttesholg1 May be set e.g. based on typical measured or expected signal levels.

[0039] The value of the maximum detected intensity Ig,,,, ultrasound signal transmitted between ultrasound imaging
probe 13 and ultrasound transducer 15 is inherently available within the processor that provides position determination
unit PDU since this value is used in computing position LAP1oegmax gipa- Thus it becomes straightforward to compare
the value g4« With a first predetermined threshold lgyaxThresholg1- First predetermined threshold IgyaxThreshold1 May be
set e.g. based on typical measured or expected signal levels.

[0040] The signal to noise ratio or the signal to interference ratio of the maximum detected intensity lg,5x and its
corresponding first predetermined level SNR|gmaxThresholq1 May be determined and set using a combination of the
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aforementioned techniques described in relation to maximum detected intensity g, and the noise and/ or interference
signal in the detected ultrasound signals.

[0041] In some exemplary implementations position determination unit PDU may continue suppressing the indication
of the computed position LAPtorsmax, aipa Until at least one of the following corresponding conditions have been satisfied
for a predetermined period:

a rate of change of the computed position LAP1oegmax. gipa iS less than a second predetermined rate Ryay0;

an interference signal in the ultrasound signals is less than a second predetermined value Intyeshold2;

the maximum detected intensity Ismax exceeds a second predetermined threshold |gaxThreshold2:

a signal to noise ratio or a signal to interference ratio of the maximum detected intensity |g,,,, €xceeds a second
predetermined level SNR g axThreshold2-

[0042] By continuing to suppress the indication of the computed position until the corresponding condition is met for
a predetermined period, the reliability of the system is further improved because it is ensured that the computed position
is not indicated again until the position has stabilized over time.

[0043] The predetermined period may for instance be measured in seconds or fractions of a second, or in an integer
number of frames or image lines. Synchronization to the frame rate by means of the latter has the advantage of less
complex implementation.

[0044] Moreover, whilst the corresponding rates, values, thresholds and levels that continue suppression of the indi-
cation of the position may differ from those triggering the suppression, in some implementations the first predetermined
rate Ryax1 is equal to the second predetermined rate Ry,40; and in some implementations the first predetermined value
Int1esholgq IS €qual to the second predetermined value Intry,osnoig2; @nd in some implementations the first predetermined
threshold Ig,axThreshold1 1S €qual to the second predetermined threshold g axThreshold2: @nd in some implementations
the first predetermined level SNR gy axThreshold1 1S €qual to the second predetermined level SNR gmayThreshold2- 1 e use
of the same corresponding rates, values, thresholds and levels facilitates a less complex implementation. The use of a
different threshold adds hysteresis into the decision making. In so doing more reliable system is provided.

[0045] With reference to Fig. 4, which illustrates a succession of periodic updates, RUI’', RUI" to reconstructed ultra-
sound image RUI, in some exemplary implementations position determination unit PDU is configured to suppress the
indication of the computed position LAP1orgmax. g1pa P@sed on an interference signal in the ultrasound signals exceeding
afirst predetermined value Inty,oshoig1- The magnitude of the interference signal may be determined as described above.
Moreover, in such implementations image reconstruction unit IRU is configured to periodically update the reconstructed
ultrasound image RUI; the ultrasound signals corresponding to each reconstructed ultrasound image RUI being trans-
mitted and detected by the ultrasound imaging probe 13 during a corresponding imaging frame period T;. Position
determination unit PDU is configured to determine the interference signal in the ultrasound signals between consecutive
imaging frame periods.

[0046] Throughout Fig. 4B and 4C, updated reconstructed ultrasound images RUI’ and RUI" indicate the progression
of position-indicating circle C4 horizontally and to the right of the figures. Fig. 4D indicates the corresponding imaging
signals from beamforming ultrasound imaging probe 12, which are transmitted and detected within consecutive frames
F, F’ and F", each having a period Tf. Between consecutive frame periods there is a "quiet" period indicated by the
vertical arrow in Fig. 4D during which negligible ultrasound signals are transmitted by the ultrasound imaging probe and
no reflected ultrasound signals are expected to be detected. Consequently this quiet period represents a time when only
the interference and/ or noise detected by the system can be reliably measured. The interference and/ or noise may
exemplarily be measured between every frame, or between consecutive frames every N frames where N is an integer,
or between consecutive frames after a random number of frames.

[0047] With reference to Fig. 5, which illustrates a reconstructed ultrasound image RUI that includes multiple image
lines L4 _,, each line corresponding to a time of flight or depth dimension in the ultrasound image, in some exemplary
implementations position determination unit PDU is configured to suppress the indication of the computed position
LAPToEsmax, aipa 0ased on an interference signal in the ultrasound signals exceeding a first predetermined value
Inttiesholg1- 1N such implementations reconstructed ultrasound image RUI comprises a plurality of image lines L4 |,
each line corresponding to a depth dimension in the ultrasound image; and wherein the ultrasound signals corresponding
to each line of the reconstructed ultrasound image RUI are transmitted and detected by the ultrasound imaging probe
13 during a corresponding image line period T,. Position determination unit PDU is configured to determine the inter-
ference signal in the ultrasound signals between consecutive image line periods.

[0048] Ultrasound signals corresponding to image lines are typically transmitted in the consecutive manner illustrated
in Fig. 5, and include, within image line period T4, a transmit phase and a receive phase during which the ultrasound
imaging probe transmits ultrasound signals and subsequently receives reflected ultrasound signals. Between the end
of the receive phase of one imaging line and the transmit phase of the subsequent image line, there is a "quiet" period
indicated by the vertical arrow in Fig. 5B and in which no reflections are expected. Consequently this quiet period
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represents a time when only the interference and/ or noise detected by the system can be reliably measured. The
interference and/ or noise may exemplarily be measured between every line, or between consecutive lines after every
M lines where M is an integer, or between consecutive lines after a random number of lines, or between the same two
lines in consecutive or every N image frames.

[0049] With reference to Fig. 6, which illustrates a model MO describing an expected variation of in-plane maximum
detected intensity, Igyaxinpiane (dB) with time of flight, TOF, in some exemplary implementations, indicating the computed
position LAP1oesmayx, gipa iN the reconstructed ultrasound image RUI may also include:

computing an out-of-plane distance D, between the ultrasound transducer 15 and the image plane 12 by comparing
the maximum detected intensity lg,,, With a model MO describing an expected variation of in-plane maximum
detected intensity Igyaxinplane With time of flight, at the time of flight TOF g, of the ultrasound signal having the
maximum detected intensity Ig,,,,; and

indicating the out-of-plane distance DOp in the reconstructed ultrasound image RUI.

[0050] Asmentioned above an indication of the out-of-plane distance D, may be obtained through such a comparison.
Comparing the maximum detected intensity g, With model MO may for instance involve determining a difference or
ratio between detected intensity Ig,, and the in-plane maximum detected intensity, Igmaxinpiane- The maximum detected
intensity Iy, at the computed lateral position LAProesmax gipa Of the ultrasound transducer may thus be scaled to the
in-plane maximum detected intensity |gyayinpiane- BY Using model MO, a qualitative indication of out of plane distance
Dop may be obtained with low computational effort. Moreover, the problem of computing a potentially inaccurate position
may be particularly acute at large out-of-plane distances where detected ultrasound signals from the ultrasound imaging
probe are low. Thus suppressing the indicated position under the aforementioned conditions, such as the illustrated
maximum detected intensity lg . Threshoig1 Which is here exemplarily expressed as a proportion of the in-plane maximum
intensity value, may be particularly beneficial in implementations in which the interventional device is routinely disposed
in an out-of-plane position.

[0051] With reference to Fig. 7, which illustrates a succession of reconstructed ultrasound images RUI in which an
out-of-plane distance D, is indicated by means of a first icon C,, at the computed lateral position LAPtorgmay, gipa in
these exemplary implementations, indicating out-of-plane distance DOp may comprise providing a first icon COp at the
computed lateral position LAPtorgmay, eipa. thefirsticon C,, being indicative of a circular zone with a radius corresponding
to the out-of-plane distance Dop. In Fig. 7 the lateral position of interventional device 11 in reconstructed ultrasound
images RUI, RUI’ and RUI" remains constant respective image plane 12 and its out-of-plane distance DOp is reduced in
positions LAP* and LAP" in Fig. 7B and Fig. 7C. Consequently the corresponding radius of circles C,," and C," is
reduced. Optionally, the radius of first icon C,, may be determined by scaling the maximum detected intensity gy, to
the expected in-plane maximum detected intensity lgmayinpianes at the time of flight TOF g, of the ultrasound signal
having the maximum detected intensity Ig,x-

[0052] Fig. 8 illustrates an interventional device 11 that is suitable for use with system 10. Ultrasound transducer 15
may be attached at a predetermined distance L, from a feature, e.g. distal end 11a of interventional device 11. Ultrasound
transducer 15 may be attached to interventional device 11 by various means including using an adhesive. Electrical
conductors that carry electrical signals from ultrasound transducer 11 to position determination unit PDU are also shown,
although as mentioned above itis contemplated to alternatively use a wireless link to communicate the transducer signals
with position determination unit PDU.

[0053] Ultrasound transducer 15 described above with particular reference to Fig. 1, Fig. 2 and Fig. 8 may be provided
by a variety of piezoelectric materials. Both hard and soft piezoelectric materials are suitable. Micromachined Electro-
mechanical Structures, i.e. MEMS devices such as Capacitive Micromachined Ultrasound Transducers, i.e. CMUT,
devices are also suitable. When the ultrasound transducer is a detector, preferably it is formed from Polyvinylidene
fluoride, otherwise known as PVDF whose mechanical properties and manufacturing processes lend themselves to
attachment to curved surfaces such as medical needles. Alternative materials include a PVDF co-polymer such as
polyvinylidene fluoride trifluoroethylene, a PVDF ter-polymer such as P(VDF-TrFE-CTFE). Preferably the ultrasound
transducer is wrapped around an axis of the interventional device in order to provide sensing around 360 degrees of
rotation about the axis although this need not always be the case.

[0054] Fig. 9 illustrates various method steps of a method that may be used with system 10. With reference to Fig. 9
a method of determining a position of interventional device 11 respective image plane 12 defined by ultrasound imaging
probe 13 of beamforming ultrasound imaging system 14 in which the position of interventional device 11 is determined
based on ultrasound signals transmitted between ultrasound imaging probe 13 and ultrasound transducer 15 attached
to interventional device 11; includes the steps of:

generating GENRUI a reconstructed ultrasound image RUI corresponding to an image plane 12 defined by the
ultrasound imaging probe 13;
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computing CLP a lateral position LAP1oesmax, oipa Of the ultrasound transducer 15 respective the image plane 12
based on a time of flight TOFg,,,5, 0f @ maximum detected intensity Ig,,,54 Ultrasound signal transmitted between the
ultrasound imaging probe 13 and the ultrasound transducer 15;

indicating INDCLP the computed position LAPtorgmax, gipa in the reconstructed ultrasound image RUI; and
suppressing SUP the indication of the computed position LAP1oegmax. gipa if at least one of the following conditions
are met:

a rate of change of the computed position LAP1orsmax, oipa €Xceeds a first predetermined rate Ryjax1;

an interference signal in the ultrasound signals exceeds a first predetermined value Intyeshoid1s

the maximum detected intensity Ig,x is less than a first predetermined threshold IgyaThreshold1:

a signal to noise ratio or a signal to interference ratio of the maximum detected intensity Ismax is less than a
first predetermined level SNR g axThreshold1-

[0055] The method may optionally include the step of:

computing an out-of-plane distance D, between the ultrasound transducer 15 and the image plane 12 by comparing
the maximum detected intensity g5, with @ model MO describing an expected variation of in-plane maximum detected
intensity lgmayinplane With time of flight, at the time of flight TOF 5., of the ultrasound signal having the maximum detected
intensity lgmax-

[0056] The step of indicating INDCLP the computed position LAP1oegmayx. eipa in the reconstructed ultrasound image
RUI may optionally include:

indicating the out-of-plane distance D, in the reconstructed ultrasound image RUI.

[0057] It is to be noted that other implementations of the method may additionally incorporate one or more aspects
described with respect to an implementation of the system.

[0058] The method steps illustrated in Fig. 9, optionally including other method steps described herein, may be stored
on a computer program product as instructions that are executable by a processor. The computer program product may
be provided by dedicated hardware, or hardware capable of executing software in association with appropriate software.
When provided by a processor, the functions can be provided by a single dedicated processor, by a single shared
processor, or by a plurality of individual processors, some of which can be shared. Moreover, explicit use of the term
"processor” or "controller" should not be construed to refer exclusively to hardware capable of executing software, and
can implicitly include, without limitation, digital signal processor "DSP" hardware, read only memory "ROM" for storing
software, random access memory "RAM", non-volatile storage, etc. Furthermore, embodiments of the present invention
can take the form of a computer program product accessible from a computer-usable or computer-readable storage
medium providing program code for use by or in connection with a computer or any instruction execution system. For
the purposes of this description, a computer-usable or computer readable storage medium can be any apparatus that
may include, store, communicate, propagate, or transport the program for use by or in connection with the instruction
execution system, apparatus, or device. The medium can be an electronic, magnetic, optical, electromagnetic, infrared,
or semiconductor system, or apparatus or device, or a propagation medium. Examples of a computer-readable medium
include a semiconductor or solid state memory, magnetic tape, a removable computer diskette, arandom access memory
"RAM", a read-only memory "ROM", a rigid magnetic disk and an optical disk. Current examples of optical disks include
compact disk - read only memory "CD-ROM", compact disk - read/write "CD-R/W", Blu-Ray™ and DVD.

[0059] In this respect a computer program product is also provided for use with system 10. The computer program
product includes instructions which when executed on a processor of system 10 for determining a position of an inter-
ventional device 11 respective animage plane 12 defined by an ultrasound imaging probe 13 of a beamforming ultrasound
imaging system 14 in which the position of the interventional device 11 is determined based on ultrasound signals
transmitted between the ultrasound imaging probe 13 and an ultrasound transducer 15 attached to the interventional
device 11; cause the processor to carry out the aforementioned method steps.

[0060] In summary a system has been described for determining a position of an interventional device respective an
image plane defined by an ultrasound imaging probe of a beamforming ultrasound imaging system in which the position
of the interventional device is determined based on ultrasound signals transmitted between the ultrasound imaging probe
and an ultrasound transducer attached to the interventional device. The system includes an image reconstruction unit
and a position determination unit. The image reconstruction unit provides a reconstructed ultrasound image corresponding
to an image plane defined by the ultrasound imaging probe. The position determination unit computes a position of the
ultrasound transducer respective the image plane based on a time of flight of a maximum detected intensity ultrasound
signal transmitted between the ultrasound imaging probe and the ultrasound transducer. The position determination unit
also indicates the computed position in the reconstructed ultrasound image. Moreover, the position determination unit
suppresses the indication of the computed position if at least one of the following conditions are met:

a rate of change of the computed position exceeds a first predetermined rate;
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an interference signal in the ultrasound signals exceeds a first predetermined value;

the maximum detected intensity is less than a first predetermined threshold;

a signal to noise ratio or a signal to interference ratio of the maximum detected intensity is less than a first prede-
termined level.

[0061] Whilst the invention has been illustrated and described in detail in the drawings and foregoing description in
relation to a medical needle, such illustrations and descriptions are to be considered illustrative or exemplary and not
restrictive. Any reference signs in the claims should not be construed as limiting the scope of the invention. Moreover it
is to be understood that the various examples, implementations and embodiments illustrated herein may be combined
in order to provide various systems and methods for determining a position of an interventional device respective an
image plane of a beamforming ultrasound imaging system.

Claims

1. System (10) for determining a position of an interventional device (11) respective an image plane (12) defined by
an ultrasound imaging probe (13) of a beamforming ultrasound imaging system (14) in which the position of the
interventional device (11) is determined based on ultrasound signals transmitted between the ultrasound imaging
probe (13) and an ultrasound transducer (15) attached to the interventional device (11), the system (10) comprising:

an image reconstruction unit (IRU) configured to provide a reconstructed ultrasound image (RUI) corresponding
to an image plane (12) defined by the ultrasound imaging probe (13);
a position determination unit (PDU) configured to:

compute a position (LAPtorsmax, aipa) Of the ultrasound transducer (15) respective the image plane (12)
based on a time of flight (TOFg,,,,) Of @ maximum detected intensity (Ig,,5x) Ultrasound signal transmitted
between the ultrasound imaging probe (13) and the ultrasound transducer (15); and to

indicate the computed position (LAPtorsmax, eipa) in the reconstructed ultrasound image (RUI); and

wherein position determination unit (PDU) is further configured to suppress the indication of the computed
position (LAPtorsmax, oipa) if at least one of the following conditions are met:

a rate of change of the computed position (LAP1orgmax, gipa) €Xceeds a first predetermined rate (Ryax1);
an interference signal in the ultrasound signals exceeds a first predetermined value (Intry, eghoid1):

the maximum detected intensity (Ig,4x) iS less than a first predetermined threshold (IgmaxThreshold1):

a signal to noise ratio or a signal to interference ratio of the maximum detected intensity (lg,,,) is less than
a first predetermined level (SNRgmaxThreshold1)-

2. The system (10) according to claim 1 wherein the position determination unit (PDU) is further configured to continue
suppressing the indication of the computed position (LAPtorsmax, aipa) Until at least one of the following correspond-
ing conditions have been satisfied for a predetermined period:

a rate of change of the computed position (LAP1orsmax, eipa) iS less than a second predetermined rate (Ryaxo);
an interference signal in the ultrasound signals is less than a second predetermined value (Inttpreshold2);

the maximum detected intensity (Ign4x) €Xxceeds a second predetermined threshold (lgmaxThreshold2):

a signal to noise ratio or a signal to interference ratio of the maximum detected intensity (lg,.x) €xceeds a
second predetermined level (SNRgmaxThreshold2)-

3. The system (10) according to claim 2 wherein the first predetermined rate (Ry;,,4) is equal to the second predeter-
mined rate (Ryax2); or wherein the first predetermined value (Intry,esnoig1) i €qual to the second predetermined
value (Inttpeshold2); OF Wherein the first predetermined threshold (I axThreshold1) iS €qual to the second predetermined
threshold (IgmaxThreshold2); ©F Wherein the first predetermined level (SNRgmaxThreshold1) iS €qual to the second pre-
determined level (SNR|gmaxThreshold2)-

4. The system (10) according to any one of claims 1 - 3 wherein the position determination unit (PDU) is configured
to suppress the indication of the computed position (LAPtorsmax, gipa) Dased on an interference signal in the ultra-
sound signals exceeding a first predetermined value (Inty,eshoig1); @nd wherein the image reconstruction unit (IRU)
is configured to periodically update the reconstructed ultrasound image (RUI); the ultrasound signals corresponding
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to each reconstructed ultrasound image (RUI) being transmitted and detected by the ultrasound imaging probe (13)
during a corresponding imaging frame period (Tf); and wherein the position determination unit (PDU) is configured
to determine the interference signal in the ultrasound signals between consecutive imaging frame periods.

The system (10) according to any one of claims 1 - 3 wherein the position determination unit (PDU) is configured
to suppress the indication of the computed position (LAP1oesmax aipa) Pased on an interference signal in the ultra-
sound signals exceeding a first predetermined value (Inttpeshoig1); @nd wherein the reconstructed ultrasound image
(RUI) comprises a plurality of image lines (L4 ), each line corresponding to a depth dimension in the ultrasound
image; and wherein the ultrasound signals corresponding to each line of the reconstructed ultrasound image (RUI)
are transmitted and detected by the ultrasound imaging probe (13) during a corresponding image line period (T4);
and wherein the position determination unit (PDU) is configured to determine the interference signal in the ultrasound
signals between consecutive image line periods.

The system (10) according to any previous claim wherein indicating the computed position (LAPtorsmax gipa) in
the reconstructed ultrasound image (RUI) includes:

computing an out-of-plane distance (Dop) between the ultrasound transducer (15) and the image plane (12) by
comparing the maximum detected intensity (lg,,,) With a model (MO) describing an expected variation of in-
plane maximum detected intensity (Igmayinpiane) With time of flight, at the time of flight (TOF g5, ) of the ultrasound
signal having the maximum detected intensity (Ig,,,); and

indicating the out-of-plane distance (D) in the reconstructed ultrasound image (RUI).

The system (10) according to claim 6 wherein indicating the out-of-plane distance (Dop) comprises providing a first
icon (C,p) at the computed lateral position (LAPtorgmay, aipa); the firsticon (C,) being indicative of a circular zone
with a radius corresponding to the out-of-plane distance (D).

The system (10) according to claim 7 wherein the radius is determined based on scaling the maximum detected
intensity (Igmay) to the expected in-plane maximum detected intensity (Ismaxinplane): at the time of flight (TOF g5y)
of the ultrasound signal having the maximum detected intensity (Igpax)-

The system (10) according to any previous claim further comprising an interventional device (11) having an ultrasound
transducer (15) attached thereto.

Method of determining a position of an interventional device (11) respective an image plane (12) defined by an
ultrasound imaging probe (13) of a beamforming ultrasound imaging system (14) in which the position of the inter-
ventional device (11) is determined based on ultrasound signals transmitted between the ultrasound imaging probe
(13) and an ultrasound transducer (15) attached to the interventional device (11); the method comprising the steps of:

generating (GENRUI) a reconstructed ultrasound image (RUI) corresponding to an image plane (12) defined
by the ultrasound imaging probe (13);

computing (CLP) a lateral position (LAPtoesmax, aipa) Of the ultrasound transducer (15) respective the image
plane (12) based on a time of flight (TOFg,,,,) of @ maximum detected intensity (Ig,,44) Ultrasound signal trans-
mitted between the ultrasound imaging probe (13) and the ultrasound transducer (15);

indicating (INDCLP) the computed position (LAPtorsmax, gipa) in the reconstructed ultrasound image (RUI); and
suppressing (SUP) the indication of the computed position (LAPtorsmax eipa) if at least one of the following
conditions are met:

a rate of change of the computed position (LAPtoegmax aipa) €Xceeds a first predetermined rate (Ryqx1);
an interference signal in the ultrasound signals exceeds a first predetermined value (Inttyreshold1);

the maximum detected intensity (lg,,,) is less than a first predetermined threshold (IgmaxThreshold1);

a signal to noise ratio or a signal to interference ratio of the maximum detected intensity (Igyay) iS less than
a first predetermined level (SNRgmaxThreshold1)-

The method according to claim 10 further comprising:
computing an out-of-plane distance (D) between the ultrasound transducer (15) and the image plane (12) by

comparing the maximum detected intensity (Ismax) with a model (MO) describing an expected variation of in-
plane maximum detected intensity (Ismayinplane) With time of flight, at the time of flight (TOF g5, ) of the ultrasound
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signal having the maximum detected intensity (Ig5,); @and
wherein the step of indicating (INDCLP) the computed position (LAPtorsmax, eipa) in the reconstructed ultra-
sound image (RUI) further comprises:

indicating the out-of-plane distance (Dop) in the reconstructed ultrasound image (RUI).

12. Computer program product comprising instructions which when executed on a processor of a system (10) for
determining a position of an interventional device (11) respective an image plane (12) defined by an ultrasound
imaging probe (13) of a beamforming ultrasound imaging system (14) in which the position of the interventional
device (11) is determined based on ultrasound signals transmitted between the ultrasound imaging probe (13) and
an ultrasound transducer (15) attached to the interventional device (11); cause the processor to carry out the method
steps of claim 11.
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