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Description

TECHNICAL FIELD

[0001] The presentinvention is directed to the area of imaging systems that are insertable into a patient and methods
of making and using the imaging systems. The present invention is also directed to methods and imaging systems for
reducing the effects of non-uniform rotation distortion in ultrasound images.

BACKGROUND

[0002] Ultrasound devices insertable into patients have proven diagnostic capabilities for a variety of diseases and
disorders. For example, intravascular ultrasound ("IVUS") imaging systems have been used as an imaging modality for
diagnosing blocked blood vessels and providing information to aid medical practitioners in selecting and placing stents
and other devices to restore or increase blood flow. IVUS imaging systems have been used to diagnose atheromatous
plaque build-up at particular locations within blood vessels. IVUS imaging systems can be used to determine the existence
of an intravascular obstruction or stenosis, as well as the nature and degree of the obstruction or stenosis. IVUS imaging
systems can be used to visualize segments of a vascular system that may be difficult to visualize using other intravascular
imaging techniques, such as angiography, due to, for example, movement (e.g., a beating heart) or obstruction by one
or more structures (e.g., one or more blood vessels not desired to be imaged). IVUS imaging systems can be used to
monitor or assess ongoing intravascular treatments, such as angiography and stent placement in real (or almost real)
time. Moreover, IVUS imaging systems can be used to monitor one or more heart chambers.

[0003] IVUS imaging systems have been developed to provide a diagnostic tool for visualizing a variety is diseases
or disorders. An IVUS imaging system can include a control module (with a pulse generator, an image processor, and
a monitor), a catheter, and one or more transducers disposed in the catheter. The transducer-containing catheter can
be positioned in a lumen or cavity within, or in proximity to, a region to be imaged, such as a blood vessel wall or patient
tissue in proximity to a blood vessel wall. The pulse generator in the control module generates electrical pulses that are
delivered to the one or more transducers and transformed to acoustic pulses that are transmitted through patient tissue.
Reflected pulses of the transmitted acoustic pulses are absorbed by the one or more transducers and transformed to
electric pulses. The transformed electric pulses are delivered to the image processor and converted to an image dis-
playable on the monitor. In many imaging systems the transducer rotates in order to image the entire vessel. Non-uniform
rotation of the transducer may distort the images.

[0004] U.S. Patent No 6,267,727 discloses methods and apparatus for non-uniform rotation distortion detection for
enhanced intravascular ultrasound imaging. In embodiments, a solution for addressing the problem of non-uniform
rotation distortion in intravascular ultrasound imaging in systems which use mechanical scanning may be achieved.
Correlation of received signals in an image vector from reverberating ultrasound in a bubbly liquid-flushed catheter may
be utilized to determine non-uniform rotation of the transducer within the catheter. Alternatively, correlation of imaging
vectors within a blood speckle region given a particular beamwidth of ultrasound energy from a transducer may be
utilized to determine non-uniform rotation of the transducer.

[0005] U.S. Patent Application Publication No. 2007/0106155 discloses a system and method allegedly significantly
reducing or substantially eliminating angular geometric distortions in devices designed for imaging and/or inspection of
an interior portion or surface of a cavity. A series of processing steps or methods may be employed to eliminate Non-
Uniform Rotational Distortion (NURD) in such devices, for example, unidirectional and bi-directional intravascular ultra-
sonic (IVUS) imaging systems. The system may include a processor and an electronic module which control operation
of a transducer assembly provided at a distal end of a catheter assembly. The system invokes a first processing step
or method to collect and store raw angle and line data, as well as one or more of second and third processing steps or
methods which adjust for NURD experienced during backlash of a bi-directional imaging system and a fourth processing
step or method which performs a line-to-line correlation function.

BRIEF SUMMARY

[0006] One embodiment is a method for generating an ultrasound image. The method including receiving an image
frame comprising consecutive ultrasound scan lines obtained using a rotating ultrasound imaging arrangement and
determining at least a first cross-correlation value and a second cross-correlation value for each of a plurality of the scan
lines. For each individual scan line of the plurality of scan lines, the first cross-correlation value comprises a cross-
correlation coefficient between a first subframe comprising a plurality of consecutive scan lines including the individual
scan line and a second subframe comprising a plurality of scan lines shifted from the first subframe by a first integer
value. The second correlation value comprising a cross-correlation coefficient between the first subframe and a third
subframe comprising a plurality of scan lines shifted from the first subframe by a second integer value that is different
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from the first integer value. The method further includes evaluating, individually for multiple scan lines of the plurality of
scan lines, whether the scan line being evaluated exhibits non-uniform rotation distortion using at least one of the first
and second correlation values for the scan line being evaluated. A correction for non-uniform rotation distortion is applied
using at least one of the first and second correlation values for at least one of the plurality of scan lines. An ultrasound
image is generated using at least the plurality of scan lines with the applied correction and the ultrasound image is
displayed.

[0007] Another embodimentis a computer-readable medium having processor-executable instructions for generating
an ultrasound image. The processor-executable instructions when installed onto a computing device enable the device
to perform actions including receiving imaging data comprises consecutive ultrasound scan lines obtained using rotating
ultrasound imaging arrangement; determining at least a first cross-correlation value and a second cross-correlation value
for each of a plurality of the scan lines, wherein, for each individual scan line of the plurality of scan lines, the first cross-
correlation value comprising a cross-correlation coefficient between a first subframe comprising a plurality of consecutive
scan lines including the individual scan line and a second subframe comprising a plurality of scan lines shifted from the
first subframe by a first integer value, the second correlation value comprising a cross-correlation coefficient between
the first subframe and a third subframe comprising a plurality of scan lines shifted from the first subframe by a second
integer value that is different from the first integer value; evaluating, individually for multiple scan lines of the plurality of
scan lines, whether the scan line being evaluated exhibits non-uniform rotation distortion using at least one of the first
and second correlation values for the scan line being evaluated; applying a correction for non-uniform rotation distortion
using at least one of the first and second correlation values for at least one of the plurality of scan lines; generating an
ultrasound image using at least the plurality of scan lines with the applied correction; and displaying the ultrasound image.
[0008] Yet another embodiment is a system for generating ultrasound images. The system includes a catheter and
an ultrasound imaging core insertable into the catheter. The ultrasound imagine core includes at least one transducer
and is configured and arranged for rotation of at least a portion of the ultrasound imaging core to provide a plurality of
radial scan lines. The system also includes a processor that is coupleable to the ultrasound imaging core and is capable
of executing processor-readable instructions that enable actions, including: receiving the plurality of scan lines obtained
using the ultrasound imaging core; determining at least a first cross-correlation value and a second cross-correlation
value for each of a plurality of the scan lines, wherein, for each individual scan line of the plurality of scan lines, the first
cross-correlation value comprising a cross-correlation coefficient between a first subframe comprising a plurality of
consecutive scan lines including the individual scan line and a second subframe comprising a plurality of scan lines
shifted from the first subframe by a first integer value, the second correlation value comprising a cross-correlation
coefficient between the first subframe and a third subframe comprising a plurality of scan lines shifted from the first
subframe by a second integer value that is different from the first integer value; evaluating, individually for multiple scan
lines of the plurality of scan lines, whether the scan line being evaluated exhibits non-uniform rotation distortion using
at least one of the first and second correlation values for the scan line being evaluated; applying a correction for non-
uniform rotation distortion using at least one of the first and second correlation values for at least one of the plurality of
scan lines; generating an ultrasound image using at least the plurality of scan lines with the applied correction; and
displaying the ultrasound image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Non-limiting and non-exhaustive embodiments of the present invention are described with reference to the
following drawings. In the drawings, like reference numerals refer to like parts throughout the various figures unless
otherwise specified.

[0010] Forabetter understanding of the present invention, reference will be made to the following Detailed Description,
which is to be read in association with the accompanying drawings, wherein:

FIG. 1 is a schematic view of one embodiment of an ultrasound imaging system suitable for insertion into a patient,
according to the invention;

FIG. 2 is a schematic side view of one embodiment of a catheter suitable for use with the ultrasound imaging system
of FIG. 1, according to the invention;

FIG. 3 is a schematic longitudinal cross-sectional view of one embodiment of a distal end of the catheter of FIG. 2
with an imaging core disposed in a lumen defined in a sheath, according to the invention;

FIG. 4 is a schematic diagram illustrating spacing of scan lines;

FIG. 5 is a schematic block diagram illustrating one embodiment of a method for at least partially correcting for non-
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uniform rotation distortion, according to the invention;

FIG. 6 is a graph of cross-correlation values and one embodiment of a scan line correction for a set of scan lines,
according to the invention; and

FIG. 7 is a schematic block diagram illustrating one embodiment of a method for classifying the amount of correction
to be applied to a set of imaging data.

DETAILED DESCRIPTION

[0011] The presentinvention is directed to the area of imaging systems that are insertable into a patient and methods
of making and using the imaging systems. The present invention is also directed to methods and imaging systems for
reducing the effects of non-uniform rotation distortion in ultrasound images.

[0012] The methods, systems, and devices described herein may be embodied in many different forms and should
not be construed as limited to the embodiments set forth herein. Accordingly, the methods, systems, and devices
described herein may take the form of an entirely hardware embodiment, an entirely software embodiment or an em-
bodiment combining software and hardware aspects. The methods described herein can be performed using any type
of computing device, such as a computer, that includes a processor or any combination of computing devices where
each device performs at least part of the process.

[0013] Suitable computing devices typically include mass memory and typically include communication between de-
vices. The mass memory illustrates a type of computer-readable media, namely computer storage media. Computer
storage media may include volatile, nonvolatile, removable, and non-removable media implemented in any method or
technology for storage of information, such as computer readable instructions, data structures, program modules, or
other data. Examples of computer storage media include RAM, ROM, EEPROM, flash memory, or other memory tech-
nology, CD-ROM, digital versatile disks (DVD) or other optical storage, magnetic cassettes, magnetic tape, magnetic
disk storage or other magnetic storage devices, or any other medium which can be used to store the desired information
and which can be accessed by a computing device.

[0014] Methods of communication between devices or components of a system can include both wired and wireless
(e.g., RF, optical, or infrared) communications methods and such methods provide another type of computer readable
media; namely communication media. Communication media typically embodies computer-readable instructions, data
structures, program modules, or other data in a modulated data signal such as a carrier wave, data signal, or other
transport mechanism and include any information delivery media. The terms "modulated data signal," and "carrier-wave
signal" includes a signal that has one or more of its characteristics set or changed in such a manner as to encode
information, instructions, data, and the like, in the signal. By way of example, communication media includes wired media
such as twisted pair, coaxial cable, fiber optics, wave guides, and other wired media and wireless media such as acoustic,
RF, infrared, and other wireless media.

[0015] Suitable intravascular ultrasound ("IVUS") imaging systems include, but are not limited to, one or more trans-
ducers disposed on a distal end of a catheter configured and arranged for percutaneous insertion into a patient. Examples
of IVUS imaging systems with catheters are found in, for example, U.S. Patents Nos. 7,246,959; 7,306,561; and
6,945,938; as well as U.S. Patent Application Publication Nos. 2006/0100522; 2006/0106320; 2006/0173350;
2006/0253028; 2007/0016054; and 2007/0038111.

[0016] Figure 1 illustrates schematically one embodiment of an IVUS imaging system 100. The IVUS imaging system
100 includes a catheter 102 that is coupleable to a control module 104. The control module 104 may include, for example,
a processor 106, a pulse generator 108, a drive unit 110, and one or more displays 112. In at least some embodiments,
the pulse generator 108 forms electric pulses that may be input to one or more transducers (312 in Figure 3) disposed
in the catheter 102.

[0017] In at least some embodiments, mechanical energy from the drive unit 110 may be used to drive an imaging
core (306 in Figure 3) disposed in the catheter 102. In at least some embodiments, electric signals transmitted from the
one or more transducers (312 in Figure 3) may be input to the processor 106 for processing. In at least some embodiments,
the processed electric signals from the one or more transducers (312 in Figure 3) can be displayed as one or more
images on the one or more displays 112. For example, a scan converter can be used to map scan line samples (e.g.,
radial scan line samples, or the like) to a two-dimensional Cartesian grid to display the one or more images on the one
or more displays 112.

[0018] In atleast some embodiments, the processor 106 may also be used to control the functioning of one or more
of the other components of the control module 104. For example, the processor 106 may be used to control at least one
of the frequency or duration of the electrical pulses transmitted from the pulse generator 108, the rotation rate of the
imaging core (306 in Figure 3) by the drive unit 110, the velocity or length of the pullback of the imaging core (306 in
Figure 3) by the drive unit 110, or one or more properties of one or more images formed on the one or more displays 112.
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[0019] Figure 2 is a schematic side view of one embodiment of the catheter 102 of the IVUS imaging system (100 in
Figure 1). The catheter 102 includes an elongated member 202 and a hub 204. The elongated member 202 includes a
proximal end 206 and a distal end 208. In Figure 2, the proximal end 206 of the elongated member 202 is coupled to
the catheter hub 204 and the distal end 208 of the elongated member is configured and arranged for percutaneous
insertion into a patient. Optionally, the catheter 102 may define at least one flush port, such as flush port 210. The flush
port 210 may be defined in the hub 204. The hub 204 may be configured and arranged to couple to the control module
(104 in Figure 1). In some embodiments, the elongated member 202 and the hub 204 are formed as a unitary body. In
other embodiments, the elongated member 202 and the catheter hub 204 are formed separately and subsequently
assembled together.

[0020] Figure 3 is a schematic perspective view of one embodiment of the distal end 208 of the elongated member
202 of the catheter 102. The elongated member 202 incudes a sheath 302 with a longitudinal axis 303 and a lumen 304.
An imaging core 306 is disposed in the lumen 304. The imaging core 306 includes an imaging device 308 coupled to a
distal end of a driveshaft 310 that is rotatable either manually or using a computer-controlled drive mechanism. One or
more transducers 312 may be mounted to the imaging device 308 and employed to transmit and receive acoustic signals.
The sheath 302 may be formed from any flexible, biocompatible material suitable for insertion into a patient. Examples
of suitable materials include, for example, polyethylene, polyurethane, plastic, spiral-cut stainless steel, nitinol hypotube,
and the like or combinations thereof.

[0021] In a preferred embodiment (as shown in Figure 3), an array of transducers 312 are mounted to the imaging
device 308. In alternate embodiments, a single transducer may be employed. Any suitable number of transducers 312
can be used. For example, there can be two, three, four, five, six, seven, eight, nine, ten, twelve, fifteen, sixteen, twenty,
twenty-five, fifty, one hundred, five hundred, one thousand, or more transducers. As will be recognized, other numbers
of transducers may also be used. When a plurality of transducers 312 are employed, the transducers 312 can be
configured into any suitable arrangement including, for example, an annular arrangement, a rectangular arrangement,
or the like.

[0022] The one or more transducers 312 may be formed from one or more known materials capable of transforming
applied electrical pulses to pressure distortions on the surface of the one or more transducers 312, and vice versa.
Examples of suitable materials include piezoelectric ceramic materials, piezocomposite materials, piezoelectric plastics,
barium titanates, lead zirconate titanates, lead metaniobates, polyvinylidenefluorides, and the like. Other transducer
technologies include composite materials, single-crystal composites, and semiconductor devices (e.g., capacitive mi-
cromachined ultrasound transducers ("cMUT"), piezoelectric micromachined ultrasound transducers ("pMUT"), or the
like)

[0023] The pressure distortions on the surface of the one or more transducers 312 form acoustic pulses of a frequency
based on the resonant frequencies of the one or more transducers 312. The resonant frequencies of the one or more
transducers 312 may be affected by the size, shape, and material used to form the one or more transducers 312. The
one or more transducers 312 may be formed in any shape suitable for positioning within the catheter :102 and for
propagating acoustic pulses of a desired frequency in one or more selected directions. For example, transducers may
be disc-shaped, block-shaped, rectangular-shaped, oval-shaped, and the like. The one or more transducers may be
formed in the desired shape by any process including, for example, dicing, dice and fill, machining, microfabrication,
and the like.

[0024] Asanexample, eachofthe one ormore transducers 312 may include a layer of piezoelectric material sandwiched
between a conductive acoustic lens and a conductive backing material formed from an acoustically absorbent material
(e.g., an epoxy substrate with tungsten particles). During operation, the piezoelectric layer may be electrically excited
by both the backing material and the acoustic lens to cause the emission of acoustic pulses.

[0025] The one or more transducers 312 can be used to form a radial cross-sectional image of a surrounding space.
Thus, for example, when the one or more transducers 312 are disposed in the catheter 102 and inserted into a blood
vessel of a patient, the one more transducers 312 may be used to form an image of the walls of the blood vessel and
tissue surrounding the blood vessel.

[0026] The imaging core 306 is rotated about the longitudinal axis 303 of the catheter 102. As the imaging core 306
rotates, the one or more transducers 312 emit acoustic signals in different radial directions (i.e., along different radial
scan lines). For example, the one or more transducers 312 can emit acoustic signals at regular (or irregular) increments,
such as 256 radial scan lines per revolution, or the like. It will be understood that other numbers of radial scan lines can
be emitted per revolution, instead.

[0027] When an emitted acoustic pulse with sufficient energy encounters one or more medium boundaries, such as
one or more tissue boundaries, a portion of the emitted acoustic pulse is reflected back to the emitting transducer as an
echo pulse. Each echo pulse that reaches a transducer with sufficient energy to be detected is transformed to an electrical
signal in the receiving transducer. The one or more transformed electrical signals are transmitted to the control module
(104 in Figure 1) where the processor 106 processes the electrical-signal characteristics to form a displayable image of
the imaged region based, at least in part, on a collection of information from each of the acoustic pulses transmitted and
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the echo pulses received. In at least some embodiments, the rotation of the imaging core 306 is driven by the drive unit
110 disposed in the control module (104 in Figure 1). In alternate embodiments, the one or more transducers 312 are
fixed in place and do not rotate. In which case, the driveshaft 310 may, instead, rotate a mirror that reflects acoustic
signals to and from the fixed one or more transducers 312.

[0028] When the one or more transducers 312 are rotated about the longitudinal axis 303 of the catheter 102 emitting
acoustic pulses, a plurality of images can be formed that collectively form a radial cross-sectional image (e.g., a tomo-
graphic image) of a portion of the region surrounding the one or more transducers 312, such as the walls of a blood
vessel of interest and tissue surrounding the blood vessel. The radial cross-sectional image can, optionally, be displayed
on one or more displays 112. The at least one of the imaging core 306 can be either manually rotated or rotated using
a computer-controlled mechanism.

[0029] The imaging core 306 may also move longitudinally along the blood vessel within which the catheter 102 is
inserted so that a plurality of cross-sectional images may be formed along a longitudinal length of the blood vessel.
During an imagine procedure the one or more transducers 312 may be retracted (i.e., pulled back) along the longitudinal
length of the catheter 102. The catheter 102 can include at least one telescoping section that can be retracted during
pullback of the one or more transducers 312. In at least some embodiments, the drive unit 110 drives the pullback of
the imaging core 306 within the catheter 102. The drive unit 110 pullback distance of the imaging core can be any suitable
distance including, for example, at least 5 cm, 10 cm, 15 cm, 20 cm, 25 cm, or more. The entire catheter 102 can be
retracted during an imaging procedure either with or without the imaging core 306 moving longitudinally independently
of the catheter 102.

[0030] When the imaging core 306 is retracted while rotating, the images may collectively form a continuous spiral
shape along a blood vessel. A stepper motor may, optionally, be used to pull back the imaging core 306. The stepper
motor can pull back the imaging core 306 a short distance and stop long enough for the one or more transducers 306
to capture an image or series of images before pulling back the imaging core 306 another short distance and again
capturing another image or series of images, and so on.

[0031] The quality of an image produced at different depths from the one or more transducers 312 may be affected
by one or more factors including, for example, bandwidth, transducer focus, beam pattern, as well as the frequency of
the acoustic pulse. The frequency of the acoustic pulse output from the one or more transducers 312 may also affect
the penetration depth of the acoustic pulse output from the one or more transducers 312. In general, as the frequency
of an acoustic pulse is lowered, the depth of the penetration of the acoustic pulse within patient tissue increases. In at
least some embodiments, the IVUS imaging system 100 operates within a frequency range of 5 MHz to 100 MHz.
[0032] One or more conductors 314 can electrically couple the transducers 312 to the control module 104 (see e.g.,
Figure 1). In which case, the one or more conductors 314 may extend along a longitudinal length of the rotatable driveshaft
310.

[0033] The catheter 102 with one or more transducers 312 mounted to the distal end 208 of the imaging core 308 may
be inserted percutaneously into a patient via an accessible blood vessel, such as the femoral artery, femoral vein, or
jugular vein, at a site remote from the selected portion of the selected region, such as a blood vessel, to be imaged. The
catheter 102 may then be advanced through the blood vessels of the patient to the selected imaging site, such as a
portion of a selected blood vessel,

[0034] As indicated above, the transducer(s) or a mirror is typically rotated during operation. As the transducer(s) or
mirror rotates, the transducer(s) is pulsed to emit acoustic energy. The transducer(s) then receives the reflected acoustic
energy. During this reception period, the transducer(s) or mirror may be stationary or rotating. The received acoustic
energy between two pulses can be referred to a as a scan line. Each scan line typically includes a number of points that
represent reception of the reflected acoustic energy over time and are generally correlated with depth. In at least some
embodiments, the number of scan lines per revolution is atleast 64, 100, 128, 200, 256, 300, 400, 500, 512, 1000, or 1028.
[0035] Ideally, the scan lines are spaced an equal distance apart. Equal spacing of the scan lines can be obtained by
uniform rotation. If the rotation is non-uniform, then the spacing between the scan lines will also be non-uniform. Such
non-uniformity can resultin what is often referred to as non-uniform rotation distortion (NURD) and can produce distortion
in the ultrasound image. Figure 4 schematically illustrates the concept of non-uniform rotation by graphing each scan
line, 14, Iy, ...., I, versus rotational distance (x-axis). The y-axis corresponds to the sample points for each scan line. In
Figure 4, scan lines |4, |,, and I3 are equally spaced apart indicating uniform rotation. In contrast, lines |,_4 and |; are closer
together, indicating that the rotational speed of the transducer(s) or mirror may have slowed. Lines |, and |, and lines
l+3 and l,44 are further apart indicating that the rotational speed of the transducer(s) or mirror may have increased.
[0036] The scan lines and associated data can be examined and the presence of non-uniform rotation distortion can
be observed and at least partially corrected. Although the correction of non-uniform rotation distortion is described herein
in the context of ultrasound imaging, it will be understood that this correction can also be applied to other imaging
techniques that utilize rotating imaging receivers, such as optical coherence tomography.

[0037] Figure 5 is a block diagram illustrating schematically one embodiment of a procedure for at least partially
correcting non-uniform rotation distortion (NURD). The level of NURD around each scan line L in the image frame can
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be calculated through cross-correlation values between image subframes. Image subframes are selected from the image
frame (box 502). As an example, for each image frame F(r,L) that includes Lt scan lines with each scan line containing
rr sample points, image subframes are selected with each subframe including a number A of consecutive scan lines
distributed around, and including, a scan line, L, and a range [r4,r,] of consecutive sample points from each scan line
distributed around, and including, a sample point, r. It will be understood that the imaging data in the image frame can
be the radio-frequency (RF) data directly from the transducer or data that has been at least partially processed (e.g.,
data with filtering, amplitude detection, log-compression or other non-linear mapping of amplitudes). The image frames
can be averaged over consecutive acquisitions of ultrasound data.

[0038] The total number of scan lines, A;, in a subframe can be two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, or more. Preferably, the scan lines of the subframe are symmetrically selected about the particular scan line, L,
which would result in A being an odd number (e.g., three, five, seven, nine, eleven, etc.)

[0039] The number of sample points per scan line in the range [r4,r,] of the subframe is preferably at least one-eighth
of the total number of sample points in the scan line and can be at least one-quarter, one-half, two-thirds, three-quarters,
or even all of the sample points of the scan line. It will be understood that each scan line may have the same number
of sample points or may have differing numbers of sample points.

[0040] In some embodiments, the level of NURD is estimated around each scan line in the image frame, therefore all
scan lines in an image frame are selected for calculation. Alternatively, the level of NURD is estimated for only a portion
ofthe scanlines (e.g., every other scan line or every third scan line), thus a subset of scan lines are selected for calculation.
[0041] The presence or absence of non-uniform rotation distortion (NURD) is then determined (box 504) for each
selected scan line from the image frame. This determination includes calculating two or more cross-correlation values
between nearby subframes for each selected line. In at least some embodiments, the subframe cross-correlation values
are calculated between the subframe that includes the selected scan line and another subframe that may or may not
includes that line.

[0042] Each subframe cross-correlation value is calculated between a subframe and another subframe that corre-
sponds to the original subframe shifted by an integer number, § , of scan lines. For a particular subframe, each calculated
cross-correlation value is for a different value of . The integer number §_ can be any suitable integer value such as
one, two, three, four, five, six, seven, eight, or more and can be positive or negative.

[0043] One example of a cross-correlation value C(L;§,) is given by the following equation:

S SR L+ )P @) (P L+8, + )~ FE+6))

(L6, )= Li=(A -1/2 r=;
Ads O ) (a2 = e - — .
> SUFGL+L)-FOY | 3, Y(Fe.L+6,+L)-FL+8)]
\' LBy D12 o et )
T 1 A2
F{L)r““"""“"“.'," Z(F(F,.L-i-:L'),
where Ay ‘(7'2, ~H) Lis=(a, ~B/2r=n In this instance, the cross-correlation values have

been normalized. Alternatively, i) the cross-correlation values are not normalized, ii) the cross-correlation values are
calculated without subtracting the mean values (e.g., I_=(L) and I_=(L + ¢))), or iii) a combination of i) and ii).

[0044] These cross-correlation values are functions of both the lateral resolution of the imaging system and the rotation
distortion. To separate the rotation distortion effects on the cross-correlation values from that of image revolution, the
relative cross-correlation values, CR(L;d; ), can be calculated by normalizing C(L,¢;) with its average over the whole or
a nearby portion of the image frame,

@D +1):C(L;8,)
D

ZC(_.L + L';é‘/_)

==

CR(L;5,) =

where 2D+1<L, the total number of scan lines in the frame or the selected portion of the frame.

[0045] As an example, the cross-correlation values CR(L;1) and CR(L;3) for each selected line can be calculated.
Individual scan lines within an image frame can be identified as demonstrating non-uniform rotation distortion based on
a selected threshold condition of the subframe cross-correlation values. As an example, a threshold condition could be
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that non-uniform rotation distortion is indicated if one or more, or if a specific one, of the subframe cross-correlation
values are outside of a threshold range. For example, it will be expected that image lines without non-uniform rotation
distortion will have CR(L,1) = 1. Image lines with CR(L;1) outside a threshold range around 1 will indicate the likely
presence of non-uniform rotation distortion. For other cross-correlation values (e.g., CR(L;3)) the expected value will
likely not be 1, but could be another number (for example, an average or median value for the imaging data). Any suitable
threshold range and threshold values can be used and the threshold range may be asymmetrical or asymmetrical about
the value of expected value (e.g., 1 for CR(L;1). For example, the threshold range may be from 1-t to 1+t where t is any
suitable value less than 1. The value t may be at least 0.05, 0.1, 0.15, 0.2,0.25, or more.

[0046] Figure 6 is a graph of CR(L;1) 602 and CR(L;3) 604 for one set of data. Also illustrated are threshold values
606. Values of CR(L;1) outside this range may be considered to indicate non-uniform rotation distortion. Alternative
threshold values 606a are also illustrated. In some embodiments, one cross-correlation value (e.g. CR(L;1)) is used to
determine the likelihood of non-uniform rotation distortion and a second cross-correlation value (e.g., CR(L;3)) is used
to confirm that determination.

[0047] In atleast some embodiments, only portions of the image frame that are determined to likely demonstrate non-
uniform rotation distortion will be corrected. In other embodiments, those portions, as well as adjacent portions of the
data, will be corrected. In yet other embodiments, all of the image frame will be corrected.

[0048] In some embodiments, the portion of the image frame that will be corrected can depend on the relative amount
of non-uniform rotation distortion (NURD) identified within the image frame. Figure 7 illustrates in a block diagram one
embodiment of a procedure for determining which portions of the image frame will be corrected. A NURD classifier 702
evaluates the cross-correlation values for the image frames. If there is little or no NURD present in the image frame,
then no NURD correction is applied (box 704). If it is determined that NURD is likely presentin a limited region or regions
of frame, the NURD correction is applied to those regions (and optionally to adjacent regions) (box 706). If there is
extensive NURD in the image frame, then NURD correction is applied to the entire set of frame (box 708). It will be
understood that the thresholds between the three conditions (e.g., the threshold between when no NURD correction is
applied and when NURD correction is applied regionally, or the threshold between when regional NURD correction is
applied and when global NURD correction is applied) can be selected to be any suitable values and may depend on the
imaging application or setting or may be set by a user.

[0049] Returning to Figure 5, a correction for one or more regions or, in some embodiments, for the entire image frame
can be determined (box 506). Figure 6 illustrates a scan line correction 608 that is applied to only some scan lines. A
correction can be calculated for each scan line to be corrected. The correction may be a line spacing correction that
interpolates a corrected scan line from lines adjacent the scan line to be corrected. Alternatively, the correction may
include a determination of the actual coordinates of one or more of the scan lines.

[0050] One example of a scan line correction, s(L), for a scan line, L, has the following form:

s(L) = k/CR(L;1) when CR(L;1) < 1;
s(L) = k/2 when CR(L;1) > 1 and C < 0;
s(L) = k/2/(1+Cy) when CR(L;1)>1 and C, >0, where

k is a scaling constant;

Cs = (Csthresh - CR(L;3))/(CR(L;3) - CR(L;1)) where Cgy s is a threshold level selected for CR(L;3). For example, Cairesh
can be 1.10, 1.05, 1.00, or 0.95.

[0051] The scaling constant k can be one or may be selected for normalization with respect to the entire set of imaging
data or may be selected for normalization with respect to only a portion of the imaging data including the scan line, L.
In some embodiments, the scaling constant, k, may be different for each scan line and vary based on the degree to
which one or more of the cross-correlation values for that scan line are outside of the threshold range.

[0052] For a smother frame to frame transition, s(L) can be smoothed over consecutive image frames. For example,
for frame n with scan line correction s,(L), the smoothed correction for frame n becomes,

s,(Ly=as, (L)+{ - a)Sn(L) » where o<1 is a weighting constant,
[0053] In a more general form,
8
. A, an =1
S,', (L) = Z‘an"gn-m’ (L), where n=p, and A4 and A, are integers and can be the same or different.
n'=—A,
[0054] In another embodiment, a modified scan line correction, st(L), can be determined for all or some of the scan
lines. The modified scan line correction can include the scan line correction, s(L), and a global scan line correction, sg(L),
that are combined in a weighed arrangement.
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[0055] As an example,

st(L) = Bs(L) + (1-[3)sg(L), where s(L) is calculated as described above;

Sq(L) = kg/C(L;1) when G(L;1) < 1;
sq(L) = kg2 when C(L;1) > 1 and C, < 0;
sq(L) = kg/2/(1+Cy) whenC(L;1)>1and Cs> 0, where Ky is a scaling constant; and

B is a weighting constant that is between 0 and 1.

[0056] The scan line correction s(L) (or s'(L) or s¢(L)) can be made to each scan line that is to be corrected (box 508)
to give a corrected scan lines/frames (box 510). In some embodiments, the scan line correction, s(L) (or s’(L) or s¢(L)),
can be applied to each scan line for which NURD is likely determined. In other embodiments, the scan line correction,
s(L) (or s’(L) or st(L)), is applied to every scan line.

[0057] The corrected scan lines can then be processed using any know processing method to yield one or more
images (e.g., ultrasound images). The corrections to the scan lines should improve the quality of the images.

[0058] It will be understood that each block of the block diagram illustrations, and combinations of blocks in the block
diagram illustrations, as well any portion of the systems and methods disclosed herein, can be implemented by computer
program instructions. These program instructions may be provided to a processor to produce a machine, such that the
instructions, which execute on the processor, create means for implementing the actions specified in the block diagram
block or blocks or described for the systems and methods disclosed herein. The computer program instructions may be
executed by a processor to cause a series of operational steps to be performed by the processor to produce a computer
implemented process. The computer program instructions may also cause at least some of the operational steps to be
performed in parallel. Moreover, some of the steps may also be performed across more than one processor, such as
might arise in a multi-processor computer system. In addition, one or more processes may also be performed concurrently
with other processes, or even in a different sequence than illustrated without departing from the scope or spirit of the
invention.

[0059] The computer program instructions can be stored on any suitable computer-readable medium including, but
not limited to, RAM, ROM, EEPROM, flash memory or other memory technology, CD-ROM, digital versatile disks (DVD)
or other optical storage, magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices,
orany other medium which can be used to store the desired information and which can be accessed by acomputing device.
[0060] The above specification, examples and data provide a description of the manufacture and use of the composition
of the invention. Many embodiments of the invention can be made without departing from the scope of the invention
defined in the claims.

Claims
1. A method for generating an ultrasound image, the method comprising:

receiving an image frame comprising consecutive ultrasound scan lines (l4, I, ..., I;) obtained using a rotating
ultrasound imaging arrangement;

determining at least a first cross-correlation value and a second cross-correlation value for each of a plurality
of the scan lines (I4, I, ..., I,);

evaluating, individually for multiple scan lines of the plurality of scan lines (l4, I, ..., I,,), whether the scan line
being evaluated exhibits non-uniform rotation distortion using at least one of the first and second correlation
values for the scan line being evaluated;

applying a correction for non-uniform rotation distortion using at least one of the first and second correlation
values for at least one of the plurality of scan lines (l4, Io, ..., I,,);

generating an ultrasound image using atleast the plurality of scanlines (l;, I, ..., I;) with the applied correction; and
displaying the ultrasound image,

characterized in that

for each individual scan line of the plurality of scan lines (I, I, ..., I,), the first cross-correlation value comprising
a cross-correlation coefficient between afirst subframe comprising a plurality of consecutive scan lines including
the individual scan line and a second subframe comprising a plurality of scan lines shifted from the first subframe
by a first integer value, the second correlation value comprising a cross-correlation coefficient between the first
subframe and a third subframe comprising a plurality of scan lines shifted from the first subframe by a second
integer value that is different from the first integer value.
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The method of claim 1, wherein the first cross-correlation value and the second cross correlation value are normalized.
The method of claim 1, wherein the first integer value is one, and optionally the second integer value is two.
The method of claim 1,
wherein, for the image frame F(r,L) where L is a scan line in the imaging frame and r is a sample point of the scan
line, the first subframe includes A scan lines around a particular scan line L and sample points in the range of [r4,r,]

and the first cross-correlation value is C(L,5, ), wherein §| is the first integer value and to be used for determining
the first cross-correlation value, and

“2"’2 i(F(r L+L’) F(L)) (F(r,L+8,+L)~F(L+, ))

C(L S )_ L=={8;=1)/2 r=4
L -2 n -)/2  n
J Z (e, L+D)- F)y ‘/ Z Z(F(r L+8, +L)~F(L+6,))
L-—(Arl)/z r=v, L=—(A,~1)/2 r=1;
1 ’ B,-D2  n

wherein F(L)=—————- > D>(F(r,L+L").

AL (1 =R) pecs oy

The method of claim 1,

wherein, for the image frame F(r,L) where L is a scan line in the imaging frame and r is a sample point of the scan
line, the first subframe includes A scan lines around a particular scan line L and sample points in the range of [r4,r,]
and the first cross-correlation value is CR(L,5, ) wherein §_is the first integer value and to be used for determining
the first cross-correlation value, and CR(L,3,) is a normalized multiple line average of C(L,5.) around the line L,
wherein

S S, L+ LY -F D) (Fr, L+ 6, + L)~ F(L+6,)

CLs,)= Lt 2
@,-/2 - @-072 o : _
J ST S, L+D)- FL)Y \/ S SF,L+8,+L)~F(L+8,)f
L=—(8,1)/2 r=n L'=~(8,~1)/2 ron ’

. : 1 (a,-1)/2  ny
wherein F(L) = —————- )" Z(F(rL+L)

AL-(n—n) veEinara

The method of claim 5, wherein the first cross-correlation value is CR(L,1) and the second cross-correlation value
is CR(L,3),
wherein optionally the correction for non-uniform rotation for a scan line | is:

s(L) = k/ICR(L,1)  when CR(L,1) < 1;
s(L) = k/2 when CR(L,1)>1and C4<0;
s(L) = k/2/(1+Cg)  whenCR(L,1)>1and C,>0;

wherein k is a scaling constant; and
Cs = (Catnresh - CR(L,3))/(CR(L,3) - CR(L,1)) wherein Cay,qh, is a threshold level selected for CR(L,3),

or
wherein the correction for non-uniform rotation for scan line L in an n-th image frame s

s(Ly=as,_(L)+ (1 -a)s,(L), where a<1, is a weighting constant and an unsmoothed scan line correction
s,(L), deflned in the n-th image frame, is

10
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s, (L) =kICR(L,1) when CR(L,1)<1;
s, (L) = k/2 whenCR(L, 1)>1and C < .0;
s, (L)=k/2/(1+C,) when CR(L,1)>1 and C > 0;

wherein k is a scaling constant; and
Cs = (Csthresh - CR(L,3))/(CR(L,3) - CR(L,1)) wherein Cgy,cqh is a threshold level selected for CR(L,3),
or

A,

wherein the correction for non-uniform rotation for scan line L in an n-th image frame is S:, (L)= Za,,.s,,m,(l,) ,

n'=-4A,

A
wherein Za,, =1and A4 and A, are integers and can be the same or different, and an unsmoothed scan line

n=4
correction s,(L), defined in the n-th image frame, is

s, (L) =k/CR(L,1)  when CR(L,1) < 1;
s, (L) = k/2 when CR(L, 1) > 1and C,<0;
s, (L)=k/2/(1+C,) when CR(L,1)>1 and C > 0;

wherein k is a scaling constant; and

Cs = (Catnresh - CR(L,3))/(CR(L,3) - CR(L,1)) wherein Cay,qp, is a threshold level selected for CR(L,3),
or

wherein the correction for non-uniform rotation for scan line 1 is:

st(L) = Bs(L) + (1-B)sg(L),

wherein

s(L) = kK/CR(L,1)  when CR(L,1) < 1;
s(L) = k/2 when CR(L,1) > 1 and C4 < 0;
s(L)=k/2/(1+Cg) when CR(L, 1)>1and C,>0;

k is a scaling constant;
Cs = (Csthresh - CR(L,3))/(CR(L,3) - CR(L,1)) wherein Cgy,.cqh is a threshold level selected for CR(L,3);

s4(L) =kg/C(L; 1) when C(Li1) < 1;
s4(L) = kg/2 whenC(L;1)>1and C,<0;
s4(L) =kg/2/(1+C;)  whenC(L; 1)>1and C¢>0;

kg is a scaling constant, e.g. 1; and
B is a weighting constant that is between 0 and 1.

A computer-readable medium having processor-executable instructions for generating an ultrasound image, the
processor-executable instructions when installed onto a computing device enable the device to perform actions,

comprising:

receiving imaging data comprises consecutive ultrasound scan lines (4, I,, ..., |,) obtained using a rotating

ultrasound imaging arrangement;

determining at least a first cross-correlation value and a second cross-correlation value for each of a plurality

of the scan lines (I4, I, ..., I,,);

evaluating, individually for multiple scan lines of the plurality of scan lines (I, I, ..., I,), whether the scan line
being evaluated exhibits non-uniform rotation distortion using at least one of the first and second correlation

values for the scan line being evaluated;

1"
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applying a correction for non-uniform rotation distortion using at least one of the first and second correlation
values for at least one of the plurality of scan lines (l4, Io, ..., I,,);

generating an ultrasound image using at least the plurality of scan lines with the applied correction; and
displaying the ultrasound image,

characterized in that

for each individual scan line of the plurality of scan lines (I, I, ..., I,), the first cross-correlation value comprising
a cross-correlation coefficient between afirst subframe comprising a plurality of consecutive scan lines including
the individual scan line and a second subframe comprising a plurality of scan lines shifted from the first subframe
by a first integer value, the second correlation value comprising a cross-correlation coefficient between the first
subframe and a third subframe comprising a plurality of scan lines shifted from the first subframe by a second
integer value that is

different from the first integer value.

The computer-readable medium of claim 7 wherein, for the image frame F(r,L) where L is a scan line in the imaging
frame and r is a sample point of the scan line, the first subframe includes A scan lines around a particular scan line
L and sample points in the range of [rq,r,] and the first cross-correlation value is CR(L,5,), wherein §, is the first
integer value and to be used for determining the first cross-correlation value, and CR(L,3,) is a normalized multiple
line average of C(L,3| ) around the line L, wherein

4-0)/2 o . _ -
_ 2 Z(F(r,L+L')—F(L))-(F(r,L+5L+L')—_F(L+5L))
C(L:al,):: [ —I)/le'wr(AL.l)/z,-:Ji ' (A 4)22 ” N ) -._
| J 2 Z(F(r,L+L')—}—7(L))2-J z Z(F(r,L45L+L')—F(L+5L-))2

Lo -1)/2 /g Lad{B,-1)12 =4

1 @,-172 o

DSU(F(@r,L+L1).

wherein _ﬁ([,) = .
A, (n ""1) L'a=(&,-1)/2rar,

The computer-readable medium of claim 8, wherein the first cross-correlation value is CR(L,1) and the second cross-
correlation value is CR(L,3).

The computer-readable medium of claim 9, wherein the correction for non-uniform rotation for a scan line | is:

s(L) = kK/CR(L,1) whenCR(L,1)<1;
s(L) = k/2 when CR(L,1)>1and C4<0;
s(L)=k/2/(1+Cg) when CR(L,1)>1and C¢>0;

wherein k is a scaling constant; and
Cs = (Catnresh - CR(L,3))/(CR(L,3) - CR(L,1)) wherein Cay,qh, is a threshold level selected for CR(L,3).

The computer-readable medium of claim 9, wherein the correction for non-uniform rotation for scan line L in an n-

th image frame is S,", L) = as,,T,'(L) + (1 -ea)s, (L), wherein a<1 is a weighting constant and an unsmoothed
scan line correction s, (L), defined in the n-th image frame, is

s, (L) =k/CR(L,1) when CR(L,1) < 1;
s, (L) = k/2 when CR(L,1)> 1and C,<0;
s, (L)=k/2/(1+C,) when CR(L,1)>1and C_> O;

wherein k is a scaling constant; and
Cs = (Csthresh - CR(L,3))/(CR(L,3) - CR(L,1)) wherein Cgy,cqh is a threshold level selected for CR(L,3).

The computer-readable medium of claim 9, wherein the correction for non-uniform rotation for scan line L in an n-

12



10

15

20

25

30

35

40

45

50

55

13.

EP 2 632 338 B1

4, 4
th image frame is s, (L) = Za".s"+n,(L) , wherein ZCZ,, =1 and A, and A, are integers and can be the

same or

wherein

n's-4, n=4,
different, and an unsmoothed scan line correction s, (L), defined in the n-th image frame, is

(L) = k/CR(L,1) when CR(L,1) < 1;

Sn
s, (L) = k/2 when CR(L,1)> 1and C,<0;
s, (L)=k/2/(1+C,) when CR(L,1)>1and C_> 0;

k is a scaling constant; and

Cs = (Csthresh - CR(L,3))/(CR(L,3) - CR(L,1)) wherein Cgy,cqh is a threshold level selected for CR(L,3).

The computer-readable medium of claim 9, wherein the correction for non-uniform rotation for scan line | is:

wherein,

st(L) = Bs(L) + (1-B)sg(L),

s(L) = k/CR(L,1)  when CR(L,1) < 1;
s(L) = k/2 when CR(L,1)>1and C4<0;
s(L)=k/2/(1+Cg) when CR(L,1)>1and C¢>0,

k is a scaling constant;
Cs = (Csthresh - CR(L,3))/(CR(L,3) - CR(L,1)) wherein Cgy,.cqh is a threshold level selected for CR(L,3);

sq(L) =kg/C(Li1)  when C(Li1) < 1;
s4(L) = kg/2 whenC(L;1)>1and C<0;
s4(L)=ky/2/(1+Cg)  when C(L;1)>1and Cy>0;

kg is a scaling constant, e.g. 1; and
B is a weighting constant that is between 0 and 1.

14. A system (100) for generating ultrasound images, comprising:

a catheter (102);

an ultrasound imaging core (306) insertable into the catheter (102), the ultrasound imaging core (306) comprising
at least one transducer (312) and configured and arranged for rotation of at least a portion of the ultrasound
imaging core (306) to provide a plurality of radial scan lines (ly, I, 1,));

a processor (106), coupleable to the ultrasound imaging core (306), for executing processor-readable instruc-
tions that enable actions, including:

receiving the plurality of scan lines (11, 12, ..., In) obtained using the ultrasound imaging core (306);
determining at least a first cross-correlation value and a second cross-correlation value for each of a plurality
of the scan lines (11, 12, ..., In);.

evaluating, individually for multiple scan lines of the plurality of scan lines (11, 12, ..., In), whether the scan
line being evaluated exhibits non-uniform rotation distortion using at least one of the first and second
correlation values for the scan line being evaluated;

applying a correction for non-uniform rotation distortion using at least one of the first and second correlation
values for at least one of the plurality of scan lines (11, 12, ..., In);

generating an ultrasound image using at least the plurality of scan lines (I1, 12, ..., In) with the applied
correction; and

displaying the ultrasound image,

characterized in that

for each individual scan line of the plurality of scan lines (I1, 12, ..., In), the first cross-correlation value

13
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comprising a cross-correlation coefficient between a first subframe comprising a plurality of consecutive
scan lines including the individual scan line and a second subframe comprising a plurality of scan lines
shifted from the first subframe by a first integer value, the second correlation value comprising a cross-
correlation coefficient between the first subframe and a third subframe comprising a plurality of scan lines
(11,12, ..., In) shifted from the first subframe by a second integer value that is different from the first integer
value.

15. The system of claim 14, wherein, for the image frame F(r,L) where L is a scan line in the imaging frame and ris a

sample point of the scan line, the first subframe includes A scan lines around a particular scan line L and sample
points in the range of [ry,ro] and the first cross-correlation value is CR(L,3, ), wherein §_is the first integer value and
to be used for determining the first cross-correlation value, and CR(L,5,) is a normalized multiple line average of
C(L,3,) around the line L, wherein

(Ain .rZ(F(r,L-l- L)-F(L)-(F@r,L+6,+ L)~ F(L+8,))

ALé)= @ -l)/zL‘mr(AL-‘)/2 == @&,-)72 n
1S SFEeL+D-FOY-| S SEr,L+8,+L)-F(L+6)y
Y r=a, 2= - L'=(8,-1)/2 r=1,
— 1 (Ag-1}/2 r, =
wherein F(L) = Y (F(r,L+L').

A, (n,—1) L'=~(a,-1)/2r=r,

Patentanspriiche

1.

Verfahren zum Erzeugen eines Ultraschallbilds, wobei das Verfahren aufweist:

Empfangen eines Bildrahmens, der aufeinanderfolgende Ultraschallabtastzeilen (I, I, ..., |,,) aufweist, die mittels
einer rotierenden Ultraschallabbildungsanordnung erhalten werden;

Bestimmen mindestens eines ersten Kreuzkorrelationswerts und eines zweiten Kreuzkorrelationswerts fiir jede
einer Vielzahl der Abtastzeilen (I, I, ..., I,);

einzelnes Beurteilen fir mehrere Abtastzeilen der Vielzahl der Abtastzeilen (l4, I, ..., I,), ob die Abtastzeile, die
beurteilt wird, eine ungleichmafRige Rotationsverzerrung aufweist, unter Verwendung von mindestens einem
der ersten und zweiten Korrelationswerte fir die Abtastzeile, die beurteilt wird;

Anwenden einer Korrektur fiir die ungleichméaRige Rotationsverzerrung unter Verwendung von mindestens
einem der ersten und zweiten Korrelationswerte flir mindestens eine der Vielzahl der Abtastzeilen (I, I, ..., I,.);
Erzeugen eines Ultraschallbilds unter Verwendung mindestens der Vielzahl der Abtastzeilen (l4, I, ..., I,;) mit
der angewendeten Korrektur; und

Anzeigen des Ultraschallbilds,

dadurch gekennzeichnet, dass

fir jede einzelne Abtastzeile der Vielzahl der Abtastzeilen (l4, I,, ..., I,), der erste Kreuzkorrelationswert einen
Kreuzkorrelationskoeffizienten zwischen einem ersten Teilrahmen, der eine Vielzahl von aufeinanderfolgenden
Abtastzeilen einschliel3lich der einzelnen Abtastzeile aufweist, und einem zweiten Teilrahmen aufweist, der
eine Vielzahl von Abtastzeilen aufweist, die vom ersten Teilrahmen um einen ersten ganzzahligen Wert ver-
schoben sind, und der zweite Korrelationswert einen Kreuzkorrelationskoeffizienten zwischen dem ersten Teil-
rahmen und einem dritten Teilrahmen aufweist, der eine Vielzahl von Abtastzeilen aufweist, die vom ersten
Teilrahmen um einen zweiten ganzzahligen Wert verschoben sind, der sich vom ersten ganzzahligen Wert
unterscheidet.

Verfahren nach Anspruch 1, wobei der erste Kreuzkorrelationswert und der zweite Kreuzkorrelationswert normiert
werden.

Verfahren nach Anspruch 1, wobei der erste ganzzahlige Wert eins ist, und optional der zweite ganzzahlige Wert
zwei ist.
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Verfahren nach Anspruch 1,

wobei fur den Bildrahmen F(r,L), wobei L eine Abtastzeile im Abbildungsrahmen ist und r ein Abtastpunkt der
Abtastzeile ist, der erste Teilrahmen A Abtastzeilen um eine bestimmte Abtastzeile L und Abtastpunkte im Bereich
von [rq,rp] umfasst und der erste Kreuzkorrelationswert C(L,5, ) ist, wobei 5, der erste ganzzahlige Wert ist und zum
Bestimmen des ersten Kreuzkorrelationswerts verwendet werden soll, und

(A—ZM i(F(r L+L’) F(L)) (F(r,L+6,+L)— F(L+5 ))

C(L 5 )= L=-(A,—l)/2r:r
7L 4,02 -, (8,-1)/2  r
S S L+L’) FL)Y - \/ S Z(F(r L+8, +L)=F(L+8,))
L=, -1)/2 1= Loy rer
1 (6,=D)12 1

wobei F(L) = —— Z Z(F(r,'L +L").

AL -R) L==(A, -1)/2r=r,

Verfahren nach Anspruch 1,

wobei fur den Bildrahmen F(r,L), wobei L eine Abtastzeile im Abbildungsrahmen ist und r ein Abtastpunkt der
Abtastzeile ist, der erste Teilrahmen A Abtastzeilen um eine bestimmte Abtastzeile L und Abtastpunkte im Bereich
von [ry,r,] umfasst und der erste Kreuzkorrelationswert CR(L,5, ) ist, wobei &, der erste ganzzahlige Wert ist und
zum Bestimmen des ersten Kreuzkorrelationswerts verwendet werden soll, und CR(L,5| ) ein normierter Mittelwert
von mehreren Zeilen von C(L,5,) um die Zeile L ist, wobei

Mim rZ(F(r L+L’) F(L)) (F(r,L+6, + L)~ F(L+35, ))

C(Lé-)_ L=~(8,~1)/2 r=;
L (6,-)72 (&,-1)/2  ~
> Y(FC,L+I)-FU)Y \/ S Z(m L+, +L)=FL+8,)Y
L"<AL-1)/2 r=h L=~(A,-1)2 ren
1 ' (a,-1M2

wobei F(L) = ——z- 5 > (F(r;L+L".

AL (n “”x) L'==(A,-1)/2r=r,

Verfahren nach Anspruch 5, wobei der erste Kreuzkorrelationswert CR(L, 1) ist und der zweite Kreuzkorrelationswert
CR(L,3) ist,
wobei optional die Korrektur flr eine ungleichmaRige Rotation fiir eine Abtastzeile 1 ist:

s(L) = k/ICR(L, 1) wenn CR(L,1) <1;
s(L) = k/2 wenn CR(L,1) > 1und C,<0;
s(L) = k/2/(1+ Cg) wennCR(L,1)>1und C4>0;

wobei k eine Skalierungskonstante ist; und
C; = (C3iresh CRI(L,3))/(CR(L,3) - CR(L,1)), wobei C3y,,csp, €in fur CR(L,3) gewéhlter Schwellenwertpegel ist,

oder

wobei die Korrektur fir eine ungleichmaRige Rotation fir die Abtastzeile L in einem n-ten Bildrahmen
sp(L) = asn_l(L) +(1- a)sn(L) ist, wobei o<1 eine Gewichtungskonstante ist und eine nicht geglattete
Abtastzeilenkorrektur s,(L), die im n-ten Bildrahmen definiert ist, ist

(L) = K/CR(L,1)  wenn CR(L,1) < 1;

S
s(L) = ki2 wenn CR(L,1) > 1 und C, <0;
s,(L)=k/2/(1+C,) wennCR(L,1)>1undC > 0;

15
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wobei k eine Skalierungskonstante ist; und

Cs = (C3iresh - CR(L,3))/(CR(L,3) - CR(L,1)), wobei C3yesh €in fiir CR(L,3) gewahlter Schwellenwertpegel ist,

oder

wobei die Korrektur fir eine ungleichmaRige Rotation fir die Abtastzeile L in einem n-ten Bildrahmen
A

sp(l) = Zﬁt—h Oly? Sy ' (L) ist, wobesi Zn2=A1 O, = 1 undA;undA,ganze Zahlen sind und dieselben

sein oder sich unterscheiden kénnen, und eine nicht geglattete Abtastzeilenkorrektur s, (L), die im n-ten Bildrahmen
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definiert ist, ist

s,(L) = K/ICR(L,1)  wenn CR(L,1) < 1;
s(L) = ki2 wenn CR(L,1) > 1 und C, <0;
s,(L)=k/2/(1+C,) wennCR(L,1)>1und C > 0;

wobei k eine Skalierungskonstante ist; und

Cs = (C3iresh - CR(L,3))/(CR(L,3) - CR(L,1)), wobei C3yesh €in fiir CR(L,3) gewahlter Schwellenwertpegel ist,
oder

wobei die Korrektur fiir eine ungleichmafRige Rotation fiir die Abtastzeile L ist:

st(L) = Bs(L) + (1-B)sg(L),
wobei

s(L) =k/ICR(L,1) wenn CR(L,1)<1;
s(L) = k/2 wenn CR(L,1) > 1 und C < 0;
s(L)=k/2/(1+Cg) wennCR(L,1)>1und C4>0;

k eine Skalierungskonstante ist;
Cs = (C3iresh - CR(L,3))/(CR(L,3) - CR(L, 1)), wobei C3y,5n €in fur CR(L,3) gewahlter Schwellenwertpegel ist;

sq(L) = ky/C(L,1) wenn C(L,1) < 1;
sq(L) = kyf2 wenn C(L,1)>1und C,<0;
sg(L) = kg/2/(1+Cy) wennC(L,1)>1und Cy>0;

kg eine Skalierungskonstante wie z.B. 1 ist; und
B eine Gewichtungskonstante ist, die zwischen 0 und 1 liegt.

Computerlesbares Medium, das prozessorausfihrbare Befehle zum Erzeugen eines Ultraschallbilds aufweist, wobei
die prozessorausfiihrbaren Befehle, wenn sie in einer Computervorrichtung installiert sind, es der Vorrichtung er-

moglichen, Aktionen auszufiihren, die aufweisen:

Empfangen von Abbildungsdaten, die aufeinanderfolgende Ultraschallabtastzeilen (14, I, ..., I,,) aufweisen, die

mittels einer rotierenden Ultraschallabbildungsanordnung erhalten werden;

Bestimmen mindestens eines ersten Kreuzkorrelationswerts und eines zweiten Kreuzkorrelationswerts fiir jede

einer Vielzahl der Abtastzeilen (14, I, ..., I,);

Einzelnes Beurteilen flir mehrere Abtastzeilen der Vielzahl der Abtastzeilen (14, I, ..., |,

beurteilt wird, eine ungleichmafRige Rotationsverzerrung aufweist, unter Verwendung von mindestens einem

der ersten und zweiten Korrelationswerte fir die Abtastzeile, die beurteilt wird;

Anwenden einer Korrektur fiir die ungleichméaRige Rotationsverzerrung unter Verwendung von mindestens
einem der ersten und zweiten Korrelationswerte fir mindestens eine der Vielzahl der Abtastzeilen (14, I, ..., I,.);
Erzeugen eines Ultraschallbilds unter Verwendung mindestens der Vielzahl der Abtastzeilen mit der angewen-

deten Korrektur; und
Anzeigen des Ultraschallbilds,
dadurch gekennzeichnet, dass

fir jede einzelne Abtastzeile der Vielzahl der Abtastzeilen (14, I, ..., I,,), der erste Kreuzkorrelationswert einen
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Kreuzkorrelationskoeffizienten zwischen einem ersten Teilrahmen, der eine Vielzahl von aufeinanderfolgenden
Abtastzeilen einschlie3lich der einzelnen Abtastzeile aufweist, und einem zweiten Teilrahmen aufweist, der
eine Vielzahl von Abtastzeilen aufweist, die vom ersten Teilrahmen um einen ersten ganzzahligen Wert ver-
schoben sind, und der zweite Korrelationswert einen Kreuzkorrelationskoeffizienten zwischen dem ersten Teil-
rahmen und einem dritten Teilrahmen aufweist, der eine Vielzahl von Abtastzeilen aufweist, die vom ersten
Teilrahmen um einen zweiten ganzzahligen Wert verschoben sind, der sich vom ersten ganzzahligen Wert
unterscheidet.

Computerlesbares Medium nach Anspruch 7, wobei fiir den Bildrahmen F(r,L), wobei L eine Abtastzeile im Abbil-
dungsrahmen ist und r ein Abtastpunkt der Abtastzeile ist, der erste Teilrahmen A Abtastzeilen um eine bestimmte
Abtastzeile L und Abtastpunkte im Bereich von [ry,r,] umfasst und der erste Kreuzkorrelationswert CR(L,3) ist,
wobei §, der erste ganzzahlige Wert ist und zum Bestimmen des ersten Kreuzkorrelationswerts verwendet werden
soll, und CR(L,3,) ein normierter Mittelwert von mehreren Zeilen ist C(L,5,) um die Zeile L ist, wobei

4,2 -
S-S, LeL)— F(L)) (F(r,L+8, +L')— F(L+c$))

CL,8)= L8, ~1)/2 ey
7L 2 n (8,2 n
}: N (Fe, L+D)- RINTAED Z(F(r L+8, +1)=F(L+8))
L=(8,-1)/2 r=; Li==(A,-1)/2 re;
1 (B, -2 n

wobei F(L) = — Z Z(F(r,'L +L".

AL (n “"]) L'a—(b,=1)/2r=,

Computerlesbares Medium nach Anspruch 8, wobei der erste Kreuzkorrelationswert CR(L,1) ist und der zweite
Kreuzkorrelationswert CR(L,3) ist.

Computerlesbares Medium nach Anspruch 9, wobei die Korrektur fiir eine ungleichmafige Rotation fir eine Ab-
tastzeile 1 ist:

s(L) = k/ICR(L, 1)  wenn CR(L,1) < 1;
s(L) = k/2 wenn CR(L,1) > 1und C,<0;
s(L)=k/2/(1+Cg) wennCR(L,1)>1undC>0;

wobei k eine Skalierungskonstante ist; und
Cs = (C3iresh - CR(L,3))/(CR(L,3) - CR(L,1)), wobei C3y,¢sp, €in fur CR(L,3) gewéhlter Schwellenwertpegel ist.
Computerlesbares Medium nach Anspruch 9, wobei die Korrektur fiir eine ungleichmanige Rotation fur die Abtast-

zeile L in einem n-ten Bildrahmen S,', (L) = 0Sp-_1 (L) + (1 - @)s,,(L) ist, wobei a<1 eine Gewichtungskonstante
ist, und eine nicht geglattete Abtastzeilenkorrektur s,(L), die im n-ten Bildrahmen definiert ist, ist

s,(L) =kICR(L,1)  wenn CR(L,1)<1;
s(L) = ki2 wenn CR(L,1) > 1 und C, <0;
s,(L)=k/2/(1+Cg) wennCR(L,1)>1und C, > 0;

wobei k eine Skalierungskonstante ist; und
Cs = (C3ihresh - CR(L,3))/(CR(L,3) - CR(L,1)) wobei C3y,.cs €in flir CR(L,3) gewahlter Schwellenwertpegel ist.

Computerlesbares Medium nach Anspruch 9, wobei die Korrektur fiir eine ungleichmanige Rotation fur die Abtast-

A
zeile L in einem n-ten Bildrahmen s, (L) = ZyAl2=_A Oy Sppq’ (L) ist, wobei 2n2=A1 0, =1 und Aqund
A, ganze Zahlen sind und dieselben sein oder sich unterscheiden kénnen, und eine nicht geglattete Abtastzeilen-
korrektur s, (L), die im n-ten Bildrahmen definiert ist, ist
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s,(L) =kICR(L,1)  wenn CR(L,11)<1;
s(L) = ki2 wenn CR(L,1) > 1 und C, <0;
s,(L)=k/2/(1+Cg) wennCR(L,1)>1und C, > 0;

wobei k eine Skalierungskonstante ist; und
Cs = (C3iresh - CR(L,3))/(CR(L,3) - CR(L,1)) wobei C3y,cs €in flir CR(L,3) gewahlter Schwellenwertpegel ist.

Computerlesbares Medium nach Anspruch 9, wobei die Korrektur fiir eine ungleichmanige Rotation fur die Abtast-

zeile L ist:

s(L) = Ps(L) + (1-B)sg(L),
wobei

s(L) =k/CR(L, 1)  wennCR(L,1)<1;
s(L) = k/2 wenn CR(L,1) >1und C,<0;
s(L) = k/2/(1+ Cg) wennCR(L,1)>1und C¢>0;

k eine Skalierungskonstante ist;
Cs = (C3yresh - CR(L,3))/(CR(L,3) - CR(L,1)), wobei C3y,,csp, €in fur CR(L,3) gewéhlter Schwellenwertpegel ist;

Sq(L) = kg/C(L,1) wenn C(L,1) < 1;
Sq(L) = kg/2 wenn C(L,1) > 1 und C4<0;
sqg(L) = Kg/2/(1+ C5)  wenn C(L,1) >1 und Cs > 0;

kg eine Skalierungskonstante wie z.B. 1 ist; und
B eine Gewichtungskonstante ist, die zwischen 0 und 1 liegt.

14. System (100) zum Erzeugen von Ultraschallbildern, das aufweist:

einen Katheter (102);

einen Ultraschallabbildungskern (306), der in den Katheter (102) einsetzbar ist, wobei der Ultraschallabbil-

dungskern (306) mindestens einen Transducer (312) aufweist und

zur Rotation von mindestens einem Abschnitt des Ultraschallabbildungskerns (306) konfiguriert und eingerichtet

ist, um eine Vielzahl von radialen Abtastzeilen (I4, I, ...,
I,) bereitzustellen;

einen Prozessor (106), der mit dem Ultraschallabbildungskern (306) koppelbar ist, zum Ausfiihren von prozes-

sorlesbaren Befehlen, die Aktionen ermdglichen, die umfassen:

Empfangen der Vielzahl von Abtastzeilen (14, I, ..., |,), die mittels des Ultraschallabbildungskerns (306)

erhalten werden;

Bestimmen mindestens eines ersten Kreuzkorrelationswerts und eines zweiten Kreuzkorrelationswerts flir

jede einer Vielzahl der Abtastzeilen (14, I, ..., I);

Einzelnes Beurteilen fiir mehrere Abtastzeilen der Vielzahl der Abtastzeilen (I, I, ..., 1), ob die Abtastzeile,
die beurteilt wird, eine ungleichmaRige Rotationsverzerrung aufweist, unter Verwendung von mindestens

einem der ersten und zweiten Korrelationswerte fiir die Abtastzeile, die beurteilt wird;

Anwenden einer Korrektur fiir die ungleichmafRige Rotationsverzerrung unter Verwendung von mindestens
einem der ersten und zweiten Korrelationswerte flir mindestens eine der Vielzahl der Abtastzeilen (l4, I, ...

In);

Erzeugen eines Ultraschallbilds unter Verwendung mindestens der Vielzahl der Abtastzeilen (l4, 1o, ..., I)

mit der angewendeten Korrektur; und
Anzeigen des Ultraschallbilds,
dadurch gekennzeichnet, dass
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fir jede einzelne Abtastzeile der Vielzahl der Abtastzeilen (l4, I, ..., |,,), der erste Kreuzkorrelationswert
einen Kreuzkorrelationskoeffizienten zwischen einem ersten Teilrahmen, der eine Vielzahl von aufeinan-
derfolgenden Abtastzeilen einschlieRlich der einzelnen Abtastzeile aufweist, und einem zweiten Teilrahmen
aufweist, der eine Vielzahl von Abtastzeilen aufweist, die vom ersten Teilrahmen um einen ersten ganz-
zahligen Wert verschoben sind, und der zweite Korrelationswert einen Kreuzkorrelationskoeffizienten zwi-
schen dem ersten Teilrahmen und einem dritten Teilrahmen aufweist, der eine Vielzahl von Abtastzeilen
(I4, 1y, ..., 1)) aufweist, die vom ersten Teilrahmen um einen zweiten ganzzahligen Wert verschoben sind,
der sich vom ersten ganzzahligen Wert unterscheidet.

15. System nach Anspruch 14, wobei fir den Bildrahmen F(r,L), wobei L eine Abtastzeile im Abbildungsrahmen ist und

wobei F(L) =

r ein Abtastpunkt der Abtastzeile ist, der erste Teilrahmen A Abtastzeilen um eine bestimmte Abtastzeile L und
Abtastpunkte im Bereich von [r,,r;] umfasst und der erste Kreuzkorrelationswert CR(L,5, ) ist, wobei &, der erste
ganzzahlige Wert ist und zum Bestimmen des ersten Kreuzkorrelationswerts verwendet werden soll, und CR(L,3,)
ein normierter Mittelwert von mehreren Zeilen von C(L,3,) um die Zeile L ist, wobei

(8,2 n L ' .
S S F, L+ LY =FD)-(Flr, L+, + L)~ F(L+ )
C(L, 5L) = L=(8,-1)/2 r=r - .

(a,-)72  n . a2 —_
2(F(r,L+L‘)—F(L))3. (i Z(F(r,LﬂuaL+[:)-F(.rﬂL5L))2

L'=~(8,~1)/2 r=n : L=~(A;~1)}2 r=y

1 (8, -1)/2 r,

> (F(r,L+LY.

A, (n "fl) L'==(A, -1)/2r=r

Revendications

1.

Procédé de génération d’'une image ultrasonore, ledit procédé comprenant :

la réception d’'une image comprenant des lignes de balayage ultrasonore consécutives (ly, I, ..., I,) obtenues
a l'aide d’'un agencement d'imagerie ultrasonore rotatif ;

la détermination d’au moins une premiére valeur de corrélation croisée et d’'une deuxiéme valeur de corrélation
croisée pour chaque ligne d’une pluralité des lignes de balayage (I4, I, ..., I,)) ;

I'évaluation individuelle pour plusieurs lignes de la pluralité de lignes de balayage (14, I, ..., I,), si la ligne de
balayage évaluée présente une distorsion de rotation non uniforme, en recourant a la premiére et/ou a la
deuxiéme valeurs de corrélation pour la ligne de balayage évaluée ;

I'application d’'une correction de la distorsion de rotation non uniforme en recourant a la premiére et/ou a la
deuxieme valeurs de corrélation pour au moins une ligne de la pluralité de lignes de balayage (I4, I, ..., 1)) ;
la génération d’une image ultrasonore en recourant au moins a la pluralité de lignes de balayage (l4, |5, ..., I,)
ayant la correction appliquée ; et

I'affichage de I'image ultrasonore,

caractérisé

en ce que pour chaque ligne de balayage individuelle de la pluralité de lignes de balayage (I4, I, ..., I), la
premiére valeur de corrélation croisée comprend un coefficient de corrélation croisée entre une premiére sous-
image comprenant une pluralité de lignes de balayage consécutives incluant la ligne de balayage individuelle
et une deuxiéme sous-image comprenant une pluralité de lignes de balayage décalées de la premiére sous-
image par une premiére valeur entiére, la deuxiéme valeur de corrélation comprend un coefficient de corrélation
croisée entre la premiéere sous-image et une troisieme sous-image comprenant une pluralité de lignes de ba-
layage décalées de la premiére sous-image par une deuxiéme valeur entiére différente de la premiere valeur
entiére.

2. Procédé selon la revendication 1, ou la premiere valeur de corrélation croisée et la deuxiéme valeur de corrélation

croisée sont normalisées.

3. Procédé selon la revendication 1, ou la premiére valeur entiére est un, et facultativement la deuxiéme valeur entiére
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est deux.

Procédé selon la revendication 1,

ou, pour I'image F(r,L) ou L est une ligne de balayage dans la trame d’image et r un point d’échantillonnage de la
ligne de balayage, la premiére sous-image inclut A| lignes de balayage autour d’une ligne de balayage L particuliere
et des points d’échantillonnage dans une plage [rq,r,], et la premiére valeur de corrélation croisée est C(L,3), 5
étant la premiére valeur entiére a utiliser pour déterminer la premiére valeur de corrélation croisée, et

A, =)/ n
S S, L+L)- F(L)) (P, L+6,+ L)~ F(L+c5))

L8, = Limm{d~1)/2 re
»7L 6,-1)/2 - 4,12 n
S S L+D)- L)y \/ S Z(F(r L+68, +L)=F(L+8,))
Li=~(8,~1)/2 ro L=(A,~1)/2 ren

ou F(L) = ——. s S F(rL+ LY.

A, (r,—n) L'==(A, -1}/ 2ren

Procédé selon la revendication 1,

ou, pour I'image F(r,L) ou L est une ligne de balayage dans la trame d’imagerie et r un point d’échantillonnage de
laligne de balayage, la premiére sous-image inclut A lignes de balayage autour d’'une ligne de balayage L particuliére
et des points d’échantillonnage dans une plage de [ry,r,], et la premiére valeur de corrélation croisée est CR(L,3 ),
d étant la premiére valeur entiére & utiliser pour déterminer la premiére valeur de corrélation croisée, et CR(L,3,)
une moyenne normalisée de plusieurs lignes de C(L,5| ) autour de la ligne L, ou

4,2
SYEG L+L’) F(L)) (F(r,L+8,+ L)~ F(L+5, ))
L8 = 1)/2L~r(Al-l)/2m' @,-2 n
2 Y (Fe, L+D)- FOy-lS Z(F(r L+8, + 1) =F(L+8,))
L=~(b,~1)/2 r=r Lo{A,-1)/2 rer
1 (a,-1/7

ot F(L) = —-—————A ) -LE_E_M;(F@;L +L').

Procédé selon la revendication 5, ou la premiére valeur de corrélation croisée est CR(L,1) et la deuxieme valeur
de corrélation croisée est CR(L,3),
ou facultativement la correction pour rotation non uniforme pour une ligne de balayage 1 est :

s(L) =k/CR(L,1) siCR(L,1)<1;
s(L) = k/2 SiCR(L,1)>1etC,<0;
s(L) = ki2/(1+ C;) siCR(L,1)>1etC>0;

k étant une constante scalaire ; et

Cs = (C3iresh CR(L,3))/(CR(L,3) - CR(L,1)), C3iyresh étant un niveau seuil retenu pour CR(L,3),

ou bien

ou la correction pour rotation non uniforme pour la ligne de balayage L dans une n®Me image est

s;(L] = gsﬂ_i{Lj} +{1- q)sﬂ (L)), ol a est <1, est une constante de pondération et ou une correction

de ligne de balayage non lissée s,(L), définie dans la n®me image, est

s,(L) =k/CR(L,1)  siCR(L1)<1;
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(suite)

sy(L) = ki2 SiCR(L,1)>1etCy<0;
s,(L)=k/2/(1+Cg) siCR(L1)>1etCi>0;

k étant une constante scalaire ; et

Cs = (C3iresh - CR(L,3))/(CR(L,3) - CR(L,1)), C34,1esn étant un niveau seuil retenu pour CR(L,3),
ou bien

ou la correction pour rotation non uniforme pour la ligne de balayage L dans une niéme

- ~ iy
image est S, (L) = 2°F Uyt Sy 2’ (L), 00 D

o =—p o, =1 ¢ A4 et A, sont entiers et peuvent étre

ped

n=a,

& g 4
L

identiques ou différents, et une correction de ligne de balayage non lissée s(L), définie dans la n®me image, est

s,(L) =kICR(L, 1) siCR(L1)<1;
sy(L) = k/2 SiCR(L,1)>1etC,<0;
s,(L) = k/2/[(1+ C;)  siCR(L,1)>1etC,>0;

k étant une constante scalaire ; et

Cs = (C3iresh - CR(L,3))/(CR(L,3) - CR(L,1)), C34,1esn étant un niveau seuil retenu pour CR(L,3),
ou bien

ou la correction pour rotation non uniforme pour la ligne de balayage L est :

st(L) Bs(L) + (1-B)sy(L),

s(L) =k/CR(L, 1) siCR(L,1)<1;
s(L) = k/2 SiCR(L,1)>1etCy<0;
s(L)=k/2/(1+C;) siCR(L,1)>1etC,>0;

k étant une constante scalaire ;
Cs = (C34resh - CR(L,3))/(CR(L,3) - CR(L, 1)), C3yesp étant un niveau seuil retenu pour CR(L,3) ;

s(L) =kg/C(L; 1)  siC(L;1)<1;
Sq(L) = kyf2 SiC(L;1)>16etCy<0;
so(L)=kg/2/(1+Cg)  siC(L; 1)>1etC, > 0;

kg étant une constante scalaire, p. ex. 1 ; et
B étant une constante de pondération entre 0 et 1.

Support lisible par ordinateur, comportant des instructions exécutables par un processeur pour la génération d’'une
image ultrasonore, lesdites instructions exécutables par un processeur étant installées sur un dispositif de calcul
permettant I'exécution d’actions par le dispositif, comprenant :

la réception de données d’imagerie comprenant des lignes de balayage ultrasonore consécutives (14, I, ..., I,)
obtenues a 'aide d’'un agencement d’'imagerie ultrasonore rotatif ;

la détermination d’au moins une premiére valeur de corrélation croisée et d’'une deuxiéme valeur de corrélation
croisée pour chaque ligne d’une pluralité des lignes de balayage (4, I, ..., 1) ;

I'évaluation individuelle pour plusieurs lignes de la pluralité de lignes de balayage (14, I, ..., I), si la ligne de
balayage évaluée présente une distorsion de rotation non uniforme, en recourant a la premiére et/ou a la
deuxiéme valeurs de corrélation pour la ligne de balayage évaluée ;

I'application d’'une correction pour distorsion de rotation non uniforme en recourant a la premiere et/ou a la
deuxieme valeurs de corrélation pour au moins une ligne de la pluralité de lignes de balayage (I4, I, ..., 1)) ;
la génération d’'une image ultrasonore en recourant au moins a la pluralité de lignes de balayage ayant la
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correction appliquée ; et

I'affichage de I'image ultrasonore,

caractérisé

en ce que pour chaque ligne de balayage individuelle de la pluralité de lignes de balayage (l4, Io, ..., 1), la
premiére valeur de corrélation croisée comprend un coefficient de corrélation croisée entre une premiére sous-
image comprenant une pluralité de lignes de balayage consécutives incluant la ligne de balayage individuelle
et une deuxiéme sous-image comprenant une pluralité de lignes de balayage décalées de la premiére sous-
image par une premiére valeur entiére, la deuxiéme valeur de corrélation comprend un coefficient de corrélation
croisée entre la premiéere sous-image et une troisieme sous-image comprenant une pluralité de lignes de ba-
layage décalées de la premiére sous-image par une deuxiéme valeur entiére différente de la premiere valeur
entiére.

Support lisible par ordinateur selon la revendication 7 ou, pour I'image F(r,L) ou L est une ligne de balayage dans
la trame d’imagerie et r un point d’échantillonnage de la ligne de balayage, la premiére sous-image inclut A|_lignes
de balayage autour d’'une ligne de balayage L particuliére et des points d’échantillonnage dans une plage [r4,r5], et
la premiére valeur de corrélation croisée est CR(L,§,), §, étant la premiére valeur entiére a utiliser pour déterminer
la premiére valeur de corrélation croisée, et CR(L,5, ) une moyenne normalisée de plusieurs lignes de C(L,5, ) autour
de la ligne L, ou

(Aim }ri(F(r L+L’) F(L)) (F(r,L+6, + L) - F(L+8, ))

C(L 5) Lo=(8;~1)/2 r=
(a,-0/2 - (a,-2 n
\[ '}f YR, L+D)- ROyl S Z(F(r L+6, +L)~F(L+8,)y
L=—{(8,~1)/2 r=x L'=~(A,~1)/2 r=n;

1 (A, -1M2 1

oo F(L)=————- > 3 (F(r,L+L).

A (=N re-(nyiaron

Support lisible par ordinateur selon la revendication 8, ou la premiere valeur de corrélation croisée est CR(L,1) et
la deuxiéme valeur de corrélation croisée est CR(L,3).

Support lisible par ordinateur selon la revendication 9, ou la correction pour rotation non uniforme pour une ligne
de balayage 1 est :

s(L)KICR(L, 1)  siCR(L1)<1;
s(L) = k/2 SiCR(L,1)>1etC,<0;
s(L) = ki2/(1+ Cg)  siCR(L,1)>1etC.>0;

k étant une constante scalaire ; et
Cs = (C34resh - CR(L,3))/(CR(L,3) - CR(L,1)), C34,csn €tant un niveau seuil retenu pour CR(L,3).

Support lisible par ordinateur selon la revendication 9, ou la correction pour rotation non uniforme pour la ligne de
balayage L dans une ni®me image est .s;ifL) = G@SM_i'[L}l + (1 — cr}sﬂ (,L], ol a<1 est une constante de

pondération et ou une correction de ligne de balayage non lissée s, (L), définie dans la niéme image, est

s,(L) =kICR(L,1)  siCR(L1)<1;
s,(L) = ki2 SiCR(L,1)>1etC,<0;
s,(L)=k/2/(1+C,) siCR(L,1)>1etC >0 ;

k étant une constante scalaire ; et
Cs = (C3iresh - CR(L,3))/(CR(L,3) - CR(L,1)), C3yresh étant un niveau seuil retenu pour CR(L,3).
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12. Support lisible par ordinateur selon la revendication 9, ou la correction pour rotation non uniforme pour la ligne de

13.

balayage L dans une nime image est s/ (L) = Zir

-, LA — 4
O, S 4oy (L), OU anza_ a,, = 1 etAqeta,sont

) m—

entiers et peuvent étre identiques ou différents, et o une correction de ligne de balayage s,(L), définie dans la

niéme image, est

s,(L) =kICR(L, 1)  siCR(L1)<1;
s,(L) = k/2 SiICR(L,1)>1etC <0
s,(L) = k/2/[(1+ C;)  siCR(L,1)>1etCs>0;

k étant une constante scalaire ; et
Cs = (C3iresh - CR(L,3))/(CR(L,3) - CR(L,1)), C3yresh étant un niveau seuil retenu pour CR(L,3).

Support lisible par ordinateur selon la revendication 9, ou la correction pour rotation non uniforme pour la ligne de
balayage L est :

ou

st(L) = Bs(L) + (1-B)sg(L),

s(L) = k/CR(L, 1) siCR(L1)<1;
s(L) = k/2 SiCR(L,1)>1etC,<0;
s(L) = ki2/(1+ Cg) siCR(L,1)>1etC.>0;

k étant une constante scalaire ;
Cs = (C34resh - CR(L,3))/(CR(L,3) - CR(L,1)), C3jesn €tant un niveau seuil retenu pour CR(L,3) ;

sL) =kg/C(L;1)  siC(L;1)<1;
sy(L) = kg2 SiC(L;1)>1etC<0;
sg(L) =ky/2/(1+Cg) siC(L;1)>TetCe>0;

kg étant une constante scalaire, p. ex. 1 ; et
B étant une constante de pondération entre 0 et 1.

14. Systéeme (100) pour la génération d’images ultrasonores, comprenant :

un cathéter (102) ;

un noyau d’imagerie ultrasonore (306) insérable dans le cathéter (102), ledit noyau d'imagerie ultrasonore (306)
comprenant au moins un transducteur (312) et étant prévu et disposé pour permettre la rotation d’au moins
une partie du noyau d’imagerie ultrasonore (306) afin de couvrir une pluralité de lignes de balayage radiales
(I, o s 1) 5

un processeur (106) pouvant étre reli€ au noyau d’imagerie ultrasonore (306) pour I'exécution d’instructions
lisibles par processeur déclenchant des actions, incluant :

la réception de la pluralité de lignes de balayage (I4, I, ..., I,) obtenues au moyen du noyau d’'imagerie
ultrasonore (306) ;

la détermination d’au moins une premiere valeur de corrélation croisée et d’'une deuxiéme valeur de cor-
rélation croisée pour chaque ligne d’une pluralité de lignes de balayage (I4, I5 ..., I) ;

I'évaluation individuelle pour plusieurs lignes de balayage de la pluralité de lignes de balayage (I4, I, ...,
I,), si la ligne de balayage évaluée présente une distorsion de rotation non uniforme, en recourant a la
premiéere et/ou a la deuxieme valeurs de corrélation pour la ligne de balayage évaluée ;

I'application d’'une correction de la distorsion de rotation non uniforme en recourant a la premiére et/ou a
ladeuxieme valeurs de corrélation pour au moins une ligne de la pluralité de lignes de balayage (14, I, ..., 1) ;
la génération d’une image ultrasonore en recourant au moins a la pluralité de lignes de balayage (1, I, ...,
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I,) ayant la correction appliquée ; et

I'affichage de I'image ultrasonore,

caractérisé

en ce que pour chaque ligne de balayage individuelle de la pluralité de lignes de balayage (l4, I, ..., 1), la
premiére valeur de corrélation croisée comprend un coefficient de corrélation croisée entre une premiére
sous-image comprenant une pluralité de lignes de balayage consécutives incluant la ligne de balayage
individuelle et une deuxiéme sous-image comprenant une pluralité de lignes de balayage décalées de la
premiére sous-image par une premiére valeur entiére, la deuxiéme valeur de corrélation comprend un
coefficient de corrélation croisée entre la premiére sous-image et une troisieme sous-image comprenant
une pluralité de lignes de balayage (l4, I, ..., I,) décalées de la premiére sous-image par une deuxiéme
valeur entiére différente de la premiére valeur entiére.

15. Systéme selon la revendication 14, ou, pour I'image F(r,L) ou L est une ligne de balayage dans la trame d’imagerie
et r un point d’échantillonnage de la ligne de balayage, la premiére sous-image inclut A lignes de balayage autour
d’'une ligne de balayage L particuliére et des points d’échantillonnage dans une plage [r4.r5], et la premiére valeur
de corrélation croisée est CR(L,5 ), 5, étant la premiére valeur entiére a utiliser pour déterminer la premiére valeur
de corrélation croisée, et CR(L,5; ) une moyenne normalisée de plusieurs lignes de C(L,5,) autour de la ligne L, ou

(&,-D2

S (F, L+ L)~ FL)-(Flr, L+8, + L)~ FL+8,)
C(L> 5L) = [ -l)/ZL.:‘r(AL-l)IZ’w' . (4,-1)/2 n :
: S N FECL+L)-FLY -] S S(Fe.L+6, +L)~F(L+8,))
L8y -1}/ 2 r=n Y L8, -1)2 =y .
1 ' (b,-)2

ou F(L)= S(F(r,L+LY.

AL (n "’-’() L'==(&, -1}/ 2r=n,

24



EP 2 632 338 B1

104

100

1/10‘ /

Display(s)

112

Processor

-——— 106

Drive Unit

AN

/

Puise

| Generator

I

25

708



EP 2 632 338 B1

208

26



EP 2 632 338

B1

T —

27

™12

306

R SN S 302

L 303




EP 2 632 338 B1

hizis

fiah ber bisghieg In
Rotational Distance
Fig. 4
NURD Correction | 506
Quantification | Calculation
\ 504 510
502 - 508
image Application of | Corrected
Subframes B Correction 'i Scan Lines
Fig. 5

28



EP 2 632 338 B1

13 |

606

7 PN VAT S A
6066 [P ;f' N .jg.f....._.‘x: m[' . AL

e
©

Cross-Correlation Vaiue

R : :

0.5 1} L . 1 . ] .

0 50 100 _ A 150 200 250
Scan Line

Fig. 6

Little or No NURD .
#| No Correction | 704

. - ' Correction to
NURD Limited NURD 4 ction
Classifier #1 SomeScan |__ g6
{ines

702 ~—

Extensive NURD o Correction to }—__ 798
All Scan Lines

Fig. 7

29



EP 2 632 338 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 US 6267727 B [0004] * US 20060106320 A [0015]
* US 20070106155 A [0005] * US 20060173350 A [0015]
* US 7246959 B [0015] * US 20060253028 A [0015]
 US 7306561 B [0015] * US 20070016054 A [0015]
* US 6945938 B [0015] * US 20070038111 A [0015]

* US 20060100522 A [0015]

30



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
4PN

IPCH %5
CPCH %5
11 AR

H A2 FF 30k
ShEREESE

BEG®F)

— AT ERE RGNS & DE RN DT A RS R BIRS
FESBEABENBEGN , FENSIMHEINE— N RESLS
—EMXENS-EMRAE. . STFSRABKPNSREMANE | ! WY
E-HNXEaQEE-FMSE-FMZANERXRE , £—Fina ! ‘
ESRESAME  FASRESARRSELRARE  S=-FMa
BEERABENE N FMBAME —NERE, S-AXESEZAN
ERARRE - FHANSES T aENE— TR 5SS —BRETRE
WE—BRENSRARK. R ETEE T SRAMENSRA
%, 2GR ENREE R R EAMITENAEENE RS-
HMEERNEL —ARENHIFINEERE | AREXN FF 9 I5E
# ERAZMNELFNES —MABERNED —NE—RERE
EXREMIFE TR AE, FAFENMNRENBSREEIEASSR
AHLERBFRBRER.

patsnap

RTRLBAERGTHNIFGIRERRENREMNS X

EP2632338B1 ASIHUN=! 2015-07-01
EP2011761809 HiE A 2011-09-21
BB FEHEEENT

BOSTON SCIENTIFIC SCIMED , INC.

BOSTON SCIENTIFIC SCIMED , INC.

CAI ANMING HE

CAl, ANMING, HE

A61B8/12

A61B8/5269 A61B8/12 A61B8/445 A61B8/4461 A61B8/5207
61/407854 2010-10-28 US

EP2632338A1

Espacenet

e


https://share-analytics.zhihuiya.com/view/fd5e8d5b-23fb-42f6-ae93-9d33c5cebfae
https://worldwide.espacenet.com/patent/search/family/044720193/publication/EP2632338B1?q=EP2632338B1

