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(57) ABSTRACT

A method for ultrasound volume image data processing com-
prising acquiring ultrasound volume image data in a scan
volume in which a line-like object is located, locating a posi-
tion of the line-like object based on the ultrasound volume
image data, defining a slab boundary box surrounding the
line-like object based on the position of the line-like object,
and rendering a region surrounded by the slab boundary box.
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METHOD AND APPARATUS FOR
ULTRASOUND VOLUME IMAGE DATA
PROCESSING

BACKGROUND OF THE INVENTION

[0001] Embodiments of the present invention generally
relate to a method and a system for ultrasound volume image
data processing and, in particular, to a method and an appa-
ratus for ultrasound volume image data processing in a vol-
ume ultrasound scan mode.

[0002] Currently, the display mode of a blood vessel based
on ultrasound scan includes a 2D slice mode and a 3D ren-
dering mode. For a 2D slice mode, as a blood vessel is often
curvous and has branches, it is hard to display the whole
vessel while the blood vessel is thin.

[0003] Ina3D rendering mode, minimum intensity projec-
tion is used to display blood vessels, mainly focusing on liver
blood vessels because tissues are uniform and have high
contrast in a liver. But for leg and arm blood vessels, the
minimum intensity projection mode has poor image quality
because the dark tissues around a blood vessel have a big
effect on the blood vessel.

BRIEF SUMMARY OF THE INVENTION

[0004] According to an embodiment of the present inven-
tion, there is provided a method for ultrasound volume image
data processing. The method comprises acquiring ultrasound
volume image data in a scan volume in which a line-like
object is located, locating a position of the line-like object
based on the ultrasound volume image data, defining a slab
boundary box surrounding the line-like object based on the
position of the line-like object, and rendering a region sur-
rounded by the slab boundary box.

[0005] According to an embodiment of the present inven-
tion, there is provided an ultrasound volume image data pro-
cessing device. The ultrasound volume image data processing
device comprises an ultrasound volume image data acquisi-
tion unit configured to acquire ultrasound volume image data
in a scan volume in which a line-like object is located, an
object locating unit configured to locate a position of the
line-like object based on the ultrasound volume image data, a
slab boundary box determination unit configured to define a
slab boundary box surrounding the line-like object based on
the position of the line-like object, and a rendering unit con-
figured to render a region surrounded by the slab boundary
box.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] In the drawings:

[0007] FIG. 1 illustrates a method for the ultrasound vol-
ume image data processing in the volume ultrasound scan
mode according to an embodiment of the present invention;

[0008] FIG. 2 illustrates CF mode scan planes according to
an embodiment of the present invention, where there are two
CF mode scan planes (left and right) at the volume ultrasound
scan boundary;

[0009] FIG. 3 illustrates a method for reducing the tissue
image data in the CF mode image data according to an
embodiment of the present invention;

[0010] FIGS. 4A and 4B illustrate respectively a filter used
in the embodiment of FIG. 3 according to an embodiment of
the present invention;
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[0011] FIG. 5illustrates a method for determining the type
of'the blood vessel according to an embodiment of the present
invention;

[0012] FIG. 6 illustrates a method for determining the posi-
tion of the blood vessel according to an embodiment of the
present invention;

[0013] FIG. 7 illustrates comparison between the ultra-
sound image based on Hessian matrix processing and the
ultrasound image before the Hessian matrix processing
according to an embodiment of the present invention;
[0014] FIG. 8 illustrates a method for defining a slab
boundary box according to an embodiment of the present
invention;

[0015] FIG. 9 illustrates conversion from an acquisition
coordinate system to a Cartesian coordinate system according
to an embodiment of the present invention;

[0016] FIG. 10 illustrates a schematic diagram of determi-
nation of the plane vector of a pair of outer surfaces of the slab
boundary box based on the direction of the center point con-
necting line of the blood vessel according to an embodiment
of the present invention;

[0017] FIGS.11A and 11B illustrate respectively the mini-
mum intensity projection images ofa side view and a top view
according to an embodiment of the present invention; and
[0018] FIG. 12 illustrates a blood vessel image generation
system according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0019] The present invention will be described below by
way of some embodiments, wherein details thereof are used
to facilitate understanding the present invention rather than
limit the present invention. Some embodiments of the present
invention provide a method and an apparatus for ultrasound
volume image data processing in a volume ultrasound scan
mode.

[0020] FIG. 1 illustrates a method for the ultrasound vol-
ume image data processing in the volume ultrasound scan
mode according to an embodiment of the present invention.
At Step 102, the ultrasound volume image data in the volume
ultrasound scan mode is acquired. At Step 104, the position of
the blood vessel is determined based on the acquired ultra-
sound volume image data in the volume ultrasound scan
mode. At Step 106, the slab boundary box surrounding the
blood vessel is determined based on the position of the blood
vessel. At Step 108, the region in the range of the slab bound-
ary box is rendered.

[0021] According to an embodiment of the present inven-
tion, acquisition of the ultrasound volume image data in the
volume ultrasound scan mode includes setting up a specific
scan mode like a B mode, a CF mode to acquire the ultrasound
volume image data in the volume ultrasound scan mode. In an
embodiment, a volume ultrasound scan probe sweeps in the
direction parallel to the long axis azimuth of the blood vessel.
[0022] By sampling the object to be imaged in the B mode,
the image data is generated based on the magnitude of the
ultrasound echo, and the B mode ultrasound volume image
data in the B mode is obtained. The obtained B mode ultra-
sound volume image data may be saved in the memory for
further processing.

[0023] By sampling the object to be imaged in the CF
mode, the image data is generated based on the phase of the
Doppler component of the ultrasound echo, and the CF mode
image data in the CF mode is obtained. The obtained CF mode
image data may be saved in the memory for further process-
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ing. In an embodiment, two CF mode scan planes are set up at
the boundary of the sweeping scan volume range in the vol-
ume ultrasound scan mode to acquire the image data of two
CF mode planes in the CF mode, and the obtained image data
of two CF mode planes is saved for further processing. FIG.
2 illustrates CF mode scan planes according to an embodi-
ment of the present invention, where there are two CF mode
scan planes (left and right) at the volume ultrasound scan
boundary.

[0024] FIG. 3 illustrates a method for reducing the tissue
image data in the CF mode image data according to an
embodiment of the present invention. At Step 302, predeter-
mined filter characteristic parameters are set up for filtering
the CF mode image data. In an embodiment, the CF mode
image data is wall filtered. The wall filter is a highpass filter
with an adjustable cutoff frequency. Since the tissue image
data has higher frequency characteristic than the blood flow
image data in the blood vessel, the tissue image data will be
effectively suppressed by setting up a predetermined cutoff
frequency. At Step 304, power arbitration is performed on the
CF mode image data filtered as described above. In an
embodiment, the predetermined threshold is set up, and it is
determined whether the filtered CF mode image data is larger
than the predetermined threshold. If it is larger than the pre-
determined threshold, it is considered as corresponding to the
valid blood flow image data of the blood vessel; otherwise it
is considered as not corresponding to the invalid blood flow
image data of the blood vessel. At Step 306, a velocity and
region template is obtained based on the power arbitration
result, in which the valid blood flow corresponding to the
blood vessel is marked with “1” and the invalid blood flow not
corresponding to the blood flow is marked with “0”. The
invalid blood flow image data not corresponding to the blood
vessel is removed, thereby obtaining the remaining valid
blood flow image data corresponding to the blood vessel.
[0025] FIGS. 4A and 4B illustrate respectively a filter used
in the embodiment of FIG. 3 according to an embodiment of
the present invention. The embodiment of FIG. 4A illustrates
a Finite Pulse Response (FIR) filter. The CF image data in the
volume ultrasound scan mode obtained at Step 102 of FIG. 1
is input (In) in the delay stage chain 404 and is multiplied by
a weight factor in a multiplier 402 when passing through the
delay stage to provide a desired filter characteristic for the CF
image data. Then the obtained product is summed in the
summing stage 406 to obtain the filtered output (Out) data.
The embodiment of FIG. 4B illustrates a filter including a
multiplier 402 and an accumulator 408. In this embodiment,
the CF image data in the volume ultrasound scan mode
obtained at Step 102 of FIG. 1 are multiplied by the weight
factor applied to the multiplier in order, and their products are
accumulated in the accumulator 408. The multiplier-accumu-
lator embodiment may be cascaded. According to an embodi-
ment of the present invention, the blood vessel image data and
the tissue image data in the CF image data may be appropri-
ately separated by selecting a proper delay coeflicient or
weight factor.

[0026] FIG. 5 illustrates a method for determining the type
ofthe blood vessel according to an embodiment of the present
invention. According to embodiments of the present inven-
tion, the blood vessel characteristics such as a vein or artery
are calculated by calculating time stable or pulsatile
attributes. Ifitis a pulsatile flow, then it is an artery; otherwise
a vein. Then corresponding color dot is assigned to the blood
vessel, blue for vein and red for artery.

[0027] At Step 502, the CF image data of the CF mode scan
planes is processed. According to an embodiment of the
present invention, the CF image data of the CF mode scan
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planes are combined to form ultrasound image data; the ultra-
sound image data is demodulated to yield the demodulated
ultrasound image data; and the demodulated ultrasound
image data is spectrum analyzed to yield the Ve1001ty V,,of
the blood flow, where (i, ) € the blood vessel region. Next the
peak velocity R, ., and the bandwidth B of the blood flow are
calculated.

Rep=max (1V;;1), where (7, /)€ the blood vessel

peak
region.

B=Stdev (IV; 1), where (i, j) € the blood vessel region.

IV, /| refers to the absolute value of V, , the function max ()
means to take the maximum value of tﬁe parameter in paren-
theses, and the function Stdev ( ) means to calculate the
variance of the parameter in parentheses.

[0028] Processing the CF image data of the CF mode scan
planes at the left boundary and the right boundary shown in
FIG. 2 respectively as described above yields the peak veloci-
tiesR,, . ,andR, . , oftheblood flow at the left boundary
and the right boundary and the bandwidths B, and B, of the
blood flow at the left boundary and the right boundary
[0029] At Step 504, it is determined whether the absolute
value (R Peak 1R, e 1) of the difference between the peak
velocity R, ; of the blood flow at the left boundary and the
peak Ve1001ty i of the blood flow at the right boundary is
larger than the first p predetermined threshold V1, and whether
the absolute value (IB;-B,l) of the dlfference between the
bandwidth B, of the blood "flow at the left boundary and the
bandwidth B, of the blood flow at the right boundary is larger
than the second predetermined threshold V2. If the result of
the above determination is positive, it is determined that the
blood vessel is a vein at Step 510. Otherwise, it is determined
that the blood vessel is an artery at Step 508.

[0030] FIG. 6 illustrates a method for determining the posi-
tion of the blood vessel according to an embodiment of the
present invention. In an embodiment of the present invention,
the position of the blood vessel in the scan space is deter-
mined based on the B mode volume image data. At Step 602,
the characteristic structure of the blood vessel cross-section
image in the scan plane image data of the B mode volume
image data is determined. In an embodiment, boundary scan
plane image data of two boundary scan planes of the scan
volume is used to determine the characteristic structure of the
blood vessel cross-section image. Further, in an embodiment,
the circular dark region, which corresponds to the cross-
section of the blood vessel, in the boundary scan image data
of two boundary scan planes of the scan volume is deter-
mined.

[0031] Optionally, the characteristic structure of the blood
vessel cross-section image is determined based on a Hessian
matrix. The Hessian matrix is as follows:

»*f *f & f

ax} 0x10xy " 0x10x,
*Ff *f a*f

H(f)=| 0x20x; ax} T Ox,0x,
*f *f *f

8x,0x1 9x,0x, = 0x,0x,

where, n is a dimension, and X, is a vector along the i,
dimension.

[0032] According to an embodiment of the present inven-
tion, a two-dimensional Hessian matrix is used to determine
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the characteristic structure f the blood vessel cross-section
image, and whereby the Hessian matrix above is simplified
as:

Ffr  0f
H(f) £z 0xdy
S PR )
dydx 9y?

where, X is an ultrasound sample direction, and y is an ultra-
sound beam direction.

[0033] FIG. 7 illustrates comparison between the ultra-
sound image based on Hessian matrix processing and the
ultrasound image before the Hessian matrix processing
according to an embodiment of the present invention, in
which the view on the left refers to the ultrasound image
before the Hessian matrix processing and the view on the
right refers to the ultrasound image after the Hessian matrix
processing. In the image processed by the Hessian matrix, the
highlighted white region refers to the blood vessel region.
[0034] At Step 604, it is determined whether the region that
satisfies the characteristic structure of the blood vessel exists
in the scan plane image data of the B mode volume image
data. If the region that satisfies the characteristic structure of
the blood vessel exists in the scan plane image data, the blood
vessel region is determined, and thereby the position of the
blood vessel is determined. According to an embodiment of
the present invention, it is determined whether the eigenval-
ues A, and A, of the Hessian matrix in the ultrasound sample
direction x and the ultrasound beam direction y satisfy the
condition A;~A,>>0; and if A, and A, satisfy the above con-
dition, the blood vessel region is determined, and thereby the
position of the blood vessel is determined.

[0035] The position of the blood vessel may be represented
by the center point position of the blood vessel and the radius/
diameter/thickness of the blood vessel. According to an
embodiment of the present invention, the center point of the
blood vessel is calculated based on the determined blood
vessel region. For example, the centroid of the blood vessel
region is calculated, and the thus calculated centroid is used
as the center point of the blood vessel.

[0036] According to an embodiment of the present inven-
tion, two CF mode scan planes may be set up at the boundary
ofthe scan volume range in the volume ultrasound scan mode
to acquire the image data of two CF mode planes. The tissue
image data in the B mode volume image data is excluded
based on the image data of two CF mode planes. According to
an embodiment of the present invention, the CF mode image
data may also be used to determine the position of the blood
vessel.

[0037] FIG. 8 illustrates a method for defining a slab
boundary box according to an embodiment of the present
invention. According to this embodiment of the present inven-
tion, the center position of the blood vessel is converted from
the beam space to the Cartesian space, to determine the plane
vector for generating the slab boundary box in the Cartesian
space, and further generate the slab boundary box of the blood
vessel.

[0038] At Step 802, the obtained blood vessel center point
coordinates (n1, n2, n3) are converted from the beam space to
the Cartesian space. The beam space corresponds to a three-
dimension matrix in which the size of the three-dimension
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matrix is [N1xN2xN3], where N1 is the number of sampling
points (points) on each beam, N2 is the number of electronic
beams (lines), and N3 is the number of frames (plane) that are
swept as the 4D probe swings (frame size=N1xN2). In the
beam space, the center point of the blood vessel is represented
by coordinates (n1,n2, n3), where the value ofn1 ranges from
1 to N1, the value of n2 ranges from 1 to N2, and the value of
n3 ranges from 1 to N3.

[0039] According to an embodiment of the present inven-
tion, the conversion of the obtained blood vessel center coor-
dinates (nl, n2, n3) from the beam space to the Cartesian
space includes a 3D conversion from the beam apace to the
acquisition coordinate system (or sweeping coordinate sys-
tem) and a 3D conversion from the acquisition coordinate
system to the Cartesian coordinate system.

[0040] (1) Conversion from Beam Space to Acquisition
Coordinate System.

[0041] Inembodiments of the present invention, the acqui-
sition coordinates correspond to the cylindrical coordinates.
For the integer values of the beam space coordinates (nl, n2,
n3) corresponding to the voxel position in the beam space, the
cylindrical coordinates in the cylindrical acquisition coordi-
nate system are given by:

r=n, forn;={1,2,...,N;}
s=shotangle(#,) for n,={1, 2, ..., N>}

p=BlmageAngles(ns) for n3={1,2, ..., N3}

where, 1, s and 3 refer to a radial distance in the cylindrical
coordinates (in the beam sample direction), a distance in the
beam array direction and a corresponding scan elevation
respectively. shotangles is a one-dimension vector that is
incremented on the basis of the voxel size in accordance with
the offset of each scan line position (angle); and BimageA-
ngles is a one-dimension vector that is incremented in accor-
dance with the probe scan elevation in the unit of arc.
[0042] According to an embodiment of the present inven-
tion, shotangles(n)={0.0, 0.1, 0.2 . . . }, and BimageAngles
(n)={0.0,0.02,0.04,0.06 ... } Shotangles and Bimage Angles
may also employ vectors with other values, and may not
necessarily be subjected to sampling with the equal sample
interval.

[0043] (2) Conversion from Acquisition Coordinate Sys-
tem to Cartesian Coordinate System.

[0044] FIG. 9 illustrates conversion from the acquisition
coordinate system to the Cartesian coordinate system accord-
ing to an embodiment of the present invention. The equation
for the conversion from the cylindrical coordinates of the
cylindrical acquisition coordinate system to the coordinates
of the Cartesian coordinate system is:

x=0s
y=0(b+r)sin(p)

z=0(b+r)cos(p)

where, r, s and f refer to the radial distance in the cylindrical
coordinates (in the beam sample direction), a distance in the
beam array direction and corresponding scan elevation coor-
dinates, respectively, X, y and z correspond to coordinates of
the Cartesian coordinate system, d is a scaling factor of the
three-dimension data field, and b is an offset from the probe
surface to the scan starting position. According to an embodi-
ment of the present invention, the value range of 6>=1.0. b
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may be defined by a user. According to an embodiment of the
present invention, b may take a value in the range from 0.0 to
7.0 cm. It shall be pointed out that d and b are not limited to the
above-mentioned values, and may also take other values.
[0045] Optionally, after the coordinate conversions in the
above steps (1) and (2) are finished, a 3D rotating conversion
may also be performed as follows.

x 1 0 0 cosfp 0 —sinfB[[ cosy siny O [(x
¥ |=|0 cosa sina 0 1 0 —siny cosy 0 [y]
7 0 —sine cosa || sinf 0 cosp 0 0 Iz

a,  and y arerotating angles around X, Y and Z axes, and take
values in the range from 0 to 27. Values of «,  and y depend
onthe perspective of interaction selected by the user. (x', y', z')
are the coordinates of the final blood vessel center point in the
Cartesian coordinate system.

[0046] At Step 804, after the conversion of the blood vessel
center point from the beam space coordinates (n1,n2, n3) into
the Cartesian coordinate system coordinates (X, y, z) (or (X',
y', z") is finished, the plane vector of the surface of the slab
boundary box is determined. According to an embodiment of
the present invention, the plane vector of the pair of outer
surfaces of the slab boundary box may be determined based
on the direction of the center point connecting line of the
blood vessel.

[0047] FIG. 10 illustrates a schematic diagram of the deter-
mination of the plane vector of the pair of outer surfaces of the
slab boundary box based on the direction of the center point
connecting line of the blood vessel according to an embodi-
ment of the present invention. As shown in FIG. 10, the plane
vector n is calculated from two blood vessel center line vec-
tors u and v. (x1, y1, z1), (x2, y2, z2), (x3, y3, z3) are
coordinates of three blood vessel center points in the Carte-
sian coordinate system.

= (U, Uy, Uy)

=@2-xl,y2-yl,22-z1)

v = (Vx, Vy, V2)

=(x3-xl,y3-yl,23-z1)

n=uXvy
ik

Uy Uy U

Vi Vy Vg

[0048] Optionally, for the blood vessel having branches, the
two blood vessel center line vectors u and v may be vectors in
the directions of two lines that connect the blood vessel center
point on the blood vessel crossing section and each of the
blood vessel center points on two branch sections respec-
tively. In an embodiment, the blood vessel center point on the
blood vessel crossing section and the blood vessel center
points on two branch sections are taken from the blood vessel
center points of two boundary scan planes of the scan volume.
[0049] Optionally, for the curvous blood vessels, the two
blood vessel center line vectors u and v may be vectors in the
directions of two lines that connect each of the blood vessel
center points near two blood vessel center points of the blood
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vessel at two ends of the scan volume and one blood center
point on the blood vessel middle section in the scan volume
respectively. In an embodiment, the blood vessel center point
on the blood vessel middle section is the blood vessel center
farthest from the straight line connecting the blood vessel
center points of two boundary scan planes of the scan volume.
[0050] Optionally, for relatively straight blood vessels, one
of the two blood vessel center line vectors u and v may be a
vector in the direction of the line that connects any two blood
vessel center points of the blood vessel in the scan volume,
and the other may be a predetermined vector which can be set
up in accordance with the user’s preference. For example, in
an embodiment, the predetermined vector may be a vector
oriented in the direction vertical to the screen, thus the obser-
vation range may be larger or be set up in a different manner.
[0051] At Step 806, the slab boundary box is determined
such that the plane vector of the pair of outer surfaces of the
slab boundary box is the above-mentioned plane vector n. The
pair of outer surfaces of the slab boundary box extend out-
wardly from the blood vessel center point in the direction of
the plane vector n and the direction opposite to the plane
vector 1, respectively, such that the slab boundary box covers
the whole blood vessel. In an embodiment, the pair of outer
surfaces of the slab boundary box extend outwardly from the
blood vessel center point in the direction of the plane vector n
and the direction opposite to the plane vector n, respectively,
such that the slab boundary box just covers the whole blood
vessel. According to an embodiment of the present invention,
lengths extending in two directions are respectively equal to
the radius of the blood vessel, and the value of the radius is
obtained from detection of the blood vessel in the CF and B
modes, and also needs to undergo the above-mentioned two-
step coordinate conversion. According to an embodiment of
the present invention, lengths extending in two directions
may be larger than the radius of the blood vessel. For
example, it may be slightly larger than the radius of the blood
vessel, or may be 1.1-2.0 times as long as the radius of the
blood vessel, or even more. According to an embodiment of
the present invention, the intersection of the slab boundary
box and the scan volume is used as VOI (volume of interest)
which is to be rendered.

[0052] In the ultrasound volume image, a blood vessel
appears as a dark image, and the tissues around the blood
vessel also appear as dark images, thereby interfering with the
presentation of the blood vessel image. According to the
embodiments of the present invention, 3D rendering VOI is
defined based on the position and size of the blood vessel.
Thus, some dark tissues are excluded from the rendered VOI,
while the valid blood vessel information of the corresponding
blood vessel is included in the rendered VOI, and only the
blood vessel images in the rendered VOI are processed and
displayed.

[0053] FIGS.11A and 11B illustrate respectively the mini-
mum intensity projection images ofa side view and a top view
according to an embodiment of the present invention, in
which FIG. 11A is a side view of the blood vessel and FIG.
11B is a top view of the blood vessel. The top view shows the
blood vessel offset position from a top-down direction, and
the side view shows the blood vessel depth position from a
left-to-right direction. As seen from FIG. 11A and FIG. 11B,
since the embodiments of the present invention are to render
the region in the slab boundary box, the dark tissues absent
from the slab boundary box do not appear in the rendered
image.
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[0054] The method according to embodiments of the
present invention may be embodied by means of software,
hardware and firmware or a combination of software, hard-
ware and firmware, and the software, hardware and firmware
for embodying the method may be distributed in different
units or integrated in one unit.

[0055] The method according to embodiments of the
present invention may be accomplished automatically.

[0056] FIG. 12 illustrates a system for displaying ultra-
sound images operable to implement the present invention.
The system for displaying ultrasound images comprises a
volume probe for transmitting and receiving an ultrasound
signal; a volume probe controller for controlling operation of
the volume probe; a beamformer for forming an ultrasound
beam; an ultrasound scan mode setting device for setting
different ultrasound scan modes; an ultrasound scan image
data processing device for generating rendered VOI of an
ultrasound scanned object; a display for displaying the ren-
dered VOI from the ultrasound scan data processing device; a
central processing unit for processing data from the beam-
former and the ultrasound scan processing device and con-
trolling the volume probe controller and the ultrasound scan
mode setting device.

[0057] According to an embodiment of the present inven-
tion, the central controller receives scan parameters from the
ultrasound scan data processing device, and controls the
operation of the volume probe through the volume probe
controller.

[0058] According to an embodiment of the present inven-
tion, the ultrasound scan mode setting device further com-
prises a B mode setting unit for sampling an object to be
imaged by setting the B mode, so as to obtain the B mode
volume image data in the B mode; and a CF mode setting unit
for sampling an object to be imaged by setting the CF mode,
so as to obtain the CF mode image data in the CF mode.
Optionally, the ultrasound scan mode setting device further
comprises a memory for storing the B mode volume image
data in the B mode and/or the CF mode image data in the CF
mode. Optionally, the CF mode image data may be the CF
mode image data of two boundary scan planes of the scan
volume. Alternatively, a memory may be provided outside of
the ultrasound scan mode setting device, and the ultrasound
scan mode setting device may externally store the B mode
volume image data in the B mode and/or the CF mode image
data in the CF mode.

[0059] According to an embodiment of the present inven-
tion, the ultrasound scan data processing device further com-
prises an object locating unit for locating the position of the
blood vessel based on the ultrasound volume image data; a
slab boundary box determination unit for defining the slab
boundary box surrounding the blood vessel based on the
position of the blood vessel; and a rendering unit for render-
ing the region surrounded by the slab boundary box to be
displayed on the display.

[0060] According to an embodiment of the present inven-
tion, the object locating unit comprises an object determina-
tion unit for determining whether the region that satisfies the
predetermined structure feature exists in the scan plane image
data of the ultrasound volume image data, and if yes, deter-
mining that the region belongs to the blood vessel. According
to the embodiments of the present invention, the predeter-
mined characteristic structure is a dark circle. Determining
whether the structure feature exists in the scan plane image
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data of the ultrasound volume image data includes, based on
the second order Hessian matrix

*Pr o *Pf
X2 9xdy
H(f)=| )
of vf
Jydx W

determining whether a region in the scan plane image data of
the ultrasound volume image data satisfies the above-men-
tioned predetermined structure feature. If the eigenvalues A,
and A, in the ultrasound sample direction x and the ultrasound
beam direction y are approximately equal to each other and
much larger than 0, it is determined that the region belongs to
the blood vessel.

[0061] According to an embodiment of the present inven-
tion, the ultrasound scan image data processing device further
comprises a center point determination unit for determining
the center point of the blood vessel region as the center point
of the blood vessel. The ultrasound scan image data process-
ing device may further comprise a coordinate conversion unit
for converting the center point of the blood vessel into the
Cartesian coordinate system. The slab boundary box deter-
mination unit may further comprise a plane vector determi-
nation unit for determining the plane vector n of the pair of
outer surfaces of the slab boundary box based on the direction
of the center point connecting line of the blood vessel; and a
slab boundary box setting unit for extending the pair of outer
surfaces of the slab boundary box outwardly from the center
point of the blood vessel in the direction if the plane vector n
and the direction opposite to the plane vector n, respectively,
so as to surround the whole blood vessel in the scan volume.
[0062] According to an embodiment of the present inven-
tion, the plane vector determination unit determines the plane
vector n as follows:

n=uxyv

where, uand v directions are parallel to directions of two lines
each connecting two center points of the blood vessel in the
scan volume respectively; and if the blood vessel looks
straight, the predetermined vector direction is used instead of
the vector v direction. Two center points of one of the lines
and two center points of the other line are selected from the
group consisting of the center point of the blood vessel on the
scan plane in the fork of the blood vessel in the scan volume,
the center points of the blood vessel on two boundary scan
planes in the scan volume, and the center point of the blood
vessel on a scan plane in the middle of the blood vessel in the
scan volume.

[0063] The ultrasound scan image data processing device
may further comprise an object type determination unit for
determining the type of the blood vessel based on the CF
mode image data.

[0064] Optionally, various components of the system for
displaying ultrasound images according to the embodiments
of'the present invention are distributed in the central process-
ing unit or partly distributed in the central processing unit.
Furthermore, various components of the system for display-
ing ultrasound images according to the embodiments of the
present invention may also be distributed in other devices,
such as the volume probe controller, the beamformer, of the
system, or partly distributed in these devices.



US 2013/0178741 Al

[0065] According to embodiments of the present invention,
the various devices, units and components described above
may be combined in various manners, and not limited to the
above-mentioned manners, wherein some of the combina-
tions may function as relatively independent devices. For
example, an embodiment of the present invention is to pro-
vide an ultrasound volume image data processing device
comprising an ultrasound volume image data acquisition unit
for acquiring the ultrasound volume image data in the scan
volume, wherein the blood vessel is located in the scan vol-
ume; an object locating unit for locating the position of the
blood vessel based on the ultrasound volume image data; a
slab boundary box determination unit for defining the slab
boundary box surrounding the blood vessel based on the
position of the blood vessel; and a rendering unit for render-
ing the region surrounded by the slab boundary box.

[0066] In an embodiment, the ultrasound volume image
data acquisition unit comprises a B mode volume image data
acquisition unit for acquiring the B mode volume image data
in the B mode; and a CF mode image data acquisition unit for
acquiring the CF mode image data in the CF mode.

[0067] In an embodiment, the CF mode image data is the
CF mode image data of two boundary scan planes of the scan
volume.

[0068] In an embodiment, the object locating unit com-
prises an object determination unit for determining whether
the region that satisfies the predetermined structure feature
exists in the scan plane image data of the ultrasound volume
image data, and if yes, determining that the region belongs to
the blood vessel.

[0069] Inan embodiment, the predetermined characteristic
structure is a dark circle.

[0070] Inan embodiment, the scan plane image data in the
ultrasound volume image data is the boundary scan plane
image data of two boundary scan planes of the scan volume.
[0071] In an embodiment, determining whether the struc-
ture feature exists in the scan plane image data of the ultra-
sound volume image data includes determining whether the
region in the scan plane image data of the ultrasound volume
image data satisfies the predetermined structure feature based
on the second order Hessian matrix, and determining that the
region belongs to the blood vessel if the eigenvalues A, and A,
in the ultrasound sample direction x and the ultrasound beam
direction y are approximately equal to each other and much
larger than 0.

[0072] Inanembodiment, a center point determination unit
is further comprised for determining the center point of the
region of the blood vessel as the center point of the blood
vessel.

[0073] In an embodiment, a coordinate conversion unit is
further comprised for converting the center point of the blood
vessel into the Cartesian coordinate system.

[0074] In an embodiment, the slab boundary box determi-
nation unit comprises a plane vector determination unit for
determining the plane vector n of the pair of outer surfaces of
the slab boundary box based on the direction of the center
point connecting line of the blood vessel; and a slab boundary
box setting unit for extending the pair of outer surfaces of the
slab boundary box outwardly from the center point of the
blood vessel in the direction of the plane vector n and the
direction opposite to the plane vector n, so as to surround the
whole blood vessel in the scan volume.

[0075] In an embodiment, the plane vector determination
unit determines the plane vector n in accordance with n=uxv,

Jul. 11,2013

where, the directions of vectors u and v are parallel to direc-
tions of two lines each connecting two center points of the
blood vessel in the scan volume, respectively; and if the blood
vessel looks straight, the predetermined vector direction is
used instead of the v direction.

[0076] In an embodiment, two center points of one of the
lines and two center points of the other line are selected from
the group consisting of the center point of the blood vessel on
the scan plane in the fork of the blood vessel in the scan
volume, the center points of the blood vessel on two boundary
scan planes in the scan volume, and the center point of the
blood vessel on the scan plane in the middle of the blood
vessel in the scan volume.

[0077] Inanembodiment, an object type determination unit
is further comprised for determining the type of the blood
vessel based on the CF mode image data.

[0078] Embodiments ofthe present invention are to address
deficiencies of the prior art by providing a method and a
device for ultrasound volume image data processing. The
method and the device for ultrasound volume image data
processing according to embodiments of the present inven-
tion comprise acquiring ultrasound volume image data in the
scan volume in which a line-like object is located; locating a
position of the line-like object based on the ultrasound vol-
ume image data; defining a slab boundary box surrounding
the line-like object based on the position of the line-like
object; and rendering a region surrounded by the slab bound-
ary box.

[0079] Inanembodiment, acquiring the ultrasound volume
image data includes acquiring B mode volume image data in
a B mode and CF mode image data in a CF mode.

[0080] In an embodiment, the CF mode image data is the
CF mode image data of two boundary scan planes ofthe scan
volume.

[0081] Inanembodiment, locating the position of the line-
like object includes determining whether a region that satis-
fies a predetermined structure feature exists in the scan plane
image data of the ultrasound volume image data; and deter-
mining that the region belongs to the line-like object if it
satisfies the predetermined structure feature.

[0082] Inanembodiment, the predetermined characteristic
structure is a dark circle.

[0083] Inan embodiment, the scan plane image data in the
ultrasound volume image data is boundary scan plane image
data of two boundary scan planes of the scan volume.
[0084] Determining whether the structure feature exists in
the scan plane image data of the ultrasound volume image
data includes based on a second order Hessian matrix

*f  of
X% 9x0y
Hy(f) = ) N
Ff Of
dydx 8y

determining whether a region in the scan plane image data of
the ultrasound volume image data satisfies the predetermined
structure feature; and determining that the region belongs to
the line-like object if eigenvalues A, and A, in an ultrasound
sample direction x and an ultrasound beam direction y are
approximately equal to each other and much larger than 0.

[0085] Further, the center point of the region of the line-like
object is determined as a center point of the line-like object.
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[0086] Furthermore, the center point of the line-like object
is converted into the Cartesian coordinate system.

[0087] In an embodiment, defining the slab boundary box
surrounding the line-like object includes determining a plane
vector n of a pair of outer surfaces of the slab boundary box
based on a direction of a center point connecting line of the
line-like object (i.e. a line passing through center points of
cross-sections of the line-like object); and extending the pair
of outer surfaces of the slab boundary box outwardly from the
center point of the line-like object in a direction of the plane
vector n and a direction opposite to the plane vector n respec-
tively, so as to surround the whole line-like object in the scan
volume.

[0088] In an embodiment, the plane vector n is determined
as follows:

n=UxXv

where vector u and v directions are respectively parallel to
directions of two straight lines, each of which connects two
center points of the line-like object, in the scan volume, and if
the line-like object looks straight, a predetermined vector
direction is used instead of the v direction.

[0089] In an embodiment, two center points of one of the
straight lines and two center points of the other of the straight
lines are selected from the group consisting of: a center point
of the line-like object on a scan plane in the fork of the
line-like object in the scan volume, center points of the line-
like object on two boundary scan planes of the scan volume,
and a center point of the line-like object on a scan plane in the
middle of the line-like object in the scan volume.

[0090] Furthermore, the type of the line-like object is deter-
mined based on the CF mode image data.

[0091] Inanembodiment, the line-like object may bea fluid
conduit.

[0092] Inanembodiment, the fluid conduit may be a blood
vessel.

[0093] Although the present invention has been described
with reference to specific embodiments above, it is not
intended that the present invention be limited to these specific
embodiments. Those skilled in the art will appreciate that
various modifications, equivalent substitutions and changes
may be made to the present invention. For example, one step
or module in the above embodiments may be implemented in
two or more steps or modules; or conversely, functions of two
or more steps or modules or devices in the above embodi-
ments may be implemented in one step or module. However,
these changes should fall within the scope of protection of the
present invention without departing from the spirit of the
present invention. In addition, some terms as used in the
specification and claims of this application are to be consid-
ered as illustrative rather than restrictive in character.
What is claimed is:
1. A method for ultrasound volume image data processing,
comprising:
acquiring ultrasound volume image data in a scan volume
in which a line-like object is located;
locating a position of the line-like object based on the
ultrasound volume image data;
defining a slab boundary box surrounding the line-like
object based on the position of the line-like object; and
rendering a region surrounded by the slab boundary box.
2. The method according to claim 1, wherein acquiring the
ultrasound volume image data comprises:
acquiring B mode volume image data in a B mode; and
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acquiring CF mode image data in a CF mode.

3. The method according to claim 2, wherein the CF mode
image data is the CF mode image data of two boundary scan
planes of the scan volume.

4. The method according to claim 2, wherein locating the
position of the line-like object comprises:

determining whether a region that satisfies a predetermined

structure feature exists in the scan plane image data of
the ultrasound volume image data; and

determining that the region belongs to the line-like object if

aregion that satisfies the predetermined structure feature
exists in the scan plane image data of the ultrasound
volume image data.

5. The method according to claim 4, wherein the predeter-
mined structure feature is a dark circle.

6. The method according to claim 4, wherein the scan plane
image data of the ultrasound volume image data is boundary
scan plane image data of two boundary scan planes of the scan
volume.

7. The method according to claim 4, wherein determining
whether a region that satisfies a predetermined structure fea-
ture exists in the scan plane image data of the ultrasound
volume image data comprises:

determining, based on a second order Hessian matrix

Fr S
(/) axr  9xdy
M e ey
Jydx W

whether a region in the scan plane image data of the ultra-
sound volume image data satisfies the predetermined struc-
ture feature; and

determining that the region belongs to the line-like object if

eigenvalues and in an ultrasound sample direction and
an ultrasound beam direction are approximately equal to
each other and much larger than 0.

8. A method according to claim 7, further comprising:

determining a center point of the region of the line-like

object as a center point of the line-like object.

9. The method according to claim 8, further comprising:

converting the center point of the line-like object into a

Cartesian coordinate system.

10. The method according to claim 8, wherein defining the
slab boundary box surrounding the line-like object com-
prises:

determining a plane vector of a pair of outer surfaces of the

slab boundary box based on a direction of a center point
connecting line of the line-like object; and

extending the pair of outer surfaces of the slab boundary

box outwardly from the center point of the line-like
object in a direction of the plane vector and a direction
opposite to the plane vector respectively, so as to sur-
round the whole line-like object in the scan volume.

11. The method according to claim 10, wherein the plane
vector is determined as:

n=uxy,

where the direction of vector u and vector v are respectively
parallel to directions of two straight lines, wherein each of the
two straight lines connects two center points of the line-like
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object, in the scan volume; and if the line-like object is
straight, a predetermined vector direction is used instead of
the v direction.

12. The method according to claim 11, wherein the two
center points of one of the two straight lines and the two center
points of the other of the two straight lines are selected from
the group comprising:

a center point of the line-like object on a scan plane in a fork

of the line-like object in the scan volume;

center points of the line-like object on two boundary scan
planes in the scan volume; and

a center point of the line-like object on a scan plane in a
middle of the line-like object in the scan volume.

13. The method according to claim 2, further comprising:

determining a type of the line-like object based on the CF
mode image data.

14. The method according to claim 2, wherein the line-like

object is a fluid conduit.

15. The method according to claim 14, wherein the fluid
conduit is a blood vessel.

16. An ultrasound volume image data processing device,
the device comprising:

an ultrasound volume image data acquisition unit config-
ured to acquire ultrasound volume image data in a scan
volume in which a line-like object is located,

an object locating unit configured to locate a position of the
line-like object based on the ultrasound volume image
data;

a slab boundary box determination unit configured to
define a slab boundary box surrounding the line-like
object based on the position of the line-like object; and

a rendering unit configured to render a region surrounded
by the slab boundary box.

17. The device according to claim 16, wherein the ultra-

sound volume image data acquisition unit comprises:

a B mode volume image data acquisition unit configured to
acquire B mode volume image data in a B mode; and

a CF mode image data acquisition unit configured to
acquire CF mode image data in a CF mode.

18. The device according to claim 17, wherein the CF mode
image data is the CF mode image data of two boundary scan
planes of the scan volume.

19. The device according to claim 17, wherein the object
locating unit comprises:

an object determination unit configured to determine
whether a region that satisfies a predetermined structure
feature exists in scan plane image data of the ultrasound
volume image data, and to determine that the region
belongs to the line-like object if a region that satisfies a
predetermined structure feature exists in scan plane
image data of the ultrasound volume image data.

20. The device according to claim 19, wherein the prede-

termined structure feature is a dark circle.

21. The device according to claim 19, wherein the scan
plane image data of the ultrasound volume image data is
boundary scan plane image data of two boundary scan planes
of the scan volume.

22. The device according to claim 19, wherein the object
determination unit is further configured to, based on a second
order Hessian matrix:
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determine whether a region in the scan plane image data of the
ultrasound volume image data satisfies the predetermined
structure feature, and determine that the region belongs to the
line-like object if eigenvalues and in an ultrasound sample
direction and an ultrasound beam direction y are approxi-
mately equal to each other and much larger than 0.
23. The device according to claim 22, further comprising:
a center determination unit configured to determine a cen-
ter point of the region of the line-like object as a center
point of the line-like object.
24. The device according to claim 23, further comprising:
a coordinate conversion unit configured to convert the cen-
ter point of the line-like object into a Cartesian coordi-
nate system.
25. The device according to claim 23, wherein the slab
boundary box determination unit comprises:
a plane vector determination unit configured to determine
a plane vector of a pair of outer surfaces of the slab
boundary box based on a direction of the center point
connecting line of the line-like object; and
a slab boundary box setting unit configured to extend the
pair of outer surfaces of the slab boundary box out-
wardly from the center point of the line-like objectin a
direction of the plane vector and a direction opposite to
the plane vector respectively, so as to surround the whole
line-like object in the scan volume.
26. The device according to claim 25, wherein the plane
vector determination unit is configured to determine the plane
vector as follows:

n=UxXvy

where the direction of vector u and vector v are respectively
parallel to directions of two straight lines, wherein each of the
two straight lines connects two center points of the line-like
object, in the scan volume; and if the line-like object is
straight, a predetermined vector direction is used instead of
the v direction.

27. The device according to claim 26, wherein the two
center points of one of the two straight lines and the two center
points of the other of the two straight lines are selected from
the group consisting of:

a center point of the line-like object on a scan plane in a fork

of the line-like object in the scan volume;

center points of the line-like object on two boundary scan

planes in the scan volume; and

a center point of the line-like object on a scan plane in a

middle of the line-like object in the scan volume.

28. The device according to claim 17, further comprising:

an object type determination unit configured to determine

a type of the line-like object based on the CF mode
image data.

29. The device according to claim 17, wherein the line-like
object is a fluid conduit.

30. The device according to claim 29, wherein the fluid
conduit is a blood vessel.
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