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(57) ABSTRACT

An ultrasound 3D scanning guidance and reconstruction
method includes a scanning step for performing a multi-point
scanning on an organ to obtain a plurality of 3D images, each
3D image containing corresponding feature information, and
a reconstructing step for reconstructing a 3D image of the
whole organ from these 3D images.
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ULTRASOUND 3D SCANNING GUIDANCE
AND RECONSTRUCTION METHOD AND
DEVICE, AND ULTRASOUND SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Chinese
Patent Application No. 200910225864.2 filed Nov. 30, 2009,
which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention generally relates to the tech-
nical field of ultrasound 3D scanning, and in particular to an
ultrasound 3D scanning guidance and reconstruction method
and device and its system.

[0003] In the field of current ultrasound 3D scanning tech-
nology, the state-of-the-art techniques mainly focus on sys-
tem implementation, such as China patent application No.
200510006818.5 and China patent application No.
02829603.

[0004] However, in practical applications, due to such fac-
tors as probe size, power limitation and etc, a frame of 3D
ultrasound image is often limited in terms of scanning scope
and many times cannot completely scan the whole organ
being scanned. In such cases, clinic doctors often need to
move an ultrasound probe to scan different positions. This can
miss detecting some slices, thereby influencing the clinical
diagnosis and sometimes adversely affecting the treatment.

BRIEF DESCRIPTION OF THE INVENTION

[0005] Embodiments of the present invention provide an
ultrasound 3D scanning guidance and reconstruction method
and device and its system, which is capable of scanning at
multiple points and then reconstructing an ultrasound 3D
image of the whole organ from the 3D scanning images of
different positions.

[0006] In order to solve the above problem, the technical
solution of the ultrasound 3D scanning guidance and recon-
struction method of the present invention is as follows: a
scanning step: performing a multi-point scanning on an organ
to obtain a plurality of 3D images, each 3D image containing
corresponding feature information; a reconstructing step:
reconstructing a 3D image of the whole organ from these 3D
images.

[0007] Said feature information comprises feature blood
vessel and tissue modality.

[0008] Wherein, said reconstructing step further com-
prises: an extracting step, for extracting said feature informa-
tion of two adjacent 3D images; a coordinate system trans-
formation step, for using said feature information,
transforming the coordinates of a point in one 3D image into
coordinates under the coordinate system of the other 3D
image; and repeating the above steps until all 3D images are
under a single coordinate system.

[0009] Said coordinate system transformation step further
comprises: finding four common feature points in these two
3D images, said feature points being points in space contain-
ing feature information; for each feature point W, listing the
following three equations respectively:

/_p % P #*
¥ R AR ¥R 1372,
= *. #q *,
V5=Ro AR5 ¥, AR 23 Y2, 4,

7! = *. *, *,
23Ry "%t R "+ R332 ¥ 2 4,
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wherein (X,,,¥,,,7,.) is the coordinates of feature point w under
the coordinate system of one 3D image, and (x',,.y",,,7',,) is the
coordinates of feature point w under the coordinate system of
the other 3D image;

[0010] The coordinate system transformation system also
includes obtaining the values of 12 unknown parameters R ;,
Rz Ris Ropy Rogy Rosy Ry Ryp, Rys, €, € and ¢, from the
listed 12 equations; substituting the resulting 12 unknown
parameters into the following equation and performing coor-
dinate system transformation according to the following
equation:

b Riu Ri2 R nx
Ry Rn Ry 1y
! Ryt Rz R 1,
| 0 0 0 1

s B

wherein (x,y,7) is the coordinates of a point on one 3D image
under the coordinate system of this 3D image; and (x',y",7) is
the coordinates of said point under the coordinate system of
the other 3D image.

[0011] The ultrasound 3D scanning guidance and recon-
struction method of the present invention further comprises a
verifying step for verifying whether the mosaicing error of the
3D image of the whole organ resulting from mosaicing is
within an acceptable range.

[0012] Said verifying step further comprises: selecting L
common feature points in a 3D image m and a 3D image n;
calculating said mosaicing error according to the following
equation:

L
€= Z \/(xmi _xni)2 + (Vi _ym)z + (T _Zni)z
i1

i

wherein (X,,,;¥,.:%) 15 the coordinates of feature point i
under the coordinate system of the 3D image m; and (x,,,,¥,..,
7,;) s the coordinates of said feature point i under the coor-
dinate system of the 3D image n; and judging whether said
mosaicing error € is less than a threshold.

[0013] Correspondingly, the technical solution of the ultra-
sound 3D scanning guidance and reconstruction device of the
present invention comprises: a scanning unit, for performing
amulti-point scanning on an organ to obtain a plurality of 3D
images, each 3D image containing corresponding feature
information; a reconstructing unit, for reconstructing a 3D
image of the whole organ from these 3D images.

[0014] Said feature information comprises feature blood
vessel and tissue modality.

[0015] Said reconstructing unit further comprises: an
extracting unit, for extracting said feature information of two
adjacent 3D images; a coordinate system transformation unit,
for using said feature information, transforming the coordi-
nates of a point in one 3D image into coordinates under the
coordinate system of the other 3D image.

[0016] Said coordinate system transformation unit further
comprises: a unit for finding four common feature points in
these two 3D images, said feature points being points in space
containing feature information; a unit for listing the following
three equations respectively for each feature point W:



US 2011/0130662 Al

= *. L *,
¥R R AR Ry, AR 37

- * #y *;
V5TR AR, AR 03 Y2, 4,

7! = *. *. *,
20, 7R3 "%, AR3 "y, R332+,

wherein (X,,,¥,..Z,,) 1 the coordinates of the feature point w
under the coordinate system of one 3D image, and (x',,,y",,,
z',,) 1s the coordinates of the feature point w under the coor-
dinate system of the other 3D image;

[0017] The coordinate system transformation unit also
includes a unit for obtaining the values of 12 unknown param-
eters R, Ryo Rys Ry Ron Rosy Ry Rip Ryt toand t)
from the listed 12 equations; and a unit for substltutmg the
resulting 12 unknown parameters into the following equation
and performing coordinate system transformation according
to the following equation:

¥ R Rz R n[x
Y _ Ry Ry Ry oty

Z

1

Y
Ry Ryz Rss || 2
0 0 0 1]1!

wherein (X,y,7) is the coordinates of a point on one 3D image
under the coordinate system of this 3D image; and (x',y",2') is
the coordinates of said point under the coordinate system of
the other 3D image.

[0018] Moreover, theultrasound 3D scanning guidance and
reconstruction device of the present invention further com-
prises a verifying unit for verifying whether the mosaicing
error of the 3D image of the whole organ resulting from
mosaicing is within an acceptable range.

[0019] Said verifying unit further comprises: a unit for
selecting [ common feature points in a 3D image m and a 3D
image n; a unit for calculating said mosaicing error according
to the following equation:

L
= Z\/xm‘ %+ Ui = YuiP + @i = 2)?

i=1

wherein (X,,,¥,.::%;) 18 the coordinates of feature point i
under the coordinate system of the 3D image m; and (X,,,,¥,.;»
z,,) is the coordinates of said feature point i under the coor-
dinate system of the 3D image n; and a unit for judging
whether said mosaicing error € is less than a threshold.
[0020] Further, the ultrasound system of the present inven-
tion comprises an ultrasound 3D scanning guidance and
reconstruction device, said ultrasound 3D scanning guidance
and reconstruction device comprising: a scanning unit, for
performing a multi-point scanning on an organ to obtain a
plurality of 3D images, each 3D image containing corre-
sponding feature information; a reconstructing unit, for
reconstructing a 3D image of the whole organ from these 3D
images.

[0021] Said feature information comprises feature blood
vessel and tissue modality.

[0022] Said reconstructing unit further comprises: an
extracting unit, for extracting said feature information of two
adjacent 3D images; a coordinate system transformation unit,
for using said feature information, transforming the coordi-
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nates of a point in one 3D image into coordinates under the
coordinate system of the other 3D image.

[0023] Said coordinate system transformation unit further
comprises: a unit for finding four common feature points in
these two 3D images, said feature points being points in space
containing feature information; a unit for listing the following
three equations respectively for each feature point W:

PR *, *. *,
X5 =Ry 6, 4R Fp AR Y
V5 =Ro 1 %%, R0 ™y, R34,
[R— *. £ *,
2%, =Ry "%, AR5 ", R334

wherein (x,,,y,,,Z,,) is the coordinates of feature point w under
the coordinate system of one 3D image, and (x',.y",.,Z',,) isthe
coordinates of the feature point w under the coordinate sys-
tem of the other 3D image;

[0024] The coordinate system transformation unit also
includes aunit for obtaining the values of 12 unknown param-
eters Ry, Ryp, Rys Ropy Rooy Ross Ry Ryoy Ryt t and t,
from the listed 12 equations; and a unit for substituting the
resulting 12 unknown parameters into the following equation
and performing coordinate system transformation according
to the following equation:

x Ry R Rz ][«
Y Ry Ryp Ry 1,
4 Ry Rz Ry 1
1 0 0 0 1

—_ N S

wherein (x,y,z) is the coordinates of a point on one 3D image
under the coordinate system of this 3D image; and (x',y',2) is
the coordinates of said point under the coordinate system of
the other 3D image.

[0025] Moreover, the ultrasound system of the present
invention further comprises a verifying unit for verifying
whether the mosaicing error of the 3D image of the whole
organ resulting from mosaicing is within an acceptable range.
[0026] Said verifying unit further comprises: a unit for
selecting L common feature points in a 3D image m and a 3D
image n; a unit for calculating said mosaicing error according
to the following equation:

L
&€= Z \/ (Xomi _)‘m) + (Vi — ym)z + (Zmi _Zm')z
i=1

wherein (X,,,¥,,:sZ,,;) 15 the coordinates of feature point i
under the coordinate system of the 3D image m; and (X,,,,¥,.,,
z,,,) 1s the coordinates of said feature point 1 under the coor-
dinate system of the 3D image n; and a unit for judging
whether said mosaicing error € is less than a threshold.
[0027] Compared with the prior art, the ultrasound 3D
scanning guidance and reconstruction method and device and
its system of the present invention have the following benefi-
cial effects:

[0028] firstly, because the presentinvention employs multi-
point scanning, it can simultaneously scan the organ at a
plurality of positions and can cover the entire area of the
organ, thereby obtaining a 3D image of the whole organ;
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[0029] secondly, as a guidance system, the present inven-
tion can help the clinic doctors perform the scanning position
by position to completely scan the whole tissue organ; and
[0030] thirdly, because the present invention can display a
3D image of the whole organ, therefore an image of any slice
at any angle can be selected to diagnose a disease, thereby
achieving a better effect for searching and screening some
small pathological changes in an organ.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] In order to gain a more thorough understanding of
the disclosure of the present invention, reference is made to
the following description in combination with the accompa-
nying drawings, in which:

[0032] FIG.1isaflow chart of the ultrasound 3D scanning
guidance and reconstructing method of the present invention;
[0033] FIG. 2 is a further subdivided flow chart of the
reconstructing step in FIG. 1;

[0034] FIG. 3 is a further subdivided flow chart of the
mosaicing step in FIG. 2;

[0035] FIG. 4 is a flow chart of the verifying step; and
[0036] FIG. 5 is a schematic illustration of the ultrasound
3D scanning guidance and reconstruction device of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0037] The specific embodiments of the present invention
will be described in the following, but the present invention is
not limited to the following specific embodiments.

[0038] As shown in FIG. 1, an ultrasound 3D scanning
guidance and reconstruction method is disclosed, which com-
prises: a scanning step 1): performing a multi-point scanning
on an organ to obtain a plurality of 3D images, each 3D image
containing corresponding feature information; a reconstruct-
ing step 2): reconstructing a 3D image of the whole organ
from these 3D images.

[0039] Wherein said feature information comprises feature
blood vessel, tissue modality and etc.

[0040] Itcan be seen from the above that the ultrasound 3D
scanning guidance and reconstruction method of the present
invention uses multi-point scanning, that is to simultaneously
scan a plurality of points and obtain a plurality of 3D images,
with each 3D image containing feature information within a
range of corresponding points. Then a 3D image of the whole
organ is reconstructed from these 3D images, and the result-
ing 3D image of the whole organ contains all the feature
information of the organ. In this way, doctors can see the 3D
image of the whole organ and would not miss any part of the
organ.

[0041] As shown in FIG. 2, said reconstructing step 2)
further comprises: an extracting step 21), for extracting said
feature information of two adjacent 3D images; a mosaicing
step 22), for transforming the coordinates of a point in one 3D
image into coordinates under the coordinate system of the
other 3D image.

[0042] Reconstructing the 3D image of the whole organ
from a plurality of 3D images obtained by scanning described
above employs the way of mosaicing images pairwise, i.e.
mosaic two adjacent 3D images and keep mosaicing in turn
until a 3D image of the whole organ is obtained. For example,
consider an embodiment in which a 3-point scanning is pet-
formed, i.e. three 3D images (image 1, image 2 and image 3)
are obtained. Image 1 and image 2 are first mosaiced into an
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image 4, and then the image 4 and image 3 are mosaiced into
an image 5, which is the final resulting 3D image of the whole
organ. Of course the mosaicing can be performed according
to other sequences.

[0043] Inorder to mosaic theimages, feature information in
two 3D images to be mosaiced can be first extracted, such as
some feature blood vessel and tissue modality of the organ
and the like. And then a transformation between the coordi-
nate systems of these two 3D images is performed, i.e. the
coordinate system of one 3D image is transformed into the
coordinate system of the other 3D image. If all 3D images are
in a single coordinate system, the mosaicing process is com-
pleted.

[0044] Asshownin FIG. 3, the mosaicing step 22) could be
achieved by the following steps: 221) finding four common
feature points in these two 3D images, said feature points
being points in space containing feature information; 222) for
each feature point W, listing the following three equations
respectively:

= *. #yy *,
X0, 7Ry N AR Ty AR Y
PRy %0, AR My, AR 37

2%, = Ry "%, R 3 %, R332, 4,

wherein (x,,,y,,,Z,,) 15 the coordinates of feature point w under
the coordinate system of one 3D image, and (x',,.y",,,7',,) is the
coordinates of the feature point w under the coordinate sys-
tem of the other 3D image;

[0045] Themosaicing step 22)also includes 223) obtaining
the values of 12 unknown parameters R |, R, 5, Ry5, R, ), Rys,
Ra3, Rap, Ras, R, €, 1, and ¢, from the listed 12 equations;
and 224) substituting the resulting 12 unknown parameters
into the following equation and performing coordinate sys-
tem transformation according to the following equation:

X Ry Rp Ry . [x (1)
y Ry Ry Ry 1y||y
4 Ry Rsyp Ry || 2
| o 0o o 1!

wherein (x,y,z) is the coordinates of a point on one 3D image
under the coordinate system of this 3D image; and (x',y',2) is
the coordinates of said point under the coordinate system of
the other 3D image.

[0046] Tt can be seen that the present invention finds the
common feature points in two 3D images and calculates some
coefficients required for performing the transformation
between two coordinate systems by means of the common
feature points and then performs the coordinate system trans-
formation using these coefficients.

[0047] It should be pointed out that the image reconstruc-
tion method mentioned in the present invention is only one of
many reconstruction algorithms, and any other image recon-
struction method could occur to the skilled in the art. There
are plenty of image reconstruction methods, and we only
name a few herein.

[0048] As further shown in FIG. 1, the ultrasound 3D scan-
ning guidance and reconstruction method of the present
invention further comprises a verifying step 3) for verifying
whether the mosaicing error of the 3D image of the whole
organ resulting from mosaicing is within an acceptable range.
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[0049] Verification of the mosaicing error could be per-
formed by the steps shown in FIG. 4. In FIG. 4: step 31)
selects [ common feature points in a 3D image m and a 3D
image n; step 32) calculates said mosaicing error according to
the following equation:

&= Z \/(xmi = %)+ (Vi = Y ¥+ (i = Zai)?

L
i=1
wherein (X,,;,Y,,.»Z,;) 18 the coordinates of said feature point
under the coordinate system ofthe 3D image m, (X,,;,,,:1Z,,;) 18
the coordinates of said feature point under the coordinate
system of the 3D image n and L means a total of L common
feature points are selected; and step 33) judges whether said
mosaicing error is less than a threshold.

[0050] In the above steps, the mosaicing error € is calcu-
lated from the coordinates of the feature point respectively
under the coordinate system of the 3D image m and under the
coordinate system of the 3D image n. Of course there are
other ways of verifying whether the result of mosaicing is
acceptable.

[0051] As is well known, the liver is the biggest organ in
human body located in the upper right corner of the abdomen
and just under the right lower rib, which protects the majority
of the liver. As seen from the direction facing people, average
liver size of an adult is about 25 cm (left-to-right)*15 cm
(front-to-back)*6 cm (up-to-down). Therefore, just from one
position, it is difficult to scan the whole liver area.

[0052] In the following the technical solution of the ultra-
sound 3D scanning guidance and reconstruction method of
the present invention is described with liver as an example.
[0053] For the liver, three points could be selected for scan-
ning, i.e. the probes are placed in three positions: position 1,
position 2 and position 3. Position 1 is in the middle of the
abdomen and at the front of the left liver, at which position the
probe can cover the left liver area 4, as shown in FIG. 5;
position 2 is under the right lower rib, at which position the
probe can cover the lower part area 5 of the right liver; and
position 3 is at the side and between the fifth and sixth ribs, at
which position the probe can cover the top part area 6 of the
right liver. Three 3D images are obtained by scanning the liver
at these three positions and each 3D image should contain
some feature information.

[0054] The 3D image at position 1 should contain the fol-
lowing feature information: edge of left liver; middle and left
branches of hepatic vein; and main branch points of hepatic
artery, portal vein and bile duct.

[0055] The 3D image at position 2 should contain the fol-
lowing feature information: edge of lower part of right liver;
main branch points of hepatic artery, portal vein and bile duct;
and right branches of hepatic artery, portal vein and bile duct.
[0056] The 3D image at position 3 should contain the fol-
lowing feature information: edge of top part of right liver;
right branches of hepatic artery, portal vein and bile duct; and
middle and right branches of hepatic vein.

[0057] If the resulting 3D image from scanning does not
contain corresponding feature information, then this position
is rescanned to contain the corresponding feature informa-
tion.

[0058] After the three 3D images containing corresponding
feature information are obtained, first the 3D image at posi-
tion 1 and the 3D image at position 2 are mosaiced by first
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finding the blood vessels and extracting their central axes. In
ultrasound images the blood vessel is low echo area and
therefore the low echo tubular areas are first selected and then
the axes of the blood vessels are extracted pixel by pixel using
area contraction.

[0059] The four common feature points in these two 3D
images are: main branch points (first branch points) of hepatic
artery, portal vein and bile duct (there are 3 points); and
intersection points of hepatic artery, portal vein and bile duct
entering the liver edge (one of three points is selected).

[0060] For each feature point (assuming four feature points
are a, b, ¢ and d), the following 12 equations are listed:

X =R R 1 tR 13 7t
VR %5 R My AR5 "
2= Rs xR My R Y+
X =Ry *wptR 1 ¥yt R 3 Tt
PRy ¥Ry Myt R 24,
2= Ray "yt Ray Vit Ry ",
X TR AR I AR R A

V'R "5 AR Y AR5 T A,

20 =Ry *¥ AR " + Ry A

¥R IR ¥y R 3 T
YRy S0 R My H R 3 2 g4,

2R R Yt Ry P

[0061] The values of R11, R12, R13, R21, R22,R23, R31,
R32, R33, tx, ty and tz obtained therefrom are as follows:

R R Rz iy -0.59 0.12 012 -80.7
Ry Ry Ry 1 012 L1l 024 -91.3
Ry Ry Ry 1, | |—048 021 0.09 1386
0 0 0 1 0 0 0 1
[0062] Please be noted that Z axis is the central axis of the

probe, the positive being away from the probe and the probe
surface is the origin. X axis is parallel to the probe surface and
within the plane scanned by the probe, the positive being from
left to light. AndY axis is perpendicular to the scanning plane,
with the positive being from down to up.

[0063] Then substitute the above values into the following
equation and perform a coordinate system transformation on
the 3D images:

X1 TRy Rz R &1« M
Yy Ry Ry Ry 1, ||y
4 Ry R Ry 1|2
1 0 0 0 1]1

[0064] Note: supposing thatin the coordinate axis one pixel
corresponds to one coordinate axis unit 1, and at the same
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time the distance of one pixel is defined as 1 mm herein,
rounded after being calculated.

[0065] The 3D image obtained at position 1 and the 3D
image obtained at position 2 are mosaiced to result in a 3D
image'.

[0066] Next, the resulting 3D image' is mosaiced with the
3D image obtained at position 3 and their common feature
points are: a first branch point on the right branch after the
hepatic artery, portal vein and bile duct enter the liver (a total
of 3 points can be selected herein) and the intersection point
of liver edge and hepatic vein.

[0067] For these four feature points, the above listed 12
equations are solved and we can get:

Ry Rz Rz 1 -0.36 0.67 0.22 98.72
Ry Ry Ry 1| | 088 143 036 079
Ry Ry Ry 1| |-051 0.02 052 16328
0 0 o0 1 o 0 0 1

[0068] Then the above values are substituted into the fol-
lowing equation and the coordinate system transformation is
performed on the 3D images:

X Ry Rip Riz 1 [x (1)
y Ry Ry Ry 1y

y
4 Ry Ry Rz 1|2
1 0 0 0 1]1

[0069] The 3D image of the whole liver is finally obtained
according to the above steps.

[0070] Inthe following it is verified whether the mosaicing
error of the resulting 3D image is acceptable or not.

[0071] For this example, the 3D image obtained at position
1 and the final resulting 3D image of the whole liver, respec-
tively referred to as image m and image n, are selected.
[0072] Then three common points are selected from image
m and image n: the first branch points on the left, middle and
right branches from the direction that the hepatic vein enters
the liver.

[0073] The mosaicing error are calculated according to the
following equation:

&= \/(xmi = 20)? + i = Yni)? + (i — Tui)?
i1

wherein (X,,;,¥ .2, 18 the coordinates of said feature point
under the coordinate system of the 3D image m; and (X,,,,¥,.;,
z,,;) 1s the coordinates of said feature point under the coordi-
nate system of the 3D image n.

[0074] Ife isless than the threshold, thenthe reconstruction
quality is considered to be satisfying. In this example € is
suggested to be 16. The coordinates herein all take one pixel
as one unit.

[0075] Inthe following the spleen is taken as an example to
describe the technical solution of the ultrasound 3D scanning
guidance and reconstruction system of the present invention.
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[0076] The spleen is located in the left hypochondriac
region, between the left side of the stomach and the midriff,
deep to the left ninth to eleventh ribs, with its major axis being
substantially consistent with the direction of the tenth rib.
Generally, splenic artery vessel and splenic vein vessel exist
accompanying each other.

[0077] The probes can be placed at two positions of front-
back symmetry between the ninth rib and the tenth rib (which
canbe referred to as a first spleen position and a second spleen
position respectively), to scan the whole spleen area.

[0078] The feature information that a first 3D image
obtained at the first spleen position should contain is: front
edge and upper and lower edges of the spleen; splenic artery
trunk and artery vessel entering the spleen; and splenic vein
trunk and vein vessel entering the spleen.

[0079] The feature information that a second 3D image
obtained at the second spleen position should contain is: rear
edge and upper and lower edges of the spleen; splenic artery
trunk and artery vessel entering the spleen; and splenic vein
trunk and vein vessel entering the spleen.

[0080] In the following the reconstructing step is per-
formed to mosaic the first 3D image with the second 3D
image.

[0081] The four common feature points found in the first
3D image and the second 3D image are: first nodes on the
splenic artery and vein trunk branches (two feature points);
and first nodes on the second branches from front to back of
the splenic artery and vein trunk branches (two feature
points).

[0082] Hereby three equations are listed for each of said
feature points, which are similar to the equations for the liver
and won’t be described any more.

[0083] Theresulting values of R;;, R;,, R;3, Ry ;5 Rosy Ros,
R;), Rys, Ry, 1, t, and t, are respectively:

Ry R Rz & -0.34 0.06 0.16 -72.8
Ry Ry Ry gy 0.11 1.06 0.08 092
Ry Rp Ry 1| | =055 031 011 1377
00 0 1 o 0 0 1

wherein X, Y and 7 axes are set. 7 axisis the central axis of the
probe, the positive being away from the probe and the probe
surface being the origin. X axis is parallel to the probe surface
and within the plane scanned by the probe, the positive being
from left to light. And Y axis is perpendicular to the scanning
plane, with the positive being from down to up.

[0084] Then the values are substituted into the following
equation:

¥ Ry Riz Rz &]x M
Y Ry Ry Ry oy

’

b4 Ry Ry Rz 1,
| 00 0 1

s B

[0085] From this the 3D image of the whole spleen could be
obtained.
[0086] Next the verifying process is performed, which is

similar to the verifying step of the liver and won’t be
described any more herein.



US 2011/0130662 Al

[0087] Correspondingly, the present invention also dis-
closes an ultrasound 3D scanning guidance and reconstruc-
tion device, as shown in FIG. 5, said ultrasound 3D scanning
guidance and reconstruction device comprising: a scanning
unit 1, for performing a multi-point scanning on an organ to
obtain a plurality of 3D images, each 3D image containing
corresponding feature information; a reconstructing unit 2,
for reconstructing a 3D image of the whole organ from these
3D images.

[0088] Said feature information comprises feature blood
vessel and tissue modality.

[0089] Further, said reconstructing unit 2 further com-
prises: an extracting unit, for extracting said feature informa-
tion of two adjacent 3D images; a coordinate system trans-
formation unit, for using said feature information,
transforming the coordinates of a point in one 3D image into
coordinates under the coordinate system of the other 3D
image.

[0090] Whereinsaid coordinate system transformation unit
further comprises: a unit for finding four common feature
points in these two 3D images, said feature points being
points in space containing feature information; a unit for
listing the following three equations respectively for each
feature point W:

= * #y, *,
¥R R AR FY AR 3

f_p #, %
V=R %, 4R ¥y, AR5 7 4,
2%, Ry, X AR5y ¥, R33 %7, 4,

wherein (x,,,y,,,Z,,) is the coordinates of feature point w under
the coordinate system of one 3D image, and (x',,.y'",,7',,) is the
coordinates of the feature point w under the coordinate sys-
tem of the other 3D image;

[0091] The coordinate system transformation unit also a
unit for obtaining the values of 12 unknown parameters R, ;,
Rps Rys Ry Roo, Rogy Ry Ry, Ry, 6, £, and £, from the
listed 12 equations; and a unit for substituting the resulting 12
unknown parameters into the following equation and per-
forming coordinate system transformation according to the

following equation:

X Riy R Ris t][x (1)
Y | R Rz Rty

y
4 Ry R Ry 1|2
1 0 0 0 1]1

wherein (x,y,z) is the coordinates of a point on one 3D image
under the coordinate system of this 3D image; and (x',y',z") is
the coordinates of said point under the coordinate system of
the other 3D image.

[0092] As further shown in FIG. 5, the ultrasound 3D scan-
ning guidance and reconstruction device of the present inven-
tion further comprises a verifying unit 3 for verifying whether
the mosaicing error of the 3D image of the whole organ
resulting from mosaicing is within an acceptable range.

[0093] Said verifying unit 3 further comprises: a unit for
selecting [ common feature points in a 3D image m and a 3D
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image n; a unit for calculating said mosaicing error according
to the following equation:

&= Z \/(me = %)} o Vi = Yi)* o+ (o = 2ai)?

L
i=1
wherein (XY ,.:%m;) 15 the coordinates of feature point i
under the coordinate system of the 3D image m; and (x,,,,¥,.,»
z,,,) 1s the coordinates of said feature point 1 under the coor-

dinate system of the 3D image n; and a unit for judging
whether said mosaicing error € is less than a threshold.

[0094] Since the technical solution of the ultrasound 3D
scanning guidance and reconstruction device of the present
invention corresponds to the technical solution of the ultra-
sound 3D scanning guidance and reconstruction method of
the present invention, the technical solution of the ultrasound
3D scanning guidance and reconstruction device of the
present invention won’t be described in detail herein.

[0095] Moreover, the present invention also discloses an
ultrasound system, which comprises an ultrasound 3D scan-
ning guidance and reconstruction device, said ultrasound 3D
scanning guidance and reconstruction device comprising: a
scanning unit 1, for performing a multi-point scanning on an
organ to obtain a plurality of 3D images, each 3D image
containing corresponding feature information; a reconstruct-
ing unit 2, for reconstructing a 3D image of the whole organ
from these 3D images.

[0096] Said feature information comprises feature blood
vessel and tissue modality.

[0097] Said reconstructing unit 2 further comprises: an
extracting unit, for extracting said feature information of two
adjacent 3D images; a coordinate system transformation unit,
for using said feature information, transforming the coordi-
nates of a point in one 3D image into coordinates under the
coordinate system of the other 3D image.

[0098] Whereinsaid coordinate system transformation unit
further comprises: a unit for finding four common feature
points in these two 3D images, said feature points being
points in space containing feature information; a unit for
listing the following three equations respectively for each
feature point W:

P #, #

X =R W AR B R 3T
V53 =Ry 0, 4R ", AR5,
2%, = Ry "%, R 3 %, R332, 4,

wherein (x,,,y,,,Z,.) is the coordinates of feature point w under
the coordinate system of one 3D image, and (x',,,y',,,7',,) is the
coordinates of the feature point w under the coordinate sys-
tem of the other 3D image;

[0099] The coordinate system transformation unit also
includes a unit for obtaining the values of 12 unknown param-
eters Ry, Ryo, Rysy Rypy Ros, Ros Ry Ryp Rys, t, tand t,
from the listed 12 equations; and a unit for substituting the
resulting 12 unknown parameters into the following equation
and performing coordinate system transformation according

to the following equation:
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X Ry Ry R 5 ][x M
Y Ry Ry Rz 1,

y
4 Ry Ry Rz 1|2
1 0 0 0 1]t

wherein (X,y,z) 1s the coordinates of a point on one 3D image
under the coordinate system of this 3D image; and (x',y',z") is
the coordinates of said point under the coordinate system of
the other 3D image.

[0100] Theultrasound system further comprises a verifying
unit 3 for verifying whether the mosaicing error of the 3D
image of the whole organ resulting from mosaicing is within
an acceptable range.

[0101] Said verifying unit 3 further comprises: a unit for
selecting L common feature points in a 3D image m and a 3D
image n; a unit for calculating said mosaicing error according
to the following equation:

L
&= Z \/ (Xmi _Xm) +(ymi — yni)z"'(Z.mi _Zni)z

i=1

wherein (X,,;,Y .:»Z»;) 18 the coordinates of feature point i
under the coordinate system of the 3D image m; and (X,,,,¥,.;»
z,,) is the coordinates of said feature point i under the coor-
dinate system of the 3D image n; and a unit for judging
whether said mosaicing error € is less than a threshold.
[0102] Of course, the technical solution of the ultrasound
3D scanning guidance and reconstructing device and method
can be applied in any ultrasound system.

[0103] Although the specific embodiments of the present
invention have been described in combination with the
accompanying drawings, the skilled in the art could make
various changes, modifications and equivalent substitutions
to the present invention without departing from the spirit and
the scope of the present invention. These changes, modifica-
tions and equivalent substitutions are all intended to fall
within the spirit and scope defined by the following claims.

1. Anultrasound 3D scanning guidance and reconstruction
method, comprising:
performing a multi-point scan of an organ to obtain a
plurality of first 3D images, each first 3D image contain-
ing corresponding feature information; and

reconstructing a second 3D image of the whole organ from
the plurality of first 3D images.
2. The ultrasound 3D scanning guidance and reconstruc-
tion method of claim 1, wherein the feature information is one
or more of the following: a feature blood vessel and a tissue
modality.
3. The ultrasound 3D scanning guidance and reconstruc-
tion method of claim 2, wherein reconstructing further com-
prises:
extracting the feature information of two adjacent first 3D
images of the plurality of first 3D images;

transforming the coordinates of a point in a first 3D image
of the two adjacent first 3D images into coordinates
under the coordinate system of a second 3D image ofthe
two adjacent first 3D images, the transformation using
the feature information; and
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repeating the above steps until all of the plurality of first 3D
images are under a single coordinate system.

4. The ultrasound 3D scanning guidance and reconstruc-

tion method of claim 3, wherein transforming comprises:

finding four common feature points in the two adjacent first
3D images, the feature points being points in space
containing feature information;

for each feature point W, listing the following three equa-
tions respectively:

X5 =R 4R FY R 377,
V%R 1 %%, tRo0 ™y, R 032,

2%, Rs ", AR5 %, 4R 3377, 4,

wherein (X,,,y,,,Z,,) is the coordinates of feature point w
under the coordinate system of the first 3D image of the
two adjacent first 3D images, and (x',,y",.Z,) 1s the
coordinates of said feature point w under the coordinate
system of the second 3D image of the two adjacent first
3D images;

obtaining the values of a plurality of unknown parameters
Ry Rys Rys Rops Ryp, Rosy Ryp Rap, Rys, t tand t,
from the listed equations;

substituting the resulting plurality of unknown parameters
into the following equation and performing coordinate
system transformation according to the following equa-
tion:

x Ry R R ][«
Y Ry Ryn Ry 1,
4 Ry Rp Ry o1,
1 0 0 0 1

—_ S

wherein (x,v,z) is the coordinates of a point on the first 3D
image of the two adjacent first 3D images under the
coordinate system of the first 3D image; and (x',y',2') is
the coordinates of said point under the coordinate sys-
tem of the second 3D image of the two adjacent first 3D
images.

5. The ultrasound 3D scanning guidance and reconstruc-
tion method of claim 4, wherein further comprising verifying
whether the mosaicing error of the second 3D image of the
whole organ resulting from mosaicing is within an acceptable
range.

6. The ultrasound 3D scanning guidance and reconstruc-
tion method of claim 5, wherein verifying further comprises:

selecting I common feature points in a 3D image m and a

3D image n;

calculating the mosaicing error according to the following

equation:

L
€= Z \/ (Xomi — )‘nz) + (Ymi — ynz)2+(1mi _Zm')z

i=1

wherein (X,,,,;,¥,u::Zm;) 18 the coordinates of feature point 1
under the coordinate system of the 3D image m; and
(X,u5Y i Z;) 18 the coordinates of said feature point i
under the coordinate system of the 3D image n; and

judging whether the mosaicing error € is less than a thresh-
old.



US 2011/0130662 Al

7. Anultrasound 3D scanning guidance and reconstruction
device, comprising:

ascanning unit, configured to perform a multi-point scan of

an organ to obtain a plurality of first 3D images, each
first 3D image containing corresponding feature infor-
mation; and

a reconstructing unit, configured to reconstruct a second

3D image of the whole organ from the plurality of first
3D images.

8. The ultrasound 3D scanning guidance and reconstruc-
tion device of claim 7, wherein the feature information is one
or more of the following: a feature blood vessel and a tissue
modality.

9. The ultrasound 3D scanning guidance and reconstruc-
tion device of claim 8, wherein said reconstructing unit fur-
ther comprises:

an extracting unit, configured to extract the feature infor-

mation of two adjacent 3D images of the plurality of first
3D images;

a coordinate system transformation unit, configured to use

the feature information, to transform the coordinates of
a point in a first 3D image of the two adjacent first 3D
images into coordinates under the coordinate system of
a second 3D image of the two adjacent first 3D images.

10. The ultrasound 3D scanning guidance and reconstruc-
tion device of claim 9, wherein said coordinate system trans-
formation unit further comprises:

aunit configured to determine four common feature points

in the two adjacent first 3D images, the feature points
being points in space containing feature information;

a unit configured to list the following three equations

respectively for each feature point W:

= * #y, *,
¥R AR AR 3T

L #. #y, #,
V=R "X, AR My, AR M A

2%, =Ry, "%, R 3 ", R332, 4,

wherein (X,,,y,,,Z,,) 18 the coordinates of feature point w
under the coordinate system of one 3D image, and (x',,,
v',.,Z',,) is the coordinates of the feature point w under
the coordinate system of the other 3D image;

a unit configured to calculate the values of a plurality of
unknown parameters R;;, R;5, Ry3, Ropy Rosy Rogy Ry
R;5, Ry, 4, t, and t, from the listed equations; and

a unit configured to substitute the resulting plurality of
unknown parameters into the following equation and
performing coordinate system transformation according
to the following equation:

¥ Ry Riz Rz ][«
y Ry Ry Ry 1y

y
2| Ry Ra Rss 1|2
| o o0 o 1]t

wherein (x,y,z) is the coordinates of a point on the first 3D

image of the two adjacent first 3D images under the

coordinate system of the first 3D image; and (x',y',2') is

the coordinates of said point under the coordinate sys-

tem of the second 3D image of the two adjacent first 3D
images.

11. The ultrasound 3D scanning guidance and reconstruc-

tion device of claim 10, further comprising: a verifying unit,
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configured to verify whether a mosaicing error of the second
3D image of the whole organ resulting from mosaicing is
within an acceptable range.

12. The ultrasound 3D scanning guidance and reconstruc-
tion device of claim 11, wherein said verifying unit further
comprises:

aunit configured to select L. common feature points ina 3D

image m and a 3D image n;

a unit configured to calculate the mosaicing error accord-

ing to the following equation:

o=, V Gt = 5 + Ot = 3002 + o — 20

L
i=1
wherein (X,,,,,¥,.::2,,;) 15 the coordinates of feature point 1
under the coordinate system of the 3D image m; and
(X,15Y,sZ2,;) 18 the coordinates of said feature point i
under the coordinate system of the 3D image n; and
aunit configured to determine whether the mosaicing error
€ is less than a threshold.

13. An ultrasound system, comprising;

an ultrasound 3D scanning guidance and reconstruction

device, comprising:

ascanning unit, configured to performa multi-point scan
of an organ to obtain a plurality of first 3D images,
each first 3D image containing corresponding feature
information; and

areconstructing unit, configured to reconstruct a second
3Dimage of the whole organ from the plurality of first
3D images.

14. The ultrasound system of claim 13, wherein the feature
information is one or more of the following: a feature blood
vessel and a tissue modality.

15. The ultrasound system of claim 14, wherein said recon-
structing unit further comprises:

an extracting unit, configured to extract the feature infor-

mation of two adjacent 3D images of the plurality of first
3D images;

a coordinate system transformation unit, configured to use

the feature information, to transform the coordinates of
a point in a first 3D image of the two adjacent first 3D
images into coordinates under the coordinate system of
a second 3D image of the two adjacent first 3D images.

16. The ultrasound system of claim 15, wherein said coor-
dinate system transformation unit further comprises:

aunit configured to determine four common feature points

in the two adjacent first 3D images, the feature points
being points in space containing feature information;

a unit configured to list the following three equations

respectively for each feature point W:

X5 =R 4R FY R 377,
V5 =Ro 1 %%, R0y, R34,
7%, =Ry "6, 4R 5 "y, R 3372, 4+,

wherein (x,,,y,,,Z,,) is the coordinates of feature point w
under the coordinate system of one 3D image, and (x',,,
y',..Z,,) is the coordinates of the feature point w under
the coordinate system of the other 3D image;
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a unit configured to calculate the values of a plurality of
unknown parameters R, R 5, Ry3, Rop,y Rysy Rogy Ry,
Ris Rys, 1, t,and t, from the listed equations; and

a unit configured to substitute the resulting plurality of
unknown parameters into the following equation and
performing coordinate system transformation according
to the following equation:

¥ Ry Riz Rz ][«
g

y Ry Ry Ry 1y

i B

2| R Ra Rss o1,
| 0 0 0 1

wherein (x,y,z) is the coordinates of a point on the first 3D
image of the two adjacent first 3D images under the
coordinate system of the first 3D image; and (x',y',2') is
the coordinates of said point under the coordinate sys-
tem of the second 3D image of the two adjacent first 3D
images.
17. The ultrasound system of claim 16, further comprising:
a verifying unit, configured to verify whether a mosaicing
error of the second 3D image of the whole organ resulting
from mosaicing is within an acceptable range.
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18. The ultrasound system of claim 17, wherein said veri-
fying unit further comprises:
aunit configured to select L. common feature points ina 3D
image m and a 3D image n;
a unit configured to calculate the mosaicing error accord-
ing to the following equation:

L
e= Z \/(xmi =3+ Vi = Vi) + Goni = Tui)?
in1

wherein (X,,,,¥,n::%;) 15 the coordinates of feature point i
under the coordinate system of the 3D image m; and
(Xyu5Y i Z;) 18 the coordinates of said feature point i
under the coordinate system of the 3D image n; and

aunit configured to determine whether the mosaicing error
€ is less than a threshold.

19. The ultrasound 3D scanning guidance and reconstruc-
tion method of claim 1, wherein performing a multi-point
scan comprises simultaneously scanning the organ at a plu-
rality of positions.

20. The ultrasound 3D scanning guidance and reconstruc-
tion device of claim 7, wherein said scanning unit is config-
ured to simultaneously scan the organ at a plurality of
positions.
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