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(57) Abstract: A method of automatically meshing a volume of an object in an ultrasound imaging system comprises the steps of:
- acquiring image data of the object; - selecting a first surface of interest comprising a first slice of the object in the image data; -
determining a main axis (AX) of the object; - defining a set of planes (22) separated by a given distance, being not parallel with
the main axis while being parallel one with the other; - drawing a contour of the second slice of the object in at least two planes of
the set of planes comprising a second slice of the object; and - meshing the volume by stacking the contours along the main axis
according to the given distance.
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METHOD OF MESHING AND CALCULATING A VOLUME IN AN ULTRASOUND
IMAGING SYSTEM

FIELD OF THE INVENTION

The present invention relates to a method of meshing a volume acquired by a 3D
ultrasound imaging system. The present invention also relates to a method of calculating a
volume of an object imaged with such a system. The present invention also relates to a device

and a computer program product related to said methods.

BACKGROUND OF THE INVENTION

There exist many applications of ultrasound imaging in the medical field.
Ultrasound imaging systems are used in obstetric applications for acquiring images of the
foetus in order to monitor its development. Such systems are also used in cancer diagnostic
applications for determining the size of a tumor. Several parts of the body can be examined:
the liver, the breast, the thyroid gland etc... Ultrasound imaging for diagnosis purposes is
also used for monitoring plaque in the carotid arteries, or for detecting torn muscles.

In diagnostic applications, there is a need for measuring parts of the body. For
example, there is a need for measuring the length of a bone, the volume of a liver or the
gallbladder, measuring an angle between two bones etc.

Ultrasound imaging systems providing measurement functions are already known.
In such known systems, a set of three dimensional (3D) image data is acquired in view of an
object to be imaged by means of an ultrasound probe. Then, several views of the object are
displayed to a practitioner who has to make a diagnostic.

In the known systems, the practitioner has to browse among the views offered by the
system, in order to determine a main axis of the object. The practitioner draws by hand the
main axis, for example using a mouse or a stylus. This main axis is used for defining a set of
planes comprising slices of the object and for drawing contours of the slices.

The planes are defined perpendicularly to the main axis. Once the planes are
defined, the practitioner goes from one plane to another to draw the borders of the slice of the
object imaged in the current plane. Then, the system perpendicularly stacks along the mains
axis, and according to a predetermined spacing, the contours drawn by the practitioner in
each plane.

Then, for instance, for calculating the volume of the object, the sum of the conical

frustum volumes delimited by two successive contours along the main axis is calculated.
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The method used in the prior art is fastidious for the practitioner who has to
manually draw the contours in each slice. In order to reach an acceptable precision of the
measurement, the practitioner has typically to draw up to 15 contours. Thus, in the prior art,
the measurement relies on the practitioner’s experience for precisely drawing the contours in
each plane as mentioned above. Moreover, the process for arriving at the volume calculation
is very long, which is not compatible with the use of the ultrasound imaging means in
hospitals.

Moreover, the measurement relies on the determination of the main axis, which is
determined by hand. Even if the practitioner can choose several levels of zoom in the images,
the determination of the main axis is subject to errors, and then, the result may be imprecise.

Thus, there is a need for a measurement method that limits the user’s intervention in

an ultrasound imaging system.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, there is provided a method of
automatically meshing a volume in an ultrasound imaging system, said method comprising
the following steps:

a)  acquiring a sct of 3D image data of an object;

b)  selecting by a user a first surface of interest in the 3D image data, said first
surface of interest comprising a first slice of the object;

c) automatically determining by the system a main axis of the object in the first
surface of interest;

d)  defining by the system a set of planes of the 3D image data, these planes being
not parallel with the main axis while being parallel one with respect to each other with a
given distance between two successive planes along the main axis;

e)  automatically drawing by the system a contour of the second slice of the object
in at least two planes of the set of planes comprising a second slice of the object;

f)  automatically meshing by the system the volume of the object, by stacking the
contours drawn in said at least two planes of the set of planes along the main axis and by
separating these planes by said given distance.

Thus, the present invention provides a method that significantly reduces the human
intervention notably because the contours and the main axis are automatically determined by

the system.
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The main axis may be automatically determined by applying a border detection
algorithm in the first surface of interest for recognizing the first slice, and by selecting a
segment in the recognized slice as the main axis.

Moreover, the selected segment may be the longest segment in the recognized slice.
Hence, a large number of contours may be determined, increasing the precision of the
meshing.

According to a particular embodiment, the method further comprises the steps of:

—  displaying at least an image of the first surface of interest;
—  acquiring a user input indicating a region of the surface of interest; and
—  initiating the border detection algorithm in the region indicated by the user.

Hence, the meshing process is accelerated by indicating to the algorithm where to
start the contour recognition. Indeed, the practitioner usually has a solid experience of
medical imaging and can rapidly identify the region where the slice of the object appears.

Step €) may comprise the following sub-steps:

el) calculating a center of gravity of a contour drawn in one plane of the set of
planes;

e2) selecting a second surface of interest in another plane of the set of plane
which is adjacent to said one plane along the main axis based on the calculated center of
gravity; and

e3) triggering a border detection algorithm in said second surface of interest for
drawing the contour in said another plane of the set of planes.

Thus, contours may be detected in the planes without any intervention of the
practitioner who uses the imaging system. The contour detected in a plane serves for
determining the surface of interest in another plane.

According to another embodiment, the method further comprises the steps of:

— determining at least two reference planes in the set of 3D data, said reference
planes being not parallel one with respect to each other;

— displaying 2D images of the set of 3D image data according to said reference
planes;

- selecting one reference plane for the selection of the first surface of interest in
step b); and

—  bringing to coincidence one plane of the set of planes with the other reference

plane.
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The reference planes may be displayed to a practitioner who uses the imaging
system for a better comfort. These reference planes may help the practitioner to have an idea
of the global shape of the object imaged .

Three reference planes may be determined, cach plane being perpendicular to the
others, and the second surface of interest in at least one plane of the set of planes may be
designated by a point of intersection of the three reference planes. Hence, the practitioner
does not have to indicate where to search for the contour, and the initiation of the contour
detection process is facilitated by indicating the surface of interest in the first considered
plane.

According to second aspect of the invention, a method of calculating a volume is
provided.

According to a third aspect of the invention, there is provided a computer program
product comprising instructions for implementing the meshing method according to at least
one of the above discussed embodiments of the invention when loaded and run on computer
means of an ultrasound imaging device. A computer program product comprising instructions
for implementing the volume calculating method is also provided.

According to other aspects of the invention, there are provided devices for meshing
a calculating a volume comprising means for implementing the method according to at least

one of the above discussed aspects of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Other features and advantages of the invention will become apparent from the
following description of non-limiting exemplary embodiments, with reference to the
appended drawings, in which:
- Figure 1 is a schematic illustration of an object and a slice of this object represented
according to a given plane;
- Figure 2 is a schematic illustration of an object imaged according to three reference
planes;
- Figure 3 is a schematic illustration of the object of figure 2 imaged according to the
reference planes aligned with respect to the main axis of the object;
- Figure 4 is a schematic illustration of a meshed volume;
- Figure 5 is a flow chart depicting steps of the method, from the data acquisition to the
planes alignment;

- Figure 6 is a flow chart depicting steps of the contour detection; and
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- Figure 7 is a schematic illustration of an ultrasound imaging device for implementing

the meshing method.

DETAILED DESCRIPTION OF THE INVENTION

In the present description, when it is referred to a slice of an object, it is referred to a
view of an intersection of the object with a given plane. Referring to Figure 1, a three
dimensional (3D) object 10 and a plane 11 intersect in a region 12, visible on the plane 11,
called hereinafter a slice of the object.

As represented in Figure 2, an object has been imaged according to three reference
planes. These planes are described with reference to the orthonormal referential (O, x, vy, z).
Hence, the reference planes (O, x, y), (O, z, y), (O, z, X) have a given orthogonal position one
relatively to the other.

In Figure 2, a view of the object 20 according to cach reference plane is displayed to
a user. These views are referred to as MPRs for “Multiplanar reconstruction”. Each MPR
(MPR1, MPR2, MPR3) shows a slice of the object 20.

The user makes a choice between these MPRs, in order to select a surface of interest
in the chosen MPR. A particular choice may be the MPR that has the best resolution. Indeed,
as the border detection algorithm will be implemented on the chosen MPR in order to
determine the main axis, a plane with a good resolution can be preferred.

One particular MPR may correspond to a plane of acquisition. This plane of
acquisition corresponds to a plane orthogonal to the beams of the ultrasound system. This
type of plane usually has a good resolution.

In Figure 2, the user chooses MPR1 for launching the border detection algorithm.
For that purpose, the user clicks on the MPR in the slice at the location 21 corresponding
preferably to the interior of the border. The click action then causes a launch of the algorithm,
and the slice’s contour CONT]1 is detected. For example, the border detection algorithm is a
pattern recognition algorithm such as the co-called fast marching algorithm, or such as the
so-called snake algorithm.

Then, a computer program launches another algorithm for determining the main axis
AX. The longest segment comprised in the slice is chosen as the mains axis. As usually, the
objects imaged have an ellipsoidal shape, the main axis may correspond in this case to the
main axis of the ellipsoid.

Once the main axis AX is determined, it is divided into equal parts for a regular

meshing. However, the parts may be of different sizes.
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At each division of the main axis, a plane P1, P2, P3, P4, P5, orthogonal to the main
axis is defined. These planes define a set of planes 22, one parallel to the other while being
not parallel to the main axis with a given distance between two successive planes along the
main axis.

Referring now to figure 3, the same object as in figure 2 is imaged, still according to
the MPRs, but now, the MPRs are aligned such that plane (O, X, y) coincides with plane P1.

Once the MPRs are aligned, the computer program launches a border detection
algorithm in MPR2, in a surface of interest found to be the intersection of MPR1 and MPR3
in MPR2, that is to say point O. Thus, no intervention is needed from a user of the ultrasound
imaging system.

The border detection algorithm determines the contour CONT2 of the slice of
MPR2.

By aligning the MPRs successively with each plane P1, P2, P3, P4, PS5, and by
determining contours in each of said planes, the object is meshed as shown in figure 4.

The meshing of the object comprises a set of slices SL delimited by the contours
detected in each plane P1, P2, P3, P4, P5, and the distance between two consecutive planes.

If the object has a peaked extremity, the main axis passes by this peaked extremity,
and the method further comprises determining an end cone corresponding to the peaked
extremity of the object. This enables a precise meshing of the object.

In figure 4, the meshing comprises two end cones Cl1, and C2. These cones are
determined in order to more precisely mesh the object. Indeed, in the particular case
illustrated in figure 4, the object has a peaked shape.

Then, in order to determine a volume VOL of the object, the sum of the conical
frustum volumes delimited by two successive contours along the main axis is calculated.

Such  conical frustum volumes may be calculated according to the

formula: %.h.(A1+ A2+~[41.42), wherein A1 and A2 respectively correspond to the areas of the

two successive contours along the main axis and h corresponds to the distance between the
two successive contours. These conical frustum volumes approximate the sub-volumes of the
slices. Indeed, the contours detected may not have a circular shape, but any other shape.

The volume VOL is then calculated by summing all the conical frustum volumes,
which approximate the sub-volumes of the slices, with the sub-volumes of the end cones.

The volume may also be calculated according to the Simpson’s method used for

cardiac volume measurements
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Figures 5 and 6 show flowcharts of the steps carried out in the above described
method.

First, at step S51, 3D image data of an object are acquired by means of an ultrasound
probe. Then, three reference planes among the 3D data are set at step S52. Each reference
plane is perpendicular to the others. One of these reference planes is selected, at step S53, for
the definition of the main axis in the 3D data. The images according to the three planes may
be displayed simultaneously.

The user of the ultrasound imaging system, at step S54, clicks on a surface of
interest in a displayed image of the reference plane that has been selected. For that purpose,
the user is provided with a mouse or a stylus. Then, at step S55 the border detection
algorithm is launched in the selected surface of interest in order to detect and draw the
contour of the object in the reference plane. Once the contour is drawn by the detection
algorithm, the main axis of the object is determined, at step S56, by selecting the longest
segment in the contour.

From the main axis, a set of planes Pi with i an integer from 1 to 5 is automatically
defined. Each plane of the set of planes is parallel to the others while being not parallel to the
main axis. Preferably, these planes are normal to the main axis.

Then, the contour detection process is automatically initiated at step S58 by setting 1
to 1, that is to say by selecting plane P1.

Firstly, the reference planes are aligned such that one plane P1, P2, P3, P4, P35 of the
set of planes Pi coincides with a reference plane other than the one from which the main axis
was determined. The contour detection process S60 is explained in more details with
reference to Figure 6.

In order to initiate the first contour detection, the intersection of the reference planes
is determined. This intersection serves as a “seed” (i.c. starting point) for determining the
surface of interest in the first plane P1 considered in the set of planes Pi. Then, a border
detection algorithm is launched in the surface of interest at step S62.

The planes of the set of planes are successively processed according their position
along the main axis. For example, they are processed for i starting from 1 up to 5 because
along the main axis plane Pi+1 stands after plane Pi.

The algorithm draws the contour of the slice of the object in the current plane. Then,

at step S63, the center of gravity of the contour is calculated.
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This center of gravity serves as the “seed” for automatically selecting by the system
the surface of interest at step S61 for the border detection algorithm in the next plane in the
set of planes along the main axis.

This is achieved by geometrically projecting the center of gravity of a previously
processed plane in a current plane along the main axis. This may also be achieved by using a
common coordinates system and starting the algorithm at a point that has the same
coordinates in the current plane as the center of gravity in the previous plane.

Indeed, as the planes of the set of planes are parallel one with respect to the others,
by geometrical projection of the center of gravity of the contour in the next plane along the
main axis, the “seed” for the border detection algorithm can be easily obtained.

At step T64, it is determined whether there remain other planes for contour
detection. If there remain such planes, the position of the plane is incremented at step S63,
and the reference plane is aligned with the next plane at step S66. Then, the process goes
back to step S61

If there is no plane left in the set of planes for contour detection, all of the contours
detected at step S62 are stacked along and perpendicularly to the main axis at step S67. And
then, the volume of the object is calculated at step S68.

A device for implementing the above discussed method is described in view of
figure 7. The device comprises an ultrasound probe 70 for emitting ultrasound waves towards
an object 71 and receiving echoes of these waves reflected by the object. The signals
delivered by the probe are processed by the acquisition module 72 for converting the signals
into 3D image data. The device comprises a processor 73, for processing the image data
according to the above discussed meshing or volume calculating method. The device also
comprises a display unit for delivering to a monitor 75, images according to the reference
plane. The device also comprises a communication module 77 for communicating with a
computer 76. The device further comprises a mouse 78 for clicking on displayed images and
selecting surfaces of interest.

The invention also relates to a computer program product that is able to implement
any of the method steps as described above when loaded and run on computer means of an
ultrasound imaging device. The computer program may be stored/distributed on a suitable
medium supplied together with or as a part of other hardware, but may also be distributed in
other forms, such as via the Internet or other wired or wireless telecommunication Systems.

The invention also relates to an integrated circuit that is arranged to perform any of

the method steps in accordance with the embodiments of the invention.
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While the invention has been illustrated and described in detail in the drawings and
foregoing description, such illustration and description are to be considered illustrative or
exemplary and not restrictive, the invention being not restricted to the disclosed embodiment.
Other variations to the disclosed embodiment can be understood and effected by those skilled
in the art in practicing the claimed invention, from a study of the drawings, the disclosure and
the appended claims.

In the claims, the word “comprising” does not exclude other elements or steps, and
the indefinite article “a” or “an” does not exclude a plurality. A single processor or other unit
may fulfil the functions of several items recited in the claims. The mere fact that different
features are recited in mutually different dependent claims does not indicate that a

combination of these features cannot be advantageously used. Any reference signs in the

claims should not be construed as limiting the scope of the invention.
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CLAIMS:

1. A method of automatically meshing a volume in an ultrasound imaging system, said

method comprising the following steps:

a)
b)

©)

d)

acquiring (S51) a set of 3D image data of an object;

selecting by a user (S54) a first surface of interest in the 3D image data, said first
surface of interest comprising a first slice of the object;

automatically determining (S56) a main axis (AX) of the object in the first surface
of interest;

defining (S57) a set of planes (22) of the 3D image data, these planes being not
parallel with the main axis while being parallel one with respect to each other, with
a given distance between two successive planes along the main axis ;

automatically drawing a contour (S62) of the second slice of the object in at least
two planes of the set of planes comprising a second slice of the object;
automatically meshing the volume (S67) of the object, by stacking the contours
drawn in said at least two planes of the set of planes along the main axis and by

separating these planes by said given distance.

2. The method according to claim 1, wherein step ¢) comprises the following sub-

steps:

cl) applying a border detection algorithm in the first surface of interest for

recognizing the first slice (CONT1); and

c2) selecting a segment in the recognized slice as the main axis.

3. The method according to claim 2, wherein the selected segment is the longest

segment in the recognized slice.

I

. The method according to any one of claims 2 to 3, further comprising the steps of :

displaying at least an image of the first surface of interest;
acquiring a user input indicating a region of the first surface of interest; and

initiating the border detection algorithm in the region indicated by the user.

5. The method according to any one of the preceding claims, wherein step ) comprises

the following sub-steps:
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el) calculating a center of gravity of a contour drawn in one plane of the set of
planes;

e2) selecting a second surface of interest in another plane of the set of plane
which is adjacent to said one plane along the main axis based on the calculated center of
gravity; and

e3) triggering a border detection algorithm in said second surface of interest for

drawing the contour in said another plane of the set of planes.

6. The method according to any one of the preceding claims, further comprising the

steps of :

- determining (S52) at least two reference planes (MPR1, MPR2) in the set of
3D data, said reference planes being not parallel one with respect to each other;

— displaying 2D images of the set of 3D image data according to said reference
planes;

- selecting one reference plane for the selection of the first surface of interest ins
step b); and

- bringing (S66) to coincidence one plane of the set of planes with the other

reference plane.

7. The method according to claim 6, wherein three reference planes are determined,
each plane being perpendicular with respect to each other, and wherein a surface of interest
for drawing the contour in step €) in at least one plane of the set of planes is designated by a

point of intersection of the three reference planes.

8. A method of calculating a volume in an ultrasound system comprising the steps of
— meshing the volume of the object by a method according to any one of claims
1 to 7, each plane of the set of planes being perpendicular to the main axis;
- calculating sub-volumes comprised between two successive planes in the set
of planes with respect to the main axis; and

- summing (S68) said sub-volumes.

9. A computer program product comprising instructions for implementing the steps of
a method according to any one of claims 1 to 7 when loaded and run on computer means of

an ultrasound imaging device.



10

15

20

25

30

WO 2010/018513 PCT/IB2009/053487
12

10. A computer program product comprising instructions for implementing the steps
of a method according to claim 8 when loaded and run on computer means of an ultrasound

imaging device.

11. A device for automatically meshing a volume of an object , said device
comprising:

—  means (70, 72) for acquiring a set of 3D image data by ultrasound,;

—  means (75, 74) for displaying at least an image of a slice of the object;

- means (73) for selecting by a user a first surface of interest in the 3D image
data, said first surface of interest comprising a first slice of the object;

—  means (73) for determining a main axis (AX) of the object in the surface of
interest;

—  means (73) for defining a set of planes (22) of the 3D image data, these planes
being not parallel with the main axis while being parallel one with respect to each other, with
a given distance between two successive planes along the main axis;

—  means (73) for drawing a contour of the second slice of the object in at least
two planes of the set of planes comprising a second slice of the object; and

—  means (73) for meshing the volume of the object by stacking the contours
drawn in said at least two planes of the set of planes along the main axis and separating the

planes by said distance.

12. The device according to claim 11, further comprising means for automatically
determining the main axis (AX) by applying a border detection algorithm in the first surface
of interest for recognizing the first slice (CONT1), and means for selecting a segment in the

recognized slice as the main axis.

13. The device according to any one of claims 12 through 13, further comprising :

—  means for displaying (75) at least an image comprising the first surface of
interest;

—  means for acquiring a user input (78) indicating a region of the first surface of
interest; and

—  means for initiating the border detection algorithm in the region indicated by the

UuscCr.
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14. The device according to any one of claims 11 to 13, further comprising:

- means for calculating a center of gravity of a contour drawn in one plane of the
set of planes;

- means for selecting a second surface of interest in another plane of the set of
plane which is adjacent to said one plane along the main axis based on the calculated center
of gravity; and

- means for triggering a border detection algorithm in said second surface of

interest for drawing the contour in said another plane of the set of planes.

15. The device according to any one of claims 11 to 14, further comprising:

—  means for determining at least two reference planes (MPR1, MPR2) in the set of
3D data, said planes not being parallel one with the other;

—  means for displaying 2D images of the set of 3D image data according to said
reference planes;

—  means for selecting one reference plane for the selection of the first surface of
interest; and

—  means for bringing to coincidence one plane of the set of planes with the other

reference plane.



WO 2010/018513 PCT/IB2009/053487

1/5

L 10

FIGA.
\_—

) 1o

72 7 57
\ N
AR ACQUIS 2|0 ~

D

|

baﬁ/ s
PROC P

73/‘
_1- I/0

FIG.7. 77



WO 2010/018513 PCT/IB2009/053487

P1
20 O‘ O /MPRZ

F1G.2. 5 O pem

AX\

Y AT fews

2 Hzh | CONT2
v (T
0
FIG3. N Lvere
X

LMPR3




000000000000

3/5

FIG.4.



WO 2010/018513 PCT/IB2009/053487

4/5

ACQUIS 551

SET MPRS  |-552

1
SLCT MPR1 }-553

S0I 554

|
DETCONT }-S55

DET AX  |-556

DEF P |55/

!

1= 558

ALIGNMNT: MPR=Ry |-559

CONT DICTION)—560

FIG.5.




WO 2010/018513

5/5

PCT/IB2009/053487

]

S0I

—S561

l

DET CONT MPR2 —ggp

]

CALC GRAV CNTR

IN MPR2

563

STCK CNTRS|—567

l

CALC VOL

l<—-—|+1

~565

l

ALIGN MPR?2
s66—1 = NEXT P

FIG.6.



THMBW(EF)

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

HAT R E (TR AGE)

FRI& B A

RHA

BEX)

—MEBFEKERERBINENBERNGE , SFUTHIR : - K
H R E GHIE - R REGREPINRNE I AIE— BN

HEFERGRE PRI B AR5
EP2310873A2

EP2009786861
ERCAHETROBRAF
ERTCAHEFN.V.

EFRTCAEN.V.

VION MICHAEL
SNOOK ALLEN

VION, MICHAEL
SNOOK, ALLEN

G01S15/89 A61B8/14
G01S15/8993 A61B8/14 A61B8/483
61/088121 2008-08-12 US

EP2310873B1

Espacenet

BRE- BEPENTH (AX) - EX—AUAEEBR 2 FHNFE

(22) , 5EEWHTET,

ME%—MNFT- EBRENRNEZAH
ZAFEHNELHADAFEHPLHZNROE -V ANEE,- BIBRES

TEE RS B BRI AR ITNER 5 .

2011-04-20

2009-08-07

patsnap


https://share-analytics.zhihuiya.com/view/30dde37a-a818-49de-bafb-02da3166bf7c
https://worldwide.espacenet.com/patent/search/family/041606701/publication/EP2310873A2?q=EP2310873A2

