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(57) ABSTRACT

The present application relates to an ultrasound fusion
imaging method and an ultrasound fusion image navigation
system. The ultrasound fusion imaging method includes a
selection step, a registration step and a fusion step. The
selection step is for selecting at least one ultrasound image
from at least one previously stored piece of ultrasound video
data according to an input instruction. The ultrasound video
data includes an ultrasound image obtained by acquiring a
target object in at least one plane and position indicating
information corresponding to the ultrasound image. The
registration step is for registering the selected at least one
ultrasound image with a modality image. The registration
process uses the location of the position indicating informa-

(30) Foreign Application Priority Data tion of the at least one ultrasound image. The fusion step is
for fusing the registered ultrasound image with the modality
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ULTRASOUND FUSION IMAGING METHOD
AND ULTRASOUND FUSION IMAGING
NAVIGATION SYSTEM

TECHNICAL FIELD

[0001] The present disclosure relates to medical ultra-
sound imaging, in particular to fusion methods for fusing
ultrasound images with a pre-stored modality image and an
ultrasound fusion imaging navigation system.

BACKGROUND

[0002] More than one kind of image-generating system for
sampling target object is able to be implemented in clinical,
so that doctor can acquire multiple models of medical
images, such as Computed Tomography (CT), Magnetic
Resonance (MR) or ultrasound image. The principle of
ultrasound image fusion navigation is, through space posit-
ing devices (usually Magnetic locating sensor fixed on a
probe), to built a spatial corresponding relation to real-time
ultrasound images with other pre-acquired modality data
(such as CT or MR image) and display the overlapped
cutting sections images with the pre-acquired modality data
for achieving the fusion of above two kinds of images.
Under above, these two kinds of images are used both in
diagnosis process and treatment process to combine the high
resolutions feature of CT or MR with the real-time feature
of ultrasound image so as to provide more detail diagnosis
information for doctor in clinical to increase the effect of
treatment.

[0003] In the ultrasound image fusion navigation system,
the most important technique point is to register ultrasound
images with the modality data. In detail, the practice of
above registering point is to map the position of the point (or
plane) of the ultrasound images in a world coordinate system
with the position of the point (or plane) of the modality
image in a world coordinate system correspondingly.
Acquiring target position in the world coordinate system
precisely is in significant effect for increasing the accuracy
of registration.

[0004] The conventional registration technique is based on
real-time ultrasound detection; doctor acquires ultrasound
images for providing registering information by freezing the
present frame. This kind of method, processing the real-time
ultrasound image frame by frame, is well known for those
skilled in the art. In addition, if doctor wants to acquire
certain section image in certain breath depth, patient usually
is asked to cooperate by precisely controlling his breath.
Especially, when image fusion of abdominal organs for
those patients, who’s breath way is in abdominal breath way,
is conducted, huge errors is generated because of the move-
ment, rotation and deformation caused by the abdominal
breath of patient. Therefore, patient is asked to precisely
controlling his breath. It raises the requirements for both
doctor and patient. If patient cannot control his breath good
enough or doctor is lack of experience, effect is usually not
satisfied so as to reduce the accuracy of registration and the
successes rate for image fusion. Right now, the method for
eliminating breath effect is depending on doctor’s decisions
by manually determining breath phase or adding a sample
sensor for sample breath control. However, the perfor-
mances of above solutions are all poor and unsatisfied.
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SUMMARY

[0005] Therefore, an ultrasound fusion imaging method
and an ultrasound imaging navigation system for eliminating
or reducing breath effect are provided.

[0006] A method for fusing at least one ultrasound image
and a pre-stored modality image comprises a selection step,
a registration step and a fusion step. The selection step is for
selecting at least one frame of ultrasound image from at least
one pre-stored ultrasound video data according to an input
instruction. The ultrasound video data comprises ultrasound
images acquired by sampling a target object from at least
one plane and position-indicating information correspond-
ing to each of the ultrasound images. The position-indicating
information is generated by a position sensor, fixed with an
ultrasonic probe, according to a motion state of the ultra-
sound probe sensing by the position sensor during the
acquisition of the ultrasound images. The registration step is
for registering the selected at least one ultrasound image
with the modality image. The at least one position-indicating
information is implemented in above registering process.
The fusion step is for fusing the registered at least one
ultrasound image with the modality image.

[0007] In one embodiment of the method for fusing at
least one ultrasound image and pre-acquired modality image
of the present invention, multiple frames of ultrasound
images are selected in the selecting step. The method further
comprises a breath model built step and a breath-correcting
step. The breath model built step is for building a breath
model according to the ultrasound video data. The breath-
correcting step is conducted before the registering step or
during the fusion step for implementing the breath model to
correct the multiple frames of ultrasound images into the
same breath depth level.

[0008] A method for fusing at least one ultrasound image
with a pre-stored modality image including a selection step,
a breath model built-up step, a registering step and a fusion
step is provided.

[0009] The selection step is for selecting multiple frames
of ultrasound images from at least one portion of ultrasound
video data. The ultrasound video data comprises ultrasound
images acquired by sampling the target object from at least
one plane and position-indicating information correspond-
ing to each frame of the ultrasound images. The position-
indicating information is generated by a position sensor
fixed with an ultrasonic probe while acquiring the ultrasound
images.

[0010] The breath model built-up step is for building a
breath model according to the ultrasound video data;
[0011] The registering step is for registering the multiple
frames of ultrasound images with the modality image;
[0012] The fusion step is for fusing the registered multiple
frames with the modality image. The breath model is imple-
mented to correct the multiple frames of the ultrasound
images into the same breath depth before the registering step
or in the fusion step.

[0013] An ultrasound fusion imaging navigation system,
comprises: an ultrasound probe and a position sensor fixed
with the probe; a sampling module implemented for sam-
pling the target object from at least one plane to generate at
least one ultrasound video data comprising registering infor-
mation and storing position-indicating information for each
frame of ultrasound images in each ultrasound video data,
wherein position indicating information is generated by the
position sensor according to motion of the ultrasound probe
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in the acquiring process of the ultrasound images; a replay-
ing module for replaying the pre-stored ultrasound video
data according to an input instruction; a selecting module for
selecting at least one frame of the ultrasound images from
the replaying ultrasound video data according to a selection
instruction; a registering module for registering the selected
at least one frame of ultrasound images with a modality
image, wherein the position-indicating information of the at
least one ultrasound images is implemented in above regis-
tering process; and a fusion module for image fusing the
registered ultrasound images with the modality image.

[0014] A distinct image fusion method comparing with
conventional real-time base fusion method is implemented
by the ultrasound fusion imaging method and an ultrasound
imaging navigation system of the present invention. The
fusion method disclosure in the present invention comprises
a step of sampling the target subject and pre-recording a
video data accordingly before the registering process, and
selecting one or multiple ultrasound images thereafter.
Therefore, the performance for reducing the target object
breath effect in the embodiment of the present invention is
significant increasing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a schematic block diagram of an ultra-
sound fusion imagining navigation system in accordance
with an embodiment of the present disclosure;

[0016] FIG. 2 is a schematic flow chart of a fusion method
for fusing ultrasound images with pre-stored modality image
in accordance with an embodiment of the present disclosure;

[0017] FIG. 3 is a schematic block diagram of spatial
switching in accordance with an embodiment of the present
disclosure;

[0018] FIG. 4 is a schematic block diagram for displaying
multiple registering planes in accordance with an embodi-
ment of the present disclosure;

[0019] FIG. 5 is a schematic flow chart of building breath
module in accordance with an embodiment of the present
disclosure;

[0020] FIG. 6 is a schematic block diagram of breath depth
relating to time axis according to an embodiment of the
present disclosure;

[0021] FIG. 7 is a schematic block diagram of the dis-
placement of the target object relating to a reference position
through linear fitting with respect to 3 dimensions of the
world coordinate system corresponding to change of the
breath depth according to an embodiment of the present
disclosure;

[0022] FIG. 8 is a schematic flow chart of registering and
fusing process after the breath module is built according to
an embodiment of the present disclosure;

DETAILED DESCRIPTION

[0023] Specific details for fully understanding each of
embodiments and implemented by the skilled in the art are
provided in bellow description. However, it should be under-
stood for those skilled in the art that the present invention is
able to be implemented without the specific details as well.
In some embodiments, conventional structures and functions
are omitted to avoid confusions in the descriptions of the
embodiments.
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[0024] Unless it is acquired clearly under context of the
descriptions, the terms “comprise”, “include” should be
defined as opening definition but not limited or exhaustive
definition.

[0025] A schematic block diagram of ultrasound image
fusion navigation system is shown in FIG. 1. An ultrasound
probe 101 emits ultrasound to at least one target organ of
human body. An ultrasound imaging module 102 is imple-
mented for received echo wave signal of the ultrasound
emitting from the ultrasound probe 101 to generate at least
one ultrasound image of the target organ. At least one
pre-stored modality image, such as CT image or MR image,
is imported into a registering fusion module 105. A position
sensor 103 fixed with the ultrasound probe 101 senses
position of the probe 101 and provides position information
constantly along with motion of the ultrasound probe 101.
The position information comprises information relating to
6-axises space position information of the ultrasound probe
101 (including but not limiting to vertical direction, hori-
zontal direction, portrait direction, pitch direction, roll direc-
tion and sway direction). The registering fusion module 105
registers and fuses the ultrasound image with a modality
image by implementing the image information and the
position information.

[0026] Combining with the ultrasound image fusion navi-
gation system shown in FIG. 1, a schematic flow chart of a
fusion method of the ultrasound image and pre-stored
modality image is provided and shown as FIG. 2, compris-
ing step S11 to S13 as disclosed below: a selection step S11,
selecting at least one frame of ultrasound image from a
pre-stored ultrasound video data according to an input
instruction.

[0027] The pre-stored ultrasound video data comprises
pre-sampling data of target object (target organ, such as
liver) so as to generate built-in registering information
(registering video). Position indicating information R,
(1), which relates to position of the position sensor 103 fixing
with the ultrasound probe 101, is recorded synchronically
for each frame of ultrasound images t. The position-indicat-
ing information R ,,,,,..(1) is generated by the position sensor
103 fixing with the ultrasound probe 101 according to the
motion state of the ultrasound probe 101 in the process of
acquiring the ultrasound images. It means, the content in the
registering video data comprises at least both the ultrasound
images data and the position-indicating information R,
(t) of the position sensor 103 in addition. In one embodi-
ment, the position sensor 103 is cable of applying as an
electromagnetic induction base position sensor, or an optical
base position sensor as well. An acoustics base position
sensor is also able to be applied into this embodiment. For
explaining the present invention but not as limitations,
electromagnetic induction base position sensor is imple-
mented for describing in bellow embodiments of this appli-
cation.

[0028] In the selection step, the input instruction is
capable of selecting from external user input, or automati-
cally triggering the instruction inside the system when the
registering and fusing is processed. In one embodiment, the
pre-stored ultrasound video data is replayed, and the selec-
tion step is conducted thereafter in above replaying process.
Commands for playing and selecting the ultrasound video
data are determined under user’s demands. Embodiments of
how to play and select the ultrasound video data are able to
be implemented under conventional technologies, just only
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needs to satisfy functions suitable for replaying ultrasound
video data and selecting image frames. In above ultrasound
replaying step, the pre-stored ultrasound video data could be
replayed one frame by another, from beginning to the end,
or could be directly dragged to a specific frame containing
valuable target organ cutting-section image via program tool
bar or mechanical switch button. In another embodiment, the
ultrasound video data is also selected under pre-determined
conditions, for example, some specific frames such as 20
frames ahead in the ultrasound video data are capable of
been predetermined to be selected.

[0029] In the registering step, at least one selected ultra-
sound image frame is registered with the modality image
wherein the position indicating information of the corre-
sponding ultrasound image frames are implemented in this
step in the mean time.

[0030] In this embodiment, in step 10, the three dimen-
sional ultrasound imaging system may scan the head of a
fetus, 1.e., may transmit ultrasound waves towards the head
of the fetus and receive ultrasound echoes, to obtain ultra-
sound echo signals. The ultrasound echo signals may be
processed as described above and thereby three dimensional
amount data of the head of the fetus (hereinafter, “three
dimensional amount data”) may be obtained. The specific
processes for scanning the target and processing the ultra-
sound echo signals to obtain the three dimensional amount
data can be the same to or similar with those which are well
known in the art and thus will not be described in details
herein.

[0031] For the purposes of increasing total accuracy of the
system, two or more ultrasound image frames in the modal-
ity image are selected in the registering step in another
embodiment. Tt should be noticed that multiple frames of
ultrasound images can only be applied in the registering step
only on the condition that above ultrasound images frames
are sampled under the same or similar breath state (depth).
Generally, if ultrasound images frames are all sampled under
the state when patient temporally stop his breath, each
ultrasound image frame of the video data should be consid-
ered under similar breath state so as could be directly applied
to register at the same time in the registering step.

[0032] In the registering step, a spatial transformation
algorithm is implemented for mapping one image to a frame
image so that each pixel of above two images corresponding
to the same position in one space coordinate system could be
linked correspondingly. Therefore, above image information
could be fused with corresponding images correctly. Under
above described algorithm, in the ultrasound image fusion
navigation system of the present invention, the registration
process for the ultrasound image and the modality image
could be implemented via a spatial transformation reference
shown in FIG. 3. In the other word, each pixel of the
ultrasound images is transformed from the coordinate sys-
tem of its own to the coordinate system of the position
sensor 103 at first, and then transformed from the coordinate
system to World Coordinate System (WCS) thereafter. In the
end, each pixel of the ultrasound images is transformed from
WCS to the coordinate system of the modality image. In this
and other embodiments, WCS means a reference coordinate
system, which is definable under requirements, such as a
coordinate system of a magnetic field generator or other
coordinate system is also applicable for sure. The spatial
transformation reference shown in FI1G. 3 could be described
as a mathematical formula formation:
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[0033] Wherein, X, is the coordinate of one position in

the ultrasound image, X___ is the coordinate indicating to the
same position in the modality image, A is a transformation
vectors matrix from the ultrasound image space coordinate
system to the position sensor space coordinate system,
R, .5 is a transformation vectors matrix from the space
coordinate system of the position sensor to the space coor-
dinate system of the magnetic field generator, P is a trans-
formation vectors matrix from the reference coordinate
system to the space coordinate system of the modality
image.

[0034] Regarding to the configuration of the transforma-
tion vectors matrix A, since the position sensor 103 is fixed
with the ultrasound probe 101, when the ultrasound probe
101 is hold in a constant depth, the transformation vectors
matrix A is fixed as well. Therefore, the transformation
vectors matrix A is acquirable through calibration algorithm
by combining the position indicating information R, (t)
before registering.

[0035] Regarding to the configuration of R,,,., it could
be directly accessed from a locating controller electrically
connected with the position sensor. In this embodiment,
R,,05. 18 varying constantly with the motion of the ultra-
sound probe 101.

[0036] Regarding to the configuration of P, which is also
defined as registration matrix, could be acquired by applying
formula (1) via finding corresponding point or plane
between the coordinate spaces of the ultrasound image and
the modality image. In one embodiment, some specific point
or area of the target organ are marked. Above marked point
or area of the target organ are sampled to generate at least
one point or area X, in the coordinate space of the ultra-
sound image and at least one point or area X, in the
coordinate space of the modality image so as to generate P
from above through applying Formula (1). In another
embodiment, some points or areas of the coordinate space of
the ultrasound image are transformed to WCS, and some
points or areas of the coordinate space of the modality image
are also transformed to WCS thereafter so that X, in the
coordinate space of the modality image, corresponding to
X, in the coordinate space of the ultrasound image, is
acquired through image mapping algorithm. Thereafter, P is
generated from X, and X, . For those skilled in the art of
this field, it is easy to reach that a reversing transformation
algorithm could be applied to acquire a reversing coordinate
transformation from one coordinate space of image to
another.

[0037] In the fusion step S13, image fusion is conducted
between the registered ultrasound image and the modality
image. Above image fusion step could be implemented by
referring to conventional image fusion algorithm, such as
image fusion based on empty space algorithm, maximum
(minimum) gray-scale value algorithm, weighted gray-scale
value algorithm, or image fusion based on domain transfor-
mation, such as multi-resolution pyramid algorithm or Fou-
rier transformation.

[0038] Under above steps, the ultrasound images and the
modality image are registered and fused. The implemented
image fusion algorithm here is different from conventional
applications. In detailed, conventional application is based
on real-time ultrasound process of dealing (freezing) frames
one by one. On the other hand, the embodiment is imple-
mented by recording (pre-stored) a video data before the
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registering step then selecting one or more frames of the
video data for registering via replaying the video data.
[0039] Except above steps, the image fusion method for
fusing the ultrasound image and the modality image further
comprises bellow steps: a multi-frames displaying step,
displaying intersection lines and included angles among
these frames at the time when the multi-frames are regis-
tered or fused. As shown in FIG. 4, an intersection lines
position 305 among different frames of the ultrasound
images and an included angle 307 between two frames are
illustrated in the right block and the left block individually.
If displaying of multiple registered or fused frames is
needed, it could be implemented by selecting one of the
multiple frames as a reference frame and defined its inter-
section lines and the included angle as intersection lines and
included angle among each of the rest frames and the
reference frame. One of the advantages in this embodiment
is relative positions among the frames are indicated more
intuitively so as to increase performance for the registering
step thereafter.

[0040] The breath-controlling ability of many patients is
usually lower than its normal state when the ultrasound
image fusion navigation system is implemented. On the
other hand, the pre-stored video data for registering is
sampled and fused when the breath-controlling ability of the
patients is under normal and free condition. Therefore, the
effect caused under different breath conditions of patients in
registering and fusing processes are significant and should
be reduced or eliminated, because complex motions are
caused among organs of patients such as movement or
rotation defined as rigid motion or entirely deformation, or
partial deformation caused by extrusion among patients
organs, defined as non-rigid motions. Base on above issues,
a method for registering and fusing the ultrasound image
with the pre-stored modality image is provided in this
embodiment. A breath state model for describing the motion
of organs with patient breath is built based on the position
indicating information of the position sensor and the ultra-
sound video data at first. After that, a time-varying correc-
tion spatial model acquired through the breath state model is
implemented for registering and fusing to reach the purpose
for reducing and eliminating of breath-effect.

[0041] The method for reducing and eliminating breath
effect implemented in this embodiment is described in
mathematical formula as:

Koee PTRproped Xos) @

robe

T is a kind of spatial mapping algorithm for correcting,
selected form linear mapping, affine mapping and other
non-linear mapping algorithms. In general, T is defined as a
random continuous mapping among algorithm three-dimen-
sions.

[0042] Generally, breath motion is more regular under
free-breathing condition and is able to be defined as a
periodic motion approximately. When patient breaths, his
abdominal skin mainly moves along with back-forward
direction and is defined as a back-forward reciprocating
motion approximately. For those target organs that its
motions are mainly caused by breath, similar to abdominal
skin motions, and its motions are capable of defined as a
periodic motion as well. A linear model is implemented to
describe motions of this kind of target organs versus breath
motion under the condition that motions of this kind of target
organs are rigid motions. Linear model is imported for
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explaining in this embodiment. In those embodiments that
motions of this kind of target organs contains non-rigid
component, conventional non-rigid algorithm is combined
to resolve non-rigid component issue. Regarding to linear
model, each point in space shares the same mapping rela-
tionship, shown as Formula (3):

Xeee PTR

X PTR e X G
Wherein the spatial mapping T degenerates as a matrix.
[0043] For the purpose of building the breath model, a
breath sensor 109 is implemented into the embodiment
shown in FIG. 1. the breath sensor 109 is fixed o the patient’s
abdominal skin for following the motions of a position the
breath sensor 109 fixed on so as to sample how above
position moves with patient breath.

[0044] For the understanding of following descriptions,
relative terminologies are defined below:

(1) Reference position: any position on the motion path of
the breath sensor moving with abdominal skin, such as a
middle position on the motion path of the breath sensor;
(2) Breath depth: the movement of the breath sensor relative
to reference position, implemented for describing the state of
breath approximately, defined as d(t). Breath depth is acquir-
able by referring to the breath position information R, _(t)
and implemented through conventional transformation
method to transform position information of the breath
Sensor.

(3) Reference breath depth: reference breath depth is the
breath depth relates to the breath depth corresponding to the
reference position, defined as d,

(4) Relative motion amount of reference coordinate system:
the position of the target organ under the reference breath
depth d, is defined as the reference position. The motion
amount relates to the reference position under different
breath depth d(t) in the word coordinate system is defined as
relative motion amount of reference coordinate system. For
explaining, rigid motion is applied as example in this
embodiment and rotation motion is ignored but only relative
motions of the reference coordinate system are considered.
The relative motion amount of reference coordinate system
is defined as W(d(t)) in this embodiment.

[0045] As illustrated in FIG. 5, the method for building the
breath model in this embodiment comprises bellow steps
S21~S25. Step 21, configuring the reference breath depth
and the reference position in accordance with the pre-stored
ultrasound video data. Pre-stored ultrasound video data is
generated by sampling data for patient abdomen from one
plane or multiple planes (such as n planes, n is a positive
integer) overlapping each other with included angles,
wherein sections of ultrasound video data are sampled from
each planes separately. That means one portion of the
ultrasound video is sampled from one corresponding plane
individually so as to generate n sections of ultrasound video
data USV,, 1=1, . . ., n, frame numbers of the ultrasound
video data presents by variable t. Variable USV (1) indicates
the t frame ultrasound image in the i portion of the ultra-
sound video data. In the meantime, the breath position
information R,,.,(t) and the position indicating information
R, ,5.(1) in each frame of sampled ultrasound images are
recorded. In each sampling process for each ultrasound
video, sampling period contains one or more period of
breath.

[0046] As described above, the feature of breath motion is
its periodicity. This periodic characteristic is similar with the
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sine wave shown in FIG. 6. The horizontal axis t indicates
breath period, and the vertical axis indicates breath depth
d(t). Each repeating curve indicates a breath periodic. As
shown in FIG. 6, transverse broken line is defined as the
reference position do, and breath depth varies with frame
numbers t of video data. The reference position is defined as
the middle position in the motion path of the sensor in this
embodiment. Apparently, the reference position could be
defined as the lowest or the highest position in the motion
path of the sensor as well. Since the same breath depth might
relates to inhaling state or exhaling state, the breath state
could be further distinguishes as inhaling phase and exhaling
phase so as to generate sine wave curve similarly.

[0047] In step S22, a reference frame is selected corre-
sponding to each portion of video data to acquire motion
amount Vi(d(t)) relating to the reference frame for a target
object corresponding to other frames of ultrasound image.

[0048] For each portion of ultrasound video data USV,, if
one frame of the ultrasound image corresponding to breath
depth d, is selected as the reference frame, the motion
amount V,(d(t)) relating to the reference frame for a target
object corresponding to other frames of ultrasound image is
acquired through motion tracing via conventional algorithm
such as model mapping algorithm.

[0049] Step S23 comprises step that transforming image
data into the same reference coordinate system to reduce or
eliminate the quivering effect of the ultrasound probe. Since
the ultrasound probe is hard to guarantee it’s still state for
sure when the breath correcting video data is sampled, the
emotion following process should be conducted only restrict
in the plane of the reference frame to eliminate the quivering
effect of the ultrasound probe. In step S23, if x, is the
position of one point of the reference frame and x(t) is the
mapping position of above position of one point acquired by
the motion following process in the t frame of ultrasound
image. If R, (t) is defined as the breath position informa-
tion and R, (1) is defined as the position indicating
information, the corresponding points of x, and x(t) are
defined as m, and m(t), then:

myR
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[0050] if the projection component of W(d(t)) of other
frames (not the reference frame) in the plane corresponding
to the reference frame is defined as proj,(W(d(t))), V(d(1)) is
the observed value of the projection component of the
projection component proj,(W(d(t))). Under above configu-
ration, the projection component of m(t)-m, in the plane
corresponding to the reference frame is proj,(m(t)-m,). It is
the common mathematical function of the observed value
Vi(d()) of proj,(W(d(1))):

Vid(®)=proj(m(1)-rmo) (6)

[0051] In this embodiment, the reference frame and those
non-reference frames are both transformed into the same
world coordinate system for projecting process so as to
eliminate the shift error caused from quivering probe.
Device such as probe clip is implemented to fix the position
of probe so as to hold the position of the probe as possible.
If the patient stays still, the position of the probe could be
defined as a constant in sampling process, and R, (t)
Rprob;LO and Vz(d(t))ﬂ(t)_xo

[0052] Instep S24,in accordance with V,(d(t)) acquired in
step S22, the relative motion W(d(1)) of the target organ
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corresponding to other frames of ultrasound image in dif-
ferent breath depth is calculated under the same reference
coordinate system.

[0053] When all sections of video data are configured at
the same reference breath depth, presenting as d(t)=D, the
relative displacement of the target organ corresponding to
the reference coordinate system of the reference position is
defined as Formula (7) shown below through optimization,
wherein W(D) is the corresponding value when the outmost
layer X is configured as its small value:

W:D>=argmin[2( > ||pro/1-(W(D)>—wmnf]]
—T \Alld(@=D

[0054] Wherein arg min( ) is defined as the function
acquiring the smallest value for function in its brackets.
Formula (7) is resolved to get displacement W(d) under
multiple breath depth d(t).

[0055] In step S25, step fitting different breath depths and
its corresponding reference coordinate systems is conducted
to acquire a breath model.

[0056] Above “breath model” is defined as discipline for
displacement of the target organ varying with the breath
depth. The term “building breath model” is defined as to
acquire the mathematical expression of the discipline for
displacement of the target organ varying with the breath
depth in accordance with the pre-stored ultrasound video
data or observation for above discipline.

[0057] In this step, point ( ) is fitted in certain way,
wherein d is defined as a self-varying value, so that the
discipline for displacement of the target organ varying with
the breath depth is acquired correspondingly to get the
mathematical expression of it.

[0058] Differential mode of two vectors is implemented to
determined error |jproj,(W(D))-V,(d(t))| between the pro-
jections proj{W(D)) of V,(d()) and W(d(1)) in the plane i
under certain breath depth D in this embodiment. The
margin of the error is also could be described in different
way, such as ||proj,(W(D))-V (d(t))|, in other embodiments.
[0059] The schematic diagram of the three straight lines
shown in FIG. 7 is the discipline of target organ correspond-
ing to the reference position in three dimensions of world
coordinate system with breath depth d. Other fitting methods
could be implemented in other embodiments. For example,
other curves such as conic curve or cubic curve are also able
to be implemented for describing.

[0060] In this embodiment, the breath model is imple-
mented for correcting after the breath model is built and
before the method disclosed in above embodiment is imple-
mented to register the ultrasound picture with the modality
image. In detail, the breath model is implemented to correct
different frames of ultrasound images into the same breath
depth (the same breath state) so as to reach the purpose for
reducing or eliminating the breath effect. The specific cor-
recting process is described below in detail.

[0061] Iftis one frame of the selected frames selected by
doctor for registering, the breath depth corresponding to the
frame is d(t), relative displacement of the target organ
corresponding to the reference coordinate system of the
reference position is W(d(t)). If x is one point of the frame,
located as R,,,,,.(t)-Ax in the world coordinate system, in

robe
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accordance with Formula (3), the position of the point is
transformed as below when it is corrected to the reference
breath depth:

TOVAD) Rpropel ) A% ®)

[0062] Wherein T(W(d(1))), which defined the breath
depth d(t) corresponding to the ultrasound image frame t as
self-varying value, is the breath correction matrix corrected
under the breath model. In this embodiment, T(W(d(t))) is
acquired through the linear compensation of breath effect
under breath motion discipline in three dimensions for the
relative displacement W(d(D). If W(d(D)=(W,(d(1))), W (d
(1), W,(d(1))), the breath correction matrix under Homoge-
neous coordinates is defined as:

100 -Wdd) 9
- 0 10 -Wy(d)
(Widn) = 00 1 —Wid)
000 1
[0063] In other embodiments, T(W(d(t))) could be

acquired through compensation process after certain pro-
cesses under the motion discipline in one or more dimen-
sions. Processes under the motion discipline could be
selected from non-linear transformation or giving different
weights in different dimensions.

[0064] In this embodiment, the breath model is imple-
mented before the registering process. The breath model is
also able to be implemented after the registering process in
other embodiments, such as implemented in the fusion
process. If the reference breath depth in registering is d,, it
is also capable of conducted real-time correction for breath
effect in the fusion process through above built breath
model. The correction algorithm is identical with the algo-
rithm correcting different frames into the same breath depth
disclosed in above registering process. The relationship
between X, and X, sec in the fusion process conducted
after correction is defined as Formula (10):

X, =P TWdD))R,

“sec

[0065] FIG. 8 is a schematic flow chart of registering and
fusion processes after breath module is built according to an
embodiment of the present disclosure based on ultrasound
images, position indicating information of position sensor
and position information of the breath sensor. The flow chart
shown in FIG. 8 comprises specific steps disclosed below:
step S31 for sampling the ultrasound video data, step S32 for
replaying the ultrasound video data and selecting one or
multiple image frames for registering, step S33 for deter-
mining whether or not to conduct breath correction for the
registered frames. If it is positive (YES), step S34 is con-
ducted for correcting the registered frames into the same
breath depth. Ifit is negative (NO), step S35 is conducted for
registering the selected image frames. In step S36, it is
determined that whether or not to conduct breath correction
for the fusion result, if it is positive (YES), step 37 is
conducted for correcting the fusion result into the same
breath depth and the step 38 is conducted thereafter. If it is
negative (NO), step 38 is conducted for displaying the fusion
result. In the registering step, doctor is able to replay the
video for selecting one or multiple ultrasound images for
registering and acquire the position indicating information
of the position sensor for registering. If the selected multiple

(4%, 10)
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ultrasound frames are under different breath depth, it is able
to correct the selected multiple ultrasound frames into the
same breath depth before the registering step. Alternatively,
if doctor wants to observe the fusion result in the same
breath depth, it is able to correct it into the depth by
implementing the breath model.

[0066] In above embodiments for explaining how to cor-
rect the multiple ultrasound frames into certain breath depth
through the breath model and how to correct the fusion result
into certain breath depth, it is assumed that the target depth
of the correction object is defined as the reference depth d,
as the breath model is built. However, it is understandable
that the correction depth of the target object could be any
breath depth, and the breath correction matrix is transformed
from T(W(d(1))) to T" (W(D))-T(W(d(1))).

[0067] A method for fusing at least one ultrasound image
with a pre-stored modality image disclosed in this embodi-
ment comprises below steps: a replaying step for playing at
least one ultrasound image frame from at least one pre-
stored ultrasound video data frame by frame under input
instruction or replaying the ultrasound image frame above
under input instruction, wherein the ultrasound video data
comprises the ultrasound image frame sampled from the
target object in at least one plane and position indicating
information corresponding to each of the ultrasound image
frame, the position indicating information is generated by
sensing the position of a position sensor fixed with a
ultrasound probe while acquiring the ultrasound image, the
breath position information is generated by sensing breath of
the target object through the breath sensor fixed on the target
object while acquiring the ultrasound image;

a registering step for registering the selected ultrasound
image frame with the modality image by implementing the
position indicating information corresponding to the
selected ultrasound image frame in the registering step,
wherein the registering method could be implemented by
conventional image registering algorithm; and

an image fusing step for fusing the registered ultrasound
image frame with the modality image, wherein the multiple
ultrasound images are corrected into the same breath depth
after registering through the breath model so as to allow
doctor to observe the breath depth under the same breath
depth.

[0068] The implement of how to build the breath model
and how to correct images into the same breath has been
already disclosed in above embodiments. Therefore, corre-
sponding descriptions related are omitted herein.

[0069] A method for fusing at least one ultrasound image
with a pre-stored modality image comprises below steps:

selecting multiple ultrasound image frames from at least one
ultrasound video data, defined as a selecting step, wherein
the ultrasound video data comprising the ultrasound image
frame sampled from a target object in at least one plane and
position indicating information corresponding to each of the
ultrasound image frame, the position indicating information
is generated by sensing the position of a position sensor
fixed with a ultrasound probe while acquiring the ultrasound
image, the breath position information is generated by
sensing breath of the target object through the breath sensor
fixed on the target object while acquiring the ultrasound
image;

building a breath model according to the ultrasound video
data, defined as a breath model-building step;
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registering the selected ultrasound image frame with a
modality image, defined as a registering step; and

image fusing the registered ultrasound image frame with the
modality image, defied as a image fusing step, wherein the
breath-correcting step is conducted in the condition selected
from conducting the breath-correcting step before the reg-
istering step or conducting the breath-correcting step after
the image fusing step.

[0070] In one embodiment, a step for building the breath
model comprises below steps: selecting a ultrasound image
frame corresponding to a reference breath depth as a refer-
ence frame for each portion of the ultrasound video data to
acquire a motion amount of the target object corresponding
to other ultrasound frames with respect to the reference
frame, and calculating a relative motion amount of the target
object corresponding to other ultrasound frames in a refer-
ence coordinate system under different breath depths, which
defined as a relative motion-calculating sub-step; and
fitting the different breath depth with the relative motion
amount in the reference coordinate system under different
breath depths to build the breath model, defined as a fitting
sub-step.

[0071] In another embodiment, the step of correcting
multiple ultrasound frames into the same breath depth
further comprises:

for any ultrasound image frame of the multiple ultrasound
video, acquiring the breath depth corresponding to the
ultrasound frame by implementing the corresponding breath
position information and the relative motion amount of the
target object in the ultrasound frame under the reference
coordinate system of the reference position according to the
breath model, which defined as a calculating sub-step; and
correcting the relative motion amount in the coordinate
system corresponding to the multiple ultrasound frames to a
predetermined breath depth according to the breath model,
defined as a correcting sub-step.

[0072] Detail descriptions of above steps and sub-steps
could be referred to corresponding parts in above embodi-
ments and are be omitted herein. The multiple ultrasound
image frames processed in the registering step in this
embodiment could be selected from the multiple image
frames selected when the breath model is built or the
multiple image frames acquired based on the real-time
ultrasound images.

[0073] As described above, for resolving two disadvan-
tages of conventional registration implementations, that are
low registering accuracy and fusing success rate based on
real-time ultrasounds and poor performance for eliminating
breath effect, a registering and fusing method implemented
by replaying ultrasound video data with the position sensor
information is provided at the present application. A breath
model is built for breath correction in the mean time. For
conducting breath correction, patient should be asked to
breath normally and the ultrasound videos for each of the
position overlapping with included angles among each other
for more than one breath period is sampled to record sensor
position information of the sensor on the probe, indicating
information corresponding for each of the ultrasound image
frames and breath sensor position information for the breath
sensor fixed on patient’s abdomen. The patient’s breath
model is built according to the video and the sensor infor-
mation hereafter.

[0074] Before the registering sep is conducted, in the
sampled ultrasound video data containing information for
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registering, each of the ultrasound images contains infor-
mation of the sensor position information and the indicating
information of the sensor fixed with the ultrasound probe
and the breath sensor position information for the breath
sensor fixed on patient’s abdomen. In the registering step,
doctor is allowed to replaying the video for searching the
video continuously or frame by frame so as to select one or
more image frames for registering, and the corresponding
position information of the position sensor fixed with the
ultrasound probe is acquired for registering by the naviga-
tion system at the same time. When the multiple frames are
selected for registering, doctor is allowed to correct the
multiple frames into the same breath state by implemented
the breathe model and the breath sensor information. In the
fusion step, the result is corrected in real-time according to
the breath sensor information by implemented the breath
model so as to reach the purpose of eliminating or reducing
the breath effect.

[0075] The image fusion method disclosed in the present
application registers and fuses the ultrasound video with
other modality data and corrects the fusion result with the
modality data for breath correction. The image fusion
method disclosed in the present application is not only able
to be implemented in examination for liver but also able to
be implemented in examination for other abnormal organs
such as kidney or prostate.

[0076] It is understandable for the skilled in the art that all
or some of the processes disclosed in the embodiments of the
present application are able to be implemented by instruct-
ing relating hardware through computer programs. Above
programs are able to be stored in a readable storing media of
computer. Above programs are able to include the imple-
ment of all flow charts for all methods disclosed in above
embodiments in execution. The readable storing media
include but not limited to select from below: Hard Disc,
Optical Disc, Read-Only Memory (ROM) and Random
Access Memory (RAM).

[0077] Although the present disclosure has been described
through specific embodiments, the present disclosure is not
limited to the specific embodiments described above. Those
of skill in the art should understand that various modifica-
tions, alternatives and variations may be made based on the
present disclosure, which all should be within the scope of
protection of the present disclosure. Furthermore, “a (an)
embodiment” or “another embodiment” mentioned above
may represent different embodiments, or may also be com-
bined completely or partly in one embodiment.

1. A method for fusing at least one ultrasound image with
a pre-stored modality image comprising:
selecting at least one ultrasound image frame from at least
one portion of pre-stored ultrasound video data, defined
as a selecting step, wherein the ultrasound video data
comprises ultrasound image frames sampled from a
target object along at least one plane and a position
indicating information corresponding to each of the
ultrasound image frames, wherein the position indicat-
ing information is generated by sensing a position of a
position sensor fixed with an ultrasound probe while
acquiring ultrasound image frames;
registering the selected ultrasound image frame with the
modality image, defined as a registering step, by imple-
menting the position indicating information corre-
sponding to the selected ultrasound image frame in the
registering step; and
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fusing the registered ultrasound image frame with the

modality image, defied as a fusing step.

2. The method of claim 1, further comprising:

selecting multiple ultrasound image frames in the select-

ing step;
building a breath model according to the ultrasound video
data, defined as breath model building step; and

correcting the multiple ultrasound image frames selected
into the same breath depth, defined as breath-correcting
step, before the registering step and/or during the
fusing step.

3. The method of claim 2, wherein the ultrasound video
data further comprises breath position information corre-
sponding to each of the ultrasound image frames, the breath
position information is generated by sensing the breath of
the target object through a breath sensor fixed on the target
object while acquiring ultrasound image frames; and

wherein the breath model-building step comprises:

selecting an ultrasound image frame corresponding to a
reference breath depth as a reference frame for each
portion of the ultrasound video data and acquiring a
motion amount of the target object corresponding to
other ultrasound image frames with respect to the
reference frame, and calculating a relative motion
amount of the target object corresponding to other
ultrasound image frames in a same reference coor-
dinate system under different breath depths, based on
the motion amount, which defined as a relative
motion-calculating sub-step; and

fitting the different breath depths and the relative
motion amount in the reference coordinate system
under different breath depths to build the breath
model, defined as a fitting sub-step.

4. The method of claim 3, wherein the relative motion
amount of the target object corresponding to other ultra-
sound image frames in the reference coordinate system
under different breath depths satisfies:

an error between the motion amount of the target object

corresponding to the reference frame and the relative
motion amount under reference coordinate system at a
predetermined breath depth is minimized.

5. The method of claim 4, wherein the motion amount is
arigid motion amount, the relative motion amount under the
reference coordinate system is an amount of displacement,
the relative motion amount of the target object correspond-
ing to other ultrasound image frames in the reference
coordinate system under different breath depths is calculated
according to the following formula:

argmi ZS( 2](f@mmww»—wumm]
WD) A\ wiidir=p

i=

wherein the breath depth is d(t), V,(d(t)) is a displacement
amount of the target object relating to the reference
frame, W(D) is a displacement amount of the target
object under the breath depth D, proj(W(D)) is a
projection component of W(D) in a plane correspond-
ing to the reference frame, n is the number of all
portions of the ultrasound video data, i=1, . . ., n,
f{proj,(W(D))-V,(d(t)) is an error function of proj,(W
(D)) and V(d(t).

Jan. 26,2017

6. The method of claim 3, wherein the step of correcting
multiple ultrasound frames into the same breath depth
comprises:

for any ultrasound frame of the multiple ultrasound
frames, acquiring the breath depth corresponding to the
ultrasound frame by implementing the corresponding
breath position information, and acquiring the relative
motion amount of the target object in the ultrasound
frame with respect to the reference position according
to the breath model, which defined as a calculating
sub-step; and

correcting the relative motion amount in the coordinate
system corresponding to the multiple ultrasound frames
to a predetermined breath depth according to the breath
model, defined as a correcting sub-step.

7. The method of claim 6, wherein the motion amount is
a rigid motion amount, the relative motion amount in the
reference coordinate system is a displacement amount, and
the correcting sub-step comprises:

acquiring translation vectors of the target object in each
dimension of the reference coordinate system accord-
ing to the displacement amount;

determining a rotating factor according to the breath
model;

acquiring a breath correction matrix according to the
translation vectors and the rotating factor; and

correcting the relative motion amount in the reference
coordinate system corresponding to the multiple ultra-
sound frames to a predetermined breath depth accord-
ing to the breath correction matrix.

8. The method of claim 6, wherein the step of correcting
the relative motion amount in the reference coordinate
system corresponding to the multiple ultrasound frames to
the predetermined breath depth comprises:

for any point on any frame of the ultrasound image
frames, calculating a position of the point in the refer-
ence coordinate system and calculating a position of the
point in the predetermined breath depth using P-T
(R,,o5A X), wherein P is a transformation matrix from
a ultrasound image space to a modality image space, T
is a space mapping matrix for correction, R, is a
transformation matrix from a position sensor space to a
world coordinate system, A is a transformation matrix
from the ultrasound image space to the position sensor
space, and X, is a coordinate of the point in the
ultrasound image space.

9. The method of claim 7, wherein the image fusion step
after the breath correction step is calculated according to:

Koo PTIVAD) R o () A X,

wherein X, _ is a coordinate of the point in the ultrasound
image space, X_,. is a coordinate of the point in the
modality image, P is a transformation matrix from a
ultrasound image space to a modality image space,
T(W(d())) is a breath correction matrix, R, is a
transformation matrix from a position sensor space to a
world coordinate system, A is a transformation matrix
from the ultrasound image space to the position sensor
space.

10. The method of claim 1, further comprising:

displaying multiple registered ultrasound image frames or
fused ultrasound image frames, and at least one inter-
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section line and included angle among the multiple
registered or fused ultrasound image frames at the same
time.

11. A method for fusing at least one ultrasound image with
a pre-stored modality image comprising:

selecting multiple ultrasound image frames from at least

one portion of ultrasound video data, defined as a
selecting step, wherein the ultrasound video data com-
prises ultrasound image frames sampled from a target
object along at least one plane and position indicating
information corresponding to each of the ultrasound
image frames, and the position indicating information
is generated by sensing a position of a position sensor
fixed with an ultrasound probe while acquiring ultra-
sound image frames;

building a breath model according to the ultrasound video

data, defined as a breath model-building step;
registering the selected ultrasound image frames with a
modality image, defined as a registering step; and

fusing the registered ultrasound image frames with the
modality image, defied as a image fusing step, wherein
the multiple ultrasound frames waiting for registration
are corrected into the same breath depth by implement-
ing the breath model, define as a breath correction step,
before the registering step and/or during the image
fusing step.

12. The method of claim 11, wherein the ultrasound video
data further comprises breath position information corre-
sponding to each ultrasound image frame, the breath posi-
tion information is generated by sensing a breath of the
target object through a breath sensor fixed on the target
object while acquiring the ultrasound image frame; and
wherein the breath model-building step comprises:

selecting an ultrasound image frame corresponding to a

reference breath depth as a reference frame for each
portion of the ultrasound video data to acquire a motion
amount of the target object corresponding to other
ultrasound frames with respect to the reference frame,
and calculating a relative motion amount of the target
object corresponding to other ultrasound frames in a
reference coordinate system under different breath
depths based on the motion amount, which defined as
a relative motion-calculating sub-step; and
fitting the different breath depths and the relative
motion amounts in the reference coordinate system
under different breath depths to build the breath
model, defined as a fitting sub-step.
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13. The method of claim 12, wherein the step of correct-
ing multiple ultrasound frames into the same breath depth
comprises:

for any ultrasound frame of the multiple ultrasound
frames, acquiring the breath depth corresponding to the
ultrasound frame by implementing the corresponding
breath position information, and acquiring the relative
motion amount of the target object in the ultrasound
frame in the reference coordinate system of the refer-
ence position according to the breath model, which
defined as a calculating sub-step; and

correcting the relative motion amount in the coordinate
system corresponding to the multiple ultrasound frames
to a predetermined breath depth according to the breath
model, defined as a correcting sub-step.

14. An ultrasound image fusion navigation system, com-

prising:

a probe and a position sensor fixed with the probe;

a sampling unit which samples a target object along at
least one plane to acquire at least one portion of
ultrasound video data comprising information for reg-
istering, and recording a position indicating informa-
tion for each ultrasound frame of each portion of
ultrasound video data, wherein the position indicating
information is generated by sensing a position of the
position sensor while acquiring the ultrasound image;

a selecting unit which selects at least one ultrasound
image frame from the pre-stored ultrasound video data
according to an input instruction;

a registering unit which registers the selected at least one
ultrasound image frame with a modality image by
implementing the position indicating information of the
at least one ultrasound image frame; and

a fusion unit which fuses the registered ultrasound image
frame with the modality image.

15. The system of claim 14, further comprising:

a breath sensor fixed on the target object;

a breath correcting unit which corrects the ultrasound
image frames into the same breath depth by imple-
mented the breath model before the registering step
and/or during the image fusing step, wherein the sam-
pling unit is also implemented for recording breath
position information for each ultrasound image frame
of each portion of the ultrasound video data, and the
breath position information is acquired by sensing the
breath of the target object via the breath sensor while
acquiring the ultrasound image frames.
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