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An ultrasonic imaging system is provided which can obtain
an accurate synthesized image, even if a specimen has a
surface with a large curvature. An ultrasonic imaging system
may include a probe and processing circuitry. The probe
may perform scan of first and second ultrasonic waves
different from each other. The processing circuitry may
generate a first ultrasonic image based on the first ultrasonic
wave and generate a second ultrasonic image based on the
second ultrasonic wave. The processing circuitry may cal-
culate a spatial relationship based on two first ultrasonic
images at two positions and two second ultrasonic images at
the two positions. The processing circuitry may synthesize
one of the first and second ultrasonic images at one of the
two positions with the one of the first and second ultrasonic
images at the other position based on the calculated rela-
tionship.
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ULTRASONIC IMAGING SYSTEM,
ULTRASONIC IMAGING DEVICE,
ULTRASONIC IMAGING METHOD, AND
IMAGE SYNTHESIZING PROGRAM

TECHNICAL FIELD

[0001] The present disclosure relates to an ultrasonic
imaging system, an ultrasonic imaging device, and an ultra-
sonic imaging method, which transmit an ultrasonic wave
into a specimen, such as a human body and receive a
reflected ultrasonic wave to image the inside of the speci-
men, and also relates to an image synthesizing program
which causes a computer to synthesize the ultrasonic
images.

BACKGROUND ART

[0002] There is an ultrasonic imaging device which per-
forms an ultrasonic imaging at a plurality of positions of a
specimen by moving a probe which transmits and receives
an ultrasonic wave while bringing the probe in contact with
the surface of the specimen, and synthesizes the plurality of
obtained images to generate a panorama image. In order to
perform the image synthesis accurately, it is necessary to
accurately obtain a spatial relationship between respective
images (an amount of translation, and a rotational angle).
[0003] Patent Document 1 discloses a device which
selects, among a first image and a second image to be
synthesized, two reference points from the first image,
searches the second image, by pattern matching, for a point
with an image pattern which suits the best with an image
pattern in peripheral areas of the reference points, and
calculates the spatial relationship (the amount of translation
and the rotational angle) based on a mobile vector of the two
reference points. Moreover, Patent Document 2 discloses a
device which calculates a projection distribution in the
horizontal direction and the vertical direction for each of two
ultrasonic images to be synthesized, and calculates the
spatial relationship by obtaining a correlation between the
projection distributions.

REFERENCE DOCUMENT OF
CONVENTIONAL ART

Patent Documents

[0004] Patent Document 1: JP4,704,630B2

[0005] Patent Document 2: JP4,785,105B2
DESCRIPTION OF THE DISCLOSURE
Problems to be Solved by the Disclosure

[0006] If the width of the probe is large, a large imaging

range corresponding to the probe width can be secured.
However, when carrying out the ultrasonic imaging of a part
of the human body with a comparatively large curvature,
such as a leg, or an upper limb, the large-width probe causes
a problem that it does not conform to the surface of the
specimen. In this case, if the probe is pushed against the
specimen surface or a standoff’ is used, it causes to the
specimen to be deformed and causes a bad influence to the
synthesized image. On the other hand, if the width of the
probe is made smaller, the deformation problem of the
specimen as described above can be solved. However, for
example, in a scanning method with a small imaging range,
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such as a linear scan, the width of the obtained ultrasonic
image becomes smaller, and therefore, it becomes difficult to
accurately calculate the spatial relationship between the two
images. Moreover, for example, a wide angle scanning
method, such as a sector scan, can secure a larger imaging
area even if the probe width is small. However, a drive
frequency of the probe is low, and therefore, a resolution of
the obtained ultrasonic image may be lowered. It is difficult
to obtain the accurate spatial relationship from the low
resolution image. If the spatial relationship between the two
images cannot be obtained accurately, the accurate synthe-
sized image cannot be obtained.

[0007] The present disclosure is made in view of the above
situations, and a main purpose thereof is to provide an
ultrasonic imaging system, an ultrasonic imaging device, an
ultrasonic imaging method, and an image synthesizing pro-
gram, which can obtain an accurate synthesized image, even
if a specimen has a surface with a large curvature.

Summary of the Disclosure

[0008] 1In order to solve the problem described above, an
ultrasonic imaging system according to one aspect of the
present disclosure may include a probe, an image generator,
a spatial relationship calculating module, and an image
synthesizing module. The probe may transmit first and
second ultrasonic waves different from each other into a
specimen through the surface of the specimen and receive
the first and second ultrasonic waves reflected on the inside
of the specimen. The image generator may generate a first
ultrasonic image based on the first ultrasonic wave received
by the probe and generate a second ultrasonic image based
on the second ultrasonic wave received by the probe. The
spatial relationship calculating module may calculate a
spatial relationship between two different positions on the
surface of the specimen based on two first ultrasonic images
and two second ultrasonic images, the two first ultrasonic
images being generated by the image generator based on the
first ultrasonic waves received by the probe at the two
positions, and the two second ultrasonic images being gen-
erated by the image generator based on the second ultrasonic
waves received by the probe at the two positions. The image
synthesizing module may synthesize one of the first and
second ultrasonic images at one of the two positions with the
one of the first and second ultrasonic images at the other
position based on the relationship between the two positions
calculated by the spatial relationship calculating module.
[0009] The probe may transmit the first and second ultra-
sonic waves by different scanning modes.

[0010] The probe may transmit the first and second ultra-
sonic waves at different frequencies.

[0011] Moreover, an ultrasonic imaging device according
to another aspect of the present disclosure may include an
image generator, a spatial relationship calculating module,
and an image synthesizing module. The image generator
may, using a probe configured to transmit first and second
ultrasonic waves different from each other into a specimen
through the surface of the specimen and receive the first and
second ultrasonic waves reflected on the inside of the
specimen, generate a first ultrasonic image based on the first
ultrasonic wave received by the probe and generate a second
ultrasonic image based on the second ultrasonic wave
received by the probe. The spatial relationship calculating
module may calculate a spatial relationship between two
different positions on the surface of the specimen based on
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two first ultrasonic images and two second ultrasonic
images, the two first ultrasonic images being generated by
the image generator based on the first ultrasonic waves
received by the probe at the two positions, and the two
second ultrasonic images being generated by the image
generator based on the second ultrasonic waves received by
the probe at the two positions. The image synthesizing
module may synthesize one of the first and second ultrasonic
images at one of the two positions with the one of the first
and second ultrasonic images at the other position based on
the relationship between the two positions calculated by the
spatial relationship calculating module.

[0012] The image generator may generate the first ultra-
sonic image, and the second ultrasonic image having a
narrower imaging range and higher resolution than those of
the first ultrasonic image.

[0013] The image generator may generate the first and
second ultrasonic images for one frame based on the first and
second ultrasonic waves resulted from the probe continu-
ously transmitting the first and second ultrasonic waves into
the specimen while moving along the surface of the speci-
men and continuously receiving the first and second ultra-
sonic waves reflected on the inside of the specimen. The
spatial relationship calculating module may calculate the
relationship between the two positions based on two of the
first ultrasonic images and two of the second ultrasonic
images in each of continuous first and second frames.
[0014] The spatial relationship calculating module may
calculate the relationship between the two positions includ-
ing a distance between the two positions in two directions
intersecting each other.

[0015] The spatial relationship calculating module may
calculate the relationship between the two positions further
including a rotational angle of the probe in a plane extending
in the two directions.

[0016] The ultrasonic imaging device may further include
a rotational angle calculating module configured to calculate
the rotational angle of the probe at each of the two positions
in the plane extending in the two directions, based on an
angle detected at each of the two positions by a sensor
configured to detect a direction of the probe in which the
probe faces. The image synthesizing module may synthesize
one of the first and second ultrasonic images at one of the
two positions with the one of the first and second ultrasonic
images at the other position, based on the distance calculated
by the spatial relationship calculating module and the rota-
tional angle calculated by the rotational angle calculating
module.

[0017] The spatial relationship calculating module may
include a spatial relationship estimating module configured
to calculate a first relational amount that is an estimation
value of the relationship between the two positions, based on
the two first ultrasonic images, and a spatial relationship
correcting module configured to calculate a second rela-
tional amount resulted from correcting the first relational
amount calculated by the spatial relationship estimating
module, based on the two second ultrasonic images. The
image synthesizing module may synthesize one of the first
and second ultrasonic images at one of the two positions
with the one of the first and second ultrasonic images at the
other position, based on the second relational amount cal-
culated by the spatial relationship correcting module.
[0018] The spatial relationship estimating module may
calculate the first relational amount including the distance
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between the two positions in two directions intersecting each
other. The spatial relationship correcting module may cal-
culate the second relational amount resulted from correcting
the distance calculated by the spatial relationship estimating
module.

[0019] The spatial relationship estimating module may
calculate the first relational amount by extracting a feature
point of each of the two first ultrasonic images and deter-
mining a correlation of the feature points between the two
first ultrasonic images.

[0020] The spatial relationship correcting module may
calculate the second relational amount based on a correlation
of a luminance distribution of the two second ultrasonic
images.

[0021] The image generator may generate the first ultra-
sonic image that is a sector scan image based on the first
ultrasonic wave received when the probe transmits the first
ultrasonic wave in a fan shape into the specimen, and
generate the second ultrasonic image that is a linear scan
image based on the second ultrasonic wave received when
the probe transmits the second ultrasonic wave in a belt-
shaped range into the specimen.

[0022] Further, an ultrasonic imaging method according to
still another aspect of the present disclosure is an ultrasonic
imaging method which may include the steps of causing a
probe configured to transmit and receive ultrasonic waves,
to transmit first and second ultrasonic waves different from
each other into a specimen at two different positions of the
surface of the specimen and receive the first and second
ultrasonic waves reflected on the inside of the specimen at
each of the two positions, generating two first ultrasonic
images based on the first ultrasonic waves received by the
probe at the two positions, generating two second ultrasonic
images based on the second ultrasonic waves received by the
probe at the two positions, calculating a spatial relationship
between the two positions based on the two first ultrasonic
images and the two second ultrasonic images, and synthe-
sizing one of the first and second ultrasonic images at one of
the two positions with the one of the first and second
ultrasonic images at the other position based on the calcu-
lated relationship between the two positions.

[0023] Furthermore, an image synthesizing program
according to still another aspect of the present disclosure is
an image synthesizing program causing a computer to
execute processing of synthesizing a plurality of ultrasonic
images obtained by imaging inside of a specimen. The
program may cause the computer to execute the steps of
calculating, on the basis of two first ultrasonic images
generated based on first ultrasonic waves received by a
probe at two different positions of the surface of the speci-
men and two second ultrasonic images generated based on
second ultrasonic waves received by the probe at the two
positions, a spatial relationship between the two positions,
the probe transmitting the first and second ultrasonic waves
different from each other into the specimen through the
surface of the specimen and receiving the first and second
ultrasonic waves reflected on the inside of the specimen, and
synthesizing one of the first and second ultrasonic images at
one of the two positions with the one of the first and second
ultrasonic images at the other position based on the calcu-
lated relationship between the two positions.
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Effect of the Disclosure

[0024] According to the present disclosure, the accurate
synthesized image can be obtained, even if the specimen has
the surface with the large curvature.

BRIEF DESCRIPTION OF DRAWINGS

[0025] FIG. 1 is a schematic view illustrating a configu-
ration of an ultrasonic imaging system according to Embodi-
ment 1.

[0026] FIG. 2 is a schematic view illustrating a configu-
ration of a probe and a control device of the ultrasonic
imaging system according to Embodiment 1.

[0027] FIG. 3Ais a conceptual view illustrating operation
of the probe when imaging a cross-section of a thigh in a
sector scan mode.

[0028] FIG. 3B is a conceptual view illustrating operation
of the probe when imaging the cross-section of the thigh in
a linear scan mode.

[0029] FIG. 4Ais a view illustrating one example of a first
ultrasonic image.

[0030] FIG. 4B is a view illustrating one example of a
second ultrasonic image.

[0031] FIG. 5 is a block diagram illustrating a configura-
tion of an image synthesizing device.

[0032] FIG. 6 is a flowchart illustrating an operating
procedure of the ultrasonic imaging system according to
Embodiment 1.

[0033] FIG. 7 is a flowchart illustrating a procedure of a
scanning operation.

[0034] FIG. 8 is a schematic view illustrating frames of the
ultrasonic imaging system according to Embodiment 1.

[0035] FIG. 9 is a conceptual view illustrating feature
point matching.
[0036] FIG.10 is a view illustrating corresponding feature

points excluding outliers.

[0037] FIG. 11 is a flowchart illustrating a procedure of a
spatial relationship calculation.

[0038] FIG. 12 is a conceptual view illustrating a spatial
relationship correction.

[0039] FIG. 13 is a schematic view illustrating a configu-
ration of a probe and a control device of an ultrasonic
imaging system according to Embodiment 2.

[0040] FIG. 14 is a flowchart illustrating an operating
procedure of the ultrasonic imaging system according to
Embodiment 2.

[0041] FIG. 15 is a flowchart illustrating a procedure of a
scanning operation.

[0042] FIG. 16 is a view illustrating one example of
synthesis of a first ultrasonic image and a second ultrasonic
image.

[0043] FIG. 17 is a view illustrating one example of scans
by a plurality of probes.

MODES FOR CARRYING OUT THE
DISCLOSURE

[0044] Hereinafter, desirable embodiments of the present
disclosure will be described with reference to the drawings.

Embodiment 1

[0045] In this embodiment, a sector scan and a linear scan
may alternately be repeated by a probe. Based on two sector
scan images obtained by twice sector scans at two positions,
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a first relational amount (an amount of translation and a
rotational angle) which is an estimated value of a relation-
ship between the two positions may be calculated. A second
relational amount, which is obtained by correcting the first
relational amount, may be calculated based on two linear
scan images obtained by twice linear scans performed
immediately after each of the twice sector scans. The sector
scan image and the linear scan image may be synthesized
based on the second relational amount.

<Configuration of Ultrasonic Imaging System>

[0046] FIG. 1 is a schematic view illustrating a configu-
ration of an ultrasonic imaging system according to this
embodiment. As illustrated in FIG. 1, an ultrasonic imaging
system 100 may include a probe 200 and an ultrasonic
imaging device 300. Moreover, the ultrasonic imaging
device 300 may include a control device 400 and an image
synthesizing device 500. The probe 200 may be connected
with the image synthesizing device 500 through the control
device 400.

[0047] FIG. 2 is a schematic view illustrating a configu-
ration of the probe 200 and the control device 400. The
probe 200 may have such a shape that an operator is
grippable. An ultrasonic transmission/reception surface 201
may be provided to a tip-end side of the probe 200. On the
other hand, a cable may extend from a base end of the probe
200 and may be connected to the control device 400.
[0048] On the ultrasonic transmission/reception surface
201, an ultrasonic array sensor 203 may be comprised of a
plurality of linearly-arrayed ultrasonic transducers 202. The
ultrasonic array sensor 203 may be connected to the control
device 400, transmit an ultrasonic wave in response to a
control signal given from the control device 400, and receive
areflected ultrasonic wave. From the ultrasonic array sensor
203, an electrical signal indicative of the received ultrasonic
wave may be outputted to the control device 400.

[0049] The control device 400 may include a controller
401 comprised of a CPU and a memory, communications
interfaces 402 and 403, and an image generator 404. The
communications interface 402 may be connected with the
probe 200 and communicate with the probe 200. The com-
munications interface 403 may be connected with the image
synthesizing device 500, and communicate with the image
synthesizing device 500. The image generator 404 may
generate an image based on the electrical signal outputted
from the ultrasonic array sensor 203.

[0050] The controller 401 may control the communica-
tions interfaces 402 and 403 and the image generator 404
according to an instruction given from the image synthesiz-
ing device 500. Moreover, the controller 401 may transmit
the control signal to the probe 200 through the communi-
cations interface 402 according to an instruction given from
the image synthesizing device 500. By the control of the
controller 401, the probe 200 may alternately operate a
sector scan mode and a linear scan mode. Thus, the control
device 400 may be controlled by the image synthesizing
device 500.

[0051] The operating mode of the probe 200 is described.
The probe 200 can operate in the sector scan mode. FIG. 3A
is a conceptual view illustrating operation of the probe 200
when imaging a cross-section of a thigh 600 in the sector
scan mode. In the sector scan mode, the control device 400
may cause each ultrasonic transducer 202 to vibrate with a
given phase difference to form an ultrasonic beam transmit-
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ted from the probe 200 into a sector shape. A drive frequency
of the ultrasonic array sensor 203 in the sector scan mode is
about 3 MHz, for example. Hereinafter, the ultrasonic wave
transmitted from the probe 200 in the sector scan mode may
be referred to as the “first ultrasonic wave.” The first
ultrasonic wave may be reflected on the inside of the thigh
600 which is a specimen, and a reflection wave may be
received by the ultrasonic array sensor 203. Here, the
electrical signal outputted from the ultrasonic array sensor
203 may be given to the image generator 404, and the image
generator 404 may convert the electrical signal into an
ultrasonic image in the sector scan mode (hereinafter,
referred to as the “first ultrasonic image”™). FIG. 4A is a view
illustrating one example of the first ultrasonic image. As
illustrated in FI1G. 4A, the first ultrasonic image 701 may be
a cross-sectional image indicating a sector-shaped imaging
range 601 (see FIG. 3A).

[0052] Moreover, the probe 200 can also operate in the
linear scan mode. FIG. 3B is a conceptual view illustrating
operation of the probe 200 when imaging the cross-section
of the thigh 600 in the linear scan mode. In the linear scan
mode, the control device 400 may cause each ultrasonic
transducer 202 to vibrate with a synchronized phase to form
an ultrasonic beam transmitted from the probe 200 into a belt
shape extending in a direction perpendicular to the ultra-
sonic transmission/reception surface 201. A drive frequency
of the ultrasonic array sensor 203 in the linear scan mode is
about 6 MHz, for example. Hereinafter, the ultrasonic wave
transmitted from the probe 200 in the linear scan mode may
be referred to as the “second ultrasonic wave.” The second
ultrasonic wave may be reflected on the inside of the thigh
600 which is the specimen, and the reflection wave may be
received by the ultrasonic array sensor 203. Here, the
electrical signal outputted from the ultrasonic array sensor
203 may be given to the image generator 404, and the image
generator 404 may convert the electrical signal into an
ultrasonic image in the linear scan mode (hereinafter,
referred to as the “second ultrasonic image”). FIG. 4B is a
view illustrating one example of the second ultrasonic
image. As illustrated in F1G. 4B, the second ultrasonic image
702 may be a cross-sectional image indicating a belt-shaped
imaging range 602 (see FIG. 3B).

[0053] As described above, the belt-shaped imaging range
602 in the linear scan mode may only have a width about the
same as the length of the ultrasonic array sensor 203 (i.e., a
probe width). On the other hand, the imaging range 601 in
the sector scan mode may be spread in a fan shape from the
ultrasonic array sensor 203 (see FIGS. 3A and 3B). Thus, the
imaging range 602 of the second ultrasonic image 702 may
be smaller than the imaging range 601 of the first ultrasonic
image 701. Moreover, in the sector scan, the scan of the
ultrasonic beam may be performed at a comparatively low
drive frequency (the center frequency is 2 to 7 MHz), and the
range of the ultrasonic wave may be longer than that of the
linear scan so that the ultrasonic wave reaches a deeper part.
In the linear scan, the scan of the ultrasonic beam may be
performed at a comparatively high drive frequency (the
center frequency is 2.5 to 12 MHz) and the range of the
ultrasonic wave may be shorter than that of the sector scan.
That is, the imaging range 601 of the sector scan may be
larger also in the depth direction than the imaging range 602
of the linear scan. On the other hand, regarding the resolu-
tion of the image, since the drive frequency of the ultrasonic
array sensor 203 in the linear scan mode is larger than the
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drive frequency in the sector scan mode, the resolution of the
second ultrasonic image 702 may be higher than the reso-
lution of the first ultrasonic image 701.

[0054] Next, a configuration of the image synthesizing
device 500 is described. FIG. 5 is a block diagram illustrat-
ing a configuration of the image synthesizing device 500.
The image synthesizing device 500 may be implemented by
a computer 510. As illustrated in FIG. 5, the computer 510
may include a computer body 520, a user interface 530, and
a display unit 540. The computer body 520 may include a
CPU 521, a ROM 522, a RAM 523, a read-out device 524,
a hard disk drive 525, an input/output (I/O) interface 526, a
communications interface 527, and an image output inter-
face 528. The CPU 521, the ROM 522, the RAM 523, the
read-out device 524, the hard disk drive 525, the input/
output interface 526, the communications interface 527, and
the image output interface 528 may be connected via a bus.
[0055] The CPU 521 may execute a computer program
loaded to the RAM 523. By the CPU 521 executing an image
synthesizing program 550 which is a computer program for
ultrasonic imaging, the computer 510 may function as the
image synthesizing device 500, and it may be combined with
the control device 400 to function as the ultrasonic imaging
device 300.

[0056] The computer program executed by the CPU 521,
and data used for the program may be recorded on the ROM
522. The RAM 523 may be used for reading out the image
synthesizing program 550 recorded on the hard disk drive
525. Moreover, the RAM 523 may be used as a workspace
for the CPU 521, when the CPU 521 executes the computer
program.

[0057] The various computer programs executed by the
CPU 521, such as an operating system and an application
program, and data used for the execution of the computer
programs may be installed in the hard disk drive 525. The
image synthesizing program 550 may be also installed in the
hard disk drive 525.

[0058] The user interface 530 comprised of, for example,
a keyboard and a mouse may be connected to the input/
output interface 526.

[0059] The control device 400 may be connected to the
communications interface 527, and the communications
interface 527 may transmit the control signal from the CPU
521 to the control device 400, and receive the first and
second ultrasonic images 701 and 702 from the control
device 400. Moreover, the RAM 523 may include a sector
image frame memory 531 and a linear image frame memory
532. The received first ultrasonic image 701 may be stored
in the sector image frame memory 531, and the second
ultrasonic image 702 may be stored in the linear image
frame memory 532.

[0060] The image output interface 528 may be connected
to the display unit 540 comprised of, for example, an LCD
or a CRT, and output to the display unit 540 an image signal
according to the image data given from the CPU 521. The
display unit 540 may display an image (screen) according to
the inputted image signal.

<Operation of Ultrasonic Imaging System>

[0061] Next, operation of the ultrasonic imaging system
according to this embodiment is described. FIG. 6 is a
flowchart illustrating an operating procedure of the ultra-
sonic imaging system according to this embodiment. The
CPU 521 of the image synthesizing device 500 may instruct



US 2019/0365358 Al

a start of scan to the control device 400, and the controller
401 of the control device 400 may cause the probe 200 to
perform a scanning operation according to the instruction
(Step S101). During this scanning operation, the operator
may move the probe 200 along the surface of the specimen,
while bringing the ultrasonic transmission/reception surface
201 in contact with the surface of the specimen.

[0062] In the scanning operation, the controller 401 may
drive the probe 200, while alternately switching between the
sector scan mode and the linear scan mode. Below, the
scanning operation is described in more detail. FIG. 7 is a
flowchart illustrating a procedure of the scanning operation.
The controller 401 may first assign an initial value (0) to a
frame number n (Step S151). Next, the controller 401 may
drive the probe 200 in the sector scan mode, and perform the
sector scan (Step S152). In the sector scan, the probe 200
may transmit the first ultrasonic wave in the sector beam
shape from the surface of the specimen in a direction
perpendicular to the surface of the specimen (in a depth
direction of the specimen), and receive the first ultrasonic
wave reflected on the inside of the specimen.

[0063] The probe 200 may transmit the electrical signal
indicative of the received first ultrasonic wave to the control
device 400, and the communications interface 402 of the
control device 400 may receive the received first ultrasonic
wave. The image generator 404 may generate the first
ultrasonic image 701 based on the electrical signal (Step
S153).

[0064] After the controller 401 causes the probe 200 to
perform the sector scan, it may then drive the probe 200 in
the linear scan mode to perform the linear scan (Step S154).
In the linear scan, the probe 200 may transmit the second
ultrasonic wave in the belt-shaped (rectangular) beam shape
from the surface of the specimen in the direction perpen-
dicular to the surface of the specimen, and receive the
second ultrasonic wave reflected on the inside of the speci-
men.

[0065] The probe 200 may transmit the electrical signal
indicative of the received second ultrasonic wave to the
control device 400, and the communications interface 402 of
the control device 400 may receive the received second
ultrasonic wave. The image generator 404 may generate the
second ultrasonic image 702 based on the electrical signal
(Step S155). The controller 401 may transmit the generated
first and second ultrasonic images 701 and 702 to the image
synthesizing device 500 from the communications interface
403 along with the frame number n. The first and second
ultrasonic images 701 and 702 for one frame may be stored
in each of the sector image frame memory 531 and the linear
image frame memory 532 together with the frame number.
[0066] When ending the above scanning operation, the
CPU 521 may instruct an end of scan to the control device
400. The controller 401 may determine whether the end-of-
scan instruction is received (Step S156), and if the end-of-
scan instruction is received (YES at Step S156), the scan-
ning operation ends. On the other hand, if the end-of-scan
instruction is not received, (NO at Step S156), the controller
401 may increment the frame number n (Step S157), return
the processing to Step S152, and cause the probe 200 to
perform the sector scan and the linear scan again.

[0067] As described above, one cycle of the scanning
operation may include one sector scan and one linear scan,
and the probe 200 may perform this cycle for a plurality of
times. This one cycle may correspond to one frame. FIG. 8
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is a schematic view illustrating frames in the ultrasonic
imaging system according to this embodiment. One frame
may include one first ultrasonic image and one second
ultrasonic image. Since a time interval between the sector
scan and the linear scan in one cycle is significantly small,
it may be considered that the sector scan and the linear scan
are performed at the same position. That is, the first and
second ultrasonic images included in one frame may be
treated as images of the same position. Below, the first
ultrasonic image in an (n-1)th frame may be expressed as
701,,_,, the first ultrasonic image in an (n)th frame as 701,
the second ultrasonic image in the (n-1)th frame as 702, ;,
and the first ultrasonic image in the (n)th frame as 702,,.

[0068] Referring again to FIG. 6, when the above scanning
operation is finished, the CPU 521 of the image synthesizing
device 500 may set the initial value (0) to the frame number
n (Step S102), and extract the feature points from the first
ultrasonic image 701,, in the (n)th frame (Step S103). In this
feature point extraction, a local feature amount extracting
algorithm with rotational invariance, such as SIFT (Scale-
Invariant Feature Transform), SURF (Speeded Up Robust
Features), ORB (Oriented FAST and Rotated BRIEF), i.e.,
an algorithm which is capable of extracting the same local
feature amount even if the image is rotated, may be used.

[0069] Next, the CPU 521 may determine whether the
image to which the feature point extraction is performed is
the first ultrasonic image of the first frame, i.e., whether the
value of n at this time is “0” (Step S104). If the image to
which the feature point extraction is performed is the first
ultrasonic image of the first frame (YES at Step S104), the
CPU 521 may store information on the extracted feature
points in the hard disk drive 525, transit to Step S109 and
shift to the feature point extraction for the next frame (frame
number “17).

[0070] On the other hand, if the image to which the feature
point extraction is performed is not the first ultrasonic image
of the first frame, i.e., if the value of n at this time is not “0”
(NO at Step S104), the CPU 521 may perform matching of
the feature points of the first ultrasonic image 701,,_; of the
(n-1)th frame with the feature points of the first ultrasonic
image 701, of the (n)th frame, and determine correlations
between the respective feature points (Step S105). FIG. 9 is
a conceptual view illustrating processing of Step S105
(hereinafter, referred to as the “feature point matching”). In
the feature point matching, between the feature points of the
first ultrasonic image 701, , of the (n-1)th frame and the
feature points of the first ultrasonic image 701, of the (n)th
frame, the feature points having the closest feature amounts
may be associated with each other. For the calculation of the
closeness of the feature amounts, the Euclid distance, the
Hamming distance, etc. may be used depending on the
feature point extraction technique. In FIG. 9, the same marks
indicated in the first ultrasonic image 701, _, of the (n-1)th
frame and the first ultrasonic image 701, of the (n)th frame
may be corresponding or associated feature points. Although
FIG. 9 is illustrated in a simplified manner, hundreds of
feature points may be extracted in each first ultrasonic
image.

[0071] Referring again to FIG. 6, the CPU 521 may then
perform the spatial relationship calculation (Step S106),

where the spatial relationship of the probe 200 between the
(n-1)th frame and the (n)th frame is calculated. The spatial
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relationship calculation may include a spatial relationship
estimation (Step S107) and a spatial relationship correction
(Step S108).

[0072] In the spatial relationship estimation, based on the
correlation between the feature points determined at Step
S105, the first relational amount which is an amount of
movement (positional parameter) of the first ultrasonic
image between the (n-1)th frame and the (n)th frame may be
calculated as an estimated value of the spatial relationship of
the probe 200 between the (n-1)th frame and the (n)th frame.
The first relational amount to be calculated may include
translation amounts Ax and Ay which are distances in two
directions x and y which are perpendicular to each other, and
a rotational angle Af.

[0073] Below, the spatial relationship estimation is
described in detail. Between the feature points (x,, v,) on the
first ultrasonic image 701, ; of the (n-1)th frame, and the
feature points (x';, ¥',) on the first ultrasonic image 701, of
the (n)th frame, a relation expressed by the following
Formula (1) can ideally be established. Here, k is the number
of the associated feature points.
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[0074] However, the correlation between a large number
of feature points cannot be satisfled with a set of spatial
relationships obtained based on the corresponding feature
points. This may be because an error is included in the
coordinates of the feature point, and an error is included in
the determined correlation itself due to the influences of
noise. Therefore, the first relational amount may be to be
calculated, while excluding outliers which badly influence
on the calculation. The RANSAC algorithm can be used for
the exclusion of the outliers, and a nonlinear least-squares
method, such as the Gauss Newton method or Levenberg-
Marquardt method, can be used for the calculation of the
spatial relationship. FI1G. 10 is a view illustrating the cor-
responding feature points excluding the outliers. By exclud-
ing the outliers, the first relational amount can be calculated
accurately using the accurately associated feature points.

[0075] FIG. 11 is a flowchart illustrating a procedure of the
spatial relationship estimation. In the spatial relationship
estimation, the CPU 521 may first select two sets at random
from all the corresponding feature points (Step S171), and
calculate, based on the obtained two sets of feature points,
a relational amount candidate which is a candidate value of
the spatial relationship (the amount of movement) of the
probe 200 between the (n-1)th frame and the (n)th frame
(Step S172).

[0076] Next, the CPU 521 may calculate a square error of
all the corresponding feature points (hereinafter, referred to
as the “corresponding feature points”) using the calculated
relational amount candidates, and count the number of the
corresponding feature points of which the error becomes
below a given threshold because the corresponding feature
points support the relational amount candidates (Step S173).
The following Formula (2) may be used for the calculation
of the square error e,.

e=(x ’k—xk)er()’/k—}'k)z @
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[0077] The CPU 521 may determine whether the number
of repetition reaches a given number (Step S174), and if the
number of repetition does not reach the given number (NO
at Step S174), it may return the processing to Step S171.
Therefore, the processings at Steps S171-S173 may be
repeatedly performed to obtain a plurality of relational
amount candidates.

[0078] If the number of repetition reaches the given num-
ber (YES at Step S174), the CPU 521 may select the
relational amount candidate with the maximum number of
supports, among all the relational amount candidates (Step
S175).

[0079] Next, the CPU 521 may calculate the final first
relational amount using the corresponding feature points
which support the relational amount candidate selected at
Step S175 (Step S176), and end the spatial relationship
estimation.

[0080] At Steps S172 and S176, the first relational amount
(or the relational amount candidate) may be calculated using
a plurality of sets (the number of sets is K) of corresponding
feature points. An error function defined by the following
Formula (3) may be used for the calculation of such a first
relational amount (or the relational amount candidate).

15 1 &
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[0081] The first relational amount (or the relational
amount candidate) which minimizes the error function
expressed by Formula (3) may be calculated by the nonlin-
ear least-squares method, such as the Gauss Newton method
or Levenberg-Marquardt method. Since two equations are
obtained from Formula (1), the first relational amount (or the
relational amount candidate) can be calculated, if there are
two or more sets of corresponding feature points. The
number of sets of corresponding feature points may be K=2
at Step S172, and K=2 at Step S176.

[0082] There may be the following advantages in the
calculation of the first relational amount based on the feature
points using the first ultrasonic image which is the sector
scan image. (1) When the probe 200 with a smaller probe
width is used, the imaging range in the linear scan may
become smaller, and the calculation of the accurate rota-
tional angle AB may become difficult in the calculation of the
spatial relationship using the linear scan image (the second
ultrasonic image). In this regard, A8 can be calculated with
sufficient accuracy by using the sector scan image with a
larger imaging range. (2) In the matching of local feature
points, since the matching is performed not based on coor-
dinates but based on the degree of similarity of the feature
amounts, the spatial relationship of both the frames can be
calculated without taking the imaging positions of the (n-1)
and (n)th frames into consideration.

[0083] By the above spatial relationship estimation, the
first relational amount which is the estimated value of the
spatial relationship of the probe 200 between the (n-1)th
frame and the (n)th frame can be calculated. If the first
relational amount is large, i.e., if the distance between the
position of the probe 200 in the (n-1)th frame and the
position of the probe 200 in the (n)th frame is large, even if
a sufficient overlapping area in the first ultrasonic image
which is the sector scan image can be secured, a sufficient
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overlapping area in the second ultrasonic image which is the
linear scan image cannot be secured, and a subsequent
correlation value calculation and an image synthesis of the
second ultrasonic image may not be performed accurately.
Therefore, in such a case, the processing of image correla-
tion can be skipped by considering the processing as an
error, or by lowering the synthetic accuracy, and the image
synthesis can be cartied out using the first relational amount
obtained by the spatial relationship estimation as it is.
[0084] Referring again to FIG. 6, after the spatial relation-
ship estimation, the CPU 521 may perform the spatial
relationship correction (Step S108). In the spatial relation-
ship correction, the second relational amount, which is
obtained by correcting the first relational amount calculated
by the spatial relationship estimation based on the image
correlation between the second ultrasonic images 702, ; and
702, of the (n-1)th frame and the (n)th frame, may be
calculated. In this embodiment, the translation amounts Ax
and Ay may be corrected among the first relational amounts
in the spatial relationship correction.

[0085] Below, the spatial relationship correction is
described in detail. The CPU 521 may apply the translation
and the rotation to the second ultrasonic image 702, of the
(n)th frame using the first relational amount (the translation
amounts Ax and Ay, and the rotational angle A8) calculated
by the spatial relationship estimation. Below, the second
ultrasonic image after this movement may be referred to as
(n")th frame image.

[0086] FIG. 12 is a conceptual view illustrating the spatial
relationship correction. Next, the CPU 521 may move the
(0"th frame image 702, by Ax' or Ay' in the x-axis or y-axis
direction, compare the image after the movement with the
second ultrasonic image 702, ; of the (n-1)th frame, and
calculate an image correlation value based on a luminance
value. For the calculation of the correlation value, SAD
(Sum of Absolute Difference), ZNCC (Zero-mean Normal-
ized Cross-Correlation), etc. can be used. The CPU 521 may
repeatedly perform the movement of the (n")th frame image
and the calculation of the image correlation value, search for
a given search range (e.g., 20 pixels) for both the x-axis and
the y-axis, and acquire the image correlation value at each
position. When the image correlation value at each position
is calculated, the CPU 521 may determine the position
where the image correlation value becomes the maximum as
final translation amounts Ax and Ay.

[0087] Since the linear scan image is higher in the reso-
lution than the sector scan image and there is less speckle,
the amount of translation can be corrected with sufficient
accuracy by using the linear scan image. The second rela-
tional amount (Ax, Ay, A0) calculated by the above spatial
relationship correction may be stored in the hard disk drive
525 along with the frame number n.

[0088] Referring again to FIG. 6, next, the CPU 521 may
determine whether the value of n matches with the final
frame number N (Step S109). If n does not match with the
maximum value N (NO at Step S109), the CPU 521 may
increment n (Step S110), and return the processing to Step
S103.

[0089] If n matches with the maximum value N (YES at
Step S109), the CPU 521 may synthesize the first ultrasonic
images 701, and 701, of the (n-1)th frame and the (n)th
frame by using the second relational amount (Step S111),
and similarly synthesize the second ultrasonic images 702, _,
and 702, of the (n-1)th frame and the (n)th frame by using
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the second relational amount (Step S112). The CPU 521 may
display on the display unit the synthesized first ultrasonic
image and the synthesized second ultrasonic image (Step
S113), and end the processing.

[0090] By configuring as described above, since the first
ultrasonic image of the large imaging range is acquired by
the sector scan which is a wide-angle imaging, and the first
relational amount is calculated using the first ultrasonic
image, the first relational amount can be calculated securely,
even when the ultrasonic imaging of the part of a human
body with a large curvature, such as a leg or an upper limb,
is carried out by using the probe with the small width.
Moreover, since the second relational amount which is
obtained by correcting the first relational amount is calcu-
lated using the second ultrasonic image obtained by the high
resolution linear scan, the accurate second relational amount
can be obtained.

Embodiment 2

[0091] In this embodiment, an angle sensor may be pro-
vided to the probe, a direction of the probe is acquired by the
angle sensor, and a rotational angle of the probe between two
sector scans is calculated. The sector scan and the linear scan
may alternately be repeated by the probe. The first relational
amount which is the distance between two positions (the
amount of translation) may be calculated based on the two
sector scan images obtained by the two sector scans at the
two positions. The second relational amount (the amount of
translation) which is obtained by correcting the first rela-
tional amount based on the two linear scan images obtained
by the twice linear scans at the two positions may be
calculated. The sector scan image or the linear scan image
may be synthesized based on the second relational amount
and the rotational angle obtained based on the angle sensor.

<Configuration of Ultrasonic Imaging System>

[0092] FIG. 13 is a schematic view illustrating a configu-
ration of a probe 250 and the control device 400. The probe
250 may include an angle sensor 251. The angle sensor 251
may detect an inclination from the vertical direction of the
probe 250, i.e., a direction in which the ultrasonic transmis-
sion/reception surface 201 faces. Since other configurations
of the ultrasonic imaging system according to this embodi-
ment are similar to the configuration of the ultrasonic
imaging system 100 according to Embodiment 1, the same
reference characters may be assigned to the same compo-
nents to omit the description thereof.

<Operation of Ultrasonic Imaging System>

[0093] Next, operation of the ultrasonic imaging system
according to this embodiment is described. FIG. 14 is a
flowchart illustrating an operating procedure of the ultra-
sonic imaging system according to this embodiment. The
CPU 521 of the image synthesizing device 500 may instruct
a start of scan to the control device 400, and the controller
401 of the control device 400 may cause the probe 250 to
perform a scanning operation according to this instruction
(Step S201). During this scanning operation, the operator
may move the probe 250 along the surface of the specimen,
while bringing the ultrasonic transmission/reception surface
201 in contact with the surface of the specimen.

[0094] In the scanning operation, the controller 401 may
drive the probe 250, while alternating the mode between the
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sector scan mode and the linear scan mode. Below, the
scanning operation is described in more detail. FIG. 15 is a
flowchart illustrating a procedure of the scanning operation.
The controller 401 may first assign the initial value (0) to the
frame number n (Step S251). Next, the controller 401 may
drive the probe 250 in the sector scan mode to perform the
sector scan (Step S252). In the sector scan, the probe 250
may transmit the first ultrasonic wave by scanning a sectot-
shaped beam from the surface of the specimen in the vertical
direction of the surface of the specimen, and receive the first
ultrasonic wave reflected on the inside of the specimen.
Moreover, the angle sensor 251 may detect an inclination
angle from the vertical direction of the probe 250 during the
sector scan (Step S253).

[0095] The probe 250 may transmit an electrical signal
indicative of the received first ultrasonic wave and an
electrical signal indicative of the inclination angle to the
control device 400, and the communications interface 402 of
the control device 400 may receive these electrical signals.
The image generator 404 may generate the first ultrasonic
image 701 based on the electrical signals (Step S254).
[0096] After the controller 401 causes the probe 250 to
perform the sector scan, it may then drive the probe 250 in
the linear scan mode to perform the linear scan (Step S255).
In the linear scan, the probe 250 may transmit the second
ultrasonic wave of the belt-like (rectangular) beam shape
from the surface of the specimen in the vertical direction of
the surface of the specimen, and receive the second ultra-
sonic wave reflected on the inside of the specimen.

[0097] The probe 250 may transmit an electrical signal
indicative of the received second ultrasonic wave to the
control device 400, and the communications interface 402 of
the control device 400 may receive the electrical signal. The
image generator 404 may generate the second ultrasonic
image 702 based on the electrical signal (Step S256). The
controller 401 may transmit the generated first and second
ultrasonic images 701 and 702 to the image synthesizing
device 500 from the communications interface 403 along
with the frame number n and the inclination angle. The first
and second ultrasonic images 701 and 702 for one frame
may be stored in each of the sector image frame memory 531
and the linear image frame memory 532 together with the
frame number. Moreover, the inclination angle may be
stored in the hard disk drive 525 together with the frame
numbet.

[0098] When ending the above scanning operation, the
CPU 521 may instruct an end of scan to the control device
400. The controller 401 may determine whether the end-of-
scan instruction is received (Step S257), and if the end-of-
scan instruction is received (YES at Step S257), it may then
end the scanning operation. On the other hand, if the
end-of-scan instruction is not received (NO at Step S257),
the controller 401 may increment the frame number n (Step
S258), and return the processing to Step S252 to cause the
probe 250 to again perform the sector scan and the linear
scan.

[0099] As described above, one cycle of the scanning
operation may include one sector scan and one linear scan,
and the probe 250 may perform this cycle for a plurality of
times. One cycle may correspond to one frame. One frame
may include one first ultrasonic image 701 and one second
ultrasonic image 702. Since a time interval between the
sector scan and the linear scan in one cycle is significantly
small, the sector scan and the linear scan may be considered
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to be performed at the same position. That is, the first and
second ultrasonic images 701 and 702 included in one frame
may be treated as images at the same position.

[0100] Referring again to FIG. 14, since processings at
Steps S202 to S205 are similar to the processings at Steps
S102 to S105 described in Embodiment 1, the description
thereof is omitted.

[0101] The CPU 521 may calculate the rotational angle A9
based on the inclination angle detected by the angle sensor
251 (Step S206). The rotational angle A8 may be calculated
as a difference between the inclination angle between the
(n-1)th frame and the (n)th frame. Note that, instead of the
angle sensor 251, a direction sensor which detects an azi-
muth using geomagnetism may be provided to the probe
250, and the rotational angle AB may be calculated based on
the azimuths detected by the direction sensor in the (n-1)th
frame and the (n)th frame.

[0102] Next, the CPU 521 may perform the spatial rela-
tionship calculation (Step S207). The spatial relationship
calculation may include the spatial relationship estimation
(Step S208) and the spatial relationship correction (Step
S209). In this embodiment, the positional parameters Ax and
Ay excluding the rotational angle may be calculated based
on the first ultrasonic image as the first relational amount in
the spatial relationship estimation. The method of calculat-
ing the translation amounts Ax and Ay may be similar to that
described in Embodiment 1.

[0103] Since processings at Steps S209 to S214 are similar
to the processings at Steps S108 to S113 described in
Embodiment 1, the description thereof is omitted.

[0104] By configuring as described above, the rotational
angle of the probe 250 can be obtained with sufficient
accuracy using the inclination angle detected by the angle
sensor 251, and thereby, the accurate image synthesis can be
performed. Moreover, since it is not necessary to calculate
the rotational angle by the image processing, the computa-
tional complexity may be reduced.

Other Embodiments

[0105] InEmbodiments 1 and 2 described above, although
the first relational amount is corrected using the second
ultrasonic image, the present disclosure is not limited to this
configuration. The first relational amount calculated from
the first ultrasonic image can be used for the image synthe-
sis, without being corrected. Moreover, although the trans-
lation amounts Ax and Ay are used as the targets to be
corrected among the first relational amounts, the present
disclosure is not limited to this configuration. The rotational
angle AO may also be the candidate for correction.

[0106] Moreover, in Embodiments 1 and 2 described
above, the sector scan may first be performed and the linear
scan may then be performed in each frame, the first rela-
tional amount may be calculated using the first ultrasonic
images which are first obtained in the (n-1)th frame and the
(mth frame, and the second relational amount which is
obtained by correcting the first relational amount may be
calculated using the second ultrasonic images which are
obtained thereafter in the (n-1)th frame and the (n)th frame.
However, the present disclosure is not limited to this con-
figuration. In each frame, the linear scan may be first
performed and the sector scan may then be performed. The
first relational amount may be calculated using the first
ultrasonic images obtained later on in the (n-1)th frame and
the (n)th frame, and the second relational amount which is
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obtained by correcting the first relational amount may be
calculated using the second ultrasonic images previously
obtained in the (n-1)th frame and the (n)th frame.

[0107] Moreover, other scans may also be performed in
one cycle, in addition to the sector scan and the linear scan.
In this case, in addition to the first and second ultrasonic
images, other ultrasonic images may be also included in one
frame. Note that, in order to perform the image synthesis, it
may be necessary for an image to include an overlapping
area ranging over cycles. However, if it is configured in this
way, since a time required for one cycle becomes longer,
there may be a possibility that the overlapping area may not
be fully secured. For this reason, it may be desirable to
restrict a moving speed of the probe in consideration of the
time required for one cycle. For example, an error may be
notified if the speed becomes such that probe moves more
than a half of the probe width during the time required for
one cycle.

[0108] Moreover, in Embodiments 1 and 2, although the
images of the two continuous frames are synthesized, the
present disclosure is not limited to this configuration. As
long as there are two different frames, they may not be
continuous. For example, the ultrasonic images of the (n-2)
th frame and the (n)th frame may be synthesized. In this
case, based on the first and second ultrasonic images of the
(n-2)th frame and the (n)th frame, a spatial relationship (the
second relational amount) of the probe in the (n-2)th frame
and the (n)th frame may be calculated, and based on the
calculated spatial relationship, at least one of the first and the
second ultrasonic images of the (n-2)th frame and the (n)th
frame may be synthesized. Note that it may be also neces-
sary in this case to secure the overlapping area of the image
ranging over two different frames. Therefore, the moving
speed may be restricted to become so that it moves less than
a half of the probe width during a time corresponding to the
two frames.

[0109] Moreover, in Embodiments 1 and 2, although both
the first and second ultrasonic images are synthesized, the
present disclosure is not limited to this configuration. One of
the first and second ultrasonic images may be synthesized.
For example, the operator may select the target to be
synthesized from the first and second ultrasonic images, and
the selected images are synthesized.

[0110] Moreover, in Embodiments 1 and 2, although the
first ultrasonic images are synthesized or the second ultra-
sonic images are synthesized, the first ultrasonic image and
the second ultrasonic image may also be synthesized. For
example, as illustrated in FIG. 16, by synthesizing the first
ultrasonic image 701, ; of the (n-1)th frame and the second
ultrasonic image 702, of the (n)th frame, quality of the
image can be improved in the imaging range of the second
ultrasonic image, while maintaining the imaging range of
the first ultrasonic image.

[0111] Moreover, in Embodiments 1 and 2, although the
sector scan of the fan-shaped imaging range and the linear
scan of the belt-shaped imaging range are performed, the
present disclosure is not limited to this configuration. The
scan may be other than the sector scan image and the linear
scan image, as long as one of the images is larger in the
imaging range and lower in the resolution, and the other
image is smaller in the imaging range and higher in the
resolution. As long as the scan mode is changeable in the
imaging angle range, the two kinds of scans may be per-
formed by switching the imaging angle range, while fixing
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the mode to this scan mode. For example, the scan mode is
fixed to the sector scan mode, and the drive frequency is
fixed, and the angle range (imaging range) is switched. By
configuring in this way, the sector scan image (the first
ultrasonic image) with the larger imaging range and the
lower resolution can be obtained by the scan with the larger
angle range, and the sector scan image (the second ultrasonic
image) with, the smaller imaging range and higher resolu-
tion can be obtained by the scan with the smaller angle
range. That is, the scan mode and the drive frequency may
be fixed, and each of the scan of the first ultrasonic wave and
the scan of the second ultrasonic wave may be performed by
switching the imaging range. Alternatively, while the scan
mode being fixed, the scan of the first ultrasonic wave may
be performed drive with larger imaging range and the lower
drive frequency high, and the scan of the second ultrasonic
wave may be performed with the smaller imaging range and
the high drive frequency. Even in such a case, the first
ultrasonic image with the larger imaging range and the lower
resolution, and the second ultrasonic image with the larger
imaging range and the higher resolution can be obtained.
Further, while the drive frequency being fixed, two kinds of
scans may also be performed by switching the scan mode.
For example, while the drive frequency being fixed, by
performing each of the sector scan and the linear scan, the
sector scan image (the first ultrasonic image) with the larger
imaging range and the lower resolution, the linear scan
image (the second ultrasonic image) with smaller imaging
range and the higher resolution can be obtained. Alterna-
tively, two kinds of ultrasonic scans may be performed using
a convex-type probe.

[0112] Moreover, in Embodiments 1 and 2, although the
first relational amount is calculated by the feature point
matching, and the second relational amount which is
obtained by correcting the first relational amount by the
image correlation is calculated, the present disclosure is not
limited to this configuration. The first relational amount may
be calculated by a pattern matching other than the feature
point matching, for example, by the image correlation, and
the second relational amount may be calculated by a pattern
matching other than the image correlation, for example, by
the feature point matching.

[0113] Moreover, in Embodiments 1 and 2, although the
ultrasonic imaging device 300 is comprised of the control
device 400 and the image synthesizing device 500, the
present disclosure is not limited to this configuration. A sole
ultrasonic imaging device may also be constituted by being
provided with both the functions of the control device 400
and the image synthesizing device 500. Moreover, although
the calculation of the spatial relationship and the image
synthesis are implemented by the software, the present
disclosure is not limited to this configuration. These pro-
cessings may also be performed by an image processor.

[0114] Moreover, in Embodiments 1 and 2, although the
measurement is performed, while the probe is moved, the
number of probes may not be one, as long as two frames can
be imaged at different positions. For example, a plurality of
probes may be used as illustrated in FIG. 17. In this case, the
sector scan and the linear scan may be performed by a probe
271, and the sector scan and the linear scan may be pet-
formed by a probe 272. Based on two sector scan images
(the first ultrasonic images) and two linear scan images (the
second ultrasonic images) which are respectively obtained
by the probes 271 and 272, a relationship between the
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imaging positions of the probes 271 and 272 may be
calculated, and based on this spatial relationship, the first or
second ultrasonic image obtained by the probe 271 and the
first or second ultrasonic image obtained by the probe 272
may be synthesized.

INDUSTRIAL APPLICABILITY

[0115] The ultrasonic imaging system, the ultrasonic
imaging device, the ultrasonic imaging method, and the
image synthesizing program of the present disclosure may
be useful as ultrasonic imaging systems, ultrasonic imaging
devices, and ultrasonic imaging methods, which transmit the
ultrasonic wave into the specimen, such as the human body,
receive the reflected ultrasonic wave to image the inside of
the specimen, and image synthesizing programs which
causes the computer to synthesize the ultrasonic images.

DESCRIPTION OF REFERENCE CHARACTERS

[0116] 100 Ultrasonic Imaging System
[0117] 200 Probe

[0118] 203 Ultrasonic Array Sensor
[0119] 300 Ultrasonic Imaging Device
[0120] 400 Control Device

[0121] 401 Controller

[0122] 404 Image Generator

[0123] 500 Image Synthesizing Device
[0124] 510 Computer

[0125] 521 CPU

[0126] 540 Display Unit

[0127] 550 Image Synthesizing Program
[0128] 701 First Ultrasonic Image
[0129] 702 Second Ultrasonic Image

1. An ultrasonic imaging system, comprising;
a probe configured to transmit first and second ultrasonic
waves different from each other into a specimen
through the surface of the specimen and receive the first
and second ultrasonic waves reflected on the inside of
the specimen; and
processing circuitry configured to:
in each of first and second frames taken at respective
probe positions, generate a first ultrasonic image
based on the first ultrasonic wave received by the
probe;

in each of the first and second frames, generate a
second ultrasonic image based on the second ultra-
sonic wave received by the probe;

calculate a spatial relationship between two different
probe positions on the surface of the specimen based
on each of the first ultrasonic images at the two probe
positions and each of the second ultrasonic images at
the two probe positions; and

synthesize one of the first and second ultrasonic images
at one of the two probe positions with the one of the
first and second ultrasonic images at the other one of
the two probe positions based on the positional
relationship.

2. The ultrasonic imaging system of claim 1, wherein the
probe transmits the first and second ultrasonic waves by
different scanning modes.

3. The ultrasonic imaging system of claim 1, wherein the
probe transmits the first and second ultrasonic waves at
different frequencies.
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4. An ultrasonic imaging device, comprising:

processing circuitry configured, using a probe configured

to transmit first and second ultrasonic waves different

from each other into a specimen through the surface of

the specimen and receive the first and second ultrasonic

waves reflected on the inside of the specimen, to:

in each of first and second frames taken at respective
probe positions, generate a first ultrasonic image
based on the first ultrasonic wave received by the
probe;

in each of the first and second frames, generate a
second ultrasonic image based on the second ultra-
sonic wave received by the probe;

calculate a spatial relationship between two different
probe positions on the surface of the specimen based
on each of the first ultrasonic images at the two probe
positions and each of the second ultrasonic images at
the two probe positions; and

synthesize one of the first and second ultrasonic images
at one of the two probe positions with the one of the
first and second ultrasonic images at the other one of
the two probe positions based on the positional
relationship.

5. The ultrasonic imaging device of claim 4, wherein the
processing circuitry generates the first ultrasonic image, and
the second ultrasonic image having a narrower imaging
range and higher resolution than those of the first ultrasonic
image.

6. The ultrasonic imaging device of claim 4, wherein the
processing circuitry generates the first and second ultrasonic
images for one frame based on the first and second ultrasonic
waves resulted from the probe continuously transmitting the
first and second ultrasonic waves into the specimen while
moving along the surface of the specimen and continuously
receiving the first and second ultrasonic waves reflected on
the inside of the specimen, and

wherein the processing circuitry calculates the relation-

ship between the two positions based on two of the first
ultrasonic images and two of the second ultrasonic
images in each of continuous first and second frames.

7. The ultrasonic imaging device of claim 4, wherein the
processing circuitry calculates the relationship between the
two positions including a distance between the two positions
in two directions intersecting each other.

8. The ultrasonic imaging device of claim 7, wherein the
processing circuitry calculates the relationship between the
two positions further including a rotational angle of the
probe in a plane extending in the two directions.

9. The ultrasonic imaging device of claim 7,

wherein the processing circuitry is further configured to

calculate the rotational angle of the probe at each of the
two positions in the plane extending in the two direc-
tions, based on an angle detected at each of the two
positions by a sensor configured to detect a direction of
the probe in which the probe faces, and

wherein the processing circuitry synthesizes one of the

first and second ultrasonic images at one of the two
positions with the one of the first and second ultrasonic
images at the other position, based on the distance
calculated by the processing circuitry and the rotational
angle calculated by the processing circuitry.

10. The ultrasonic imaging device of claim 4, wherein the
processing circuitry is further configured to:
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calculate a first relational amount that is an estimation
value of the relationship between the two positions,
based on the two first ultrasonic images,

calculate a second relational amount resulted from cor-

recting the first relational amount calculated by the
processing circuitry, based on the two second ultrasonic
images, and
synthesize one of the first and second ultrasonic images at
one of the two positions with the one of the first and
second ultrasonic images at the other position, based on
the second relational amount calculated by the process-
ing circuitry.
11. The ultrasonic imaging device of claim 10,
wherein the processing circuitry calculates the first rela-
tional amount including the distance between the two
positions in two directions intersecting each other, and

wherein the processing circuitry calculates the second
relational amount resulted from correcting the distance
calculated by the spatial relationship estimating mod-
ule.

12. The ultrasonic imaging device of claim 10, wherein
the processing circuitry calculates the first relational amount
by extracting a feature point of each of the two first
ultrasonic images and determining a correlation of the
feature points between the two first ultrasonic images.

13. The ultrasonic imaging device of claim 10, wherein
the processing circuitry calculates the second relational
amount based on a correlation of a luminance distribution of
the two second ultrasonic images.

14. The ultrasonic imaging device of claim 4, wherein the
processing circuitry generates the first ultrasonic image that
is a sector scan image based on the first ultrasonic wave
received when the probe transmits the first ultrasonic wave
in a fan shape into the specimen, and generates the second
ultrasonic image that is a linear scan image based on the
second ultrasonic wave received when the probe transmits
the second ultrasonic wave in a belt-shaped range into the
specimen.

15-16. (canceled)

17. The ultrasonic imaging device of claim 6, wherein the
processing circuitry calculates the relationship between the
two positions including a distance between the two positions
in two directions intersecting each other.

18. The ultrasonic imaging device of claim 6, wherein the
processing circuitry configured to calculate a first relational
amount that is an estimation value of the relationship
between the two positions, based on the two first ultrasonic
images; and configured to calculate a second relational
amount resulted from correcting the first relational amount
calculated by the processing circuitry, based on the two
second ultrasonic images, and

wherein the processing circuitry synthesizes one of the

first and second ultrasonic images at one of the two
positions with the one of the first and second ultrasonic
images at the other position, based on the second
relational amount calculated by the processing cir-
cuitry.

19. The ultrasonic imaging device of claim 7, wherein the
processing circuitry configured to calculate a first relational
amount that is an estimation value of the relationship
between the two positions, based on the two first ultrasonic
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images; and configured to calculate a second relational
amount resulted from correcting the first relational amount
calculated by the processing circuitry, based on the two
second ultrasonic images, and

wherein the processing circuitry synthesizes one of the

first and second ultrasonic images at one of the two
positions with the one of the first and second ultrasonic
images at the other position, based on the second
relational amount calculated by the processing cir-
cuitry.

20. The ultrasonic imaging device of claim 6, wherein the
processing circuitry generates the first ultrasonic image that
is a sector scan image based on the first ultrasonic wave
received when the probe transmits the first ultrasonic wave
in a fan shape into the specimen, and generates the second
ultrasonic image that is a linear scan image based on the
second ultrasonic wave received when the probe transmits
the second ultrasonic wave in a belt-shaped range into the
specimen.

21. An ultrasonic imaging method, comprising the steps
of:

causing a probe configured to transmit and receive ultra-

sonic waves, to transmit first and second ultrasonic
waves different from each other into a specimen at two
different positions of the surface of the specimen and
receive the first and second ultrasonic waves reflected
on the inside of the specimen at each of the two
positions;

generating two first ultrasonic images based on the first

ultrasonic waves received by the probe at the two
positions;

generating two second ultrasonic images based on the

second ultrasonic waves received by the probe at the
two positions;

calculating a spatial relationship between the two posi-

tions based on the two first ultrasonic images and the
two second ultrasonic images; and

synthesizing one of the first and second ultrasonic images

at one of the two positions with the one of the first and
second ultrasonic images at the other position based on
the calculated relationship between the two positions.

22. An image synthesizing program causing a computer to
execute processing of synthesizing a plurality of ultrasonic
images obtained by imaging inside of a specimen, the
program causing the computer to execute the steps of:

calculating, on the basis of two first ultrasonic images

generated based on first ultrasonic waves received by a
probe at two different positions of the surface of the
specimen and two second ultrasonic images generated
based on second ultrasonic waves received by the probe
at the two positions, a spatial relationship between the
two positions, the probe transmitting the first and
second ultrasonic waves different from each other into
the specimen through the surface of the specimen and
receiving the first and second ultrasonic waves reflected
on the inside of the specimen; and

synthesizing one of the first and second ultrasonic images

at one of the two positions with the one of the first and
second ultrasonic images at the other position based on
the calculated relationship between the two positions.
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