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Description
TECHNICAL FIELD

[0001] The present invention relates to an apparatus
for an ultrasonic examination of a deformable object, par-
ticularly, the breast. More particularly, the present inven-
tion relates to an apparatus capable of performing an
ultrasonic examination by moving an ultrasonic probe
while maintaining the position and shape of a deformable
object to be inspected. That is, the present invention re-
lates to an apparatus capable of performing an effective
ultrasonic examination by scanning an entire deformable
object such as the breast at one time using a movable
ultrasonic probe.

BACKGROUND ART

[0002] DE 19902251 A1is directed to a device having
aframe for holding an ultrasonically reflective lower com-
pression plate, for adjustably guiding an upper compres-
sion plate with an ultrasonic transducer acting as a trans-
mitter and receiver and possibly for holding coupling
pads, primarily for lateral breast edges. A thin, smooth
plate, preferably a tensioned foil of ultrasonically trans-
parent material, is arranged below and essentially in par-
allel with the upper compression plate.

[0003] A thin, preferably liquid coupling layer is ar-
ranged between the foil and compression plate for im-
proved acoustic coupling to an ultrasonic array arranged
in a recess in the upper compression plate, which is
moved synchronously during scanning. The ultrasonic
array is directly contacted by the liquid coupling layer.
[0004] Generally, breast cancer is the most common
carcinoma in the Western countries, and also has a high
frequency of occurrence together with cervical cancer
and stomach cancer for Korean women. To diagnose
breast cancer, mammography is generally used as a pri-
mary diagnosis. The mammography has been widely
used since it has an advantage in that a diagnosis can
be very simply made. However, if the tissue of the breast
is very dense, diagnostic sensitivity and specificity are
considerably lowered. Especially, in case of Korean
women, since the tissue of the breast is denser than that
of Western women, the effectiveness of the mammogra-
phy is greatly lowered and diagnosis of breast cancer is
very difficult.

[0005] Recently, instead of the mammography, an ul-
trasonic examination has been introduced and used. The
ultrasonic examination does not involve a risk of radia-
tion, and can diagnose a small tumor having a size of 2
to 3 mmdue to significantimprovement ofimage process-
ing technology. Conventional ultrasonic examination
methods include an examination method in which an in-
spector holds an ultrasonic probe of about 5 centimeters
and moves it on a desired region of a standing subject
to be examined. However, the method requires much
time and manpower for carrying out the examination, and
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is very inefficient for mass screening examination. Fur-
ther, such an examination process gives physical fatigue
to an inspector and causes a subject to feel discomfort
and shame. Furthermore, since the inspector moves the
ultrasonic probe with his/her hand to perform the exam-
ination, only the inspector can know information on an
examined location of an object to be examined. Thus,
this may cause incorrect recordation of examination re-
sults. In addition, there are problems in that the exami-
nation process depends mostly on subjective evaluation
by the inspector and reliability may be lowered unless
the inspector has much skill in the examination. Moreo-
ver, the ultrasonic probe should be completely in close
contact with the object to be examined to correctly per-
form the examination. However, when the examination
is carried out, the ultrasonic probe and the object to be
examined are not completely in close contact with each
other so that a gap is formed therebetween and the re-
sults of diagnosis becomes very incorrect. In particular,
in a case where the subject maintains a standing posture
during the examination, since an upper side of the breast
is pressed while a lower side thereof is supported, the
subject feels a pain so that the subject may tend to avoid
the examination. Further, in a case where the subject lies
on his/her back or stomach during the ultrasonic exam-
ination, since the examination procedure is very compli-
cated, the efficiency of the examination apparatus is low-
ered. Moreover, since the subject goes through an ex-
amination in an uncomfortable posture, the subject feels
physical fatigue.

[0006] International Patent Application Publication No.
WO 83/02053 discloses an apparatus capable of per-
forming an ultrasonic examination of adeformable object,
wherein the breast is placed on an ultrasonically trans-
parent plate through which ultrasonic waves can pass
and an ultrasonic sensor is moved below the plate. An
object of the patent application is to provide an exami-
nation apparatus that can perform an ultrasonic exami-
nation in a posture in which the results of an X-ray ex-
amination and the results of an ultrasonic examination
can be more correctly compared with each other. In the
examination apparatus disclosed in the patent applica-
tion, however, since the plate through which the ultra-
sonic waves pass has not sufficient rigidity, deformation
occurs when the breast is placed on the plate. Therefore,
there is a drawback in that correct location information
on the examination results cannot be obtained. If the
thickness of the plate through which the ultrasonic waves
pass is increased in order to prevent deformation, there
are drawbacks in that an image is not clear and exami-
nation results are incorrect.

Disclosure of Invention

[0007] The presentinvention is conceived to solve the
aforementioned problems. An object of the present in-
vention is to provide an apparatus for an ultrasonic ex-
amination, wherein a subject can simply go through an
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examination in a standing posture and a location of a
deformable object such as the breast corresponding to
ultrasonic examination results can be accurately ob-
tained.

[0008] Anotherobjectof the presentinvention is to pro-
vide an apparatus for an ultrasonic examination, wherein
an object to be examined can be automatically scanned
from a lower portion thereof without holding an ultrasonic
probe with a hand by an inspector and the ultrasonic
probe can come into contact with the object to be exam-
ined by means of gravity without pressing the object to
be examined, in particular, to provide an apparatus for
an ultrasonic examination, wherein when a gel pad is
used, an ultrasonic examination can be performed in a
state where the ultrasonic probe is completely in close
contact with the object to be examined while the object
to be examined presses the gel pad.

[0009] A further object of the present invention is to
provide an apparatus for an ultrasonic examination,
wherein an ultrasonic examination can be quickly per-
formed by moving an ultrasonic probe in a state where
the location and shape of a deformable object to be ex-
amined are maintained, thereby examination with this
apparatus can be efficiently performed in case of mass
screening of breast cancer.

[0010] A still further object of the present invention is
to provide an apparatus for an ultrasonic examination,
wherein the height and orientation of the apparatus can
be freely adjusted according to a physical figure of a sub-
ject and a region thereof to be examined.

[0011] Accordingto the presentinvention for achieving
the objects, there is provided an apparatus for an ultra-
sonic examination, comprising a supporting frame; a
movable means which has a flat surface with rigidity
widthwise on which the deformable object is placed and
is installed in the frame to move forward and rearward at
a certain moving distance in a longitudinal direction of
the frame; a driving means for moving the movable
means forward and rearward; and at least one ultrasonic
probe disposed to extend widthwise of the movable
means, a ultrasonic wave transmission/reception surface
of the ultrasonic probe being substantially flush with an
upper surface of the movable means, the ultrasonic
probe being fixed to the movable means at a position
inward from longitudinal both ends of the movable means
by a distance smaller than the moving distance of the
movable means.

[0012] In the apparatus of the present invention, the
movable means comprise a caterpillar consisting of a
plurality of links each of which has a flat surface, a pair
of rollers for internally supporting both longitudinal ends
of the caterpillar, and a pair of supporting members for
supporting both lateral sides of the caterpillar. At least
one of the pair of the rollers may be interlocked with the
caterpillar to move the caterpillar in response to the ro-
tation of the roller. The driving means may be coupled to
and rotates the interlocked roller. The at least one ultra-
sonic probe may be fixedly installed between two links
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of the caterpillar.

[0013] Further, in the apparatus of the present inven-
tion, the movable means may comprise a caterpillar con-
sisting of a plurality of links each of which has a flat sur-
face, a pair of rollers for internally supporting both longi-
tudinal ends of the caterpillar, and a pair of supporting
members for supporting both lateral sides of the cater-
pillar, the driving means may be coupled to and rotates
the caterpillar, and the at least one ultrasonic probe may
be fixedly installed between two links of the caterpillar.
[0014] Furthermore, in the apparatus of the present
invention, the ultrasonic probe is preferably a phased ar-
ray scanning type probe capable of examining a large
area.

[0015] Moreover, it is preferred that the apparatus of
the present invention further comprise a height adjusting
means for supporting the frame in such a manner that
the height of the frame can be adjusted, thereby freely
adjusting the height and orientation of the apparatus. The
apparatus may further comprise a height adjusting
means for supporting the frame in such a manner that
the height of the frame can be adjusted; and a pressing
means fixed to the height adjusting means to press the
deformable object placed on the flat surface of the mov-
able means. The apparatus of the present invention may
further comprise a stand for supporting the height adjust-
ing means; and a rotational shaft having one end sup-
ported rotatably by the stand and the other end fixed to
a side surface of the height adjusting means, which is
opposite to a side surface of the height adjusting means
with the frame installed thereon.

[0016] Moreover, for a case where the tissue of an af-
fected part is sampled to perform a histologic examina-
tion according to examination results, it is preferred that
the ultrasonic examination apparatus of the invention fur-
ther comprise a pressing means fixed to the height ad-
justing means to press the deformable object placed on
the flat surface of the movable means.

[0017] The apparatus for the ultrasonic examination of
the breast according to the present invention may com-
prise a height-adjustable stand; a height adjusting means
connected rotatably to the stand and extending vertically;
a scanning unitthatis provided at a side of a lower portion
of the height adjusting means and has an ultrasonic
probe; agel pad placed on the scanning unit; and a press-
ing means installed to move vertically above the gel pad.
[0018] The scanning unit comprises a hollow frame
with an open upper face; a pair of rollers installed at both
side ends of an inner space of the frame; a movable
means that is installed around the pair of rollers in the
form of a crawler to move in endless track manner and
has an upper outer surface substantially flush with the
upper face of the frame; a driving means for moving the
movable means in endless track manner within a certain
range; and an ultrasonic probe that is linearly and fixedly
arranged to the movable means to move in the frame
along the movable means and has an upper outer surface
substantially flush with the upper outer surface of the
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movable means. The driving means comprises a motor
having a rotational shaft connected to at least one of the
pair of rollers, and a control unit for controlling the motor.
[0019] Further, the scanning unit may comprise a hol-
low frame having both open side faces; a movable means
received in the frame to extrude through the both open
side faces and to reciprocate toward the side faces of
the frame; a driving means for reciprocating the movable
means; and an ultrasonic probe that is linearly arranged
within the movable means so as to have an upper surface
substantially flush with an upper surface of the movable
means and reciprocates together with the movable
means within the frame.

[0020] Moreover, it is preferred that the length of the
ultrasonic probe is 15 to 20 cm suitable for an examina-
tion of the breast.

[0021] Furthermore, it is preferred that the stand con-
sist of upper and lower stands, and the upper stand be
inserted into the lower stand to move vertically.

[0022] In addition, it is preferred that the gel pad be in
a semi-solid gel state so that the gel pad maintains a
certain shape to reduce friction between an object to be
examined and the ultrasonic probe and the movable
means. It is more preferred that the gel pad be construct-
ed by filling a gel into an enclosure made of a sonolucent
solid or flexible material.

Brief Description of Drawings

[0023]

Fig. 1 is a perspective view showing an apparatus
for an ultrasonic examination of the breast according
to an embodiment of the present invention.

Fig. 2 is a perspective view showing a state where
a pressing unit of the ultrasonic examination appa-
ratus of Fig. 1 has been moved downward.

Fig. 3 is a perspective view showing a first embodi-
ment of a scanning unit of the ultrasonic examination
apparatus according to the present invention.

Fig. 4 is a perspective view showing a second em-
bodiment of the scanning unit of the ultrasonic ex-
amination apparatus according to the presentinven-
tion.

Fig. 5 is a perspective view showing a third embod-
iment of the scanning unit of the ultrasonic exami-
nation apparatus according to the present invention.
Fig.6is asectional view taken along line A-Ain Fig. 5.
Fig. 7 is a perspective view showing a fourth embod-
iment of the scanning unit of the ultrasonic exami-
nation apparatus according to the present invention.
Fig. 8isasectional view taken along line B-Bin Fig. 7.

<Explanation of reference numerals for designating main
components in the drawings>

[0024]
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10: Lower stand

12: Upper stand

20: Height adjusting means
22: Rotational shaft

40, 140: Ultrasonic scanning unit
42, 142: Frame

44, 144: Flat surface

46, 146: Ultrasonic probe
47: Roller

50: Gel pad

60: Pressing means

62: Guide groove

80: Driving means

Best Mode for Carrying out the Invention

[0025] Hereinafter, preferred embodiments of the
present invention will be described in detail with refer-
ence to accompanying drawings. The terms or words
used herein should not be construed as being confined
to common meanings or dictionary meanings but be con-
strued as meanings and concepts matching with the tech-
nical spirit of the present invention based on the principle
that an inventor can properly define the concept of a term
to describe his/her invention in the best fashion. There-
fore, the constitutions described herein and illustrated in
the drawings do not cover all the technical spirit of the
present invention but are merely the most preferred em-
bodiments of the present invention. Thus, it should be
understood that various equivalents and modifications
can be made to the embodiments at the time of filing this
application.

[0026] Fig. 1is aview showing the entire configuration
of an apparatus for an ultrasonic examination of the
breast according to an embodiment of the present inven-
tion. Referring to Fig. 1, the apparatus for the ultrasonic
examination of the breast (hereinafter, referred to as "ul-
trasonic examination apparatus") according to the em-
bodiment of the present inventionis provided with a stand
mounted on aninstallation surface of an examination site.
[0027] The stand consists of a lower stand 10 and an
upper stand 12. A portion of the upper stand 12 is inserted
into the lower stand 10 to move vertically. That is, the
height of a height adjusting means 20 to be described
later is adjusted by the vertical movement of the upper
stand 12. The vertical movement of the upper stand 12
can be accomplished by a mechanical means or electric-
powered means without being limited to a specific
means. Further, a plurality of wheels not shown may be
provided at a lower end of the lower stand 10 to facilitate
movement of the ultrasonic examination apparatus.
[0028] The heightadjusting means 20 is coupled to the
stands 10 and 12, particularly the upper stand 12. The
height adjusting means 20 is a unit on which a variety of
devices for an ultrasonic diagnosis and is elongated ver-
tically. Atthis time, the height adjusting means 20 is fixed
to one end of a rotational shaft 22 of which the other end
is rotatably supported by the upper stand 12. That is,
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since the height adjusting means 20 is elongated verti-
cally, an inclination of the height adjusting means 20 var-
ies when the height adjusting means is rotated by the
rotational shaft 22. The rotation of the height adjusting
means 20 can be performed in a mechanical or electric-
powered manner. Preferably, the height adjusting means
may be remotely controlled by an additional operation
means not shown for operating the ultrasonic examina-
tion apparatus.

[0029] A scanning unit 40 is provided at a side of the
height adjusting means 20, which is opposite to the side
thereof to which the rotational shaft 22 is coupled. The
scanning unit 40 is to obtain an ultrasonic image for an
object to be examined. The detailed structure thereof will
be described later. The scanning unit 40 is installed at a
portion of a lower end of the height adjusting means 20.
Preferably, the scanning unit 40 is stably fixed on a sup-
porting frame 41 formed integrally with the height adjust-
ing means 20.

[0030] When an examination is performed, a gel pad
50 is disposed on the scanning unit 40. It is preferred that
the gel pad 50 be in a semi-solid gel state so that the gel
pad maintains a certain shape to reduce friction between
the object to be examined and the ultrasonic probe and
a movable means. It is more preferred that the gel pad
be constructed by filling a gel into an enclosure made of
a sonolucent solid or flexible material. Moreover, the gel
pad 50 is in contact with the scanning unit 40, preferably,
the movable means within the scanning unit 40 and an
upper surface of the ultrasonic probe. In addition, the gel
pad 50 made of a flexible material may be fixed to an
upper surface of the scanning unit 40 by means of an
additional frame such that the location of the gel pad can-
not vary. When the ultrasonic probe 46 scans the object
to be examined, a space formed between the object to
be examined and the ultrasonic probe 46 is completely
filled with the gel pad 50 so that a superior ultrasonic
image can be obtained. In particular, since the enclosure
of the gel pad 50 is made of a flexible material, the object
to be examined presses the gel pad 50. Therefore, the
space between the object to be examined and the ultra-
sonic probe 46 can be completely eliminated. Of course,
the gel pad 50 is made of a known material through which
ultrasonic waves can be transmitted without any loss.
[0031] A pressing unit 60 is installed at a position
spaced apart by a certain distance upward from the gel
pad 50. The pressing unit 60 can be moved vertically
along guide grooves 62 formed on an outer surface of
the height adjusting means 20. Although not shown, a
driving means for vertically moving the pressing unit 60
is installed within the height adjusting means 20. Of
course, although the pressing unit 60 can be moved ver-
tically in a mechanical manner, it is preferred that the
pressing unit 60 be remotely controlled by an external
operation means so that the vertical movement can be
performed in an electric-powered manner.

[0032] In a state where the object to be examiner is
placed on the gel pad 50, the pressing unit 60 is moved
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downward to press the object to be examiner. At this
time, a state where the pressing unit 60 has been moved
downward is shown in Fig. 2.

[0033] Fig. 3 shows a first embodiment of the scanning
unit 40 used in the ultrasonic examination apparatus ac-
cording to the embodiment of the present invention. In
this embodiment, the scanning unit 40 comprises a hol-
low frame 42 having an at least partially open upper face
and a generally rectangular space formed therein. The
movable means is installed within the inner space of the
frame 42. The movable means comprises a pair of rollers
47 installed at both sides 43 of the inner space of the
frame 42 and a belt 45 installed movably while surround-
ing the rollers. The belt 45 has a flat upper surface 44 on
which the breast as the object to be examined is placed.
At least one of the pair of rollers 47 is coupled to a sep-
arate driving means 80 to move the belt 45 in endless
track manner. The driving means 80 comprises a motor
coupled to the roller 47 and a control unit for controlling
the motor. Since a technique for controlling the position
of the belt by controlling the motor is obvious to those
skilled in the art, a description thereof will be omitted.
Preferably, the other roller which is not coupled to the
motor is a driven roller or idle roller and serves to stably
guide the belt 45 when the belt 45 is moved in endless
track manner.

[0034] The ultrasonic probe 46 is provided at the belt
45. The ultrasonic probe 46 is fixedly coupled to the belt
45 such that a transmission/reception surface of the ul-
trasonic probe 46 is substantially flush with the flat sur-
face 44 of the belt 45 to move together with the belt 45.
Preferably, the ultrasonic probe 46 is linearly arranged
widthwise of the belt 45, i.e. in a direction perpendicular
to the movement direction of the belt 45.

[0035] Thatis, it is preferred that the ultrasonic probe
46 have an upper surface flush with the flat surface 44.
Therefore, the flat surface 44 and the upper surface of
the ultrasonic probe 46 define a single plane within the
inner space of the frame 42. Preferably, the belt 45 is
pulled under proper tension to maintain flatness thereof
against vertical pressure, and has flexibility in the move-
ment direction and sufficient rigidity widthwise. In order
to prevent the belt 45 from being deformed widthwise
and to guide the movement thereof, although not shown,
asupportmember may be installed within a space formed
between upper and lower portions of the belt 45 consti-
tuting an endless track.

[0036] Preferably, the flat surface 44 and the upper
surface of the ultrasonic probe 46 define the same plane
as defined by the adjacent sides of the frame 42 or the
entire frame 42. With such a structure, even though the
gel pad 50 placed on the flat surface 44 and the ultrasonic
probe 46 is made of a flexible material, the gel pad 50
can be supported stably. Further, even when the object
to be examined is pressed by the pressing unit 60, the
movable means dose not cause movement or deforma-
tion of the object to be examined and also hardly cause
friction between the gel pad 50 and the ultrasonic probe
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46.

[0037] At this time, it is preferred that the linearly ar-
ranged ultrasonic probe 46 have a length of about 15 to
20 cm as a whole and a relatively very narrow width. The
overall length of the ultrasonic probe 46 should be suffi-
cient to cover the entire object to be examined. Thus, the
aforementioned length is determined from such a view-
point.

[0038] The ultrasonic probe 46 is an expensive part
that emits an ultrasonic wave to the object to be examined
and then receives the reflected ultrasonic wave to obtain
animage signal for the object to be examined. Therefore,
in order to reduce costs, instead of a single probe having
a length of 15 to 20 cm, a plurality of short probes may
be connected to one another in end-to-end manner or in
a state where some portions of adjacent probes overlap
with each other at their sides, and image processing is
performed to cover the entire width defined by the probes.
At this time, an important feature of the ultrasonic probe
46 of the present invention is that the ultrasonic probe
46 is moved by the belt 45 through the entire width of the
object to be examined so as to examine the entire object
with single scanning. Although not shown, it is apparent
that an additional ultrasonic wave generator is installed
to provide the ultrasonic wave through the ultrasonic
probe 46. Further, an additional Doppler device for ana-
lyzing the reflected ultrasonic wave is connected to the
ultrasonic probe 46. As for the ultrasonic probe, it is de-
sirable to use a phased array scanning type probe capa-
ble of inspecting a large range.

[0039] The driving means 80 comprising the motor
serves to issue a command to various components or
obtain necessary information and transmit the informa-
tion to the components according to a processing routine
installed in the driving means itself or a command of an
external operating means. For example, when a control
unit of the driving means 80 determines that the object
to be examined is sufficiently pressed by the pressing
unit 60 or receives a command from the external oper-
ating means in a state where the object to be examined
is placed on the gel pad 50, the control unit issues a
driving command to the motor and simultaneously in-
structs the ultrasonic probe 46 to emit the ultrasonic
wave. Further, the control unit creates an image by using
the ultrasonic wave emitted by the ultrasonic probe 46
and reflected from the object to be examined and stores
the created image or transmit the image to an external
display device.

[0040] Although not shown, an additional position sen-
sor is attached to the belt 45 or the ultrasonic probe 46
of the scanning unit 40 to continuously sense the current
position of the ultrasonic probe 46. The position sensor
continuously informs a location at which the ultrasonic
probe 46 currently performs an examination, so that the
location can be causedto correspond to arelevantimage.
This location can be very usefully utilized later when the
apparatus performs a diagnosis of a person to be exam-
ined. That is, when the image is analyzed to diagnose a
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person to be examined, the location information obtained
from the position sensor can correctly inform the location
of a region of the object to be examined at which a prob-
lem occurs.

[0041] Although the control unit has beenillustrated as
being installed within the scanning unit40, the installation
position of the control unitis not necessarily limited there-
to. For example, the control unit may be provided within
the height adjusting means 20 or may be installed sep-
arately outside of the apparatus together with a monitor
and the like to construct a kind of computer that provides
general functions such as user operation, image display
and the like.

[0042] The ultrasonic examination apparatus accord-
ing to the present invention constructed as above oper-
ates as follows.

[0043] First, todiagnose asubject, aninspectoradjusts
the height and inclination of the height adjusting means
20 to be fit for a physical figure of the subject. The height
of the height adjusting means 20 is adjusted by operating
the upper stand 12 upward or downward, and the incli-
nation thereof is adjusted by rotating the rotational shaft
22. Next, in a state where the height and inclination of
the height adjusting means have been adjusted, the sub-
ject puts his/her object to be examined on the gel pad
50, and the pressing unit 60 is then moved downward to
press the object to be examined. The object to be exam-
ined that has been pressed by the pressing unit 60 is
completely in close contact with the gel pad 50.

[0044] When the object to be examined has been com-
pletely pressed, the control unit operates an ultrasonic
wave generator (not shown) to emit an ultrasonic wave
through the ultrasonic probe 46. At the same time, the
control unit operates the motor to rotate the roller 47.
Thus, the belt 45 is slowly moved by the roller 47 in end-
less track manner. The movable means 44 is moved in
endless track manner until the ultrasonic probe 46 is fully
moved from one side to the other side of the object to be
examined. During the movement of the movable means
44, the ultrasonic probe 46 ultrasonically scans the entire
object to be examined at one time. During the scanning
of the objectto be examiner, the ultrasonic wave reflected
from the object is analyzed by a Doppler device (not
shown) and the analysis results are transmitted to the
control unit. The analysis results are converted into an
image that in turn is stored and simultaneously output to
the outside through an additional display device. Further,
during the movement of the belt 45, the position sensor
(notshown)installed on the belt 45 or the ultrasonic probe
46 continuously detects the current location of the ultra-
sonic probe 46, and transmits the detected location to
the control unit to match it with an image corresponding
thereto. Accordingly, the image acquired from the object
to be examined is stored while it is matched with the
relevant location of the ultrasonic probe 46, and a three-
dimensionalimage can be obtained by using the acquired
image.

[0045] When the examination process has been com-
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pleted, the control unit stops the operations of the motor
and the ultrasonic wave generator.

[0046] Meanwhile, when another part of the breast of
the subject is intended to be examined, the above proc-
ess can be repeated in a state where the other object to
be examined is placed on the gel pad 50. Further, when
a side of the object is intended to be examined, the ex-
amination can be performed by rotating the height ad-
justing means 20 through the rotational shaft 22.
[0047] Although the process of examining an object to
be examined by pressing the object by the pressing unit
60 has been described in this embodiment, it is possible
to perform the examination under the control of the con-
trol unit in a state where the object to be examined is not
pressed by the pressing unit.

[0048] Fig.4 shows a second embodiment of the scan-
ning unit used in the ultrasonic examination apparatus
of the present invention. Although the movable means
40 has been constructed using a belt moving in endless
track manner in the embodiment of Fig. 3, a movable
means 140 of this embodiment is constructed to move
slidably.

[0049] That is, referring to Fig. 4, a frame 142 of the
scanning unit 140 has partially open both side faces and
an open upper face. Further, the frame 142 has a hollow
configuration in which a space is formed therein. At this
time, a movable means 144 generally taking the shape
of a hexahedron is installed within the frame 142, and
has a length that is approximately twice as large as the
width of the frame 142 so that the movable means 144
can be installed to protrude through the both open side
faces 143 of the frame 142. In this state, the movable
means 144 can be moved slidably toward the both side
faces of the frame 142.

[0050] Further, an ultrasonic probe 146 similar to that
of the embodiment shown in Fig. 3 is linearly arranged
within the movable means 144. A transmission/reception
surface of the ultrasonic probe 146 is flush with a flat
surface of the movable means 144 to define the same
upper surface. Accordingly, the movable means 144 and
the ultrasonic probe 146 can stably support the gel pad
50 made of a flexible material.

[0051] In this embodiment, a method of moving the
movable means 144 can be implementedin various man-
ners such as a manner in which lower rollers are installed
to achieve the movement, and a manner in which a rack
and a pinion are used to achieve the movement. How-
ever, the method is not limited to the specific examples.
Although the scanning unit 140 of this embodiment con-
structed as above differs from the scanning unit shown
in Fig. 3 in view of their overall structures and methods
of moving the movable means, the scanning unit 140
operates based on the same principle as the scanning
unit of Fig. 3. Therefore, a detailed description thereof
will be omitted.

[0052] Fig. 5 is a view showing a third embodiment of
the scanning unit used in the ultrasonic examination ap-
paratus according to the present invention, and Fig. 6 is
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a sectional view taken along line A-A in Fig. 5.

[0053] A scanning unit 240 of this embodiment com-
prises a caterpillar 255 consisting of a plurality of links
247 each of which has a flat surface 244 on a frame 242,
a pair of rollers for internally supporting both longirudinal
ends of the caterpillar, and a pair of supporting members
250 for supporting both lateral sides of the caterpillar 255.
Further, a driving means 280 is coupled to at least one
of the rollers to rotate the caterpillar 255. Particularly, at
least one ultrasonic probe 246 is fixedly installed between
any two links 247 of the caterpillar 255. Moreover, a pair
of sprocket wheels 253 are installed on one side of the
caterpillar 255 to move the caterpillar in endless track
manner. It is also possible to insert the sprocket wheels
253 at both ends of the caterpillar after eliminating the
pair of rollers in order to support the caterpillar 255. A
rotational shaft 254 for at least one of the pair of sprocket
wheels 253 is connected to a motor shaft of the driving
means 280 to move the caterpillar 255 in endless track
manner. The supporting members 250 are connected to
the frame 242, and the rotational shaft 254 of each of the
pair of sprocket wheels 253 extending outward widthwise
is inserted into relevant engagement holes 252 of the
supporting members 250. Thus, the sprocket wheels 253
are rotatably supported by the supporting members 250.
[0054] As shown inFig. 6, supporting steps 251 of the
supporting members 250 are inserted into the caterpillar
255 at the both lateral ends thereof to support the lateral
ends of the caterpillar 255. The supporting steps 251 of
the supporting members 250 support the both lateral
ends of the caterpillar 255, so that even though an object
to be examined is placed on the flat surface 244 of the
caterpillar 255, the caterpillar 255 can be prevented from
sagging due to the weight of the object. That is, since the
respective links 247 of the caterpillar 255 have rigidity
widthwise of the caterpillar 255 but are connected to one
another through chain links 259, the flat surface 244 of
the caterpillar 255 sags due to play of the chain links 249
when the breast or the like is placed on the flat surface
244 of the caterpillar 255, if there are no supporting mem-
bers 250. In this embodiment, however, connections of
adjacent two links 247 are supported by the supporting
steps 251 of the supporting member 250, thereby pre-
venting the sagging phenomenon. Furthermore, al-
though this embodiment has been described by way of
example as having the single ultrasonic probe 246 in-
stalled between the two links 247, a plurality of ultrasonic
probes 246 may be installed between adjacent links 247,
respectively.

[0055] Fig. 7 is a view showing a fourth embodiment
of the scanning unit used in the ultrasonic examination
apparatus according to the present invention, and Fig. 8
is a sectional view taken along line B-B in Fig. 7.

[0056] A scanning unit of this embodiment comprises
a caterpillar 355 consisting of a plurality of links 347 each
of which has a flat surface 344 on a frame 342, a pair of
rollers 353 internally supporting both longitudinal ends
of the caterpillar 355, and a pair of supporting members
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350 for supporting both lateral ends of the caterpillar 355.
At least one of the pair of the rollers 353 is interlocked
with the caterpillar 355 to move the caterpillar 355 in re-
sponse to the rotation of the roller. Further, at least one
of the rollers 353 is connected to a driving means 380,
and at least one ultrasonic probe 346 is fixedly installed
between any two links 347 of the caterpillar 355.

[0057] As shown in Fig. 7, the interlocking of the roller
353 with the caterpillar 355 is achieved by a plurality re-
ceiving grooves 356 longitudinally formed at a regular
interval on an outer circumferential surface of the roller
355 and by a plurality ofinsertion surfaces 347a thathave
the same cross section in a longitudinal direction and are
formed on the back of the flat surface 344 of the links
347 of the caterpillar 355 so that the insertion surfaces
can come into close contact with the receiving grooves
356. Accordingly, when the roller 353 connected to the
driving means 380 is rotated, the insertion surfaces 347a
of the links 347 of the caterpillar 355 are inserted into the
receiving grooves 356 of the roller 353, thereby moving
the caterpillar 353 in endless track manner.

[0058] The supporting members 350 are fixed to the
frame 342. A shown in Fig. 8, supporting steps 351 of
the respective supporting members 350 are inserted into
the caterpillar 355 at the both lateral ends thereof to sup-
port the lateral ends of the caterpillar 355. The supporting
steps 351 of the supporting members 350 support the
both lateral ends of the caterpillar 355, so that even
though an object to be examined is placed on the flat
surface 344 of the caterpillar 355, the caterpillar 355 can
be prevented from sagging due to the weight of the object.
Since the respective links 347 of the caterpillar 355 have
rigidity widthwise of the caterpillar 355 but are connected
to one another through wires 349 at both ends thereof,
the flat surface 344 of the caterpillar 355 sags due to the
weight of the breast or the like when the breast or the
like is placed on the flat surface 344 of the caterpillar 355,
if there are no supporting members 350. In the scanning
unit of this embodiment, however, connections of adja-
cent two links 347 are supported by the supporting steps
351 of the supporting member 350, thereby preventing
the sagging phenomenon.

Industrial Applicability

[0059] According to the ultrasonic examination appa-
ratus of the present invention, a subject can simply go
through an examination in a standing posture and a lo-
cation of a deformable object such as the breast corre-
sponding to ultrasonic examination results can be accu-
rately obtained.

[0060] Further,accordingto the ultrasonic examination
apparatus of the present invention, an object to be ex-
amined can be automatically scanned from a lower por-
tion thereof without holding an ultrasonic probe with a
hand by an inspector and the ultrasonic probe can come
into contact with the object to be examined by means of
gravity without pressing the object to be examined.
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[0061] Moreover, according to the ultrasonic examina-
tion apparatus of the present invention, an ultrasonic ex-
amination can be quickly performed by moving an ultra-
sonic probe in a state where the location and shape of a
deformable object to be examined are maintained, there-
by examination with this apparatus can be efficiently per-
formed in case of mass screening of breast cancer.
[0062] Further, the ultrasonic examination device of
the present invention can adjust freely a height and gra-
dient according to a body type of the subject and can
move the ultrasonic probe to examine the overall object
to be examined at once. Furthermore, the ultrasonic ex-
amination apparatus of the present invention has advan-
tages in that the height and inclination thereof can be
freely adjusted according to the figure of a subject, and
the entire object to be examined can be examined only
at one time while the ultrasonic probe is moved. Partic-
ularly, in the ultrasonic examination apparatus of the
present invention, a subject directly places an object to
be examined on the gel pad that has been placed on the
ultrasonic probe and causes the pressing unit to press
the object, thereby eliminating conventional trouble-
someness that an inspector causes the object to be ex-
amined to be in contact with the ultrasonic probe with
his/her hand and then examines the object one by one
in order to perform a diagnosis. Therefore, there are ad-
vantages in that manpower and time required for the di-
agnosis can be drastically reduced and the subject can
be avoided from discomfort and shame. In addition, since
an ultrasonic-examination is performed by moving an
elongated ultrasonic probe in the ultrasonic examination
of the present invention, a superior image can be ob-
tained even at relatively lower costs.

[0063] The scope of the present invention is defined
only by the appended claims.

Claims

1. An apparatus for an ultrasonic examination of a de-
formable object, comprising: a supporting frame
(242); a movable means (255) having a flat surface
with rigidity widthwise for placing the deformable ob-
ject on the flat surface, the movable means (255)
being installed in the frame (242) to move forward
and rearward at a certain moving distance in a lon-
gitudinal direction of the frame (242); a driving means
(280) for moving the movable means (255) forward
and rearward; and atleast one ultrasonic probe (246)
disposed to extend widthwise of the movable means
(255), a ultrasonic wave transmission/reception sur-
face of the ultrasonic probe (246) being substantially
flush with an upper surface of the movable means
(255), the ultrasonic probe (246) being fixed to the
movable means (255) at a position inward from lon-
gitudinal both ends of the movable means (255) by
a distance smaller than the moving distance of the
movable means (255), wherein the movable means
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(255) comprises a caterpillar consisting of a plurality
of links (247) each of which has a flat surface, a pair
of rollers for internally supporting both longitudinal
ends of the caterpillar, and a pair of supporting mem-
bers for supporting both lateral sides of the caterpil-
lar, the driving means (280) is coupled to and con-
figured to rotate the caterpillar, and the at least one
ultrasonic probe (246) is fixedly installed between
two links of the caterpillar.

The apparatus according to Claim 1, wherein at least
one of the pair of the rollers is interlocked with the
caterpillar to move the caterpillar in response to the
rotation of the roller, and the driving means (280) is
coupled to and configured to rotate the interlocked
roller.

The apparatus according to any one of Claims 1 to
2, wherein the ultrasonic probe (246) is a phased
array scanning type probe.

The apparatus according to any one of Claims 1 to
3, further comprising: a height adjusting means for
supporting the frame (242) in such a manner that the
height of the frame (242) can be adjusted; and a
pressing means fixed to the height adjusting means
to press the deformable object placed on the flat sur-
face of the movable means (255).

The apparatus according to Claim 4, further com-
prising: a stand for supporting the height adjusting
means; and a rotational shaft having one end sup-
ported rotatably by the stand and the other end fixed
to aside surface of the height adjusting means, which
is opposite to a side surface of the height adjusting
means with the frame (242) installed thereon.

Patentanspriiche

1.

Vorrichtung zur Ultraschallprifung eines deformier-
baren Objekts, umfassend: einen Stitzrahmen
(242); eine bewegbare Einrichtung (255) mit einer
flachen Oberflache mit breitenméaRiger Steifigkeit,
zum Platzieren des deformierbaren Objekts auf der
flachen Oberflache, wobei die bewegbare Einrich-
tung (255) in dem Rahmen (242) installiert ist, um
sich eine gewisse Bewegungsdistanz in einer
Langsrichtung des Rahmens (242) vorwarts und
rickwarts zu bewegen; eine Antriebseinrichtung
(280) zum Bewegen der bewegbaren Einrichtung
(255) vorwarts und riickwarts; und zumindest eine
Ultraschallsonde (246), angeordnet, um sich brei-
tenmaRig der bewegbaren Einrichtung (255) zu er-
strecken, wobei eine Ultraschallwelleniibertra-
gungs-/Empfangsoberflache der Ultraschallsonde
(246) im Wesentlichen biindig zu einer oberen Ober-
flache der bewegbaren Einrichtung (255) ist, wobei
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die Ultraschallsonde (246) an die bewegbare Ein-
richtung (255) befestigtist, an einer Position einwarts
beider longitudinaler Enden der bewegbaren Ein-
richtung (255) um eine Distanz, die kleiner ist als die
Bewegungsdistanz der bewegbaren Einrichtung
(255), wobei die bewegbare Einrichtung (255) eine
Raupenausflihrung umfasst, bestehend aus einer
Vielzahl von Gliedern (247), von denen jedes eine
flache Oberflache aufweist, einem Paar Rollen zum
internen Stltzen beider longitudinaler Enden der
Raupenausfiihrung und einem Paar Stiitzelemente
zum Stlitzen beider lateraler Seiten der Raupenaus-
fiihrung, wobei die Antriebseinrichtung (280) an die
Raupenausfiihrung gekoppeltist und konfiguriertist,
die Raupenausfiihrung zu drehen, und wobei die zu-
mindest eine Ultraschallsonde (246) fest installiert
ist zwischen zwei Gliedern der Raupenausfiihrung.

Vorrichtung gemaf Anspruch 1, wobei zumindest ei-
ne des Paars Rollen verkoppelt ist mit der Raupen-
ausflihrung, um die Raupenausfiihrung in Reaktion
auf die Drehung der Rolle zu bewegen, und die An-
triebseinrichtung (280) an die verkoppelte Rolle ge-
koppelt ist und konfiguriert ist, die verkoppelte Rolle
zu drehen.

Vorrichtung geman einem der Anspriiche 1 bis 2,
wobei die Ultraschallsonde (246) eine Sonde der
Phasensteuerungs-Anordnung-Scan-Art  (phased
array scanning type probe) ist.

Vorrichtung geman einem der Anspriiche 1 bis 3,
ferner umfassend: eine Hoéheneinstelleinrichtung
zum Stitzen des Rahmens (242), derart, dass die
Héhe des Rahmens (242) eingestellt werden kann;
und eine Driickeinrichtung, befestigt an die H6hen-
einstelleinrichtung, um das deformierbare Objekt,
platziert auf der flachen Oberflache der bewegbaren
Einrichtung (255), zu driicken.

Vorrichtung gemal Anspruch 4, ferner umfassend:
einen Stand zum Stiitzen der Héheneinstelleinrich-
tung; und einen Drehschaft mit einem Ende, drehbar
gestultzt durch den Stand, wobei das andere Ende
an einer Seitenoberflache der H6heneinstelleinrich-
tung befestigt ist, die einer Seitenoberflache der H6-
heneinstelleinrichtung mit dem daran installierten
Rahmen (242) gegentiiberstehend ausgefihrt ist.

Revendications

Appareil destiné a un examen aux ultrasons d’un
objet déformable, comprenant : un chassis de sup-
port (242) ; un moyen mobile (255) comportant une
surface plate avec une rigidité dans le sens de la
largeur pour placer I'objet déformable sur la surface
plate, le moyen mobile (255) étant installé dans le
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chéssis (242) pour se déplacer vers l'avant et vers
l'arriere a une certaine distance de déplacement
dans un sens longitudinal du chéssis (242) ; un
moyen d’entrainement (280) pour déplacerle moyen
mobile (255) vers 'avant et vers'arriére ; etau moins
une sonde a ultrasons (246) disposée pour s’étendre
dans le sens de la largeur du moyen mobile (255),
une surface de transmission/réception d’'onde d’ul-
trasons de la sonde a ultrasons (246) étant sensi-
blement arasée a une surface supérieure du moyen
mobile (255), la sonde a ultrasons (246) étant fixée
au moyen mobile (255) a une position vers l'intérieur
a partir des deux extrémités longitudinales du moyen
mobile (255) a une distance inférieure a la distance
de déplacement du moyen mobile (255),

dans lequel le moyen mobile (255) comprend une
chenille se composant d’'une pluralité de maillons
(247) ayant chacun une surface plate, une paire de
rouleaux pour supporter a l'intérieur les deux extré-
mités longitudinales de la chenille, et une paire d’or-
ganes de support pour supporter les deux cbtés la-
téraux de la chenille, le moyen d’entrainement (280)
est couplé a la chenille etil est configuré pour la faire
tourner, et I'au moins une sonde a ultrasons (246)
est installée fixement entre deux maillons de la che-
nille.

Appareil selon la revendication 1, dans lequel au
moins I'un de la paire de rouleaux est imbriqué a la
chenille pour déplacer la chenille en réponse a la
rotation du rouleau, et le moyen d’entrainement
(280) est couplé au rouleau imbriqué et il est confi-
guré pour le faire tourner.

Appareil selon la revendication 1 ou 2, dans lequel
la sonde a ultrasons (246) est une sonde de type a
balayage a commande de phase.

Appareil selon I'une quelconque des revendications
1a 3, comprenant en outre : un moyen d’ajustement
de hauteur pour supporter le chassis (242) de telle
maniére que la hauteur du chassis (242) puisse étre
ajustée ; et un moyen de pression fixé au moyen
d’ajustement de hauteur pour presser I'objet défor-
mable placé sur la surface plate du moyen mobile
(255).

Appareil selon la revendication 4, comprenant en
outre : un socle pour supporter le moyen d’ajuste-
ment de hauteur ; et un arbre rotationnel comportant
une extrémité supportée de maniére a pouvoir tour-
ner par le socle et 'autre extrémité fixée a une sur-
face latérale du moyen d’ajustement de hauteur, qui
est a I'opposé d’'une surface latérale du moyen
d’ajustementde hauteur surlaquelle le chassis (242)
est installé.
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