US 20120136256A1

a2y Patent Application Publication (o) Pub. No.: US 2012/0136256 A1

a9 United States

Nozaki et al. (43) Pub. Date: May 31, 2012
(54) ULTRASONIC PROBE, POSITION DISPLAY (52) US.CL oot 600/459
APPARATUS AND ULTRASONIC
DIAGNOSTIC APPARATUS
(76) Inventors: Mitsuhiro Nozaki, Tokyo (JP); (57) ABSTRACT
Masafumi Ogasawara, Tokyo (JP)
An ultrasonic probe connected to an ultrasonic diagnostic
(21) Appl. No.: 13/307,989 apparatus having a display unit configured to display an ultra-
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AG6IB 8/14 (2006.01) on said probe display unit.
100
CPU
_—39 33
POSITION POSITION
OUTPUT UNIT| [OUTPUT UNIT
32 31
20 IMAGE IMAGE 50 40
PROCESSING| |PROCESSING DISPLAY NPUT
MEMORY UNIT UNIT UNIT UNIT
A A
@ o
N— PB

i

10
\ TRANSMITTING/
RECEIVING UNIT

133_\? f }118



US 2012/0136256 Al

May 31, 2012 Sheet 1 of 10

Patent Application Publication

eLl

dd

ecl

1INN ONIAIFOTSH

1NdN
0)74

| Old

/ONILLINSNYH.L
N0
LINN TINN TINN
3
AY1dSId ONISSAD0dd| [9NISSTD0Hd AHONIN
09 JOVINI JOVII 02
L€ ce
LINN LNd1NO| |LINN LNdLNO
NOILISOd NOILISOd
ee 68 —
NdD
og —
0l



US 2012/0136256 Al

May 31, 2012 Sheet 2 of 10

Patent Application Publication

¢ Ol

.
t . . ] t t t
. . . . . . -
PLAEIY LGP LA L LA L]

. -
. -
e’ o*

C .
g
.

s
*

Gl —

®” e
et

ceet’aa

BZLN VI —

9L —




Patent Application Publication = May 31, 2012 Sheet 3 of 10 US 2012/0136256 Al

FIG. 3(a)

11a

PP1
/— 13a
X
g1 — |
EG
GL1——__ | /

FIG. 3(b)

11a

PP2
13a
o /

GL1+
BV —

MK1—

™ —




Patent Application Publication = May 31, 2012 Sheet 4 of 10 US 2012/0136256 Al

PP1 — PP2 11a

FIG. 4



Patent Application Publication = May 31, 2012 Sheet 5 of 10 US 2012/0136256 Al

FIG. 5(a)
PP1 Ta
/—13a
C]
GL1—
MK1— /—EG (52)
™ — .l ~ 1
Y«l—»X
FIG. 5(b)
PP1 1a

]
BP1 ——/.
_/

GL1+




Patent Application Publication = May 31, 2012 Sheet 6 of 10 US 2012/0136256 Al

FIG. 6(a)

PP1 — PP2 11a
F>F>37 /7 /F PP4 13
N
BP3—/7” .& BP4
BP1—A BP2 EG
\ GL2 /

/ :

GL1—1 i
|_— NGM
\ :

GL3—

MK1——
MK3——

z

L.

11a

BP3 —

BP1—

GL1—1
GL3—

MA1 —
MA2 —

TM1 I
TMQ} ™ Y X




Patent Application Publication = May 31, 2012 Sheet 7 of 10 US 2012/0136256 Al

FIG. 7(a)

FIG. 7(b)

11a

PA1
/_ /— 13a

MA2 —_|

MAT ———]

™ — Yl—»X




Patent Application Publication = May 31, 2012 Sheet 8 of 10 US 2012/0136256 Al

FIG. 8(a)

!
.

™"

FIG. 8(b)
il
/

MK ———

™m—"




US 2012/0136256 Al

May 31, 2012 Sheet 9 of 10

Patent Application Publication

6 Ol
agl \|m2

Legetigattyats gt pa'ie pa’s npals o ple s mole ol s ol e nulc e’
3ebagatogatay -
2ot e set e sel o polfe o gl o el m lc mpelc o ole s oln oo obons”
=3efe u.snnu-.-uunﬂn__l‘.-l T
A S S e e gl g apu gl gl e g et
m _\ Py e e e g Aol g g o ol i g

.

acl Ll — :

91 —




Patent Application Publication

FIG. 10

May 31, 2012 Sheet 10 of 10 US 2012/0136256 Al

/7 PP1/— PP2

11a

13a

BVa

BVb




US 2012/0136256 Al

ULTRASONIC PROBE, POSITION DISPLAY
APPARATUS AND ULTRASONIC
DIAGNOSTIC APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese
Patent Application No. 2010-265868 filed Nov. 30, 2010,
which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] This invention relates to an ultrasonic probe, a posi-
tion display apparatus and an ultrasonic diagnostic apparatus,
in which the ultrasonic diagnostic apparatus displays an ultra-
sonic image and specifies a specific region, and displays a
corresponding position of a transducer of the ultrasonic
probe.

[0003] Anultrasonic diagnostic apparatus displays the con-
dition of a target object on an image display unit in B-mode
image or color Doppler image. If the position relationship
between the image display unit and the transducer array of the
ultrasonic probe cannot be determined, the operator cannot
easily and accurately recognize the position on the target
object observed from the ultrasonic probe. A conventional
ultrasonic diagnostic apparatus disclosed in Japanese Patent
No. 44892378 specifies the position relationship between the
image display unit and the transducer array of the ultrasonic
probe. The conventional ultrasonic diagnostic apparatus dis-
closed in Japanese Patent No. 4489237B forms the position
marking on a side of a cover of the ultrasonic probe at a
regular interval, and displays position guide at a regular inter-
val, which corresponds to the position marking thereof, on the
image display unit.

[0004] Unfortunately, the position marking and the posi-
tion guide placed at a regular interval provides rough posi-
tions of arbitrary places on the ultrasonic image, and it is
difficult to relate the transducer array in the ultrasonic probe
and arbitrary places on the ultrasonic image. Also, when the
operator indicates position on the surface of the target object
using a medical pen for an operation purpose, the ultrasonic
image is displayed in an enlarged format. It is preferred that
the position relationship between the arbitrary position of the
enlarged image and the transducer array of the ultrasonic
probe is indicated in an enlarged format.

SUMMARY OF THE INVENTION

[0005] Theembodiments described herein provide an ultra-
sonic diagnostic apparatus, in which the apparatus recognizes
the position of a specific region in the ultrasonic probe, by the
operator setting the specific region on the ultrasonic image
displayed on the image display unit. Also, the embodiments
described herein relate to an ultrasonic probe and position
display apparatus that can display the position of the ultra-
sonic probe and the corresponding position of the specific
region thereof.

[0006] Ina firstaspect, an ultrasonic probe is provided. The
ultrasonic probe is connected to an ultrasonic diagnostic
apparatus that includes an image display unit for displaying
ultrasonic image. The ultrasonic probe includes a transducer
array aligned in a predetermined direction, for transmitting an
ultrasonic to a target object and receiving reflected ultrasonic,
a probe display unit fixed to the ultrasonic probe having
length same as or longer than that of the transducer array in
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the ultrasonic probe, and a display control unit for, based on
a specific information specified by the ultrasonic image dis-
played in the image display unit, displaying a corresponding
position of the specific information to the probe display unit.
[0007] Ina second aspect, an ultrasonic probe is provided.
The specific information is both end parts of a site of the target
object in the predetermined direction, and the display control
unit separates one end part and the other end part for display-
ing two points on the probe display unit.

[0008] In a third aspect, an ultrasonic probe is provided.
The specific information is a width of a site of the target object
in the predetermined direction, and the display control unit
displays a region of the width in the probe display unit.
[0009] Ina fourthaspect, a position display apparatus fixed
to an ultrasonic probe in a removable manner is provided, the
ultrasonic probe connected to an ultrasonic diagnostic appa-
ratus including an image display unit for displaying an ultra-
sonic image. The position display apparatus includes a probe
display unit fixed to the ultrasonic probe, including a probe
display unit having length same as or longer than that of a
transducer array in the ultrasonic probe, and a display control
unit, based on a specific information specified by the ultra-
sonic image displayed in the image display unit, for display-
ing a corresponding position to the probe display unit. The
position display unit is fixed to the ultrasonic probe in a way
that the probe display unit corresponds to the transducer array
in the direction that the transducer array is aligned.

[0010] In a fifth aspect, a position display apparatus is
provided. The specific information is both end parts of the site
of the target object in the predetermined direction, and the
display control unit separates the one end part and the other
end part, for displaying two points on the probe display unit.
[0011] In a sixth aspect, a position display apparatus is
provided. The specific information is a width of the site of the
target object in the predetermined direction, and the display
control unit displays a region of the width in the probe display
unit.

[0012] In a seventh aspect, an ultrasonic diagnostic appa-
ratus is provided. The ultrasonic diagnostic apparatus includ-
ing an image display unit for displaying an ultrasonic image,
a specific information input unit for inputting specific infor-
mation to the ultrasonic image in a predetermined direction
displayed in the image display unit an output unit for output-
ting a signal of the specific information an ultrasonic probe
for having a transducer array placed in the predetermined
direction, which transmits an ultrasound to a target object and
receives reflected ultrasound from the target object, a probe
display unit fixed to the ultrasonic probe, including a probe
display unit having length same as or longer than that of the
transducer array in the ultrasonic probe, and a display control
unit, based on a signal outputted from the outputting unit, for
displaying a corresponding position to the probe display unit.
[0013] In an eighth aspect, an ultrasonic diagnostic appa-
ratus is provided. The specific information includes a first
specific information and a second specific information that is
different from the first specific information in the predeter-
mined direction, and the display control unit displays the first
specific information and the second specific information on
the probe display unit in an identifiable manner to the prede-
termined direction.

[0014] In a ninth the aspect, an ultrasonic diagnostic appa-
ratus is provided. The specific information includes the first
specific information and the second specific information, that
is different from said first specific information in an orthogo-
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nal direction to the predetermined direction, and the display
control unit displays the first specific information and the
second specific information in an identifiable manner to the
orthogonal direction.

[0015] In a tenth aspect, ultrasonic diagnostic apparatus
including a blood flowing region detecting unit for detecting
a blood flowing region of the target object is provided. The
specific information input unit inputs the blood flowing
region detected by the blood flowing region detecting unit as
the specific information.

[0016] Inaneleventh aspect, an ultrasonic diagnostic appa-
ratus is provided. The specific information input unit includes
a touch panel fixed to surface of the image display unit.

[0017] Inatwelfth aspect, an ultrasonic diagnostic appara-
tus is provided. The specific information is both end parts of
a site of the target object in the predetermined direction, and
the display control unit separates the one end part and the
other end part, for displaying two points on the probe display
unit.

[0018] Ina thirteenth aspect, an ultrasonic diagnostic appa-
ratus is provided. The specific information is a width of a site
of the target object in the predetermined direction, and the
display control unit displays a region of the width in the probe
display unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a block diagram illustrating the overall
configuration of an exemplary ultrasonic diagnostic appara-
tus.

[0020] FIG. 2 is a perspective view of the linear ultrasonic
probe shown in FIG. 1.

[0021] FIG. 3(a) is a diagram illustrating the setting of the
puncturing route GL1, puncturing from the tumor TM to the
surface of a target object vertically.

[0022] FIG. 3(b) is a diagram illustrating the setting of the
puncturing route GL2, puncturing from the tumor TM to the
surface of a target object at a predetermined angle.

[0023] FIG. 4is adiagram illustrating the setting of specific
indices MK1 and MK2 onto two tumors, and indicating the
displayed indices PP1 and PP2 to corresponding places.
[0024] FIG. 5(a) is an example of indicating the specific
index MK1 by using the enlarged ultrasonic image EG.
[0025] FIG.5(b)is adiagram of the ultrasonic image EG of
FIG. 5(a) displayed at the same magnification.

[0026] FIG. 6(a) is a diagram indicating two displayed
indices PP1 and PP2.

[0027] FIG. 6(b) is a diagram indicating one displayed
region PA.

[0028] FIG. 7(a) is a diagram indicating an example of
marking on the surface of a target object.

[0029] FIG. 7(b) is a schematic view of the ultrasonic
image EG at line A-A shown in FIG. 7(a).

[0030] FIG. 8(a) is a schematic view of fixing a probe
display unit onto a convex ultrasonic probe.

[0031] FIG. 8(b) is a schematic view of fixing the probe
display unit 13a onto the sector ultrasonic probe 11c.
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[0032] FIG. 9 is a perspective view of a configuration of a
two-dimensional ultrasonic probe.

[0033] FIG. 10 is a diagram illustrating the detection of
artery BVa and vein BVb on the ultrasonic image EG.

DETAILED DESCRIPTION OF THE INVENTION

[0034] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying draw-
ings. The scope of the present invention is not limited to
embodiments described herein.

[0035] Configuration of the Ultrasonic Diagnostic Appara-
tus
[0036] FIG. 1 is a block diagram illustrating the overall

configuration of an ultrasonic diagnostic apparatus.

[0037] Ultrasonic diagnostic apparatus 100 includes a par-
allel bus PB, a transmitting/receiving unit 10 connected to
parallel bus PB, a linear-shaped ultrasonic probe 1la, a
memory 20, a CPU (Central Processing Unit) 30, an input unit
40 and a display unit 50.

[0038] Parallel bus PB is a communication means for trans-
mitting/receiving all sorts of data, and can be replaced with
other communication means, such as a serial bus. CPU 30
includes an image processing unit 31, an index input unit 32,
a position output unit 33 and a blood flowing detecting unit
39. CPU 30 controls the ultrasonic diagnostic apparatus 100
and processes all sorts of data.

[0039] A removable linear ultrasonic probe 11a is con-
nected to the transmitting/receiving unit 10. The transmitting/
receiving unit 10 drives the linear ultrasonic probe 11a at a
predetermined scan condition for scanning the ultrasonic
beam of each sound ray. Also, the transmitting/receiving unit
10 performs the analog/digital conversion to the echo signal,
received from the linear ultrasonic probe 11a, into the sound
ray data. The sound ray data is outputted to the image pro-
cessing unit 31. The sound ray data outputted from the trans-
mitting/receiving unit 10 can be stored into the memory unit
20.

[0040] The linear ultrasonic probe 11a includes a trans-
ducer unit 12a and a probe display unit 134. The transducer
unit 124 and the probe display unit 13a are embedded into the
linear ultrasonic probe 11a, and the transducer unit 12a and
the probe display unit 13a communicate with the transmit-
ting/receiving unit 10 and the CPU 30 through the parallel bus
PB. A linear ultrasonic probe 11a will hereinafter be
described in detail.

[0041] Theimage processing unit31 creates B-mode image
or Doppler image of the sound ray data by image processing.
The image processing unit 31 processes logarithmic com-
pression and envelope demodulation processing to the sound
ray data, and creates B-mode ultrasonic image EG in real-
time (refer to FIG. 3 to FIG. 7). Also, the Doppler image
extracts the phase variation information from the reflecting
ultrasonic echo signal, calculates blood flowing information
such as average velocity of average frequency value of the
frequency shift, power value and dispersion, in real-time, and
arranges color for displaying on top of the B-mode image.
The image processing unit 31 can create the B-mode image
and the Doppler image based on the sound ray data stored in
the memory 20.

[0042] The index input unit 32 can input an index on a
desired position, in correspondence to the ultrasonic image
EG (refer to FIG. 3 to FIG. 7) displayed in the display unit 50.
The index input unit 32 receives signal of the movement of a
track ball from the input unit 40, for moving the index to the
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desired position on the ultrasonic image EG. When the opera-
tor inputs one point for the desired position, one specific
index MK1 (refer to FIG. 3 to FIG. 5) is displayed, and when
the operator inputs two points for the desired position, either
one specific region MA (refer to FIG. 6 and FIG. 7) or two
specific indices MK1 and MK2 (refer to FIG. 6 and FIG. 7)
can be selected. Also, when the operator indicates three or
more positions, a plurality of specific indices MK or a plural-
ity of regions M A can be selected. An index input unit 32 will
hereinafter be described in detail.

[0043] The position output unit 33 transmits the signal of
the specific index MK set in the index input unit 32, to the
probe display unit 13a. The position output unit 33 decodes
specific index MK, set in the index input unit 32, to the
coordinate system of the probe display unit 13a. The decoded
signal of the specific index MK is transmitted to the probe
display unit 13a through the parallel bus PB. Probe display
unit 13a displays the decoded signal of the specific index MK
at desired position and form. The position output unit 33 can
display the specific region MA on the probe display unit 13a
in a same manner.

[0044] The blood flowing region detecting unit 39 acquires
Doppler information calculated in the image processing unit
31, and detects blood vessel in the blood flowing region. The
blood flowing region detecting unit 39 will hereinafter be
described in detail in the fourth embodiment.

[0045] The input unit 40 is an inputting means using track
ball, mouse or keyboard, and it includes touch panel fixed on
the display unit 50, which will hereinafter be described.
[0046] The memory 20 contains memory storage unit for
storing the sound ray data, ultrasonic image EG, all sorts of
data and program. In all sorts of data, index positions which
will hereinafter be described are included. All sorts of data,
such as ultrasonic images EG and index positions, and all
sorts of programs are stored and accessed on a necessary
basis. The memory 20 can be connected to outside by net-
work.

[0047] Display unit 50 is an image display unit for display-
ing ultrasonic image EG created by the image processing unit
31 using an image display apparatus, such as crystal display.
Also, the image display apparatus for the display unit 50 may
contain the inputting means such as touch panel. The touch
panel functions as an inputting unit 40.

First Embodiment

[0048] Hereinafter, a first embodiment is explained refer-
ring to FIG. 2 to FIG. 7. In the first embodiment, an explana-
tion is made based on using the linear ultrasonic probe 11a.
[0049] Configuration of a Linear Ultrasonic Probe

[0050] A linear ultrasonic probe 11a is explained in detail.
FIG. 2 is aperspective view of the linear ultrasonic probe 11a.
[0051] As shown in FIG. 2, a linear ultrasonic probe 11a
includes a transducer unit 124, probe display unit 134, cable
18 and case 19 for storing the transducer unit 124 and the
probe display unit 13a. FIG. 2 shows the inner configuration
of the linear ultrasonic probe 11a to provide a better under-
standing.

[0052] Transducerunit 12a transmits and receives the ultra-
sonic beam scanned onto the target object, for acquiring the
ultrasonic image EG. The surface of the transducer unit 12a of
the linear ultrasonic probe 11a contacts to the surface of the
body of a target object, and the ultrasonic beam is transmitted
and received through the transducer unit 12a.
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[0053] The transducer unit 12a includes the linear trans-
ducer 14 consisting of a plurality of transducer element, a
matching layer 15 for matching impedance between the linear
transducer unit 12a and the target object, and the backing
material 16 which absorbs the backward vibration of the
target object and minimizes the pulse wave of an ultrasonic
beam.

[0054] The linear transducer 14 forms a plurality of rect-
angle-shaped transducers in a predetermined direction, fac-
ing toward the surface of the target object, and ultrasonic
beam is transmitted when electrical voltage is applied. Also,
when the ultrasonic beam is transmitted toward the body
tissue of a target object, the transducer unit 12a can receive
the echo signal thereof. The linear transducer 14 performs
electric scan along the alignment. The linear transducer 14
consists of, for example, PZT (lead zirconate titamate)
ceramics, which convert electric signal into the ultrasonic
beam for transmitting and converts received echo signal into
electric signal.

[0055] The matching layer 15 is formed with materials
having impedance intermediate between the linear transducer
14 and the target object, for minimizing acoustic impedance
between the linear transducer 14 and the body tissue, and
suppresses reflection of the ultrasonic beam to the linear
transducer 14.

[0056] Backing material 16 absorbs acoustic energy radi-
ated from the linear transducer 14, and is formed by, for
example, epoxy resin, which has large attenuation coefficient
and low impedance.

[0057] Probe display unit 13a consists of a flat-panel dis-
play element, such as organic EL display or crystal panel
display. The display element of the flat panel has a long shape
in the predetermined direction of the linear transducer 14.
Probe display unit 13a consists of a display region that is
about the same length of or longer than the length of the
transducer of the linear transducer 14. Probe display unit 13a
can display similar index as the index displayed in the display
unit 50 of the ultrasonic diagnostic apparatus 100. Probe
display unit 13a is not limited to the display element of the flat
panel. For example, 20-40 LED (Lazar Emitting Diode) at 3
mm diameter can be arranged in the predetermined direction
on one row. When LED is used as the probe display unit 13a,
the LED is arranged at either the same length or longer than
the transducer of the linear transducer 14. Also, when using
LED, similar form of the index as displayed on the display
unit 50 cannot be displayed. Instead, index is displayed by
displaying its corresponding position or using different col-
ors.

[0058] Inputting Position of Index on an Ultrasonic Image
[0059] Hereinafter, an operation of inputting the index
position on the ultrasonic image displayed in the display unit
50 is explained, referring to FIG. 3 to FIG. 7. FIG. 3 to FIG.
7 describes the ultrasonic image EG and the probe display
unit 13a for a better understanding.

[0060] Displaying Coordinates in Indices

[0061] A method of an operator indicating one point on the
ultrasonic image EG using the input unit 40, and displaying
the specific index MK1 on the index input unit 32 based on
one point, for setting the display index PP1 on one position of
the probe display unit 13a, will be explained below.

[0062] When inputting one point on the index input unit 32,
the point is used for puncturing towards a tumor TM, or a
luminal structure such as a blood vessel or nerve block. Punc-
turing a tumor TM is explained in detail with reference to
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FIG. 3. FIG. 3 is a perspective view describing the relation-
ship between one specific index MK1 and the display index
PP1.

[0063] For example, for diagnosing body tissue, the opera-
tor punctures towards a tumor TM using the ultrasonic diag-
nostic apparatus 100. In diagnosing body tissue, a needle
punctures towards the tumor of the target object, for extract-
ing the tumor from using the needle. When diagnosing body
tissue, the operator observes the ultrasonic image EG indicat-
ing the tumor TM through the display unit 50 of the ultrasonic
diagnostic apparatus 100, and punctures the needle towards
the tumor of the target object. In this case, the index input unit
32 sets the position of tumor TM and the puncturing route GL.
on the ultrasonic image EG.

[0064] The puncturing route GL can be set both vertically
or at a certain angle to the surface of the body. FIG. 3(a) is a
diagram illustrating the setting of route GL1, puncturing from
the tumor TM to the surface of a target object vertically. In
FIG. 3(a), the coordinate in the X-axis direction of the probe
display unit 13a and the coordinate in the X-axis direction of
the ultrasonic image EG are displayed at the same magnifi-
cation.

[0065] As shown in FIG. 3(a), the operator indicates the
center of the tumor TM on the ultrasonic image EG displayed
in the display unit 50, using the touch panel or the input unit
40 such as mouse. The index input unit 32 sets the specific
index MK1 on the center of the tumor TM. In FIG. 3(a), the
specific index MK1 is selected with “x” mark, which repre-
sents the shape of the index. This specific index MK1 includes
the shape information of an index, and the coordinate infor-
mation to the X-axis and Z-axis direction. Then, the index
input unit 32 calculates the vertical puncturing route GL1,
connecting the specific index MK1 and the surface of the
body vertically, for puncturing the needle, and displays the
route GL1 on the ultrasonic image EG. Also, the index input
unit 32 assigns the intersection point of the puncturing route
GL1 and the surface of the body as the border position BP1.
The border position BP1 is a position displayed in the probe
display unit 13a. The position output unit 33 decodes the
coordinates of the border position BP1, and converts to the
coordinates corresponding to the probe display unit 13a. In
FIG. 3(a), the decoded coordinate position to the X-axis
direction may be displayed only, since the probe display unit
134 can only display one-dimensional direction. In the probe
display unit 134, the display index PP1, having the same
shape as the specific index MK1, is displayed in a position
corresponding to the border point BP1.

[0066] The display index PP1 contains the coordinate
information and the information of a shape of the index. The
operator can confirm the index “x”, an index with a same
shape as the index set in the specific index MK1, on the probe
display unit 13a. Thereby, the operator can mark on the sur-
face of the body of the target object using the medical pen, for
puncturing the needle on accurate position.

[0067] FIG. 3(b) is a diagram illustrating the setting of
route GL2, puncturing from the tumor TM to the surface of a
target object at predetermined angle. In FIG. 3(b), the coor-
dinate in the X-axis direction of the probe display unit 13a
and the coordinate in the X-axis direction of the ultrasonic
image EG are displayed at the same magnification.

[0068] As displayed in FIG. 3(b), the operator indicates the
center of the tumor TM on the ultrasonic image EG displayed
in the display unit 50, using the input unit 40 such as the touch
panel or mouse. The index input unit 32 sets the specific index
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MK1 on the center of the tumor TM. In FIG. 3(5), the specific
index MK1 is also selected with “x”” mark, which represents
the shape of the index. Then, the index input unit 32 calculates
the vertical puncturing route GL1, connecting the specific
index MK1 and the surface of the body vertically, for punc-
turing a needle, and displays the route GL1 on the ultrasonic
image EG.

[0069] The operator observes the puncturing route GL1,
and if there is a region that the operator wants to avoid punc-
turing along the puncturing route GL1, such as blood vessel
BY, the operator is able to set the puncturing route GL2 at an
arbitrary angle, to avoid puncturing such region. The index
input unit 32 calculates the puncturing route GL2, which
punctures from the surface of the body of the target object to
the specific index MK1 at an arbitrary angle, and displays the
puncturing route GL2 on the ultrasonic image EG. When
puncturing the needle into the target object, a puncturing
guide attachment might be fixed onto the linear ultrasonic
probe 11a. Since the puncturing guide attachment provides a
predetermined angle for puncturing the needle, the index
input unit 32 can calculate the puncturing route GL2 with the
angle of the puncturing guide attachment, instead of an arbi-
trary angle.

[0070] Also, theindex input unit 32 can calculate the border
position between the puncturing route GL.2 and the surface of
the body, as a border position BP2. The border position BP2
is a position displayed by the probe display unit 134, and the
position output unit 33 decodes the coordinate of the border
position BP2 and converts to coordinates corresponding to
the probe display unit 13a. In the probe display unit 13a, the
display index PP2, having the same shape as the specific
index MK1, is displayed in a position corresponding to the
border point BP2. The border position BP is important if the
puncturing angle is not vertical to the surface of the body. If
the puncturing angle is vertical to the surface of the body, the
coordinate of the specific index MK1 can be decoded, instead
of decoding the border position BP2. Moreover, it is not
always necessary to display the border position BP on the
ultrasonic image EG.

[0071] The operator can confirm the index “x”, an index
with a same shape as the index set in the specific index MK1,
on the probe display unit 13a. Therefore, the operator can
mark on the surface of the body of the target object using the
medical pen, for puncturing the needle on accurate position.
[0072] FIG. 4is adiagram illustrating the setting of specific
indices MK1 and MK2 onto two tumors displayed in the
ultrasonic image on the display unit 50, and indicating the
displayed index PP1 and PP2 to two corresponding places of
the probe display unit 13a.

[0073] If it is necessary to puncture a plurality of tumors,
the operator sets a plurality of specific indices MK. The
operator indicates the center of each tumor using the input
unit 40. The index input unit 32 sets specific indices MK1 and
MK2 based on the input thereof. Display indices PP1 and PP2
include the coordinate information and the information of the
shape of each index. In FIG. 4, the specific index MK1 is
selected with “x” mark, and the specific index MK2 is
selected with “A” mark. When the index input unit 32 indi-
cates different shape to each of a plurality of specific index
MK, the operator will not mistake each index, even if three or
more specific indices MKs are set on the same ultrasonic
image EG.



US 2012/0136256 Al

[0074] Then, the index input unit 32 calculates the vertical
puncturing routes GL1 and GL2, connecting the specific
index MK1 and MK2 respectively, and the surface of the body
vertically, for puncturing the needle, and displays the route
GL1 and GL2 on the ultrasonic image EG. Also, the index
input unit 32 assigns the intersection points between the
puncturing routes GL.1 and GL2 respectively, and the surface
of the body as the border position BP1 and BP2. The border
positions BP1 and BP2 are positions displayed in the probe
display unit 13a. The position output unit 33 decodes the
coordinates of the specific indices MK1 and MK2 and con-
verts to the coordinates corresponding to the probe display
unit 13a. In the probe display unit 13a, the display index PP1
is displayed with “x” mark, a same shape as the specific index
MK1, at the position corresponding to the border position
BP1. Also, the display index PP2 is displayed with “A” mark,
a same shape as the specific index MK2, at the position
corresponding to the border position BP2.

[0075] The operator can confirm indices (“x” and “A”),
indices with a same shape as the index set in the specific
indices MK1 and MK2, on the probe display unit 13a.
Thereby, the operator can mark on the surface of the body of
the target object using the medical pen, for puncturing the
needle on accurate position. By the way, the specific index
MK1 and its corresponding display index PP1 were indicated
with “x” mark, and the specific index MK2 and its corre-
sponding display index PP2 were indicated with “A” mark.
However the shapes are not limited to above selections; the
specific index MK and the display index PP can be designated
with the same shape, or can be set in a separate color for
distinction.

[0076] Although it is not described specifically, the punc-
turing routes GL1 and GL.2 which are vertical to the surface of
the body as indicated in FIG. 4 can be set with an arbitrary
angle, as displayed in F1G. 3(b). FIG. 3(a), FIG. 3(b) and FIG.
4 display the coordinates of the probe display unit 13« in the
X-axis direction and the ultrasonic image EG in the X-axis
direction at the same magnification. The example of display-
ing the ultrasonic image EG in an enlarged image will be
described hereafter.

[0077] FIG. 5(a) is an enlargement of a part of the ultra-
sonic image EG. FIG. 5(a) displays the enlarged ultrasonic
image EG and the probe display unit 13a on alignment.
[0078] When the operator observes the tumor TM in detail,
the operator may display a part of the ultrasonic image EG
(i.e. sample area 52) in an enlargement. Then, the operator
indicates a center of the tumor TM on the enlarged ultrasonic
image EG. The index input unit 32 sets the specific index
MK1 on the center of the tumor TM. In such cases, the
specific index MK1 is indicated with “[J” mark, as indicated
in FIG. 5(a). Then, the index input unit 32 calculates the
vertical puncturing route GL1, connecting the specific index
MK1 and the surface of the body vertically, for puncturing a
needle, and displays the route GL1 on the ultrasonic image
EG. The index input unit 32 calculates the intersection of the
puncturing route GL1 and the surface of the body as the
border position BP1; however, the border position BP1 will
not be displayed on the ultrasonic image EG. The surface of
the body of the target object is not included in the enlarged
view of the specific area 52, and therefore the border position
BP1 cannot be displayed.

[0079] The position output unit 33 calculates the coordi-
nates of the display index PP1 based on the magnification
percentage of the specific area 52 and the coordinate position
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of the specific index MK1. In probe display unit 13a, the
display index PP1 is indicated with “[]” mark, a mark with a
same shape as the specific index MK1, on a position corre-
sponding to the border position BP1. In the enlarged ultra-
sonic image EG, the specific index MK1 is positioned close to
the center of the ultrasonic image EG; the display index PP1
is displayed on the left side of the probe display unit 13a.
[0080] FIG. 5(b) is an example of displaying the ultrasonic
image EG at the same magnification, after setting the specific
index MK1 on the enlarged ultrasonic image EG, as shown in
FIG. 5(a). When the positions of the probe display unit 13a
and the ultrasonic image EG are displayed at the same mag-
nification, the positions to X-axis direction of the specific
index MK1 and the display index PP1 correspond. In FIG.
5(b), another tumor TM is displayed in the specific region 54.
The operator can indicate the center of the tumor TM by
enlarging the specific region 54, as shown in FIG. 5(5), or
indicate the center of the tumor TM in the specific region 54,
at the same magnification, as shown in FIG. 5(5).

[0081] The display unit 50 is able to display the ultrasonic
image EG with enlargement or reduction at arbitrary magni-
fication. The border position BP1 and the display index PP1
are displayed in different positions, except when displaying
the ultrasonic image EG at the same magnification. When the
operator displays the ultrasonic image EG in an enlarged
image, it is difficult to determine the position of the tumor
displayed in the probe display unit 13a. However, in this
embodiment, even when indicating the tumor TM by looking
the enlarged ultrasonic image EG, it is able to determine the
position on the surface of the body of the target object for
puncturing a needle accurately.

[0082] Example of Displaying the Region (Range) Using
an Index
[0083] In some cases, when exenterating tumors TM or

foreign materials, it may be preferred to indicate the region
(range) in the probe display unit 13a, instead of coordinates
(points). The operator is able to plan the incision site, by
marking the size and the position of the tumor TM on the
surface of the body of the target object.

[0084] When setting range on the ultrasonic image EG, a
method of setting two specific indices on the ultrasonic image
EG, to indicate two display indices on the probe display unit
13a, is used. Also, a method of setting two specific indices on
the ultrasonic image EG, to set one display region, is also
used.

[0085] FIGS. 6(a) and 6(b) are schematic views illustrating
the ultrasonic image EG, indicating the target tumor TM to be
exenterated. FIG. 6(a) is a drawing indicating four displayed
indices PP1-PP4, and FIG. 6(b) is a drawing indicating two
displayed regions PA1-PA2 in the probe display unit 13a. In
FIG. 6(a) and FIG. 6(b), the coordinates of the probe display
unit 13a in the X-axis direction and the ultrasonic image EG
in the X-axis direction are displayed at the same magnifica-
tion.

[0086] For example, as indicated in FIG. 6(a), when the
operator operates the linear ultrasonic probe 11a and displays
the ultrasonic image EG of the tumor TM to be exenterated on
the display unit 50, two parts of the tumor TM (TM1 and
TM2) have bulged. The operator indicates four end points of
the tumor TM that are parallel to X-axis of the surface of the
body, using the input unit 40. The operator indicates two end
points of the tumor TM1 on both ends and two end points of
the tumor TM2 on both ends. Index input unit 32 sets the
specific indices MK1-MK4, and indicates indices MK1 and
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MK2, indices with same height in the Z-axis direction, with
“¥” mark, and indices MK3 and MK4, indices with same
height in the Z-axis direction, with “[]” mark. Index input
unit 32 calculates four routes GL1-GL4, vertically connect-
ing the specific indices MK1-MK4 and the surface of the
body, and displays routes GL1-GL4 on the ultrasonic image
EG. Also, intersections of each four routes GL1-GL4 and the
surface of the body are calculated as four border positions
BP1-BP4.

[0087] The position output unit 33 decodes the coordinates
of the specific indices MK1-MK4, and converts to coordi-
nates with diminishing scale for display on the probe display
unit 13a. Also, because the probe display unit 134 of FIG. 6
has width in the Z-axis direction and can be displayed in
two-dimension, the specific indices MK1-MK4 decodes the
position of not only X-axis direction but also Z-axis direction.
[0088] The display indices PP1 and PP2 are set with the
same “V” mark, and the display indices PP3 and PP4 are set
with same “[]” mark on the lower side to Z-axis direction, so
that the calculated coordinates correspond to the specific
indices MK1-MK4. Thereby the size of the tumor TM with
two bulges individually expanding to Z-axis direction can be
displayed. The operator is able to mark four display indices
PP1-PP4 on the surface of the body within the range of the
tumor TM. The operator can easily distinguish the region of
the tumor TM, if corresponding indices have same shape, to
indicate the region (range).

[0089] As displayed in FIG. 6(5), two displayed regions
PA1 and PA2 can be displayed, instead of displaying four
specific indices MK1-MK4. The operator indicates one end to
the other end of the tumor TM1 and indicates one end to the
other end of the tumor TM2, both parallel to X-axis direction
of the surface of the body. The index input unit 32 sets the
specific region MA1 of one end to the other end of the tumor
TM1, and sets the specific region MA2 of one end to the other
end of the tumor TM2. Also, the index input unit 32 sets a
color or a pattern on the specific region MA1 and specific
region MA2, for differentiating thereof.

[0090] Also, because the probe display unit 13a of FIG.
6(b_has width in the Z-axis direction and can be displayed in
two-dimension, the position output unit 33 decodes the coor-
dinates of specific regions MA1 and MA2, and converts to the
coordinates corresponding to the probe display unit 13a. In
the probe display unit 13a, the display region PA1 and PA2
are displayed, for indicating the size of tumors TM1 and
TM2, on different height to Z-axis direction. Also, the probe
display unit 13a acquires the color or the pattern information
of the specific region MA1 and MA2, displayed in the ultra-
sonic image EG. Thus, in the probe display unit 13a, the
display regions PA1 and PA2 are displayed with same color or
pattern of the corresponding specific region MA1 and MA2.
[0091] The operator is able to confirm the actual size of the
specific regions MA1 and MA2, and mark the incision site on
the surface of the body of the target object using the medical
pen.

[0092] A detailed example of setting a plurality of specific
regions MA, for avoiding the region above the tumor TM, is
explained hereafter. When marking the shape and the range of
the tumor TM on the surface of the body of the target object
using the medical marker, the marking will be drawn on the
surface of the body in two-dimension.

[0093] FIG. 7(a) is a detailed example of marking on the
surface of the body using the probe display unit 13a. The
operator can draw the tumor line TL as the contour of the
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tumor TM on the surface of the body, by altering the angle of
the ultrasonic image EG of the tumor TM. At the same time,
the operator can draw the blood vessel line BL, for the pur-
pose of avoiding the blood vessel BV.

[0094] FIG. 7(b) is a schematic view of the ultrasonic
image EG at line A-A shown in FIG. 7(a). The cross-section
of the ultrasonic image EG at line A-A can be acquired by
placing the linear ultrasonic probe 11a onthe A-A line, shown
in FIG. 7(a). As shown in FI1G. 7(5), the tumor TM and blood
vessel BV appears on the ultrasonic image EG. The operator
indicates the specific region MA1 on the tumor TM, and
indicates the specific region MA2 on blood vessel. The spe-
cific region MA1 and the specific region MA2 are displayed
as the display region PA1 and the display region PA2 on the
probe display unit 13a, respectively. The operator marks the
display region PA1 and display region PA2 on the surface of
the body. In FIG. 7(b), different colors between the specific
region MA and the display region PA are indicated by differ-
ent patterns.

[0095] The operator marks the display region PA1 and dis-
play region PA2 on the surface of the body, using either the
ultrasonic image EG obtained by moving the A-A line, which
also is a position of the linear ultrasonic probe 11a, in a
parallel direction to the Y-axis direction, or the ultrasonic
image EG obtained by rotating the A-A line at 180-degrees
angle to the rotational direction. Thus, the operator can draw
the tumor line TL and the blood vessel line BL in two-
dimension on the surface of the body, as indicated in FIG.
7(a). Therefore, the operator is able to draw the incision line
CL to identify the incising direction for performing a safe
operation.

[0096] In FIGS. 6(a), 6(5), 7(a), and 7(b), the positions of
the probe display unit 13 and the ultrasonic image EG are
displayed at the same magnification. When the ultrasonic
image EG is enlarged or reduced, the position output unit 33
converts coordinates of border positions into coordinates of
the probe display unit 134, in accordance to the magnifica-
tion.

[0097] In FIG. 6(a), two routes GL1 and GL2, a route
which two specific indices MK1 and MK2 and the surface of
the body intersects vertically, and two border positions BP1
and BP2 are calculated, and displayed on the ultrasonic image
EG. However, in case of marking range of the tumor TM on
the surface of the body, two routes GL.1 and GL.2 and two
border positions BP1 and BP2 can be eliminated from the
display unit S0, since it is not necessary to tilt the route GL.

Second Embodiment

[0098] In the ultrasonic diagnostic apparatus of the second
embodiment, the probe display unit 134, explained in the first
embodiment, is configured as a position display apparatus
and as a removable form.

[0099] A benefit of changing the probe display unit 13a and
the position display processing unit 34 into removable form is
the increase in types of removable ultrasonic probe.

[0100] The configuration of the ultrasonic diagnostic appa-
ratus 120 is similar to the configuration previously explained
in the first configuration; therefore, same numberings are
used for the same configurations and explanation of the same
configuration previously explained is omitted.

[0101] The ultrasonic probe having a removable position
display unit can be used, not only with the linear ultrasonic
probe 11a described in the first embodiment, but also with a
convex ultrasonic probe 115 or a sector ultrasonic probe 11c.
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An example of fixing the probe display unit 13a to the convex
ultrasonic probe 115 and the sector ultrasonic probe 11c is
explained hereafter. Although it is not described in the figure,
the position display apparatus has a fixing apparatus, such as
clip, on the probe display unit 13a.

[0102] When the ultrasonic diagnostic apparatus 120 wants
to mark an index on surface of the body, the probe display unit
13a is fixed to predetermined ultrasonic probe. FIG. 8(a) is a
schematic view of fixing the probe display unit 13a onto the
convex ultrasonic probe 115.

[0103] Because the ultrasonic transducer (not described on
figure) of the convex ultrasonic probe 115 is formed in a
fan-shape, the ultrasonic image EG is displayed in a fan-
shape. As shown in FIG. 8(a), the ultrasonic image EG is a
cross-sectional image spreading from the contact point of the
convex ultrasonic probe 115 and the surface of the body. Also,
the probe display unit 134 is formed in range that can be
acquired by the convex ultrasonic probe 115 in the X-axis
direction.

[0104] The position output unit 33 (refer to FIG. 1) of the
ultrasonic diagnostic apparatus corrects the coordinates of the
specific indices MK of the ultrasonic image EG spreading to
fanwise direction in accordance to the information acquired
from the convex ultrasonic probe 115, converts to the coor-
dinates of the probe display unit 13a and displays in actual
dimension. Also, the ultrasonic diagnostic apparatus 120
stores the corrected value of the coordinates of ultrasonic
image EG acquired by convex ultrasonic probe 115, in the
memory 20.

[0105] The probe display unit 13a displays the position
information of acquired specific index MK as the display
index PP, based on the shape of the index or additional infor-
mation such as color.

[0106] FIG. 8(b) is a schematic view of fixing the probe
display unit 13a onto the sector ultrasonic probe 11c. The
sector ultrasonic probe 11c is configured with narrower ultra-
sonic transducer (not shown), in comparison to the convex
ultrasonic probe 115, and its ultrasonic image EG is displayed
in fan shape.

[0107] As shown in FIG. 8(b), the sector ultrasonic probe
11c is configured in a way that it has smaller contact point
than the convex ultrasonic probe 115, shown in FIG. 8(a).
Also, the ultrasonic image spreads to fanwise direction, in
comparison to the ultrasonic probe 115.

[0108] Similarly, the position output unit 33 of the ultra-
sonic diagnostic apparatus 120 corrects the coordinates of the
specific index MK of the ultrasonic image EG spreading to
fanwise direction in accordance to the information acquired
from the sector ultrasonic probe 11¢, converts to the coordi-
nates of the probe display unit 13a and displays in actual
dimension. Also, the ultrasonic diagnostic apparatus 120
stores the corrected value of the coordinates of ultrasonic
image EG acquired by convex ultrasonic probe 11c, in the
memory 20.

[0109] Inthis embodiment, the specific index MK was used
for explanation; similar to the first embodiment, the specific
region MA can be displayed in the probe display unit 13a.

Third Embodiment

[0110] The probe display unit 134 in the first embodiment
and the second embodiment indicated the position of the
ultrasonic probe in a long axis direction (X-axis direction).
On the two-dimensional ultrasonic probe 114 in the third
embodiment, a probe display unit 135 is fixed to the two-
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dimensional ultrasonic probe 114 in a short-axis direction
(Y-axis direction). Two-dimensional ultrasonic probe 11d is
used in the ultrasonic diagnostic apparatus indicated in the
first embodiment and the second embodiment. An example of
fixing the two-dimensional ultrasonic probe 114 to the ultra-
sonic diagnostic apparatus of the first embodiment is
explained below. Same numberings are used for the same
configurations and explanation of the same configuration pre-
viously explained is omitted.

[0111] The two-dimensional ultrasonic probe 114 in this
embodiment includes matrix array transducer 17, placed in
two-dimensional form. FIG. 9 is a perspective view of the
configuration of two-dimensional ultrasonic probe 11d.
[0112] As shown in FIG. 9, two-dimensional ultrasonic
probe 114 includes a case 19, a transducer unit 125, a probe
display unit 13a, 135 and a cable 18. FIG. 2 describes the
inner configuration of the two-dimensional ultrasonic probe
115 to provide a better understanding.

[0113] In the two-dimensional ultrasonic probe 114,
embedded transducer unit 126 and the probe display unit 13a
and 135 communicate with the transmitting/receiving unit 10
and CPU 30 (refer to FIG. 1) through the parallel bus PB. As
indicated in FIG. 9, the transducer unit 125 includes a matrix
array transducer 17, a matching layer 15 and a backing mate-
rial 16.

[0114] The matrix array transducer 17 is configured with a
plurality of ultrasonic transducers placed in two-dimension in
the X-axis direction and Y-axis direction. The transmitting/
receiving unit 10 drives the matrix array transducer 17, to
form ultrasonic beam scanning the preset three-dimensional
region of interest. Transmitted ultrasonic beam reflects inside
the target object, and the reflected wave is received by the
matrix array transducer 17. Transmitting/receiving unit 10
amplifies and delays signals received in the matrix array
transducer 17, and generates a plurality of beamforming sig-
nal corresponding to the region of interest. Image processing
unit 31 generates the rendering image of the region of interest
based on preset perspective, by processing the beamforming
signal, generated in the matrix array transducer 17. The dis-
play unit 50 displays the rendering image generated by the
image processing unit 31.

[0115] Therefore, the matrix array transducer 17 can
acquire a volume rendering image on a plurality of three-
dimensional regions, by performing a scan using the ultra-
sonic on a plurality of three-dimensional regions, setting per-
spective points independently on each scan region, and
displaying a plurality of images in a parallel manner. Thereby
the matrix array transducer 17 can scan a plurality of three-
dimensional region of interest in high speed.

[0116] Probe display unit 13a and the probe display unit
1356 are configured with a liquid crystal panel. The probe
display unit 13a is positioned in the two-dimensional ultra-
sonic probe 114 in the long axis (X-axis) direction and the
probe display unit 135 is positioned in the two-dimensional
ultrasonic probe 114 in the short axis (Y-axis) direction.
[0117] The index input unit 32 sets the specific region MK
from the rendering image, the position output unit converts
the specific index MK into the real-size coordinates, and
divides into the position in the X-axis and Y-axis directions
for outputting.

[0118] The probe display unit 13a displays the position of
the specific index MK in the X-axis direction with the index.
The probe display unit 135 displays the position of the spe-
cific index MK in the Y-axis direction with the index. Also, the
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probe display unit 134 and the probe display unit 135 can
display not only the specific index MK but also the specific
region MA.

[0119] Inthe third embodiment, the probe display unit 13a
and the probe display unit 134 are fixed to the two-dimen-
sional ultrasonic probe 11d; however, as indicted in the sec-
ond embodiment, removable probe display unit 13a and
probe display unit 135 can be used.

Fourth Embodiment

[0120] In the ultrasonic diagnostic apparatus 100 in the
fourth embodiment, the range of the blood vessel can be
detected to display on the ultrasonic probe 11. The blood
flowing detecting unit 39, a part which detects the blood
flowing region, is explained below.

[0121] In the first embodiment, puncturing a needle to the
tumor using the ultrasonic diagnostic apparatus 100 was
explained; the same method can be applied for puncturing a
needle to the blood vessel BV. In the fourth embodiment, a
case of an operator selecting the blood vessel puncturing
mode in the ultrasonic diagnostic apparatus 100, is explained.
[0122] In the input unit 40, the blood vessel puncturing
mode is selected, and the blood flowing region detecting unit
39 of CPU 30 starts the operation (refer to FIG. 1). Blood
flowing region detecting unit 39 is processed in background,
and the operator is able to confirm the processing result of the
blood flowing region detecting unit 39 through the probe
display unit 13a of the ultrasonic probe 11. The blood flowing
region detecting unit 39 obtains Doppler information calcu-
lated by the image processing unit 31, and detects the blood
vessel BV. Also, the blood flowing region detecting unit 39
can automatically transmit the coordinate signal to the posi-
tion output unit 33.

[0123] FIG. 10 is a diagram illustrating the detection of
artery BVa and vein BVb on the ultrasonic image EG. As
shown in FIG. 10, the short axis images of the blood vessel
BV of artery BVa and vein BVb are displayed. The blood
flowing region detecting unit 39 recognizes the blood vessel
BV from the Doppler information, and once the blood vessel
BV is identified as either artery BVa or vein BVb, the ultra-
sonic image EG displays its region on top of the ultrasonic
image EG as color information. For example, artery BVa can
be displayed in red color, and vein BVb can be displayed in
blue color.

[0124] The blood flowing region detecting unit 39 acquires
the range of artery BVa and vein BVb in the X-axis direction,
the position of Y-axis and the color information, and transmits
to the position output unit 33. The position output unit 33
converts to the position and the width of the short axis image
(diameter of blood vessel) in actual size, and transmits to the
probe display unit 13a. The probe display unit 13a can dis-
play the position of the artery BVa and vein BVb as the
display region PA1 and the display region PA2, respectively.
[0125] The ultrasonic diagnostic apparatus 100 can always
display the detected blood vessel BV on the probe display unit
13a while operating the blood flowing region detecting unit
39; therefore, when the operator changes the displaying angle
of the blood vessel BV from the short axis direction to the
long axis direction, the operator can confirm whether the
desired blood vessel BV is artery BVa or vein BVb. For
example, when the ultrasonic probe 11 is positioned on top of
the artery BVa, the color of the probe display unit 134 turns
red.
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[0126] Also, in case of the ultrasonic probe 11d consisting
of the matrix array transducer 17 as indicated in the fourth
embodiment, even if the image of the blood vessel to the long
axis direction is captured, the position of the blood vessel BV
thereof can be displayed on the probe display unit 135.
[0127] This written description uses examples to disclose
the invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including
making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention
is defined by the claims, and may include other examples that
occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they have
structural elements that do not differ from the literal language
of'the claims, or if they include equivalent structural elements
with insubstantial differences from the literal language of the
claims.

1. An ultrasonic probe connected to an ultrasonic diagnos-
tic apparatus having a display unit configured to display an
ultrasonic image, said ultrasonic probe comprising:

a transducer array aligned in a predetermined direction for
and configured to transmit an ultrasonic beam to a target
object and receive a reflected ultrasonic beam;

a probe display unit fixed to said ultrasonic probe and
having a length at least as long as a length of said trans-
ducer array; and

a display control unit configured to, based on a specific
information specified in the ultrasonic image displayed
on the image display unit, display a corresponding posi-
tion of the specific information on said probe display
unit.

2. The ultrasonic probe of claim 1, wherein the specific
information is both end parts of a site of the target object in the
predetermined direction, and said display control unit is con-
figured to separate one end part and the other end part to
display two points on said probe display unit.

3. The ultrasonic probe of claim 1, wherein the specific
information is a width of a site of the target object in the
predetermined direction, and said display control unit is con-
figured to display a region of the width on said probe display
unit.

4. A position display apparatus removably coupled to an
ultrasonic probe, the ultrasonic probe connected to an ultra-
sonic diagnostic apparatus including an image display unit
configured to display an ultrasonic image, said position dis-
play apparatus comprising:

a probe display unit coupled to the ultrasonic and having a
length at least as long as alength of a transducer array in
the ultrasonic probe; and

a display control unit configured to, based on a specific
information specified on the ultrasonic image displayed
on the image display unit, display a corresponding posi-
tion on said probe display unit, wherein

said probe display unit is coupled to the ultrasonic probe
such that said probe display unit is oriented in a direction
that said transducer array is oriented in.

5. The position display apparatus of claim 4, wherein the
specific information is both end parts of the site of a target
object in the predetermined direction, and said display control
unit is configured to separate the one end part and the other
end part to display two points on said probe display unit.
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6. The position display apparatus of claim 4, wherein the
specific information is a width of a site of the target object in
the predetermined direction, and said display control unit is
configured to display a region of the width on said probe
display unit.

7. An ultrasonic diagnostic apparatus comprising:

an image display unit for configured to display an ultra-
sonic image;

a specific information input unit configured to input spe-
cific information on the ultrasonic image in a predeter-
mined direction, displayed on said image display unit;

an output unit configured to output a signal of the specific
information;

an ultrasonic probe comprising a transducer array oriented
in the predetermined direction and configured to trans-
mit an ultrasound beam to a target object and receive a
reflected ultrasound beam from the target object;

a probe display unit coupled to said ultrasonic probe and
having a length at least as long as a length of the trans-
ducer array; and

a display control unit configured to, based on a signal
outputted from said outputting unit, display a corre-
sponding position on said probe display unit.

8. The ultrasonic diagnostic apparatus of claim 7, wherein
the specific information comprises a first specific information
and a second specific information that is different from the
first specific information in the predetermined direction, and
said display control unit is configured to display the first
specific information and the second specific information on
said probe display unit in an identifiable manner along the
predetermined direction.

9. The ultrasonic diagnostic apparatus of claim 7, wherein
the specific information comprises first specific information
and second specific information that is different from the first
specific information in a direction orthogonal to the predeter-
mined direction, and said display control unit is configured to
display the first specific information and the second specific
information in an identifiable manner along the orthogonal
direction.

10. The ultrasonic diagnostic apparatus of claim 7 com-
prising a blood flowing region detecting unit configured to
detect a blood flowing region of the target object, wherein
said specific information input unit is configured to input the
blood flowing region detected by said blood flowing region
detecting unit as the specific information.

11. The ultrasonic diagnostic apparatus of claim 7, wherein
the specific information input unit includes a touch panel
coupled to a surface of said image display unit.

12. The ultrasonic diagnostic apparatus of claim 7, wherein
the specific information is both end parts of a site of the target
object in the predetermined direction, and said display control
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unit is configured to separate the one end part and the other
end part to display two points on said probe display unit.

13. The ultrasonic diagnostic apparatus of claim 7, wherein
specific information is a width of a site of the target object in
the predetermined direction, and said display control unit is
configured to display the region of the width in said probe
display unit.

14. The ultrasonic diagnostic apparatus of claim 7, wherein
said probe display unit is oriented in the predetermined direc-
tion.

15. The ultrasonic probe of claim 1, wherein the specific
information comprises a first specific information and a sec-
ond specific information that is different from the first specific
information in the predetermined direction, and said display
control unit is configured to display the first specific informa-
tion and the second specific information on said probe display
unit in an identifiable manner along the predetermined direc-
tion.

16. The ultrasonic probe of claim 1, wherein said probe
display unit is oriented in the predetermined direction.

17. The ultrasonic probe of claim 1, wherein the specific
information comprises first specific information and second
specific information that is different from the first specific
information in a direction orthogonal to the predetermined
direction, and said display control unit is configured to dis-
play the first specific information and the second specific
information in an identifiable manner along the orthogonal
direction.

18. The position display apparatus of claim 4, wherein the
specific information comprises a first specific information
and a second specific information that is different from the
first specific information in the predetermined direction, and
said display control unit is configured to display the first
specific information and the second specific information on
said probe display unit in an identifiable manner along the
predetermined direction.

19. The position display apparatus of claim 4, wherein the
specific information comprises first specific information and
second specific information that is different from the first
specific information in a direction orthogonal to the predeter-
mined direction, and said display control unit is configured to
display the first specific information and the second specific
information in an identifiable manner along the orthogonal
direction.

20. The position display apparatus of claim 4, wherein said
specific information comprises a blood flowing region
detected by a blood flowing region detecting unit
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