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(57) ABSTRACT

An ultrasonic observation apparatus generates respective
ultrasonic images from sound ray data obtained by a detach-
able electron scanning ultrasonic probe and detachable
mechanical scanning ultrasonic probe and includes a coordi-
nate transformation table for use to generate image data at
pixel locations for display from the sound ray data obtained
by the electron scanning ultrasonic probe and mechanical
scanning ultrasonic probe, and a control unit which detects a
type or range of the electron scanning ultrasonic probe or
mechanical scanning ultrasonic probe and regenerates the
coordinate transformation table based on the detected type or
range of the electron scanning ultrasonic probe or mechanical
scanning ultrasonic probe.
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FIG.2
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FIG.6
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FIG.10

y S1

TRANSMIT ULTRASONIC PULSES
AND RECEIVE REFLECTIONS

i S2

GENERATE SOUND RAY DATA

¥ S3

PERFORM COORDINATE
TRANSFORMATION USING COORDINATE
TRANSFORMATION TABLE

Y 5S4

GENERATE ULTRASONIC IMAGE

END

FIG.11

¥ S10

DETECT REMOVAL OR RANGE OF
' ULTRASONIC PROBE

i S11

REGENERATE COORDINATE
TRANSFORMATION TABLE

Y

( END )



Patent Application Publication Oct. 2,2008 Sheet 7 of 11 US 2008/0242986 A1

FIG.12

1 30 32 33a 33b 33

g

-t W

T 5
i O
31a i
N L
RERI]
;__Y_______J
34
FIG.13
3/’1 S(OA 33a 3/2A 31(3!9
] i / 5
31a ]
T T T I N T I O I Y

&



Patent Application Publication Oct. 2,2008 Sheet 8 of 11 US 2008/0242986 A1

FIG.14

36
37 [ a2 a0
) . ‘a
{ ﬁ 1
b 5
stomach
ISTOMACH | 47

..........................

. '
. H
N
S
[
s
] .l t\-‘39
' N -
£ ~
' ~
I -
' .
+ .
* N

(‘
38
FIG.15
36
38 r 39
) \ )
{ r . {
O o
"""""""""""""" 40
| U NS b etoieiohebtekdetetebe )
( {



Patent Application Publication Oct. 2,2008 Sheet 9 of 11 US 2008/0242986 A1

FIG.16

42 42a
)
(
5
FIG.17
43a 43
)
(
5

43b




Patent Application Publication Oct. 2,2008 Sheet 10 of 11 US 2008/0242986 A1

FIG.18

45 3]8
)
/ i
D | |
Name
2cm 5
46—~ 2007.3.23
17:00:00
+ [ ]
arh L == | s
L 17:00:00
VAN I - 5
: i
44
48
) \ ]
i
Name
\
\ Reference \
DX xXXxO ~5
Name:O000x
""""" MECH  EL |
LIVE B __________________________ !_:_L_(_)_Y‘{_____JHEF’Q&DUCED




Patent Application Publication Oct. 2,2008 Sheet 11 of 11 US 2008/0242986 A1

FIG.20

51
52 ( 53
; / |
— | rosaning |
--—-C) X X X X X +ing ~—5
— 00000 ing
B 00000 ing
54a 54b 54c 54d 54e
/ / ’ / /
e e @ @
54

FIG.21

56
/\

~

\9,
\
——__ |

{
55 10a 15a



US 2008/0242986 A1

ULTRASONIC OBSERVATION APPARATUS
AND ULTRASONIC DIAGNOSTIC
APPARATUS USING THE SAME

[0001] This application claims benefit of Japanese Patent
Application No. 2007-089014 filed on Mar. 29, 2007, the
entire contents of which are incorporated by this reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasonic obser-
vation apparatus capable of connecting an electron scanning
ultrasonic probe and mechanical scanning ultrasonic probe as
well as to an ultrasonic diagnostic apparatus using the ultra-
sonic observation apparatus.

[0004] 2. Description of the Related Art

[0005] Conventionally, ultrasonic diagnostic apparatus
transmit ultrasonic pulses repeatedly to body tissue from an
ultrasonic transducer of an ultrasonic probe connected to an
ultrasonic observation apparatus, receive an echo signal of the
ultrasonic pulses reflected by the body tissue, generate visible
images—ultrasonic tomographic images—ifrom information
contained in a living body, and display the ultrasonic tomo-
graphic images on a display unit such as a monitor.

[0006] Various types of ultrasonic probes are connected to
the ultrasonic observation apparatus of such an ultrasonic
diagnostic apparatus according to observed sites and diagnos-
tic uses. For example, the ultrasonic observation apparatus
may be detachably connected with both electron scanning
ultrasonic probe and mechanical scanning ultrasonic probe.
[0007] The electron scanning ultrasonic probe is an ultra-
sonic probe of an electron scanning type which scans an
inside of a body cavity by electronically driving an internal
ultrasonic transducer. On the other hand, the mechanical
scanning ultrasonic probe is an ultrasonic probe of a mechani-
cal scanning type which scans an inside of a body cavity by
mechanically rotating an internal ultrasonic transducer.
[0008] Since multiple types of ultrasonic probes are con-
nected to the ultrasonic observation apparatus according to
observed sites and diagnosis in this way, various setting
parameters related to operation control of the ultrasonic probe
and generation of ultrasonic images need to be changed
according to the type of ultrasonic probe connected to the
ultrasonic observation apparatus.

[0009] Conventional techniques which change various set-
ting parameters of the ultrasonic observation apparatus
according to the type of connected ultrasonic probe include
ultrasonic diagnostic apparatuses disclosed in Japanese
Patent Laid-Open Nos. 7-299065, 2005-230379, and 2007-
14485.

[0010] To provide expandability so as not to limit types of
connectable probe, Japanese Patent Laid-Open No. 7-299065
described above discloses a technique related to an ultrasonic
diagnostic apparatus which controls programs and param-
eters for frequencies and focusing methods of transmitted
ultrasound as well as programs and parameters for providing
guidelines and displaying frequencies during image display
based on the connected ultrasonic probe.

[0011] Also, Japanese Patent Laid-Open No. 2005-230379
described above discloses a technique related to a connection
adaptor for an ultrasonic inspection apparatus. The connec-
tion adaptor allows a mechanical scanning ultrasonic probe to
be connected to the ultrasonic observation apparatus to carry
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out mechanical ultrasonic scanning, as required, by connect-
ing the mechanical scanning ultrasonic probe to the ultrasonic
observation apparatus connected with an electron scanning
ultrasonic probe. Also, the connection adaptor is designed to
change scan origin position and frame rate setting based on
the type of connected ultrasonic probe.

[0012] Furthermore, Japanese Patent Laid-Open No. 2007-
14485 discloses a technique related to an ultrasonic observa-
tion apparatus designed to change display format of ultra-
sonic images and various setting parameters based on the type
of connected ultrasonic probe to make it easy to add new
ultrasonic probes without increasing man-hours.

SUMMARY OF THE INVENTION

[0013] The present invention provides an ultrasonic obser-
vation apparatus which generates an ultrasonic image from
sound ray data obtained by a detachable ultrasonic probe,
including: a coordinate transformation table for use to gener-
ate image data at pixel locations for display from the sound
ray data obtained by the ultrasonic probe; and a control unit
which detects a type or range of the detachable ultrasonic
probe and regenerates the coordinate transformation table
based on the detected type or range of the detachable ultra-
sonic probe.

[0014] Also, the present invention provides an ultrasonic
diagnostic apparatus including: a detachable electron scan-
ning ultrasonic probe; a detachable mechanical scanning
ultrasonic probe; an ultrasonic observation apparatus which
generates respective ultrasonic images from sound ray data
obtained by the detachable electron scanning ultrasonic probe
and the detachable mechanical scanning ultrasonic probe, the
ultrasonic observation apparatus including a coordinate
transformation table for use to generate image data at pixel
locations for display from the sound ray data obtained by the
detachable electron scanning ultrasonic probe and the detach-
able mechanical scanning ultrasonic probe, and a control unit
which detects types or ranges of the detachable electron scan-
ning ultrasonic probe and the detachable mechanical scan-
ning ultrasonic probe and regenerates the coordinate trans-
formation table based on the detected types or ranges of the
detachable electron scanning ultrasonic probe and the detach-
able mechanical scanning ultrasonic probe; and a display unit
which displays the ultrasonic images generated by the ultra-
sonic observation apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a block diagram showing an overall con-
figuration of an ultrasonic diagnostic apparatus according to
a first embodiment of the present invention;

[0016] FIG. 2 is a schematic diagram showing sound ray
data obtained by an electron scanning ultrasonic probe in
FIG. 1,

[0017] FIG. 3 is a schematic diagram showing sound ray
data obtained by a mechanical scanning ultrasonic probe in
FIG. 1,

[0018] FIG. 4 is a schematic diagram showing sound ray
data obtained by an electron scanning ultrasonic probe dif-
ferent from the electron scanning ultrasonic probe in FIG. 2;
[0019] FIG.5isadiagram showing an example ofa circular

image displayed when the electron scanning ultrasonic probe
in FIG. 2 is used;
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[0020] FIG. 6 is a diagram showing an example of a fan-
shaped image displayed when the mechanical scanning ultra-
sonic probe in FIG. 3 is used;

[0021] FIG. 7 is adiagram illustrating a display range of an
ultrasonic image based on sound ray data of 512 pixels out of
sound ray data of 1024 pixels on an entire circumference
obtained by the electron scanning ultrasonic probe;

[0022] FIG. 8 is a schematic diagram of pixel data in a
coordinate transformation table and frame memory, illustrat-
ing a coordinate transformation process of generating pixel
data at pixel locations for display on a monitor screen from
sound ray data shown in FIG. 7;

[0023] FIG.9 is an enlarged explanatory diagram showing
pixels based on any given item of sound ray data in FIG. 8 and
pixels at pixel locations for display after coordinate transfor-
mation;

[0024] FIG. 10 is a flowchart showing an example of basic
control performed by a control unit in FIG. 1;

[0025] FIG. 11 is a flowchart showing an example of con-
trol performed by the control unit when the ultrasonic probe
in FIG. 1 is pulled out or a range of the ultrasonic probe is
changed;

[0026] FIG. 12 is a diagram showing an example of dual-
screen display of a three-dimensional ultrasonic image and
two-dimensional ultrasonic image;

[0027] FIG. 13 is a diagram showing another example of
dual-screen display of a three-dimensional ultrasonic image
and two-dimensional ultrasonic image;

[0028] FIG. 14 is a diagram showing an example of display
in three-dimensional ultrasonic image display mode;

[0029] FIG. 15 is a diagram showing a variation of the
three-dimensional ultrasonic image display mode in FIG. 14;
[0030] FIG. 16 is a diagram showing a display example of
how to measure a volume by specifying three points at an
observed site on a displayed three-dimensional ultrasonic
image;

[0031] FIG. 17 is a diagram showing a display example of
how volume measurements are allowed to be taken twice at an
observed site on a three-dimensional ultrasonic image;
[0032] FIG. 18 is a diagram showing a display example of
a normal two-dimensional ultrasonic image on a display
screen;

[0033] FIG. 19 is a diagram showing a variation of dual-
screen display mode of the ultrasonic observation apparatus;
[0034] FIG. 20 is a diagram showing an example of display
on a display screen to illustrate capabilities to display thumb-
nails by reading out prestored ultrasonic images; and

[0035] FIG. 21 is a perspective block diagram showing an
external configuration of an ultrasonic observation apparatus
equipped with an active switch.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0036] Embodiments of the present invention will be
described below with reference to the drawings.

First Embodiment

[0037] FIGS. 1 to 11 concern a first embodiment of the
present invention, where FIG. 1 is a block diagram showing
an overall configuration of an ultrasonic diagnostic apparatus
according to the first embodiment, FIG. 2 is a schematic
diagram showing sound ray data obtained by an electron
scanning ultrasonic probe in FIG. 1, FIG. 3 is a schematic
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diagram showing sound ray data obtained by a mechanical
scanning ultrasonic probe in FIG. 1, FIG. 4 is a schematic
diagram showing sound ray data obtained by an electron
scanning ultrasonic probe different from the electron scan-
ning ultrasonic probe in FIG. 2, FIG. 5 is a diagram showing
an example of a circular image displayed when the electron
scanning ultrasonic probe in FIG. 2 is used, FIG. 6 is a
diagram showing an example of a fan-shaped image dis-
played when the mechanical scanning ultrasonic probe in
FIG. 3 is used, FI1G. 7 is a diagram illustrating a display range
of an ultrasonic image based on sound ray data of 512 pixels
out of sound ray data of 1024 pixels on an entire circumfer-
ence obtained by the electron scanning ultrasonic probe, FIG.
8 is a schematic diagram of pixel data in a coordinate trans-
formation table and frame memory, illustrating a coordinate
transformation process of generating pixel data at pixel loca-
tions for display on a monitor screen from sound ray data
shown in FIG. 7, FIG. 9 is an enlarged explanatory diagram
showing pixels based on any given item of sound ray data in
FIG. 8 and pixels at pixel locations for display after coordi-
nate transformation, FIG. 10 is a flowchart showing an
example of basic control performed by a control unit in FIG.
1, and FIG. 11 is a flowchart showing an example of control
performed by the control unit when the ultrasonic probe in
FIG. 1 is pulled out or a range of the ultrasonic probe is
changed.

[0038] As shown in FIG. 1, the ultrasonic diagnostic appa-
ratus 1 according to the first embodiment includes an electron
scanning ultrasonic probe 2, mechanical scanning ultrasonic
probe 3, and ultrasonic observation apparatus 4. The ultra-
sonic observation apparatus 4 is connected with a monitor 5
and operation portion 6.

[0039] The electron scanning ultrasonic probe 2 is config-
ured, for example, as an electron scanning ultrasonic endo-
scope and includes an insertion portion 7 constructed to be
slender for ease of insertion, operation portion 8 installed at a
rear end of the insertion portion 7, and ultrasonic transducer 9
installed in a distal end portion of the insertion portion 7. The
ultrasonic transducer 9 has an array of multiple transducer
elements 9a.

[0040] The operation portion 8 has an electronic-side con-
nector 10 which is detachably connected to the ultrasonic
observation apparatus 4. Although this is not illustrated, the
electronic-side connector 10 has an electrical contact con-
nected with a signal line 2a from the ultrasonic transducer 9
and an electronic-side connection detector which detects
whether the electron scanning ultrasonic probe 2 is connected
to the ultrasonic observation apparatus 4.

[0041] Inthe case of the electron scanning ultrasonic probe
2, the ultrasonic transducer 9 is electrically connected to the
ultrasonic observation apparatus 4 via the signal line 2a by the
electronic-side connector 10 being connected to the ultra-
sonic observation apparatus 4.

[0042] Incidentally, the electron scanning ultrasonic probe
2 is connected to a light source and video processor (none is
shown) when configured, for example, as an electron scan-
ning ultrasonic endoscope. The electron scanning ultrasonic
probe 2 has an illumination optical system, objective optical
system, and image pickup unit (none is shown) installed in the
distal end portion of the insertion portion 7. The electron
scanning ultrasonic probe illuminates an inside of a body
cavity by means of the illumination optical system using
illumination light supplied from the light source, captures
reflected light from the illuminated the inside of the body
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cavity as a subjectimage by means of objective optical system
and, picks up an image by means of the image pickup unit.
The electron scanning ultrasonic probe outputs an image
pickup signal to the video processor. The video processor
generates a standard video signal through signal processing
of the image pickup signal and outputs the video signal to an
endoscopic image monitor to display an endoscopic image on
the endoscopic image monitor.

[0043] The mechanical scanning ultrasonic probe 3 has an
insertion portion 11 constructed to be slender for ease of
insertion and operation portion 12 installed at a rear end of the
insertion portion 11. An ultrasonic transducer 14 is fixed to a
distal end of a flexible shaft 13 passed through the insertion
portion 11 of the mechanical scanning ultrasonic probe 3.
[0044] A rear end of the flexible shaft 13 is connected to a
rotating drive (not shown) installed in the operation portion
12. The rotating drive rotates the flexible shaft 13 using a
motor (not shown), and thereby rotationally drives the ultra-
sonic transducer 14 in a mechanical fashion. Also, the rotating
drive (not shown) has a rotational position detector such as an
encoder (not shown) and the like. Space around the ultrasonic
transducer 14 is filled with an ultrasonic propagation medium
(not shown) which propagates ultrasonic waves.

[0045] Theoperationportion 12 has amechanical-side con-
nector 15 which is detachably connected to the ultrasonic
observation apparatus 4. Although this is not illustrated, the
mechanical-side connector 15 has a mechanical-side electri-
cal contact (not shown) connected with a signal line from the
rotating drive and a mechanical-side connection detector
which detects whether the mechanical scanning ultrasonic
probe 3 is connected to the ultrasonic observation apparatus
4.

[0046] In the case of the mechanical scanning ultrasonic
probe 3, the ultrasonic transducer 14 is electrically connected
to the ultrasonic observation apparatus 4 via a signal line
passed through the flexible shaft 13 by the mechanical-side
connector 15 being connected to the ultrasonic observation
apparatus 4.

[0047] Incidentally, when configured, for example, as an
electron scanning ultrasonic endoscope, the electron scan-
ning ultrasonic probe 2 has a treatment instrument passage
channel (not shown). The mechanical scanning ultrasonic
probe 3 is passed through the treatment instrument passage
channel of the electron scanning ultrasonic endoscope,
pushed out of an opening of the treatment instrument passage
channel, and thereby inserted in the body cavity.

[0048] Next, concrete configuration of the ultrasonic obser-
vation apparatus 4 according to the first embodiment will be
described with reference to FIG. 1.

[0049] The ultrasonic observation apparatus 4 used in the
ultrasonic diagnostic apparatus 1 according to the first
embodiment is configured to be able to regenerate a coordi-
nate transformation table 23 according to a type or range of
the connected ultrasonic probe.

[0050] Specifically, as shown in FIG. 1, the ultrasonic
observation apparatus 4 has an electronic-side connector
receptacle 10a, mechanical-side connector receptacle 15a,
electronic-side receiver-transmitter 16, mechanical-side
receiver-transmitter 17, signal processing unit 18, and image
processing unit 20, control unit 21, all of which are intercon-
nected electrically via a bus 19.

[0051] The electronic-side connector 10 of the electron
scanning ultrasonic probe 2 is detachably connected to the
electronic-side connector receptacle 10a. Consequently, the
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electron scanning ultrasonic probe 2 is detachably connected
to the ultrasonic observation apparatus 4.

[0052] Also, the mechanical-side connector 15 of the
mechanical scanning ultrasonic probe 3 is detachably con-
nected to the mechanical-side connector receptacle 15a. Con-
sequently, the mechanical scanning ultrasonic probe 3 is
detachably connected to the ultrasonic observation apparatus
4.

[0053] Incidentally, although this is not illustrated, the elec-
tronic-side connector receptacle 10a has a receptacle-side
electrical contact which comes into contact with the electrical
contact of the electronic-side connector 10 for electrical con-
duction and has an electronic-side fitting recess into which an
electronic-side connection detector protrusion of the elec-
tronic-side connector 10 is fitted. On the other hand, although
this is not illustrated, the mechanical-side connector recep-
tacle 15a has a receptacle-side electrical contact which comes
into contact with the mechanical-side electrical contact of the
mechanical-side connector 15 for electrical condition and has
amechanical-side fitting recess into which a mechanical-side
connection detector protrusion of the mechanical-side con-
nector 15 is fitted.

[0054] The electronic-side and mechanical-side fitting
recesses (not shown) are electrically connected to the bus 19
via the signal line. When the electronic-side or mechanical-
side connection detector protrusion is fitted into the elec-
tronic-side or mechanical-side fitting recess, the control unit
21 electrically connected to the bus 19 conducts and detects
that the electronic-side connector 10 or the mechanical-side
connector 15 has been connected.

[0055] The ultrasonic observation apparatus 4 obtains an
echo signal from the connected electron scanning ultrasonic
probe 2 or mechanical scanning ultrasonic probe 3, generates
an ultrasonic tomographic image based on sound ray data
obtained from the echo signal, and displays the ultrasonic
tomographic image on the monitor 5.

[0056] Specifically, the electronic-side receiver-transmitter
16 transmits ultrasonic pulses to body tissue from the ultra-
sonic transducer 9 contained in the electron scanning ultra-
sonic probe 2 connected to the electronic-side connector
receptacle 10a and detects the echo signal obtained by receiv-
ing the ultrasonic pulses reflected from the body tissue.
[0057] Also, the mechanical-side receiver-transmitter 17
transmits ultrasonic pulses to body tissue from the ultrasonic
transducer 14 contained in the mechanical scanning ultra-
sonic probe 3 connected to the mechanical-side connector
receptacle 15a and detects the echo signal obtained by receiv-
ing the ultrasonic pulses reflected from the body tissue.
[0058] Thesignal processing unit 18 processes echo signals
from the electronic-side receiver-transmitter 16 and mechani-
cal-side receiver-transmitter 17.

[0059] Forexample, the signal processing unit 18 generates
sound ray data of luminance information according to dis-
tances from the ultrasonic transducers 9 and 14 and lumi-
nance levels based on the echo signals from the electronic-
side receiver-transmitter 16 and mechanical-side receiver-
transmitter 17.

[0060] The control unit 21 is made up of, for example, a
CPU. Using a computing unit 22 and the coordinate transfor-
mation table 23, the control unit 21 performs a coordinate
transformation of sound ray data generated by the signal
processing unit 18 as a result of signal processing. Conse-
quently, the control unit 21 generates pixel data at pixel loca-
tions for display on the screen of the monitor 5, and thereby
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generates one ultrasonic image in a frame memory 24. Sub-
sequently, the control unit 21 outputs pixel data for display
(hereinafter referred to as display data) resulting from the
ultrasonic images generated on a frame-by-frame basis in the
frame memory 24 to the image processing unit 20.

[0061] The image processing unit 20 processes and scan-
converts the display data received from the controlunit 21 and
displays the ultrasonic images on the display screen of the
monitor 5.

[0062] An example of sound ray data generated when the
electron scanning ultrasonic probe 2 is connected is shown in
FIG. 2.

[0063] In this case, the electron scanning ultrasonic probe
2, which supports not only B mode, but also flow mode
(Doppler mode), generates sound ray data 25 with a pixel
count in a range of 500 to 600 in all directions around the
ultrasonic transducer 9, for example, as shown in FIG. 2, each
time the mode or range is changed. Schematically, the sound
ray data 25 contain multiple items of pixel data 25a.

[0064] Evenifthe range is the same, in a different mode, the
electron scanning ultrasonic probe 2 may generate sound ray
data 25 with a pixel count of 580, for example, as shown in
FIG. 4.

[0065] FIG. 5 shows an example of display on the monitor
5 when the sound ray data 25 is generated by the electron
scanning ultrasonic probe 2 as shown in FIG. 2.

[0066] In this case, the control unit 21 displays an ultra-
sonic image 2A, for example, of a complete circular shape on
the monitor 5 as shown, for example, in FIG. 5, where the
ultrasonic image 2A is generated from the sound ray data 25
shown in FIG. 2 through coordinate transformation. Inciden-
tally, since sound ray data 25 is obtained in all directions
around the ultrasonic transducer 9 when the electron scanning
ultrasonic probe 2 is connected, by processing the sound ray
data 25 appropriately, the control unit 21 can display an
ultrasonic image 2A of another shape such as a semicircular
shape or fan (convex) shape on the monitor 5.

[0067] On the other hand, an example of sound ray data
generated when the mechanical scanning ultrasonic probe 3 is
connected is shown in FIG. 3.

[0068] In this case, the mechanical scanning ultrasonic
probe 3, which supports two B modes (monochrome), gener-
ates sound ray data 26 with a pixel count of 512 or 1024 in a
predetermined direction from the ultrasonic transducer 14,
for example, as shown in FIG. 3, each time the mode or range
is switched. Schematically, the sound ray data 26 contain
multiple items of pixel data 26a as in the case of the electron
scanning ultrasonic probe 2.

[0069] FIG. 6 shows an example of display on the monitor
5 when the sound ray data 26 is generated by the mechanical
scanning ultrasonic probe 3 as shown in FIG. 3.

[0070] In this case, the control unit 21 displays an ultra-
sonic image 3 A, for example, of a fan shape on the monitor 5
as shown, for example, in FIG. 6, either directly or in magni-
fied form, where the ultrasonic image 3A is generated from
the sound ray data 26 shown in FIG. 3 through coordinate
transformation.

[0071] Next, a configuration of the control unit 21 will be
described with reference to FIG. 1 and FIGS. 7 to 9, where the
control unit 21 is a main component of the ultrasonic obser-
vation apparatus 4 according to the first embodiment.
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[0072] As shown in FIG. 1, the control unit 21 of the ultra-
sonic observation apparatus 4 includes, the computing unit
22, coordinate transformation table 23, and frame memory
24.

[0073] The control unit 21 detects the type or range of the
detachable ultrasonic probe and regenerates the coordinate
transformation table 23 based on the detected type or range of
the detachable ultrasonic probe using the computing unit 22
and frame memory 24.

[0074] If, for example, the pixel count of the sound ray data
supplied by the signal processing unit 18 differs from the
number of pixel locations for display on the screen of the
monitor 5, the computing unit 22 performs a computing pro-
cess to interpolate or skip pixels in the sound ray data so that
the pixel count of the sound ray data will match the number of
pixel locations for display. Then, the control unit 21 regener-
ates the coordinate transformation table 23 based on compu-
tational results produced by the computing unit 22.

[0075] Incidentally, if the pixel count of the inputted sound
ray count matches the number of pixel locations for display,
there is no need to regenerate the coordinate transformation
table 23 for use to generate the display data at the pixel
locations for display.

[0076] After coordinate transformation of the sound ray
data is performed using the coordinate transformation table
23 regenerated based on the computational results produced
by the computing unit 22, the frame memory 24 stores the
resulting display data on a frame-by-frame basis under the
control of the control unit 21. Under the control of the control
unit 21, the frame-by-frame display data is processed by the
image processing unit 20, and consequently an ultrasonic
image is displayed on the monitor 5.

[0077] The control unit 21 controls that a regeneration pro-
cess of the coordinate transformation table 23 via the com-
puting process of the computing unit 22 will be performed
when the electron scanning ultrasonic probe 2 or mechanical
scanning ultrasonic probe 3 is replaced, when the range is
changed at a command from the operation portion 6, or when
the mode is switched between B mode and flow mode at a
command from the operation portion 6 if the electron scan-
ning ultrasonic probe 2 is in operation.

[0078] Now, the regeneration process of the coordinate
transformation table 23 performed by the control unit 21 will
be described in more detail with reference to FIGS. 7 t0 9.
[0079] Forexample, if the pixel count of the sound ray data
25 obtained by the electron scanning ultrasonic probe 2 is 512
as shown in FIG. 7, since the sound ray data 25 is obtained in
all the directions around the ultrasonic transducer 9, a 1024-
pixel ultrasonic image 2A of a complete circular shape is
displayed under the control of the control unit 21.

[0080] Suppose, it is detected that the electron scanning
ultrasonic probe 2 is pulled out (replaced) or that the range is
changed in the operation portion 6.

[0081] It is assumed that the pixel count of sound ray data
obtained from the newly connected electron scanning ultra-
sonic probe 2 or based on the changed range is 580 as shown
in FIG. 4 and that a display area 30 (a quadrant with a radius
of L) shown in FIG. 7 is specified.

[0082] In this case, the control unit 21 cannot perform
coordinate transformation using the coordinate transforma-
tion table 23 existing before the replacement or range chang-
ing of the electron scanning ultrasonic probe 2. Thus, the
control unit 21 detects the type or range of the connected
electron scanning ultrasonic probe based on inputted sound
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ray data (see, for example, FIG. 4) or an operation signal from
the operation portion 6 and makes the computing unit 22
perform a computing process for interpolation based on
results of the detection to bring the inputted sound ray data
into correspondence with the pixel locations for display on
the screen of the monitor 5.

[0083] Based on computational results produced by the
computing unit 22, the control unit 21 regenerates the coor-
dinate transformation table 23. Here, the pixel locations for
display in the frame memory 24 match the pixel locations for
display on the screen of the monitor 5.

[0084] FIG. 8 schematically shows the pixel locations for
display in the display area 30 shown in FIG. 7, where infor-
mation about the pixel locations for display is stored in the
coordinate transformation table 23 and frame memory 24.
That is, the coordinate transformation table 23 prepared
before the regeneration process cannot be used for current
coordinate transformation because in terms of locations, the
pixel data 254 in the sound ray data 25 does not match the
pixel data 24a for display on the screen of the monitor 5.
[0085] Therefore, the control unit 21 makes the computing
unit 22 perform a computing process for interpolation using
the pixel data 25a from the inputted sound ray data 25 to
obtain pixel data 24a at pixel locations for display on the
screen of the monitor 5, for example, as shown in FIG. 9.
[0086] Then, based on computational results, the coordi-
nate transformation table 23 can be regenerated under the
control of the control unit 21. The regenerated coordinate
transformation table 23 can be used for coordinate transfor-
mation to prepare the pixel data for display on the screen of
the monitor 5.

[0087] Ithas been stated above that the coordinate transfor-
mation table 23 is regenerated after the electron scanning
ultrasonic probe 2 is pulled out (replaced) or the range of the
electron scanning ultrasonic probe 2 is changed. However,
since the coordinate transformation table 23 can also be
regenerated to accommodate sound ray data with different
pixel counts, the coordinate transformation table 23 can, of
course, be regenerated after the mechanical scanning ultra-
sonic probe 3 which does not determine the pixel count of
available pixel data is pulled out (replaced) or its range is
changed, as in the case of the electron scanning ultrasonic
probe 2.

[0088] Incidentally, if both the electron scanning ultrasonic
probe 2 and mechanical scanning ultrasonic probe 3 are con-
nected, at a command from the operation portion 6, the con-
trol unit 21 can cause one of the two probes to operate.
[0089] The control unit 21 has a data combining unit (not
shown) and can control to make the data combining unit
combine, as required, the sound ray data obtained by the
electron scanning ultrasonic probe 2 and mechanical scan-
ning ultrasonic probe 3.

[0090] Transmission frequencies of the B mode and the
flow mode are set to predetermined sending frequencies, but
the control unit 21 can control to make the electronic-side
receiver-transmitter 16 and mechanical-side receiver-trans-
mitter 17 change the transmission frequencies of the B mode
and flow mode separately.

[0091] When the electron scanning ultrasonic probe 2 is
connected, the control unit 21 can make the image processing
unit 20 generate display data of three-dimensional ultrasonic
images using obtained sound ray data or generate display data
to display patient information and other medical information
inputted from the operation portion 6 on screen as ultrasonic
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images. Of course the control unit 21 can perform display
control of display data and the like of three-dimensional
ultrasonic images. A technique related to such three-dimen-
sional ultrasonic image display will be described later.
[0092] Next, operation of the ultrasonic observation appa-
ratus 4 according to the first embodiment will be described
with reference to FIGS. 10 and 11.

[0093] Suppose a surgeon turns on the ultrasonic observa-
tion apparatus 4 used in the ultrasonic diagnostic apparatus 1
shown in FIG. 1. In response, the control unit 21 reads a
program shown in FIG. 10 out of memory (not shown) and
executes the program.

[0094] That is, in Step S1, the control unit 21 controls to
make the electronic-side receiver-transmitter 16 or mechani-
cal-side receiver-transmitter 17 transmit ultrasonic pulses to
body tissue from the ultrasonic transducer 9 or 14 contained
in the connected electron scanning ultrasonic probe 2 or
mechanical scanning ultrasonic probe 3 and detects the echo
signal obtained by receiving the ultrasonic pulses reflected
from the body tissue.

[0095] Then, in Step S2, the control unit 21 makes the
signal processing unit 18 generate sound ray data of lumi-
nance information according to the distance from the ultra-
sonic transducer 9 or 14 and luminance level based on the
echo signal from the electronic-side receiver-transmitter 16
or mechanical-side receiver-transmitter 17.

[0096] Then, in Step S3, the control unit 21 performs coor-
dinate transformation using the computing unit 22 and coor-
dinate transformation table 23 to convert the sound ray data
processed by the signal processing unit 18 into pixel data at
pixel locations for display on the screen of the monitor 5.
[0097] Then, in Step S4, the control unit 21 generates one
ultrasonic image in the frame memory 24 as a result of the
coordinate transformation. Subsequently, the control unit 21
outputs pixel data for display (hereinafter referred to as dis-
play data) resulting from the ultrasonic images generated on
a frame-by-frame basis in the frame memory 24 to the image
processing unit 20. Consequently, the image processing unit
20 processes and scan-converts the display data received from
the control unit 21 and displays the ultrasonic images on the
display screen of the monitor 5.

[0098] Suppose, for example, the surgeon pulls out (re-
places) the electron scanning ultrasonic probe 2 or mechani-
cal scanning ultrasonic probe 3 or changes the range of either
probe, or switches between B mode and flow mode if the
electron scanning ultrasonic probe 2 is connected.

[0099] Here, as shown in FIG. 11, the program read out of
memory (not shown) is constantly running. Consequently, in
Step S10, the control unit 21 detects that the electron scanning
ultrasonic probe 2 or mechanical scanning ultrasonic probe 3
has been pulled out (replaced) or that the range of either probe
has been switched, or that the mode has been switched
between B mode and flow mode if the electron scanning
ultrasonic probe 2 is connected.

[0100] The control unit 21 can detect if the electron scan-
ning ultrasonic probe 2 or mechanical scanning ultrasonic
probe 3 has been pulled out (replaced) because when the
electronic-side or mechanical-side connection detector pro-
trusion is fitted into the electronic-side or mechanical-side
fitting recess, conduction occurs allowing the control unit 21
to detect that the electronic-side connector 10 or mechanical-
side connector 15 has been connected. Use of this mechanism
makes it possible to automatically enable an ultrasonic probe
connector upon connection if no other connector is con-
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nected. Also, the range changing can be detected through
recognition of an operation signal from the operation portion
6. Also, the switching between B mode and flow mode may be
detected through recognition of the pixel count of inputted
sound ray data.

[0101] In such a case, however, the control unit 21 cannot
perform coordinate transformation using the coordinate
transformation table 23 prepared before the replacement or
range changing of the electron scanning ultrasonic probe 2 or
mechanical scanning ultrasonic probe 3 or before the switch-
ing between B mode and flow mode.

[0102] Thus, in Step S1, the control unit 21 makes the
computing unit 22 perform a computing process for interpo-
lation to convert the newly obtained sound ray data into pixel
data at pixel locations for display on the screen of the monitor
5, where the newly obtained sound ray data is the sound ray
data obtained using the newly connected ultrasonic probe
(electron scanning ultrasonic probe 2 or mechanical scanning
ultrasonic probe 3), the changed range, or the mode (B mode
or flow mode) switched to.

[0103] Based on computational results produced by the
computing unit 22, the control unit 21 regenerates the coor-
dinate transformation table 23. That is, the resulting coordi-
nate transformation table 23 allows the control unit 21 to
perform coordinate transformation and thereby obtain pixel
data at pixel locations for display on the screen of the monitor
5

[0104] This makes it possible to display optimum ultra-
sonic images on the monitor 5 even after removal (replace-
ment) or range changing of the electron scanning ultrasonic
probe 2 or mechanical scanning ultrasonic probe 3 or switch-
ing between B mode and flow mode.

[0105] Thus, according to the first embodiment, since the
coordinate transformation table 23 can be regenerated to
accommodate changes in the type or range of the ultrasonic
probe, it is possible to generate and display optimum ultra-
sonic images even when the type or range of the ultrasonic
probe is changed. This reduces memory requirements and
costs. The ultrasonic observation apparatus 4 can be con-
nected with both the electron scanning ultrasonic probe 2 and
mechanical scanning ultrasonic probe 3.

[0106] As described earlier, when connected with the elec-
tron scanning ultrasonic probe 2, the ultrasonic observation
apparatus 4 used in the ultrasonic diagnostic apparatus 1
according to the present invention can perform display con-
trol of display data and the like of three-dimensional ultra-
sonic images by making the image processing unit 20 gener-
ate display data of three-dimensional ultrasonic images using
obtained sound ray data or generate display data to display
patient information and other medical information inputted
from the operation portion 6 on screen as ultrasonic images.

[0107] A technique related to such three-dimensional ultra-
sonic image display in the ultrasonic observation apparatus 4
and other relevant techniques will be described with reference
to FIGS. 12 to 21.

[0108] When operating in three-dimensional ultrasonic
image display mode to display a three-dimensional ultrasonic
image as described above, the control unit 21 of the ultrasonic
observation apparatus 4 can also generate and display slice
images (horizontal linear slice images) taken from the three-
dimensional ultrasonic image horizontally parallel to an
insertion axis of the ultrasonic transducer 9. Of course, the
control unit 21 may generate and display slice images taken
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from the three-dimensional ultrasonic image vertically with
respect to the insertion axis of the ultrasonic transducer 9.

[0109] Incidentally, horizontal linear slice images are taken
at predetermined slice intervals, which are, for example, five
in number. The slice intervals are specified with a trackball or
the like of the operation portion 6. Also, the capabilities
described in relation to the electron scanning ultrasonic probe
2 are also available when the mechanical scanning ultrasonic
probe 3 is connected.

[0110] Also, the control unit 21 performs more slowly in
the three-dimensional ultrasonic image display mode than in
normal ultrasonic image display mode. To deal with this, the
control unit 21 generates and displays a relatively low-defi-
nition three-dimensional ultrasonic image when a three-di-
mensional ultrasonic image is being displayed live, but gen-
erates and displays a high-definition three-dimensional
ultrasonic image if the surgeon gives a freeze command from
the operation portion 6, freezing the live display. This makes
it possible to reduce loads produced by the control unit 21 in
generating three-dimensional ultrasonic images.

[0111] Theultrasonic observation apparatus 4 has a manual
scanning mode which allows the surgeon to generate a three-
dimensional ultrasonic image by operating the electron scan-
ning ultrasonic probe 2 manually.

[0112] Theultrasonic observation apparatus 4 is capable of
dual-screen display of a three-dimensional ultrasonic image
and two-dimensional ultrasonic image. Examples of such
dual-screen display are shown in FIGS. 12 and 13.

[0113] As shown in FIG. 12, when the electron scanning
ultrasonic probe 2 is connected, the control unit 21 of the
ultrasonic observation apparatus 4 can control to make the
image processing unit 20 present a dual-screen display sec-
tion 30 on the screen of the monitor 5, displaying, for
example, on left and right, a first screen 31 which can display
anormal two-dimensional ultrasonic image (radial ultrasonic
image) and a second screen 32 which can display a three-
dimensional ultrasonic image.

[0114] Inthat case, a scale 31a for use to recognize size of
the ultrasonic image is displayed by the control unit 21 at least
on one side of a first screen 31 on which the two-dimensional
ultrasonic image is displayed. This allows the surgeon to
estimate actual size of an observed site by comparing the size
of the two-dimensional ultrasonic image with the scale 31a.

[0115] Also, when a three-dimensional ultrasonic image is
displayed, it may be difficult to recognize depth direction of
the electron scanning ultrasonic probe 2, i.e., to distinguish
between a distal end and rear end of the electron scanning
ultrasonic probe 2, on the second screen on which the three-
dimensional ultrasonic image is displayed. Therefore, the
control unit 21 displays marks 33 on top of the second screen
32 of the dual-screen display section 30 to distinguish
between the distal end and rear end of the electron scanning
ultrasonic probe 2.

[0116] The marks 33 include, for example, a white mark
33a in the form of O which indicates the distal end of the
ultrasonic probe and black mark 335 in the form of @ which
indicates the rear end of the ultrasonic probe. The white mark
33a and black mark 335 may be overlapped as shown in FIG.
12. In that case, by looking at the degree of overlap between
the white mark 33a and black mark 334, it is possible to tell at
once which of the distal and rear ends of the ultrasonic probe
is displayed on the near side and which is displayed on the far
side.
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[0117] The ultrasonic observation apparatus 4 has a capa-
bility to store images in digital format. There is demand for
information about remaining HDD space for image storage
because it is desired to know how many more images can be
stored.

[0118] Thus, the control unit 21 displays a bar indicator 34,
for example, at bottom of the dual-screen display section 30
to indicate the remaining space on the HDD including the
control unit 21. Incidentally, the bar indicator 34 may be
substituted with a graphical indicator or any other item which
indicates the remaining space on the HDD including the
control unit 21.

[0119] As shown in FIG. 13, when displaying the dual-
screen display section 30A, the control unit 21 may display
successively on the second screen 32A ultrasonic images of
cross sections according to cursor position by moving a cur-
sor 35 provided near the scale 31a on the first screen 31.
[0120] Inthis case, when the surgeon presses the cursor 35,
for example, for a long time by manipulating the operation
portion 6, the control unit 21 automatically displays succes-
sive ultrasonic images of cross sections taken at predeter-
mined intervals, based on a preset direction of the cursor 35.
[0121] Incidentally, although the cursor 35 is provided ver-
tically along the first screen 31 this is not restrictive. The
cursor 35 may be provided horizontally along the first screen
31 and ultrasonic images of cross sections taken at predeter-
mined horizontal intervals may be displayed successively.
Besides, the white mark 33a and black mark 335 are dis-
played at top of the second screen 32 A to distinguish between
the distal end and rear end of the ultrasonic probe. This allows
the surgeon to distinguish between the distal end and rear end
of the ultrasonic probe on the second screen 32A, making it
easier to analyze the ultrasonic images of cross sections dis-
played on the second screen 32A.

[0122] FIG. 14 is a diagram showing an example of display
created by the ultrasonic observation apparatus in three-di-
mensional ultrasonic image display mode. FIG. 15 is a dia-
gram showing a variation of the three-dimensional ultrasonic
image display mode in FIG. 14.

[0123] As shown in FIG. 14, when operating in the three-
dimensional ultrasonic image display mode to display a
three-dimensional ultrasonic image, the control unit 21 of the
ultrasonic observation apparatus 4 can control to make the
image processing unit 20 present a quad-screen display sec-
tion 36 on the screen of the monitor 5, displaying a first screen
37, second screen 38, third screen 39, and fourth screen 32
which can display mutually different ultrasonic images.

[0124] In this case, the quad-screen display section 36
includes, for example, the first screen 37 placed in upper left
part, second screen 38 placed in lower left part, third screen 39
placed in lower right part, and fourth screen 32 placed in
upper right part.

[0125] The firstscreen 37 displays slice images of the ultra-
sonic image displayed on the fourth screen 32 (described
later), taken vertically with respect to the insertion axis of the
ultrasonic transducer 9. The second screen 38 displays a
normal two-dimensional ultrasonic image. The third screen
39 displays slice images of the ultrasonic image displayed on
the fourth screen 32 (described later) taken horizontally par-
allel to the insertion axis of the ultrasonic transducer 9.
[0126] According to this example, the control unit 21 dis-
plays a reference cross section 40 serving as specifying
means used to obtain a three-dimensional slice image (sec-
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tional image) in a desired direction from a three-dimensional
ultrasonic image displayed on the fourth screen 32.

[0127] The desired direction specified using the reference
cross section 40 may be, for example, any of three directions
on the three-dimensional ultrasonic image: horizontal, verti-
cal, or diagonal with respect to the insertion axis of the ultra-
sonic transducer 9. Of course, the direction which can be
specified is not limited to the three directions, and any direc-
tion may be specified by moving the reference cross section
40 freely.

[0128] Incidentally, the desired direction specified using
the reference cross section 40 may be indicated, for example,
with a trackball, a keyboard, or arrow keys of the operation
portion 6.

[0129] In the display example shown in FIG. 14, a slice
position vertical with respect to the insertion axis of the
ultrasonic transducer 9 is specified using the reference cross
section 40 and a three-dimensional slice image at the slice
position is displayed on the third screen 39.

[0130] Since the control unit 21 presents the quad-screen
display section 36 with the reference cross section 40 allow-
ing a three-dimensional slice image in a desired direction to
be displayed, it is possible to analyze the three-dimensional
ultrasonic image in more detail.

[0131] Incidentally, the control unit 21 may control to cause
comments 41 such as information about body tissue and the
like to be displayed over the three-dimensional ultrasonic
image displayed on the fourth screen 32.

[0132] Also, as illustrated in the variation in FIG. 15, the
control unit 21 may change layout of the quad-screen display
section 36 by arranging the first screen 37, second screen 38,
third screen 39, and fourth screen 32 on the screen of the
monitor 5 in an easy to see fashion.

[0133] FIGS. 16 and 17 illustrate a capability to measure a
volume of an observed site on a three-dimensional ultrasonic
image in three-dimensional ultrasonic image display mode,
where FIG. 16 is a diagram showing a display example of how
to measure the volume by specifying three points at the
observed site on the displayed three-dimensional ultrasonic
image and FIG. 17 is a diagram showing a display example of
how volume measurements are allowed to be taken twice at
the observed site on the three-dimensional ultrasonic image.
[0134] In the three-dimensional ultrasonic image display
mode, the ultrasonic observation apparatus 4 can measure the
volume of an observed site on a displayed three-dimensional
ultrasonic image using available two-dimensional sound ray
data.

[0135] In that case, the control unit 21 displays a three-
dimensional ultrasonic image 42, for example, on the monitor
5 and allows the surgeon to enter distance data which repre-
sents at least three dimensions (e.g., vertical distance A, lat-
eral distance B, and depthwise distance C) of an observed site
42a on the three-dimensional ultrasonic image 42.

[0136] The surgeon enters appropriate distance data using
the keyboard of the operation portion 6.

[0137] The control unit 21 makes the computing unit 22
determine the volume of the observed site 42a on the dis-
played three-dimensional ultrasonic image 42 through com-
putations based on the entered three types of distance data,
and displays the volume, for example, over the ultrasonic
image 42. This makes it possible to estimate size of the
observed site on the three-dimensional ultrasonic image.
[0138] According to this example, the volume of the
observed site on the three-dimensional ultrasonic image can
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be measured twice, for example, as shown in FIG. 17. Fur-
thermore, the present invention may be configured to measure
the volume more than twice if necessary. When multiple
measurements of the observed site are taken, the control unit
21 may display observed sites 43a and 434 in different colors.
[0139] Incidentally, the ultrasonic observation apparatus 4
used in the ultrasonic diagnostic apparatus 1 according to the
present invention can perform functions described below
when displaying normal two-dimensional ultrasonic images.
The functions will be described with reference to FIGS. 18 to
21.

[0140] FIG. 18 is a diagram showing a display example of
a normal two-dimensional ultrasonic image on a display
screen.

[0141] As shown in FIG. 18, in normal two-dimensional
ultrasonic image display mode, if, for example, the surgeon
gives a freeze command from the operation portion 6, the
control unit 21 of the ultrasonic observation apparatus 4 dis-
plays a freeze time indicator 44 over an ultrasonic image 38
on the monitor 5, indicating that a freeze mode is on.

[0142] The freeze time indicator 44 provides, for example,
time information about the time when the image was frozen.
The freeze time indicator 44 is displayed at a position where
it will not overlap the frozen ultrasonic image 38.

[0143] Incidentally, in the freeze mode in which the freeze
time indicator 44 is displayed, the control unit 21 controls to
make a time display unit 46 update current time as required.
[0144] FIG. 19 is a diagram showing a variation of dual-
screen display mode of the ultrasonic observation apparatus.
In the dual-screen display mode described above, the dual-
screen display section 30 is displayed, presenting a normal
two-dimensional ultrasonic image and three-dimensional
ultrasonic image. In this example, as shown in FIG. 19, a
dual-screen display section 48 is displayed, presenting a nor-
mal live ultrasonic image and an image reproduced by being
read out of memory (not shown) in the control unit 21.
[0145] That is, as shown in FIG. 19, the control unit 21 of
the ultrasonic observation apparatus 4 makes the image pro-
cessing unit 20 present a dual-screen display section 48 on the
screen of the monitor 5, displaying, for example, on left and
right, a first screen 48A which can display a normal two-
dimensional ultrasonic image (radial ultrasonic image) and a
second screen 49 which can display an image reproduced
(reproduced ultrasonic image) by being read out of memory
(not shown) in the control unit 21.

[0146] In this case, the control unit 21 displays an identifi-
cation information display section 49a over the reproduced
image displayed on the second screen 49 to identify the repro-
duced image from live ultrasonic images. The identification
information display section 49a contains patient information
such as a patient number or patient name. Incidentally, the
identification information display section 49a may be hidden
selectively whenever unnecessary.

[0147] The control unit 21 displays a patient information
display section 45 in an upper proximal end portion of the
dual-screen display section 30 to display a patient number
and patient name. The display of the patient information
display section 45 can be suppressed at a command from the
surgeon as required (e.g., the patient number can be erased
when a button is pressed and the name can be erased when the
button is pressed next).

[0148] Also, according to this example, in the dual-screen
display mode, the control unit 21 can display a selection menu
50 for use to select modes of ultrasonic images to be displayed
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onthe first screen 48 A and second screen 49. That is, when the
surgeon gives a command by manipulating the operation
portion 6, the control unit 21 displays the selection menu 50
on the dual-screen display section 48.

[0149] The selection menu 50 allows the surgeon to select
among live mode, mechanical scanning mode by the
mechanical scanning ultrasonic probe 3, and B mode on the
first screen 48A and to select among reproduction mode,
electron scanning mode by the electron scanning ultrasonic
probe 2, and flow mode on the second screen 49.

[0150] Consequently, the dual-screen display section 48
can display ultrasonic images in different modes simulta-
neously, making it possible to analyze the ultrasonic images
efficiently.

[0151] Incidentally, the dual-screen display mode
described above is not limited to normal two-dimensional
ultrasonic image display, and is applicable to the three-di-
mensional ultrasonic image display. Also, the ultrasonic
observation apparatus 4 according to this example allows the
surgeon to display a menu for various settings of the entire
system by manipulating the operation portion 6 although this
is not illustrated.

[0152] Inthat case, the menu contains an item for setting a
display language used for the ultrasonic observation appara-
tus, allowing the display language to be switched without
restarting the control unit 21 of the ultrasonic observation
apparatus 4.

[0153] Also, when the control unit 21 is displaying the
menu, operating instructions or other comments may be dis-
played, for example, at bottom of a display screen of the
menu. Also, the control unit 21 can display a gray scale for
monitor adjustment in part of the screen of the monitor 5.
[0154] The present apparatus has picture-in-picture (PinP)
capabilities. However, when a menu such as described above
is displayed, any child window of PinP format being dis-
played is turned off automatically to avoid obstructing menu
operations.

[0155] If the surgeon makes an operation mistake when
manipulating the operation portion 6 by watching the display
screen of the menu or the like, the control unit 21 displays an
error message accordingly, and then displays operating
instructions or other comments on screen. This makes it pos-
sible to show correct operating procedures to the surgeon.
[0156] The control unit 21 can clear ultrasonic images and
other displays such as comments and menus on the monitor 5
after a predetermined time.

[0157] FIG. 20 is a diagram showing an example of display
on a display screen to illustrate capabilities to display thumb-
nails by reading out prestored ultrasonic images.

[0158] As shown in FIG. 20, the control unit 21 of the
ultrasonic observation apparatus 4 can display thumbnails of
ultrasonic images read out of memory (not shown).

[0159] Specifically, the control unit 21 can display a dual-
screen display section 51 and thumbnail display section 54,
the dual-screen display section 51 displaying, for example, on
left and right, a first screen 52 which displays a tree structure
of folders and the like stored in memory (not shown) and a
second screen 53 which displays file numbers in the folders
displayed on the first screen 52 and the thumbnail display
section 54 displaying thumbnails of reproduced ultrasonic
images whose file numbers are displayed on the second
screen 53.

[0160] That is, the control unit 21 successively displays
reproduced ultrasonic images whose file numbers are dis-



US 2008/0242986 A1

played on the second screen 53, in thumbnail display loca-
tions 54a to 55¢ of the thumbnail display section 54. This
makes it possible to analyze in detail changes in the observed
site based on the reproduced ultrasonic images.

[0161] When replacing the ultrasonic probe of a conven-
tional ultrasonic observation apparatus, the surgeon turns off
the ultrasonic observation apparatus completely by pressing a
power switch. After the replacement of the ultrasonic probe,
the surgeon turns on the ultrasonic observation apparatus by
pressing the power switch again. However, this method takes
time to start up the apparatus.

[0162] To deal with this, in the ultrasonic observation appa-
ratus 4 used in the ultrasonic diagnostic apparatus 1 according
to the present invention, an active switch 56 is installed, for
example, on a front panel as shown in FIG. 21 to supply power
to the electronic-side connector receptacle 10a and mechani-
cal-side connector receptacle 15a connected with the electron
scanning ultrasonic probe 2 and mechanical scanning ultra-
sonic probe 3.

[0163] Thismakes it possible to turn off power supply to the
electronic-side connector receptacle 10a and mechanical-
side connector receptacle 15a before replacement of the ultra-
sonic probe by simply pressing the active switch 56 instead of
turning off power by pressing a power switch 55.

[0164] After the replacement of the ultrasonic probe, by
pressing the active switch 56 again, itis possible to turn on the
power supply to the electronic-side connector receptacle 10a
and mechanical-side connector receptacle 15a, and thereby
make the ultrasonic observation apparatus 4 ready for opera-
tion quickly. Also, the installation of the active switch 56
makes it possible to replace the ultrasonic probe with a sense
of security.

[0165] The active switch 56 is electrically connected to the
control unit 21, and the control unit 21 controls power supply
to the electronic-side receiver-transmitter 16 and mechanical-
side receiver-transmitter 17 based on switching operation of
the active switch 56.

[0166] Also, when the active switch 56 is off, the surgeon
may forget to turn on the active switch 56 after replacement of
the ultrasonic probe or in freeze mode.

[0167] Thus, according to this example, after it is con-
firmed that an ultrasonic probe is mounted or if a freeze button
is off, the control unit 21 can turn on the active switch 56
automatically after a predetermined time. This makes it pos-
sible to carry out an ultrasonic inspection quickly by turning
on the active switch 56 even if the surgeon forgets to do so.
[0168] Incidentally, the ultrasonic observation apparatus 4
according to this example can record ultrasonic images in the
memory (not shown) in the control unit 21.

[0169] Inthis case, an LED is installed on the front panel of
the ultrasonic observation apparatus 4, and the control unit 21
can inform the surgeon that ultrasonic image data is being
written, by lighting or flashing the LED when storing the
ultrasonic image data in the memory (not shown) in the con-
trol unit 21 although this is not illustrated.

[0170] Improvements have been made to the ultrasonic
observation apparatus 4 according to this example to opti-
mally display ultrasonic images from a new ultrasonic probe
after replacement.

[0171] Specifically, an amount of off-centeredness has
been determined according to the type of ultrasonic probe,
and the surgeon sets the amount of off-centeredness for the
newly replaced ultrasonic probe, for example, using a menu.
An ultrasonic probe with a large ultrasonic transducer is
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displaced from a rotation axis when ultrasonic transducer
rotates or vibrates. The amount of off-centeredness is data
used to correct for such displacement.

[0172] Thus, by making the signal processing unit 18 gen-
erate sound ray data based on the set amount of off-centered-
ness of the ultrasonic probe, the control unit 21 can generate
and display optimum ultrasonic images using the newly
replaced ultrasonic probe.

[0173] Incidentally, data on the amount of off-centeredness
for each type of ultrasonic probe may be prestored in the
memory (not shown) in the control unit 21. Then, the control
unit 21 can detect the type of the connected ultrasonic probe
and read and use appropriate data on the amount of off-
centeredness.

[0174] Also, when generating an image on the ultrasonic
observation apparatus 4, the surgeon is allowed to adjust
brightness (luminance) of the image according to distance.
The ultrasonic observation apparatus 4 simplifies the setting
of the adjustment by allowing the surgeon to specify only
luminance at the closest position to the ultrasonic transducer
and luminance at the most distant position on the screen and
interpolating luminance at intermediate positions.

[0175] The present invention is not limited to the embodi-
ments and variations described above, and various modifica-
tions can be made without departing from the spirit of the
present invention.

What is claimed is:

1. An ultrasonic observation apparatus which generates an
ultrasonic image from sound ray data obtained by a detach-
able ultrasonic probe, comprising:

a coordinate transformation table for use to generate image
data at pixel locations for display from the sound ray
data obtained by the ultrasonic probe; and

a control unit which detects a type or range of the detach-
able ultrasonic probe and regenerates the coordinate
transformation table based on the detected type or range
of the detachable ultrasonic probe.

2. The ultrasonic observation apparatus according to claim

1, wherein the ultrasonic observation apparatus is connected
with at least one of an electron scanning ultrasonic probe and
a mechanical scanning ultrasonic probe as the detachable
ultrasonic probe.

3. The ultrasonic observation apparatus according to claim
1, wherein the control unit regenerates the coordinate trans-
formation table upon replacement of the ultrasonic probe.

4. The ultrasonic observation apparatus according to claim
1, wherein the control unit regenerates the coordinate trans-
formation table upon a change in the range.

5. The ultrasonic observation apparatus according to claim
1, wherein the control unit detects switching between B mode
and flow mode and regenerates the coordinate transformation
table upon detection of the switching between the B mode and
the flow mode.

6. An ultrasonic diagnostic apparatus comprising:

a detachable electron scanning ultrasonic probe;

a detachable mechanical scanning ultrasonic probe;

an ultrasonic observation apparatus which generates
respective ultrasonic images from sound ray data
obtained by the detachable electron scanning ultrasonic
probe and the detachable mechanical scanning ultra-
sonic probe, the ultrasonic observation apparatus
including a coordinate transformation table for use to
generate image data at pixel locations for display from
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the sound ray data obtained by the detachable electron
scanning ultrasonic probe and the detachable mechani-
cal scanning ultrasonic probe, and a control unit which
detects types or ranges of the detachable electron scan-
ning ultrasonic probe and the detachable mechanical
scanning ultrasonic probe and regenerates the coordi-
nate transformation table based on the detected types or

10

Oct. 2, 2008

ranges of the detachable electron scanning ultrasonic
probe and the detachable mechanical scanning ultra-
sonic probe; and

a display unit which displays the ultrasonic images gener-
ated by the ultrasonic observation apparatus.
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