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(57) ABSTRACT 

For the purpose of allowing easy perception of the imaging 
direction of an image produced by post-processing, the 
present apparatus comprises: data acquiring means (33-40) 
for acquiring three-dimensional image data on a Subject to 
be imaged based on ultrasound using an ultraSonic trans 
ceiver; Specifying means (33,37) for specifying a simulative 
imaging direction based on Spatial information with respect 
to a hand instrument that is manually operated; and image 
producing means (44, 46) for producing an image corre 
sponding to an image captured in the Simulative imaging 
direction based on the three-dimensional image data. 
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ULTRASONIC IMAGING APPARATUS 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to an ultrasonic imag 
ing apparatus, and more particularly to an ultraSonic imag 
ing apparatus for capturing a three-dimensional image. 

0002 An ultrasonic imaging apparatus Scans the interior 
of a Subject to be imaged by an ultrasonic beam, receives an 
echo, generates image data corresponding to the intensity of 
the echo, and produces what is generally called a B-mode 
image based on the image data. When a three-dimensional 
image is to be captured, the Scan by the ultraSonic beam is 
conducted in a three-dimensional manner to acquire three 
dimensional image data. The Scan by the ultraSonic beam is 
Sometimes referred to as an acoustic line Scan. 

0003. By applying suitable processing to the three-di 
mensional image data after the image capture, a three 
dimensional image as viewed in an arbitrary direction is 
produced. Alternatively, a tomographic image of an arbitrary 
croSS Section may be produced. Such processing is Some 
times referred to as post-processing. 
0004. An image produced by the post-processing corre 
sponds to an image that is captured in a direction different 
from an actual imaging direction. By additionally using Such 
an image, diagnosis can be made more efficiently. 

0005. When an image corresponding to one captured in a 
direction different from an actual imaging direction is pro 
duced by the post-processing, a diagnostician must perceive 
the Spatial relationship between the imaging direction and 
the Subject. However, Since all images are displayed in the 
Same orientation as viewed by the diagnostician, it is diffi 
cult to perceive the Spatial relationship from the displayed 
Image. 

SUMMARY OF THE INVENTION 

0006. It is therefore an object of the present invention is 
to provide an ultrasonic imaging apparatus that allows easy 
perception of the imaging direction of an image produced by 
post-processing. 

0007. The present invention for solving the aforemen 
tioned problem is an ultraSonic imaging apparatus charac 
terized in comprising: data acquiring means for acquiring 
three-dimensional image data on a Subject to be imaged 
based on ultrasound using an ultraSonic transceiver; Speci 
fying means for Specifying a simulative imaging direction 
based on Spatial information with respect to a hand instru 
ment that is manually operated; and image producing means 
for producing an image corresponding to an image captured 
in Said Simulative imaging direction based on Said three 
dimensional image data. 

0008 According to the present invention, a simulative 
imaging direction is specified by Specifying means based on 
positional information with respect to a hand instrument that 
is manually operated, and an image corresponding to an 
image captured in the Simulative imaging direction is pro 
duced by the image producing means based on the three 
dimensional image data, So that an user can easily perceive 
the imaging direction from the Spatial location and orienta 
tion of the hand instrument that the user himself is operating. 
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0009 Preferably, the specifying means has detecting 
means for detecting a three-dimensional location and atti 
tude of the hand instrument, So that the Specification of the 
Simulative imaging direction based on the Spatial informa 
tion is properly achieved. 
0010 Detecting means using magnetism to conduct the 
detection is preferable in that three-dimensional coordinates 
are obtained based on the magnetic field Strength. 
0011. A hand instrument having a magnetic sensor is 
preferable in that the magnetic field Strength is detected. 
0012 Detecting means using light to conduct the detec 
tion is preferable in that three-dimensional coordinates are 
optically obtained. 
0013 A hand instrument having a light emitter is pref 
erable in that the optical detection is facilitated. 
0014) Detecting means using acceleration to conduct the 
detection is preferable in that three-dimensional coordinates 
are obtained based on a law of motion. 

0015. A hand instrument having an acceleration sensor is 
preferable in that the acceleration of the hand instrument is 
detected. 

0016 Detecting means conducting the detection based on 
angles of joints in an articulated arm linked to the hand 
instrument is preferable in that three-dimensional coordi 
nates are obtained by mechanical means. 
0017. A detecting means in which a reference position for 
detecting the three-dimensional location and attitude of the 
hand instrument can be set by a user of the hand instrument 
is preferable in that specification of the Simulative imaging 
direction is facilitated. 

0018. A hand instrument doubling as the ultrasonic trans 
ceiver is preferable in that a feeling of incompatibility is 
prevented. 

0019. A hand instrument that is a dedicated direction 
indicator is preferable in that discrimination from actual 
imaging is facilitated. 
0020 Data acquiring means having Scanning means for 
electronically conducting a three-dimensional acoustic line 
Scan is preferable in that the three-dimensional image data is 
acquired at a high Speed. 
0021. A data acquiring means having Scanning means for 
conducting the three-dimensional acoustic line Scan by a 
combination of an electronic Scan and a mechanical Scan is 
preferable in that the three-dimensional image data is 
acquired with good Spatial resolution. 
0022. An image that is a three-dimensional image is 
preferable in that a three-dimensional Structure is repre 
Sented. 

0023. An image that is a tomographic image is preferable 
in that a two-dimensional Structure is represented. 
0024. Therefore, the present invention provides an ultra 
Sonic imaging apparatus that allows easy perception of the 
imaging direction of an image produced by post-processing. 
0025) Further objects and advantages of the present 
invention will be apparent from the following description of 
the preferred embodiments of the invention as illustrated in 
the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0.026 FIG. 1 schematically shows a configuration of an 
apparatus in accordance with one embodiment of the present 
invention. 

0.027 FIG. 2 is a block diagram of the apparatus in 
accordance with one embodiment of the present invention. 
0028 FIG. 3 is a schematic diagram of an ultrasonic 
transducer array. 
0029 FIG. 4 is a conceptual diagram of an acoustic line 
SC. 

0030 FIG. 5 is a block diagram of an image processing 
Section. 

0.031 FIG. 6 is a block diagram of the apparatus in 
accordance with one embodiment of the present invention. 
0.032 FIG. 7 is a schematic diagram of an ultrasonic 
transducer array. 
0.033 FIG. 8 is a conceptual diagram of an acoustic line 
SC. 

0034 FIG. 9 is a conceptual diagram of an acoustic line 
SC. 

0.035 FIG. 10 is a conceptual diagram of an acoustic line 
SC. 

0036 FIG. 11 is a flow chart of an operation of the 
apparatus in accordance with one embodiment of the present 
invention. 

0037 FIG. 12 shows a three-dimensional region. 
0.038 FIG. 13 shows a three-dimensional region. 
0.039 FIG. 14 shows a three-dimensional region. 
0040 FIG. 15 shows a three-dimensional region. 
0041 FIG. 16 shows a three-dimensional region. 
0.042 FIG. 17 shows a three-dimensional region. 
0.043 FIG. 18 schematically shows a configuration of the 
apparatus in accordance with one embodiment of the present 
invention. 

0044 FIG. 19 schematically shows a configuration of the 
apparatus in accordance with one embodiment of the present 
invention. 

004.5 FIG. 20 schematically shows a configuration of the 
apparatus in accordance with one embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.046 Embodiments of the present invention will be 
hereinbelow described in detail with reference to the accom 
panying drawings. It should be noted that the present inven 
tion is not limited to the embodiments. FIG. 1 shows a 
Schematic diagram of an ultraSonic imaging apparatus. The 
apparatus is an embodiment of the present invention. The 
configuration of the apparatus represents an embodiment of 
the apparatus in accordance with the present invention. 
0047 As shown in FIG. 1, the apparatus comprises an 
imaging Section main body 31 and an ultrasonic probe 33. 
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The ultraSonic probe 33 is connected to the imaging Section 
main body 31 via a cable 35. The ultrasonic probe 33 is used 
by a user applying it against the Surface of a Subject 7. The 
Subject 7 is placed on a Support plate 5. 
0048. The ultrasonic probe 33 is driven by a driving 
Signal Supplied by the imaging Section main body 31 via the 
cable 35 to scan the interior of the subject 7 by an ultrasonic 
beam, and it receives an echo of the ultrasound and inputs 
a signal of the received echo to the imaging Section main 
body 31 via the cable 35. The imaging section main body 31 
produces an image based on the echo received signal, and 
displays the image on a display. 
0049. The ultrasonic probe 33 comprises a position sen 
Sor 37. The position sensor 37 detects the three-dimensional 
location and attitude of the ultrasonic probe 33. The three 
dimensional location and attitude are detected based on, for 
example, a magnetic field generated by a magnetic field 
generator 39. The position sensor 37 is made using a 
magnetic Sensor. The magnetic field generator 39 is disposed 
at an appropriate position, for example, on the Support plate 
5. 

0050 Since the magnetic field generated by the magnetic 
field generator 39 varies in strength and direction for each 
point in the three-dimensional Space, the three-dimensional 
location and attitude of the ultrasonic probe 33 can be 
detected by detecting the varying magnetic field by the 
position sensor 37. The position sensor 37 is an embodiment 
of the detecting means of the present invention. The detected 
Signal is input to the imaging Section main body 31 via the 
cable 35. 

0051 FIG. 2 shows a block diagram of the present 
apparatus. The ultraSonic probe 33 is connected to a trans 
mitting/receiving Section36. The transmitting/receiving Sec 
tion 36 Supplies a driving Signal to the ultrasonic probe 33 
to transmit ultrasound. The transmitting/receiving Section 36 
also receives an echo Signal received by the ultraSonic probe 
33. 

0052 The ultrasonic probe 33 has an ultrasonic trans 
ducer array 300 as exemplarily shown in FIG. 3. The 
ultraSonic transducer array 300 is a two-dimensional array, 
and is comprised of 1,024 ultrasonic vibrators 302 forming 
a 32x32 Square matrix, for example. However, the two 
dimensional array is not limited to the Square matrix, and it 
may be an anisotropic matrix of 32x16, for example. The 
ultrasonic vibrators 302 are made of a piezoelectric material 
such as PZT (lead zirconate titanate Pb-Zr- Til) ceramic. 
The ultrasonic probe 33 is an embodiment of the ultrasonic 
transceiver of the present invention. 
0053. The transmitting/receiving section 36 conducts a 
scan as exemplarily shown in FIG. 4. Specifically, it con 
ducts a three-dimensional Scan by Scanning an imaging 
range having a cone shape with its apex at the center of the 
transducer array 300 by an ultrasonic beam 303 (acoustic 
line) in a direction of an angle 0 and in a direction of an 
angle (p. The direction of the length of the ultraSonic beam 
303 is defined as a z-direction. The 0-direction and p-direc 
tion are perpendicular to each other. 
0054. Such a three-dimensional scan is sometimes 
referred to as a pyramidal Scan. The pyramidal Scan is 
conducted by an operation of an electronic circuit consti 
tuting the transmitting/receiving Section 36. Such a Scan is 
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Sometimes referred to as an electronic Scan. The electronic 
Scan can achieve the acoustic line Scan at a high Speed. A 
portion consisting of the ultraSonic probe 33 and the trans 
mitting/receiving Section 36 is an embodiment of the Scan 
ning means of the present invention. 
0.055 The transmitting/receiving section 36 is connected 
to a B-mode processing Section 40. The echo received signal 
for each acoustic line output from the transmitting/receiving 
section 36 is input to the B-mode processing section 40. The 
B-mode processing Section 40 generates B-mode image 
data. Specifically, the B-mode processing Section 40 loga 
rithmically amplifies the echo received signal, detects its 
envelope to acquire a Signal indicating the intensity of the 
echo at each reflection point on an acoustic line, and 
generates the B-mode image data using the amplitude of the 
Signal at each instant as the brightness. A portion consisting 
of the ultrasonic probe 33, transmitting/receiving Section 36 
and B-mode processing Section 40 is an embodiment of the 
data acquiring means of the present invention. 
0056. The B-mode processing section 40 is connected to 
an image processing Section 44. The image processing 
Section 44 produces a B-mode image based on data Supplied 
from the B-mode processing section 40. 
0057 The image processing section 44 comprises a cen 
tral processing unit (CPU) 140, as shown in FIG. 5. The 
CPU 140 is connected with a main memory 144, an external 
memory 146, a control Section interface 148, an input data 
memory 152, a digital scan converter (DSC) 154, an image 
memory 156 and a display memory 158 via a bus 142. 
0.058. The external memory 146 stores programs 
executed by the CPU 140. It also stores several kinds of data 
for use by the CPU 140 in executing the programs. 
0059) The CPU 140 carries out predetermined image 
processing by loading a program from the external memory 
146 into the main memory 144 for execution. The CPU 140 
communicates control Signals with a control Section 48, 
which will be described later, via the control section inter 
face 148 in the course of the program execution. 
0060. The B-mode image data Supplied from the B-mode 
processing Section 40 for each acoustic line is Stored in the 
input data memory 152. The data in the input data memory 
152 are scan-converted at the DSC 154 and stored in the 
image memory 156. The data in the image memory 156 are 
output to a display section 46 via the display memory 158. 
0061 The image processing section 44 is connected with 
the display section 46. The display section 46 is supplied 
with an image Signal from the image processing Section 44, 
and displays an image based on the image Signal. The 
display Section 46 comprises a graphic display or the like 
employing a CRT (cathode ray tube) capable of displaying 
a color image. A portion consisting of the image processing 
section 44 and display section 46 is an embodiment of the 
image producing means of the present invention. 
0062) The transmitting/receiving section 36, B-mode 
processing Section 40, image processing Section 44 and 
display section 46 are connected with the control section 48. 
The control Section 48 comprises a computer, for example. 
0.063. The control section 48 supplies control signals to 
these Sections to control their operation. The control Section 
48 is supplied with several kinds of notification signals from 
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the controlled Sections. The B-mode operation is executed 
under control of the control section 48. 

0064. The control section 48 is also supplied with the 
detected signal of the position sensor 37. The control section 
48 recognizes the three-dimensional location and attitude of 
the ultrasonic probe 33 based on the detected signal. 

0065. The control section 48 is connected with an oper 
ating section 50. The operating section 50 is operated by the 
user, and it inputs appropriate instructions and information 
to the control section 48. The operating section 50 com 
prises, for example, a keyboard, pointing device and other 
operating devices. 

0066 FIG. 6 shows another block diagram of the present 
apparatus. Parts in FIG. 6 that are similar to those shown in 
FIG. 2 are designated by similar reference numerals and 
explanation thereof will be omitted. In this apparatus, an 
ultrasonic probe 33' has an ultrasonic transducer array 300' 
as exemplarily shown in FIG. 7. The ultrasonic transducer 
array 300' is a one-dimensional array and is comprised of 
128 ultrasonic vibrators 302, for example. 

0067. The ultrasonic probe 33' is connected to a trans 
mitting/receiving Section 36". The transmitting/receiving 
Section 36' Supplies a driving Signal to the ultraSonic probe 
33' to transmit ultrasound. The transmitting/receiving Sec 
tion 36' also receives an echo Signal received by the ultra 
Sonic probe 33". 

0068 The transmitting/receiving section 36' conducts a 
scan as exemplarily shown in FIG. 8. Specifically, a fan 
shaped two-dimensional region 206 is Scanned in the 0-di 
rection by an acoustic line 202 extending from an emission 
point 200 in the z-direction, and what is generally called a 
Sector Scan is carried out. The Sector Scan is the electronic 
SC. 

0069. When transmission and reception apertures are 
formed using part of the ultraSonic transducer array, a Scan 
as exemplarily shown in FIG. 9 can be conducted by 
Sequentially shifting the apertures along the array. Specifi 
cally, a rectangular two-dimensional region 206 is Scanned 
in the X-direction by translating an acoustic line 202, which 
travels from an emission point 200 in the z-direction, along 
a linear trajectory 204, and what is generally called a linear 
Scan is carried out. The linear Scan is also the electronic Scan. 

0070 When the ultrasonic transducer array is what is 
generally called a conveX array, which is formed along an 
arc protruding in the direction of ultrasound transmission, a 
partial fan-shaped two-dimensional region 206 can be 
Scanned in the 0-direction by an acoustic line Scan similar to 
that for the linear scan with an emission point 200 of an 
acoustic line 202 moved along an arc-like trajectory 204, as 
exemplarily shown in FIG. 10, and what is generally called 
a convex Scan is carried out. The convex Scan is also the 
electronic Scan. 

0071. By conducting such an electronic scan on the 
two-dimensional region 206 by Successively changing the 
position or inclination of the ultrasonic probe 33", a three 
dimensional region can be Scanned. The electronic Scan will 
be Sometimes referred to as a main Scan, and the change of 
the position or inclination of the ultrasonic probe 33' will be 
Sometimes referred to as a SubScan. The SubScan is con 
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ducted by a SubScan mechanism 42 linked to the ultrasonic 
probe 33". The subscan may be conducted by a user manual 
SC. 

0.072 By conducting the acoustic line scan by a combi 
nation of the main Scan by the electronic Scan and the 
SubScan by the SubScan mechanism 42 or manual operation, 
the Spatial resolution of the acoustic line Scan is improved. 
0.073 A portion consisting of the ultrasonic probe 33", 
transmitting/receiving Section 36' and SubScan mechanism 
42 is an embodiment of the Scanning means of the present 
invention. A portion consisting of the ultraSonic probe 33", 
SubScan mechanism 42, transmitting/receiving Section 36' 
and B-mode processing Section 40 is an embodiment of the 
data acquiring means of the present invention. 
0.074. Now an operation of the present apparatus will be 
described. FIG. 11 shows a flow chart of the operation of the 
present apparatus. AS shown, a three-dimensional Scan is 
conducted at Step 902. The three-dimensional scan is con 
ducted by the electronic Scan or the combination of the 
electronic main Scan and the mechanical SubScan. The 
SubScan may be a manual Scan. 
0075. The three-dimensional scan provides three-dimen 
Sional image data. The three-dimensional image data is 
stored in the image memory 156. The three-dimensional 
image data is image data representing the internal Structure 
of a three-dimensional region 310 as shown in FIG. 12. 
0.076 Three mutually orthogonal directions in the three 
dimensional region 310 are represented as x, y and Z. The 
X-direction and y-direction correspond to one direction and 
the other, respectively, in the alignment of the ultrasonic 
vibrators 302 in the ultrasonic probe 33 (or 33"), for example. 
The z-direction is a depth direction into the body. It is also 
an actual imaging direction. 
0077. A case in which the ultrasonic probe 33' is 
employed will be described hereinbelow. The same applies 
to a case when the ultrasonic probe 33 is employed. In the 
ultraSonic probe 33", the ultraSonic transducer array is one 
dimensional. A direction of the alignment of the ultrasonic 
Vibrators in the face of the ultrasonic transducer array is 
defined as the X-direction, and a direction perpendicular 
thereto is defined as the y-direction. A Scan in the X-direction 
is conducted by the main Scan. A Scan in the y-direction is 
conducted by the SubScan. 
0078 When the main scan is a linear scan, the whole 
three-dimensional region is Scanned. When the main Scan is 
a Sector Scan, a triangular prism-shaped region as shown in 
FIG. 13 is the actual scan region. When the main scan is a 
convex Scan, the actual Scan region is trapezoidal prism 
shaped as shown in FIG. 14. Additionally, when a pyramidal 
Scan is conducted by the ultrasonic probe 33, the actual Scan 
region is pyramidal as shown in FIG. 15. 
0079 Next, image production is conducted at Step 904. 
The image is produced based on the three-dimensional 
image data. A three-dimensional image is thus produced. 
The three-dimensional image is produced as an image of the 
three-dimensional region 310 as viewed in the y-direction, 
for example. Such a three-dimensional image is displayed as 
a visible image at Step 906. 
0080 Next, at step 908, reference position setting is 
conducted. The reference position Setting is an operation of 
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defining a Spatial reference for direction specification that 
will be conducted next. The reference position Setting is 
activated by a command from the user. 
0081. The user sets a reference position as follows, for 
example: the user brings the ultrasonic probe 33' away from 
the Subject 7, holding it by a hand, and turns to directly face 
the present apparatus. Then, the user holds the ultrasonic 
probe 33' vertically so that the ultrasound emitting face 
looks downward, and issues the command for the reference 
position Setting to the control Section 48 in this condition. 
The command is issued by, for example, pressing a prede 
termined button on the operating Section 50. In response to 
the command, the control section 48 stores the three-dimen 
sional location of the ultrasonic probe 33' at that time as the 
reference position. 
0082 The set reference position is defined as a reference 
position of a new three-dimensional region 310' as shown in 
FIG. 16. The three-dimensional region 310' corresponds to 
the three-dimensional region 310 shown in FIG. 12. Three 
mutually orthogonal directions in the three-dimensional 
region 310' are represented as X', y' and Z. They correspond 
to the three mutually orthogonal directions X, y and Z in the 
three-dimensional region 310, respectively. If the size of the 
three-dimensional region 310 is 10 cmx10 cmx10 cm, for 
example, the size of the three-dimensional region 310' is 10 
cmx10 cmx10 cm accordingly. 
0083) Next, at Step 910, direction specification is con 
ducted. The direction means the imaging direction of an 
image produced by the post-processing. However, imaging 
is not actually conducted in that direction, and the imaging 
direction is a simulative direction. This direction will be 
Sometimes referred to simply as the imaging direction 
hereinbelow. 

0084. The direction specification is achieved by the user 
using the ultraSonic probe 33". The user operates the ultra 
Sonic probe 33' as if he were conducting ultrasonic imaging. 
However, ultrasound is not transmitted or received. More 
over, the operation is directed not to the subject 7 but to the 
three-dimensional region 310'. 
0085 Exemplary direction specification is shown in FIG. 
17. As shown, the user brings the ultrasonic probe 33' into 
a horizontal attitude, and Vertically applies it to a desired 
position in a y'-z' plane of the three-dimensional region 310'. 
At that time, the user imagines the three-dimensional region 
310' in the air based on the reference position. Then, the user 
vertically applies the ultrasonic probe 33' to the desired 
position in the y-Z' plane of Such an imaginary three 
dimensional region 310'. 
0086) Since the reference position is set by the user 
himself, it is easy to imagine the three-dimensional region 
310' in the air and it is easy to vertically apply the ultrasonic 
probe 33' to the desired position in the y'-z' plane of the 
three-dimensional region 310'. The X'-direction is thus speci 
fied as the imaging direction at the desired position in the 
three-dimensional region 310' in the z-direction. The ultra 
Sonic probe 33' is an embodiment of the Specifying means of 
the present invention. 
0087 Next, at Step 912, image production is conducted. 
The image is produced by the image processing Section 44 
under control of the control section 48. Specifically, the 
control Section 48 recognizes the Specified imaging direction 
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based on the three-dimensional location and attitude of the 
ultraSonic probe 33", and directs the image processing Sec 
tion 44 to produce an image corresponding to an image 
captured in the Specified direction. The image processing 
Section 44 produces the directed image from the three 
dimensional image data. 
0088. The produced image is a tomographic image of a 
croSS Section 312, for example, as indicated by dot-dot-dash 
lines. The croSS Section 312 represents a main Scan plane of 
the ultrasonic probe 33". If the ultrasonic probe 33 is 
employed, the croSS Section 312 represents a 0 Scan plane at 
(p=0. The image to be produced is not limited to the 
tomographic image but may be a three-dimensional image. 
Which of the tomographic image or the three-dimensional 
image is to be produced can be Selected by the user via the 
operating section 50. The image is displayed at Step 914. 
The displayed image is displayed as an image viewed in the 
z-direction, for example. 
0089. The user observes such a displayed image. The 
image represents an image that is simulatively captured by 
the user actually operating the ultraSonic probe 33". There 
fore, the user can clearly perceive the imaging direction. 
0090 Thus, the user can have clear spatial perception on 
the displayed image. By observing the image with Such 
Spatial perception, a correct diagnosis is facilitated. 
0091) If the imaging direction is to be changed, the 
processing goes back to Step 910 in response to decision at 
Step 916. Then, similar simulative imaging is conducted in 
a new direction by the operations at Step 910 and later as 
described above, and an image by the Simulative imaging is 
displayed. 
0092. The imaging direction can be freely specified by 
the user according to the application of the ultraSonic 33' 
with respect to the three-dimensional region 310'. Therefore, 
an image captured in any one of the X-, y- and z-directions 
may be displayed. 

0093. The direction is not limited to the three directions, 
and it is possible to display an image captured in an 
arbitrarily Selected oblique direction. This allows an image 
captured in a direction that is impossible in the actual 
imaging to be displayed. Since the imaging direction of an 
image is specified by his gesture, the user can observe any 
image with clear Spatial perception. 
0094. Thereafter, similar simulative imaging is con 
ducted on the three-dimensional region 310' by the ultra 
Sonic probe 33' in various directions, and an image displayed 
each time is observed to carry out diagnosis. 
0.095 By thus specifying an image direction by the 
ultraSonic probe, the direction specification is achieved by a 
gesture Simulating ultrasonic imaging. This allows direction 
Specification by the user without a feeling of incompatibility. 
0096. The specification of the imaging direction may be 
done using an appropriate dedicated direction indicator in 
place of the ultraSonic probe. The dedicated direction indi 
cator has a shape Simulating the ultraSonic probe 33", for 
example. By using Such a direction indicator, discrimination 
from actual imaging is facilitated. In this case, the position 
sensor 37 is provided on the direction indicator. 
0097. The detection of the three-dimensional location 
and attitude of the ultraSonic probe or direction indicator 
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may be conducted using light in place of magnetism. A 
schematic diagram in this case is shown in FIG. 18. 
0.098 As shown in FIG. 18, the ultrasonic probe 33 (or 
33' or direction indicator; this applies to the following) is 
provided with a light emitter 47, and the emitted light is 
detected by a light Spot detecting Section 49 that is provided 
on the ceiling, for example. The light Spot detecting Section 
49 has a plurality of light receiving portions capable of 
detecting the direction of light incidence, and determines the 
three-dimensional location of the light Spot based on 
detected Signals from the light receiving portions by the 
principal of triangulation. 

0099. The three-dimensional location of the light spot 
represents the three-dimensional location of the ultrasonic 
probe 33. By providing a plurality of the light emitters 47 in 
a predetermined geometrical relationship, the attitude of the 
ultrasonic probe 33 can be determined from the three 
dimensional positional relationship of the light spots. Values 
thus determined are input to the imaging Section main body 
31. 

0100. The detection of the three-dimensional location 
and attitude of the ultraSonic probe or direction indicator 
may be conducted using acceleration. A Schematic diagram 
in this case is shown in FIG. 19. 

0101 AS shown, the ultrasonic probe 33 is provided with 
an acceleration sensor 57. The acceleration sensor 57 detects 
the acceleration in three directions. The detected Signal is 
input to the imaging section main body 31 via the cable 35. 
In the imaging Section main body 31, the three-dimensional 
location and attitude of the ultraSonic probe 33 are calcu 
lated by a predetermined calculation circuit Such as the 
control Section 48, based on the detected Signal of accelera 
tion. The location based on the acceleration is calculated by 
an integral calculation. 
0102) The detection of the three-dimensional location 
and attitude of the ultraSonic probe or direction indicator 
may be conducted by a mechanism for Supporting the 
ultraSonic probe 33. A Schematic diagram in this case is 
shown in FIG. 20. 

0103) As shown in FIG. 20, the ultrasonic probe 33 is 
supported by an articulated arm 67. Each joint in the 
articulated arm 67 has an angular Sensor. Signals detected by 
the angular Sensors are input to the imaging Section main 
body 31. In the imaging section main body 31, the three 
dimensional location and attitude of the ultrasonic probe 33 
are calculated by a predetermined calculation circuit based 
on the detected Signals of angles. 
0104. While the present invention has been described 
with reference to preferred embodiments, various changes or 
Substitutions may be made on these embodiments by those 
ordinarily Skilled in the art pertinent to the present invention 
without departing from the technical Scope of the present 
invention. Therefore, the technical Scope of the present 
invention encompasses not only those embodiments 
described above but all that fall within the scope of the 
appended claims. 

1. An ultraSonic imaging apparatus comprising: 
data acquiring means for acquiring three-dimensional 

image data on a Subject to be imaged based on ultra 
Sound using an ultraSonic transceiver; 
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Specifying means for Specifying a simulative imaging 
direction based on Spatial information with respect to a 
hand instrument that is manually operated; and 

image producing means for producing an image corre 
sponding to an image captured in Said Simulative 
imaging direction based on Said three-dimensional 
image data. 

2. The ultraSonic imaging apparatus of claim 1, wherein 
Said Specifying means has detecting means for detecting a 
three-dimensional location and attitude of Said hand instru 
ment. 

3. The ultraSonic imaging apparatus of claim 1, wherein 
Said detecting means uses magnetism to conduct the detec 
tion. 

4. The ultrasonic imaging apparatus of claim 1, wherein 
Said hand instrument has a magnetic Sensor. 

5. The ultrasonic imaging apparatus of claim 1, wherein 
Said detecting means uses light to conduct the detection. 

6. The ultrasonic imaging apparatus of claim 1, wherein 
Said hand instrument has a light emitter. 

7. The ultrasonic imaging apparatus of claim 1, wherein 
Said detecting means uses acceleration to conduct the detec 
tion. 

8. The ultrasonic imaging apparatus of claim 1, wherein 
Said hand instrument has an acceleration Sensor. 
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9. The ultrasonic imaging apparatus of claim 1, wherein 
Said detecting means conducts the detection based on angles 
of joints in an articulated arm linked to Said hand instrument. 

10. The ultrasonic imaging apparatus of claim 1, wherein 
Said detecting means, a reference position for detecting the 
three-dimensional location and attitude of Said hand instru 
ment can be set by a user of Said hand instrument. 

11. The ultraSonic imaging apparatus of claim 1, wherein 
Said hand instrument doubles as Said ultraSonic transceiver. 

12. The ultrasonic imaging apparatus of claim 1, wherein 
Said hand instrument is a dedicated direction indicator. 

13. The ultrasonic imaging apparatus of claim 1, wherein 
Said data acquiring means has Scanning means for electroni 
cally conducting a three-dimensional acoustic line Scan. 

14. The ultrasonic imaging apparatus of claim 1, wherein 
Said data acquiring means has Scanning means for conduct 
ing a three-dimensional acoustic line Scan by a combination 
of an electronic Scan and a mechanical Scan. 

15. The ultrasonic imaging apparatus of claim 1, wherein 
Said image is a three-dimensional image. 

16. The ultrasonic imaging apparatus of claim 1, wherein 
Said image is a tomographic image. 


