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(67)  An ultrasonic probe in which a 3-dimensional
position detecting means can be attached detachably to
the ultrasonic probe and operability of the ultrasonic
probe does not degrade even when the position detecting
means is contained in the ultrasonic probe.

An ultrasonic diagnosis apparatus employing such
an ultrasonic probe is also provided.

The ultrasonic probe comprises a transducer for
transmitting/receiving ultrasonic waves to/from an object
to be examined, a probe head for securing the transduc-
er, and a grip coupled on the probe head wherein the
grip has a groove for detachably containing a position
detecting means for detecting 3-dimensional, positional
information of the ultrasonic probe.
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Description
Technical Field

[0001] The presentinvention relates to a configuration
of an ultrasonic probe containing means for detecting 3-
dimentional positional information of the ultrasonic
probe, and an ultrasonic diagnostic apparatus compris-
ing ultrasonic probe thereof.

Background Art

[0002] Recently, a function for improving diagnostic
capability by concurrently displaying a real time ultrason-
ic image obtained by an ultrasonic diagnostic apparatus
and a tomographic image of the same cross-section as
the ultrasonic image from volume data of an obj ect to
be examined being obtained in advance by an image
diagnostic apparatus such as a CT diagnostic apparatus,
MR diagnostic apparatus or ultrasonic diagnostic appa-
ratus (Real time Virtual Sonography; RVS) has been in
practical use so as to easily recognize the corresponding
relationship between both of the images (for example,
Patent Decument 1).

[0003] In concrete terms, volume data of the object is
acquired in advance by the image diagnostic apparatus
and stored. Also, by mounting 3-dimensional position de-
tecting means such as amagnetic sensorin an ultrasonic
probe of an ultrasonic diagnostic apparatus (hereinafter
arbitrarily abbreviated as a probe), capability is provided
for obtaining the position of the cross-section for acquir-
ing an ultrasonic image. Under such configuration, by
obtaining the ultrasonic image in real time and detecting
the 3-dimensional positional information of the ultrasonic
probe, the 3-dimensional positional information of a
cross-section of an ultrasonic image can be indirectly ob-
tained. On the basis of the 3-dimensional positional in-
formation of the cross-section, the tomogrpahic image
being the same as the ultrasonic image is obtained from
the previously acquired volume data. Accordingly the mu-
tual positional relationship can be easily recognized by
displaying the real time ultrasonic image and the tomo-
graphic image.

Patent Document 1: JP-A-2004-89362
Disclosure of the Invention
Problems to be Solved

[0004] The magnetic sensor disclosed in Patent Doc-
ument 1 is being provided to the ultrasonic probe, but
concrete method of how to equip the sensor in the ultra-
sonic probe is not disclosed therein.

For example; if the position detecting means is merely
attached to the probe case, it deteriorates the accuracy
of positional detection by displacement of the positional
detecting means whereby degrading the operability of
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the probe. Furthermore, in the case of transmitting the
detection signals from positional detecting means to the
ultrasonic diagnostic apparatus by a cable, the probe
needs to be designed so that the cable will not get in the
way.

[0005] Especially, problems related tothe above-men-
tioned operability become serious inthe field of puncture.
Upon puncturing, an operator inserts a puncture needle
accurately into the object along the puncture guide at-
tached to the side face of the probe. In order to achieve
such operation, it is necessary to improve the operability
of the probe to enable the operator to perform imaging
by easily and accurately positioning the probe in the vi-
cinity of the desired region, and stably maintaining the
probe at the position thereof. Therefore, position detect-
ing means and the cable therefrom need to be placed
not to get in the way of such operation. However, Patent
Document 1 does not address the solution for such a
problem.

Or, though it is possible to configure the probe by em-
bedding the position detecting means in the probe case,
such configuration does notallow the replacement of only
the position detecting means when it breaks down. In this
case, the entire probe needs to be replaced whereby
forcing the operator to bear burden of expense.

[0006] The objective of the presentinvention is to pro-
vide an ultrasonic probe to which the position detecting
means for detecting the position of the probe is detach-
ably mounted and its operability does not degrade even
when the position detecting means is contained in the
probe, and an ultrasonic diagnostic apparatus compris-
ing such ultrasonic probe.

Means to Solve the Problem

[0007] In order to achieve the above objective, the ul-
trasonic probe of the present invention comprises:

a transducer for transmitting/receiving ultrasonic
waves to/from an object to be examined;

a probe head for securing the transducer; and

a grip coupled on the probe head,

wherein the grip has a groove for detachably containing
position detecting means for detecting 3-dimensional po-
sitional information of the ultrasonic probe.

Also, to achieve the above-mentioned objective, the ul-
trasonic diagnostic apparatus of the present invention
comprises:

an ultrasonic probe for transmitting/receiving ultra-
sonic waves to/from an objective to be examined;
means for obtaining an ultrasonic image of the object
from the ultrasonic signal received by the ultrasonic
probe;

image recording means for recording volume data
of the object obtained by an image diagnostic appa-
ratus;
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position detecting means for detecting 3-dimension-
al positional information of the ultrasonic probe; and
means for obtaining a tomographic image of the po-
sition corresponding to a specified cross-sectional
position of the ultrasonic image fromthe volume data
recorded in the image recording means, based on
the positional information from the position detecting
means,

wherein:

the ultrasonic probe comprises a transducer for
transmitting/receiving ultrasonic waves to/from the
object, a probe head for securing the transducer and
a grip coupled on the probe head, and

the grip has a groove for detachably containing the
position detecting means.

Effect of the Invention

[0008] In accordance with the ultrasonic probe of the
present invention and the ultrasonic diagnostic appara-
tus employing the ultrasonic probe thereof, it is possible
to detachably mount in the ultrasonic probe a position
detecting means for detecting the position of the probe.
Operability of the ultrasonic probe can be improved in-
stead of degraded even when the position detecting
means is contained in the probe. It is also possible to
provide an ultrasonic diagnostic apparatus comptising
such ultrasonic probe.

Best Mode for Carrying Out the Invention

[0009] An embodiment of the ultrasonic probe related
to the present invention will be described using the dia-
grams. Fig. 1. is a perspective view of the left side face
of an ultrasonic probe 10 related to the present embod-
iment, and shows a groove 32 for containing the 3-di-
mensional position detection means of the probe 10
(hereinafter arbitrarily abbreviated as position detecting
means) and the details of a sensor cover 38. Fig. 2 is a
perspective view of the right side face of the ultrasonic
probe 10 related to the present embodiment, and shows
a convex of a probe head 12 with respect to a grip 13,
and a convex engaging part 16 to be engaged with a
puncture guide 20. Fig. 3 is a front view of the ultrasonic
probe 10 related to the present embodiment.

[0010] Asshown in Fig. 1 ~ Fig. 3, the probe 10 has a
transducer 11 for transmitting/receiving ultrasonic
waves, a probe head 12 for securing the transducer and
for an operator to grasp with finger tips, a grip 13 for
grasping with a palm of a hand or the base between a
thumb and an indexfinger, and a cable 14 for transmitting
the ultrasonic signals obtained by transmitting/receiving
ultrasonic waves to an ultrasonic diagnostic apparatus.
The transducer 11 has a transducer formed by material
such as piezoelectric ceramics or an ultrasonic transduc-
erformed by a plurality of cMUT elements, and an acous-
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tic lens for covering the ultrasonic transducer, and is ar-
ranged at the lower end of the probe head 12 in, for ex-
ample, convex form. The arrangement of a transducer
does not have to be limited to convex form, and may be
linear, sector or other forms.

[0011] As shown in Fig. 1 (a), the groove 32 for de-
tachably containing the position detecting means for de-
tecting 3-dimensional positional information of the probe
10is provided onthe left side face of the grip. The position
detecting means is contained in this groove 32, and a
detachable sensor cover 38 is covered over the position
detection means. Also, on the left side face of the probe
10, the grip 13 is smoothly connected to the probe head
12. While a magnetic sensor 36 is shown as an example
of the position detecting means in Fig. 1, the position
detecting means does not have to be limited to the mag-
netic sensor 36, and may be any device as long as it is
capable of obtaining the 3-dimenisonal positional infor-
mation using infra-red rays, ultrasonic waves and so on.
Hereinafter, the ultrasonic probe 10 of the present em-
bodiment will be described exemplifying the magnetic
sensor 36 as the position detecting means.

[0012] Also, as shown in Fig. 2 (a), the probe head 12
is protruded only in one longitudinal direction of the trans-
ducer 11 (that is the right side direction) with respect to
the grip 18. A concave engagement unit 16 for engaging
with and securing the puncture guide 20 is formed along
the upper end of the protruded side of the probe head 12
to the side face of the grip 13 (that is the right side face) .
On at least one side of the convex engagement unit 16,
a convex portion 17 is formed in longitudinal direction of
the convex engagement unit 16. The convex pottion 17
is for fixing the puncture guide 20 engaged with the con-
vex engagement 16, in longitudinal direction of the trans-
ducer 11, to keep its position from moving.

[0013] Form ofthe probe head 12, grip 13 and the con-
vex engagement unit 16 in lateral direction is symmetric
to the center plane parallel to the front side of the probe
10, and width of the probe head 12 in |ateral direction is
smaller than the width of grip 13 in lateral direction. As a
result, a step potrtion 5 is formed between the probe head
12 and the grip 13. Also, the width of the convex engage-
ment unit 16 in lateral direction is smaller than the width
of the probe head 12 in lateral direction.

[0014] The right side plane 18 of the grip 13 is curved
toward the side on which the convex engagement unit
16 is not placed (that is the left side plane 19) . And the
cable 14 connected to the ultrasonic diagnostic appara-
tus and is for intervening transmission/reception of ultra-
sonicwave signals betweenthe probe andthe apparatus,
is connected to the upper end of the curved grip 13. This
cable 14 is pulled out in an oblique direction so as to
continue with the curve of the right side plane 18 of the
grip 13 with respect to the longitudinal direction of the
convex engagement unit 16 (that is, in the direction of
the left side place 19 and the opposite direction from the
convex direction of the probe head).

[0015] Theleftside plane 19 of the grip 13 isconcavely
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formed, in the plane smoothly connected from the probe
head 12, curving into a shape wherein the base of an
index finger and a thumb fits therein. Also, the cable 14
side of the left side plane 19 is formed in flat planar state,
and the groove 32 for containing the magnet sensor is
formed in the center part of the flat plane.

On the front side and the backside of the grip 13, the
convex portion 31 for securing the sensor cover 38 is
formed respectively. This convex portion 31 is protruded
from the grip 13 in half-column shape, and extended to
the same direction as the longitudinal direction of the
front side and the backside. The sensor cover 38 is de-
tachably mounted on the grip 13 by the convex portion
31 being engaged with a hole 35 of the sensor cover 38.
[0016] The magnetic sensor 36 is for detecting 3-di-
mensional positional information of the probe 10, and as
to be described later, for indirectly obtaining the 3-dimen-
sional positional information of the cross-section of an
ultrasonic image to actualize the RVS function. Also, the
cable 37 fortransmitting the signals detected by the mag-
net sensor 36 to the main body of the ultrasonic diagnos-
ticapparatusisplacedalongthe probe cable 14, whereby
the cable 37 for the magnet sensor 36 does not get in
the way of operation of the probe 10.

[0017] Next, the sensor cover 38 will be described. As
shown in Fig. 1 (b), the sensor cover 38 has a planar
basal plate 30, two engaging plates 33 formed on both
ends of the planar basal plate 30 at right angle with the
planar basal plate, and the square-shaped piece 34
formed from the lower end of the center part of the planar
basal plate in the same direction as the engagement
plates 33 in right angle with the planar basal plate 30,
and these parts are constructed integrally. And the sen-
sorcover 38 isformed in U-shape togetherwith the planar
basal plate 30 and the two engaging plates 33. In other
words, the two engaging plate 33 are formed facing each
other, and the width between the two engaging plates 33
is approximately the same as the width of the grip 13 in
lateral direction. The width of the square-shaped piece
34 is formed to coincide with the width of the groove 32.
Also, an oblong hole 35 is formed in the two engaging
plates 33 respectively, and the convex portion 31 and
the hole 35 are engaged, by the convex portion 31 formed
on the grip 13 being inserted into the hole 35. Such con-
figured U-shaped sensor cover 38 is attached being en-
gaged with the grip 13 so as to cover the groove 32 con-
taining the magnet sensor 36. Additionally, as to be de-
scribed later, the convex portion 31 and the hole 35 are
arranged so that the sensor cover 38 is engaged with the
grip by forming a slight gap between the upper portion
of the planar basal plate 30 of the sensor cover 38 and
the face of the grip 13. Upon attaching the sensor cover
38onthe probe 10, the square-shaped piece 34 is slotted
inthe groove 32 and supports the magnet sensor 36 from
underneath, whereby preventing the magnet sensorfrom
sticking out of the groove. Fig. 4 shows the state that the
sensor cover 38 is attached to the probe 10. By attaching
the sensor cover 38 afterthe square-shaped magnetsen-
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sor 36 is contained in the groove 32, the magnet sensor
36 is stably secured without getting in the way of opera-
tion of the probe 10, whereby making it possible to im-
prove the operability of the probe 10.

[0018] Here,the attachment/detachment ofthe sensor
cover 38 will be described using Fig. 5 and Fig. 6. Fig. 5
shows the method upon detaching the sensor cover 38
from the probe 10, and Fig. 6 shows the cross-sections
of the probe 10 in regard to the A-A plane and B-B plane
illustrated in Fig. 5.

As shown in Fig. 5, when the sensor cover 38 is held
down through applying force in the direction of direction
40, the force is applied in the direction of direction 41 and
the sensor cover 38 comes off easily.

[0019] Fig. 6 (a) showsthe state before applying force,
and Fig. 6 (b) shows the state after applying force. As
shown in Fig. 6 (a), the sensor cover 38 is engaged with
the grip so that a slight gap 42 is formed between the
upper portion of the planar basal plate 30 of the sensor
cover 38 and the face of the grip 13. When the force is
applied in the direction of direction 40, the planar basal
plate 30 is bent toward the direction of the gap 42, and
the engaging plates 33 which are configured integrally
with the planar basal plate 30 are pushed out. In other
words, the engaging plates 33 are stretched outward due
to the planar basal plate 30 being bent. Accordingly, the
hole 35 of the engaging plate 33 is detached from the
convex portion 31, andthe sensorcover 38 can be moved
easily in the direction of direction 41. In this condition,
the operator can easily remove the sensor cover 38 from
the probe 10. On the other hand, the above-mentioned
process will be reversed upon attachment of the sensor
cover 38 on the probe 10, and the sensor cover 38 is to
be stretched so that the hole 35 of the engaging plate 33
is engaged with the convex unit 31 and attached to the
probe 10.

As for the attachment structure of the sensor cover 38,
the structure may be used, other than the engagement
of the above-mentioned hole 35 and the convex portion
31, to arrange the convex potrtion 31 in the rail pattern,
form the rail groove on the sensor cover 38, and to attach
the sensor cover 38 by sliding it on the probe 10.
[0020] Next, in the case of performing puncture using
the above-mentioned probe 10, the structure of the punc-
ture guide 20 for guiding the puncture needle while being
attached to the probe 10 on the basis of Fig. 2 and Fig.
7. Fig. 2 (b) shows a perspective view of the puncture
guide 20 viewed from the side of the face being engaged
with the convex engagement unit 16. Fig. 7 (a) shows a
perspective view of the probe 10 attached with the punc-
ture guide 20 and the sensor cover 38 viewed from the
right side face. The puncture guide 20 is configured hav-
ing a guide body 23 for securing an attachment 29 of the
puncture needle 28 as shown in Fig. 7 (b), two arms 21
placed on both ends of the guide body 23, and a coupling
22 for coupling the two arms 21.

[0021] The guide body 23 is provided with a support
27 for attaching the attachment 29 for supporting the
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puncture needle 28. The direction of the support 27 can
be varied by moving the supporting lever 25 using a sup-
porting point 26. The support 27 can change its direction
by a supporting lever 25 and a supporting point 26 . More
specifically, the supporting lever 25 is provided on the
upper end of the suppotrt 27, a plurality of holes for pass-
ing through and securing the supporting lever 25 to the
upper end of the guide body 23 are provided, and direc-
tion of the support 27 can be changed by selecting the
hole for penetrating the supporting lever 25, making the
supporting point 26 as the point of support.

[0022] The concrete structure for securing the support-
ing lever 25 and to make it capable of changing its direc-
tion is as follows . In order to secure the suppotrting lever
25inthe hole for penetrating the supporting lever 25, an
elastic body formed by a spring for drawing out the sup-
porting lever 25 (not shown in the diagram) is provided
on the upper end of the supporting lever 25. And the
supporting lever 25 comes out of the hole by drawing out
the supporting lever 25 in its axis direction by using a
thumb and so on. As a result, direction of the supporting
lever 25 and the support 27 can be varied because one
end of the support 27 is fixed by the supporting point 26,
andthe supporting lever 25 and the support 27 can rotate
centering on the supporting point 26. By placing the sup-
porting lever 25 in the desired hole and canceling the
draw out, the supporting lever 25 is fixed in the selected
hole. Accordingly, puncture direction can be variably ad-
justed since the direction of the supporting lever 25 and
the support 27 can be varied.

Forexample, inthe case of inserting the puncture needle
28 at a sharp angle into an object, the supporting lever
25 is inserted and fixed into the hole on the side of grip
13. Also, in the case of inserting the puncture needle 28
at a blunt angle into the object, the supporting lever 25
is inserted and fixed into the hole farther from the grip
side 13.

[0023] The arms 21 are respectively configured to ro-
tate making a part of the side surface of the guide body
23 as a supporting point, and the two arms are coupled
by the coupling unit 22. The coupling unit 22 is secured
by the tightening of a spring. The spring of the coupling
unit 22 is provided on one of the two arms 21, and the
U-shaped engaging part of the coupling unit 22 is pro-
vided on the other arm 21. The sptring can be rotated by
rounding on the arm 21, and is to be engaged with the
U-shaped engagingpart by rotatingthe spring uponfixing
the spring on the U-shaped engaging part. The puncture
guide 20 is formed in a box shape by the guide body 23,
the two arms 21 and the coupling unit 22, due to the
coupling of the two arms with the engaging part 22. This
engaging part 22 may be configured so that the arms 21
are to be secured in a set-in style.

[0024] Also, the concave engaging part 24 is formed
on the guide body 23, and the concave engaging part 24
is formed to be engaged with the convex engaging part
16 and its convex portion 17. Upon the puncture guide
20 being attached to the probe 10, the concave engaging
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part 24 is inserted in the longitudinal direction of the con-
vex engaging part 16 employing the convex engaging
part 16 as a guide.

Then after the puncture guide 20 is engaged with the
convex engaging part 16 and the convex portion 17, the
puncture guide 20 is secured to the probe 10 by the two
arms 21 being engaged with the probe head 12 by sur-
rounding its peripheral surface. In this regard, by the end
face of the two arms 21 being held down by the step
portion 5 between the probe head 12 and the grip 13, the
puncture guide 20 is secured in the longitudinal direction
of the probe. In this way, the puncture guide 20 is secured
by the convex engaging part 16, the convex portion 17,
and the step portion 5 between the probe head 12 and
the grip 13 in any direction of the vertical, lateral or front
side-backside of the probe 10. By such puncture guide
20 being firmly secured to the probe 10, the direction of
the puncture needle can be stabilized. Fig. 8 is a front
view of the probe 10 on which the puncture guide 20 is
attached.

[0025] Next, the ultrasonic diagnostic apparatus com-
prising the above-described ultrasonic probe will be de-
scribed. Fig. 9 is a block diagram showing the general
configuration of the ultrasonic diagnostic apparatus. The
ultrasonic diagnostic apparatus has an ultrasonic probe
10, a signal processing unit 50 connected with the ultra-
sonic probe 10, an image conversion unit 51 connected
with the signal processing unit 50, a composition unit 52
connected with the image conversion unit 51, an image
display unit 56 connected with the composition unit 52,
and a control unit 53 connected with the respective units.
Moreover, in order to actualize the RVS function, the ul-
trasonic diagnostic apparatus further comprises an im-
age recording unit 55 for recording the volume data of
the object obtained by any image diagnostic apparatus
54 of the CT diagnostic apparatus, MR diagnostic appa-
ratus or the ultrasonic diagnostic apparatus, a magnet
generation unit 57, a magnet sensor 36 for detecting 3-
dimensional positional information of the ultrasonic probe
10, a position/direction analyzing unit 58 connected with
the magnet sensor 36 and the magnet generation unit
57, a coordinate conversion unit 59 connected with the
position/direction analyzing unit58 andthe image record-
ing unit 55, and a tomographic image acquisition unit 60
connected with the coordinate conversion unit 59 and
the image recording unit 55. The composition unit 52 is
connected alsc with the coordinate conversion unit 59.
[0026] The ultrasonic probe 10, as described above,
has the groove 32 for containing the magnet sensor 36
in the grip 13 for grasping the probe 10, and comprises
convex engaging part 16 for engaging and attaching the
puncture guide 20 to the probe head 12 which isfortrans-
mitting/receiving ultrasonic waves to/from the object.
The signal processing 50 is for signal processing such
as amplifying and phasing the receiving signals received
from the ultrasonic probe 10.

The image conversion unit 51 is for converting the re-
ceiving signals outputted from the signal processing unit



9 EP 1932 477 A1 10

50 into an ultrasonic image, and referred to as so-called
digital scan converter.

The composition unit 52 is for generating an image rep-
resenting at least one of the ultrasonic image converted
by the image conversion unit 51 and the tomographic
image acquired by the tomographic image acquisition
unit 60.

The image display unit 56 displays the image generated
in the composition unit 52.

The control unit 53 is a CPU for controlling the above-
described respective units, and the connecting lines for
controlling the above-described respective units are
omitted in Fig. 9.

The magnet sensor 36 is a receiver for detecting magnet
field of atriaxial orthogonal system, and the magnet gen-
erating unit 57 for generating the magnet field of the tri-
axial orthogonal system is provided at the bedside. The
3-dimensional position and the direction of the probe 10
is indirectly obtained, by the magnet sensor 36 being a
receiver indirectly detecting the position and direction in
the 3-dimensional space of the receiver in the 3-dimen-
sional cocrdinate space in the magnet field space set by
the magnet generating unit 57.

[0027] In the case of performing ultrasonic image di-
agnosis, the operator starts transmission/reception of ul-
trasonic wave signals by applying the ultrasonic probe
10 on the object and holding down a transmission switch
(not shown in the diagram) . The signal processing unit
50 performs the signal processing such as amplifying
and phasing the receiving signals received from the ul-
trasonic probe 10. Theimage conversion unit51 converts
the receiving signals outputted from the signal process-
ing unit 50 into an ultrasonic image. The image display
unit 56 displays the ultrasonic image converted by the
image conversion unit51. Inthe case of performing punc-
ture, the operatorfinds a diseased part of the obj ect such
as cancer cells usingthe displayed ultrasonic image, and
punctures the puncture needle 28 into the affected area
fromthe body surface of the object. Upon puncturing, the
operator adjusts the position of the inserting/pulling di-
rection of the puncture needle 28 according to the depth
of the diseased part from the body surface of the object
as previously described.

[0028] Furthermore, the case of performing ultrasonic
image diagnosis and puncturing in conjunction with the
RVS function will be described. In RVS function, in order
to obtain the 3-dimensional positional information of the
ultrasonic image being obtainedin real time, the position/
direction analyzing unit 58 generates a magnetic field to
the magnetic field generating unit 57, and the 3-dimen-
sional position and the direction of the magnetic sensor
36 that is the ultrasonic probe 10 based on the magnetic
generating unit 57 by analyzing the signals detected by
the magnetic sensor 36. Next, the coordinate conversion
unit 59 obtains the 3-directional position or the direction
of the cross-section of the ultrasonic image from the 3-
dimensional position or the direction of the ultrasonic
probe 10 analyzedinthe position/direction analyzing unit

10

15

20

25

30

35

40

45

50

55

58, then obtains the 3-dimensional position of the cross
section of the volume data corresponding to the cross-
section of the ultrasonic image. Next, the tomographic
image acquisition unit 60 reconstructs a tomographic im-
age of the cross-sectional position of the volume data
converted by the coordinate conversion unit 59 from the
volume data. Accordingly, the tomographic image of the
same cross-section as the ultrasonic image being ob-
tained in realtime can be obtained as a reference image.
Lastly, at least one of the above-described real time ul-
trasonic images and/or the reference images, preferably
the two images being juxtaposed, is displayed on image
display unit 56.

[0029] As described above, upon displaying the ultra-
sonic image of the specified cross-sectional position of
the object, the tomographic image of the position corre-
sponding to the specified cross-sectional position of the
ultrasonic image is obtained from the volume data re-
corded in the image recording unit 55, using the output
of the magnetic sensor 36 contained in the ultrasonic
probe 10.

[0030] As a preparation for implementing the RVS
function, the following steps are to be proceeded before-
hand. First, the imaging of the object is performed by the
image diagnostic apparatus 54 such as CT diagnostic
apparatus, MR diagnostic apparatus or ultrasonic diag-
nostic apparatus, and the obtained volume data is stored
in the image recording unit 55. Next, the reference coor-
dinate system of the volume data and the reference co-
ordinate system of the object being imaged by the ultra-
sonic diagnostic apparatus are corresponded to the
standard coordinate system that is the common coordi-
nate system. For that purpose, the operator sets the ref-
erence pointonthe reference image that is reconstructed
based on the previously acquired volume data. The op-
erator then sets the reference point of the object by co-
ordinating the position of the ultrasonic probe 10 with the
position of the object corresponding to the previously set
reference point. The position of the ultrasonic probe 10
is detected by the magnet sensor, andthe reference point
on the volume data and the reference point on the object
are correspondedto each other. In this way, the reference
coordinate system of the object is corresponded to the
standard coordinate system, and the coordinate system
correspondence data for corresponding the reference
coordinate system of the volume data to the standard
coordinate system is created and stored. At the time of
ultrasonic diagnosis after these steps, the position and
the direction of the imaging cross-section is obtained
based on the 3-dimensional position and the direction of
the ultrasonic probe detected by the magnetic sensor,
and the reference image corresponding to this cross sec-
tion is extracted from the volume data and displayed
along with the ultrasonic image.

[0031] Next, the puncture in conjunction with the RVS
function, performed by the above-mentioned ultrasonic
diagnostic image comprising the ultrasonic probe 10
shown in Fig. 8, wherein the first magnetic sensor 36 is
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contained in the grip 13, the sensor cover 38 is attached,
and the puncture guide 20 is attached to the probe head
12, will be described. Upon puncturing, the puncture at-
tachment 29 in which the puncture needle 28 is mounted
is attached to the puncture guide 20.

[0032] Fig. 10 shows a display pattern wherein the ul-
trasonic image and the tomographic image obtained by
the RVS function, using the probe 10 as shown in Fig. 8
are displayed on the image display unit 56. The image
on the left is atomographic image obtained from volume
data of the image diagnostic apparatus 54, andtheimage
on the right is an ultrasonic diagnostic image obtained in
real time.

In the ultrasonic image, a dashed line 63 is a guide line
showing the puncture direction in the case that the punc-
ture needle 28 is inserted at an obtuse angle, and a
dashed line 64 is a guide line showing the punctured
direction in the case that the puncture needle 28 is in-
serted at a sharp angle. As described above, the holes
are provided in two places for securing the supporting
lever 25 to the guide body 23, and it is designed that any
of those holes are used for securing the supporting lever
25. These two guidelines can be displayed at the position
corresponding to the direction of the puncture needle 28
being set by the position of the holes and the supporting
lever 25. The guideline is displayed at the same place
onthetomographic image obtained fromthe volume data
so as to correspond to the position of the two guidelines
on the ultrasonic image. A dashed line 61 is a guideline
corresponding to the position of the dashed line 63, and
a dashed line 62 is a guideline corresponding to the po-
sition of the dashed line 64. Therefore, by displaying the
guidelines on the two different images of the ultrasonic
image and the tomogrpahic image, the operator can eas-
ily specify the position of the diseased area, whereby
making it possible to easily draw up a puncture plan and
to perform puncture effectively and accurately.

[0033] Further, anexampleforindicatingthefront edge
position of the puncture needle on the guideline will be
described. For that purpose, as shown in Fig. 11, a sec-
ond magnetic sensor 70is placed atthe edge of the punc-
ture needle 28. The second magnetic sensor is mounted
withthe above-mentioned receiver for detecting the mag-
netic field of a triaxial orthogonal system, in the same
manner as the firstmagnetic sensor 36. The second mag-
netic sensor is also connected to the position/direction
analyzing unit 58, and the signals from the second mag-
net sensor are analyzed in the same manner as the first
magnet sensor 36.

[0034] First, the method for specifying the 3-dimen-
isonal position of the second magnetic sensor 70 with
respect to the first magnet sensor 36 to be set in the
sensor cover 38 will be described. Afterthe second mag-
netic sensor 70 is fixed on the front edge of the puncture
needle 28, the operator places the second magnetic sen-
sor 70 atthe position adjacenttothe attachment29. Then
the original point position of the second magnetic sensor
70 with respect to the first magnetic sensor 36 set in the
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sensor cover 38 is specified, and the front edge position
(needlepoint) of the puncture needle 28 is specified from
the position, angle and length of the puncture needle 28
of the second magnetic sensor 70. In other words, the
original point of the second magnetic sensor 70 is spec-
ified, and the position from the original point to the nee-
dlepoint is specified. Since the position of the second
magnetic sensor 70 moves as the same distance as the
distance that the puncture needle 28 moved, the moving
distance ofthe puncture needle 28 can be specified. Also,
the puncture needle 28 can move only in a 1-dimenisonal
direction due to the attachment 29, the moving direction
of the puncture needle is also specified.

[0035] The position/direction analyzing unit58 and the
coordinate conversion unit 59 specifies the guideline of
the puncture needle 28 and the position of the needle-
point by converting the moving distance and the moving
direction ofthe puncture needle 28 into the 3-dimensional
positional coordinate based on the detected signals from
thefirstmagnetsensor 36 and the second magnet sensor
70. Then the coordinate convers ion unit 59 transmits the
guideline of the puncture needle 28 and the positional
information ofthe needlepoint to the composition unit 52.
The composition unit 52 displays the guideline of the
puncture needle and the position of the needlepoint on
the image display unit56 based on the received positional
information.

[0036] The guidelines are displayed as shown in Fig.
10. The dashed line 62 is the guideline showing the punc-
ture direction in the case of inserting the puncture needle
28 at an obtuse angle, and the dashed line 63 is the
guideline showing the puncture direction in the case of
inserting the puncture needle 28 at a sharp angle. The
angle of the puncture needle 28 to be set is selected by
the position to apply the second magnetic sensor 70 to
the attachment 29, that is the original point position. Ac-
cordingly, since the setting condition of the angle of the
puncture needle 28 is specified by the original position
information, only the selected puncture direction or the
two puncture directions can be displayed on the display
screen. In the case of displaying the two puncture direc-
tions, the display pattern may be differentiated between
the selected puncture direction and the other puncture
direction.

[0037] The guideline of the puncture needle 28 and
the position of the needlepoint are displayed as shown
in Fig. 12. The image on the left is a tomographic image
obtained from the volume data of the image diagnostic
apparatus 54, and the image on the right is an ultrasonic
image. In the ultrasonic image on the right, a solid line
72 indicates a main body of the puncture needle in the
case of inserting the puncture needle 28, and a dot 73
indicates a needlepoint of the puncture needle 28. In the
tomographic image on the left, a solid line 70 indicates
the main body of the puncture needle in the case of in-
serting the puncture needle 28, and a dot 71 indicates
the needlepoint of the puncture needle 28. By specifying
the front edge position (needlepoint) of the puncture nee-
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dle 28 fromthe position and angle of the second magnetic
sensor 70 and the length of the puncture needle 28 and
displaying the needlepoint of the puncture needle 28, the
operator can cognize the transition of the puncture nee-
dle in real time. Therefore, since the puncture needle 28
and the needlepoint are displayed on the two different
images of the ultrasonic image and the tomogrpahic im-
age, the operator can perform the puncture treatment
safely.

[0038] The guideline such as the one shown in Fig. 10
may be displayed on the image shown in Fig. 12. Also,
while the second magnetic sensor 70 is used for the re-
ceiver for detecting a magnetic field of a orthogonal sys-
tem, any device can be used as long as it can specify
the position with respect to the first magnetic sensor 36
set in the sensor cover 38.

[0039] Above is the description of the probe 10 related
to the present embodiment and the ultrasonic diagnostic
apparatus comptising the probe, and characteristic con-
figuration of the ultrasonic probe 10 can be put together
as follows. The magnetic sensor 36 is provided on the
left side face of the grip 13. The probe head 12 is pro-
truded on one end of the transducer 11 in longitudinal
direction with respecttothe grip 13. Theconvex engaging
part 16 for engaging and securing the puncture guide 20
is formed along the protruded side of the probe head 12
from the upper end on the convex side to the side face
(right side face) of the grip 13. The right side face 18 of
the grip 13 is curved toward the side to which the convex
engaging part 16 is not provided (left side face). In other
words, the shape of the ultrasonic probe 10 is formed
asymmetric on the left and right sides, and the grip 18
and the draw-out direction of the cable 14 are formed to
be away from the side that guides the puncture needle
28. Due to the above-described characteristic configura-
tion, detecting means for detecting 3-dimensional posi-
tion of the probe 10 can be detachably attached to the
probe 10. Also, operability of the probe 10 does not de-
grade even when the position detecting means is con-
tained in the probe 10. Since the space on the side that
guides the puncture needle 28 is widened, operability of
the probe 10 can be improved. Further, safety of the
puncture treatment can be improved by displaying the
guideline of the puncture needle 28 or needlepoint on
the screen through comprising magnet sensors 36 and
70 and using them together with RVS function.

Brief Desctiption of the Diagrams
[0040]

Fig. 1 shows a perspective view of the left side face
of an ultrasonic probe, amagnetsensoranda sensor
cover related to the first embodiment of the present
invention.

Fig. 2 shows a perspective view of the right side face
of an ultrasonic probe and a puncture guide related
to the first embodiment of the present invention.
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Fig. 3 shows a front view of an ultrasonic probe re-
latedto the firstembodiment of the present invention.
Fig. 4 shows a state that a sensor cover is attached
to the ultrasonic probe related to the first embodi-
ment of the present invention.

Fig. 5 shows a methodfor detachingthe sensorcover
from the ultrasonic probe related to the first embod-
iment of the present invention.

Fig. 6 shows a cross-sectional view of the ultrasonic
probe in regard to the A-A plane and B-B plane
shown in Fig. 5.

Fig. 7 shows a perspective view of the right side face
illustrating a state that a puncture guide and the sen-
sorcoverare attached to the ultrasonic probe related
to the first embodiment of the present invention.
Fig. 8 shows a front view illustrating a state that the
puncture guide is attached to the ultrasonic probe
related to the first embodiment of the present inven-
tion.

Fig. 9 shows a block configuration of an ultrasonic
diagnostic apparatus related to the first embodiment
of the present invention.

Fig. 10 shows a display pattern of a puncture guide-
line displayed on an image display unit.

Fig. 11 shows a configuration wherein a second
magnetic sensor is provided on the forefront of a
puncture needle.

Fig. 12 shows a display pattern for displaying a nee-
dlepoint of a puncture needle on an image display
unit.

Description of the Symbols

[0041] 10... ultrasonic probe, 11... transducer, 12...
probe head, 13... grip, 14... cable, 20... puncture guide,
28... puncture needle, 38... sensor covet, 61,62,63 and
64... puncture guideline, 70... second magnetic sensor,
71... needlepoint, 73... needlepoint.

Claims
1. An ultrasonic probe comprising:

a transducer for transmitting/receiving ultrason-
ic waves to/from an object to be examined;

a probe head for securing the transducer; and
a grip to be coupled with the probe head,

wherein the grip has a groove for detachably con-
taining a first position detecting means for detecting
3-dimensional positional information of the ultrason-
ic probe.

2. The ultrasonic probe according to claim 1, charac-
terized in that the probe head is protruded in longi-
tudinal direction of the transducer toward the side
without the groove opposed to the side having the
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grip.

The ultrasonic probe according to claim 2, charac-
terized in that the side having the groove of the
probe head is smoothly coupled on the grip.

The ultrasonic probe according to claim 2, charac-
terized in that the width of the probe head in lateral
direction is formed narrower than the width of the
grip in lateral direction, and a step is provided at the
border between the probe head and the grip.

The ultrasonic probe according to claim 2, charac-
terized in that the surface of the protruded direction
side of the grip is curved toward the opposite direc-
tion to the protruded direction.

The ultrasonic probe according to claim 5, wherein
the cable connected to the grip is to be drawn outin
the opposite direction to the protruded direction of
the probe head.

The ultrasonic probe according to claim 2, charac-
terized in that a detachable cover for covering the
first position detecting means contained in the
groove is attached to the grip.

The ultrasonic probe according to claim 7, wherein:

the cover has a planar basal plate which covers
the first position detecting means contained in
the groove and engaging plates to be engaged
with the grip on both ends of the planar basal
plate, and

the grip has acoverengaging parttobe engaged
with the engaging plates.

The ultrasonic probe according to claim 8, wherein:

the cover is engaged to the grip sothata gap is
formed’ between the planar basal plate and the
grip, and

the engaging plates and the cover engaging part
are engaged so that they are detached from
each other due to the expanse of the engaging
plates based on the deformation caused by the
planar basal plate being pressed down.

10. The ultrasonic probe according to claim 7, charac-

11.

terized in that a convex engaging part to be en-
gaged with a puncture guide for holding the puncture
guide is provided at the upper end of the probe head
on the side in the protruded direction.

The ultrasonic probe according to claim 10, charac-
terized in that a convex portion for securing the
puncture guide in the longitudinal direction of the
transducer is formed on at least one side face of the
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12.

13.

14.

15.

16.

17.

convex engaging part.

The ultrasonic probe according to claim 11, wherein
the puncture guide has a concaved engaging part to
be engaged with the convex engaging part and the
convex portion of the probe head.

The ultrasonic probe according to claim 12, wherein
the puncture guide has an arm portion for surround-
ing the probe head and securing the puncture guide
onthe probe head, characterized in being engaged
onthe convexengaging part, andthatthe armportion
surrounding the probe head is secured in the longi-
tudinal direction of the probe due to being held by a
step between the probe head and the grip.

The ultrasonic probe according to claim 10, wherein
the puncture guide comprises a support for detach-
ably mounting an attachment for supporting a punc-
ture needle.

The ultrasonic probe according to claim 14, wherein
the puncture guide is provided with a plurality of holes
for variably securing the angle for configuring a sup-
porting lever for changing the direction of the sup-
port.

An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe for transmitting/receiving ul-
trasonic waves to/from an object to be exam-
ined;

means for acquiring an ultrasonic image of the
object from the ultrasonic signals received by
the ultrasonic probe;

image storing means for storing volume data of
the object acquired by the image diagnostic ap-
paratus;

a first position detecting means for detecting 3-
dimensional positional information of the ultra-
sonic probe; and

means for acquiring a tomographic image of the
position correspondingto a specified cross-sec-
tional position of the ultrasonic image based on
the positional information from the first position
detecting means,

wherein:

the ultrasonic probe comprises a transducer for
transmitting/receiving ultrasonic waves to/from
the object, a probe head for securing the trans-
ducer, and a grip to be coupled on the probe
head, and

the grip has a groove for detachably containing
the first position detecting means.

The ultrasonic diagnostic apparatus according to
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claim 16, characterized in comprising a second po-
sition detecting means in a puncture needle to be
inserted into the object by guidance of the puncture
guide attached to the ultrasonic probe.

The ultrasonic diagnostic apparatus according to
claim 16, characterized in comprising display
means for displaying at least one of the ultrasonic
image and the tomographic image, wherein the dis-
play means displays a guideline indicating the transit
position of the puncture needle superimposing onto
at least one of the ultrasonic image and the tomo-
graphic image following the movement of the punc-
ture needle based on the positional information from
the first position detecting means and the second
position detecting means.

The ultrasonic diagnostic apparatus according to
claim 18, wherein the display means displays the
needlepoint position ofthe puncture needle following
the movement of the puncture needle, superimpos-
ing onto at least one of the ultrasonic image and the
tomogrpahic image.

The ultrasonic diagnostic apparatus according to
claim 18, characterized in comprising magnetic
field generating means that varies in triaxial orthog-
onal directions, wherein the first position detecting
means and the second position detecting means are
a magnetic sensor for detecting the 3-dimensional
position.
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