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7) ABSTRACT

An ultrasonic diagnostic apparatus includes one transmitting
coil arranged in the longitudinal direction of an endoscope
inserting portion in an ultrasonic endoscope, and another
transmitting coil for detecting the position and the direction,
which detects the position and the direction of a tomo-
graphic plane when forming a tomogram at a distal end
portion of an inserting portion by an ultrasonic vibrator. A
coil energizing signal is applied to both the transmitting coils
so as to generate magnetic field. The magnetic field is
detected by receiving coils. A position and direction calcu-
lating circuit detects positional data of the one transmitting

22) Filed: Apr. 17, 2003
(22) File Pr- 2% coil and positional and directional data of the other trans-
(30) Foreign Application Priority Data mitting coil. The calculated data is transmitted to an auxil-
iary-image forming circuit which forms an image of an
APE 17,2002 (IP) e 2002-115397  inserting shape and an auxiliary image indicating the posi-
tion and the direction of the tomographic plane. It is easily
Publication Classification understood which image in the celom the observed tomo-
gram is by displaying both the auxiliary image and the
(BD) It CL7 oo A61B 5/05 tomogram on a display device.
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ULTRASONIC DIAGNOSTIC APPARATUS AND
ULTRASONIC DIAGNOSTIC METHOD

[0001] This application claims benefit of Japanese Patent
Application No. 2002-115397 filed in Japan on Apr. 17,
2002, the contents of which are incorporated by this refer-
ence.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an ultrasonic diag-
nostic apparatus and an ultrasonic diagnostic method for
ultrasonic diagnosis.

[0004] 2. Description of the Related Art

[0005] Ultrasonic diagnostic apparatuses including an
ultrasonic endoscope are well-known as those for diagnosis
using an elongated ultrasonic probe which is inserted in the
celom.

[0006] In the ultrasonic diagnostic apparatuses, in particu-
lar, in the ultrasonic endoscope in which an optical observ-
ing window is provided for an ultrasonic probe used by
being inserted in the celom, an operator normally observes
the celom by using an optical image as guide and inserts the
distal end of the ultrasonic probe in the celom to a near area
of the concerning area such as tumor.

[0007] Next, the operator determines the position/direc-
tion of a tomographic plane from an anatomical positional
relationship based on a positional relationship of the organ
displayed on an ultrasonic tomogram on a monitor, and the
concerning area is displayed onto the monitor by moving the
distal end of the ultrasonic probe in the celom.

[0008] However, the above-mentioned method has a prob-
lem that the determination which image in the celom is
indicated by the observed ultrasonic tomogram requires
specialized knowledge about a relation between the ultra-
sonic tomogram and the anatomia and experiences for
operating the ultrasonic probe in the celom and for reading
the ultrasonic tomogram.

[0009] Further, if the ultrasonic probe is so thin in diam-
eter that image pick-up means of an optical image cannot be
provided, the optical image is not used as a guiding one. In
this case, the problem becomes serious. In addition, in the
case of using the ultrasonic probe in the celom for the deep
organ which is not directly observed by using the optical
image, such as the pancreas and the bile duct, the optical
image is not used as the guiding one and therefore the
problem becomes more serious and inhibits the spread of
ultrasonic examination in the celom in this field.

[0010] Accordingly, Japanese Unexamined Patent Appli-
cation Publication No. 11-123187 discloses an apparatus
which detects the position and direction of an ultrasonic
tomogram through an ultrasonic endoscope which is inserted
in the celom by using magnetic field and which displays the
position and direction as to be an ultrasonic tomographic
mark on a body mark such as stomach.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0011] According to the present invention, an ultrasonic
diagnostic apparatus for forming an ultrasonic tomogram
based on an ultrasonic echo signal outputted from an ultra-
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sonic probe having an ultrasonic vibrator at a distal end
portion thereof and inserted in the celom, comprises an
inserting shape detecting portion which detects an inserting
shape of the ultrasonic probe, an auxiliary-image forming
portion which forms an auxiliary image for correlating the
ultrasonic tomogram with the inserting shape obtained by
the inserting shape detecting portion, and an output portion
which outputs the ultrasonic tomogram and the auxiliary
image to a display device so that they can be compared with
each other.

[0012] Further, according to the present invention, an
ultrasonic diagnostic method for forming an ultrasonic
tomogram based on an ultrasonic echo signal outputted from
an ultrasonic probe having an ultrasonic vibrator at a distal
end portion thereof and inserted in the celom, comprises an
inserting shape detecting step of detecting an inserting shape
of the ultrasonic probe, an auxiliary-image forming step of
forming an auxiliary image correlating the ultrasonic tomo-
gram with the inserting shape obtained in the inserting shape
detecting step, and an output step of outputting the ultrasonic
image and the auxiliary image to a display device so that
they can be compared with each other.

[0013] The above and other objects, features and advan-
tages of the invention will become more clearly understood
from the following description referring to the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a diagram showing the entire structure of
an ultrasonic diagnostic apparatus according to a first
embodiment of the present invention;

[0015] FIG. 2 is an explanatory diagram showing the
structure of an ultrasonic endoscope;

[0016] FIG. 3 is an explanatory diagram of the operation
of an auxiliary-image forming circuit;

[0017] FIG. 4 is an explanatory diagram showing an
example of a display screen of an ultrasonic tomogram and
an auxiliary image on a monitor;

[0018] FIG. 5 is a diagram showing the entire structure of
an ultrasonic diagnostic apparatus according to a second
embodiment of the present invention;

[0019] FIG. 6 is an explanatory diagram showing the
structure of an ultrasonic endoscope;

[0020] FIG. 7 is an explanatory diagram showing the
structure of an ultrasonic endoscope according to a third
embodiment of the present invention;

[0021] FIG. 8 is an explanatory diagram showing the
structure of a detecting catheter;

[0022] FIG. 9 is an explanatory diagram showing the
structure of an ultrasonic endoscope according to a fourth
embodiment of the present invention; and

[0023] FIG. 10 is a block diagram showing the structure
of an ultrasonic observing portion.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0024] Hereinbelow, embodiments of the present inven-
tion will be described with reference to the drawings.
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[0025]

[0026] FIGS. 1 to 4 are diagrams according to a first
embodiment of the present invention. FIG. 1 shows the
entire structure of an ultrasonic diagnostic apparatus. FIG.
2 shows the structure of an ultrasonic endoscope. FIG. 3
shows an explanatory diagram of the operation of an aux-
iliary-image forming circuit. FIG. 4 shows an example of a
display screen of an ultrasonic tomogram and an auxiliary
image on a Monitor.

[0027] Referring to FIG. 1, an ultrasonic diagnostic appa-
ratus 1 according to the first embodiment of the present
invention comprises a radial scanning ultrasonic endoscope
(hereinafter, simply referred to as an ultrasonic endoscope)
2 as an ultrasonic probe in the celom, an ultrasonic observ-
ing portion 3 which subjects an ultrasonic echo signal
obtained by the ultrasonic endoscope 2 to predetermined
signal processing and forms an ultrasonic tomogram of a
radial scanning plane (hereinafter, simply referred to as a
tomographic plane), a position and direction detecting por-
tion 4 which detects a position and a direction of the
tomographic plane and an inserting shape of the ultrasonic
endoscope 2 by using magnetic field, an ultrasonic image
processing portion 5 which forms an auxiliary image show-
ing which image in the celom is indicated by the ultrasonic
tomogram based on the position and the direction of the
tomogram and the inserting shape and which generates a
video signal for simultaneously or switchingly displaying
the ultrasonic tomogram and the auxiliary image, a monitor
6 which displays the ultrasonic tomogram and the auxiliary
image, and a light source device 7 which generates illumi-
nation light for optical observation by using the ultrasonic
endoscope 2.

[0028] Mainly, the ultrasonic endoscope 2 mainly com-
prises an endoscope inserting portion 9 which is inserted to
a subject 8 and an endoscope operating portion 10 which is
arranged at the back end of the endoscope inserting portion
9 and is gripped. The endoscope inserting portion 9 in the
ultrasonic endoscope 2 is made of a flexible material
because it is inserted in a body cavity having many bending
portions, such as the stomach, the esophagus, and the colon
in the subject 8.

[0029] Specifically, referring to FIG. 2, the endoscope
inserting portion 9 comprises a hard distal portion 11 which
is arranged at the distal end, a bending portion 12 which is
arranged at the back end of the distal end portion 11 and is
freely bent, and a flexible portion 13 which is flexible with
a long length from the back end of the bending portion 12
and the front end of the endoscope operating portion 10. A
bending knob 14 arranged to the endoscope operating por-
tion 10 is rotated, then, a conductor (not shown) inserted in
the endoscope inserting portion 9 advances or returns, and
the bending portion 12 is bent in a bending direction shown
by reference numeral A in FIG. 1. Thus, a user remote-
controls the direction of the distal end portion 11.

[0030] At the distal end portion 11 of the endoscope, as
means for optically observing the subject 8, an illuminating
window 15 and an optical observing window 16 are formed
at a slope portion which is created like cutting a cylinder on
the cross. A light guide (not shown) getting through the
endoscope inserting portion 9, etc. is inserted in the illumi-
nating window 135 transfers illumination light from the light

(First Embodiment)
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source device 7 arranged outside, outputs the illumination
light from the illuminating window 15, and illuminates the
celom.

[0031] The optical image of the concerning portion such
as an illuminated affected-part in the celom is formed
through an objective optical system attached to the optical
observing window 16. Then, the optical image is transferred
through the image guide so that it is optically observed via
an eyepiece (not shown) provided at the back end of the
endoscope operating portion 10. In the arrangement with an
image pick-up device such as a CCD which is placed at the
image forming position of the objective optical system, a
signal picked-up by the image pick-up device is connected
to an external video processor, is converted into a video
signal, and is displayed on a monitor (not shown).

[0032] A cylinder distal cap 17 is set in front of the distal
end portion 11 which accommodates, e.g., a disc-shaped
ultrasonic vibrator 18. The ultrasonic vibrator 18 is freely
rotatably supported by a shaft bearing portion (not shown)
on the proximal end side of the distal end cap 17. The shaft
bearing portion is connected to a flexible shaft 19 which is
inserted in the endoscope inserting portion 9 on the back
side. The flexible shaft 19 is connected to a rotary shaft 22a
of a motor 22 for rotatably driving via a roller 21 in the
endoscope operating portion 10.

[0033] The rotation of the motor 22 rotates the flexible
shaft 19 as shown by reference numeral B in FIG. 2, and
further rotates the ultrasonic vibrator 18 attached on the
distal end of the flexible shaft 19. Then, ultrasonic beams 24
are radially outputted on a plane of a tomographic plane 23
vertical to the axis of the endoscope inserting portion 9
shown in FIG. 2, that is, mechanical radial scanning is
performed.

[0034] The one roller 21 is connected to another roller 26
by a rotary belt 25, and the amount of rotation of the motor
22 is detected by a rotary encoder 27 attached to the rotary
axis of the other roller 26.

[0035] Specifically, one rotation of the motor 22 causes
one-rotation of the one roller 21 and the other roller 26
having the same radius as that of the roller 21. The rotary
encoder 27 for detecting the one-rotation detects a rotating
angle of the motor 22, and a rotating angle of the ultrasonic
vibrator 18 is detected based on the detection of the rotating
angle of the motor 22.

[0036] A detecting signal of the rotary encoder 27, as a
rotating angle signal of the ultrasonic vibrator 18, is trans-
mitted to the ultrasonic observing portion 3 via a signal line
28a.

[0037] The ultrasonic vibrator 18 is connected to a signal
line which is inserted into the flexible shaft 19. This signal
line becomes a signal line 28) externally extending from the
motor 22, and is connected to the ultrasonic observing
portion 3. The signal line 285 applies a transmission driving
signal to the ultrasonic vibrator 18, and sends to the ultra-
sonic observing portion 3, the ultrasonic echo signal which
is received by the ultrasonic vibrator 18 and converted into
an electrical signal.

[0038] Further, the motor 22 is connected to the ultrasonic
observing portion 3 via a signal line 28¢ so as to control
rotational driving B and control the stop of rotation.
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[0039] Furthermore, according to the first embodiment, a
plurality of transmitting coils 31 for detecting an inserting
shape (hereinafter, referred to as transmitting coils 31) are
provided at a predetermined interval in the axial direction of
the endoscope inserting portion 9 so as to detect the inserting
shape of the endoscope inserting portion 9.

[0040] The transmitting coils 31 are solenoid coils which
are wound by wirings around one axis, and the winding
direction of the transmitting coils 31 are in parallel with the
axis of the endoscope inserting portion 9. When the endo-
scope inserting portion 9 is inserted in the subject 8, it is
fixed in the endoscope inserting portion 9 so that it moves
integrally with the endoscope inserting portion 9.

[0041] Further, according to the first embodiment, a trans-
mitting coil 32 for detecting the position and direction of the
tomographic plane, which detects the position and direction
of the tomographic plane 23 (hereinafter, referred to as a
transmitting coil 32 for detecting the position and direction),
is attached at the distal position of the distal end cap 17.

[0042] The transmitting coil 32 for detecting the position
and the direction is formed integrally with the two solenoid
coils formed by winding wirings around two orthogonal
axes. For the convenience, the transmitting coil 32 for
detecting the position and direction is fixed such that two
directions (directions x' and y' in FIG. 2) vertical to an
inserting axis (in a direction z' in FIG. 2) of the endoscope
inserting portion 9 match the coil winding direction. It is
assumed that the direction x' corresponds to a three-o’clock
direction of the ultrasonic tomogram and the direction y'
corresponds to a twelve-o’clock direction of the ultrasonic
tomogram.

[0043] The transmitting coil 32 for detecting the position
and direction and the transmitting coils 31 are connected to
signal lines which are inserted in the endoscope inserting
portion 9. These signal lines are bundled in the endoscope
operating portion 10 as a cable 33 and are then connected to
the position and direction detecting portion 4.

[0044] Referring to FIG. 1, the position and direction
detecting portion 4 comprises a coil driving circuit 35 which
transmits a coil energizing signal to the transmitting coils 31
and the transmitting coil 32 for detecting the position and the
direction, a plurality of receiving coils 37 in which their coil
winding directions are different so as to detect spatial
magnetic field of the transmitting coils 31 and the transmit-
ting coil 32 for detecting the position and the direction
(hereinafter, referred to as receiving coils) 37, and a position
and direction calculating circuit 36 which calculates posi-
tional data (x, y, z) of the plurality of transmitting coils 31,
positional data (x, y, z) and directional data (¢, 8, ¢) of the
transmitting coil 32 for detecting the position and the
direction based on a magnetic filed detecting signal from the
receiving coils 37. Incidentally, the receiving coils 37 are
spatially fixed. As shown in FIG. 1, the ultrasonic image
processing portion 5 comprises an auxiliary-image forming
circuit 38 which forms an auxiliary image based on the
positional data of the transmitting coils 31 and the positional
data and the directional data of the transmitting coil 32 for
detecting the position and the direction, and a mixing circuit
39 which displays the auxiliary image and the ultrasonic
tomogram transmitted from the ultrasonic observing portion
3 on the same plane, and a display circuit 40 which converts
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a mixing output transmitted from the mixing circuit 39 into
a video signal and which outputs the video signal on the
monitor 6.

[0045] Referring to FIG. 1, using various thicknesses of
lines, the transmissions and receptions of the data on the
ultrasonic tomogram, information on the positional direc-
tion, a signal/data on the auxiliary image, and a signal/data
on the display screen are indicated. A coordinate system
O-xyz fixed to the receiving coils 37 is indicated in FIG. 2.

[0046] According to the first embodiment, the inserting
shape of the endoscope inserting portion 9 is detected, which
will be described later, and it is characterized that the
position and direction of the tomographic plane 23 obtained
by scanning by the ultrasonic vibrator 18 placed to the distal
end portion 11 are detected and both an ultrasonic tomogram
41 and the auxiliary image 42 are displayed as shown in
FIG. 4.

[0047] Next, the operation of the embodiments will be
described.

[0048] First, the signal and data on the ultrasonic tomo-
gram will be described.

[0049] The ultrasonic vibrator 18 inserted in the celom of
the subject 8 electrically and acoustically converts the
transmission driving signals like pulses transmitted from a
transmitting circuit (not shown) in the ultrasonic observing
portion 3, and electro/acoustic transduces the signals into
ultrasonic signals.

[0050] Then, the ultrasonic vibrator 18 receives and trans-
mits the ultrasonic signals and radially scans them, trans-
duces the ultrasonic echo of the tomographic plane 23 into
the electrical signal, and outputs the ultrasonic echo signal
to the ultrasonic observing portion 3. The rotary encoder 27
sequentially outputs the rotating angle of the ultrasonic
vibrator 18 as the rotating angle signal to the ultrasonic
observing portion 3.

[0051] The ultrasonic observing portion 3 subjects the
obtained ultrasonic echo signal to well-known processing
such as envelope detection, logarithm amplification, and
A/D conversion. Further, the ultrasonic observing portion 3
performs digital scan converting processing for converting
the signal into a signal on an orthogonal coordinate system
so as to output digital echo data on a polar coordinate to the
monitor 6 based on the rotating angle signal, forms image
data of the ultrasonic tomogram, and outputs the formed data
to the mixing circuit 39 in the ultrasonic image processing
portion 5. The signal passes through the mixing circuit 39
and the display circuit 40, and is outputted to the monitor 6.
Then, the ultrasonic tomogram 41 is displayed on the
monitor 6 as shown in FIG. 4.

[0052] As will be described later, an up-direction marker
44 (an up-direction marker 44 displayed on the auxiliary
image 42) is displayed on the ultrasonic tomogram 41 in
FIG. 4 so that a reference direction of the up direction is
clearly understood by a user upon displaying the ultrasonic
tomogram.

[0053] Next, a description is given of the information on
the positional information and the signal and data on the
auxiliary image 42. The coil driving circuit 35 in the position
and direction detecting portion 4 outputs the coil energizing
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signal as an AC signal to the transmitting coils 31 and the
transmitting coil 32 for detecting the position and the
direction.

[0054] A frequency of the coil energizing signal is varied
depending on the transmitting coils 31. In the transmitting
coil 32 for detecting the position and the direction, frequen-
cies are varied depending on the conductor winding direc-
tions. The transmitting coils 31 generate alternating mag-
netic field which is energized by varied frequencies, around
the endoscope inserting portion 9 that is inserted in the
subject 8.

[0055] On the other hand, the receiving coils 37 attached
to the position and direction detecting portion 4 receive the
magnetic field which is energized by the transmitting coils
31, and output the magnetic-field detecting signal as the
electrical signal to the position and direction calculating
circuit 36 in the position and direction detecting portion 4.

[0056] The position and direction calculating circuit 36
resolves the magnetic-field detecting signal by the fre-
quency, thereby resolving the frequencies of the transmitting
coils 31 and resolving the directions of the conductor
winding direction of the transmitting coil 32 for detecting
the position and the direction. Thus, the position and direc-
tion calculating circuit 36 calculates the following data
which is expressed by the coordinate system O-xyz which is
fixed to the receiving coils 37. Further, the position and
direction calculating circuit 36 outputs the data as the
positional and directional data to the auxiliary-image form-
ing circuit 38 in the ultrasonic image processing portion §.

[0057]

[0058] Positional data of the transmitting coil 32 for
detecting the position and direction: (X, Y, Z)

[0059] Directional data of the transmitting coil 32 for
detecting the position and the direction: (¢, 6, ¢)

[0060] [Reference numerals ¢, 6, and ¢ mean the Euler
angle indicating inclinations on a coordinate system O-x'y'z'
fixed to the transmitting coil 32 for detecting the position
and the direction. It is assumed that the position and direc-
tion calculating circuit 36 calculates the angles ¢, 6, and ¢
such that the coordinate system O-xyz matches the coordi-
nate system O-x'y'z' fixed to the transmitting coil 32 for
detecting the position and the direction shown in FIG. 2
when the coordinate system O-xyz fixed to the receiving
coils 37 is rotated by the angle ¢ around the x axis, is further
rotated by the angle 6 around the y axis, and is furthermore
rotated by the angle ¢.]

Positional and directional data;

[0061] Positional data of the transmitting coil 31: (xi, yi,
71)
[0062] [Reference numeral i denotes a coil number, inci-

dentally, the coil nearest the distal end of the endoscope
inserting portion 9 is No. 1]

[0063] Then, the auxiliary-image forming circuit 38 forms
the auxiliary image which is obtained by combining the
inserting shape of the endoscope inserting portion 9 and the
position and the direction of the tomographic plane 23 based
on the positional and directional data (X, Y, Z), (¢, 6, ¢), and
(xi, yi, zi), and outputs the auxiliary image to the mixing
circuit 39.
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[0064] The mixing circuit 39 aligns the image data of the
ultrasonic tomogram on the right and the auxiliary image on
the left side, respectively, and outputs the image data to the
display circuit 40. The display circuit 40 converts the
aligned image data into the video signal, and outputs it to the
monitor 6. The ultrasonic tomogram 41 and the auxiliary
image 42 are aligned and displayed on the monitor 6 as
shown in FIG. 4.

[0065] Next, the operation of the auxiliary-image forming
circuit 38 will be described in detail with reference to FIG.

3
[0066]

[0067] (1) A memory space comprising cells having
an address of the coordinate system O-xyz fixed to
the receiving coils 37 is set by using a memory (not
shown) provided for the auxiliary-image forming
circuit 38. An initial value of data on the memory
space is 0 in all the cells.

[0068] (2) Dataof the cell having the addresses of the
positional data (xi, yi, zi) of the transmitting coil 31
and the positional data (X, Y, Z) of the transmitting

coil 32 for detecting the position and the direction is
1.

[0069] (3) The cells are connected by a line segment
in ascending order of coil number i, and data of the
cell having the address on the line segment is 1. This
connecting method may use a straight line-segment
or a spline curve.

[0070] (4) The cell having the address of the posi-
tional data (xi, yi, zi) of the No. 1 coil (transmitting
coil 31 nearest the distal end of the endoscope
inserting portion 9) and the cell having the address of
the positional data (X, Y, Z) of the transmitting coil
32 for detecting the position and the direction are
connected by a line segment similarly to the case (3),
and data of the cell having the address on the line
segment is 1.

Calculation of the inserting shape:

[0071] Calculation of position and direction of tomo-
graphic plane:
[0072] (5) The coordinate X' in FIG. 2 is in the

three-o’clock direction of the ultrasonic tomogram,
and the coordinate y' is in the twelve-o’clock direc-
tion of the ultrasonic tomogram (as to be the refer-
ence direction displayed as the up-direction upon
display operation). A directional unit vector of the
coordinate X' is designated by V5 and a directional
unit vector of the coordinate y' is designated by V,,
comporents of the vectors V5 and V,, on the coor-
dinate system O-xyz fixed to the receiving coils 37
are obtained by the following formulae.

[0073] [Formula 1]

[V3 X component

1
Vi y componentJ =T, (50)Ty(0)T1(¢)[ a ]

Vs z component 0
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-continued
Vi2 x component 0
[ Vi y component] = Tx(go)Ty(E))TZ(g})[ 1 ]

Vi z component 0

[0074] Herein, a rotating matrix around the x axis is
designated by T.(¢), a rotating matrix around the y axis is
designated by T (0) , and a rotating mairix around the z axis
is designated by T,(¢). Then, the rotating matrixes T,(¢),
T,(0), and T,(¢) are defined as follows.

[0075]

1 0 0
Ti(p) = [0 cosg —sint,a]

0 sing cos¢

cosf 0O sinf
Tylﬂ):[ 0 1 0 ]

—sind 0 cosf

cos¢p —sing 0
T,($) = [ sing  cosg 0]

0 0 1

[Formula 2]

[0076] (6) The three-o’clock direction and the twelve-
o’clock direction of the ultrasonic tomogram are obtained on
the coordinate system O-xyz fixed to the receiving coils 37
based on the vectors V, and V,,. As a result, a parallelogram
index (hereinafter, referred to as a tomographic plane
marker) 43 as shown in FIG. 3 is generated so as to
determine (the position and the direction of) the tomo-
graphic plane 23 having the two directions of the vectors V,
and V,, the center of which is the cell having the address
of the positional data (X, Y, Z) of the transmitting coil 32 for
detecting the position and the direction.

[0077] Data of the cell having the address within the
tomographic plane marker 43 is 0.5. The tomographic plane
marker 43 indicates the position and the direction of the
tomographic plane of the ultrasonic tomogram.

[0078] (7) Further, a triangle index (hereinafter,
referred to as the up-direction marker) 44 shown in
FIG. 3 is set in the twelve-o’clock direction of the
parallelogram. Data of the cell having an address
within the up-direction marker 44 is 2.

[0079]

[0080] (8) A modeling is performed on the auxiliary
image indicating the inserting shape and the position
and direction of the tomographic plane. In the
memory space, a portion 0 is not displayed (is
transparently displayed), a portion 1 is displayed, a
portion 0.5 is displayed (is transparently displayed),
and a portion 2 is displayed with a double density.
Thus, the auxiliary image is formed to three-dimen-
sionally express the model. The auxiliary image 42 is
indicated on the left in FIG. 4.

Completion of auxiliary image:
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[0081] The following advantages are obtained according
to the first embodiment.

[0082] With the above-described construction and opera-
tion according to the first embodiment, the operation is
repeated, thereby sequentially updating and displaying the
ultrasonic tomogram 41 every radial scanning of the ultra-
sonic vibrator 18. The inserting shape in the case and the
position and direction of the tomographic plane 23 are
combined and are displayed in the auxiliary image 42.

[0083] When the operator observes, e.g., the pancreas, the
ultrasonic vibrator 18 is inserted in the corpus ventriculus or
the duodenum and the pancreas is normally observed
through the gastric wall and the intestine wall. According to
the first embodiment, the operator moves the distal end of
the endoscope inserting portion 9 or changes the direction of
the distal end by bending the endoscope inserting portion 9
by the bending knob 14, the inserting shape and the ultra-
sonic marker 43 are automatically traced, thus to be
deformed and be moved. It is easily recognized how the
shape of the ultrasonic endoscope 2 is and in which direction
the ultrasonic tomogram 41 is observed with respect to the
shape of the ultrasonic endoscope 2.

[0084] That is, the auxiliary image 42 enables the accom-
plishment of the above-mentioned object of easily under-
standing which image in the celom the observed ultrasonic
tomogram 41 is.

[0085] Since the ultrasonic tomogram 41 is indicated on
the auxiliary image 42 as parallelogram (tomographic-plane
marker 43) having the sides in the direction V; (three-
o’clock direction) and the direction V,, (twelve-o’clock
direction), the operator further easily understands in which
direction the tomographic plane 23 of the ultrasonic tomo-
gram 41 currently is.

[0086] The endoscope inserting portion 9 is screwed so
that the parallelogram is in a proper direction or the direction
of the distal end is changed by bending the endoscope
inserting portion 9 by the bending knob 14. Advantageously,
the concerning area is easily imaged.

[0087] Further, the marker indicating the twelve-o’clock
direction of the ultrasonic tomogram (up-direction marker
44) is provided. Thus, the operator easily understands in
which direction the tomographic plane 23 of the ultrasonic
tomogram 41 currently is.

[0088] The endoscope inserting portion 9 is screwed or the
distal end is changed by bending the endoscope inserting
portion 9 by the bending knob 14 so that up-direction marker
44 is in the direction of the concerning area. Advanta-
geously, the concerning area is easily imaged.

[0089] (Modification)

[0090] According to the first embodiment, the auxiliary
image 42 and the ultrasonic tomogram 41 are displayed on
the same screen so as to compare them with each other.
However, the auxiliary image 42 and the ultrasonic tomo-
gram 41 may be displayed by switching them. Alternatively,
they are simultancously displayed by selecting one of them.
Further, they may be displayed on a monitor which is
provided separately from them.

[0091] For example, the auxiliary image 42 and the ultra-
sonic tomogram 41 are simultaneously displayed on the
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same screen. When the observing position and direction of
the ultrasonic tomogram 41 are clearly determined, only the
ultrasonic tomogram 41 may enlargedly be displayed.

[0092] Further, the first embodiment uses the construction
for independently arranging the position and direction
detecting portion 4, the ultrasonic observing portion 3, the
ultrasonic image processing portion 5, and the monitor 6.
However, some or all of them may be integrated.

[0093] Although the interval between the transmitting
coils 31 is set to be constant according to the first embodi-
ment, it may be changed. For example, the interval may be
short at a largely bending position, particularly, in or near the
bending portion 9 which is bent interlockingly with the
bending knob 14.

[0094] Further, although the first embodiment uses the
ultrasonic endoscope 2 as the radial scanning ultrasonic
endoscope for mechanical radial scanning, the present
invention may use other scanning methods such as sector
scanning or linear scanning.

[0095] In addition, the present invention is not limited to
the forementioned ultrasonic scanning method and can be
applied to the linear scanning which is not vertical but in
paralle]l with the endoscope inserting axis. It may use an
ultrasonic probe which does not incorporate the optical
observing window 16. Although the first embodiment uses
the tomographic plane 23 upon the radial scanning using the
radial scanning ultrasonic endoscope as the scanning plane,
it may use variously-shaped planes in accordance with
various scanning methods.

[0096] Although the first embodiment uses the marker in
the twelve-o’clock direction (namely, the direction of the
vector V) as the marker in the up direction, the present
invention is not limited to this. As long as the marker is in
a specific direction, it may be, e.g., in the three-o’clock
direction (namely, the direction of the vector V). Further,
the marker may be in a plurality of directions and, for
example, it may simultaneously be displayed in both the
directions of three- and twelve-o’clock.

[0097] In addition, the marker may be in the direction of
the ultrasonic tomogram which is bent by the bending knob
14. For example, the transmitting coil 32 for detecting the
position and the direction may be fixed such that the winding
direction of the transmitting coil 32 for detecting the posi-
tion and the direction matches the bending direction. With
the above-described construction, it is apparently under-
stood in which direction the operator should bend the
bending knob 14 by changing the direction of the distal end
of the endoscope inserting portion 9 so as to view the
concerning area.

[0098] Therefore, when the pancreas is viewed as the
concerning area, the direction of the distal end is changed by
bending the bending knob in the direction of the pancreas via
the bending knob while viewing the index on the auxiliary
image. Thus, advantageously, the concerning area is easily
imaged.

[0099] The first embodiment uses the parallelogram index
as the tomographic plane marker to apparently recognize the
vectors V, and V,,. However, the tomographic plane marker
may use a disk-shaped index or a square-shaped index.
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[0100] Although the transmitting coil 32 for detecting the
position and the direction is constructed by integrating the
two solenoid coils which are wound by the conductors
around the two orthogonal axes, it may comprise individual
coils around the two axes. In this case, the position and
direction calculating circuit 36 may correct the positional
data (X, Y, Z) of the transmitting coil 32 for detecting the
position and the direction such that the data becomes data at
a proper position at the distal end of the ultrasonic endo-
scope 2 by providing an appropriate correcting circuit there-
for. Although the receiving coils 37 are constructed by
providing the individual solenoid coils in the different
directions, they may be an integrate coil.

[0101]

[0102] Next, a second embodiment of the present inven-
tion will be described with reference to. FIGS. 5 and 6.
FIG. 5 shows the entire structure of an ultrasonic diagnostic.
FIG. 6 shows the structure of an ultrasonic endoscope.

[0103] Referring to FIG. 5, according to the second
embodiment, an ultrasonic diagnostic apparatus 1B is
formed by inverting the relationship between the transmis-
sion (generation) and the reception of the magnetic field
shown in FIG. 1 according to the first embodiment.

[0104] The ultrasonic diagnostic apparatus 1B shown in
FIG. 5 has a relationship opposite of that between the
transmission and the reception according to the first embodi-
ment.

[0105] Specifically, referring to FIG. 6, a plurality of
receiving coils for detecting the inserting shape (hereinafter,
simply referred to as receiving coils) 51 are arranged to an
ultrasonic endoscope 2B according to the second embodi-
ment, in place of the plurality of transmitting coils 31 set in
the endoscope inserting portion 9 according to the first
embodiment. A receiving coil for detecting the position and
the direction of the tomographic plane (hereinafter, referred
to as a receiving coil for detecting the position and the
position) 52 is attached to the distal end portion, in place of
the transmitting coil 32 for detecting the position and
direction (of the tomographic plane).

[0106] The magnetic field detecting signal which detects
the magnetic field is outputted to the position and direction
calculating circuit 36 in a position and direction detecting
portion 4B via a cable 33 connected to the receiving coils 51
and the receiving coil 52 for detecting the position and the
direction.

[0107] According to the second embodiment, referring to
FIG. 5, the position and direction detecting portion 4B has
transmitting coils 53 in place of the receiving coils 37, and
a coil driving circuit 35 applies a coil driving signal to the
transmitting coils 53. As mentioned above, the magnetic
field 1s detected by the receiving coils 51 and the receiving
coil 52 for detecting the position and the direction.

[0108] Incidentally, according to the second embodiment,
a white LED is arranged in the illuminating window 15
shown in FIG. 6 to emit light from the white LED and to
output white illumination light from the illuminating win-
dow 15. Thus, the second embodiment needs no external
light source device 7. Other constructions are the same as
those according to the first embodiment.

(Second Embodiment)
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[0109] Next, the operation will be described according to
the second embodiment.

[0110] The coil driving circuit 35 in the position and
direction detecting portion 4B outputs a coil energizing
signal as an AC signal to the transmitting coils 53. Thus,
alternating magnetic field is generated between the subject 8
and the distal end of the endoscope inserting portion 9.

[0111] The receiving coil 52 for detecting the position and
the direction and the receiving coils 51 receive the magnetic
field which is energized by the transmitting coils 53, and
output the magnetic field detecting signals as the electrical
signals to the position and direction detecting circuit 36.

[0112] The position and direction calculating circuit 36
calculates positional and directional data which is expressed
on the coordinate system O-xyz fixed to the transmitting
coils 53 of the receiving coil 52 for detecting the position
and the direction and the receiving coils 51. Data is the same
as that according to the first embodiment. Other operations
are the same as those according to the first embodiment.

[0113] The second embodiment has the following advan-
tages.
[0114] That is, with the construction and the operation

according to the second embodiment, the coil which trans-
mits the magnetic field is arranged outside the subject 8. As
compared with the first embodiment, advantageously, the
output of the magnetic field is increased, an S/N ratio of the
reception is raised, and the accuracy of the positional and
directional data is improved. Other advantages are the same
as those according to the first embodiment.

[0115]

[0116] The modifications described according to the first
embodiment are applied to those according to the second
embodiment.

[0117] (Third Embodiment)

[0118] Next, a description is given of a third embodiment
of the present invention with reference to FIGS. 7 and 8.
FIG. 7 shows the structure of an ultrasonic endoscope
according to the third embodiment. FIG. 8 shows the
structure of a detecting catheter.

[0119] An ultrasonic diagnostic apparatus according to the
third embodiment of the present invention is different from
the ultrasonic endoscope 2 shown in FIG. 1 according to the
first embodiment, and uses an ultrasonic endoscope 2C
shown in FIG. 7.

[0120] Basically, the ultrasonic endoscope 2C has the
same functions as those of the ultrasonic endoscope 2 shown
in FIG. 2 by inserting and attaching a detecting catheter 63
shown in FIG. 8 to a clamp channel 62 in an ultrasonic
endoscope main body 61. Hereinbelow, only different por-
tions are described.

[0121] Referring to FIG. 7, a clamp inserting slot 64 is set
near the front end of the endoscope operating portion 10 in
the ultrasonic endoscope main body 61. The clamp inserting
slot 64 is tunnel-shaped along the longitudinal direction of
the endoscope inserting portion 9 by a hollow tube and is
thus connected to the clamp channel 62 for inserting a
clamp, etc.

(Modification)
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[0122] The clamp channel 62 is opened at a projecting slot
65 arranged at a slope portion having the illuminating
window 15 of the distal end portion 11.

[0123] The ultrasonic endoscope main body 61 according
to the third embodiment has the same structure as that of
general ultrasonic endoscopes. Therefore, the ultrasonic
endoscope main body 61 has neither the transmitting coils
31 nor the receiving coils 32 for detecting the position and
the direction in the ultrasonic endoscope 2 shown in FIG. 2.
In place thereof, the detecting catheter 63 shown in FIG. 8
is inserted and attached to the clamp channel 62 in the
ultrasonic endoscope main body 61 and thus the ultrasonic
endoscope has the same functions as those of the ultrasonic
endoscope 2 shown in FIG. 2.

[0124] The detecting catheter 63 shown in FIG. 8 which
is detachable to the clamp channel 62 in the ultrasonic
endoscope main body 61 includes the hollow tube 66 made
of a flexible material such as silicon tube, and a hard distal
end housing 67 at the distal end of the tube 66.

[0125] A transmitting coil for detecting the position and
the direction of the tomographic plane (hereinafter, referred
to as a transmitting coil for detecting the position and the
direction) 68 is accommodated and fixed in the distal end
housing 67.

[0126] A plurality of transmitting coils for detecting the
inserting shape (hereinafier, referred to as transmitting coils)
69 are arranged at a predetermined interval from the distal
end to the proximal end of the tube 66, and they are fixed.

[0127] Coils 68 for detecting the position and the detecting
and the transmitting coils 69 are connected to signal lines. A
cable portion 70 which has a thin diameter from the proxi-
mal end of the tube 66 is inserted in the signal lines. The
signal lines are connected to a connector 71 at the back end
of the cable portion 70. The connector 71 is detachably
connected to the position and direction detecting portion 4
(shown in FIG. 1), and is electrically connected to the coil
driving circuit 35 in the position and direction detecting
portion 4 so as to receive the coil energizing signal from the
coil driving circuit 35 upon using.

[0128] The detecting catheter 63 is inserted in the clamp
channel 62 from the clamp inserting slot of the ultrasonic
endoscope main body 61, and only the distal end housing 67
at the distal end of the detecting catheter 63 is projected from
the projecting slot 65 and is fixed by a fastening (not shown)
in the clamp inserting slot 64. Other structures are the same
as those according to the first embodiment.

[0129] Next, the operation will be described according to
the third embodiment. upon examination using an ultrasonic
endoscope 2C, the detecting catheter 63 is inserted in the
clamp channel 62 from the clamp inserting slot 64 of the
ultrasonic endoscope main body 61, and only the distal end
housing 67 is projected at the projecting slot 65 and is fixed
by a fastening (not shown) in the clamp inserting slot 64.

[0130] The coil driving circuit 35 in the position and
direction detecting portion 4 (shown in FIG. 1) outputs the
coil energizing signal as the AC signal to the transmitting
coil 32 for detecting the position and the direction and the
transmitting coils 31.

[0131] Inthe transmitting coil 32 for detecting the position
and the direction, frequencies of the coil energizing signal
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are varied depending on the wiring directions. The fre-
quency is different every transmitting coil 31. Alternating
magnetic field is energized by varied frequencies depending
on the directions of the transmitting coils 31 between the
subject 8 and the distal end of the endoscope inserting
portion 9.

[0132] With the above-mentioned structure and operation,
the directions of the two solenoid coils of the transmitting
coil 32 for detecting the position and direction completely
do not match the three-o’clock direction (x' axis) and the
twelve-o’clock direction (y' axis) of the ultrasonic tomo-
gram. However, the position and direction calculating circuit
36 estimates and corrects the three-o’clock direction (x' axis)
and the twelve-o’clock direction (y' axis) of the ultrasonic
tomogram based on the magnetic field detecting signal
indicating the direction of the transmitting coil 32 for
detecting the position and the direction and a predetermined
fixing method using the fastening at the inserting slot 64, and
calculates the directional data (¢, 8, ¢). Other operations are
the same as those according to the first embodiment.

[0133] The third embodiment has the following advan-
tages.
[0134] That is, with the structure and operations according

to the third embodiment, the transmitting coil 32 for detect-
ing the position and the direction and the transmitting coils
31 are arranged to the detecting catheter 63, and are set
independently of the ultrasonic endoscope main body 61.
Thus, the concerning area is imaged in the ultrasonic tomo-
gram for the diagnosis by inserting the detecting catheter 63
in the clamp channel 62 and referring to the auxiliary image
upon imaging the concerning area. Upon processing after
the diagnosis, processing tool such as the clamp is inserted
after removing the detecting catheter 63 so as to perform
various processing. Accordingly, the diagnosis and process-
ing are smoothly executed by the single ultrasonic endo-
scope main body 61.

[0135] Further, with the structure and the operations, the
transmitting coil 32 for detecting the position and direction
and the transmitting coils 31 are set to the detecting catheter
63 (separately from the ultrasonic endoscope main body 61).
As a result, the general ultrasonic endoscopes are used for
the ultrasonic endoscope main body 61 and a dedicated
ultrasonic endoscope fixedly having the transmitting coil 32
for detecting the position and the direction and the trans-
mitting coils 31 is not necessarily bought. Other advantages
are the same as those according to the first embodiment.

[0136] (Modification)

[0137] The third embodiment applies to the first embodi-
ment, the construction in which the transmitting coil 32 for
detecting the position and the direction and the transmitting
coils 31 are independently arranged as the detecting catheter
63. However, it may apply the construction according to the
second embodiment in which the reception and the trans-
mission of the magnetic field are inverted. In other words,
the third embodiment does not limit the relationship between
the reception and the transmission of the magnetic field.
Other modifications can be applied similarly to the above-
described modifications according to the first embodiment.

[0138] (Fourth Embodiment)

[0139] Next, a description is given of a fourth embodiment
of the present invention with reference to FIGS. 9 and 10.
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FIG. 9 shows the construction of an ultrasonic endoscope.
FIG. 10 shows the structure of an ultrasonic observing
portion.

[0140] An ultrasonic diagnostic apparatus according to the
fourth embodiment of the present invention is different from
the structure of the ultrasonic endoscope 2 shown in FIG. 1
according to the first embodiment, and uses an electronic
scanning ultrasonic endoscope 2D shown in FIG. 9 and an
ultrasonic observing portion 3D shown in FIG. 10 having
the structure different from that of the ultrasonic observing
portion 3. Hereinbelow, only different portions are
described.

[0141] Referring to FIG. 9, the ultrasonic endoscope 2D
according to the fourth embodiment comprises a cylindrical
(circular) ultrasonic vibrator array portion 71 in front of a
slope portion having the illuminating window 15 and the
observing window 16 at the distal end portion 11 of the distal
end of the endoscope inserting portion 9.

[0142] A large number of strip ultrasonic vibrators 72 are
arranged along a cylindrical plane thereof in the ultrasonic
vibrator array portion 71. The ultrasonic vibrators 72 form-
ing the ultrasonic vibrator array portion 71 are connected to
signal lines 73. The signal lines 73 are bundled to become a
cable 74, are inserted in the endoscope inserting slit 9 and
the endoscope operating potion 10, and are connected to the
ultrasonic observing portion 3D at the back end. Pulse
transmission driving voltages (driving signals) are applied to
the ultrasonic vibrators 72 from the ultrasonic observing
portion 3D, the ultrasonic echo signal which is received by
the ultrasonic vibrators 72 and is converted into the electri-
cal signal is transferred to the ultrasonic observing portion
aD.

[0143] The transmitting coil 32 for detecting the position
and the direction is attached to the front end of the ultrasonic
vibrator array portion 71 in the distal end portion 11. The
transmitting coils 31 are arranged at a predetermined inter-
val in the longitudinal direction in the endoscope inserting
portion 9. As described above according to the first embodi-
ment, the coil energizing signal is applied to the transmitting
coils 31 and the transmitting coil 32 for detecting the
position and the detection from the position and direction
detecting portion 4 via the cable 33.

[0144] According to the fourth embodiment, the ultrasonic
vibrators 72 in the ultrasonic vibrator array portion 71 are
driven on time series, thereby electronically radial-scanning
ultrasonic beams 23 which are outputted. Reference numeral
C in FIG. 9 denotes a radial-scanning direction.

[0145] Referring to FIG. 10, the ultrasonic observing
portion 3D according to the fourth embodiment comprises:
a transmitting circuit 80 which generates a pulse transmis-
sion driving voltage (driving signal) therein; a transmission
delay circuit 81 which delays the transmission driving
voltages varied depending on signal lines; a transmission
switching circuit 82 which sequentially selects a plurality of
ultrasonic vibrators 72 relating to the formation of the
ultrasonic transmitting beams and which outputs the trans-
mission driving voltage; a reception switching circuit 83
which sequentially selects the ultrasonic echo signals from
the plurality of ultrasonic vibrators 72 relating to the for-
mation of the transmitting beams and which outputs the
selected signal to an amplifying circuit at the latter stage; an
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amplifying circuit 84 which amplifies the ultrasonic echo
signals from the reception switching circuit 83; a reception
delay circuit 85 which delays the amplified echo signals
similarly to the delay operation of the transmission driving
voltage in the transmission delay circuit 81; an adding
circuit 86 which adds the delayed ultrasonic echo signals
and which forms a receiving beam signal corresponding to
a single sound ray; an envelope detecting circuit 87 which
logarithm-amplifies the receiving beam signal and which
detects an envelope of the reception beam signal; an A/D
converting circuit 88 which A/D converts the envelope of
the receiving beam signal and which converts the converted
signal into receiving beam data, a digital scanning converter
(hereinafter, simply referred to as a DSC) 89 which converts
the receiving beam data on the polar coordinate system into
data on the orthogonal coordinate system which can be
outputted to the monitor 6; and a receiving and transmitting
controller 90 which controls the circuits in the ultrasonic
observing portion 3D.

[0146] The DSC 89 converts the receiving beam data on
the polar coordinate system into the receiving data on the
orthogonal coordinate system by rotating angle data from
the receiving and transmitting controller 90, and outputs the
converted data to the mixing circuit 39 in the ultrasonic
image processing portion 5. Other structures are the same as
those according to the first embodiment.

[0147] Next, the operation according to the fourth embodi-
ment will be described.

[0148] A signal and data of the ultrasonic tomogram will
be described.

[0149] The transmission driving voltage generated by the
transmitting circuit 80 is properly delayed by the transmis-
sion delay circuit 81, and is inputted to the plurality of
ultrasonic vibrators 72 which are selected by the transmis-
sion switching circuit 82. Then, the transmission switching
circuit 82 selects the plurality of ultrasonic vibrators 72
which are continuously aligned by a switching control signal
from the receiving and transmitting controller 90.

[0150] The transmission delay circuit 81 gives a large
delay to the transmission driving voltage of the ultrasonic
vibrator 72 in the center of the alignment, and a small delay
to the transmission driving voltage as the ultrasonic vibrator
72 is far away from the center of the alignment. The
ultrasonic vibrator 72 transduces the transmission driving
voltages into the ultrasonic waves by electro-acoustic trans-
ducing. As a result of the delay operation, the single trans-
mitting beam is formed from each of the ultrasonic waves.

[0151] The receiving and transmitting controller 90
enables the transmission switching circuit 82 to select the
ultrasonic vibrator 72 via the switching control signal so that
the ultrasonic beam is sequentially circled in a direction
shown by an arrow indicating radial scan C in FIG. 9. Thus,
the cross section vertical to the inserting axis of the ultra-
sonic endoscope 2D is scanned, that is, electronic radial
scanning is performed.

[0152] The ultrasonic vibrator array portion 71 receives,
transmits, and radially scans the ultrasonic signals. Then, the
ultrasonic vibrator array portion 71 transduces the ultrasonic
echo of the tomographic plane into an electrical signal, and
outputs the ultrasonic echo signal to the reception switching
circuit 83 in the ultrasonic observing portion 3D.
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[0153] The switching control signal from the receiving
and transmitting controller 90 enables the reception switch-
ing circuit 83 to select the same ultrasonic vibrators 72 as
those selected by the transmission switching circuit 82, then,
the ultrasonic echo signals from the selected ultrasonic
vibrators 72 are outputted to the amplifying circuit 84. The
ultrasonic echo signals are amplified by the amplifying
circuit 84, are properly delayed by the reception delay circuit
85, and are added by the adding circuit 86. Consequently, a
single ultrasonic receiving beam signal is formed.

[0154] The receiving beam signal is logarithm-amplified
by the envelope detecting circuit 87, the envelope thereof is
detected, and is digitally converted into the receiving beam
data by the A/D converting circuit 88. After that, the
converted signal is outputted to the DSC 89.

[0155] The receiving and transmitting controller 90 out-
puts the switching control signal to both the transmission
switching circuit 82 and the reception switching circuit 83,
based on information on which ultrasonic vibrator 72 is
switched thereby. Further, the receiving and transmitting
controller 90 outputs to the DSC 89, the rotating angle of the
radial scanning of the ultrasonic vibrator array portion 71 as
the rotating angle data.

[0156] The DSC 89 converts the receiving beam data on
the polar coordinate system into the data on the orthogonal
coordinate system based on the rotating angle data so that
the receiving beam data is outputted to the monitor, forms
image data of the ultrasonic tomogram, and outputs the
formed data to the mixing circuit 39 in the ultrasonic image
processing portion 5. Other operation is the same as that of
the first embodiment.

[0157] The fourth embodiment has the following advan-
tages.
[0158] That is, the fourth embodiment uses the ultrasonic

endoscope 2D in which the ultrasonic vibrator array portion
71 is arranged at the distal end and the radial scanning is
electrically performed and the ultrasonic tomogram is
formed based on the rotating angle data from the receiving
and transmitting controller 90. As compared with the con-
struction according to the first embodiment in which the
ultrasonic endoscope 2 for mechanical radial scanning via
the flexible shaft 19 is used and in which the ultrasonic
tomogram is formed by using the rotating angle signal
detected by the rotary encoder 27 in the endoscope operating
portion 10 away from the ultrasonic vibrator 18, the angle in
the twelve-o’clock direction of the ultrasonic tomogram is
more accurately obtained without influences such as an
angle detecting error due to rotating angle deviation caused
by twist at both ends of the flexible shaft 19 and due to angle
deviation between the flexible shaft 19 and the transmitting
coil 32 for detecting the position and the direction attached
to the distal end of the endoscope inserting portion 9.

[0159] Further, as compared with the construction accord-
ing to the first embodiment in which the ultrasonic endo-
scope 2 for mechanical radial scanning via the flexible shaft
19 is used and in which the ultrasonic tomogram is formed
by using the rotating angle signal detected by the rotary
encoder 19 in the endoscope operating portion 10 away from
the ultrasonic vibrator 18, there is no influence of the
disturbance of the magnetic field that is caused by the
change of arrangement of a metal portion due to the rotation
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of the flexible shaft 19 or the ultrasonic vibrator 18 in the
endoscope inserting portion 9. Consequently, the angle in
the twelve-o’clock direction of the ultrasonic tomogram is
more accurately obtained without the deterioration in accu-
racy of data on the position and the direction obtained by the
position and direction detecting portion 4.

[0160] Thus, the twelve-o’clock direction of the obtained
ultrasonic tomogram matches the direction of the vector V,,
obtained from the transmitting coil 32 for detecting the
position and the direction with higher accuracy. Further, it is
advantageous to more accurately display an angle in the
twisting direction (direction rotating around the endoscope
inserting axis) of the tomographic-plane marker shown as
the parallelogram and the up-direction marker. Other advan-
tages are the same as those according to the first embodi-
ment.

[0161] (Modification)

[0162] The fourth embodiment uses the construction using
the ultrasonic endoscope 2D for electrical scanning for the
first embodiment. However, it may use the ultrasonic endo-
scope 2D for the construction according to the second
embodiment in which the reception and the transmission of
the magnetic field are inverted. Alternatively, it may use the
ultrasonic endoscope 2D for the construction according to
the third embodiment in which the transmitting coil 32 for
detecting the position and the direction and the transmitting
coil 31 are arranged to the detecting catheter separately from
the ultrasonic endoscope 2D.

[0163] Although the fourth embodiment uses the ultra-
sonic endoscope 2D as the radial scanning ultrasonic endo-
scope for electrical radial scanning, the present invention
may use other scanning methods such as sector scanning or
linear scanning. Further, it is not limited to the foremen-
tioned ultrasonic wave scanning method and can be applied
to a linear scanning method which is not vertical but in
parallel with the endoscope inserting axis and a convex
scanning method and the like. In addition, the circular
ultrasonic vibrator array portion 71 is not necessarily
arranged around the entire circumference of 360°, and it may
be arranged at any angle, ¢.g., 270° and 180°.

[0164] The ultrasonic probe having no optical observing
window 16 may be used. Although the tomographic plane of
the radial scanning of the radial scanning ultrasonic endo-
scope 1s used as the scanning plane, various planes or curve
planes may be used according to various scanning methods.
In addition, the same modifications as those of the first
embodiment can be applied.

[0165] Having described the preferred embodiments of the
invention referring to the accompanying drawings, it should
be understood that the present invention is not limited to
those precise embodiments and various changes and modi-
fications thereof could be made by one skilled in the art
without departing from the spirit or scope of the invention as
defined in the appended claims.

What is claimed is:

1. An ultrasonic diagnostic apparatus for forming an
ultrasonic tomogram based on an ultrasonic echo signal,
comprising:

an ultrasonic probe having an ultrasonic vibrator at a
distal end portion thereof, the ultrasonic vibrator
inserted in the celom, the ultrasonic probe which out-
puts the ultrasonic echo signal;
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an inserting shape detecting means which detects an
inserting shape of the ultrasonic probe;

an auxiliary-image forming means which forms an aux-
iliary image correlating the inserting shape obtained by
the inserting shape detecting portion with the ultrasonic
tomogram; and

an output means which outputs the ultrasonic tomogram
and the auxiliary image to a display device so that they
can be compared with each other.

2. The ultrasonic diagnostic apparatus according to claim
1, further comprising:

a tomographic-plane position and direction detecting
means which detects a position and a direction of a
diagnostic plane obtained by the ultrasonic diagnostic
apparatus,

wherein the auxiliary-image forming means forms a
tomographic plane marker indicating a position and a
direction of the tomographic plane obtained by the
tomographic-plane position and direction detecting
means and which combines the tomographic plane
marker and the inserting shape to form the auxiliary
image.

3. The ultrasonic diagnostic apparatus according to claim
2, wherein the auxiliary-image forming means forms a
directional marker indicating a specific direction of the
tomogram, and combines the directional marker, the tomo-
graphic plane marker, and the inserting shape to form the
auxiliary image.

4. The ultrasonic diagnostic apparatus according to claim
2, wherein the inserting shape detecting means and the
tomographic-plane position and direction detecting means
are arranged to a detecting catheter separately from the
ultrasonic probe, and

the detecting catheter is inserted in the ultrasonic probe.

5. The ultrasonic diagnostic apparatus according to claim
1, wherein the ultrasonic probe is an electronic scanning
ultrasonic probe having an ultrasonic vibrating array at a
distal end portion thereof.

6. The ultrasonic diagnostic apparatus according to claim
1, wherein the inserting shape detecting portion detects an
inserting shape by magnpetic field.

7. The ultrasonic diagnostic apparatus according to claim
2, wherein the tomographic-plane position and direction
detecting means detects the position and the direction of the
tomogram by using magnetic field.

8. An ultrasonic diagnostic apparatus comprising:

an inserting means having an optical observing portion at
a distal end portion thereof, which is inserted in the
celom;

an ultrasonic vibrator which is connected to a flexible
shaft and which can be arranged at the distal end
portion;

an ultrasonic tomogram generating means which forms an
ultrasonic diagnostic image based on an ultrasonic echo
signal outputted from the ultrasonic vibrator;

an inserting shape detecting means which detects an
inserting shape of the inserting portion;
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an auxiliary-image forming means which forms an aux-
iliary image correlating the ultrasonic diagnostic image
with the inserting shape obtained by the inserting shape
detecting means; and

an output means which outputs the ultrasonic image and
the auxiliary image to a display device so that they can
be compared with each other.
9. An ultrasonic diagnostic apparatus for forming an
ultrasonic tomogram based on an ultrasonic echo signal,
comprising:

an ultrasonic probe having an ultrasonic vibrator at a
distal end portion thereof, which is inserted in the
celom;

an inserting shape detecting portion which detects an
inserting shape of the ultrasonic probe;

an auxiliary-image forming portion which forms an aux-
iliary image correlating the ultrasonic tomogram with
the inserting shape obtained by the inserting shape
detecting portion; and

an output portion which outputs the ultrasonic tomogram
and the auxiliary image to a display device so that they
can be compared with each other.
10. The ultrasonic diagnostic apparatus according to
claim 9, further comprising:

a tomographic-plane position and direction detecting por-
tion which detects the position and direction of a
diagnostic plane obtained by the ultrasonic diagnostic
apparatus,

wherein the auxiliary-image forming portion forms a
tomographic plane marker indicating the position and
the direction of the tomographic plane based on the
position and the direction of the tomographic plane
obtained by the tomographic-plane position and direc-
tion detecting portion, and forms the auxiliary image by
combining the tomographic plane marker and the
inserting shape.

11. The ultrasonic diagnostic apparatus according to claim
10, wherein the auxiliary-image forming portion forms a
directional marker indicating a specific direction of the
tomogram, and forms the auxiliary image by combining the
directional marker, the tomographic plane marker, and the
inserting shape.

12. The ultrasonic diagnostic apparatus according to
claim 10, wherein the inserting shape detecting portion and
the tomographic-plane position and direction detecting por-
tion are arranged to a detecting catheter independently of the
ultrasonic probe, and

the detecting catheter is inserted in the ultrasonic probe.

13. The ultrasonic diagnostic apparatus according to
claim 9, wherein the ultrasonic probe is an electronic scan-
ning ultrasonic probe having an ultrasonic vibrating array at
the distal end portion thereof.

14. The ultrasonic diagnostic apparatus according to
claim 9, wherein the inserting shape detecting portion
detects the inserting shape by using magnetic filed.

15. The ultrasonic diagnostic apparatus according to
claim 10, wherein the tomographic-plane position and direc-
tion detecting portion detects the position and the direction
of the tomogram by using magnetic field.
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16. An ultrasonic diagnostic apparatus comprising:

an inserting portion having an optical observing portion at
a distal end portion thereof, which is inserted in the
celom;

an ultrasonic vibrator which is connected to a flexible
shaft and can be arranged at the distal end portion;

an ultrasonic tomogram generating portion which forms
an ultrasonic tomogram based on an ultrasonic echo
signal outputted from the ultrasonic vibrator;

an inserting shape detecting portion which detects an
inserting shape of the inserting portion;

an auxiliary-image forming portion which forms an aux-
iliary image which correlates the ultrasonic diagnostic
image with the inserting shape obtained by the inserting
shape detecting portion; and

an output portion which outputs the ultrasonic diagnostic
image and the auxiliary image to a display device so
that they can be compared with each other.

17. An ultrasonic diagnostic method for forming an ultra-
sonic tomogram based on an ultrasonic echo signal output-
ted from an ultrasonic probe, the ultrasonic probe inserted in
the celom and having an ultrasonic vibrator at a distal end
thereof, the ultrasonic diagnostic method comprising:

an inserting shape detecting step of detecting an inserting
shape of the ultrasonic probe;

an auxiliary-image forming step of forming an auxiliary
image which correlates the ultrasonic tomogram with
the inserting shape obtained in the inserting shape
detecting step; and

an output step of outputting the ultrasonic tomogram and
the auxiliary image to a display device so that they can
be compared with each other.
18. An ultrasonic diagnostic method according to claim
17, further comprising:

a tomographic-plane position and direction detecting step
of detecting a position and a direction of a diagnostic
plane obtained in the ultrasonic diagnostic method,

wherein in the auxiliary-image forming step, a tomo-
graphic plane marker indicating a position and a direc-
tion of a tomographic plane is formed based on the
position and the direction of the tomographic plane
obtained in the tomographic-plane position and direc-
tion detecting step, and the auxiliary image is formed
by combining the tomographic plane marker and the
inserting shape.

19. The ultrasonic diagnostic method according to claim
17, wherein in the auxiliary-image forming step, a direc-
tional marker indicating a specific direction of the tomogram
is formed, and the auxiliary image is formed by combining
the directional marker, the tomogram marker, and the insert-
ing shape.

20. An ultrasonic diagnostic method for ultrasonic diag-
nostic by including an inserting portion having an optical
observing portion at a distal end portion thereof, which is
inserted in the celom, and an ultrasonic vibrator which is
connected to a flexible shaft and can be arranged at the distal
end portion, the ultrasonic diagnostic method comprising:

an ultrasonic tomogram generating step of forming an
ultrasonic tomogram based on an ultrasonic echo signal
outputted from the ultrasonic vibrator;
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an inserting shape detecting step of detecting an inserting
shape of the inserting portion;

an auxiliary-image forming step of forming an auxiliary
image which correlates the ultrasonic diagnostic image
with the inserting shape obtained in the inserting shape
detecting step; and
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an output step of outputting the ultrasonic diagnostic
image and the auxiliary image to a display device so
that they can be compared with each other.
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